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Determination of the reference range of whole blood cholinesterase activities in Thai

postmortem cases
Wichuda Pathomrattanasiri  Surattana Houngtong  Peerayuht Phuangphung’
Department of Forensic Medicine, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok, Thailand.

ARTICLE INFO ABSTRACT

Article history: Background: Whole blood cholinesterase activities are biomarkers for diagnosis of
Received 10 February 2021 organophosphate and carbamate poisoning. The reference ranges for these biomarkers
ACCE_’PfE’d as f'E’Vised 26 April 2021 in Thai people were available for living people. However, there is no baseline data
Available online 3 May 2021 for these biomarkers in Thai postmortem cases.

Keywords:

Objectives: The objective of this study is to study the reference range of whole blood
cholinesterase activities in Thai postmortem cases and factors influencing enzyme
activities.

Cholinesterase activities, whole blood,
postmortem, Thai

Materials and methods: Postmortem blood samples were collected from Thai
dead bodies who were 18-60 years old and were sent for medico-legal autopsies at
the Department of Forensic Medicine, Siriraj Hospital, Mahidol University between
9t June 2020 and 31 December 2020. Data including gender, age, postmortem
interval (PMI) and liver pathology were recorded. Whole blood cholinesterase
activities were analyzed by using UV-visible spectrophotometer. Whole blood
cholinesterase activities were analyzed using descriptive statistics. Mann-Whitney
U test and Kruskal-Wallis H test were also tested for comparison between each
factor using statistical significance at p<0.05.

Results: There were 176 subjects recruited in this study (121 males and 55 females).
Whole blood cholinesterase activities in all subjects were 3514.32-7771.13 IU/mL
and the mean and median values were 6150.27 and 6326.78 IU/mL, respectively.
There was significant difference among classified four age groups (p value=0.014). Whole
blood cholinesterase activities of two lower age groups (18-30 and 31-40 years old)
were significantly lower than the third age group (41-50 years old) (p value=0.027
and 0.005, respectively). Whole blood cholinesterase activities were also significantly
related to PMI (p value=0.042). The values from early PMI (0-8 hours) period was
significantly lower than the values from the second PMI (8-16 hours) period
(p value=0.043). In addition, postmortem cases with fatty change >50% significantly
presented lower enzyme activities than those with fatty change <50% (p value=0.042).

Conclusion: Whole blood cholinesterase activities in Thai postmortem cases whose
age ranged from 18 to 60 years old were 3514.32-7771.13 IU/mL. Age, PMI and
liver pathology were three factors that affect whole blood cholinesterase activities
in Thai postmortem cases.

* Corresponding author.
Author’s Address: Department of Forensic Medicine, Faculty
of Medicine, Siriraj Hospital, Mahidol University, Bangkok,
Thailand.

** E-mail address: peerayuht.phu@mahidol.ac.th
doi: 10.14456/jams.2021.17
E-ISSN: 2539-6056
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Introduction

Cholinesterase enzymes (EC 3.1.1.x) are enzymes
found in normal human bodies and belong to serine hydrolase
superfamilies.! They can be categorized into two types
including acetylcholinesterase (AChE, EC 3.1.1.7) and
butyrylcholinesterase (BuChE, EC 3.1.1.8). AChE is normally
found in erythrocyte, neuro-muscular junction and central
nervous system whereas BuChE is mainly found in liver and
plasma.! Cholinesterase activities can be employed as the
biomarker for organophosphate and carbamate poisoning
because these two insecticides result in cholinesterase
inhibition.? Thus, cholinesterase activities should be decreased
after the exposure to organophosphate and carbamate
insecticides. However, the levels of cholinesterase activities
can be affected by several underlying diseases, drugs, malnutrition
and genetic variabilities.! Thus, the analysis of cholinesterase
activities should be carefully interpreted and inter-personal
variation and underlying diseases should be also considered.

The analysis of cholinesterase activities can be performed
by two methods. The first method is the analysis for whole
blood or red blood cell cholinesterase activities which is
used for determination of AChE activities.? The second method
is the analysis for plasma or serum cholinesterase activities
which is applied for BuChE activities.? Although the deter-
mination of AChE activities is preferred for the diagnosis of
organophosphate and carbamate poisoning, the analysis
of BUChE activities can be performed in some context like
the detection of exposure to insecticides or monitoring for
clinical recovery.>* However, the detection of BUChE activities
may not be suitable for the diagnosis of organophosphate
and carbamate poisoning in postmortem cases because of
the occurrence of hemolysis in postmortem blood particularly
in prolonged postmortem intervals.® Thus, the analysis of
whole blood cholinesterase activities should be more
appropriate for the diagnosis of organophosphate and
carbamate poisoning in postmortem cases.

The studies of cholinesterase activities in Thai people
from previous publications were conducted in healthy Thai
living people who were not exposed to pesticides and the
authors reported that means and ranges of AChE activities
in healthy Thai people were 3320-5136 1U/mL®” and 3684-6588
IU/mL,° respectively. However, there is no information for
whole blood cholinesterase activities in normal Thai postmortem
cases. Klette KL et al reported that the mean and range of
whole blood cholinesterase activities in postmortem cases
were 4800 IU/mL and 2000-7400 IU/mL.%2 Postmortem
changes may affect whole blood cholinesterase activities
in dead bodies due to the effect of postmortem blood
hemolysis® and the effect of bacterial cholinesterase
activities® from bacterial translocation into blood stream
after death.’® Therefore, this study aims to determine the
baseline reference values of whole blood cholinesterase
activities in Thai postmortem cases for the application to
the diagnosis of organophosphate and carbamate poisoning
in Thai postmortem cases.

Materials and methods

Study subjects
Blood samples were collected from Thai medico-legal

cases who were sent for medico-legal autopsies at Department
of Forensic Medicine, Siriraj Hospital, Mahidol University
between 9" June 2020 and 31%* December 2020. Inclusion
criteria for this study were Thai postmortem cases who
were between 18 and 60 years old with no histories of any
underlying diseases and had declared postmortem intervals
not greater than 24 hours (no signs of decomposition).
Exclusion criteria consisted of 5 types including:

1. Dead bodies who were agriculturists

2. Dead bodies who were suspicious for organophosphate
or carbamate poisoning

3. Dead bodies who had the history of hospital admission
greater than 24 hours

4. Dead bodies who had signs of sepsis from medical
records or autopsy findings

5. Dead bodies who were given for cholinesterase
inhibitor drugs.

This study was approved by the Siriraj Institutional

Review Board, Faculty of Medicine, Siriraj Hospital, Mahidol
University (Certificate of Approval No. Si 389/2020).

Sample collection

Blood samples were taken from femoral vein access
during autopsy procedures. Blood samples approximately
7-10 mL were collected into blood tubes without any
anticoagulants. Then, blood samples were transferred to
keep in the refrigerator at 4 °C. Whole blood cholinesterase
activities were analyzed by using UV-visible spectrophotometer
in the next day. Before blood sample was analyzed, the
blood tube was gently overturned back and forth around
8-10 times. Next, the blood tube was slightly inclined and
liquid blood sample was slowly taken out approximately
2-3 mL into the other tube which was sufficient for analysis.
Any blood clot inside the blood tube was avoided during blood
pipetting to ensure that liquid blood form was transferred.
Then, transferred blood sample was mixed using blood vortex
mixer to obtain blood homogeneity for analysis. The analysis
was performed in duplicated and the mean values were
determined and recorded as whole blood cholinesterase
activities for blood samples.

Subject data including gender, age, postmortem interval
(PM1), liver pathology and cause of death were recorded
for each blood sample for statistical analysis. The age in this
study was classified into four categories: 18-30, 31-40, 41-50 and
51-60 years old. PMI was categorized into three groups:
0-8, 8-16 and 16-24 hours. Liver pathology could be defined
based on gross and microscopic findings and then divided
into two groups: liver with fatty change less than 50% and
liver with fatty change more than 50% (Figure 1).
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(1B-1)
Figure 1. Gross and microscopic findings for liver pathology. 1A: fatty change <50%, 1A-1: gross findings, 1A-2: microscopic findings, 1B: fatty change >50%,

1B-1: gross findings, 1B-2: microscopic findings.
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Whole blood cholinesterase activities measured by using UV-visible spectrophotometer at 520 nm

Figure 2. Experimental steps for the analysis of whole blood cholinesterase activities®.
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Chemicals and reagents

Acetylcholine chloride (Ach) 99%, sodium acetate
AR grade, glacial acetic acid AR grade, disodium hydrogen
phosphate pentahydrate AR grade, potassium dihydrogen
phosphate anhydrous AR grade, sodium hydroxide (NaOH)
AR grade, hydrochloric acid (HCl) 37%, ferric chloride (FeCls)
anhydrous 98%, hydroxylamine hydrochloride 99%, saponin
permeating solution (0.5% w/v solution in phosphate buffer
solution) and Whatman filter paper number 41 with
diameter 110 millimeters (mm) were purchased from U&V
Holding (Thailand) Co., Ltd. Deionized water was generated
from Merck Millipore Direct-Q® 3 UV-R Water Purification
System.

Sample preparation for the analysis of whole blood
cholinesterase activities®

The analysis of whole blood cholinesterase activities
was performed in three sample groups for each blood sample
including sample group (AE), control group (AC) and blank
group (B). Experimental steps in these three sample groups
were described in Figure 2.

After all sample groups were filtered by Whatman
paper, all sample groups were taken into quartz cuvette
with path length 10 mm. Then, all three sample groups
were measured for whole blood cholinesterase activities
using the Agilent Cary 8454 UV-visible spectrophotometer
at 520 nanometers (nm) within 10 minutes.

Blank group was used for zero adjustment in meas-
urement. Next, control group (AC) and sample group (AE)
were measured against blank group to obtain cholinesterase
activities. Then, whole blood cholinesterase activities were
calculated by using equation 1 as described below

Whole blood cholinesterase activities (IU/mL) =
[4-(4AE/AC)]x2000 IU/mL (Equation 1)

The analysis was performed in duplicate for each

blood sample. Next, %coefficient of variation (%CV) was
determined for these two results. Acceptable %CV in this
study should not be greater than 15% based on method
validation guidelines. Then, these two results were calculated
for the mean value of each blood sample and this mean
value was recorded and used for the statistical analysis.

External quality control from proficiency testing (PT) samples

Two external quality control samples that were supplied
as PT samples were used for verification of this laboratory
method and these two samples were kindly supported by
the Department of Medical Sciences. These two samples
were analyzed for whole blood cholinesterase activities.
The results from these two PT samples were compared
with the results from the Department of Medical Sciences.
All results obtained from the laboratory method should be
in good agreement with acceptable criteria for the application
to postmortem blood samples.

Statistical analysis

The data for whole blood cholinesterase activities
were analyzed using IBM SPSS® Statistics for Window
version 26. Descriptive statistics including mean, median,
and standard deviation (SD) were analyzed. Normality test
was performed using Kolmogorov-Smirnov test. After
normality test, data set in this study did not meet the
criteria of normal distribution and the equality of variances.
Thus, the Mann-Whitney U test and Kruskal-Wallis H test
were performed for data comparison where it was appropriate.
Statistical significance was set at p value <0.05.

Results

The results of two PT samples compared with the
results from all participant laboratories reported in the
certificate from the Department of Medical Sciences were
shown in Table 1.

Table 1 The results of PT samples compared with the results from the Department of Medical Sciences.

PT sample Results from all laboratories participated in Results from this study (IU/mL)
PT schemes (N = 6) (IU/mL)
PT NIH/AChE 1/63 28471791 3338.34
(Median Xi = 2839, MAD = 338) (Criterion=1.48)
PT NIH/AChE 2/63 24401663 3095.99

(Median Xi=2474, MAD=420)

(Criterion=1.48)

According to the certificate, the Department of
Medical Sciences employed median absolute deviation (MAD)
method to analyze the results and the acceptable criterion
was:

Criterion: | Xi-median (xi)| <
MAD

When the results from this study were applied for
the criterion, it was found that all of these two results
were in acceptable ranges. Thus, this method was able to
apply for postmortem blood samples.

There were 176 blood samples recruited for the
analysis of whole blood cholinesterase activities in this study.
The subjects were 121 males (68.75%) and 55 females
(31.25%). The mean ages of male and female subjects
were 45 and 46 years old, respectively. Whole blood
cholinesterase activities in all subjects ranged from
3514.32 to 7771.13 IU/mL and the mean and median values
were 6150.27 and 6326.78 IU/mL, respectively. The range,
mean and median of whole blood cholinesterase activities
in male and female subjects were shown in Table 2. Data
for whole blood cholinesterase activities were present in
histogram chart as shown in Figure 3.
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Table 2 Whole blood cholinesterase activities in all subjects classified by gender.

Female 55 3642.52-7693.23 6153.86+1098.14 6305.92

Male 121 3514.32-7771.13 6148.64+991.56 6350.23

Total 176 3514.32-7771.13 6150.27+1022.89 6326.78
25

Mean = 6150.274
Std. Dev. = 1022.888
N=176

Frequency

0
3000.000 4000.000 5000.000 6000.000 7000.000 8000.000
Whole blood cholinesterase activities (IU/mL)

Figure 3. Histogram of whole blood cholinesterase activities in this study.

Comparison of whole blood cholinesterase activities between male subjects were not significantly different from those
Thai male and female subjects was analyzed by using in female subjects (p value=0.812) as shown in Figure 4.
Mann-Whitney U test and it was found that the values in

8000.000

p value = 0.812

7000.000

6000.000

5000.000

4000.000

Whole blood cholinesterase activities
(lu/mL)

50

3000.000

Male Female

Sex

Figure 4. Comparison of whole blood cholinesterase activities between Thai male and female subjects.
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Whole blood cholinesterase activities in four age
groups classified in this study were shown in Table 3.
Then, the comparison of whole blood cholinesterase
activities among these four age groups was analyzed by
using Kruskal-Wallis H test and it was found that there was
significant difference among these four age groups
(p value=0.014) as shown in Figure 5. When the comparison
between each group was considered, it was found that the

values in the first two lower age groups (18-30 and 31-40
years old) were significantly different from the values in
the third age group (41-50 years old) (p value=0.027 and
0.005, respectively). In addition, the values in the second
age group (31-40 years old) were also significantly different
from the values in the fourth age group (51-60 years old)
(p value=0.022).

Table 3 Whole blood cholinesterase activities in four age groups.

Age (years old) N Range (IU/mL) Mean#SD (IU/mL) Median (IU/mL)
18-30 48 3514.32-7600.95 6306.91+988.49 6528.72
31-40 43 4510.02-7771.13 6475.01+854.66 6636.21
41-50 41 3542.62-7502.21 5835.67+1060.30 5945.70
51-60 44 3642.52-7693.23 5955.20+1079.24 6144.62
Total 176 3514.32-7771.13 6150.27+1022.89 6326.78

p value =0.014

|_ pvalue = 0.027 e

b 14 value =0.022 A
o 8000.000
=]
>
B
(8]
by 7000.000
@
g _
wn
2 £ 6000.000
° 2
c -
(S)
o
8 5000.000
o
Q
2
= 4000.000 '
p-value = 0.005
3000.000
18-30 31-40 41-50 51-60
Age group (years old)

Figure 5. Comparison of whole blood cholinesterase activities among four age groups.

Whole blood cholinesterase activities in three PMI
groups were shown in table 4. When the analysis by
Kruskal-Wallis H test was performed for these three PMI
groups, it was found that there was significant difference
among these three PMI groups (p value=0.042) as shown
in figure 6. It was found that the values in the first PMI
group (0-8 hours) were lower than the other two groups.

The values in the second PMI group were significantly
higher than the first PMI group (p value=0.043). According
to Table 4, the values in the third PMI group were lower
than the second PMI group but still higher than the first
PMI group. However, this difference did not have statistical
significance.
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Table 4 Whole blood cholinesterase activities in three PMI groups.

0-8 44 3514.32-7568.96 5883.69+1124.99 6003.32
8-16 56 3642.52-7771.13 6413.85+936.88 6538.77
16-24 76 3714.47-7693.23 6110.39+988.38 6340.43
Total 176 3514.32-7771.13 6150.27+1022.89 6326.78
p value = 0.042
'- p value = 0.043 -l
] 8000.000
=]
>
=
(8]
m©
@ 7000.000
o
2~
wv d
Q e
£ < 6000.000
o 2
c =
o
3
o 5000.000
o]
(]
©
=
= 4000.000 o
o
3000.000
0-8 8-16 16-24
PMI (hours)

Figure 6. Comparison of whole blood cholinesterase activities among three PMI groups.

Whole blood cholinesterase activities in two groups
of liver pathology were shown in Table 5. After the analysis
with Mann-Whitney U test, it was found that there was

significant difference between the group with fatty change
less than 50% and the group with fatty change greater
than 50% (p value=0.042) as shown in Figure 7.

Table 5 Whole blood cholinesterase activities in two groups of liver pathology.

Fatty change <50% 116 3514.32-7771.13 6269.33+982.94 6368.58
Fatty change >50% 60 3642.52-7493.35 5920.10+1066.99 6168.97
Total 176 3514.32-7771.13 6150.27+1022.89 6326.78
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8000.000

7000.000

6000.000

5000.000

4000.000

Whole blood cholinesterase activities
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Figure 7. Comparison of whole blood cholinesterase activities between two groups of liver pathology.

Discussion

Whole blood cholinesterase activities in Thai postmortem
cases in this study ranged from 3514.32 to 7771.13 IU/mL and the
mean and median values were 6150.27 and 6326.78 1U/mL, re-
spectively. These values were slightly higher than AChE ac-
tivities in healthy Thai living people reported by Singhatong S.° This
finding might be explained by the effect of bacterial ac-
tivities following the progression of postmortem change. The
process of postmortem change began with early period con-
sisting of cellular death, the reduction of body temperature,
loss of adenosine triphosphate (ATP) and circulation cease.®
This process produced supravital reaction, postmortem
cooling, postmortem rigidity and postmortem lividity,
respectively®. When PMI increased, protein degradation and
bacterial translocation due to loss of integrity of intestinal
mucosa occurred and these led to secondary flaccidity and
transition state before decomposition.>° After 24 hours
(1 day), decomposition process was mostly developed in
postmortem cases under ambient temperature (20 °C).°
Putrefaction played an important role in decomposition as
a result of bacteria and other microorganisms.> According to
this process, bacterial translocation from gastro-intestinal
(GI) tract into bloodstream occurred after death following
increased PMI.>* There were many bacterial strains in Gl
tract as normal intestinal flora. Pseudomonas aeruginosa
was reported that it could be detected as normal intestinal
flora in Gl tract but it had low infectivity because it was
unable to attach to normal intestinal epithelium.! The
previous study showed that some bacterial strains like
Pseudomonas spp. could produce acetylcholine-hydrolyzing
enzymes.® Thus, it could be possible that translocation of
intestinal flora like Pseudomonas. aeruginosa into postmortem

blood was responsible for slightly higher cholinesterase
activities after death.

This study showed that whole blood cholinesterase
activities in male and female subjects were not significantly
different and this result was consistent with the previous
study.® In contrast to gender, this study showed that the
younger age groups tended to have greater whole blood
cholinesterase activities than the older age groups. Previous
studies demonstrated that cholinesterase activities in the
brains of younger humans and younger rats were higher
than those of older humans and older rats.*>** In addition, it
was reported that AChE activities in younger age group were
higher than older age group although it was not statistically
significant.’® Thus, it might be possible that whole blood
cholinesterase activities were age-related in Thai postmortem
cases.

This study demonstrated that the trend of whole blood
cholinesterase activities changed following increased PMI.
In early PMI period (0-8 hours), whole blood cholinesterase
activities were lower than those in the next two PMI periods.
Whole blood cholinesterase activities were increased
significantly in the second PMI period (8-16 hours). Then,
whole blood cholinesterase activities declined in the last
PMI period (16-24 hours) but the values were still slightly
higher than the values in the early PMI period with no
statistical significance. This result could be explained by
the effect of bacterial translocation and protein denaturation.
In the first PMI period (0-8 hours), whole blood cholinesterase
activities were not affected by acetylcholine-hydrolyzing
enzymes from some bacterial strains® due to minor effect
of bacterial translocation in early postmortem period.
When PMI increased, bacterial translocation significantly
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occurred® and it might be hypothesized that some bacterial
strains like Pseudomonas aeruginosa from Gl tract could
enter the bloodstream and produce cholinesterase activities as
mentioned above. When PMI was progressively increased,
the secondary flaccidity after rigor mortis occurred because
of muscle breakdown and protein denaturation process.®
Due to the effect of protein denaturation, all human proteins
would be denatured and the protein functions should be
decreased. Thus, it should be explained that the reduction
of whole blood cholinesterase activities in the last PMI
group resulted from enzyme denaturation even though the
decrease of whole blood cholinesterase activities was not
statistically significant. Further study should be conducted
in the late PMI period (greater than 24 hours) which would
prove the trend of whole blood cholinesterase activities
after protein denaturation.

Whole blood cholinesterase activities in the group
with fatty change in liver less than 50% significantly higher
than those in the group with fatty change in liver more than
50%. AChE was normally synthesized in nervous tissue, nerve
fiber, and erythropoiesis.! However, AChE was a glycoprotein
which contained protein and carbohydrate (10-15% of its
molecule).! This indicated that the synthesis of AChE
required these two nutrients. The previous study reported
that the deficiency of some amino acids could be related to
fatty change in liver, for example, tryptophan and methionine.
AChE had two active sites and one of them was quaternary
ammonium binding site for choline.? The key amino acid
residue in this site was tryptophan.! Thus, it might be
hypothesized that fatty change greater than 50% in liver
affected synthetic capacity of some nutrients and had an
effect on whole blood cholinesterase activities.

This study had some limitations. Firstly, there were
small proportions of Thai female subjects in this study. Thus,
the interpretation that whole blood cholinesterase activities
in Thai male and female populations was not different should
be carefully performed because there were some studies
indicating that gender also affected ChE activities.* In
addition, whole blood cholinesterase activities in this study
were analyzed using the conventional method which did
not have AChE extraction process from erythocytes'® and
the previous study stated that the conventional method
could suffer from hemoglobin interference which might affect
the method accuracy.! However, this conventional method
consisted of simple analytical steps and more suitable for
application in many laboratories. Thus, the analysis of whole
blood cholinesterase activities should be carefully interpreted
and case information should be also considered.

Conclusion

Whole blood cholinesterase activities in Thai post-
mortem cases whose age ranged from 18 to 60 years old
were 3514.32-7771.13 IU/mL and the mean and median
values were 6150.27 and 6326.78 IU/mL, respectively. Age,
PMI and liver pathology were three factors that affect whole
blood cholinesterase activities in Thai postmortem cases.
Thus, these three factors should be considered when the
analysis of whole blood cholinesterase activities was performed

in Thai postmortem cases.
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Introduction

Stroke is a major health problem in Thailand. It is
the leading cause of death. Stroke is also the leading cause
of long-term disability in those who survive. In 2012, rates
of stroke mortality were 30.7 per 100,000 people,* and this
increased to 44.8 per 100,000 people in 2014, and 47.8
per 100,000 people in 2017.% In 2011, the total recordable
incident rate of stroke was 330.6 per 100,000 people, which in
2014 escalated to 352.3 per 100,000 people and 425.2 per
100,000 people in 2015.*>* Approximately 90% of stroke
victims suffer a sequela of stroke such as weakness of the
muscles, sensory deficits, perceptual problems and cognitive
dysfunction, visual disorders, dysphagia, and aphasia.>” All
of these lead to poor performance in activities of daily living
for these individuals.

Rehabilitation services in Thailand occur mainly in
institutional settings. Especially in major and general hospitals
in urban areas, while less attention was paid to disabled
persons living at home and out in the rural community,
especially ones who live in remote rural areas.® It is a
characteristic of Thai culture that family caregivers and
relatives tend to help disabled persons under their care
instead of encouraging individuals to be independent in
life.? There are few numbers of occupational therapists in
Thailand compared to the total population of individuals
who need occupational therapy treatment, especially for
those in rural areas. Telerehabilitation can be used as alternative
treatment method for clients who live far from urban areas.™
However, many Thai people who live in remote areas do
not have communication devices and a lot of them cannot
access the internet to receive treatment via telerehabilitation.

Local government organizations Such as Sub-district
Administrative Organizations (SAO) and Sub-district municipalities
in Thailand are permitted by the government to establish a
community rehabilitation center(s) with their own budget.
These sub-district-rehabilitation centers can facilitate basic
treatment programs provided by village health volunteers
(VHVs). These centers can also be a place to advocate the
human rights of people with disabilities.'* Therefore, some
Sub-district Municipalities, and SAO, where the mayor, chief
executive, and officers agree on the needs of people for
rehabilitation in their areas, provide the funding to establish
rehabilitation centers. However, the Thai government does
not require these centers to hire health professionals such
as occupational and physical therapists because of the limitations
of budget in maintaining the continuum of rehabilitation
services.

Doi Lor Sub-district at Doi Lor District, Chiang Mai
Province in Thailand is located approximately 60 kilometers
away from the Chiang Mai city area. There were 223 persons
with disabilities in this Sub-district, among 12,227 of the total
population, who desperately waited for rehabilitation outreach
since there was only one physical therapist providing services
for people with disabilities in the whole district.’? Regarding
limited financial support from the government, there was
no occupational therapist working in Doi Lor District. The
chief executive of Doi Lor SAOQ, officials and heads of the
villages agreed together to set up the Rehabilitation Center
in their own area and trained the village health volunteers

(VHVs) to work as rehabilitation workers.

Researchers, for this study, were interested in the
effectiveness of services run by the trained VHVs at Doi Lor
Community Rehabilitation Center in terms of functional
performance for stroke survivors. Specifically, this study
aimed to explore the effectiveness of rehabilitation services
run by the trained VHVs on activities of daily living performance
in stroke clients.

Materials and methods

Study design

This study was a single group, pre-test and post-test
research design. It was comparing the activities of daily living
performance of stroke clients before receiving services,
from VHVs at Doi Lor Community Rehabilitation Center, and
8 weeks after receiving this intervention.

Participants

Sixteen stroke participants who received services
at Doi Lor Community Rehabilitation Center in Chiang Mai
Province, Thailand, were selected using purposive sampling.
After the Community Rehabilitation Center agreed to participate
in this research project, the principal investigator recruited
participants corresponding to the inclusion and exclusion
criteria.

All participants were required to meet the following
inclusion criteria: 1) first stroke incident 2) the first admission
to the center, 3) stable medical symptoms, 4) age between
20 and 80 years, 5) were able to participate in the program
for one and a half hours each time, twice a week, for 8
consecutive weeks, and 6) could follow a three-part command.
Participants were excluded if they: 1) had aphasia, and 2)
participated in rehabilitation programs from other institutes
at the same time as this study. The withdrawal criterion was
the stroke survivors who participated less than 80 percent
of the whole program.

All of the participants were informed about the procedure
of the research project and each of them signed a consent
form prior to starting the study.

Instruments

The Activities of Daily Living Assessment Tool (ADL-AT)

This instrument was developed by Apichai et al.®
to provide a measure of ability on activities of daily living
in stroke patients. This included both basic activities of daily
living (BADL) and instrumental activities of daily living (IADL).
Scores were measured by rating scales ranging from 1 to 5;
1 referring to dependence, 2 referring to maximal assistance,
3 referring to moderate assistance, 4 referring to minimal
assistance, and 5 referring to independence with or without
supervision. The BADL in this test is divided into 3 aspects
consisting of self-care activities, functional mobility, and sexual
expression. There are 23 items in the complete BADL. Possible
scores in the BADL range from 23 to 115. There are 12 items
in the IADL e.g. care of others, child-rearing, care of pets,
communication management, community mobility, financial
management, etc. Possible scores in the IADL range from 12
to 60. The total scores of this instrument range from 35 to
175. The items that are not applicable to measure can be
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marked as “not applicable or N/A.” The whole scores are
calculated in percentage to determine the level of activities
of daily living performance. The higher percentage scored
demonstrates the higher performance of activities of daily
living performance. Psychometric property of the ADL-AT
in Thai stroke patients has shown an excellent inter-rater
and test-retest reliability (ICC=0.98, 0.93, respectively). The
analysis of Cronbach’s alpha coefficient revealed high internal
consistency (a=0.88). In addition, this tool displayed a
positive correlation with Barthel index (r=0.90; p<0.001).
In known-groups validity, stroke patients obtained lower
ADL—AT scores compared to normal subjects (p<0.001).%3

The VHVs in Thailand: Roles and Responsibilities

VHVs are considered the hallmark of community
health care in Thailand. They have contributed to a broad
range of health promotion and health prevention activities
in the country. In 2010 there were approximately 800,000
active volunteers, covering over 12 million households 15
and this number increased to 1,040,000 in the year 2020
throughout every Province in Thailand.? In the beginning,
village health volunteers were chosen by local officials and
given primary-care training to fulfill the mission of creating
good change in the healthcare sector, propagating knowledge,
coordinating for healthcare-development activities, and
providing public health services. The initial training is 43
hours of classroom work and 15 days of specialized on-the-job
training in health promotion, infectious disease surveillance
and control, consumer protection, as well as traditional
health knowledge. Following this training, each VHV is
responsible for 10 households on average in their community.
They assist the local health workers in promoting health
and preventing diseases as well as in providing basic health
services to local communities. The VHVs are supervised by
on-site local health workers or public health officials.'” At
present, public health problems such as malnutrition and
consumer health problems are continuously decreasing in
Thailand,*® *° and the VHVs are encouraged to focus their
duty in areas of prevention and management of chronic
diseases.

Doi Lor Community Rehabilitation Center, Chiang Mai
Province, Thailand

Doi Lor Community Rehabilitation Center was established
with the funding of Doi Lor SAO who financial support from
the Thai government. This established center aims to provide
health promotion and basic rehabilitation to people with
disabilities and the elderly in their own area.?® Doi Lor
Community Rehabilitation Center provides free transportation
for clients. Caregivers do not need to take care of stroke
survivors under their care on the day that stroke clients
come to receive services at the Rehabilitation Center, so
caregivers can take a rest or do another work as they prefer.
There are four trained VHVs who provide services from 9
am to 4 pm, 2 days a week, on Tuesday and Friday.

Stroke Rehabilitation Education for the VHVS at
Doi Lor Rehabilitation Center

There were 30 VHVs from 26 villages in Doi Lor
Sub-district who applied to attend a stroke rehabilitation
education program. The research team (five occupational

therapists and five physical therapists) conducted stroke
rehabilitation education for two and a half days including
both theory and practice in the sessions. There were 4 topics
of stroke rehabilitation provided for the VHVs in this study.
These were comprising of 1) fundamental knowledge of
stroke, 2) physical exercise and gait training for stroke, 3) upper
extremity function training, and 4) ADL performance in stroke
survivors. The topic of “fundamental knowledge of stroke,”
covered etiology, risk factors, physical symptoms, motor
recovery, medical management, and possible complications.
This was conducted on the first day between 9 am and 12 pm by
the occupational therapists. The topic of “physical exercise and
gait training for stroke” was conducted by physical therapists
on the second day. This covered therapeutic exercise, walking
gait and gait pattern, walking training, and postural control.
The theory session was in the morning, and went from 9 am
to 12 pm, then took a one-hour break for lunch from 12 pm
to 1 pm. The practice session on “physical exercise and gait
training for stroke” was conducted in the afternoon and
went from 1 pm to 5 pm. In this session, 5 medically stable
stroke survivors who lived in Doi Lor Sub-district were invited
to be subjects for the VHVs in the training room. The trainers
included five physical therapists. Each trainer was responsible
for 6 VHVs in order to encourage more participation and
discussion within the group. Therefore, a group of 6 VHVs
each had one stroke subject. The topics of “upper extremity
function training” and “ADL performance in stroke survivors”
were conducted by occupational therapists on the third day.
The theory session was in the morning and went from 9 am
to 12 pm. The upper extremity function training emphasized
general movement of the arm and hand, consist of reaching
out for, holding, carrying, and releasing objects. The ADL
performance in stroke survivors emphasized both BADL such
as self-care, bed mobility, transferring, locomotion, sexual
expression, and IADL such as care of pets, communication
management, community mobility, meal preparation and
clean up. All audiences took one hour break for lunch between
12 pm and 1 pm. The practice session on “upper extremity
function training” and “ADL performance in stroke survivors”
conducted in the afternoon went from 1 pm to 5 pm. In
this session, the same 5 medically stable stroke subjects
who participated in the practice program on the previous
day were invited again to join the training session of upper
extremity function and ADL performance in stroke at the meeting
venue. The trainers in this session were five occupational
therapists. Each trainer was responsible for 6 VHVs and a
group of 6 VHVs each had one stroke subject.

In the rehabilitation education program for the VHVs,
both occupational and physical therapists distributed a manual
for stroke rehabilitation to all VHVs.The manual provided
information concerning stroke comprising of epidemiology,
causes and risk factors, types of stroke, physical symptoms,
and treatment modalities. It illustrated rehabilitation for
stroke patients such as ADL training, active and passive range
of motion movement, therapeutic exercise, locomotion and
walking training, upper extremity function practice programs,
and the modification of home environment. The manual
demonstrated precise definitions, clear color pictures, concise
explanations, and wording in texts that were easily understood
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by people who were not in the medical field. The VHVs
were motivated to use this manual both in the theory and the
practice sessions. In order to promote easy understanding
in the training program, the trainers, who were occupational and
physical therapists, provided a mostly structured training
program to the VHVs so that they could quickly understand
and easily apply the therapeutic treatment methods to use
with those with stroke.

After the rehabilitation education, all VHVs took
a paper examination concerning the theory and practice
skills they had learned. Only the top 4 rankings among 30
VHVs were recruited to be rehabilitation workers at Doi Lor
Community Rehabilitation Center. All these 4 VHVs provided
rehabilitation services to stroke clients one week after finishing
the training program. Prior to providing treatment to each
client, occupational and physical therapists demonstrated
how to evaluate and train stroke survivors in front of the
4 VHVs case by case, so that they could perform the treatment
by themselves easily soon after. The occupational and the
physical therapists in the research team visited Doi Lor
Rehabilitation Center once every two weeks, for a period of
8 weeks, to give more guidance to the 4 VHVs if there were
any questions.

Procedure

The process of the research project was conducted
step by step as follows: 1) After the ethics approval, the
principal investigator contacted the chief executive and
officials at Doi Lor SAO to ask for permission to provide
stroke rehabilitation education for the VHVs, 2) The education
program was held at Doi Lor SAO near to the home of the
VHVs, 3) After the completion of rehabilitation education,
the research team selected the top 4 VHVs, who received
higher test scores than the rest, to be health providers at
the Rehabilitation Center, 4) The research team made contact
with the director of the Sub-district Health Promotion
Hospitals in Doi Lor area to ask for permission to access
statistics, name’s list, and addresses of stroke survivors, 5)
The research team made appointments with the VHVs in
the villages to visit the houses of stroke survivors under
their care. They screened these patients correspondingly
with the inclusion and exclusion criteria and invited them
into the research project, 6) All subjects signed the consent
form prior to receiving services at the Community Rehabilitation
Center, 7) Four trained VHVs provided rehabilitation for
stroke subjects for a period of 8 weeks, twice a week, one and
a half hours each time, 8) Data collection was performed
by 2 trained research assistants (RA), one collected data
7 days before intervention and the other collected data
within 7 days after the program completion, 9) During the
8-weeks that services were provided, the research team,
including occupational and physical therapists, visited Doi Lor
Rehabilitation Center once every two weeks to offer advice
to the 4 trained VHVs regarding any obstacles.

Data Collection

Data collection was conducted by 2 trained RAs who
were not aware of the study’s goal and were not involved
in the rehabilitation education program. The principal
investigator and the research team screened stroke subjects

in accordance with the inclusion and exclusion criteria and
notified the first RA, who was an occupational therapist, to
collect data within 7 days before intervention at the Reha-
bilitation Center. Data collection was conducted by actual
performance testing in the BADL and interviewing in the
IADL. After 8 weeks of intervention, the principal investigator
notified the other RA to collect data at post-test within 7 days
following program completion at the Rehabilitation Center.
The data collection procedure was the same between pre-test
and post-test.

Statistical Analysis

Demographic characteristics of stroke participants
were calculated using descriptive statistics. The comparisons
of outcome variables at pre and post intervention were
analyzed using the Wilcoxon Signed Ranks Test. The level
of statistical significance was set at 0.05.

Results

There were 16 stroke participants recruited into the
study. However, 5 of them could participate less than 80
percent in the whole program. Therefore, only 11 subjects
were eligible for data analysis. All results were captured in
tabular format as follows.

The analysis of sociodemographic data in 11 stroke
survivors demonstrated that the majority of the participants
were male and most of them finished elementary school.
Almost all of the participants had right hemiplegia with the
diagnosis of hemorrhagic stroke (Table 1).

The results also indicated that scores for BADL and IADL
in stroke participants at post-intervention were significantly
higher than those at pre-test (p<0.05), as shown in Table 2.
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Table 1 Sociodemographic data of stroke participants. (n=11).

Sociodemographic data Variables Numbers (percentage)
Gender Male 8(72.70)
Female 3(27.30)
Age (years) 41-50 4 (36.30)
51-60 3(27.30)
61-70 3(27.30)
71-80 1(9.10)
Marital status Single 3(27.30)
Married 6 (54.50)
Divorced 2 (18.20)
Educational level Elementary school 8(72.70)
Secondary school 3(27.30)
Affected side Left hemiplegia 3(27.30)
Right hemiplegia 8(72.70)
Diagnosis Hemorrhagic stroke 8(72.70)
Thrombotic stroke 1(9.10)
Embolic stroke 2 (18.20)
Time length since onset <1 year 2 (18.20)
1-2 years 4 (36.30)
>2 years 5 (45.50)

Table 2 Comparison of activities of daily living performance: BADL and IADL in stroke participants at pre and post intervention.

(n=11).
Variables Mean (SD) Mean rank Z Sig. (2-tailed)
1. BADL Post-test 75.50 (21.17) 8.00 -2.22 0.026*
Pretest 67.41 (23.31) 5.80
2. IADL Post-test 51.64 (23.02) 0.00 -2.81 0.005*
Pretest 39.09 (16.13) 5.50
*p<0.05
Discussion

Activities of Daily Living Performance

Activities of daily living performance in the present
study measured both the BADL and the IADL. Results indicated
that the BADL performance in stroke participants increased
significantly from pre-intervention to post—test (z=-2.22,
p<0.05). Likewise, scores in the IADL of these individuals
increased from pre-test to post—test significantly (z=-2.81,
p<0.05).

The BADL components consist of fundamental daily
activities such as eating, dressing, grooming, personal hygiene,
toileting, bathing, bed mobility, transferring and locomotion,
etc. Many of these activities can be easily performed with
one hand if those with stroke receive appropriate advice
from the health care providers. Samples of activities that
can be accomplished by one hand e.g. eating activity, drinking
from a glass, teeth brushing, and grooming. Some of the stroke
participants in the present study do not have the opportunity

to act by themselves, instead, their caregivers assist them
throughout the day within reason, due to time constraints.
Scoring for the ADL—AT used in this study began at zero
for the ones who could or would not perform activities
by themselves. In contrast, when these stroke survivors
received advice and the training program from the VHVs,
they learned how to do these activities independently and
the score for functional performance changed from zero to
five.

The components in the IADL comprised care of others,
child-rearing, care of pets, communication management,
community mobility, meal preparation and clean up, for
example. The trained VHVs who work at the Community
Rehabilitation Center applied their knowledge received from
occupational and physical therapists to advise stroke clients
in performing these activities successfully. For example,
the VHVs suggested meal preparation using a one-hand cutting
board and taught individuals with stroke to use a smartphone
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for communication. All these techniques promoted higher
functional performance in stroke clients who received
services at Doi Lor Rehabilitation Center. Consistent with a
study of Chinchai, Jindakham, Apichai®* who investigated the
BADL function in 25 stroke participants who received services
from the trained VHVs at four Community Rehabilitation
Centers in Chiang Mai Province. Results demonstrated that
stroke participants improved their functional abilities
at three months post-intervention compared to pre-test
abilities significantly (p<0.05). Congruent with a study of
Park and Lee?? who examined the effects of the commu-
nity-based rehabilitation program in 11 chronic stroke
patients. Results demonstrated that subjects who received
the community-based rehabilitation program ten times in
ten months improved activities of daily living performance
significantly (p<0.05). Compatible with a study by Ru, et al.,?
who explored the effectiveness of community-based reha-
bilitation on daily activities of stroke patients in Beijing, China.
There were 50,000 stroke survivors who participated in
the study, divided into 2 groups based upon which community
the participants lived in. One was the experimental group
where stroke participants received rehabilitation interven-
tion from health professionals, the other was the control
group where there was no special health service from the
research team. Results revealed that stroke survivors in
the intervention group increased their function in daily activities
significantly (p<0.05) compared to the control group. Results
of the present study were also supported by a study of
Chinchai, Sirisatayawong, Jindakum?* who investigated community
integration in terms of home integration, social integration,
and productive activities in 25 stroke subjects who received
a 3-month rehabilitation service from the trained VHVs in
Thailand. Results revealed that activities of daily living skills,
as part of the home integration section, in stroke participants
increased significantly after the intervention program (p<0.05).

Limitations

The present study was a one-group pre-test and post-test
research design. There was no control stroke participant
for the comparison of outcome variables and this could be
a limitation of this study. Researchers, therefore, set the
inclusion criteria to gather stroke clients with as much
homogeneity among the subjects as possible. The study
also used different research assistants, who were unaware
of the study’s goal, for collecting data before and after the
intervention program in order to enhance the reliability of
the research project. However, it is recommended that the
inclusion of a control subject should be considered for
future study. Another limitation in the present study were
the small numbers of the participants. Therefore, its results
may not be generalizable to the population of stroke survivors
who received services from other Community Rehabilitation
Centers. In further study, the larger sample size should be
considered.

Conclusion

The study of activities of daily living performance in
stroke clients who received services from the trained VHVs
at Doi Lor Community Rehabilitation Center, Doi Lor District,
Chiang Mai Province, demonstrated that participants with
stroke had significantly improved activities of daily living
performance after an intervention (p<0.05). The results
suggested that rehabilitation services provided by the trained
VHVs at the Community Rehabilitation Center that was
established by the Sub-district administrative organization
was helpful for functional performance in stroke clients.
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ARTICLE INFO ABSTRACT

Article history: Background: Hypercholesterolemia is one of the major risks of cardiovascular
Received 26 April 2021 diseases (CVDs). Hypercholesterolemia and oxidative stress are involved in the
Accepted as revised 21 May 2021 pathogenesis of atherosclerosis. Thailand has high percentage of unawareness of
Available online 28 May 2021 hypercholesterolemia, with low percentage of treatment and control. HMG-CoA
Keywords: reductase is a rate limiting step enzyme in cholesterol biosynthesis. Synthetic drugs
Sacha inchi, Plukenetia volubilis, such as statin are normally used to lower cholesterol level, however it causes
HMG-CoA reductase inhibitor, adverse effects on the liver and muscle. Thus, HMG-CoA reductase inhibitors of
antioxidant, hypercholesterolemia plant origin are needed. Plukenetia volubilis Linneo, commonly known as Sacha

inchi or inca peanut is a potential oilseed crop. The seeds of this plant are rich in
omega-3 fatty acid. Some studies have shown that consuming Sacha inchi could
reduce blood cholesterol. However, the exact mechanism of their lipid lowering
activity is still unknown.

Objectives: This study aimed to investigate the anti-HMG-CoA reductase, anti-cholesterol
esterase and antioxidant activities of different parts of Sacha inchi extracts.

Materials and methods: Hot water extracts of 3 different parts of Sacha inchi (nutshell,
baby nut and leaf) and Sacha inchi nut oil were evaluated the anti-HMG-CoA
reductase and antioxidant activities. HMG-CoA reductase inhibitory activity
was determined spectrophotometrically by NADPH oxidation, using HMG-CoA as
a substrate. HMG-CoA reductase inhibitory mechanism was also analyzed by using
Lineweaver-Burk plot. Antioxidant activity was determined by ABTS and DPPH radical
scavenging assay. Total phenolic content was also measured by Folin-Ciocalteu reagent.
Moreover, cholesterol esterase inhibition assay was also performed.

Results: Sacha inchi nutshell extract revealed the highest anti-HMG-CoA reductase
activities at about 99% at concentration of 250 pg/mL, with uncompetitive inhibition
in Lineweaver-Burk plot analysis. It also showed the highest cholesterol esterase
inhibitory activity around 38% at concentration of 125 pug/mL. Moreover, Sacha
inchi nutshell extract also showed the highest antioxidant activity by both ABTS and
DPPH assay. Antioxidant activity was correlated to total phenolic content.

Conclusion: The experimental data suggested that Sacha inchi nutshell extract is
a source of antioxidant compound and may lower cholesterol level by inhibiting
HMG-CoA reductase and cholesterol esterase enzymes. Investigation in an in vivo
model could further confirm the potential use of Sacha inchi nutshell extract as a
supplement for treatment of hypercholesterolemia.
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Introduction

Cardiovascular diseases (CVDs) are becoming a leading
cause of death in developing countries due to demographic
transition and lifestyle changes.! The prevalence of CVDs
has increased rapidly. According to WHO fact sheet in
2016, there are 17.9 million people died from CVDs around
the world. In Thailand, the prevalence and mortality rate
have also increased and most of CVDs patients are adults.?
Alack of income, reduced productivity, and increased
health care costs lead to overall economic losses. Thus, the
prevention of CVDs can save not only billions for the economy
but also many lives. Major risk factors of CVDs include
dyslipidemia, diabetes, smoking, high blood pressure, and
family history of atherosclerotic cardiovascular diseases
(ASCVD). Moreover, additional risks of CVDs have also
been reported such as alcohol consumption, unhealthy
diet, sedentary lifestyle, obesity, stress, and air pollution.?
Pathogenesis of CVDs begins with the development of
atherosclerosis causing by an accumulation of cholesterol
in the intima layer of blood vessel. Low density lipoprotein
(LDL) contains the highest amount of cholesterol compare
to other lipoprotein particles. Accumulation of LDL in intima
layer of blood vessel and modification of LDL particle by
free radical and carbohydrate trigger the development of
atherosclerosis. Thus, hypercholesterolemia and oxidative
stress status directly involved in atherosclerosis. Moreover,
excess adipose tissue in obesity can cause inflammation,
induce oxidative stress by releasing of pro-inflammatory
cytokines and induce insulin resistant which leads to type
2 diabetes mellitus (T2DM).*> Lowering cholesterol level
and improving oxidative stress status can prevent CVDs
and T2DM.

The 3-hydroxy-3-methylglutaryl-coenzyme A (HMG
CoA) reductase is a rate limiting step enzyme in cholesterol
biosynthesis pathway. Inhibition of this enzyme can lower
cholesterol level in blood. Statin, HMG-CoA reductase
inhibitor, is effectively used for treatment of hypercho-
lesterolemia. However, statins increased risk of liver and
muscle-related adverse effects in long-term use such as
myalgia, myopathy and rhabdomyolysis.® Thus, HMG-CoA
reductase inhibitors of plant origin are needed. Medicinal
plant that contains flavonoids showed anti-atherosclerotic
effect.” Another way to reduce cholesterol level is inhibition
of cholesterol esterase (CE). The hydrolysis of dietary cholesterol
ester into cholesterol by CE in the intestinal lumen is an
essential process for absorption. Therefore, inhibition of
cholesterol esterase enzyme activity could inhibit absorption
of dietary cholesterol esters.®°

Sacha inchi (Plukenetia volubilis L.) belongs to the
family Euphorbiaceae. It is also known as inca peanut. It
is a tropical rain forest Amazonian plant. Sacha inchi becomes
an economic crop in Southeast Asia especially in Thailand.
Sacha inchi seeds contain mainly oil and protein. Commercially
available Sacha inchi oil is beneficial for health. Sacha inchi
oil contains high amount of long-chain n-3 fatty acids and
antioxidant compounds such as tocopherol and vitamin
A1 In addition, dried Sacha inchi leaves and nutshell are
available as tea. Many customers who consumed Sacha inchi
products experienced good controlled of blood glucose,

decreased cholesterol level especially LDL-cholesterol and
increased high-density lipoprotein cholesterol (HDL-cho-
lesterol).’* Sacha inchi seeds showed antioxidant activity®®
and immunomodulatory activity,'® however other parts of
plant have never been studied before. This study aimed
to investigate anti-HMG-CoA reductase, anti-cholesterol
esterase and antioxidant effects of Sacha inchi extracts
(dried leaves, nutshells, and baby nuts) as well as Sacha
inchi oil

Materials and methods

Chemicals

The 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid (ABTS), gallic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
4-nitrophenyl butyrate (pNPB), cholesterol esterase from
porcine pancreas and HMG-CoA reductase assay kit were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Ethanol
and isopropanol were purchased from MERCK (Darmstadt,
Germany). L-ascorbic acid (vitamin C), and sodium hydrogen
phosphate were obtained from Ajax Finechem Pty Limited
(Taren Point, New South Wales, Australia). Acetonitrile and
sodium chloride were purchased from RCI Labscan Limited
(Bangkok, Thailand). Sodium fluoride (NF) was acquired
from BDH Laboratory Supplied (Poole, England). Triton X-100
was purchased from Amresco (Solon, Ohio, USA) All reagents
were analytical or HPLC grade. Distilled water and ultrapure
water were used for all experiments.

Plant materials and extracts

Sacha inchi leaves, nutshells, and baby nuts were
provided by Oil Star Tak Limited Partnership, Tak province,
Thailand. Each part of plant was dried and ground to powder.
One hundred grams of Sacha inchi leaf, nutshell, and baby
nut powder was extracted by boiling with 1 liter of distilled
water for 15 minutes and further incubated for 4 hours.
Solution was filtered through straining cloth and centrifuged
at 3,500 rpm for 5 minutes. After centrifugation, supernatant
was filtered through Whatman paper filter no.1. The filtrate
was completely dried in a freeze-dryer and stored at -20°C
until further use. The total yield percentage of the Sacha
inchi extract was calculated by the formula, yield percentage
(%) = (weight of extract obtained)/ (total weight of sample
loaded)x100.

Sacha inchi nuts were mainly used to produced
sacha inchi oil which contain high amount of polyunsaturated
fatty acid and antioxidant compounds such as tocopherol
and vitamin A. Cold pressed Sacha inchi oil was received
from Qil Star Tak limited partnership, Tak province, Thailand.
The Sacha inchi oil was stored at room temperature. The
oil was dissolved in isopropanol into the desired concentration
before performing any experiments or added directly into
the reaction mix in the volume that meet the desired
concentration.

Total phenolic content (TPC)

The TPC of Sacha inchi extracts were analyzed spec-
trophotometrically using modified Folin-Ciocalteau colorimetric
method.”” Sacha inchi extracts were dissolved to the concentration
of 1 mg/mL with deionized (DI) water. Samples (100 pL)
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were mixed with 100 uL of Folin-Ciocalteau’s phenol reagent
(Sigma-Aldrich, MO). Then, 300 pL of 20% sodium carbonate
solution were added into the reaction and incubated at
room temperature for 15 min. After incubation, 100 pL of
DI water were added into the reaction and centrifuged at
1,250 xg at 25°C for 5 min. Supernatant were collected and
measured an absorbance at 765 nm by using UV-Visible
spectrophotometer (SPECORD PLUS 250, Germany). Diluted
extracts were used as sample blank. Gallic acid (0-300 pg/ml)
was used as a standard. Calibration curve was plot against
concentration of gallic acid and absorbance at 765 nm. TPC
of extracts were expressed as mg of gallic acid equivalents/gram
dried weight (mg of GAE/g).

2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonate) (ABTS)
assay

This study aimed to evaluate the free radical scavenging
capacity of each Sacha inchi extracts, to reduce the radical
cation ABTS™* to ABTS according to the method described by
Kokina et al.*® Briefly, ABTS stock solution was prepared by
mixing ammonium persulfate (4.9 mM) and ABTS (7 mM)
in equal ratio and incubating at RT in dark for 12-16 hrs.
The working ABTS™* solution was prepared by dilution of
the stock solution with 80% methanol to absorbance at
734 equals to 0.700£0.020. Different concentrations (1-20
mg/mL) of Sacha inchi extract (10 pL) were added to 990 pL
of ABTS* working solution. An absorbance (734 nm) was
measured at 1 min after incubation by using UV-Visible
spectrophotometer. L-ascorbic acid was used as a standard.
Calibration curve was plot against concentration of ascorbic acid
and absorbance at 734 nm. The results were expressed as
mg of ascorbic acid equivalent/gram dried weight.

2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay

Free radical scavenging activity of Sacha inchi extract was
investigated using DPPH assay as described by Hajlaoui et al.*°
Sacha inchi extracts (40 pl) at various concentration (1-20
mg/mL) were mixed with 1.2 mL of DPPH reagent and
incubated at room temperature for 15 min. Samples were
centrifuged at 1,250 xg at 25°C for 5 min after incubation.
The supernatants were collected and measured absorbance
at 517 nm by using UV-Visible spectrophotometer. Diluted
extracts were used as sample blank. Gallic acid was used
as a standard. Calibration curve was plot against concentration
of gallic acid and absorbance at 517 nm. Results were
expressed as mg of gallic acid equivalents/gram dried
weight (mg of GAE/g).

HMG-CoA reductase activity assay

This study aimed to investigate inhibitory effect of
Sacha inchi extracts on HMG-CoA reductase enzyme activity.
The HMG-CoA reductase catalyzed HMG-CoA into mevalonate
using NADPH. The HMG-CoA reductase activity was measured
by the reduction of NADPH at 340 nm. Briefly, 4 uL of NADPH,
1 uL of samples, 12 pL of HMG-CoA substrate, and 181 plL
of assay buffer were mixed. Pravastatin at final concentration
of 0.2 ug/mL was used as inhibition control. To initiate the
reaction, HMG-CoA reductase catalytic domain was added
into reaction mixture. The absorbance (340 nm) was measured
at 37 °C every 15 sec for 5 min by UV-Visible spectropho-
tometer. For blank, the assay buffer was added into reaction

tube instead of HMG-CoA reductase. The enzyme activity
was calculated using the following equation:

(AA340/minsampIe - AA340/minblank) xTV

Units/mgP -
12.44 xV x0.6 xLP

where AA: change of absorbance, TV: total volume of the
reaction in mL, 12.44: coefficient of NADPH, V: volume of
enzyme used in the assay, 0.6: enzyme concentration in
mg-protein, LP: light path in cm.

Cholesterol esterase activity assay

Cholesterol esterase inhibitory activity of Sacha inchi
extracts was evaluated spectrophotometrically at 25 °C using
the method of Asmaa and Ream?. The cholesterol esterase
from porcine pancreas (CEase) was solubilized in 1 mL of
0.1 M sodium phosphate buffer pH 7.0 and stored at -80°C
as a stock CEase. Prior to use, working CEase was prepared
by diluting a stock CEase to 5 pg/mL with the same buffer.
The reaction mixture consisted of 500 pL of Triton X-100
(5% w/w), 20 uL of p-nitrophenyl butyrate (0.05 M in
acetonitrile), 40 pL of 2% acetonitrile in 400 uL of assay
buffer (100 mM sodium phosphate, 100 mM sodium chloride,
pH7.0) and 20 pL samples. The mixture was mixed and
incubate at 25 °C for 5 min. The reaction was initiated by
adding of 20 uL of working CEase (5 pg/mL). After 15 min
of incubation at 25°C, the absorbance was measured by
spectrophotometer at 405 nm. NaF was used as inhibition
control. The percentage of inhibition were calculated using
the following formula:

Abspiiviey-Abs
Activity Sample %100

%Inhibition =
AbsActivity
Statistical analysis
Data were expressed as meanzstandard deviation
(SD) of three independent experiments. The data were
analyzed by one-way ANOVA. p<0.05 was considered to be
statistically significant.

Results

Total phenolic content and antioxidant activity of Sacha
inchi extracts

Leaves, baby nuts and nutshells of Sacha inchi were
extracted with hot water. Total yield percentage of the Sacha
inchi extracts were calculated. Leaf extract showed the
highest yield percentage followed by baby nuts and nutshells,
respectively (Table 1). The characteristic of leaves, nutshells
and baby nuts hot water extracts were shown in Figure 1.

Table 1 Total yield percentage of hot water extracts of each
part of Sacha inchi.

Sacha inchi Yield of extract (%)
Leaves 19.73
Nutshells 12.64
Baby nuts 14.57
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Figure 1. Characteristic of tested materials. A: leaves, B: nutshells, C: baby nuts of Sacha inchi, D-F: corresponding dried hot water extracts (D-F).

TPC was determined using Folin-Ciocalteu calorimetric
assays. Sacha inchi nutshell and baby nut extracts showed
much higher TPC compared to others, which were about
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74.8 mg and 63.6 GAE/100 g dried weight, respectively.
Sacha inchi leaf extracts and oil showed lower TPC which
were 18.2 and 10.0 mg GAE/100 g dried weight (Figure 2).
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Figure 2. Total phenolic content of different parts of Sacha inchi extracts and Sacha inchi oil at concentration of 1 mg/mL. The data were expressed as the
meanSD of sample tested in 3 independent experiments. Values having different letters differ significantly (p<0.05).

The antioxidant activity was determined by DPPH
and ABTS radical scavenging assay. Results from antioxidant
activity by both methods were similar to the results from
TPC. Sacha inchi nutshell extracts presented the highest
DPPH and ABTS radical scavenging activity which were

90

80

70

60

50

40

30

mg GAE/100 g extract

20

10

0

b
b
a
I |

78 mg GAE/100 g dried weight and 450 mg ascorbic acid
equivalent/ 100 g dried weight, respectively. In contrast,
Sacha inchi oil had the lowest antioxidant activity (Figure 3
and Figure 4).
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Figure 3. DPPH radical scavenging activity of different parts of Sacha inchi extracts and Sacha inchi oil at concentration of 1 mg/mL. The data were
expressed as the mean+SD of sample tested in 3 independent experiments. Values having different letters differ significantly (p<0.05).
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Figure 4. ABTS radical scavenging activity of different parts of Sacha inchi extracts and Sacha inchi oil at concentration of 1 mg/mL. The data were expressed
as the mean+SD of sample tested in 3 independent experiments. Values having different letters differ significantly (p<0.05).

HMG-CoA reductase inhibitory activity The rest of the Sacha inchi extracts and Sacha inchi oil

The HMG-CoA reductase inhibitory effect of Sacha had no effect on HMG-CoA reductase activity. Inhibition of
inchi extracts and Sacha inchi oil were evaluated. Pravastatin HMG-CoA reductase activity by Sacha inchi nutshell extract
was used as an inhibitory control which can inhibit HMG-CoA was dose-dependent manner. It inhibited HMG-CoA reductase
reductase activity for 75%. Only, Sacha inchi extract from activity up to 99% at the concentration of 250 ug/mL
nutshells presented HMG-CoA reductase inhibitory activity (Figure 6).

about 65% at the concentration of 125 pg/mL (Figure 5).
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Figure 5. HMG-CoA reductase inhibitory activity of different parts of Sacha inchi extracts (125 ug/mL). Distilled water was used as a negative control and
pravastatin (0.2 ug/mL) was used as a positive control. All data were expressed as the mean+SD of sample tested in 3 independent experiments.
Values having different letters differ significantly (p<0.05).
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Figure 6. Inhibition of HMG-CoA reductase activity by various concentrations of Sacha inchi nutshell extracts. Distilled water was used as a negative control
and pravastatin was used as a positive control. All data are presented as the mean+SD of samples tested in 3 independent experiments. Values

having different letters differ significantly (p<0.05).

Sacha inchi nutshell extract was further analyzed the The Lineweaver-Burk plot analysis showed parallel line pattern
type of enzymatic inhibition by Lineweaver-Burk plot analysis. (Figure 7), indicating the uncompetitive inhibition.
oA 1.2 -
1 _
A No inhibitor
inhibi 08 | ‘
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® 125 pg/mLof extract 06
® *
0.4 A
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I T T O T T 1
-0.25 -0.15 -0.05 0.05 0.15 0.25
1/sS

Figure 7. Lineweaver-Burk plot analysis for HMG-CoA reductase in the presence of different concentrations of HMG-CoA (8, 16 and 32 mM) and two different
concentrations of Sacha inchi nutshell extract (75 and 125 ug/mL). Data represents mean+SD of 3 independent experiments.
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Cholesterol esterase inhibitory activity

Sacha inchi extracts and Sacha inchi oil were evaluated
for their cholesterol esterase inhibition activity. NaF used
as a positive control markedly inhibited the cholesterol esterase
about 26.0%. Among Sacha inchi extracts, only nutshell and

45 -
40 A
35 -

30 -

— O

25 ~

20 ~

%lnhibition

15 4

10 H

a

baby nut extracts revealed cholesterol esterase inhibitory
activity by 38.1 and 24.1%, respectively (Figure 8). Sacha
inchi oil (750 pg/mL) had no effect on cholesterol esterase
inhibition (data not shown).

a

Control

Inhibitor (NaF)

Nutshell Baby nut Leaf

Figure 8. Effect of Sacha inchi extracts (125 ug/mL) on cholesterol esterase activity. Percentage of enzyme inhibition were calculated. Control was represented the
condition without inhibitor. Data represents mean+SD of 3 independent experiments. Values having different letters differ significantly (p<0.05).

Discussion

Various parts of Sacha inchi are edible. Products of
Sacha inchi in the market include roasted nut, cold press
nut oil, and tea that made from leaves and nut shells.!!
Plants which contain antioxidant activity have been reported
to also exert lipid lowering property.?* As both oxidative
stress and hyperlipidemia are involved in atherosclerosis,
plant that exert both effects might be useful for CVDs prevention.
Among various parts of Sacha inchi and sacha inchi oil,
nutshell extract showed the highest antioxidant activity
as well as total phenolic content. This data suggested that
phenolic compound might be the active ingredient in Sacha
inchi nutshell extract.

Sacha inchi products have been claimed to reduce
cholesterol level. However, the scientific data and the exact
mechanism are still limited. HMG-CoA reductase, a rate
limiting step enzyme in cholesterol biosynthesis, is the target
for treatment of hypercholesterolemia. Statins are synthetic
drugs that competitively inhibit HMG-CoA reductase.??
Statins are commonly used to treat hypercholesterolemia.
However, the adverse side effects from long term use are
in a great concern.?® Thus, HMG-CoA reductase inhibitors
from natural origin are in a great interest.*

This is the first report on anti-HMG-CoA reductase
activity from Sacha inchi nutshell. Hot water extract of Sacha
inchi nutshell inhibited HMG-CoA reductase activity ranging
from 28-99% according to the concentrations of the extract
(50-250 pg/mL). Previous studies on HMG-CoA reductase
inhibitors from plant origin have been reported. HMG-CoA
reductase inhibitory activity of crude extract of Quercus
infectoria, Basella alba, Rosa damascene, Myrtus communis,

and Amaranthus viridis leaf were 84%, 74%, 70%, 62% and
72%, respectively.”>? Fraction 18 of methanolic Ficus virens
Ait extract showed a large number of HMG-CoA reductase
inhibition about 98%.% Therefore, anti-HMG CoA reductase
compounds from plant origin was very interesting because
they can be used to lower blood cholesterol level. Cholesterol
lowering effect of Sachi inchi via HMG-CoA reductase inhibition
was firstly investigated in this study. The mechanism of enzyme
inhibition of Sacha inchi nutshell extract was also studied.
Unlike statin drug which competitively inhibit HMG-CoA
reductase,” Sacha inchi nutshell extract showed uncompetitive
inhibition pattern. This type of inhibitor is more specific and
efficient compare to other types of inhibitors.3® Uncompetitive
inhibitors bind only to the enzyme-substrate complex, while
competitive inhibitors have affinity for the enzyme and
compete for substrate binding.

Besides inhibition of HMG-CoA reductase, inhibition of
enzymes that control cholesterol absorption and transportation
is important target for lowering blood cholesterol. Cholesterol
esterase is one of those enzymes that plays an important
role in the regulation of cholesterol metabolism by extending
cholesterol intestinal absorption and transportation to
enterocytes.? Sacha inchi nutshell extract showed the
strongest anti-cholesterol esterase activity. Inhibition
of cholesterol esterase could block cholesterol absorption
and finally lower the blood cholesterol level. In this study
Sacha inchi oil did not have either anti-HMG CoA reductase
(data not shown) or strong antioxidant activity. However,
previous studies have reported lipid lowering properties
of Sacha inchi oil in vivo.'*3! These data indicated that the
mechanism of cholesterol lowering activity of Sacha inchi
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oil did not cause by direct inhibition of HMG-CoA reductase.

All data suggested that Sacha inchi nutshell extract
might be a potential lipid lowering agent which can be
used as a supplement for treatment of hypercholesterolemia.

Conclusion

In conclusion, Sacha inchi nutshell extract showed
the highest antioxidant activity and total phenolic content.
It might be able to reduce blood cholesterol level through
the uncompetitive HMG-CoA reductase inhibition, and
cholesterol esterase inhibition. As oxidative stress and
hyperlipidemia are contributed to CVDs development,
consumption of Sacha inchi nutshell which contain high
amount of antioxidant might prevent CVDs. However, more
investigation in an in vivo model could further confirm the
potential of Sacha inchi nutshell extract in treating
hypercholesterolemia.
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understand dosimetry nature of this method.

Objectives: To improve CT absorbed dose estimation by using a more appropriate

Keywords: phantom representing a human body and a Monte Carlo transport code.

Computed tomography (CT), absorbed
dose, MCNF, Monte Carlo, OSL nanodot ~ Materials and methods: The Monte Carlo N-Particle transport code Version 5 or
MCNPS5 is used in this study to simulate a Rando phantom representing pelvic section
of a patient in a CT procedure. Absorbed doses of various internal organs from
MCNP5 are compared with standard experimental measurements based on the

InLight nanoDot dosimeters.

Results: CT absorbed dose between MCNP5 simulation and standard experiment
measurement are mostly in reasonable agreements within 10-percent discrepancy
except those at skin positions.

Conclusion: Further study is recommended for calculating absorbed doses at skin
positions, MCNP5 is practically reliable for estimating absorbed doses in a number
of internal organs. The MCNP5 simulation is one of alternative method to evaluate
patient radiation dose which helps radiology team manage diagnosis and treatment
planning.

Introduction exposure from many different radiation angles. Effective

In recent years, computed tomography (CT) is one
of the most important image modalities for medical diagnosis
since its image outputs can provide a physician thorough
understanding of internal organ that cannot be achieved
through a traditional 2-D imaging method. However, this
practice inevitably comes at the expense of high-level X-ray
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doses resulting from CT scan can vary from 2 to 16 mSy,
depending on organ range examination.! As an alternative
measurement of effective dose on a particular organ, an
absorbed dose has recently been used to assess a radiation
risk on a patient.? Traditionally, CT dose index (CTDI) is
employed to calculate CT absorbed doses. However, CTDI is
limited by its physical geometry as it only contains two
cylindrical objects made of homogeneous polymethyl
methacrylate (PMMA) phantom (CTDI phantom) representing
head and trunk. This study aimed to improve CT absorbed
dose estimation by using a more appropriate phantom
representing a human body and a Monte Carlo transport
code.
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Materials and methods

Absorbed Dose Measurement in Rando phantom

The InLight nanoDot dosimeters which is a crystal of
Al203:C compound of Optically Stimulated Luminescence
Dosimeter (OSL nanoDot) were positioned inside the
Pelvic-Rando phantom (10 slices, 2.54 cm/slice) to represent
19 position of internal organs (Table 1). Rando phantom
is modelled after anatomical characteristics of the reference
man and consists of a real human skeleton embedded in
soft tissue equivalent material. Figure 1 shows all slabs of
pelvic Rando phantom (Left) and dosimeter holder together
with OSL nanoDot (Right). The duplicate 19 OSL nanoDot
were irradiated using 64 slices CT scanner of the Aquilion64
(Toshiba) from the department of Radiologic Technology,
faculty of Associated Medical Sciences, Chiang Mai University,
Thailand. The scanning protocol is shown in Table 2. Subsequently,
all OSL nanoDot samples were evaluated by Thailand Institute
of Nuclear Technology (Public Organization), Nakorn Nayok,
Thailand and reported in an organ absorbed dose that
expressed in unit of centigray (cGy).

OSL
& = nanoDot

o o B0

Figure 1. Pelvic Rando phantom.

Table 1 Sociodemographic data of stroke participants.

Equivalent | Number Coordination (X,Y,2)* [cm]
organ of OSL
Rt. Ovary 1 (-6,0,15.24)
Lt. Ovary 1 (6,0,15.24)
Bladder 6 (-3,4.50,15.24), (3,4.50,15.24),
(-3,4.50,17.78), (3,4.50,17.78),
(-3,0,20.32), (3,0,20.32)
Uterus 1 (0,2,12.70)
Prostate (-1.50,-1,22.86), (1.50,-1,22.86)
Skin Outside
(anterior, posterior, right, left)
7=8.39,13.97
Total 19

Note: Coordinate of Rando phantom center is X=0, Y=0 and Z=12.70,
cm: centimeter
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Table 2 CT scan protocol for irradiations of the Rando phantom.

Parameter Value
kVp 120
mA tube current modulation mode
rotation time 0.5 sec
slice thickness 0.5x64 cm.
scan length 20 m.

&

MCNP Simulation

The Monte Carlo N-Particle transport code Version
5 (MCNPS5) with F6 tally that is deposition energy (MeV/g.
photon) in each cell was used to simulate a set of direct
measurements based on 19 OSL nanoDot dosimeters in
pelvic RANDO phantom including X-ray source structure of
CT scanner (Figure 2). The 120 kVp X-ray source with energy
spectrum shown in Figure 3 was located on 36 positions on
circumference of 50 cm CT gantry. As shown in Figure 4, each
position was equally spaced out as its radial line made a
10-degree angle to another adjacent radial line. This source
placement was an attempt to model a spiral continuous
movement of X-ray tube rotation about CT gantry. The
collimator was also included in model to collimate a cone
beam from X-ray source into a fan-shaped beam with an
angle of 49.2 degree and 1-cm thickness. The results of F6
tally, which is energy deposition averaged over a cell in unit
of MeV/g, are normalized per a simulated photon particle.
In order to obtain absorbed dose to current, it was necessary
to multiply the MCNPS5 results, a source strength which is
given in a unit of a number of photons per current-time
(photon/mAs). In this study, source strength was chosen
as 1.75E+11 photon/mAs from preliminary study that was
calculated from equation (1) according to G Jarry et.al.?

(1)

Air kerma
measured] /mAs

Source strength = [ -
Air kermaycnps

Air kermapeasured is absorbed dose measured in air
using ionization chamber detector at the isocenter of CT
scanner and Air kermapcnps is absorbed dose simulated
using MCNP5 transport code at under the same condition
of experimental measurement.

To ensure that whole pelvic section of the Rando
phantom was accounted, absorbed doses covering 20-cm
scan length were calculated by MCNP5 and reported in unit
of cGy. The number of histories for all simulations, were
appropriately adjusted to ensure that relative errors of the
results were always less than 5 percent.* In this study, only
MCNPS5 results that were within 10-percent discrepancy
with OSL nanoDot measurements were acceptable.
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Gantry

Rando phantom

Figure 2. 2D (left) and 3D (right) MCNP5 simulation geometry of radiation measurement in Rando phantom.

#/[keV-cm?mAs] @ 1 meter

Energy [keV]

Figure 2. 120 kVp X-ray source spectrum (SpekCalc program).

Point source

T [\‘
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Figure 4. Movement simulation of X-ray source from CT scanner.

% Difference = [(Dmcnes - Dost) / Dost] x 100 (2)
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Results

Absorbed doses from MCNP5 calculation (Dpenps) and
OSL nanoDot (Dgg ) measurement are compared then %
difference of them were calculated following the equation
(2) which exhibited in Table 3. Eleven absorbed doses of
internal organs (No. 1 to 11) are in good agreements with
less than 10 percent differences. However, eight absorbed
doses from skin areas (No. 12 to 19) are observed with
higher than 10 percent differences, especially in cases of
left and right side (No. 14, 15, 18 and 19). It is believed
that a shorter distance between a radiation source and
a detector contributes to large discrepancies observed as

illustrated in Figure 5. Similar discrepancies have also been
observed by several studies performed by Thomas M. et al.®
and Kara U® as shown in Table 4. Uncertainties of OSL nanoDot
measurements caused by angular dependence also significantly
impact on both efficient measurement and results, especially
at the position of 90° and 270° (i.e., right and left side of
skin).” In addition, Kazuki Takegami et.al.® indicated that there
were a great deal of uncertainties with roughly 30% when
using OSL nanoDot for patient entrance surface dose (ESD)
measurement. Therefore, radiation doses recorded by OSL
nanoDot might be lower than the actual values.

Table 3 Absorbed dose of equivalent organs and percentage difference.

Absorbed dose (cGy)
No. Equivalent organ %Difference
MCNP5 OSL nanoDot
1 Uterus 3.31+0.25 3.48+0.14 -5.06
2 Bladderl 4.3610.45 4.47+0.23 -2.43
3 Bladder2 4.63+0.38 4.39+0.35 5.52
4 Bladder3 3.86+0.73 4.20+0.44 -8.11
5 Bladder4 4.37+0.73 4.05+0.32 7.72
6 Bladder5 2.20+0.19 2.37+0.10 -7.23
7 Bladder6 2.20+0.09 2.43+0.44 -9.65
8 Prostate gland1 1.9840.12 2.02+0.06 -2.21
9 Prostate gland2 1.99+0.09 2.14+0.07 -7.12
10 Right ovary 3.03+0.57 3.01+0.33 0.87
11 Left ovary 3.23+0.43 3.08+0.24 5.03
12 Skin (Zg go, anterior) 8.54+0.59 4.42+0.41 93.27
13 Skin (Zg g9, posterior) 7.03+2.14 3.68+0.78 91.17
14 Skin (Zg gg, right) 7.42+0.34 3.50+0.21 112.24
15 Skin (Zg go, left) 17.94+8.60 3.23+0.23 455.39
16 Skin (Z;3 g7, anterior) 9.04+1.16 5.26+0.81 71.75
17 Skin (Z13.97, posterior) 4.6610.42 3.96+0.29 17.66
18 Skin (Z13 97, right) 10.65+3.55 3.58+0.85 197.08
19 Skin (Z13.97, left) 17.82+8.34 3.82+0.81 366.90

Note: Coordinate of Rando phantom center is X=0, Y=0 and Z=12.70, cm: centimeter.

Table 4 Absorbed dose ratio of skin to ovary (skin/ovary) .

Condition This study Thomas M. et.al® Kara U. et.al °
Absorbed dose ratio (skin/ovary) 48.88-469.33% 47.47% 58.33%
Measurement method MCNP OSL + post-mortem MCNP

CT model

Aquilion64, Toshiba

Aquilion ONE, Toshiba

Lightspeed, GE
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Figure 4. Simulated setup for radiation measurement at Rando phantom surface (skin dose). The dosimeters were placed at surface of Rando phantom

(4 red dots).

Conclusion

The MCNP5 model can be used to estimate absorbed
doses on internal organ from CT scanning. MCNP5 results
would be normalized by machine-specific normalization
factor to obtain appropriate absorbed doses. It is conceivable
to provide efficient and safe CT procedure for both a radiation
physicist and a physician in radiation diagnosis plan for the
patients. However, the significance of difference of absorbed doses
between MCNPS5 calculation and OSL nanoDot measurement
for skin positions should be further investigated to verify
that MCNP5 calculation is reliable for predicting absorbed
doses on skins or near-surface organs. More number of OSL
nanoDot measurements should be contacted for statistical
reliability.
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ARTICLE INFO ABSTRACT

Article history: Background: Radiotherapy treatment planning usually concerns in-field radiation
Received 2 March 2021 dose to produce a high therapeutic ratio with high dose to the target and minimum
Accepted as revised 28 May 2021 normal tissue complication. However, out-of-field radiation dose should also be
Available online 28 May 2021 considered because it causes additional radiation exposure to the patient, resulting
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6 MV X-rays, out-of-field dose, Monte ~ consequences in the fetus if the patient is pregnant. Monte Carlo simulation is
Carlo simulation, TrueBeam, PHITS useful for estimating out-of-field dose. The American Association of Physicists in

Medicine Task Group 158 (AAPM TG 158) recommends that Monte Carlo simulation
for calculation of out-of-field radiation dose should be validated in terms of percentage
depth dose, lateral beam profile, dose near the phantom surface and peripheral
dose.

Objectives: To validate the 6 MV TrueBeam linear accelerator model developed using
Particle and Heavy lon Transport code System (PHITS) Monte Carlo code for out-of-field
dose calculation for the field sizes of 10x10, 10x20 and 40x40 cm?.

Materials and methods: The Monte Carlo simulation was validated against exper-
imental data at the same conditions. Percentage depth dose, lateral beam profile
and dose near the phantom surface were measured at 10x10, 10x20, and 40x40 cm?
field sizes, while peripheral doses were measured using 10x10 cm? field size at 0, 5,
10 and 15 cm distances from the field edge and at 5 and 10 cm depths in a water
phantom. The 6 MV radiation fields were delivered using Varian TrueBeam linear
accelerator. For the Monte Carlo simulation, phase space data above the jaws were
provided by the vendor. PHITS code version 3.20 was used for modeling the treatment
head downstream of the phase space surface and the measurement set-up. The
gamma evaluation method was used to compare between the calculation and the
measurement.

Results: The experimental data and the Monte Carlo simulation were in good
agreement. The gamma passing rates with 3%/3mm criteria were 100% for percentage
depth dose, 95% for lateral beam profile, 50% for dose near the phantom surface
and 81% for peripheral dose.

Conclusion: The 6 MV TrueBeam linear accelerator model developed using PHITS
Monte Carlo code was validated according to the AAPM TG 158’s recommendation.
The simulation results showed good agreement with the experimental data. Therefore,
this Monte Carlo model can be used for out-of-field dose calculation.
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Introduction

Radiotherapy treatment planning systems focus on
in-field radiation dose for determination of treatment plans.
The aim is to have a high therapeutic ratio with high dose
to the target and minimum dose to healthy tissues to minimize
any normal tissue complications. However, out-of-field radiation
dose should also be considered because it may cause unwanted
radiation exposure to the patient, increasing risk for developing
secondary cancer and health consequences in the fetus of
a pregnant patient. Therefore, accurate determination of
out-of-field dose is important for assessment of secondary
cancer risks as well as fetal dose and its consequences.*?

Out-of-field dose in radiotherapy using linear accelerators
arises from head leakage, collimator scatter and patient scatter.
Out-of-field dose was found to be dependent on the distance
from the central axis and the field size, but nearly independent
on the depth. Similarly, dose near the surface of the patient is
dependent on the field size and also on the photon energy.*
The contributions from patient scatter and collimator scatter
give rise to the dependence of out-of-filed dose on the field
size and the distance near the field edge, while head leakage
affects out-of-field dose at distances far away from the field
edge.>

Out-of-field dose cannot be estimated using treatment
planning systems. A comparison of measured doses with
those calculated by a treatment planning system showed
that the difference of dose could exceed 30% even at 3 cm
distance from the field edge and the discrepancy increases
with increased distance from the field edge.*

Measurement of out-of-field dose is subject to large
errors if the detector was calibrated for in-field measurement
because of different energy spectra between in-field and
out-of-field radiations. The average energy of scattered photons
contributed to out-of-field dose was found to be lower than
in-field photon energy, being 0.2 and 1.5 MeV for a 6 MV photon
beam, respectively. The difference in energy spectra will
cause different detector responses.* To overcome the limitation
in the measurement, Monte Carlo simulation is another
method of choice for out-of-field dose determination.*

Monte Carlo simulations have been used for determination
of out-of-field dose for various treatment techniques and
linear accelerator models.* ! Testing accuracy of radiation
dose calculated by a Monte Carlo simulation should be done
by comparing experimental data obtained from reliable
measurements with simulated results from the Monte Carlo
simulation. For in-field dose calculations, calculated percentage
depth dose (beyond the depth of the maximum dose, D ay)
and lateral beam profile should be validated against their
corresponding measurements. In addition, for out-of-field
dose calculations, the American Association of Physicists
in Medicine Task Group 158 (AAPM TG 158) recommends
that Monte Carlo Simulation should also be validated in
terms of dose near the phantom surface and peripheral
dose. Dose near the phantom surface (in the build-up region)
corresponds to dose at depths shallower than the depth of
the maximum dose (Dpay), taking into account electron
dose near the surface that might affect the accuracy of
out-of-field dose calculation. Peripheral dose is dose outside
the field edge, directly representing out-of-field radiation

dose.

In this work, the 6 MV TrueBeam linear accelerator
(Varian Medical System. Inc., Palo Alto, CA, USA) was modeled
using the Particle and Heavy lon Transport code System
(PHITS) Monte Carlo code for the purpose of out-of-field
dose calculation to be used in the evaluation of fetal dose
during breast cancer radiotherapy. The field sizes of interest
included 10x10, 10x20 and 40x40 cm?. Percentage depth
dose, lateral beam profile, dose near the phantom surface
and peripheral dose calculated by the Monte Carlo simulation
were validated against the measurements at the same
conditions.

Materials and methods

Measurement set-up

Percentage depth dose, lateral beam profile and
peripheral dose were measured in Wellhofer Scanditronix
Blue water phantom (IBA Dosimetry, Schwarzenbruck,
Germany). Dose near the phantom surface was measured
in WP1D water phantom (IBA Dosimetry, Schwarzenbruck,
Germany) with 100 MU. Irradiation of 6 MV X-rays was achieved
using Varian TrueBeam linear accelerator at 100 cm source-surface
distance (SSD) and dose rate of 400 MU/min. The measured
data were analyzed with Omni-pro program (IBA Dosimetry,
Schwarzenbruck, Germany) and presented in term of dose
relative to Dy, for percentage depth dose (PDD) and dose
near the phantom surface (DNS) as shown in equation 1, as
well as dose relative to the central axis dose for lateral beam
profile (LP) and peripheral dose (PD) as shown in equation 2.

PDD and DNS = D(z)/Dmax x 100 (1)
LP and PD = D(r)/D(0) x 100 (2)
where D is dose at a specified depth z or lateral distance
r (in-plane or cross-plane), Dyax is the maximum dose of
the depth dose curve and D(0) is dose at the central axis.

CC13 ionization chamber (IBA dosimetry, Schwarzenbruck,
Germany) was used for measuring percentage depth dose,
lateral beam profile and peripheral dose. However, for the
measurement of dose near the phantom surface, which
needed a higher spatial resolution, PPO5 parallel plate ionization
chamber (IBA dosimetry, Schwarzenbruck, Germany) was used
instead. CC13 has the active volume of 0.13 cm? with the
inner diameter of the outer electrode of 6.0 mm, while
PPO5 has the active volume of 0.05 cm? and the small
collecting volume of 0.6 mm plate spacing. Therefore, PP05
offers a higher spatial resolution of dose measurement and
is @ more suitable detector than CC13 for dose determination
in the region with high dose gradient such as that near the
phantom surface.

Most of the measurements were done for the field
sizes of 10x10, 10x20 and 40x40 cm?, except for the measurement
of the peripheral dose that was done only for 10x10 cm?
field size. Percentage depth dose was measured in 1 mm
step from 0.09 to 27.49 cm depth. Dose near the phantom
surface was measured also in 1 mm step from 0.00 to
19.50 cm depth. The measurement of lateral beam profile
was done at 5 and 10 cm depths with a step of 1 mm.
Peripheral dose was measured at the distances of 0, 5, 10,
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15 cm from the field edge (10x10 cm? field size), corresponding
to +5, +10, +15, and +20 cm distances from the central axis,
respectively.

Monte Carlo simulation

Monte Carlo simulation required the information
of the treatment head in terms of dimension, elemental
composition and density. To model the treatment head,
TrueBeam Monte Carlo Data Package was used.'? This data
package provides phase space files of photons and electrons
just above the movable upper jaws at the distance of 73.3 cm

A)
Figure 1. Set-up of the TrueBeam linear accelerator and the water phantom: (A) Measurement set-up and (B) Monte Carlo model. Dashed line in figure (B)
indicates the phase space surface for the Monte Carlo simulation.

PHITS (Particle and Heavy lon Transport code System)
is a general purpose Monte Carlo particle transport simulation
code that can simulate all particles and electromagnetic
radiation over wide energy ranges. PHITS can be used to
study a variety of topics, for example, accelerator technology,
radiation protection and radiotherapy.** PHITS version 3.20
was used in this work for modeling the treatment head and
for calculation of radiation dose. EGS5 mode of PHITS was
used for electron and photon transport. The number of
simulated particles at the phase space surface was in the
range of 10° to produce reasonable standard deviations of
the simulated results. The dose was calculated in the water
phantom (50 cm x 50 cm x 50 cm) for 100 cm SSD.

Percentage depth dose and dose near the phantom
surface was calculated in cylindrical voxels with 0.5 cm radius
and 0.1 cm step ranging from 0.05 to 27.50 cm depth in the
water phantom. Standard deviations of the results were
not exceeding 3.3%. For the calculation of lateral beam
profile and peripheral dose, dose was tallied in rectangular
voxels with the dimensions of 2x0.1x2 cm?® and 0.1x2x2 cm?
for in-plane and cross-plane dose, respectively. The standard
deviations of the calculated lateral beam profiles were
less than 1.2% at the central region. The simulations were
done on a high-performance computing (HPC) server using

from the isocenter with 100 cm SSD as well as the detailed
information (dimension, material type and material density) of
the treatment head components downstream of the phase
space surface. Twenty-five phase space files were converted
with PSFC4PHITS to dump files readable by PHITS®, corresponding
to the number of converted particles of about 1.2x10°. The
lower part of the treatment head was simulated in detail,
consisting of X and Y Jaws with the characteristics as described
in the TrueBeam Monte Carlo Data Package and shown in
Figure 1.
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16 cores of Intel Xeon E5-2600 v4 at 3.2 GHz with the simulation
time of about 5.5 h for each simulated field size.

Comparison between the experimental data and the
Monte Carlo simulation of percentage depth dose, lateral beam
profile, dose near the phantom surface and peripheral dose
was done using gamma evaluation method* with 3% dose
difference at 3 mm distance-to-agreement (3%/3mm). In
addition, for the lateral beam profile, point-by-point comparison
of dose was done at the central region (plateau region) and
the comparison of penumbra width (80%-20%) was done
at the penumbra region. In this study, the central regions
were defined between +4.9 cm, £9.9 cm and £19.9 cm
distances from the central axis for the field sizes of 10x10 cm?,
10x20 cm? (in-plane or cross-plane) and 40x40 cm?, respectively.
In this work, the Monte Carlo simulated results for lateral
beam profile and peripheral dose are presented as dose
relative to average dose at the central regions.
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Results

The experimental data and the Monte Carlo simulated
results of percentage depth dose are shown in Figure 2A,
Figure 3A and Figure 4A for the field sizes of 10x10 cm?,
10x20 cm? and 40x40 cm?, respectively. The experimental
data and the Monte Carlo simulated results of dose near
the phantom surface are shown in Figure 2B, Figure 3B and
Figure 4B for the respective field sizes. Dy, in the measured
percentage depth dose curves were 1.55, 1.55 and 1.35 cm,
while Dy, in the measured doses near the phantom surface
were 1.45, 1.45 and 1.15 cm, for the respective field sizes.
In comparison, Dy, obtained from the Monte Carlo simulation

were 1.65, 1.45 and 1.55 cm, respectively. The maximum
standard deviations of the measured doses near the phantom
surface were 0.3%, 0.2% and 0.3% for the respective field
sizes, and the maximum standard deviations of the Monte
Carlo simulated results were 3.3%, 3.1% and 2.6%, respectively.
For percentage depth dose and dose near the phantom
surface, the average differences between the calculated and
measured doses for all investigated field sizes were 2.7%
and 8.6%, respectively. Moreover, the gamma passing rates
(3%/3mm) of percentage depth dose and dose near the
phantom surface were at least 100% and 50%, respectively,
as shown in Table 1.
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Figure 2. Percentage depth dose and dose near the phantom surface for 10x10 cm? field size. A: percentage depth dose, B: dose near the phantom surface,
symbols are Monte Carlo simulated results and lines are experimental data.
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Figure 3. Percentage depth dose and dose near the phantom surface for 10x20 cm? field size. A: percentage depth dose, B: dose near the phantom surface,
symbols are Monte Carlo simulated results and lines are experimental data.
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Table 1 Summary of gamma passing rates with 3%/3mm criteria of percentage depth dose and dose near the phantom surface.

Gamma passing rates (%)

Field size

Percentage depth dose

Dose near the phantom surface

10x10 cm? 100.0
10x20 cm? 100.0
40x40 cm? 100.0

75.0
73.3
50.0

The experimental data and Monte Carlo simulated
results of lateral beam profile, including in-plane and
cross-plane doses, at 5 and 10 cm depths are shown in Figure 5,
Figure 6 and Figure 7 for the field sizes of 10x10, 10x20
and 40x40 cm?, respectively. The maximum standard

deviations of the Monte Carlo simulated results were 1.2%,
1.1% and 0.9%, for the respective field sizes. The differences of
the simulated and measured doses at the central regions
did not exceed 3% and the differences of the penumbra
widths were at maximum 3 mm for all investigated field sizes.
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Figure 5. Lateral beam profiles for the field sizes of 10x10 cm? at 5 and 10 cm depth. A: in-plane, B: cross-plane doses, symbols are Monte Carlo simulated

results and lines are experimental data.
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Figure 6. Lateral beam profiles for the field sizes of 10x20 cm? at 5 and 10 cm depth. A: in-plane, B: cross-plane doses, symbols are Monte Carlo simulated

results and lines are experimental data.
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results and lines are experimental data.



40

P. Suwanbut et al. Journal of Associated Medical Sciences 2021; 54(3): 32-42

Table 2 Summary of gamma passing rates with 3%/3mm criteria of lateral beam profile.

10x10 cm? | 95.0 96.9 | 100.0 | 100.0 | 95.0 95.8 97.0 97.9 | 100.0 | 100.0 | 96.3 96.2
10x20cm? | 99.4 96.0 | 100.0 | 100.0 | 95.1 95.1 | 100.0 | 97.9 | 100.0 | 100.0 | 97.6 95.1
40x40 cm? | 95.0 97.0 | 100.0 | 100.0 | 96.2 96.3 96.0 98.0 | 100.0 | 100.0 | 98.9 98.7

Table 3 Summary of peripheral doses.

-20 cm 070 | o067¢010| o060 | 040:009| 090 |o090t000| o080 | o0.60t0.07
-15 cm 110 | 1.21:007 | 095 |[o073t007 | 160 | 176006 | 140 [ 1.25:0.05
10 cm 268 | 2.63:0.04 | 210 | 186:005| 398 |422:¢003| 355 |[3.10:0.04

5cm 73.10 |84.73:0.01| 73.80 |[76.18:0.01| 8560 [93.40t0.01| 89.60 |90.70£0.01
5cm 80.00 |90.00:0.01| 84.80 [90.79:0.01| 89.60 [92.40t0.01| 90.60 |93.99:0.01
10 cm 270 | 3.20:004 | 230 [ 1.93:t0.04 | 400 |[438t003| 355 | 3242003
15 cm 110 | 1.20:0.06 | 1.00 | 0.80t006 [ 150 | 1.60£0.05 140 | 1.35:0.06
20 cm 060 | 078009 | o060 |o040t008| 080 [ o094t008| 080 | 057007
pafsai':gmr: o 83.0% 84.0% 85.0% 81.0%

Note: Exp: experimental data, MC: Monte Carlo simulation, % relative to average dose in the central region and gamma passing rates with 3%/3mm

criteria.

Discussion

In this study, the 6 MV TrueBeam linear accelerator
model for out-of-field dose calculation was developed using
PHITS Monte Carlo code for the field sizes of 10x10, 10x20
and 40x40 cm?. The Monte Carlo model was validated against
experimental data according to the recommendation of
AAPM TG 158.

In terms of percentage depth dose and dose near the
phantom surface, the comparisons of the calculated and
measured doses gave the gamma passing rates (3%/3mm)
of 100% and at least 50% for all investigated field sizes,
respectively. In general, the gamma passing rates of dose
near the phantom surface is expected to be lower than
those of percentage depth dose due to a steep dose gradient
near the phantom surface. As recommended by a previous
study?®, the comparison of experimental data and Monte
Carlo calculated doses near the phantom surface should
not exceed 15%. When analyzing the present results following
that recommendation, it was found that all parts of doses
near the phantom surface passed this criterion except at the

surface. As shown in previous studies, differences of doses
at the phantom surface obtained from measurements and
Monte Carlo simulations were as large as 40%.°'718 |n term
of field size dependence, the calculated doses near the
phantom surface obtained in this work exhibited a field
size dependence, in accordance with previous studies.®%?
The larger field size was associated with the larger dose due
to a higher degree of electron contamination.%*°

For the validation of lateral beam profile, the gamma
passing rates were at least 95% for all investigated field sizes
and depths. The point-by-point differences of doses at the
central region did not exceed 3% and the differences of the
penumbra widths were less than 3 mm for all investigated
field sizes and depths. The differences of doses at the central
region and penumbra widths should not exceed 3% and
3 mm, respectively.’® Thus, the simulation and the measurement
carried out in this work were considered to be in good
agreement.

For the validation of peripheral dose, the gamma
passing rates were larger than 81% for all investigated depths.
In this work, the measured peripheral doses were in relatively
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good agreement with the Monte Carlo simulated results at
close distances from the field edge. However, the differences
of the calculated and measured doses at 15 cm distance
from the field edge (20 cm distance from the central axis)
were as large as 33%. Such large discrepancies have also
been observed in the previous studies,>®* which may arise
from statistical uncertainties of the simulation (up to 10%
in this work) and the uncertainty of dose measurement®.
It should be mentioned that using phase space files
obtained from the vendor allowed fewer opportunities to
improve the Monte Carlo model. For example, the treatment
head model upstream from the jaws needed to be treated
as a black box that could not be adjusted to give a better
agreement to the experimental data. Nevertheless, from
the validation carried out in this work, the agreement
between the measured and calculated doses suggested that
the developed Monte Carlo model of the 6 MV TrueBeam
linear accelerator can be used for out-of-field dose calculation.

Conclusion

In this work, the 6 MV TrueBeam linear accelerator
model developed using PHITS Monte Carlo code for out-of-field
dose calculation was validated against experimental data
based on the recommendation of AAPM TG 158. The field
sizes of interest included 10x10, 10x20 and 40x40 cm?.
Percentage depth dose, lateral beam profile, dose near the
phantom surface and peripheral dose calculated by the
Monte Carlo simulation were validated against the meas-
urements at the same conditions. The comparison showed
good agreement between the experimental data and the
Monte Carlo simulation for all investigated field sizes with
the gamma passing rates (3%/3mm) of at least 100% for
percentage depth dose, 95% for lateral beam profile, 50%
for dose near the phantom surface and 81% for peripheral
dose at 5 and 10 cm depth. The results suggested that the
developed Monte Carlo model can be used for calculation
of out-of-field dose, for example, for determination fetal
dose during radiotherapy for a pregnant patient.
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Background: Tuberculosis (TB) is one of the major global health threats. The chest
radiograph (CXR) is one of the primary tools for detecting TB, especially pulmonary
TB. Artificial Intelligence (Al) is increasingly used with radiological technology by
developing Al software for health screening by CXR.
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Objectives: To compare the pulmonary TB screening results between the radiologist
and Al software from the mobile x-ray screening vehicle of the Faculty of Allied
Health Sciences, Thammasat University.

Materials and methods: 449 patients (408 normal, 41 abnormal) were exposed for
chest radiograph at the mobile x-ray screening vehicle of Faculty of Allied Health
Sciences, Thammasat University. The retrospective data was randomly collected
between 2016 and 2018. The methods were divided into three steps: quality control
for the x-ray machine, transferring the radiograph from digital radiography to PACS
and Al, and displaying the results on the monitor with the StatPlus program.

Results: The mobile x-ray machine has passed the quality control test. In addition, the
TB interpretation by Al showed Area Under Curve of 0.859 and the study demonstrated
high specificity of 0.995 but low sensitivity of 0.722. The positive predictive value
(PPV) was 0.951, which was less than the Negative Predictive Value of 0.963.

Conclusion: Artificial intelligence is becoming a healthcare supporter to help radiologists
analyze and interpret chest radiographs and provide a fast diagnosis.

Introduction

Tuberculosis (TB) is a major global health threat, and
the World Health Organization (WHO) estimates that Thailand
is one of the 14 countries in the world with a TB prevalence
in 2018.1 The chest radiograph (CXR) is one of the primary
tools for detecting TB, especially pulmonary TB because
CXR has a high sensitivity for pulmonary TB. However,
CXR has poor specificity.? Therefore, TB screening should
always be made on TB diagnosis on bacteriological confirmation
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(sputum-smear microscopy or a molecular test). During the
check-up, a chest radiograph in the posteroanterior view
is usually taken. The patient is breast-attached with a cassette
and the hand is on the patient's hip to separate the scapular
from the lung. To reconstruct a chest radiograph, the patient
needs to take a deep breath and hold it during the x-rays to
reduce motion. The right technique should be good exposure,
no rotation of the patient, and ensure patients are at the
right marker. Airways should be without any deviation,
centrally located in the radiograph and the angle at the carina
should be less than 90 degrees. Bones and soft tissue have
the ability to count the number of ribs (10 ribs posteriorly
and 6 ribs anteriorly) and check the bone's lucency, bone
opacity, and vertebral bodies. Cardiac size should not be
more than half the size of the thorax. We should check the
diaphragm to see if the left side is higher than the right
side, the availability of air below the diaphragm, any gastric
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bubble, and the Costophrenic and Cardiophrenic angles.
Lung fields should be uniform or have some opacities or
lucencies. Appearance of pulmonary tuberculosis on the
radiograph contains small opaque spots throughout the
lungs and enlargement of a hilar region in early stages or
regions of calcification with cavitations which is frequently
in the area of upper lobes and apices with upward retraction
of hila.

Artificial intelligence (Al) often instantiated as software
programs is a branch of computer science that attempts
to understand and build intelligent entities. The subset of
Al is Machine learning (ML) and the subset of ML is Deep
learning (DL). Al in clinical practice can be used for inter-
preting patient genomes, treatment selection, automated
surgery, and disease diagnosis.® Nowadays, Artificial Intel-
ligence is increasingly employed with radiological technology
by developing Al software for health screening by CXR. Most
of the x-ray machine vendors have launched the Al section
in x-ray machines such as FDR AQRO mini mobile system
from FuijiFilm,* Ysio X.pree from Siemens,® ALND from Samsung
for lung nodule detection, etc. ®

The purpose of this study is to compare the pulmonary
TB screening results between the radiologist and Al software
from the mobile x-ray screening vehicle of the Faculty of
Allied Health Sciences, Thammasat University.

Materials and methods

This research is based on a retrospective descriptive
study. 449 patients (408 normal, 41 abnormal) were exposed
by x-ray for chest radiograph at the mobile x-ray screening
vehicle of the Faculty of Allied Health Sciences, Thammasat
University. This research recording was approved by the
ethical review sub-committee board for human research
involving sciences, Thammasat University, No.3 and the
approval code is COA N0.017/2563. The retrospective data
was randomly collected between 2016 and 2018. The methods
were divided into 3 steps, namely quality control for the
x-ray machine, transferring radiograph from digital radiography
to Picture Archiving and Communication System (PACS) and
Al, displaying results on a monitor.

The X-ray machine in the mobile vehicle (GEMSS,
TITAN 2000, N0.793291105153, Korea) was subjected to
quality control, which includes general checklist, the general
condition of medical and electrical components, motion and
lock check, target to film distance indicator check, field size
indication, congruence of light and radiation fields, cross
hair centering, focal spot size, exposure consistency, timer
accuracy, mA or mAs linearity, kVp linearity, and automatic
exposure control.”

The image was obtained from a modality, which is
a digital radiography system. Then, the image was sent
to PACS and Al engine (Manage Al, Internet Thailand Public
Company Limited, Thailand) to analyze the results as shown
in Figure 1 and the percent below the red box is the accuracy of
Al for this radiograph. This program was tested for tuberculosis
detection which obtained an accuracy, sensitivity, and
specificity of 96, 96, and 95 percent, respectively. The system
has detected and characterized the exam for suspected
tuberculosis. The result displayed an alert message from

the Al engine to PACS with the information, identification,
and graphics highlighting abnormalities. The TB cases, which
were detected by Al, will be flagged and prioritized for
expedited reading in the worklist within 10 seconds. Then,
the chest x-ray results from the radiologists (2 and 10 years
of clinical experience) and Al program results were compared.
The data was analyzed by StatPlus (Build 7.3.3/Core v7.3.32,
AnalystSoft Inc., USA). The tuberculosis detection performance
was assessed using Receiver Operating Characteristics (ROC)
analysis and area under the curve (AUC). The data was
validated by calculating the specificity, sensitivity, and

positive predictive value (PPV).
IL |

A LTEL
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Figure 1. Result of Al interpretation.

Results

Quality control of mobile x-ray machines was
composed of the following sections. First, the physical test
of the machine was passed. The congruence of Source to
Image Distance (SID) between the set value and measurement
was correlated. The movement and lock system were tested.
It can only move up and down and can lock automatically.
The light intensity from the x-ray tube was less than 100 lux in
every area. Exposure reproducibility was passed because
the coefficient of variation (CV) was 0.035 which was within
0.05 limit. Time reproducibility was 0.004% of CV that was
within the limit of 5%. Also, time accuracy was passed
(within the limit of 10% error).” The kVp reproducibility was
passed because it is very precise and had no deviation. The
kVp accuracy and mAs linearity are still within the limit.

Image quality was passed that included central beam
alignment, dynamic range, special resolution, contrast
resolution, homogeneity as demonstrated in Figure 2. The
misalignment of the light and x-ray field is acceptable
(within 2% of SID). When the x-ray machine is checked by
testing, it can be used for the examination accurately.
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The final step was to analyze the data set using the
StatPlus program, and the result showed that the AUC was
0.859, as shown in Figure 3. Also, the study demonstrates
that the TB interpretation by Al was high specificity (0.995)
but low sensitivity (0.722) because the number of tuberculosis
cases was small as demonstrated in table 1. Table 2 showed
that the Positive predictive value (PPV) was 0.951, which
was less than the Negative predictive value (0.963). Therefore,
the TB diagnosis by Al is accurate and precise as the gold
standard is the radiologist’s interpretation.

Figure 2. Image quality of x-ray machine using Pro-Digi, Raysafe.

ROC Curve (x-ray) AUC=0.859
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Figure 3. ROC on a test set of 449 CXRs.

Table 1 Number of cases in this study. Table 2 Performance indices from this study.
[ T erformanceindices |
Sensitivity 0.7222
Specificity 0.9949
Radiologist M 408 Accuracy 0.9621
(9.13%) (90.87%) 449 — —
Artificial Intelligence 54 395 Positive predictive value 0.9512
(12.03%) (87.97%) Negative predictive value 0.9632
True positive 39
True negative 393
False-positive 2
False-negative 15
Positive Likelihood Ratio 142.64
Negative Likelihood Ratio 0.28
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Discussion

The radiologists who interpreted chest radiographs
have approximately 6 years of experience. From this study,
the sensitivity of the Al program was 0.722 and specificity
was 0.995. The specificity was higher than sensitivity.
Therefore, TB patients will be detected correctly. Area under
the curve was 0.859, which is more than the computed aid
detection (CAD) (AUC=0.71-0.75).2 While in other research,
Hwang., et al.? found that tuberculosis can be detected
(AUC=0.988) by using the 450 Korean data sets (300 normal,
150 tuberculosis). The result was excellent because of the
validation by a group of thoracic radiologists and a variety of
sample sizes. Moreover, Muyoyeta M., et al.'° found that
tuberculosis detection by deep learning (AUC=0.82) was
a better result than Computer Aid Detection (AUC=0.71-0.75).
In the research of El-Solh A. et al.,**an artificial neural network
(ANN) was developed using clinical and radiographic information
to predict active pulmonary TB and found that the accuracy
of the model was 0.923+0.056 from 119 patients formed
the validation set. Lakhani P. et al.,* studied in Al for Pulmonary
Tuberculosis diagnosis from CXR using AlexNet and GooglLeNet.
They found that AUC was 0.99 had 97.3% sensitivity, and
100% of specificity. Rapurkar P. et al.,* used Deep Learning
(CheXNeXt) for atelectasis detection (AUC=0.862), and
radiologists' AUC was 0.808. The radiologist spent more time
for interpretation. Moreover, Steiner A. et al.,* found that
software CAD4TB can evaluate chest radiographs from an
asymptomatic prison population (AUC=0.75) on the superset
of 1321 radiographs in a short time. The finding in this
research suggests that radiologist interpretation is still the
first choice for accurate chest x-ray diagnosis, but Al can be
supported as well as it can interpret chest x-ray faster.

The major limitation of this study is that instead of
using mycobacterial culture, we have used the chest x-ray
result from a radiologist which we do not know whether
the patients have Tuberculosis or not. Also, the artifact in
the chest radiograph can lead to Al misinterpretation such
as the screen shirt or button which are usually found in the
patient’s body at the check-up center as shown in Fig-
ure 4. Moreover, the number of tuberculosis cases is small,
which affects the sensitivity in this study.

Figure 4. Chest radiograph with artifacts.

Conclusion

Artificial intelligence is becoming a healthcare supporter
to help radiologists quickly interpret chest radiographs and
provide a fast diagnosis. However, some artifacts in the
film such as metal artifacts can make Al give misleading
results. Therefore, patients should change their dress to a
hospital gown and remove the accessories before having a
chest x-ray. However, Al is good for TB screening and there
are many publications for Covid-19 primary screening but
the gold standard is still the swap test and CT scan. Al has
many benefits for medical diagnosis, but we still have to do
a second check to validate the results.
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ARTICLE INFO ABSTRACT

Article history: Background: In high energy photon therapy with >10 MV x-rays, neutrons are produced
Received 2 April 2021 from photonuclear reactions between high energy photons and high atomic number
Accepted as revised 27 June 2021 materials in the treatment head. Although neutron dose is expected to be relatively small
Available online 27 June 2021 compared to the primary photon dose to the target, neutrons have high quality
Keywords: factors that are associated with the increased secondary cancer risk of the treated
CR-39 detector, neutron dosimetry, patient. Due to the attenuation of neutrons by the patient’s body, the distribution
nuclear track density, high energy of neutron doses at different positions in the patient should be determined for the
photon therapy assessment of organ-specific secondary cancer risks.

Objectives: To determine the distribution of neutrons from a 15 MV linear accelerator
at different lateral distances from the isocenter and at different depths in a solid
water phantom, as a mimic for the patient body.

Materials and methods: The distribution of neutrons was measured with BARYOTRAK
CR-39 detectors in term of nuclear track densities in the CR-39 detectors. A half of
the detector’s surface area was covered with a boron converter and a polyethylene
radiator for thermal and fast neutron measurement, while the other half had no boron
converter making it only sensitive to fast neutrons. The detectors were placed in
a solid water phantom at 0, 5, 10 and 15 cm lateral distances from the isocenter
and at 0, 3, 7, 11, 15 and 18 cm depths from the phantom surface. The detectors
were irradiated with 15 MV photon beams at 0° gantry angle for the field size of
20x20 cm?,

Results: The nuclear track density initially increased with depth, reached a maximum
at 3 cm depth and decreased with depth beyond the depth of the maximum. The
contributions from fast and thermal neutrons at shallow depths were competitive
while at large depths most of neutrons became thermalized. The lateral distribution
of the track density had a maximum at the central axis. Thermal neutrons were
responsible for this behavior. In contrast, nuclear track densities generated by fast
neutrons were nearly constant with the off-axis distance.

Conclusion: Nuclear track densities generated by neutrons varied with the depth
and the lateral distance from the isocenter. The conversion coefficients from nuclear
track density to dose should consider the energy spectrum of neutrons especially
at shallow depths.
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Introduction

In radiotherapy with high energy photons of >10 MV
nominal energy, neutrons are produced from photonuclear
reactions between high energy photons and high atomic
number materials in the treatment head including primary
collimator, target, flattening filter, jaws and shielding materials.” 2
Neutron production in the treatment head results in unnecessary
radiation exposure to the patient. Although neutron dose
is expected to be relatively small compared to the primary
dose to the target, neutrons have high quality factors® and
the exposure of neutrons increases the risk of developing
secondary malignancies in the patient.* Therefore, neutrons
produced by medical linear accelerators operated at energies
larger than 10 MV should not be neglected in the radiation
protection consideration for radiotherapy patients. Moreover,
to determine organ-specific secondary cancer risks, the
distribution of neutron doses at different positions in the
patient is required.®

Previous measurements of photoneutrons from linear
accelerators were mostly done in air,%7 on the surface of
the patient® or on the treatment couch.®° However, using
in-air or surface neutron dose for estimating neutron dose
in an organ leads to incorrect dose values because the average
neutron energy in air or at the surface could be about 71.4%.
different from that found in vivo.'*?

In vivo measurements of neutrons are difficult to perform
as they are invasive. Therefore, determination of neutron
doses in patients receiving radiation therapy are limited to
Monte Carlo simulations and in-phantom measurements.
In general, the Monte Carlo simulation is considered to be
accurate but needs realistic machine modelling and relatively
long computational time to produce reasonable results.®
The machine geometry is sometimes too complex to be
modelled with simple mathematical expressions. In that case,
the uncertainty related to machine modelling and geometry
accuracy effect is not avoidable.’* Moreover, for events that
have relatively low probabilities, for example, neutron
generation in photon treatment rooms, a large number of
initial particles or radiations need to be simulated to produce
dose with acceptable statistical uncertainties. In contrast,
in-phantom measurement is easier to perform and mimics
the measurement in a patient.

Several groups have performed in-phantom neutron
dose measurements. For example, Awotwi-Pratt and Spyrou®*
reported measured neutron dose equivalent as a function
of depth and distance from the field edge for 5x5 cm?,
10x10 cm? and 20x20 cm? field sizes from a Varian Clinac
2100C linear accelerator operated at 15 MV using bubble
detectors. For all field sizes, the neutron dose equivalent
was found to maximize at 1 cm depth in a water phantom
and at 0 cm distance from field edge, in agreement with
d’Errico et al’s experiment performed with an 18 MV linear
accelerator at 10x10 cm? field size.” Yiicel et al.** measured
neutron fluxes from an 18 MV Varian Clinac DHX dual energy
linear accelerator at 0, 5 and 10 cm depths in a solid water
phantom for the field size of 20x20 cm? using the foil activation
method. The neutron flux was found to maximize at 5 cm
depth, providing the maximum neutron dose of about
0.64+0.04 mSv per Gy of photon prescribed dose. Dawn

et al.'” measured in-field photoneutron fluences at difference
depths in a tissue equivalent phantom irradiated by 15 MV
photons from TrueBeam and Novalis Tx linear accelerators
for the field size of 30x30 cm? using polyallyl diglycol carbonate
(PADC) or CR-39 detectors. The fast neutron fluence from
both accelerator models had a maximum at the phantom
surface and decreased with the depth in the phantom, while
the thermal neutron dose peaked at 3 and 6 cm depths for
TrueBeam and Novalis Tx, respectively.

Since each neutron detector has different responses
to different neutron energy spectra, detector selection should
be done appropriately.’® CR-39 detectors are particularly
useful for neutron dose determination in high energy x-ray
therapy because they are insensitive to photons, require no
electronic equipment, have non-fading signals and are tissue
equivalent.’® When neutrons collide with the polymeric
structure of the CR-39 detector, proton and carbon recoils
are generated from elastic scattering, inducing latent damage
regions.'® In addition, CR-39 detectors can be modified to
detect thermal neutrons by using a converter made of boron
(*°B) or lithium (°Li) placed on top of the detectors.?® 2! Neutron
dose is converted from nuclear track density obtained by
CR-39 measurement using an appropriate calibration
coefficient. Since CR-39 detectors have been used for
personal dose monitoring for many years??24, the calibration
of these detectors are usually based on standard neutron
sources such as 2*Am/Be and %2Cf.*> However, it is not clear
whether a calibration coefficient obtained from a standard
source is also valid for neutron measurement in a radiation
field generated by high energy linear accelerator such as
the Varian TrueBeam linear accelerator (Varian Medical System,
Palo Alto, CA, USA). This is because a standard source produces
a different neutron spectrum than that produced in the
treatment room. Thus, converting the nuclear track density
generated in the detector to dose by using the calibration
coefficient obtained from a measurement with a standard
source may provide incorrect neutron dose.

The objective of this work was to determine the
distribution of neutrons, in term of nuclear track densities
in CR-39 detectors, in a solid water phantom mimicking a
patient receiving 15 MV X-rays from the TrueBeam linear
accelerator (Varian Medical System, Palo Alto, CA, USA),
to be used for determination of location-specific calibration
coefficients in conjunction with Monte Carlo simulation
(more detail in Discussion). The detectors were placed
at different distances from the isocenter and at different
depths in the solid water phantom. The relationship between
the nuclear track density and the measurement position
as well as the distribution of fast and thermal neutrons are
presented in this paper.
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Materials and methods

CR-39 detectors

The CR-39 detectors used in this study were BARYOTRAK
neutron detectors (Nagase Landauer, Ltd., Japan). BARYOTRAK
consists of a CR-39 plastic sheet with the dimension of
15.50 mm x 9.34 mm x 0.86 mm. The CR-39 sheet was put
into a plastic holder with a half of the surface area covered
with a boron converter (Teflon® doped with boron-10) and
a polyethylene radiator and the other half with only a
polyethylene radiator, as shown in Figure 1. Fast neutrons
are detected in both areas covered by the polyethylene

Plastic holder

l

radiator through neutron-proton elastic scattering that converts
fast neutrons to recoil protons. Since thermal neutrons have
relatively low probability of elastic scattering but relatively
high probability of neutron capture reaction, the boron converter
is used to induce °B(n,a)’Li reaction for thermal neutron
detection. Following these interactions, recoil protons and
alpha particles produce latent damages in CR-39 sheets
that are associated with fast neutrons and thermal neutrons,
respectively. Figure 2 shows the conceptual design of the
Baryotrak neutron detector.

9.34 mm < —CR39
sheet
; 15.50 mm ‘
™
o
Boron
- converter
Polyethylene
radiator
Figure 1. BARYOTRAK neutron detectors (Nagase Landauer, Ltd., Japan).
Nth  Nth Nf Nf Nf Nf Nf
PE y
radiator " Q\ P
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Boron a a p P
convertor |
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sheet (i) p (i) p
Plastic
holder cap

Figure 2. Neutron detection by BARYOTRAK neutron detectors (side view). Nth: a thermal neutron and Nf: a fast neutron, PE: polyethylene.
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Irradiated CR-39 detectors were etched in a chemical
solution of 5.26 M NaOH at a temperature of 72+1 °C for
15 hours and 30 minutes. After the chemical process, tracks
produced by the collision of secondary alpha particles or
recoil protons on the CR-39 sheets became visible under
a microscope. The tracks were discriminated in term of
neutron energy (tracks from thermal and fast neutrons)

and counted manually using a light microscope (Euromex
Microoscopen, Arnhem, Netherland) in an area of 4.5x3 mm?
of each half of the surface area at a magnification of 400x.
The illustration of track counting on the CR-39 detectors
can be seen in Figure 3. The number of tracks per square
centimeter corresponds to the nuclear track density
(tracks/cm?).

4.5 mm

b4+ ++44 444

000000000
000000000
000000000

3 mm

: 4
: +
$
*

(a)

(b)

Figure 3. lllustration of areas used for counting tracks in the CR-39 detectors. The shaded regions are the counting areas, (a): a half of the surface area covered
with a boron converter and a polyethylene radiator, (b): the other half of the surface area covered only with a polyethylene radiator.

Measurement set-up

The CR-39 detectors were placed in a 30x30x22 cm?
GAMMEX solid water phantom (RMI®, Middleton, WI,
US.A) at 0, 5, 10 and 15 cm lateral distances from the isocenter
in the transverse plane parallel to the treatment couch top
and at 0, 3, 7, 11, 15 and 18 cm depths from the phantom
surface, as shown in Figure 4. The detectors were sandwiched
between boluses, which were used to reduce air gaps between
the solid water phantom slabs.

The CR-39 detectors were exposed to the secondary
neutron field generated by 15 MV photon beams from

the Varian TrueBeam linear accelerator (Varian Medical System,
Palo Alto, CA, USA). The irradiation was done at 219.5 MU
(2Gy prescribed dose at the isocenter) and the source-to-axis
distance (SAD) was 100 cm. The photon beam was delivered
to the solid water phantom in one direction (0° gantry angle)
with the field size of 20x20 cm? at the isocenter. The isocenter
was at 11 cm depth from the phantom surface, mimicking
the depth representing the average uterine position of
patients.?® The measurement was repeated for 3 times.

Figure 4. Placement of CR-39 detectors and boluses (dark grey) in the solid water phantom (light grey) (side view). The scales are in centimeter (cm).
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Results

The microscopic images of tracks in one of the CR-39
detectors after etching are shown in Figure 5. Nuclear
tracks generated by thermal neutrons in the detector
area covered with the boron converter were larger in size
than those produced by fast neutron tracks because thermal
neutrons were converted to alpha particles that are heavier

Tt

(a)
°
Nth
"4
(5}
(<]
o
° Nf
L_100pm
(c)
@
L 100 um )

than recoil protons converted from fast neutrons. In most
cases, tracks were nearly spherically symmetric. However,
when a neutron hit the CR-39 detector in the direction that
was not perpendicular to the CR-39 detector, a tail of the
track could be seen in the microscopic image, as shown in
Figure 5c.

(b)

100 um )

Tt

Figure 5. Microscopic images of tracks obtained from CR-39 measurement. (a): detector area covered with boron converter, (b): other area without boron converter,
(c): tracks produced when neutrons hit the CR-39 detector in the directions that were not perpendicular to CR-39 detector, Nth: tracks from thermal
neutrons, Nf: tracks from fast neutrons, Tt: track from a neutron hitting the CR-39 detector in the direction that was not perpendicular to CR-39 detector.

Figure 6 shows the nuclear track density as a function
of depth in the solid water. For each measurement, the
nuclear track density increased with depth until it reached
a maximum at 3 cm depth in the solid water phantom. Beyond
the depth of the maximum, track density decreased with
depth and was similar to the percentage depth dose of photons.
Figure 6 also shows the nuclear track densities induced by
thermal neutrons and fast neutrons as functions of depth
in solid water phantom. Nuclear track densities induced
by fast neutrons maximized at the surface and decreased
with the depth in solid water phantom. In contrast, the track
densities induced by thermal neutrons, first, increased with
the depth until it reached a maximum at a 3 cm depth in
solid water phantom. Beyond the depth of the maximum,

track densities from thermal neutrons decreased with the
depth

Figure 7 shows the lateral distribution of track densities
at different distances from the isocenter (at 11 cm depth).
The maximum values of track densities were at the center
of the radiation field (0 cm distance from isocenter), and
the track density decreased when the distance from the
isocenter was increased. Moreover, it was found that the
track density induced by thermal neutrons maximized at
the central axis of the photon beam and rapidly decreased
when the distance from the isocenter was increased. In
contrast, the track densities from fast neutrons were relatively
constant with the distance away from the isocenter.
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Discussion

In this work, nuclear track densities in CR-39 neutron
detectors were measured in a solid water phantom irradiated
with 15 MV photon beams from the TrueBeam linear accelerator
for the field size of 20x20 cm?. The nuclear track density is
proportional to the number of neutrons hitting the detector
per unit area.

From the measurement, it was found that the track
density initially increased with depth, reached a maximum
at 3 cm depth and decreased with depth beyond the depth
of the maximum, in agreement with previous reports.'> 2
The buildup of the track density arose from the competitive
processes between the moderation of fast neutrons from
the accelerator head by elastic scattering with hydrogen
atoms and the absorption of thermal neutrons.

The nuclear track density as a function of lateral distance
from the isocenter showed a maximum at the central axis.
The track density induced by thermal neutrons maximized
at the central axis and decreased with the distance away
from the isocenter while the track density induced by fast
neutrons was relatively constant with the off-axis distance.
The maximum track density at the central axis indicated
that the forward-directed neutrons originated by the highest
energy photons were likely to be produced along the central
beam axis. Similar observations have been reported by
Awotwi-Pratt and Spyrou®* and Brki¢ et al.?°

Evaluation of neutron dose from the CR-39 measurement,
the track density needs to be converted to neutron dose
by using an appropriate conversion coefficient obtained
from the measurement in a neutron standard field similar
to that present during the detector usage due to the energy
dependence of the neutron detectors.! The detectors
used in this study have been calibrated for personal dose
monitoring purposes in term of H,(10) in standard neutron
fields of a bare #>2Cf source, a D,0 moderated %2Cf source,
an ?*Am/Be source and a graphite pile moderated #2Cf
source (thermal neutrons). However, it is not clear whether
Hp(10) measured in the standard sources is valid for neutron
measurement in a radiation field generated by the high energy
linear accelerator. This is because a standard source produces
a different neutron spectrum than that produced in the
treatment room. Since standard neutron fields similar to
those present in the phantom are not available,” neutron
dose obtained from a Monte Carlo simulation can be used
as the reference dose to evaluate position-specific neutron
track density-to-dose conversion coefficients of the CR-39
detector. In the future work, we will perform a Monte Carlo
simulation to evaluate the neutron spectra at different
positions in the solid water phantom to determine the nuclear
track density-to-dose conversion coefficients at different
depths and off-axis distances in the phantom.

Conclusion

In the present study, CR-39 detectors were used to
measure the distribution of neutrons inside a solid water
phantom at different depths and at different lateral distances
from the isocenter. The results are presented in term of nuclear
track densities, which are related to neutron fluence and

neutron doses. It was found that the nuclear track density
initially increased with depth and reached a maximum at
3 cm depth in the solid water phantom, beyond the depth
of the maximum the nuclear track density decreased with
depth. The lateral distribution of nuclear track densities in
the isocenter plane (at 11 cm depth) showed a maximum
at the central axis and decreased with the off-axis distance.
Thermal neutrons were responsible for this behavior. In
contrast, nuclear track densities induced by fast neutrons
were relatively constant with the off-axis distance. The current
study indicated that the contribution of fast and thermal
neutrons to total neutron dose varied with the depth in
the phantom but only the contribution of thermal neutrons
varied with the off-axis distance from the isocenter. The
conversion coefficients from nuclear track density to dose
should consider the different neutron spectra inside the
phantom for the accurate evaluation of neutron doses.
The result of this work can be used together with the Monte
Carlo simulation to estimate position-specific neutron
track density-to-dose conversion coefficients of the CR-39
detector. Such conversion coefficients can be directly used
with the CR-39 detector to determine neutron dose in patients
or in phantoms with a higher accuracy compared to using
conversion coefficients typically obtained from standard
measurements.
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play protocol on working memory and inhibitory control in children with ADHD.

Materials and methods: The study was conducted with a one group-pretest-posttest
research design. Seven school-aged children with ADHD, aged between 8 and 9 years
with T-scores > 65 on the Behavioral Rating Inventory of Executive Function (BRIEF),
Parent Form: Thai version, participated in this study. The Thai traditional play protocol
was designed and developed by researchers. Twenty Thai traditional play activities
that had cognitive challenges focusing on working memory and inhibitory control
skills were selected and analyzed. Self-regulatory strategies, heavy work activities,
and parent education were also implemented. Children with ADHD participated in
a 24-session protocol, across 8 weeks with 3 sessions per week, lasting 60 minutes
per session. An outcome measure was the Stroop Color and Word Test (SCWT):
Children Edition. Data was analyzed using descriptive and non-parametric statistics.

Results: By using the Wilcoxon Signed-Rank Test, a comparison of SCWT scores between
before and after receiving a protocol showed a statistical difference of p<0.05 in
working memory, whereas no statistically significant difference was found in inhibitory
control (p>0.05).

Conclusion: The findings demonstrated the positive effect of Thai traditional play
protocol on working memory in children with ADHD. Occupational therapists can
apply this protocol as a prototype for planning intervention focusing on working
memory for school-aged children with ADHD.
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Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is
one of the most common neurodevelopmental disorders
found in children, with its main symptoms being attention
deficit, hyperactivity, and impulsiveness that can potentially
affect emotional, behavioral, educational, and social
development.* Moreover, it has been found that ADHD often
causes deprivation of group activities and separation from
friends.2 Therefore, ADHD may cause children to struggle
with school, social, and home activities. Additionally,
ADHD is associated with executive function deficits, especially
impaired working memory and inhibitory control.?*
According to Diamond®, executive functions are a higher
brain function that can help control emotions and behaviors.
Working memory, inhibitory control and cognitive flexibility
are the basis of EFs that underpin goal-directed behaviors,
and lead to the development of metacognitive ability.®

Working memory is the ability to process and remember
information and it is necessary for a number of everyday
functions as well as for academic performance.®” Children
with working memory problems may not be able to complete
a task with multiple steps and are often reported as being
easily distracted and forgetful, often missing details about
instructions or forgetting instructions, and they lose their
belongings easily.>>® Inhibitory control is the ability of a
child to withhold and think before acting and being able to
regulate emotions and behaviors in appropriate and/or
effective ways, as well. Children with ADHD who have
deficient inhibitory control often have difficulties in controlling
themselves, so they are often reported as being unaware
that they are bothering others.>° These types of children
have difficulty controlling emotions such as sadness, frustration,
and regret are often prone to display outbursts due to these
emotional triggers.°

Because of their poor executive functions, school-aged
children with ADHD face more difficulties with daily activities
than typically developed children of the same age.’® Furthermore,
EFs in childhood can predict adult health and well-being
outcomes, such as physical health, substance dependency,
wealth, and criminality independent of intelligence level
and social class.' Furthermore, both working memory and
inhibitory control skills are crucial for children with ADHD
to effectively perform and participate in everyday tasks as
well as academic performance. Thus, the appropriate
assistances needed to allow these skills to emerge must
be provided and it is necessary to ensure that children will
have the opportunities to transfer and generalize these
skills to their real-world contexts.? Research shows that
there is efficacy of positive outcomes of specific interventions,
such as computerized training, non-computerized games,
aerobics, martial arts, yoga, mindfulness, and certain school
curricula, that can help children with executive function
deficits to gain better performance skills.**> An occupational
therapist is one member of a multidisciplinary team who
can help children with ADHD improve certain skills, such as
the ability to do daily occupations,® motor coordination,’
self-regulation,’® and executive function abilities.'® For
executive function interventions, an occupational therapist will
help to identify the specific EF skills that a child has challenges

with and can enhance the relevant skills required for
executive functioning in the performance of daily life
activities.

It has been suggested that participating in physical
activities such as aerobic exercise and yoga; organized
sports activities such as soccer; and traditional marital arts
such as Tae Kwon Do with repeated practice and constantly
challenging executive functions are crucial for EFs.1415:20
It is quite clear that the significant effects of using physical
activities, organized sport activities, and martial arts
with cognitive challenges on EFs are substantiated. Once
these challenges are embraced, the children’s attention
span, working memory, perseverance, flexibility, creativity,
emotional, and behavioral control are improved.*21-22
This emerging data is promising for school-aged children
with ADHD, as these activities require children to practice
by the rules, regulate their own emotions and behaviors,
adapt and display flexibility toward peers’ behaviors and
actions, and must monitor their own performance. However,
not all of them are feasible or appropriate for some children
with ADHD. Furthermore, EFs can be fostered or hindered
by many factors, such as a child’s stress levels, family structure,
and educational opportunities.?

As Thai traditional play activities involve body movement
and cognitive training, they can be used to practice both
cognitive and physical skills. Thai traditional play refers to
traditional games for children and adults that are played
for enjoyment, including games with or without rules, and
games with songs and without songs.?* Furthermore, Thai
traditional play has been manifested as a group game that
requires players to interact in groups and to develop social
skills. While playing, children are allowed to learn to control
themselves both emotionally and behaviorally.? Recent
evidence has shown that inhibitory control based on Thai
traditional game training program in elementary school
students was effective in enhancing inhibitory control among
elementary school students.?® These findings suggest that
Thai traditional play could be beneficial to enhance EFs
in school-aged children. Therefore, Thai traditional play
activities that employed working memory and inhibitory
control were selected, analyzed, and applied in the present
study.

Educating parents and teachers about the symptoms
of ADHD, understanding of the deficits, and learning how
to deal with disruptive behaviors is also a key in helping
children with ADHD.* Previous studies of executive function
training for children with ADHD revealed the significant
outcomes of parental involvement in interventions on the
improvement of working memory, inhibitory control, and
planning and organizing skills in children.?®%

Children with ADHD frequently fail in proper self-regulation.
Therefore, teachers and parents often reported that children
are inattentive, hyperactive, and impulsive. Learning new
skills that require working memory and inhibitory control
skills became problematic because children with ADHD
cannot control themselves enough to focus at length on
the task at hand.*® Students with ADHD are often described
by teachers as getting easily distracted by peers, being fidgety,
or calling out answers and commenting without permission.®
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Children with ADHD have diminished self-awareness and
have less self-monitoring skills than children without ADHD.*
Since the self-regulatory shortfalls in children with ADHD
can impact occupational functioning, it is important to help
them possess optimal levels of arousal as well as demonstrate
well-organized behaviors, when engaging in daily tasks.
Self-regulatory strategies and sensory-based activities, such
as heavy work activities®® are commonly used in helping
children with ADHD to be calm and focused.3* Occupational
therapists use self-regulatory strategies by starting to teach
a child to identify his or her own arousal level and then
guiding the child to choose appropriate sensory strategies
to adjust arousal level to meet environmental demands.®
Heavy work activity refers to a type of sensory-based activity
that typically involves pushing, pulling, squeezing, carrying,
and lifting heavy objects or items.3*The research found
that heavy work activities can help children to regulate
their sensory needs and to adapt their arousal to an optimal
level. For instance, they can learn to stay still and sit in a
chair for longer durations**” and display improved selective
attention.?*

Based on a review of previous studies, we proposed
to develop and use Thai traditional play protocol (targeting
physical activities, cognitive challenges focusing on working
memory and inhibitory control training, self-regulation strategies,
heavy work activity and parent education) as an intervention
to improve working memory and inhibitory control for Thai
school-aged children with ADHD. Thus, the objective of this
study was to examine the effectiveness of Thai traditional
play protocol on working memory and inhibitory control
in school-aged children with ADHD. In this sense, it was
hoped that examining its effect on children with ADHD may
lead to an evidence-based intervention that helps broaden
the treatment options for this population

Materials and methods

Study design

This study was a single group, pretest-posttest research
design with an aim to examine the effectiveness of Thai
traditional play protocol on working memory and inhibitory
control in school-aged children with ADHD.

Participants

Seven children with ADHD who were studying during
the 2020 academic year at Ban Rim Tai School, Mae Rim
District, Chiangmai Province, Thailand, were selected using
purposive sampling. Their caregivers were also asked to
participate in this study. The inclusion criteria for children
were as follows: 1) being able to communicate with fluent
Thai, 2) being diagnosed with ADHD by a pediatrician and/or
a child and adolescent psychiatrist, 3) having no other
developmental problems such as intellectual disability,
autistic spectrum disorder, or cerebral palsy, 4) having
T-scores of > 65 on the Behavioral Rating Inventory of Executive
Function (BRIEF), Parent Form: Thai version that presented
EFs deficit, and 5) having obtained informed signed by their
parents before participating in the study. All caregivers
were required to meet the following inclusion criteria:
1) being able to communicate with fluent Thai, 2) haven

taken care of children for more than 6 months, and 3) providing
informed signed consent before participating in the study.
Ethical approval for the study was obtained from the Ethical
Review Committee for Research in Humans, Faculty of
Associated Medical Sciences, Chiang Mai University (Ref. no
AMSEC-62FB-003).

Measurements

Two instruments were used in data collection, including
the Behavioral Rating Inventory of Executive Function (BRIEF),
Parent Form: Thai version and the Stroop Color and Word
Test (SCWT): Children Edition.

The BRIEF is a rating scale for parents and teachers of
school-aged children (aged between 5-18 years) to assess
everyday behaviors associated with executive functions in
the home and school settings. There are two forms, including
the Parent Form and Teacher Form. Each form contains
a total of 86 questions, and it takes about 10-15 minutes to
complete. The BRIEF has sound psychometric properties, with
high test—retest reliability (r=0.82 for parents and r=0.88
for teachers), and internal consistency score of 0.80-0.98.38
This tool has proven to be sensitive to EF impairment in ADHD,
oppositional defiant disorder (ODD) and autism spectrum
disorders.®**° |n this study, the Behavioral Rating Inventory
of Executive Function (BRIEF), Parent Form: Thai version was
used to screen whether a child had executive function problems.
A cutoff T-score of 265 was used as the threshold for
impairment in executive functioning.®

The SCWT: Children Edition was developed and designed
by Golden et al.** to assess flexibility, inhibitory control,
and working memory for children aged 5-14 years. The
assessment tool includes 3 subtests: Word Test (W), Color
Test (C), and Color-Word Test (CW). During testing, the
participants are asked to read the names of colors printed
in black ink for testing their abilities in Word Test (W),
name different colored patches for evaluating their abilities
in Color Test (C) and read the names of colors printed in
various colors for the Color-Word Test (CW). Each word
was printed inconsistently in colored ink, for instance, the
word “red” was printed in green ink. When testing, the
evaluator observes how quickly and accurately the subject
responded, and how many words and colors the children
could read in 5 minutes. The CW score shows ability in flexibility
and working memory. An increased CW score shows higher
working memory and flexibility performance, and the
interference score shows the ability of inhibitory control.
A decreased interference score shows higher inhibitory
control performance. Psychometric property of the SCWT
has shown excellent test- retest reliability (r=0.86 for Word
Test, r=0.82 for Color Test, and r=0.83 for Color-Word Test).*

Intervention

The Thai traditional play protocol on working memo-
ry and inhibitory control in children with ADHD was devel-
oped by the researchers. The protocol was comprised
of two main parts: (1) indirect intervention, in which
caregivers of children with ADHD participated in a one-
hour session of parent education with the aim to en-
hance caregivers’ knowledge and understanding of the
executive functions of school-aged children, especially in
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working memory and inhibitory control. Caregivers were
also required to acquire and gain knowledge about the
symptoms of ADHD, its impacts, and behavioral management
strategies; and (2) direct intervention, in which two
occupational therapy graduate students, including the first
author led twenty-four sessions, 60 minutes per session,
three sessions a week for 8 consecutive weeks for children
with ADHD (2 adults, 7 students). Duration and frequency
of intervention were designed based on the outcomes of
previous studies of Thai traditional play activity and heavy
work activity?®* and in conjunction with the recommendations
of Diamond et al. ** in which the appropriate frequency in
improving executive function must be more than two times
per week for group therapy.

Direct intervention included three parts: self-regulatory
strategies, heavy work activities, and Thai Traditional play
activities.

In this study, self-regulatory strategies were developed
by applying sensory integration knowledge*? and were
implemented before children began to engage in Thai
traditional play activities. At first, children were asked to
look at the self-regulation visual tool which contained
a set of 3 pictures, including a sloth that appeared slow
and inactive, a man appearing calm and productive, and a
running tiger that was fast and hyper-energetic. Each picture
represented a different state of arousal and feeling. Children
chose one picture at the beginning of the session and stuck
it on the board next to their names. After they finished
playing Thai traditional play activities, they chose a picture
again to indicate their arousal levels as well as feelings.
Each child was asked to explain how he felt in relation to a
picture he chose, and then was provided feedback regarding
his performance during play.

Heavy work activities such as animal walks, jumping
on a trampoline, weightlifting with a ball, and deep pressure
activity were used in each intervention session to calm
and organize children’s behaviors.?* % As a good sensory
strategy that can provide proprioceptive input to calm and
organize the brain,* children with ADHD in this study became
involved with heavy work activities throughout the session,>*
especially prior to Thai traditional play activities. It was
hoped that these activities could lead to organized behaviors
and optimal learning.

Thai traditional play activities were chosen and analyzed
by using the principle of executive function training as suggested
by Diamond,*® with the purpose to promote working memory
and inhibitory control. Since there were many children
activities that were categorized as Thai traditional games,
key selection criteria were set. The researchers chose activities
that presented actions and movements, had poems, lyrics,
and songs that required children to memorize and act, be
playful, had rules to follow and respond, allowed to play
in a group/ team, and required repeated practice for skill
acquisition. Furthermore, they must be age-appropriate,
safe, and fun. For example, when children played “Ngoo
Kin Hang or Tail-Eating Snake”, they would play in a group.
Two players were signified as a mother snake and a father snake.
The rest of children acted as baby snakes. The aim of this
game was for a mother snake to protect her baby snakes

from being outwitted by a father snake. Baby snakes lined
up behind a mother snake and tried to walk or run as
quickly as possible to avoid being seized by a father snake.
Children were expected to memorize lyrics, planned their
actions according to their roles. In order to help children
to understand the rules as well as how to play games, they
had a chance to try out in advance of real games. Being
able to memorize lyrics, sing, and perform movements
accurately and appropriately demonstrated the ability of
working memory, meanwhile inhibitory control abilities
were observed in being able to follow the rules and to
control their attention and behaviors, such as not running
away from a mother snake and other baby snakes, staying in
the playing area, waiting until a whistle signal was sounded.

After receiving feedback and recommendations from
the thesis advisor (the second author), the content validity
was examined. In this process, the Thai traditional play
activities were examined by three experts including, one
occupational therapy lecturer with more than 5 years of
teaching experience in pediatric occupational therapy, one
occupational therapist with professional experience in
using sensory integration, and one university lecturer with
research experience in using Thai traditional play to enhance
executive function in school-aged children. Consequently, 20
activities were selected with the average index of item-objective
congruence (I0C) at 0.91 which indicates a very good content
validity.*”

Data collection schedule

For the indirect intervention, the first author provided a
one-hour session of parent education to caregivers. Apart
from knowledge and understanding of the executive functions
of school-aged children and ADHD symptoms and its impact,
the Thai traditional play protocol was also introduced and
explained in terms of how this protocol was implemented
and its expected benefits. This was conducted one week
before the pre-test at Ban Rim Tai School, Chiangmai Province.

After the completion of parent education, caregivers
were asked to fill out the BRIEF. Data obtained from the
BRIEF was interpreted by an occupational therapy graduate
student who was formally trained in the proper adminis-
tration of this battery. This graduate student did not get
involved in providing the intervention protocol. Seven
children who had T-scores of 265 on the BRIEF indicating
having executive function deficits were chosen to receive
the direct intervention from two occupational therapy
graduate students, including the first author. These two
graduate students worked together to understand the protocol,
plan the intervention sessions, administrate the direct
intervention to children with ADHD, record children’s perfor-
mance and behaviors, and review progress. They provided
the protocol to seven children with ADHD at Ban Rim Tai
School for a period of 8 weeks, three times per week, one
hour each time.

Pre- and post-test data was collected within a 1-day
timeframe immediately before and immediately after the
study by a clinical psychologist who was trained in the
proper administration of the SCWT. The Color-Word (CW)
score and the Interference score were recorded and then
interpreted. In order to certify the accuracy of reporting
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and scoring, both researchers checked and reviewed all data
obtained from every step of the data collection process.

Statistical analysis

Demographic characteristics of children with ADHD
were calculated using descriptive statistics. The comparisons
of the SCWT scores at pre- and post-intervention were
analyzed using the Wilcoxon Signed Ranks Test. The level of

Table 1 Demographic data of children with ADHD (n=7).

statistical significance was set at 0.05. All statistical analyses
were conducted using SPSS statistical package.

Results

All children completed the study successfully and they
were eligible for data analysis. As shown in Table 1, all of them
were boys and most of them studied in Grade 2.

Gender Boy 7 (100)
Girl 0(0)
Age (years) 8-9 7 (100)
Class level Grade 1 1(14.30)
Grade 2 5(71.40)
Grade 3 1(14.30)

Since the Color-Word Test scores reflected the ability
of working memory and the Interference Test scores
represented the ability of inhibitory control, the results

also showed that participants’” working memory and inhibitory
control scores increased after receiving the protocol, as
shown in Table 2.

Table 2 Median, quartile deviation (Q.D.), minimum and maximum scores of working memory and inhibitory control, before and

after receiving the intervention protocol (n=7).

Working memory

(Color Word Test) 21 3 17

Inhibitory control

(Interference Test) 14 > 24

As displayed in Table 3, it was found that children’s
level of performance in working memory after receiving
the protocol had changed. There was an increased number
of children in the average (A) in the post-test category. It

was also impressive that there was one child identified in
the high average (HA) level in the post-test category that
was not labeled as such before intervention.

Table 3 Comparison of performance level in working memory and inhibitory control, before and after receiving the intervention
protocol (n=7).

Working memory

(Color Word Test) 0(0) 2 (28.57)

4(57.14) 1(14.28)

1(14.28) 5(71.42) 1(14.28)  0(0)

Inhibitory control

(Interference Test) 1(14.28)

6 (85.71) 0(0)

0(0) 1(14.28) 6(85.71) 0(0) 0(0)

Note: HA: high average, A: average, BA: below average, Sl: severely impaired

The results showed that scores of working memory
at post-intervention were significantly higher than those at

pre-test (p<0.05) and no statistically significant difference
was found in inhibitory control (p>0.05), as shown in Table 4.
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Table 4 Comparison of working memory and inhibitory control in children with ADHD, before and after receiving the

intervention protocol (n=7).

Variables Mean Rank z Asymp. Sig. (2-tailed)
Working Memory "
(Color Word Test) 4.0 2.366 0.018
Inhibitory Control 30 -0.318 0.750

(Interference Test)

*p<0.05

Discussion

Working memory and inhibitory control in this study
were measured by the Color-Word Test and Interference
Test of the SCWT, respectively. Results showed that working
memory of children with ADHD increased significantly from
pre-intervnetion to post-intervention (p<0.05). However,
scores in inhibitory control of these children between
pre-intervnetion and post-intervention was not significantly
different (p>0.05). Additionally, as displayed in Table 3, it
was found that children’s level of performance in working
memory after receiving the protocol had changed. There
were an increasing number of children in the average (A).
It was also notable that there was one child identified in
the high average (HA) level after receiving the protocol.

The results from this study indicated that the Thai
traditional play protocol has potential as a promising
intervention for school-aged children with ADHD who had
difficulties in executive functioning on working memory.
Thai traditional play activities were properly designed to
target working memory for children with ADHD. As Baddeley
pointed out, short-term memory normally disappears
quickly, with the exception of when being repeatedly
memorized.***” This process that is a complex operation
performed by the central executive is the core of working
memory.**8 As explained earlier in terms of how the protocol
was designed in the intervention section, children were
allowed to practice poems, songs, and rhymes at least
3-4 times until they could sing along, and then they were
taught to remember movements that were required for
each activity. The fundamental gestures for each part of
the songs were demonstrated by the researcher (the first
author) and her assistant. Both songs and movements
were considered as task-relevant information for children.
Furthermore, the opportunities to perform repetition on
practice were provided. Therefore, it was clear that both
effects worked significantly on working memory abilities of
children with ADHD in this study. For instance, after being
taught the lyrics and gestures of the “Tap Tap Tap” game,
children practiced their dances along with singing. Each
child had to put his hands together and move them like a
fish in water when their friends sang the lyrics “the little
mermaid is floating”. Children were provided the proper
time to play again and again during the intervention hour
under close attention of researchers. Children were chal-
lenged by playing the same game later on during a few
sessions that included a full version of lyrics and more
complex movements. Before more complex movements
were demonstrated, they had the opportunities to recall

and repeat the previous game songs and gestures once
again. Subsequently, it was found that they could learn new
movements and memorize additional lyrics quickly. In addition,
recent research showed that structured game activities
with music or poems were found to help children improve
their working memory in children with ADHD.* Also, there
is evidence that aerobic dancing with music can improve
working memory and executive function.>°

It has conclusively been shown that executive function
can be developed by choosing the right activity to meet
specific EF skills that a child has challenges with.® All
intervention sessions were also implemented in a motivating
and playful atmosphere as well as in a small group setting.
Moreover, in order to promote EF skills, the appropriate
frequency in improving executive function must be more
than two times per week for group therapy.’>*® Likewise, a
study by Tamm et al.>! which sought to study the effect of
executive function training in young children with ADHD
has confirmed that by giving a 60-minute session, 3-4 sessions
per week, for 8 weeks, flexibility and working memory abilities
were improved. Such appropriate duration and frequency
of intervention was applied effectively in this study, as well.

It was evident that prior to the intervention, children
with ADHD in this study were more likely to have high levels
of arousal. Disorganized behaviors, such as hyperactivity,
impulsivity, and being easily distracted were observed. They
often rocked their bodies, stomped their feet, and jumped
around which indicated they had problems in regulating
themselves.>*>® However, after self-regulatory strategies
and heavy work activities were employed, children displayed
more organized behaviors, such as calming down, sitting
still for a longer period, staying focused on tasks, listening
intently to instructions and rules, and being able to follow
commands. Consequently, children could memorize lyrics
and gestures much better. Adults’” warnings and reminders
were gradually decreased, as well. According to sensory
integration theory, if children can adapt their level of
arousal appropriately, they can control their behaviors
better.*>* It has been suggested that heavy work activities
can assist children to regulate their sensory needs and to
adjust their level of arousal to optimal learning states. For
instance, children can sit still on chair for longer durations
of time***” and have improved selective attention.3* Meanwhile,
Horowitz et al.?2 found that sensory-motor activity can help
children to adapt their optimal arousal and promote selective
attention, and children with good selective attention make
progress in working memory.>3

Furthermore, all intervention sessions were also
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implemented in a motivating and playful atmosphere as
well as in a small group setting. The design of the protocol
was based on Diamond’s and Kaufman’s suggestions,®>
in which the intervention program that will successfully
improve EFs are those that give children playfulness and
a sense of belonging that helps them feel included.®>
Moreover, as this protocol was designed to provide children with
ADHD a chance to play in a group, it was found that playing
with peers in a group game format can help increase the
opportunities for children in this study to learn to work
together, listen to each other, and respect other people’s
opinions. It was congruent with a research study by Clark
et al.>® which found that playing with friends helped increased
social skills and adaptive behaviors, which connects to executive
function ability in working memory, inhibitory control, and
flexibility.

In contrast to a recent study conducted by Somsri
et al.,*® our study found no difference in inhibitory control
scores after children with ADHD completely participated in
the intervention protocol. This may be due to how the Thai
traditional play protocol was designed for children with
ADHD in the current study. We aimed to target two executive
function skills in children with ADHD, including working
memory and inhibitory control. Therefore, children had to
practice both skills in each activity. As a result, the findings
demonstrated the positive effect of the Thai traditional
play protocol on working memory in children with ADHD.
However, these results could imply that improving inhibitory
control in these children required more time and practice
for these skills to be developed and generalized. It will be
very interesting for future research to increase the number
of Thai traditional play activities that provide inhibitory
control skills in the Thai traditional play protocol. As is
already known, inhibitory control helps children to change
and choose how to behave and react. Without inhibitory
control, children will respond or behave based on their old
habits and/or stimuli in the environment or external temp-
tations.*® Children must be taught to learn and practice to
have the ability to exercise inhibitory control and be able to
apply and transfer these skills to be use on a daily basis.>®
Even though Thai traditional play activities were designed
and analyzed to ensure that inhibitory control skills would
emerge, we found that our protocol targeting inhibitory
control skills was in need of revision in order to add more
opportunities for children to use these skills at home as
well as in classrooms. Moreover, the physical environment
itself may be a barrier to treatment.>® Regardless, the overall
surroundings appeared to work perfectly for these interventions
as the large-open space in the basement hall was sufficient
for children to move, since most of Thai traditional play
activities are often played outdoors or in open spaces. However,
during intervention sessions, it was noticeable that children
with ADHD were frequently distracted by noises and people
walking by. Even though researchers had adjusted the environment
by roping in the area and using shades to reduce other stimuli,
it was evident that children with ADHD were still distracted
by school announcements and noises from activities taking
place around the area. An environment for inhibitory control
training should be adapted or arranged by eliminating

anything that disrupts or bothers the children.>*” For that
reason, a good environment can help children to focus more
on their activities, which leads to selective attention ability
and appropriate response to stimuli.®

Limitations and Future Research

There are some limitations of this study. Since the
present study was a one-group pre-test and post-test
research design, there was no control group of children
with ADHD to compare the outcome variables. The use of
one geographic location and the small numbers of the
participants also limits the generalizability of this study.
An important future research goal must be to increase the
collaboration process with homeroom teachers in the
intervention protocol.

Conclusion

This study examined the effectiveness of the Thai
traditional play protocol on working memory and inhibitory
control in children with ADHD at Ban Rim Tai School, Mae Rim
District, Chiangmai Province, Thailand. The results showed
that working memory of children with ADHD increased
significantly from pre-intervention to post-intervention
(p<0.05). Scores in inhibitory control of these children
between pre-intervention and post-intervention was not
significantly different (p>0.05). On the basis of the current
findings, the study results proved that the Thai traditional
play protocol has potential as a promising intervention for
school-aged children with ADHD who had difficulties in
executive functioning on working memory.
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Evaluation of scatter radiation dose to eye lens and thyroid gland from digital mammography
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Article history: Background: Digital mammography is a well-established screening examination for
Received 20 April 2021 breast cancer due to its high sensitivity and specificity. However, digital mammography
Accepted as revised 10 July 2021 uses X-ray which is an ionizing radiation that can cause injury to all types of cells.
Available online 10 July 2021 In the patient positioning for mammography, the radiosensitive organs such as eye
Keywords: lens and thyroid gland are close to the radiation beam. Therefore, it is necessary to
Scatter radiation dose, absorbed measure the scattered radiation dose to monitor and control the exposure within
doses, eye lens, thyroid gland, the standard limit.

digital mammography

Objectives: To study the scatter radiation dose of eye lens and thyroid gland and
absorbed doses of breasts in patients undergoing digital mammography at Vajira
Hospital, Bangkok, Thailand.

Materials and methods: Optically Stimulated Luminescent (OSL) dosimeters were
taped to the patient's skin over the right and left lateral canthal angles, right and
left thyroid lobes of 60 women (age range, 40—70 years) to measure the scattered
radiation dose at each location in two routine mammographic projections; the
cranial-caudal and the mediolateral oblique projections. The accumulated OSL
dosimeters from patients were analyzed on a dosimeter reader. Breast compression
thickness, compression force, average entrance skin dose, and glandular dose
displayed on the mammography unit were recorded for each projection.

Results: The average scatter radiation dose to the skin overlying the right and left
lateral canthal angles were 0.082 and 0.076 mGy, the right and left thyroid lobes
were 0.929 and 0.883 mGy respectively. We found that the average scatter radiation
doses were not exceed the radiation protection standards. On average, patients
receive a glandular dose (AGD) of about 2.64 mGy. AGD was not exceed the dose
limit recommended by the ACR where AGD of an ACR accreditation phantom shall
not exceed 3 mGy. The average absorbed dose of breasts in digital mammography
at Vajira Hospital was within the standard level. Meanwhile, the mean entrance
skin dose was 9.96 mGy closer to the limit set by the IAEA, which was specified not
to exceed 10 mGy for breasts of thickness between 4 and 6 cm.

Conclusion: The scatter radiation dose and absorbed doses determined through
our study were within the standard level. Maximum visibility, especially for the
signs of pathology, was achieved by imaging protocols that optimize the procedure
and balance the quality requirements with the radiation dose to the patient. Monitoring
of radiation dose in mammography reduces the risk of ionizing radiation and
promotes the quality of public health services.
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Introduction

Breast cancer is the most common cancer in women
worldwide. Since 2000, cancer has been the leading cause
of death in Thailand.! In women, breast cancer is rapidly
increasing with over 19,452 new cases expected in 2025.!
The American Cancer Society recommends that women
undergo regular screening mammaography for early detection and
to reduce the number of deaths from breast cancer. Digital
mammography is a well-established screening examination
for breast cancer due to its high sensitivity (67.8%) and
specificity (70%).2 Although, breast cancer screening with
mammography alone is not perfect, but it has been one of
the worldwide health strategies to reduce breast cancer
mortality.® The goal of routine mammographic positioning
is to screen the entire breast adequately. In most cases,
the two standard mammographic projections, cranial-caudal
(CC) view and mediolateral oblique (MLO) view, provide
the best coverage of the breast tissue.* In addition, 3D Digital
Breast Tomosynthesis (DBT) can be examined by taking images
of the breast tissue as thin slices, one slice at a time, where
each slice is 1 mm thick. At an angle of 15-50 degrees in
tomosynthesis, approximately 50 slices of images are
produced each time, where images were taken for a total
of 4 times (2 times per side). Therefore, 200 images, each
with 1 mm apart, will be obtained in the examination. This
enables the observation of breast tissue that was previously
stacked more clearly, despite the breast being dense,
which includes patients with breast augmentation. Thus,
lesions and abnormalities can be accurately identified,
resulting in less images to be taken. The advantages of DBT
have been confirmed by various studies®’ which includes
faster detection of primary cancers and better visualization
that enhances the observation of abnormalities in the
breast.

However, both conventional and tomosynthesis modes
of mammography are performed using X-ray which is an
ionizing radiation that can cause injury to all types of cells.
This adverse effect depends on the amount and energy of
the exposed X-ray along with type and age of the cells.
Excessive doses of X-ray can cause both short- and long-term
cell damage and injury, where the risk of radiation exposure
does not only depend on the energy, amount and type of
radiation, but also on the organ being examined, size of
the patient, as well as the examination techniques. In the
posture adjustment of the patient for breast X-ray, it was
found that the organs close to the radiation beam were the eye
lens and thyroid gland.® Radiation exposure measurement
to monitor and control within the limit requires a personal
dose measuring device such as the Optically Stimulated
Luminescence (OSL) dosimeter which can also be used to
measure low-dose radiation from diagnostic radiology.® As
OSL dosimeter can be molded into various aspects, making
it small, easy to use with high sensitivity to radiation, can
reanalyze the radiation dose, and is radiolucent which does
not affect imaging diagnosis of diseases. For instance, the
use of a nanoDot™ OSL dosimeter that has a wide range of
radiation energy response (approximately 5 keV — 20 MeV) in
diagnostic radiology can be employed to measure the
amount of scattered and absorbed radiation on the skin near

the organ of interest!® or radiation sensitive areas such as
eye lens and thyroid gland.

This study aims to determine the average glandular
dose and entrance skin dose and use nanoDot™ OSL
dosimeters to measure the scatter radiation dose received
at anatomical locations like eyes and thyroid gland from
digital mammography in representative patient population
in order to monitor and control the radiation dose within
the prescribed radiation safety standard.

Materials and methods

The study was approved by the Research Ethics
Committee of the Faculty of Medicine Vajira Hospital,
Navamindradhiraj University, Bangkok, Thailand (COA 160/2563).
Informed written consent was sought and documented.
The subjects in this study consisted of 60 women (age
range of 40-70 years) who received screening mammography
were invited to participate in the study. The inclusion criteria is
women aged 40-70 years have a screening mammogram
as recommended by U.S. Preventive Services Task Force
(USPSTF) and the American College of Obstetricians and
Gynecologists (ACOG) recommendations.!! However, we
excluded the women age younger than 40 years old or older
than 70 years old, pregnant women, women with breast
implantation or augmentation, women with breast abnor-
malities, women with mastectomy or history of breast cancer.

The characteristic of nanoDot™ OSL dosimeter is
shown in Table 1. These dosimeters are well appropriated
for scatter radiation measurements because minimal angular
dependence and sensitive to energies from 5 keV to 20 MeV.
The accuracy is +10% according to the manufacturer’s
specifications. The lower limit of detection (LLD) of the OSL
dosimetry system was 0.0335 mGy, as stated on the
manufacturer’s calibration certificate. Front of nanoDot™
carried alphanumeric sensitivity code with serial number,
for instance, the alphanumeric sensitivity code is DN082
refers to the sensitivity of 0.82. Each OSL dosimeter has
different sensitivity which will be included in an algorithm
of OSL reader software to calculate the radiation dose.

In this study, the correction factor for the 80 kVp to
44 kVp was not included for the calculation. We do concern
for this factor, however, the value of conversion factor is
very small.’> 13 We expected that it would not have much
impact on the results.

Table 1 Characteristic of nanoDot™ OSL dosimeter.

Type of radiation

measured X and gamma rays, beta

Useful energy range | From 5 keV to 20 MeV

Detector nanoDot™ OSL (Optically Stimulated Luminescence)
Technology Aluminium oxide doped with carbon, Al;03:C
Dot 10 mm x 10 mm

Thickness 2mm

Angular dependence | Minimal angular or energy dependence: Ideal
for measuring skin dose at a point of interest

Note: Results expressed in absorbed dose
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Figure 1. Photograph showing Optically Stimulated Luminescence dosimeter
(nanoDot™), which is 1 x 1 cm noninvasive radiation detector.

Before the mammaographic examination, four nanoDot™
OSL dosimeters (Figure 1) were taped to the patient's skin
over the right and left lateral canthal angles of eyes, right
thyroid lobe and left thyroid lobe (Figure 2). During mam-
mography, the nanoDot™ OSL dosimeters measured the
skin entrance scattered radiation doses at each location in
two routine mammography projections, the conventional
cranial-caudal (CC) view and both conventional and
tomosynthesis mediolateral oblique (MLO) projections
following the routine protocol of Vajira Hospital. Each
nanoDot™ OSL dosimeter was read and erased before
using with the next patient.

e

—
Rigth lateral canthal angle [ 5 S
—

Right thyroid |0be (el B Left thyroid lobe

Figure 2. Placement of nanoDot™ OSL dosimeters.

All mammograms were obtained with the same
mammography unit (MAMMOMAT Revelation; Siemens
Medical Solutions Inc., Erlangen, Germany) installed in the
year 2020 at Vajira Hospital, Faculty of Medicine Vajira
Hospital, Navamindradhiraj University, Bangkok, Thailand
(Figure 3). The mammographic unit was checked and
certificated by Department of Medical Sciences Ministry
of Public Health, Thailand according to quality standards
of medical diagnostic X-ray machines. Mammography unit
operated in standard automatic exposure control mode.
Tube potential (peak kilovoltage) and tube current—time
product (milliampere seconds), target-filter combination (W/Rh),
and patient age were recorded. For each mammographic
projection, breast compression thickness, compression force,
average entrance skin dose, and glandular dose displayed
on the mammography unit were recorded. Image quality
of all mammograms was verified by radiological technologists
and accepted by radiologist.

nanoDot™ OSL dosimeters were removed and stored
with a control dosimeter until readout. The accumulated
nanoDot™ OSL dosimeters from patients were analyzed on a
dosimeter reader (MicroStar Dosimetry Reader, Landauer)

Left lateral canthal angle

(Figure 4). The exposed dosimeters were readout the next
day after irradiation to prevent signal loss and addition of
background radiations. Each nanoDot™ OSL was repeatedly
read three times. The average readings were calculated. Results
were also adjusted for background radiation based on control
dosimeter readings. These nanoDot™ OSL dosimeters
results represented dose at the skin external to the eye
lens and thyroid gland.

Figure 3. A digital mammographic unit (MAMMOMAT Revelation,; Siemens
Medical Solutions Inc., Erlangen, Germany) installed in the year
2020 at Vajira Hospital, has been used to perform 2D conventional
mammography and 3D breast tomosynthesis.

Figure 4. Photographs show MicroStar dosimetry reader for reading OSL
dosimeters with MicroStar reader software for interpreting results.

Results

The average age of subjects in this study was 56
years (range of 40-70 years). The average tube potential in
this study was 43.95 kVp. The average tube current—time
product was 220.23 mAs, and the mean compression force
was 64.4 N (Table 2).

Scatter radiation dose measurements

The average scatter radiation dose, maximum dose,
and minimum dose to the skin overlying the thyroid gland
and lateral canthal angles of eyes are shown in Table 2.
Distribution of each value from each location is shown in
Figure 5.
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Table 2 Scatter radiation dose of skin near organs of interest.

Organ Average dose (mGy) Maximum dose (mGy) Minimum dose (mGy) SD (mGy)
Right eye 0.082 0.323 <0.0335 0.063
Left eye 0.076 0.207 <0.0335 0.046
Right thyroid 0.929 2.276 0.188 0.497
Left thyroid 0.883 2.050 0.276 0.428
Right and left eyes Thyroid gland

nanoDot™ OSL dosimeters placed near the right
and left lateral canthal angles were used to estimate scatter
radiation received by the eye lens. One measurement for
the right and left eyes from one patient was below the LLD of
the dosimeters. Other individual entrance skin measurements
for the eye lens were above LLD of the dosimeters. The average
scatter radiation dose to the skin at the right and left lateral
canthal angles were 0.082 and 0.076 mGy respectively.
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nanoDot™ OSL dosimeters taped above both thyroid
lobes were used to estimate exposure of the thyroid gland.
All individual skin measurements for the thyroid glands were
over LLD of the dosimeters. The average scatter radiation
doses to the skin above the right and left thyroid lobes
were 0.929 and 0.883 mGy respectively.
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Figure 5. Scatterplots show entrance skin doses for right (A) and left (B) lateral canthal angles, right (C) and left lobes of thyroid gland (D).

Average Glandular dose and Entrance skin dose

Regarding the absorbed doses and correlated parameters
in sixty mammographic examination participants in our study
at Vajira Hospital, Faculty of Medicine Vajira Hospital,
Navamindradhiraj University, it was found that the average
glandular dose, which is a system-displayed average value
was 1.33 mGy and 1.46 mGy for right cranial-caudal (RCC)
and left cranial-caudal (LCC), and 4.08 mGy and 3.70 mGy
for right mediolateral oblique (RMLO) and left mediolateral
oblique (LMLO), respectively. The average glandular dose
which is a system-displayed average value for all mammaographic
views was 2.64 mGy. The average glandular dose in the
craniocaudal view was less than that in the mediolateral
oblique view. The mean entrance skin dose was 5.06 mGy
and 4.7 mGy for RCC and LCC, and 14.87 mGy and 15.2 mGy
for RMLO and LMLO, respectively. The mean entrance

skin dose which is a system-displayed average value for all
mammographic views was 9.96 mGy. The mean entrance
skin dose in the craniocaudal view was less than that in the
mediolateral oblique view (Table 3).

Breast Compression Thickness

The average breast compression thickness was 55.47 mm
and 54.09 mm for RCC and LCC, and 58.79 mm and 58.53 mm
for RMLO and LMLO, respectively. The average breast
compression thickness in our study was 56.72 mm for all
views (Table 3). Average glandular dose increased with
increasing breast compression thickness. Figure 6 shows the
average glandular doses as a function of breast compression
thickness for RCC (A), LCC (B) views in conventional mode and
RMLO (C), LMLO (D) views in conventional and tomosynthesis
mode (Figure 6).
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Table 3 Parameters measured for each mammographic view.

Compression  Compression  Average Glan- Ena‘a,f\:aegsekin
Projection kVp mA Thickness Force dular dose
(mm) N) (mGy) dose
(mGy)
Right craniocaudal 29.11 116.92 55.47 56.64 1.33 5.06
(RCC) (26,32)  (50.4,279.1) (28, 84) (28, 111) (0.65, 3.6) (0.91, 14.6)
Left craniocaudal 28.98 109.85 54.09 53.89 1.46 4.70
(LCC) (26, 32) (47.1, 222.6) (24, 79) (29, 95) (0.6, 10.4) (0.82,12.4)
Right mediolateral 58.79 332.53 58.79 74.15 4.08 14.87
oblique (RMLO) (54,64)  (163.8, 740) (33, 85) (34, 131) (2.12, 18.16) (2.25,42.3)
Left mediolateral 58.91 321.64 58.53 72.92 3.70 15.20
oblique (LMLO) (54, 64) (161.3,621.2) (34, 85) (31,127) (1.92, 10) (2.45,32.4)
Note: Values are averages with minimum and maximum, MLO projections consist of conventional and tomosynthesis modes.
Average Glandular Dose, as a function of breast compression Average Glandular Dose, as a function of breast compression
thickness for RCC view in conventional mode thickness for LCC view in conventional mode
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Figure 6. Average glandular doses, as a function of breast compression thickness for RCC (A), LCC (B) views in conventional mode and RMLO (C), LMLO (D) views

in conventional and tomosynthesis modes.

Discussion

In this study, we measured the scatter radiation dose
by using nanoDot™ OSL dosimeters placed on the skin of a
representative population of women. We focused on tissues
that have greater susceptibility to radiation effects, including
the eye lens and thyroid gland.** > During positioning, a
relaxed posture allows the breasts to naturally fall forward
and loosen the skin and muscles of the chest.* Chest wall
is brought closer to the image receptor by turning the
patient’s head to the contralateral side, and bringing
it forward around the face shield. This results in visualization of
more medial, superior, and posterior tissue of the breast.
Just turning the head to the side is contrary to the positioning
process.*

In this study, we placed nanoDot™ OSL dosimeters
on the skin overlying the lateral canthal angles of the eyes
which turned the patient’s head to the contralateral side.
The placement of this research is consistent with the sug-
gestion of Chusin T et al. that eyes close to the imaged side
received a higher dose whereas the contralateral eye
received a negligible dose, implying that nanoDot™ OSL
dosimeters should be pasted on eyes that are close to imaged
tissue for improving accuracy of measurement.'® The positions
of nanoDot™ OSL dosimeters at thyroid gland in the study
by Chetlen et al. are comparable to those employed by us.?

Sixty female patients were studied using a digital
mammography facility at Vajira Hospital, Faculty of Medicine
Vajira Hospital. Chetlen et al. reported that the average
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scatter radiation dose to the skin overlying the eye lens and
thyroid gland from digital screening mammography in 207
female subjects were 0.025 and 0.245 mGy respectively.?
In this study, we found that the average scatter radiation
dose to the skin overlying the lateral canthal angles of
eyes were 0.082 and 0.076 m@Gy, the right and left thyroid
lobes were 0.929 and 0.883 mGy, respectively. The average
scatter radiation dose of eyes and thyroid gland in our
study was higher than Chetlen et al.s study because we
performed MLO projections with both conventional and
tomosynthesis modes according to routine protocol of Vajira
Hospital while Chetlen et al. performed MLO projections
with only conventional mode. Nonetheless, the average scatter
radiation doses of eyes were not higher than the ocular-radiation
protection standards formulated by the National Council
on Radiation Protection and Measurements (NCRP) and the
International Commission Radiological Protection (ICRP). It
was all predicated on the assumption that radiation cataracts
are deterministic and only appear when a threshold dose
is exceeded. For detectable opacities, this value is currently
0.5-2 Gy for acute exposures and 5 Gy for chronic exposures.”
Although, average scatter radiation doses of thyroid gland
measured in our study was relatively high, Yuan et al. reported
that patients who had been exposed to radiation from
mammography did not have significantly higher risk of
development of thyroid and hematologic cancers.'® Further,
the thyroid gland is considered less radiosensitive compared
to the eye lens.

On average, patients receive a glandular dose (Mean
AGD) of about 1.39 mGy in cranio-caudal view and 3.89 mGy
in mediolateral oblique view. The AGD of 1.39 mGy for
cranio-caudal view in our study was similar to those reported
by Chetlen et al. and Theerakul K and Krisanachinda A as
1.36 mGy and 1.65 mGy respectively.® ¥ The AGD of 3.89 mGy
for mediolateral oblique view in our study was similar to
Raed M K M Ali et al!s study reported as 3.6 mGy.2° Moreover,
we found that when breast compression thickness increases,
increasing the average glandular dose preformed with both
conventional and tomosynthesis modes in all views comparable
to other studies.®*°

Mean AGD of cranio-caudal view was not exceed
the dose limit recommended by the American College of
Radiology (ACR) that AGD delivered during a single
cranio-caudal view of an FDA-accepted phantom simulating
a standard breast shall not exceed 3.0 mGy (0.3 rad) per
exposure. Dose from a mode that combines a 2D view
with a DBT view is not subject to the 3.0 mGy performance
criteria. Each view within the mode should be compared
separately against the performance criteria.?! The average
absorbed dose of breasts in digital mammography at Vajira
Hospital was within the standard level. Meanwhile, the mean
entrance skin dose displayed on the mammography unit was
9.96 mGy closer to the limit set by the International Atomic
Energy Agency (IAEA) which specified not to exceed 10 mGy
for breasts of thickness between 4 and 6 cm.?? The mean
entrance skin dose in our study was close to 10 mGy because
the average breast compression thickness in our study was
close to 6 cm. Radiation protection as low as reasonably
achievable principle can be applied to patients to prevent

any radiation incident.

Conclusion

Scatter radiation dose and absorbed doses determined
through our study were within the standard level. Selection
of a proper technique (technique factors, image processing,
etc.) is what makes mammography the examination that
requires the highest image quality for diagnosis. Maximum
visibility, especially of the signs of pathology, is achieved by
using state-of-the-art equipment and imaging protocols that
optimize the procedure and balance the quality requirements
with the radiation dose to the patient. Monitoring of radiation
dose in mammography reduces the risk of ionizing radiation
and promotes the quality of public health services. As a result,
the hospital uses a quality mammography unit by maintaining
the image quality that can be diagnosed following the standard
for the patients effectively.
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Background: Diagnostic nuclear medicine involves intravenous injection of
radiopharmaceutical substances into the patient, after which they still possess the
substance within their bodies and depict mobile radiation sources. Although the
amount of radiation emitted is little and harmless to others, practitioners in and
outside the Division of Nuclear Medicine along with related personnel and relatives
of the patient are anxious about radiation exposure from a patient undergoing
nuclear medicine examination.

Obijectives: This study aimed to measure radiation doses from the patients at different
times and distances.

Materials and methods: The radiation dose was measured from 66 patients (19-79
years) undergoing bone scan, MUGA scan, and thyroid scan. The data were collected
at different times intervals and different distances from the patients.

Results: The results showed that the radiation dose from patients after a bone scan
and MUGA scan at a distance less than 0.50 meter was higher than 10 uSv/hr,
which is the radiation exposure limit of the practitioner.

Conclusion: Results of this study are helpful in operation planning such as increasing
the distance and reducing the time of close contact, which can ease anxiety of
concerned personnel, while radiation practitioner training as well as educating
patients and relatives must be carried out to encourage better understanding.

Introduction

that uses a radioactive unsealed radionuclide source labeled

Udonthani Cancer Hospital began providing diagnostic
nuclear medicine services with a single photon emission
computed tomography (SPECT) in December 2019. In the
year 2020, there were a total of 1,248 patients which were
1,137 cases of bone scan, 50 cases of multi -gated acquisition
scan (MUGA scan), 47 thyroid scans, and 14 parathyroid
scans. Nuclear medicine examination is a diagnostic test
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Bangkok, Thailand.

** E-mail address: panatsada@nmu.ac.th
doi: 10.14456/jams.2021.26
E-ISSN: 2539-6056

with a pharmaceutical compound called radiopharmaceuticals
which is administered into the patient intravenously. Selection
of the radiopharmaceuticals is based on the diagnostic
techniques such as ®™Tc-methylene diphosphonate (MDP)
for bone scan, *™Tc-phytate for gastrointestinal (Gl) study
or solid gastric emptying scintigraphy, and ®™Tc-pertechnetate
for cardiac and thyroid scans. Radiation emitted from the
patient is measured and utilized to create images to diagnose
function of the organs of interest. After the examination,
patients still contain the radioactive substance within their
bodies and depict mobile radiation sources, although the
amount of radiation emitted by the patient's body is small
and harmless to others,** which does not exceed the radiation
exposure limit; below 1 millisievert per year (mSv/y) for
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general public, and below 20 mSv/y (or 10 uSv/hr) for
technical practitioners. Generally, the radiation dose emitted
from the patient decreases with increasing period of time.*
Therefore, increasing the distance between the patient
and other persons! along with the use of radiation shielding
devices to reduce the radiation dose are recommended.
Several studies have observed the radiation dose to
occupational radiation workers (i.e. technician, radiologist,
nurses in nuclear medicine services)® and non-occupational
radiation workers (accompanying nurses, relatives, other
staffs and patient)®® from nuclear medical procedures. The
results indicated that there is no need to quarantine patients
for the radioactive decays. Except in some circumstances,
such as being away from children and pregnant woman or
traveling long distances by public transport.” 8 However,
practitioners, both in and outside the Division of Nuclear
Medicine along with accompanying persons and relatives
of the patient are anxious about radiation exposure from a
patient undergoing nuclear medicine examination. This is
because after nuclear medicine examination, some patients
may be required to proceed with other diagnosis such as
ultrasound, electrocardiogram or other laboratory tests,
as well as commuting by public transport or private vehicle
where the patients can radiate radioactivity towards relatives
or people in the surroundings.

The Division of Nuclear Medicine, Department of
Diagnostic Radiology and Nuclear Medicine, Udonthani
Cancer Hospital has never recorded and conducted the
study of the radiation dose emitted by the patients before.
Therefore, this study aims to measure the radiological
radiation dose from patients undergoing nuclear medicine
examination at different periods of time and varied distances
from the patients. The results of this study shall determine
the radiation dose from the patient emitted into the
environment, and notify the operating practitioners, as
well as inform the patients along with their relatives in order
to encourage the awareness of preventive measures and
avoid radiation exposure.?

Materials and methods

This is a surveillance study that measured radiation
dose emitted from the patients which has been approved
by the Human Research Ethics Committee under project
number UCH-CT 12/2563. Dose rate measurements were
recorded from 66 patients. The patients had a range of age
(19-79 years), weight (34-79 kg) and body mass index (BMI)
[17-28 kg/m?]. The data were collected from patients
undergoing bone scan (n=56), MUGA scan (n=8), and
thyroid scan (n=2) over a period of 2 months, from
1 November 2020 to 31 December 2020 (Ethic approval
from Human Research Ethics Committee under project
number UCH-CT 12/2563).

Using a calibrated survey meter with pancake GM
probe, Ludlum model 3000 (Ludlum Measurements, Inc.,
Sweetwater, Texas). Radiation dose rate was measured
from the external surface of abdominal region of the
patients at varied distances of 0.25 m, 0.50 m, 1.00 m, and
2.00 m for each interval (Figure 1).

Figure 1. Radiation dose measurement at varied distances (A) 0.50 m (B)
1.00 m.

Since, all three scans use different protocols, the waiting
time to radiation measurement are not the same as shown
in Table 1. Patients undergoing bone scan would receive
20 mCi of ®*™Tc-MDP and wait for 3 hrs to allow accumulation
of the radiopharmaceutical around the bone before undergoing
a SPECT scan. During the 3 hrs waiting time, radiation dose
measurement was measured from the patients at three
intervals after injection of the radiopharmaceuticals;
immediate (0 hr), 1 hr, 2 hrs, and 3 hrs.

MUGA scan using modified in-vivo (*™Tc-pertechnetate)
technique. Patients were injected stannous 1.5-2.0 ml
intravenously. After 20 minutes, patients were intravenously
administered with 20 mCi ®™Tc-pertechnetate. Patients
undergoing MUGA scan have to wait for 20 minutes to allow
accumulation of the radiopharmaceutical around the cardiac
muscle. Radiation dose rate was measured from the patients
immediately (0 hr) after the injection. Then the patients
underwent SPECT scanning for about 15-20 minutes. After
imaging, the patients were asked to wait for another 20
minutes in the waiting room for the dose rate measurement
at 1 hr after injection.

Patients undergoing thyroid scan would receive 3 mCi
of ¥™Tc- pertechnetate and radiation dose measurement
was measured immediately after injection. Then after 15
minutes waiting for radiotracer accumulation in thyroid,
patients would undergo a SPECT scan.
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Table 1 Time of radiation dose measurement from patients undergoing nuclear medicine examination.

E;r}i_sl\;gr;) 20 mCi 180 min / / / /
MUGA . .
(*"Te-pertechnetate) 20 mCi 20 min / / N/A N/A
Thyroid scan . .
(QBZTC_pertechnetate) 3 mGi 15 min / N/A N/A N/A

N/A: not available

Results

During the data collection period of 2 months in the
Division of Nuclear Medicine, Udonthani Cancer Hospital,
a total of 66 patients aged between 19-79 years old
underwent nuclear medicine examination; 56 cases of
bone scan, 8 cases of MUGA scan, and 2 cases of thyroid
scan. Table 2 shows the radiation dose emitted from patients
undergoing nuclear medicine examination at various
distances and times of measurement.

Results of the radiometric measurements from patients
undergoing bone scan showed that after the injection of
9mTc-MDP by a mean dose of 20.2 mCi was administered,
we found the maximum radiation dose of 58.8+9.0 uSv/hr
at a distance of 0.25 meters and it decreased to 5.0+0.5 uSv/hr
at 2.00 meters distance. It was found that the radiation dose
was higher than 10 pSv/hr when the distance from the patient
was less than 1.00 meters. Also, the radiation dose was
still higher than 10 puSv/hr when measured 3 hrs after the
injection of radiopharmaceuticals was administered at the
distance less than 0.50 m (Figure 2).

Bone scan
70
—e—0hr
© 60 —o—1hr
@ 50 —e-2hr
§ 20 3hr
©
s 30
kS
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0
0 0.5 1 15 2 25
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Figure 2. Radiation dose of bone scan patients at different distances immediately
and every 1 hr after injection of the radiopharmaceuticals.

The radiation dose emitted from patients undergoing
MUGA scan showed the maximum radiation dose of
57.149.8 uSv/hr after the injection of a mean dose of 20.1 mCi
was administered. *°™Tc- pertechnetate measured at a
distance of 0.25 meters, which decreased to 5.1+0.5 uSv/hr
at 2.00 meters distance. It was found that the radiation

dose emitted from the patient decreased to below 10 uSv/hr
when measured 1 hr after the injection at more than 1.00
meters distance (Figure 3).
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Figure 3. Radiation dose of MUGA scan patients at different distances
immediately and every 1 hr after injection of the radiopharma-
ceuticals.

The radiation dose emitted from patients undergoing
thyroid scan showed the maximum radiation dose of 10.0£0.2
uSv/hr after the injection of a mean dose of 3.4 mCi was
administered. **™Tc- pertechnetate measured at a distance
of 0.25 meter and decreased to 0.910.1 uSv/hr at 2.00 meter
distance (Figure 4).

Thyroid scan
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Figure 4. Radiation dose of thyroid scan patients at different distances
immediately after injection of the radiopharmaceuticals.



76 C. Wisetnan et al. Journal of Associated Medical Sciences 2021; 54(3): 73-77

Table 2 Radiation dose measured in uSv/hr immediately after injection of the radiopharmaceuticals was administered

at different distances.

. L . uSv/hr (mean+SD)
Examination N Radioactivity (mCi)

0.25m 0.50 m 1.00 m 2.00m

Bone Scan
+ + + +
(*"Tc-MDP) 56 20.2 58.819.0 27.314.3 11.5+1.5 5.0£0.5
MUGA
20.1 7.119. 27.2+£3.7 11.4+1.1 .110.

(*™Tc-pertechnetate) 8 0 > 9.8 3 2105
Thyroid scan 2 3.4 10.00.2 4.310.1 1.6:0.1 0.9£0.1
®mTc-pertechnetate)

Discussion

In this study, the radiation doses were measured from
patients undergoing nuclear medicine examination to diagnose
various diseases. Different diagnostic protocols use different
radiopharmaceuticals with different radiation strengths,
where high-intensity protocols increase the radiation dose
emitted from the patients when measured at different times
and distances. In clinical, the radiation did not meet the
inverse square law. The relevant factors such as biological
distribution, bone metastases, and urinary excretion.* Results
from this study are consistent with the previous works® 3
and the radiation protection principles. The reduction of
exposure time, the increase of distance, and the use of
shielding devices when exposed to the source of radiation.
These can be applied as a protection against radiation hazards
for nuclear medicine practitioners. The findings from this
study are helpful for the assessment and planning of operations
in the Division of Nuclear Medicine. Radiation dose emitted
from patients should be regularly monitored to provide a
database that can be used to assist protection planning
against radiation hazards. In addition, training of practitioners
on radiation hazard prevention as well as the importance
of the radioprotection principle “As Low As Reasonably
Achievable (ALARA)” is mandatory to promote a work culture
that concerns radiation hazards.

Provision of information and operational guidelines
can reduce the anxiety of related staff of other departments
in the hospital who require close contact with patients
undergoing bone and MUGA scans. There should be a
minimum distance of 0.50-1.00 meter from the patients
while waiting for services along with the close contact time
as short as possible in order to maintain a safe radiation
exposure limit within 10 uSv/hr. On the other hand, the
radiation dose emitted from patients undergoing thyroid
scans is within the safe limits for operational practitioners
due to lower radiation strength with decreasing physical and
biological half-lives. Hence, practitioners of other departments
can perform their duties with the patient safely. Radiological
technician or staffs who are responsible for patient positioning
at a distance less than 0.50 meter should spend as little time
as possible to minimize radiation exposure.

Meanwhile, patients undergoing bone and MUGA
scans should be informed about radiation emission from
their bodies that may be harmful to those around them,
because the emission of radiation dose immediately after

injection of radiopharmaceuticals is high. Therefore, patients
should sit and wait in the provided area or isolated room
to reduce radiation exposure to others, which includes
providing information on practices for patients after the
examination. Since the radiation dose at a distance less
than 0.50 meter is still higher than 10 uSv/hr, the patient
must have at least 0.50 meter distance from others and
avoid holding or being close to children because they are
more susceptible to radiation hazards.

Moreover, relatives of close care for the patients
undergoing nuclear medicine examination should keep a
distance from the patient and use telephones to communicate
with the patient to reduce radiation exposure. In case of
unavoidable circumstances such as a journey in the same
vehicle or use of public transportation, the patient may be
allowed to wait for another 1-2 hrs before departure so as
to let the radioactivity to decay.

Conclusion

The radiation dose from the patient after a bone scan
and MUGA scan at a distance less than 0.50 meter is still
higher than the radiation exposure limit of the practitioner.
Hence practitioners, relatives, and the patient themselves
should be informed and aware of this emission in order to
prevent harmful radiation. The findings derived from this
real-world data can be used to develop the standard
operating procedure which is suitable for our center. As a
result, it would strengthen the radiation safety management
for the hospital accreditation. This could be practiced by
increasing the distance and reducing the time of close contact,
while training and educating practitioners on radiation dose
will enhance better understanding and reduce anxiety at
work.
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noise, improving image quality while patient motion might be presented.

Obijectives: This study intended to examine the effect of acquisition time on qualitative
and quantitative analysis of **!| (lodine-131) SPECT.

Keywords:

81| SPECT, lesion detectability, contrast,
contrast-to-noise ratio, acquisition time ~ Materials and methods: A National Electrical Manufacturers Association/International
Electrotechnical Commission (NEMA/IEC) phantom with a set of fillable spheres
was filled with 3| solution to generate two conditions: (a) hot lesion with no background
and (b) hot lesion with a warm background at a ratio of 10:1. SPECT images were

acquired with acquisition times per frame of 20, 30, 40, and 90 second/frame (s/f).

Results: Qualitative assessment in the no background condition showed that all
spheres were visible at all acquisition settings, while the smallest sphere in the images
in hot lesion with a warm background at a ratio of 10:1 was not visible even at the
longest acquisition time of 90 s/f. Quantitative analysis revealed that the contrast
and contrast-to-noise ratio (CNR) increased upon extending the acquisition time in
both conditions. Interestingly, the statistical results indicated that the mean CNRs
acquired at 20 or 30 s/f were not significantly different when compared with 40 s/f
for no background. However, for the warm background, the mean CNRs at 20 s/f
were significantly different than those at 40 s/f, while they were not significantly
different at 30 s/f.

Conclusion: The acquisition time for no background condition can be optimized,
while the image quality is still clinically acceptable. For the warm background, the
acquisition time can be shortened; however, the time selection must be carefully
considered.

Introduction

Radioiodine (*3!1) has been used for the diagnosis
and treatment of thyroid diseases for over 80 years. The
beta emissions offer a therapeutic property whereas the
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Radiology, Faculty of Medicine Ramathibodi Hospital, Mahidol
University, Bangkok, Thailand.

** E-mail address: krisanat.chu@mahidol.ac.th
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discrete gamma photons can be imaged with nuclear medicine
imaging techniques to provide clinical information such as
tumour size, treatment efficiency, sites of metastasis, and
dosimetry calculations.?

For many decades, the whole-body planar imaging
of 3! was the standard method used to identify the thyroid
remnant, metastases, or lesion. However, low resolution
and lack of anatomical localization make interpretation
of 31| planar imaging challenging. Several recent studies
suggested that '*!| SPECT provides superior clinical results
compared to **!l planar imaging.>* Nonetheless, undesirable
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image quality with 31| could compromise the accuracy and
detectability limit.>7 One important parameter in SPECT is
the acquisition time, which refers to the time per stop in
the imaging parameter. Unquestionably, longer acquisition
time has the advantages of higher counts, noise reduction,
as well as better contrast and resolution. On the other hand,
longer acquisition time can be associated with patient agitation
that can further result in artefacts and image degradation.®®

Although several studies have attempted to study
the clinical impact of acquisition time reduction using
resolution recovery software in bone and parathyroid SPECT
with Technetium-99m.** ! Nevertheless, fewer studies have
attempted to study with 3!l SPECT due to the complexity
of its emission spectrum. Therefore, this study intended
to examine the effect of acquisition time on image quality and
aimed to qualitatively assess this effect on lesion detectability
with 3! SPECT using NEMA/IEC (National Electrical Manufacturers
Association/International Electrotechnical Commission) body
phantom.

Materials and methods

Phantom preparation

The NEMA/IEC body phantom (Data Spectrum Corp.,
Chapel Hill, North Carolina, USA) with a set of fillable hollow
spheres was used in this study. The volume and inner
diameter (ID) of the fillable hollow spheres were 26.52 mL
(ID 37 mm), 11.49 mL (ID 28 mm), 5.58 mL (ID 22 mm),
2.57 mL(ID17 mm), 1.15 mL (ID 13 mm), and 0.52 mL
(ID 10 mm). However, the 5.58 mL sphere was excluded
from the experiment due to a defect. The spheres were filled
with an aqueous solution of *!|-sodium iodide (Nal) with an
activity concentration of 740 kBg.mL* to simulate a hot lesion.
The background activity was filled with deionized water and
B31-Nal with an activity concentration of 74 kBg.mL? to simulate
no background and the hot lesion to warm background ratio of
10:1, respectively. The selected concentration was based
on ¥ clinical images from previously published studies.?***

SPECT scanner and acquisitions

All SPECT images were acquired using a dual-head
gamma camera (Infinia Hawkeye-4, General Electric Medical
Systems, Milwaukee, Wisconsin, USA) equipped with a
high-energy general purpose (HEGP) collimator and crystal
thickness of 25.4 mm. The projection data were acquired
for 60 views with 360° camera rotation in the orbit mode.
The main photo peak was set at 364 keV and 20% energy
window. The acquisition time per frame was varied from
20, 30, 40, and 90 s/f. Additional CT images were also
acquired for localization of the hot spheres.

Image reconstruction

All SPECT data were reconstructed with the ordered
subsets expectation maximization (OSEM) method (2 iterations
and 10 subsets per series) and a Hann filter, as recommended
by the manufacturer. Image size was 128 x 128 and the slice
thickness was 4 mm. The attenuation correction was performed
with Chang’s method. The scatter correction was also carried
out using the dual-energy window method with a lower scatter
window set at 297 keV with 20% energy window).

Qualitative analysis

To perform qualitative analysis, all SPECT images
were analysed by a consensus between three nuclear medicine
physicians (each with at least 3 years of experience). The
subsequent images were blindly graded by each observer;
“S” was given when the sphere was observed, and “NS” was
given when the sphere was not observed. The final qualitative
evaluation for each sphere was based on a consensus
between at least 2 out of the 3 observers.'®> Cohen’s kappa
(k) statistic was used to assess agreement between the
observers.®

Quantitative analysis

For quantitative analysis, we calculated contrast and
contrast-to-noise ratio (CNR) for each sphere using equations
land2.*

contrast = <=¢8l (1)
CNR = '¢=¢&! 2)
op

where C is the mean pixel value in the sphere region
of interest (ROI), Cg is the mean voxel value in the background
RO, and og is the standard deviation (SD) in the background ROL.
Then, ROIs were created and positioned on the co-registered
CT image with the size being about 50% of each sphere.
The background ROl was delineated at the center of the
phantom. To eliminate inconsistency, the ROIs were repeatedly
drawn on three separate occasions. The mean CNRs and
SDs were calculated (meanSD) and plotted. A two-tailed,
paired student t-test was used to determine statistical significance
by setting the probability (p=0.05, 95% confidence interval).

Results

Based on our experiments, Figure 1 shows the sample
of selected transverse (axial) images of the NEMA IEC body
phantom for different acquisition times per frame of the
hot lesion with no background (row A) and the hot lesion
with a warm background at a ratio of 10:1 (row B).

* no background

20s/f 30s/f 40s/f 90s/f

) w v
. J N - © 101
- ] - .
- 20s/f - 30s/f - 40s/f - 90s/f

L

Figure 1. Examples of selected transverse (axial) images of the NEMA/IEC
(National Electrical Manufacturers Association/International
Electrotechnical Commission) body phantom with (a) hot lesion
with no background and (b) hot lesion with warm background at
a ratio of 10:1, with acquisition times at 20, 30, 40, and 90 s/f.

The qualitative results after consensus from three
experienced nuclear medicine physicians are tabulated in
Table 1. For hot lesions with no background, all spheres
were observed at every acquisition time. In contrast, the
smallest sphere (0.52 mL, ID 10 mm) was not seen even
with the longest acquisition of 90 s/f for hot lesions with a
warm background at a ratio of 10:1.
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Table 1 Qualitative result (consensus from 2 out of 3 observers).
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Acquisition time (time per frame)

20s 30s 40s 90s
Volume (mL) NB® 10:1° NB® 10:1° NB® 10:1° NB® 10:1°
26.52 S S S S S S S S
11.49 S S S S S S S S
2.57 S S S S S S S S
1.15 S S S S S S S S
0.52 S NS S NS S NS S NS
aNB: hot lesion with no background, *10:1: hot lesion with a warm background at a ratio of 10:1.

For quantitative analysis, effects of acquisition time
on image contrast (meanzSD) for each sphere are presented
in Figure 2. The contrast decreased as the acquisition time
shortened. The highest contrast was observed when setting
the acquisition time 90 s/f and the larger sphere presented
with greater contrast as expected. For hot lesions with no

background, the image contrast for small spheres (0.52 mL,
1.15 mL, and 2.57 mL) of 30 and 40 s/f acquisitions were
oscillated, which is further discussed in the following section.
The image contrast for lesion to background ratio 10:1 for
all spheres were as anticipated.

No Background
600
W 20s/f
500 W 30s/f
W 40s/f
L, 00 rl moos/f
(7]
o
£ 300
o]
()
200 |
100 [
0
0.52 1.15 2.57 11.49 26.52
Sphere volume (mL)

Contrast

Lesion to background ratio 10:1

1.0
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0.8 W 30s/f
W 40s/f
06 | moos/f
0.4 |
) J I_‘
0.0 L
0.52 1.15 2.57
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. 26.52
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@)

b

Figure 2. Image contrast (mean+SD) plot with sphere sizes. The blue, green, red, and light blue represent acquisition times at 20, 30, 40, and 90 s/f. (a): hot
lesion with o background, (b): hot lesion with a warm background at a ratio of 10:1.

The plot of CNR (meanSD) for each sphere volume
as a function of acquisition time per frame is shown in Figure 3.
As expected, the highest CNR was found when scanning with
90 s/f for both conditions. For the hot lesion with no background,
the CNRs increased when acquisition time was prolonged,
especially in large spheres (sizes of 11.49 and 26.52 mL). For

900
No Background
800
700
600

500

the hot lesion with a warm background at a ratio of 10:1,
the mean CNRs also increased when acquisition time was
increased; interestingly, these longer acquisition times had
a greater effect on CNR compared with the hot lesion with
no background.
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Figure 3. Quantitative contrast-to-noise ratio (CNR) analysis (mean+SD) plot with acquisition time (time per frame). (a) hot lesion with no background and

(b) hot lesion with a warm background at a ratio of 10:1.
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Additionally, the statistical results of *3!I quantification to compare with other data sets. The data were considered
are presented in Table 2. Here, the mean CNR of acquisition statistically significant when p<0.5.
time at 40 s/f (our clinical setting) was used as a standard

Table 2 Statistical results of **!| quantitative evaluation.

Statistical Results (time per frame)?

20 second 30 second 90 second
Volume (mL) NoBkg 10:1 NoBkg 10:1 NoBkg 10:1
26.52 Y X(p=0.0173) Y Y Y Y
11.49 Y X(p=0.0242) Y Y Y Y
2.57 Y X(p=0.0020) Y Y X(p=0.0067) X(p=0.0194)
1.15 Y X(p=0.0060) Y Y Y X(p=0.0004)
0.52 Y X(p=0.0025) Y X(p=0.0178) Y Y

aX: significant differences (p<0.05), Y: not significantly different.

The statistical results for the hot lesion with no For infinite contrast (no background), all volume sizes of the
background indicate that mean CNRs for acquisition times spheres (0.52 to 26.52 mL) were detected at all acquisition
at 20 and 30 s/f were similar to that at 40 s/f. Meanwhile, times (20, 30, 40, and 90 s/f). This agrees well with the
the CNR for the 2.5-mL sphere was statistically different at published work by Erdi, who also reported the detectability

90 s/f (p=0.0067). For the hot lesion with a warm background limit of radioiodine with SPECT at a tumour diameter of
at a ratio of 10:1, the mean CNRs for all spheres acquired about 1 cm (volume about 0.53 mL)."
at 20 s/f were statistically different from those at 40 s/f. For hot lesion with a warm background at a ratio of
Significant results were also found in the smallest sphere 10:1, this ratio was typically found in clinical studies such as
(0.52 mL) at 30 s/f, and in the 1.15- and 2.57-mL spheres at 31-metaiodobenzylguanidine (mIBG) for tumour imaging.'
90 s/f. Our qualitative results indicate that the nuclear medicine
. . physicians could not detect the smallest sphere of 0.52 mL.
Discussion As the consensus result was used to evaluate the same set
The qualitative performance of SPECT imaging was of SPECT images, consequently, the inter-observer and Kappa
evaluated by three experienced nuclear medicine physicians. agreement were also analysed (as tabulated in Table 3).

Table3 Kappa analysis for inter-observer agreement.

Observer? Percentage Observed Agreement Kappa Agreement (K) Interpretation ®
Observer 1 vs. Observer 2 100.00 1.000 Perfect Agreement
Observer 1 vs. Observer 3 87.50 0.479

Moderate Agreement
Observer 2 vs. Observer 3 87.50 0.479

aobserver 1, observer 2, and observer 3 have work experience of 7, 6, and 4 years, respectively, *Interpretation of kappa is based on published work by Viera
AJ and Garrett JM.

Based on Table 3, the agreement between observers in underestimating the activity. Many published works suggest
1 and 2 (K=1.000) was higher than that between observers that the object size must be larger than 2 times the system’s
1 and 3 (K=0.479), and that between observers 2 and 3 full-width at half maximum (FWHM) to avoid PVEs.?*?° The
(K=0.479). Despite having at least 3 years of experience, Medical Internal Radiation Dose (MIRD) pamphlet no.24:

the differences between their years of experience have been Guidelines for quantitative *3!| SPECT in dosimetry applications
clearly demonstrated in this study as the agreement was recommended that PVEs due to poor resolution of *3'| SPECT
higher and more consistent for the more experienced observer. can be observed for any volumes that are smaller than
Hence, this can be noted as one of the limitations of this approximately 8 mL (about 25 mm diameter).?* Hence,
study. according to the IEC phantom specification, only the 26.52 mL-
In this study, the effect of acquisition time on quantitative spheres (37 mm diameter) and 11.49 mL-spheres (28 mm
detectability was examined using contrast and CNR. Contrast diameter) did not suffer from PVEs.
is related to diameter of sphere, uptake ratio, and resolution of Imaging performance in terms of contrast and CNR
imaging system. The measured contrast decreased when was investigated in this work. As a rule of thumb, contrast
the acquisition time was shortened. Additionally, the contrast increases with longer acquisition times due to higher count
detail was inferior in the small spheres. This might have levels. Additionally, contrast in larger spheres is greater
resulted from the partial volume effect (PVE), which is related than that in smaller spheres, which also result in a loss in

to poor resolution of imaging systems and usually results count signal from the PVE as described above. However, it
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would be more representative to consider the noise component
based on CNR, rather than only raw contrast signal. For the
phantom with hot lesion without activity in the background,
the mean CNRs improved with increased acquisition times.
This result agreed well with those presented by M Elschot
et al., who remarked that the CNR in hot spots was related
to the number of counts in the region.?? Furthermore, a
recent study by M Brambilla et al. also demonstrated that
contrast or CNR is associated with the number of counts in
the data set.?® Their result indicated that low counts lead
to higher levels of deviation and non-Poisson statistics, which
may reduce the CNR and quantitative accuracy. This is evident
by the relatively high standard deviation of the analysed
contrast and CNR as shown in Figure 2 and 3 in the short
acquisition time.

Regarding the effects of sphere size, larger spheres
were found to have higher CNRs compared to smaller
spheres. This also resulted from a loss in count signal for
objects with diameters that are small or similar in size to
the resolution of the system. For the condition of lesion to
background ratio of 10:1, the mean CNRs for each sphere
were decreased compared to those with no background
conditions. In this study, the ROl was fixed with the size of
about half of the diameter of each sphere, using CT data
as a guide for the ROI location. This helped to minimize the
counts from background activity. However, the decrease
in CNR also resulted from elevated background radiation
from the scattered 3!l photons.

From the two-tailed, paired student t-test statistical
analysis as tabulated in Table 2, there was no statistical
significance between mean CNRs when acquired at 20 and
30 s/f for all sphere sizes compared to our clinical practice
(40 s/f) when no background activity was present. Never-
theless, mean CNR of 2.57-mL sphere acquired with 90 s/f
was statistically significant (p=0.0067), while larger and
smaller spheres were not statistically different in the no
background condition. However, these results included a
large SD from drawing ROIls in the background region. This
could be due to the scattered photons as we observed that
background noises were higher in the no background condition
than that of hot lesion with a warm background at a ratio of
10:1. On the other hand, for the hot lesion with a warm
background at a ratio of 10:1, mean CNRs acquired at 20 s/f
were significantly different from our current clinical practice
for all sphere sizes. In addition, the statistical result indicates
that only the mean CNR of the smallest sphere (0.52 mL)
significantly differed when acquired at 30 s/f, while the
other spheres presented no difference. This indicates that
the acquisition time per frame must be carefully considered
when the lesions are small and background activity is present.
At 90 s/f, the results were undersigned as the mean CNRs
of the 1.15 mL- and 2.57-mL spheres were not statistically
significant while the other spheres (0.52, 11.49, and 26.52 mL)
presented no difference. This error might explain the
experimental error of CNR at 90 s/f. Hence, repeating this
experiment is required for further study.

Furthermore, the main limitation of this work is
that the data were only generated from a phantom, which
is not sufficient for an actual clinical situation in terms of

exact organ shape, non-uniform distribution, and the activity
concentration in the organ. For the latter factor, the simulated
concentration of 740 kBg/mL in our study did not cover all 3|
concentrations in clinical practice. However, the data may
provide an idea of the method to determine the effects of
acquisition time and lesion detectability. Additionally, this
work was studied on a 25.4 mm (1 inch) thick crystal SPECT
system. Data obtained with a standard 9.5 mm (3/8 inch)
thick crystal could have resulted in lower efficiency. However,
the clinical impact of this study has demonstrated that it is
possible to reduce the total scanning time and the image
quality is still clinically acceptable. This can reduce motion
artefacts due to long scanning times. Moreover, this work
has provided a study model to extend this qualitative and
quantitative analysis to optimize other related factors,
such as reconstruction parameters and other scatter modelling
methods for lesion detectability with 3| SPECT.

Conclusion

The effect of acquisition time on image quality and
lesion detectability of 1311 SPECT was quantitatively and
qualitatively analysed using NEMA/IEC phantom. The clinical
impact of this study could be shortening total scan time by
determining the lesion size and background activity from
the whole-body image prior to SPECT. For no background
condition, the acquisition time could be set at 20 or 30 s/f
(instead of 40 s/f), which led to reducing 5 to 10 minutes
of total acquisition time. Based on our results, there was
no statistically significant difference in terms of CNR when
compared with 40 s/f, as well as with qualitative assessment
by experienced observers. For the lesion with a warm
background at a ratio of 10:1, the reduction is possible.
However, the size of the lesion should be considered,
especially when the lesions are small.
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Objectives: This study aimed to investigate the effect of the 1-year encouragement of
long-term effect.

PFE on Ul symptoms and the quality of life among incontinence women living in the
community.

Materials and methods: Thirty-four women with Ul aged between 50-70 years
were invited in this study. The women were interviewed for the Ul variables including
the ability to hold urine, the frequency and amount of Ul, feeling urgency to urinate,
the frequency of urination during the daytime and nighttime. Additionally, the
King’s health questionnaire (KHQ- Thai version) was used to measure the quality
of life. The Ul variables and KHQ were measured at baseline, 3, 6™, 9" and 12"
months of the intervention. PFE program was provided to participants after baseline
measurement and encouraged to perform continually and consistency for 1 year.
Descriptive statistics, one-way repeated ANOVA and Friedman test were used to
analyze the data.

Results: At the end of program, 24 women (92.3%) had no problems with urinary
control. In part of the frequency and the amount of stress Ul, all of them were
completely improves (100%). In terms of the symptoms associated with urged Ul
such as the feeling urgency to urinate, most of them had no hustle during urination
(80.8%). The frequency of urination was reduced, all of them had less than 5 times
urination during the day. The severity of symptoms associated with Ul was signifi-
cantly different compared to baseline. In addition, the KHQ score for all items was
lower, indicating a higher QoL when compared to baseline.

Conclusion: Longterm promoting of PFE was effective for the improvement of Ul and
significantly increased the QoL among incontinence women living in communities.
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Introduction

Urinary incontinence (Ul) is defined as involuntary
leakage of urine. Ul is divided into 3 types: stress urinary
incontinence (SUI), urge urinary incontinence (UUI) and
mixed urinary incontinence (MUI).%3 SUI is involuntary
leakage of urine during an effort or physical exertion (e.g.
sporting activities), or on sneezing or coughing. SUl is the
most common form of Ul which is caused by poor urethral
support by pelvic floor muscle during an increased
abdominal pressure pushes down on the bladder. UUl is the
involuntary urine loss associated with sudden and strong
desire to urinate. UUIl is commonly known as overactive
bladder which usually caused by involuntary contractions
of the detrusor muscle of the bladder wall at improper
times. MUI is the symptoms that include both stress and
urge Ul. Ul is a silent health problem affecting many
community-dwelling, especially in women more than
men. The prevalence of the Ul is estimated that 22-48 %
in women and increased with age significantly every year.*
This problem causes a lower quality of life (QolL) in various
aspects such as physical and mental health, hygiene, economy,
career, social, family and even sexual relations. Regarding
psychosocial health, Ul causes stress, depression, annoyance,
anxiety, embarrassment, lack of confidence, refusal to
participate in various activities outdoor and even withdrawal
from social.®

Pelvic floor muscle exercise (PFE) is the conservative
interventions recommended as the first-line treatment of
UL.® This type of exercise is very easy and does not take too
much time. The exercise consists of fast and slow contraction
of pelvic floor muscles 30 times a day. Beginning with rapid
and maximal contraction about 5-10 times, followed by
squeeze and hold about 5-10 seconds, 5-10 times, with a
variety of starting positions (lying, sitting and standing).’
The effectiveness of the PFE in the management of Ul
has been shown by several studies.> 7 Additionally, the
systemic reviews had demonstrated that PFE significantly
improves QoL.° PFE is beneficial in women with SUI.
However, PFE sometimes also recommends for UUI and
MUI. There was a systematic review indicated that PFE can
improve symptoms of SUI and all other types of UL.° The
Guideline of Ul, National Institute for Health and Care
Excellence (NICE) and International Continence Society (ICS)
recommend that PFE program should be continued for at
least 3 months to achieve the improvements.® ! Nevertheless,
the improvements are not always sustained over the long
term. The effectiveness will lessen with time if there is no
continuity of exercise.'? Poor exercise adherence is the
main obstacle in the management of Ul. The factor related
to reduction in frequency of exercise including not having
enough time, forgetting to do exercise and boredom with
the exercise.’® A possible way to maintain continence and
quality of life is to sustain the adherence of PFE in everyday
life. Venegas et al.* indicated that the patient-related factor
is the strongest influence on long term adherence to PFE.
They suggested that strategies involving reminders to perform
the exercise may be useful for long term adherence. The
strategies may include personalized written form and progress
visits every 3-6 months to encourage and motivate a woman

with Ul to perform the exercise. It would be helpful to apply
this strategy among Ul women living in the community.
However, there is no studies have supported the effect
of sustaining PFE continually on the symptoms of Ul and
the quality of life for the long term. Therefore, this study
aimed to investigate the effect of 1-year encouragement of
PFE on Ul symptoms and quality of life among incontinence
women living in the community.

Materials and methods

Study design and participants

This was a community-based study conducted in
the Sri Bua Ban Subdistrict, Lamphun Province, Thailand.
Forty women who acknowledged having Ul were invited
by community health agents to participate in this study by
screening with the two standard questions “Do you leak
urine during physical activities such as coughing, running
or sneezing?” and “Does urine leak when you rush to the
toilet? These two questions were used to determine the
women's eligibility in this study. The women who reported
at least one time of involuntary loss of urine in the last
one week were considered having Ul. The inclusion criteria
include incontinence women aged between 50-70 years
who capable of reading, writing and agreed to participate
in this study. The exclusion criteria were as follows: women
suffering from neurological conditions, pregnant women
or presented of the symptoms of urinary tract infection.
The participants were withdrawn if they are unable to continue
the PFE program (lacking more than 2 times of meeting) or
request to stop participating in the program. There were
thirty-four participants who met-the inclusion criteria. All
participants gave their informed and written consent before
the commencement of the study. The study was approved
by the research ethics committee for research in humans,
Faculty of Associated Medical Science, Chiang Mai University
(Project code AMSEC-60EX-016).

Measurements

The outcome measured included the symptoms
and severity of Ul variables (the ability to hold urine, the
leakage of urine while coughing or sneezing, the frequency
and the amount of leakage etc.) and the KHQ Thai-version
to measure the quality of life. Outcomes were measured at
baseline, 3, 6™, 9t and 12™ months of the intervention.
The details of outcomes measurements are described
below.

The incontinence urinary variables questionnaire

The participants were interviewed individually
regarding the symptoms related to Ul. There are seven
aspects of questions including the ability to hold urine, the
frequency of urine leakage while coughing or sneezing, the
urgent feeling to urinate, the frequency and the amount of
leakage and the frequency of urination during daytime and
nigh time. The question was modified from international
consultation on incontinence questionnaire-female lower
urinary tract symptoms (ICIQ-FLUTS) Thai-version.*® The
participants were asked to rate the severity of symptoms
from zero to four, less number indicating the less severity
and the high number indicating severe problem. For example,
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the aspect of frequency of leakage, 1= none, 2= once a
week or very little, 3= once a day or moderate problem
and 4= several times a day or many problems. The detail of
other aspects are described in the Table 2.

King’s health questionnaire

KHQ is the most commonly used questionnaire for
measuring the quality of life that is specific for people with
urinary incontinence. This questionnaire was translated
to Thai-version with a good reliability.'® Originally, it is a
self-administered questionnaire without needing an
interviewer. However, some question is needed to clarify in
elderly women especially women in community dwelling.
Thus, the procedure for answering in this study performed
in conference room and divided into equal groups, with
four physical therapists present in each group to explain
the question if they need. As well as helping to read the
guestionnaire in those who cannot see the letters clearly.
Therefore, participants answered the questionnaires
themselves. KHQ has two parts consisting of twenty-one
items and separated in nine domains. Part one considers
general health perception and incontinence impact on life.
Part two consists with the limitations, relationships, emotion
and the incontinence severity. In part of KHQ, each domain
is scaled from 0; best to 100; worst. The lower KHQ scores
is an indication of a better quality of life.?”

Pelvic floor muscle exercise program

The intervention program was conducted in the
community by a physical therapist with more than 5 years
of experience teaching in Ul women. After the confirmation
about incontinence symptoms, participants were educated
about the structure and function of the pelvic floor and the
associated factor of the Ul. Then, the researcher educated
the participants on how to perform a correct pelvic floor
muscle contraction by practicing as a group and examining
individually. The program consists of the strong and fast
contraction of pelvic floor muscles (contract/relax) for
5-10 times and followed by sustained pelvic floor muscle
contraction holding for 5-10 seconds. The time holding the
contraction of pelvic floor muscle gradually increase depending
on each participant. This program was counted as 1 set,
making a total of 30 sets per day at least 3-4 days a week.®

Participants were asked to fill out in the self-daily
report after they do this program. In addition, participants
were followed up by monthly phone calls to tracking and
encourage the consistency in the training program. Moreover,
the researcher organizes a meeting every 3 months during
the trial to monitor consistency and adherence to the training
program. Including collecting and checking the logbook
daily report from participants and receiving new book until
reaching 1 year.

Data analysis

Descriptive statistics were used to describe demographic
data and Ul variables. Friedman and Wilcoxon Signed Ranks
Test were used to compare the Ul variables from baseline
and in 3, 6, 9 and 12 months after treatment. All of the variables
of KHQ showed normal distribution. Therefore, one-way
repeated measure ANOVA was used to compare the quality
of life measured by KHQ scores before (baseline), and

at 3, 6™, 9™ and 12™ months after treatment. The level
of significance was set at p<0.05. The statistical analyses
were performed using SPSS for windows version 20.

Results

There were thirty-four women participated in this
study. However, at the 3™ months of intervention, there
was 1 drop off because of moving to another province.
Between the 6™ to 9" month we had two participants
requested to leave due to illness, one for taking care of the
newly born nephew and there were four drop out without
answering the phone. Finally, only twenty-six participants
finished the program. The mean age of participants was
57.85+4.4. The most prevalent type of Ul was SUI (65.4%);
followed by MUI (26.9%) and UUI (7.7%). The level of
education of all participants is a primary school. Their
characteristics of participants are presented in Table 1. The
descriptive data for Ul variables presented in Table 2. At
baseline, 18 of them (69.2%) was answering that they had
a little problem in the ability to hold the urine, 5 (19.2%)
had a moderate problem and 3 (11.5%) had many problems
to control the urine. During the intervention from 3™ to
12™ months, the Ul variables showed gradually improves.
At the end of the program 24 of them (92.3%), found that
they had no problems with urinary control and 2 (7.7%)
saying that there was only a little problem. In part of the
frequency of urine leak while having activity (such as coughing,
sneezing), all of them (100%) had no urine leakage while
coughing, sneezing and during the general day. In addition,
the frequency of Ul and the amount of Ul during the general
day was also completely improved. In terms of the symptoms
associated with UUI such as the feeling urgency to urinate
results showed that 21 of them (80.8%) had no hustle, 3
(11.5%) had infrequent urgency and 2 (7.7%) had hurry
sometimes. The frequency of urination was reducing both
during the daytime and nighttime. During the daytime, we
found 100% participants had less than 5 times urination
during the day considered it as normal status. For the
night-time, 11 of them (42.3%) did not have urination, 15
(57.7 %) had once to twice times urination during the
nighttime.

The severity of the Ul variables was analyzed and
presented in Table 3, the results showed that the severity of
the Ul variables is significant change from 3rd, 6th, 9*" and
12 of intervention when compared to baseline. Considering
each period, all Ul variables significant change after three
months of intervention when compared to baseline except
the frequency of urination during day-time. For the Qol,
all 9 items of the KHQ was found gradually reducing score
from 3 to 12" months. All items of the QoL is significantly
different when compared to baseline (p=0.001). In part of
personal relationships, emotions, sleep/energy and incon-
tinence severity after the ending of the program, the score
is reduced to zero which indicated that a better of QoL
(Table 4).
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Table 1 Characteristics of participants (n=26).

Age (years) 57.85t4.4
Weight (kg) 57.42+7.1
Height (cm) 153.3545.1
BMI (kg/m?) 24.35+3.2
Type of Urinary incontinence*

- Stress 17 (65.4%)

- Urge 2 (7.7%)

- Mixed 7 (26.9%)
Mode of delivery*

- Vaginal 25 (96.2%)

- Cesarean 1(3.8%)
Number of deliveries*

-No 1(3.8%)

-1time 7 (26.9%

-2 times 16 (61.5%)

-3 times 2.(7.7%)

*Data presents as number (%)

Table 2 Percentage distribution of participants according to symptoms and severity of urinary incontinence.

The ability to hold urine

no problem 8(30.8%) 16 (61.5%) 8 (30.8%) 24 (92.3%)
a little problem 18 (69.2%) 13 (50.0%) 8 (30.8%) 11 (42.3%) 2 (7.7%)
moderate problem 5(19.2%) 4 (15.4%) 1(3.8%) 7 (26.9%) -
many problem 3(11.5%) 1(3.8%) 1(3.8%) - -
Stress incontinence while coughing or sneezing
no problem 2 (7.7%) 2 (7.7%) 5(19.2%) 8(30.8%) 26 (100%)
a little problem 8 (30.8%) 13 (50%) 17(65.4%) 13 (50.0%) -
moderate problem 7 (26.9%) 8 (30.8%) 3(11.5%) 5(19.2%) -
many problem 9 (34.6%) 3(11.5%) 1(3.8%) - -
Frequency of leakage
none 7 (26.9%) 14 (53.8%) 12 (46.2%) 26 (100%)
once a week or very little 17 (65.4%) 16 (61.5%) 9 (34.6%) 14 (53.8%) -
2-3 times a day 4 (15.4%) - 2 (7.7%) - -
several times a day 5(19.2%) 3(11.5%) 1(3.8%) - -
The amount of protection use
none 4 (15.4%) 7 (26.9%) 5(19.2%) 13 (50.0%) 26 (100%)
permeate underwear 13 (50.0%) 14 (53.8%) 16 (61.5%) 12 (46.2%) -
change underwear 6(23.1%) 4 (15.4%) 4 (15.4%) 1(3.8%) -

change the pant 3(11.5%) 1(3.8%) 1(3.8%) - -
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Table 2 Percentage distribution of participants according to symptoms and severity of urinary incontinence. (continues)

Number (%)
Urinary incontinence variables
baseline 3 months 6 months 9 months 12 months
Feeling urgency to urinate
don’t hurry 2(7.7%) 5(19.2%) 13 (50.0%) 21 (80.8%)
infrequency 7 (26.9%) 14 (53.8%) 8 (30.8%) 3(11.5%)
sometimes 9 (34.6%) 11 (42.3%) 6 (233.1%) 4 (15.4%) 2 (7.7%)
every time 17 (65.4%) 6(23.1%) 1(3.8%) 1(3.8%) -
Frequency of urination during daytime
less than 5 times 19 (73.1%) 22 (84.6%) 25 (96.2%) 26 (100%) 26 (100%)
5-6 times per day 6(23.1%) 4 (15.4%) 1(3.8%) - -
6-7 times per day 1(3.8%) - - - -
every hour per day - - - - -
Frequency of urination at night
none 5(19.2%) 5(19.2%) 5(19.2%) 8 (30.8%) 11 (42.3%)
1-2 time 6 (23.1%) 17 (65.4%) 18 (69.2%) 11 (42.3%) 15 (57.7%)
3-4 times 9 (34.6%) 4 (15.4%) 3(11.5%) 7 (26.9%) -
More than 4 6 (23.1%) - - - -

Table 3 Comparison of the severity of symptoms associated with urinary incontinence before and after intervention.

Urinary incontinence variables | baseline 3 months 6 months 9 months 12 months p value
The ability to hold urine 2.42+0.7011.92+0.802]|1.50+0.76 **| 1.96+0.77 > |[1.08+0.27 *><¢| 0.001
The leakage of urine while 2.88+1.00| 2.46+0.81* | 2.00+0.69**| 1.88+0.71>" | 1.000.00 **<¢| 0.001
coughing or sneezing

Frequency of leakage 246+0.91(1.96+0.872) 1.2+0.80* | 1.54+0.51* | 1.00+0.00**<¢| 0.001
The amount of leakage 2.31+0.88|1.96+0.772| 2.04+0.72 | 1.54+0.58 > | 1.00 £ 0.00 *><¢ | 0.001
Feeling urgency to urinate 3.65+0.50 [2.81+0.90°|2.12+0.80> | 1.73+0.90>* [1.31+0.62>><¢| 0.001
Frequency of urination during | 1.31+0.55| 1.15+0.37 | 1.04+0.20° | 1.00 +0.00 *® 1.00 + 0.00 2* 0.001
daytime

Frequency of urination at night | 2.62+1.06 | 1.96 +0.602| 1.92 £ 0.56° 1.96+0.77° |[1.58+0.50><¢ | 0.001

aStatistically significant differences when compared with baseline (p<0.05), *Statistically significant differences when compared with 3 months (p<0.05),
<Statistically significant differences when compared with 6 months (p<0.05), “Statistically significant differences when compared with 9 months (p<0.05).

Table 4 Comparison of the KHQ score before and after intervention.

KHQ domains

baseline

3 months

6 months

9 months

12 months

p value

General health
perceptions

Impact on life

Role limitations

Physical limitations
Social limitations

Personal relationship

Emotions

Sleep/energy

Incontinence severity

41.35+12.13

76.93+15.69
66.67+18.26
69.23+11.25
48.72+17.52
17.31+28.47
32.48+15.37
35.90+19.83
32.05+17.90

33.62+14.04*

55.13+26.57 ¢
37.82+30.75*
33.33+£30.91°
26.07+23.72°
6.41+15.69 °
18.80+£18.80 *
21.80+21.48°*
19.23+16.63 ®

22.12+14.712°

25.64+28.76 *°
18.59+26.38 »°
14.74+26.39 **
12.39422.73 2F
3.85+9.78 ®
6.84+10.92 »°
10.26+16.38 »°
13.78+15.63 **

18.274£15.10 *°

15.38+23.53 2bc
6.41+12.54 b<
3.85+7.16 *b<
2.1446.30 *P<
0.00+0.00 *b<
3.85+6.99 **
5.13+10.29 »°

8.97+10.78 2P«

7.69+11.77 ab<d

7.69+14.32 2bc
6.41+11.62 @<
3.85+7.16 b<
0.0040.00 >P<
0.00£0.00 **<
0.00+0.00 b=
0.00£0.00 >~
0.00+0.00 b=

0.001

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

aStatistically significant differences when compared with baseline (p<0.05), ®Statistically significant differences when compared with 3 months (p<0.05),
<Statistically significant differences when compared with 6 months (p<0.05), ‘Statistically significant differences when compared with 9 months (p<0.05.
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Discussion

Ul is a common problem found in women, especially
in middle-aged and elderly women. This problem is affecting
both physical and psychological health. This is a silent
problem that has less help-seeking behavior and tended
to delay treatment particularly in an urban community.*®
Therefore, healthcare providers should be targeted for health
education and intervention regarding this problem. The PFE
is the first choice recommended as means of preventing
and treating Ul.»*® Systemic reviews have addressed
the positive effect of PFE on the QoL of women with UL.°
The underlying mechanism of PFE is an increase in muscle
strength and endurance of pelvic floor muscle which is
urethral support. The result of this study is consistent with
previous studies that an improvement in Ul symptoms
occur after continuously PFEs for 3 months.?*?* In addition,
PFE not only decreased the Ul symptoms but also significantly
improves the QoL of women with UL.° PFE is a non-invasive
treatment that provides an effective treatment as combined
with or without another treatment method such as combined
with vaginal cone,? Bladder training® and pessary therapy.?®
Moreover, this exercise can performed with various training
positions without affecting performance.” PFE is very simple
and suitable to educate in Ul women living in the community.
This study demonstrated the effectiveness of PFE throughout
1-year encouragement emphasized on the patient-related
factor include the personalized self-daily report, phone
calls every month, progress visits every 3 months and remind
to perform the exercise via sticker note. This strategy is very
useful for long term adherence. This study found that PFE
causes improve Ul symptoms and QoL after 3 months and
throughout the program. Additionally, the present study
found that between the 6th to the 9™ month after starting
the program, showing relatively stable results or a tendency
to worsen compared to the previous period such as the ability
to control urine and QoL but when compared to the baseline,
all clinically relevant in symptoms and condition related to
QoL were report the good improvement. An explanation
for these results may be the exercise consistency was reduced,
this finding related to the self-daily report which found
during the 6™ to the 9™ month most of the participants
decreased their exercise frequency. Six months after starting
the interventions is the focus point for promoting and
encouraging the exercise. In this study, a professional physical
therapist provided the program with intensive exercise tracking.
Including calling every month and provide meetings every
3 months for 1 year to encourage, stimulate and maintain
exercise consistency.

Actually, PFE is commonly recommended for SUI.
According to the present study, 100 % of participants had no
urine leakage while coughing, sneezing and during the general
day at the end of the program. PFE used to strengthen the
pelvic floor muscle and enhances the function of urethral
sphincter. A research showed that PFE result in hypertrophy
of the urethral sphincter and reduces bladder neck motion
during coughing.”” However, PFE sometimes also recommends
for UUI and MUL.* The-long term of PFE in this study
demonstrated the reduction of urinary frequency during
the day and night time. Hersh and Salzman?® explained

that voluntary contraction of pelvic floor and relaxation
reduces the incontinence by producing urethral closure and
decreasing the stimulation of the central nervous system
to the detrusor muscle and thus reduces the UUI. However,
the cause of Ul especially UUI are multifactorial, and the
success of treatment might include lifestyle modification
such as appropriate fluid intake, reduction of caffeine or
weight loss if a patient is overweight or obese.? The most
important key success is the exercise compliance with
treatment because the pelvic floor muscle strength depends
heavily on continuous training.

Besides, the QoL measured by KHQ showed a significant
difference in all domains compared to baseline. Five domains
showed decreasing values to zero at ending the training
program which indicates a very good quality of life. This
present study supports that PFE improves the quality of
life as reported by other studies.3*3* Although Ul is not a
life-threatening condition, it is related to restriction in personal
and social life. Improvement of Ul symptoms significant
impact on QoL by increase self-confidence and promote
social gathering which has impact on their social interaction.
The decrease of urinary frequency and feeling urgency
especially during the nighttime might has a positive on the
quality of sleep®? and decrease on the risk of falls, which
may lead to fractures and other morbidities in the elderly.3

This study focuses intensively on encouraging, stimulating
and following participants. Creating the motivation, adjust
attitudes, and reach out to volunteers to listen, talk, and
adjust individual treatment plans that do not affect work
and their daily life to maintain adherence to the treatment.
It would be helpful for the healthcare providers to recommend
this methodology to women with Ul to resolve the problem.
Limitation of this study include there are a small number
of participants due to request to leave and loss of follow
up. Moreover, there was no control group in this study.
Further study should add a control group to help strengthen
the research. Although, the Ul variables were modified from
ICIQ-FLUTS Thai-version questionnaire, but some variables
were added to clarify and cover the severity of symptoms.
This questionnaire need to be validated for further study.

Conclusion

This study showed that continuous PFE is an effective
treatment of Ul and significantly increases the QoL among
incontinence women living in communities. The motivation
and encouragement on patient-related factors was effective
for the improvement of Ul and significantly increased QoL
among incontinence women living in communities.
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ARTICLE INFO ABSTRACT

Article history: Background: Autism is a lifelong disability that affects a person’s social interaction,
Received 18 April 2021 both verbal and nonverbal communication, and is often characterized by restrictive
Accepted as revised 16 August 2021 and repetitive behaviors. Family of children with autism plays a critical role in child’s
Available online 16 August 2021 ability to adapt and live daily life. From the extensive literature review, the research
Keywords: highlighted the importance of interventions for families and children with autism.

Autism, family, health outcomes,

family/parent intervention, integrative

review. Materials and methods: The integrative review design adopted PRISMA protocol
to select studies. This review searched within the healthcare journals with the
experimental design or randomized control trial, full-text, and published from
January 2013 to April 2020 using the keywords of “autism”, “family”, “family/parent
interventions” and “health outcomes”. The articles were searched in the databases
of MEDLINE, PubMed, CINAHL and ScienceDirect.

Objectives: To review and describe interventions for family and children with autism.

Results: Nine articles were identified. The common interventions for family of children
with autism were family education, psychological, and technology-related interventions.
The family education intervention enhanced family quality of life, parent-child
shared management, and decreased depressive symptoms. Psychological support
intervention increased positive thinking and skills of the family. The technology-related
intervention affected parents positively, increased confidence, and reduced parenting
stress. However, some of these interventions were complicated and unstructured;
therefore, the evaluation of their effectiveness remained unclear and possibly bias.

Discussion: The evidence of intervention for family of children with autism was
limited. To improve health outcomes of family and children with autism, health
care providers should pay more attention on developing and implementing an
appropriate intervention to build strengthen of family of children with autism and
improve their health outcomes.

Introduction Prevention, the prevalence rates of autism in the United
Autism is a lifelong disability that affects a person’s States are estimated at approximately one in 54 children
social interaction, both verbal and nonverbal communication, aged 8 years.! Currently, exactly possible causal factors and
and is often characterized by restrictive and repetitive specific treatment for the disorder are unavailable. However,
behaviors. According to Center for Disease Control and the early behavioral, educational, and pharmacological
- interventions have been proved to be effective in improving
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Author’s Address: Namdinh University of Nursing, Vietnam the skills of children with autism as well as building consid-
257 Han Thuyen Street, Nam Dinh city, Nam Dinh 420000, erably family strengthen related to autism across lifespan.?
Vietnam. Families are the most important for a child’s development,
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doi: 10.14456/jams.2021.29 especially, family of children with autism play a critical role

E-ISSN: 2539-6056 in their child’s ability to adapt and live daily life. Families
present their roles in diagnosis process as they are the first
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people to recognize the behavior problem, therefore, they
support physician in receiving a right diagnosis. Addition-
ally, in intervention process, family cooperates with health
care providers in developing and implementing appropriate
intervention for their child.® Family members typically are
active partners in child’s educational intervention at home
and community setting to ensure the intervention process
is working appropriately.* By simultaneously shouldering
multiple roles and responsibilities, families of children with
autism often feel challenged and perplexed in their children
daily activities and improvement of behavioral problems in
the children.

Research indicated that there were various interventions
available to families of children with autism. Intervention
programs depended on the autism child's developmental
level, the characteristics of the health care systems and the
education level of family members.>® Study mentioned that
education intervention is associated with an increased likelihood
for the mental health related quality of life, family functioning
and child outcomes as well.> Family education intervention
should be offered especially to family of children with chronic
health conditions who lack of adequate support. The intervention
can help family members manage children’s problems and
behavior more effectively.® In addition, psychological interventions
for parents of individuals with autism may lead to both
decreased stress in parents, and improvements in child
behavior.” And technology-based intervention has been
proved that families of children with autism would receive
sufficient support in dealing with geographical distance or
a variety of other logistical difficulties with health care service
systems.®

Although, these interventions have been developed,
implemented and researched, most families are not able to
implement the interventions because some of the interventions
remained controversial of the effectiveness of the intervention
on family and children outcomes. In addition, some interventions
even healthcare workers and families were not aware of its
availability. Others unsure effectively implement these
interventions, due to the complex and unclear steps of the
intervention process, some interventions without a follow-up
period for evaluation of intervention sustainability.®12
Moreover, most studies have not assessed the effectiveness of
the interventions on both family and children outcomes.
Therefore, the purpose of this review was to examine the
clear literature on the effectiveness of family interventions
on individuals with autism and their families. The focused
question that framed this review was: "What is the evidence
for the effectiveness of interventions for family of individuals
with autism and their families?" as indicated. The results were
the integrated review as evidence about effectiveness of
interventions for family of children with autism. The interventions
and their effectiveness discussed in this integrated literature
review may support healthcare providers to apply the
appropriate intervention in promoting family effectively during
the intervention for their better outcomes. They would also
facilitate family role of being responsible, knowledgeable,
and helpful caretakers for their children with autism.
Additionally, the integrated review may support healthcare
institutions in developing and implementing the policy

related to interventions for children with autism not only
focus on children but also their family.

Materials and methods

Search procedure and database

An integrative review approach was conducted and
PRISMA were used to improve the rigorous. Search strategy:
A priori search was conducted in Google Scholar and EBSCO
to identify if there were any similar reviews that were in
progress or already published. The results indicated that
there were some systematic reviews however, no similar
integrative review existed. The review included all healthcare
and special education studies conducted using experimental
designs that compared a group of families receiving a family
intervention to a group of family with usual intervention.
Then, the researchers conducted an extensive database
search using MEDLINE, PubMed, CINAHL and ScienceDirect
to search for relevant literature, using the keywords “autism”,
“family”, “family/parent interventions” and “health outcomes”.

Inclusion and exclusion criteria

The journal articles were defined by the following
eligibility criteria: (1) population were family of children
with autism; (2) interventions were interventions for family/
parents, the elements of a intervention were examined;
(3) The outcomes were purposes of the interventions (e.g.
children/ family quality of life, family functioning, parent-child
interaction, children behaviors, social-communication skill,
and learning ability); (4) The most appropriate study designs
were randomized control trials. The journal articles with
population of families and children with mental health and
serious comorbidity were excluded in the study.

Screening process

Two authors examined articles that utilized family
intervention as a focus, however, concentrated on articles
dealing with the population of family of children with autism.
The peer-review journal articles published after 2013 were
included in the study. Researcher then searching for studies
cited in these collected studies. In addition, the researcher
continued to examine of reference lists from key reviews
to identify additional studies that had not been identified
in the previous electronic search.

Data extraction

The two researchers performed the data extraction
independently, based on certain criteria of differences in
terms of variables such as study characteristics, population
characteristics, intervention characteristics, study results
and effectiveness.

Data analysis

From the included articles, we performed content
analysis to find the themes regarding to interventions for
family of children with autism.
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Records identified through database
searching of MEDLINE, PubMed,
CINAHL and ScienceDirect (n=159)

Identification

Additional records identified
through other sources
(n=24)

Records after duplicates removed (n=108)

Screening

Records screened
(n=108)

Eligibility

Included

Full-text articles assessed

for eligibility (n=34)

Records excluded

EE— n=74)

Full-text articles
excluded (n=25)

Studies included in final
synthesis (n=9)

Figure 1. PRISMA flow diagram of study selection.

Results

During the search process by the database originally
had 159 articles potentially relevant was found, and then
adding 24 articles potentially relevant from reference lists
of the original articles have been selected for review. After
eliminating the duplication in excel, 108 potentially relevant
articles were identified for inclusion in the evaluation. After
conducting screening of the title and abstract of the articles,
34 articles were selected to be read in full. Finally, there
were 9 articles were identified that fully met the inclusion
criteria. These articles were summarized in the Table 1.
Four articles are related to family education intervention
program. Two articles demonstrated effectiveness of
psychosocial support intervention for family members
compared with usual interventions. Three articles revealed the
effectiveness of technology-based interventions on family

members of children with autism. The findings found three
interventions as the following,

Parent education intervention. Parent education is
intervention that enhances or facilitates parents to support
their children, with the ultimate goal of improving positive
developmental outcomes on their children.*®*** In the
educational interventions, multidisciplinary educational
intervention had a positive impact on improving the quality of
life, family function, and coping styles of parents of children
with autism.® The 8-week intervention program had group
classes once a week, each session of about 90 minutes
facilitated by a multidisciplinary team consisting of special
educators, community nurses, psychologists and psychiatrist.
In the 8-week classes, parents were provided with lectures,
case reports, role-play and discussions related to autism and
family knowledge such as autism, characteristics, and management
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of the family problems while taking care of children in their
everyday life. The results show that multidisciplinary
education had a positive impact on caregiver's quality of
life. Participants reported that they were highly satisfied
with the multidisciplinary educational program and wished
for more and longer intervention.® The results of the study
recommend that nurses and other health care providers
actively apply the intervention program in routine care for
children with autism and their families.

A research on education and behavior management
intervention program for parents of children with autism
indicated that parent educational intervention had a positive
impact on children ability to manage their own behavior
and autism symptoms.6 The entire education intervention
process took twenty weeks, ten group sessions of 90 minutes
and ten individual sessions of 60 minutes. In addition to
the educational support of therapists, the intervention
program provided opportunity for videotapes of content

Table 1 The interventions for family of children with autism.
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review and intervention adherence by therapists. The intervention
program with group and individual sessions gave parents
the opportunity to discuss their response to receiving an
autism diagnosis and to increase their knowledge of autism
and its effects on their children. The program provided the
parents how to manage difficult behaviors and supported
the development of children’s communication, social and
plays skills. The individual sessions were with the participation
of children to train skills and action orientation. Parents
were provided with workbooks, videos, rehearsal, homework
assignments and feedback. Researchers suggested that
education and behavior management intervention program
can help parents more effectively cope and manage their
children's problems and behavior. The program showed a
certain effect on families and children with autism. However,
the educational programs developed were complex and
unstructured. Therefore, the evaluation of the effectiveness
of these programs was still unclear and biased.

Participants, sample

Findings/

Author, year

size, sampling methods

Measurements

Intervention program

recommendations

Ho MH & Lin
LY, 2020

24 dyad of children with
autism and parents were
randomly divided into the
intervention group or the
control group

- Functional Emotional
Assessment Scale and
the Vineland Adaptive
Behavior Scales were
used to assess Adaptive
functioning

- The Chinese version of
Psychoeducational
Profile-Third edition
were used to measure
the Parenting skills

The parent education

intervention within 14

weeks:

e Group parent training
intervention

¢ Individual training
approach

e Parent — occupational
therapist discussion on
challenges of the in-
tervention

Significant improvements
in children's emotional
development and parenting
skills were found in par-
ticipants attending the
14-week intervention.
The participants did not
get improvement in other
developments and adap-
tive functioning after par-
ticipating in the interven-
tion program.
Healthcare professionals
should supplement a
DIR-based home parent
training program to support
interventions for children
with ASD and their families
to enhance children' emo-
tional development and
parenting skills.

Bearss et al.,
2015

180 pairs of children with
autism (ages 3 to 7) and
their parents participated
inthe study and were
randomly assigned to
training and education
groups.

The instruments for data

collection were including:

¢ The parent-rated ABC-I

e The per-item mean score
on the parent-rated Home
Situations Question-
naire—Autism Spectrum
Disorder (HSQ-ASD)

e The Improvement item
of the clinician-rated
CGI (CGI-I)

The parent education and
training intervention
program includes:

e Parent training on dis-
ruptive behavior man-
agement strategies (11
main sessions, 2 optional
sessions; 2 phone rein-
forcement; 2 home visits)

e Parental education about
autism but no behavior
management strategy
(12 main sessions, 1
home visit).

Through the results of par-
ent reports, the parent
training intervention program
on disruptive behavior
management strategies
indicated a superior effec-
tiveness than the family
education program on the
managing of children's
behavior.

Clinicians were more likely
to appreciate the parent
training intervention program
than the family education
program
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Author, year

Participants, sample
size, sampling methods

Measurements

Intervention program

Findings/
recommendations

JiB,Sun M, YiR,
Tang S 2014

42 caregivers of children
with ASD (randomly assigned
to intervention and control
group)

A quasi-experimental
study

e The Chinese version of
the SF-36

e McMaster Family
Assessment Device

e Simplified Coping Style
Questionnaire

e Multidimensional Scale
of Perceived Social
Support

e Caregiver Burden Index

e Childhood Autism Rating
Scale

¢ The General Self-Efficacy
Scale

e Multidisciplinary Parent
Education Evaluation
Form

The multidisciplinary parent
education intervention:
The caregivers in the
intervention group were
provided the multidis-
ciplinary parent education
program, which included
8-week sessions

e The research findings
indicated that there were
significant improvements
in the mental HRQOL, family
functioning, self-efficacy
and positive coping style
among the caregivers who
received the intervention.
The multidisciplinary parent
education program had
significant positive effects
on caregivers' mental
health-related quality of
life, however, the findings
had little effect on their
physical health-related
quality of life

Tonge B, Brere-
ton A, Kiomall
M, Mackinnon
A, Rinehart NJ,
2014

100 parents of children
with autism were randomly
assigned into the inter-
vention group (n=70) and
control group (n=35)

* The Vineland Adaptive
Behavior Scales

e The Developmental
Behavior Checklist

* The Psychoeducational
Profile—Revised

The twenty weekly sessions
of parent education and
behavior management:
e The intervention was
based on a variety of
early intervention and
cognitive behavioral
techniques that assist
in imparting effective
coping skills to parents
with a systematic and
structure approach.

The parent education

and counselling:

¢ The parents were pro-
vided a manual-based
education program

The intervention program
with 20 weeks of imple-
menting was quite long
which was likely to result in
completing and withdrawal
from the program of
parents of children with
autism.

The research findings showed
that the participants who
received the intervention
of parent education and
behavior management had
higher scores of in adaptive
behaviour and autism
symptoms; and parent
education and behavior
management
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Author, year

Participants, sample
size, sampling methods

Measurements

Intervention program

Findings/
recommendations

Ridderinkhof
A, de Bruin El,
Blom R, Bogels
SM, 2018

45 dyad of children with
autism and their parent
were recruited in the
study

* The 65-item Social Re-
sponsiveness Scale

e The Achenbach System
of Empirically Based
Assessment

¢ The 10-item Children’s
Acceptance and Mind-
fulness Measure

* The 64-item SRS-Adult
form

e The Adult Self Report
(ASR) of the ASEBA

e The Parenting Stress
Index

e The Interpersonal Mind-
fulness in Parenting Scale

The MYmind intervention:

e The MYmind program
was a mindfulness-based
program

* The 9-week MYmind
Child Program was
developed based on the
MYmind protocol for
youth with ADHD and
mindfulness-based
therapy for adults with
ASD

* The 9-week MYmind
Parent Program was
developed based on
the Mindful Parenting
manual

The children reported no
significant change in mindful
awareness, however; decreased
sodal communication problens,
and improved emotional
and behavioral functioning
after the intervention.
Parents reported all the
improvements of their
children immediately after
the intervention and 1 year
after the intervention.
Parents reported improved
emotional and behavioral
functioning, parenting, and
mental awareness at all
time points.

This study shows that
children, and their parents
can benefit from MYmind
intervention program

Bekhet 2017

There were 73 caregivers
participating in the study
of which, finally, 64 partic-
ipated in either an inter-
vention or a control group

¢ Quantitative data collec-
tion tool: Positive Thinking
Skills Scale (PTSS) includes
8 sections

e Qualitative data collection
tool is a caregiver's online
weekly homework log

The positive thinking training

intervention:

e The intervention program
included PowerPoint
presentations

* The researcher sent the
video to the caregiver
online once a week

The intervention indicated
the effectiveness in im-
proving positive thinking
skills among caregivers of
children with autism.

The research findings pro-
vided evidence of effectiveness
of positive thinking training
intervention and the future
further research of positive
thinking training for the large
scales to find the effectiveness
of the intervention on car-
egivers' well-being

Ingersoll &
Berger 2015

27 parents of children
with autism participating
in the study, randomly
assigned to a self-directed
or therapist-assisted version
of ImPACT Online groups

The research instruments

were

¢ The modified version of
the Computer-Email-Web
Fluency Scale (CEWFS)

e The Center for Epide-
miological Studies-De-
pression Scale (CES-D)

* The ImPACT Knowledge
Quiz

¢ Videotaped during a
parent-child interaction

¢ The ImPACT Online web-
site’s electronic tracking
of user behavior

The telehealth-based par-
ent-mediated intervention
program:

e The self-directed group
accessed the program
of adapted Project IMPACT,
which contained 12
self-directed weekly
lessons of 80 minutes
and supplemental material
Therapist-Assisted Group
access to the IMPACT
Online website with
12 twice weekly sessions
of 30-minute remote
coaching via Skype video
conferencing

The study results revealed
that parents of children
with autism exhibited high
interaction and satisfaction
with ImPACT Online for
both the self-directed and
therapist assisted version
of the programs.

Parents who received enough
support better completing
the program and improved
outcomes in parents and
children

The program increased
parents' access to par-
ent-mediated intervention
for families of children with
autism
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Author, year .Partlaparjts, LIl Measurements Intervention program Flndlngs/'
size, sampling methods recommendations
Dai YG, Thirty-eight children-par- | ® The treatment Evalu- | The video program: parents | ® The results indicated that
Brennan L, ent dyads were randomly | ation Inventory Short | were trained through six | the intervention was effective
Como A, assigned to either the | Form weekly DVD modules and |  on the outcomes of parents
Hughes-Lika | intervention or the control | e The 31-item parents quiz | six weekly chapters of written |  and children with autism.
J, Dumont- group. e The Early Intervention | material: Specifically, the intervention
Mathieu T, Parenting Self-efficacy | ® The videos included | improved parent self-efficacy
Rathwell IC, Scale illustrative clips of ABA-| and teaching knowledge for
Minxhozi O, based interventions. their children with autism,
Aliaj B, Fein e The Guidelines for teaching | therefore, improved their
DA, 2018 and evidence-based be- | behavior problems
havior management. e The health care providers
e Parents can access the | should consider to provide
DVD at least a few times |  intervention to the parents
per week. at their first concern of their
e Therapist supported | child problems to enhance
parents by the phone in | positive change in the parent
carrying out the instruc- | outcomes
tions in the modules
Ingersoll B, Twenty parents of children | ¢ The Computer-Email-Web | The IMPACT Online pro- | ® The intervention with
Shannon K, with autism were randomly | Fluency Scale gram: incorporation of parent
Berger N, assigned to a self-directed | ¢ IMPACT Online’s elec- | ® The intervention was | education and video library
Pickard K, or therapist-assisted group tronic tracking of user | adapted from Project| and various resources
Holtz B, 2017 behavior ImPACT, to provide to| indicated the positive
e The IMPACT Knowledge | parents within 12 weekly | results on participants:
Quiz sessions of 75 minutes. | ® Parents who received the
¢ The Behavioral Interven- | ® The parents were provided | intervention program
tion Rating Scale supplemental material | increased intervention
including video library, | knowledge
forum and information | ® The parents who were in
resources. open access trial provided
e Parents receive emails | positive feedback on the
with tips for implementing | program
the intervention.

Psychological support intervention. While studies
focus greatly on the treatment and intervention for behavioral
problems in children with autism, very rare studies have
been done to develop and evaluate the effectiveness of
interventions on the psychological problem of parents and
families of children with. In fact, in health-care facilities,
services to the psychological needs of the parents were
rarely approached, if any, incomplete and inadequate
interventions, which did not improve the psychological
problem of parents with autism, especially, the first diagnosis
of autism. A study indicated that positive thinking support
caregivers in improving the positive thinking skills and
in turn improving the behavior problems of their children
with autism.” In the positive thinking training intervention
program, parents were participated in six sessions, in which
each session the researcher provided a PowerPoint presentation
and videos related to knowledge and practice of positive
thinking. At the end of each session, participants were
assigned a group assignment, in which caregivers relied on

the videos viewed to come up with a positive thinking training
strategy to address their life situations. The purpose of the
intervention program was to focus on developing eight
positive thinking abilities to assist caregivers with autism in
many aspects of their lives, especially their daily psychological
problems. The researcher recommended that health care
workers, especially psychological nurses should provide
positive thinking interventions that improve positive thinking
skills for caregivers of children with autism. However, to do
this, the nurse needs training the intervention process for
the effective outcomes. This intervention can also be done
online for caregivers who do not have access to a live
intervention program. However, the nurse should be in mind
that, providing only PowerPoint presentation may not
help the caregiver get detailed information, the researcher
should provide additional printed or written materials as
well as provide more specific examples. In addition, the
researcher proposed a future study applying the intervention
program on a web platform, which created forums for caregivers
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to interact and discuss their life situations. Ridderinkhof
and colleagues in their research on MYmind program for
parents and children with autism indicated that mindfulness
intervention improved their emotional and behavioral
functioning, parenting, and mental awareness; and the
intervention decreased social communication problems,
and improved emotional and behavioral functioning in children
with autism. Research suggested that mental health nurses
can effectively implement MYmind intervention program
to enhance autistic children and parents’ outcomes.®

Technology-based intervention. Some researchers
have attempted to address the limitations of traditional
parent training programs. In order to make parent training
more accessible, researchers have utilized technology to
provide services to parents in remote locations. Ingersoll
and Berger conducted a study on 27 pairs of parents and
children with autism to compare the effectiveness of the
self-directed or therapist-assisted ImPACT Online intervention
programs.’® The both groups of participants were provided
IMPACT Online access, where the self-directed group was
engaged in 12 self-directed weekly lessons with 80 minutes
per week, the therapist-assisted group was coached via Skype
video conferencing in 12 weeks, 2 lessons per week within
30 minutes. The study results revealed that parents of children
with autism in both groups were satisfied with the ImPACT
Online program and showed great interaction on these
two programs. However, the therapist-assisted group had
better completion of the program and improved outcomes
of parents and children with autism. The author of the study
recommended that health care providers should use the
intervention program to strengthen parents' access to
parent-mediated intervention for families of children with
autism.

Dai and her colleagues conducted a study involving
home training for parents of children with autism. Research
indicated that parents using technology effectively enhanced
their knowledge and confidence in their ability of providing
care to their children with autism.? The technologies
applied in the study included video program, mail feedback
and telephone support under three conditions. In the first
condition, parents were trained knowledge on evidence-based
teaching and behavior management techniques. Accordingly,
the parents applied the gained knowledge to behavior
management for their children with autism. On the process,
the parents provided their feedback on the valuable of the
training material after each module by mail. Finally, parents
were supported weekly by the treatment group using phone
calls. The process lasted for 14 to 16 weeks, each parent being
able to access the video twice a week. The mail feedback process
was conducted uniquely regarding each parent’s specific
needs and issues. Researchers suggested that training program
is comprehensible and valuable for parents of children with
autism in low-resource settings.'’

In addition, research suggested internet-based inter-
ventions to train parents in implement interventions at home
in a feasible way.8 Another study used video feedback to
confirm the effectiveness of technology-based interventions
on parents of children with autism. Research indicated that
through the intervention, parents of children with autism

improved the knowledge of autism intervention and reduced
parent depressive symptoms.® Technology-based interventions
indicated their effectiveness in many studies, however, the
approach is a new area of research, and more studies are needed
to further evaluate the effectiveness of the interventions.
Moreover, technology-based interventions collected data through
video record multiple times during the intervention to compare
the improvement of the parents and children over time. This
makes the approach become a limitation of the intervention,
especially, for families with technology difficulties.

Discussion

The research results indicated that there were thre
kinds of interventions for family of children with autism,
including, family education intervention, psychosocial support
intervention and technology-based interventions. The
evidence suggested that all these family interventions have in
common the involvement of the family in the intervention.
However, these interventions have their own strengths and
limitations. Therefore, the education intervention programs
should be simplified and structured with certain sessions,
therefore family member would be able to follow their autistic
children through all sessions. The psychological support
intervention indicated their effectiveness on supporting the
psychological needs of parents of individuals with autism;
however, sessions with only PowerPoint presentation may
not be enough for caregivers understanding all the contents,
they should be provided more written material as well as
concrete examples to improve caregiver's knowledge and skills.
The technology- based intervention with videotaped data
is reasonable strategy of characteristics’ autistic children
and their families. The technologies enable health care
workers and researchers to observe or follow in detail the
daily behaviors of autistic children and their families during
the intervention. The thing is that the intervention program
with collections of videotaped data over numerous sessions
also becoming the limitation of the intervention. Therefore,
programs developed need to be more structured and feasibility.
These interventions need to provide enough follow-up support
by simply technology method for the long-term effects of
intervention programs. Researchers suggested that future
studies should develop a family-management intervention
with phone call support. The program would build the strengths
of families in supporting for children with autism. The intervention
could help improve the quality of life and burden for families
with autistic children and in turn, improve outcomes in autistic
children.

This integrative review included information about
intervention studies for families of children with autism and its
effectiveness on families and children outcomes. Family
interventions and outcomes for families and autistic children
are a broad area in which many disciplines implemented.
Meanwhile, the results of only 9 studies were analyzed and
synthesized made the weakness of the results. A future study
with a systematic review design should be conducted to
reflect the picture of interventions that have been implemented
to improve problems in parents and children with autism.
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Conclusion

In summary, this review intended to answer question
"What is the evidence for the effectiveness of interventions
for family of individuals with autism?". The results of this
review suggested that the most common intervention programs
utilized was education, psychology and technology. These
are not common research that focuses on all family members,
but parents, caregivers or fathers, mothers only. Considering
these results, there is a clear need to validate the effectiveness
of family intervention of children with autism, especially,
family education intervention, which found the most effective
on family and children with autism compared to psychological
support and technology-based intervention. However, the
education programs developed need to be structured and
feasibility. These interventions should provide enough
follow-up support for the long-term effects of education
programs. Researchers are therefore interested in developing
an education intervention that will develop the strengths
of families in supporting for children with autism. Education
intervention programs will be Internet based and videotape
tools. The intervention could help improve the quality of
life for families of children with autism and improve children
outcome.
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ARTICLE INFO ABSTRACT

Article history: Background: Currently, Mahavajiralongkorn Thanyaburi Hospital has two linear
Received 13 August 2021 accelerators (LINACs) of identical models and brands with volumetric modulated
Accepted as revised 17 August 2021 arc therapy (VMAT) capability. Since two identical LINAC systems have been
Available online 17 August 2021 installed for two years, it is of great interest to determine beam-matching techniques
Keywords: in order to interchange ongoing irradiated patients between the two LINACs without

Beam-matching, Linear accelerator, re-planning if any malfunction of one machine occurs.

Volumetric modulated arc therapy Objectives: This study aimed to verify the dosimetric accuracy of beam-matching

using VMAT plans after completing the extended beam-matching.

Materials and methods: After completing the acceptance test and initial
vendor-recommended beam-matching test, the extent of beam-matching was
measured to evaluate the level of beam matching in both LINACs. The original LINAC
(LINAC 1) photon beams were selected as the reference for beam tuning of the
second LINAC (LINAC 2). Planar dose measurements of head and neck, thorax, and
pelvis regions were collected from 30 retrospective cancer patients. The VMAT
plans were generated in the Monaco Treatment Planning System (TPS) using a 6 MV
photon beam model. TPS doses calculated by LINAC 1 were used as a reference
for all measurements. The LINAC 1’s verification plans were irradiated in both
LINACs by doing the machine override option available in LINAC 2 consoles. All of
the VMAT plans were measured using the Octavius*® dosimetry system. The data
of Octavius measurement were compared with the TPS calculated planar doses
with gamma criteria of 3% dose difference, and 3 mm distance to agreement
(3%/3mm). In addition, the statistically significant differences for gamma passing
rates of Octavius measurements between two LINACs was analyzed using a paired
sample t-test at a 95% confidence interval (Cl).

Results: For all thirty cases, the gamma passing rates of Octavius measurements on
two beam-matched LINACs were higher than 95% with 3%/3mm gamma criteria. The
mean gamma passing rates of LINAC 1 and LINAC 2 were 96.2+0.8% and 96.3+0.8%,
respectively. There was no statistical difference in the gamma passing rates between
LINAC 1 and LINAC 2 (p-value = 0.094).

Conclusion: The beam-matched LINACs showed good agreement between measurements
and TPS calculations for VMAT plans. Insignificant differences in gamma passing
rates between two LINACs prove the viability of interchanging VMAT patients
between two beam-matched LINACs without re-planning VMAT plans to manage
the machine downtime.
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Introduction

Beam matching has been increasingly used in centers
with two or more radiotherapy treatment machines from
a similar manufacturer. Beam matching is helpful for
interchanging the patients between machines in case of

energies 6 and 10 MV and five electron beams with nominal
energies of 6, 9, 12, 15, and 18 MeV. Figures 1a and 1b
illustrate the linear accelerators used in this study.

machine failure without re-planning, preserving patient’s [

time to continue their treatment, and reducing staff workload.
Most of the previous studies reported dosimetric data
for evaluating the feasibility of machine matching such as
depth dose, beam profile, and output factors'™. In addition,
some studies extended the validation of beam matching
to clinical patient treatment plans.>” However, few studies
performed patient-specific quality assurance by measuring
the actual dose using point dose and planar dose.®*°

Recently, two identical models and brands of linear
accelerators (LINACs) systems with volumetric modulated
arc therapy (VMAT) treatment capability were installed at
Mahavajiralongkorn Thanyaburi Hospital. The first was
installed in 2016, and the second was consecutively installed
in 2018. As two identical LINACs are available in our center,
it is a great opportunity to try using beam matching techniques.
The final purpose of this study was to interchange ongoing
irradiated patients between the two LINACs without
re-planning when any malfunction of one machine might
occur. In our institution, machine breakdown occurs
approximately 6 times a year. Therefore, interchanging
patient purposes is beneficial.

To best our knowledge, few studies performed the
actual measurement. However, there was no study utilized
the Octavius®® dosimetric system for evaluating the dose
of the treatment machine. Therefore, this study aimed to
verify the dosimetric accuracy of beam matching using the
Octavius*®® dosimetric system for VMAT plans in head and
neck, chest and pelvis regions.

Materials and methods

Two identical linear accelerators of Elekta Infinity
(Elekta AB, Stockholm, Sweden) with an agility head (80
MLC leaf pairs of 5 mm leaf width) were evaluated for
beam matching in this study. Both linear accelerators are
equipped with XVI cone-beam computed tomography
(CBCT) and iView GTTM portal imaging. The desktop software
is Integrity 3.2. Each LINAC has two-photon beams of nominal
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Figure 1. 1a: Original LINAC (LINAC 1), 1b: The second LINAC (LINAC 2).

A preliminary study of beam matching was performed
in our previous study.?> We reported the comparison
dosimetric parameters according to the initial vendor-rec-
ommended beam-matching of the two LINACs available
in our center. The summary of dosimetric parameters of 6 MV
photon beam for LINAC 1 and LINAC 2, including depth
dose, beam profile at 10 cm depth, and output factor, are
illustrated in Table 1-3. In addition, the beam quality in
terms of tissue phantom ratio at depth 20 cm and 10 cm
(TPRy0,10) of LINAC 1 and 2 were 0.679 and 0.677, respectively.
The difference of TPRyg 19 between two LINACs was -0.29%.
In Table 2, a high value of flatness was found mainly in large
field sizes. However, the criteria of the Elektra machine were
106% for field sizes between 10x10 cm? and 30x30 cm? and
110% for field sizes greater than 30x 30 cm? according to
the IEC protocol recommended in the customer acceptance
test. The acceptable criterion of this difference for flatness
and symmetry between beam-matched LINACs should be
within +2%.%

Table 1 Comparison of depth dose parameters between
2 linear accelerators.

R100 (FS 5x5 cm?) (cm) 1.50 1.60 0.10
R10g (FS 10x10 cm?) (cm) 1.50 1.60 0.10
R100 (FS 20x20 cm?) (cm) 1.40 143 0.03
R100 (FS 30x30 cm?) (cm) 1.30 1.39 0.09

R;00 is a range of 100% depth dose

Table 2 Comparison of flatness and symmetry of beam profiles between 2 linear accelerators.

5x5 101.37 101.58 101.03 100.24 101.78 101.99 100.24 100.53
10x10 103.00 103.99 100.62 100.70 104.52 104.67 100.63 100.88
15x15 104.07 104.93 101.02 100.76 104.60 105.26 100.44 100.62
20x20 103.05 105.02 100.87 100.83 103.42 104.43 100.42 100.92
30x30 103.02 104.28 101.07 101.03 103.24 104.74 100.70 101.09

Flatness = (Dpqy/Dpmin) X 100, Symmetry = [Max(Djepy, Dyight)/Min(Djegy, Dyignt)] X 100
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Table 3 Comparison of output factors between 2 linear accelerators.

2x2 0.810
3x3 0.848
4x4 0.879
5x5 0.906
10x10 1.000
15x15 1.058
20x20 1.097
30x30 1.143
40x40 1.161

0.809 -0.12
0.847 -0.12
0.877 -0.23
0.905 -0.11
1.000 0.00
1.060 0.19
1.098 0.09
1.146 0.26
1.167 0.52

Dose measurement for clinical VMAT cases

The clinical assessment of beam matching between
LINAC 1 and 2 was conducted in thirty cancer patients by
collecting regions of head and neck, thorax, and pelvis,
with ten patients for each region in this retrospective study.
VMAT treatment plans were created in the Monaco (version
5.11.02) Treatment Planning System (TPS) (Elekta Oncology

Systems, Crawley, UK) using 6 MV photon beam models of
LINAC 1 for all patients. The doses were calculated using
the Monte Carlo algorithm with a calculation grid size of
0.3 cm with the prescribed dose and other parameters
described in Table 4. Treatment doses calculated on LINAC
1 were taken as a reference for all measurements.

Table 4 Treatment planning parameters for cancer patients used in this study.

Photon energy (MV) 6 6
Prescribed dose (cGy) 5940 7000
Number of fractions 33 33

Number of arcs

Number of patients 3 7

6 6 6
6000 5040 7800
30 28 39

2
4 10

The planar dose measurements were conducted
using the Octavius®® dosimeter (PTW, Freiburg, Germany).
It is a cylindrical unit of 32 cm diameter and 34 cm length.
To keep the consistency of measurement, the measured
plane of the detector array aligns with the center plane of the
cylinder which can be rotated in synchrony with the LINACs
gantry using input from the inclinometer. All measurements
were performed using the Octavius detector 1500 with
1405 plane-parallel vented ionization chambers uniformly
arranged in a 27x27 cm? area. Each ionization chamber has
a dimension of 4.4 mm x 4.4 mm x 3 mm (0.06 cm3). The
VeriSoft® software (version 6.2) was used for the measurement
and dose analysis.

LINAC 1’s verification plans were applied to set the
irradiation in LINAC 1 and LINAC 2 rooms using the machine
override option available in LINAC 2 consoles. Then VMAT
treatment plans were evaluated using Octavius*® phantom
with VeriSoft® verification software. Figure 2 illustrates the
measurement set-up geometry for this study. The doses of
Octavius measurement were compared with the TPS calculated
planar doses using gamma comparison with criteria of 3% dose
difference and 3 mm distance to agreement (3%/3mm). The
gamma passing rate between LINAC 1 and LINAC 2 was
compared as a percentage of difference, and a statistically
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Figure 2. Geometry of measurement.
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significant difference for gamma passing rates of Octavius
measurements between LINAC 1 and LINAC 2 was analyzed
using paired sample t-test at a 95% confidence interval (Cl).

Results

Depth dose, beam profile, and output factors between
LINAC 1 and LINAC 2 were comparable, as depicted in
Table 1-3. More dosimetric parameters of photon and electron
were reported in our previous study.'? In this study, we
extended the evaluation for clinical data of patients under-

105

Average gamma passing rates of LINAC 1 and LINAC
2 were 96.2+0.8% and 96.3+0.8%, respectively, as shown
in Table 5. In addition, there was no statistically significant
difference in the gamma passing rates between LINAC 1
and LINAC 2 (p-value = 0.094).

Table 5 Comparison of mean gamma passing rate and
standard deviation (SD), and paired sample t-test
analysis between LINAC 1 and LINAC 2.

Mean gamma passing rate

going VMAT plans. In Figure 3, the gamma passing rates Regions (%) £ SD
of Octavius measurements on two beam-matched LINACs LINAC 1 LINAC 2
higher than 95% with 3%/3 iteria in all
were higher than 95% with 3%/3mm gamma criteria in a Head and Neck (n=10)  96.6£0.9 96.6£0.9
patients.
Thorax (n=10) 96.0+0.8 96.2 +0.8
0 Pelvis (n=10) 96.0+0.7 96.1+0.9
Total (n=30) 96.2+0.8 96.3+0.8
og | 1 ttest(pvalue) 0.094
;\-o\ o
;’ -1 |
B 1 ' Discussion
o 97 r 1
% After beam matching, LINAC 1 and LINAC 2 in our
= center have similar beam energies for photon and electron
é % r | 1 beams.”? For advanced techniques, the clinical implementation
< | | . . . .
] \ | of beam matching should be more intensively considered
| J
95 |- R I ] for reducing the dosimetric error in patient dose delivery.
The dosimetric analysis of the VMAT plan of head and neck,
thorax, and pelvis swapped between two machines are
94 : '

LINAC 1 (3%/3mm) LINAC 2 (3%/3mm)

Figure 3. Distributions of the average gamma passing rate of VMAT plans
delivered on two beam matched LINACs.

Percentage differences of gamma passing rate between
LINAC 1 and LINAC 2 for thirty cases are demonstrated in
Figure 4. The differences were within 1.1%. However, most
of the gamma passing rates obtained from LINAC 2 were
higher than those values obtained from LINAC 1, as illustrated
by the positive percentage difference.
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Figure 4. Distributions of the percentage difference of gamma passing
rate between 2 LINACS for thirty cases.

30

well within clinical acceptable. In addition, the evaluation
of beam matching with patient-specific quality assurance
using Octavious dosimeter was a good agreement for all cases.
Therefore, interchanging VMAT patients between two
beam-matched LINACs without re-planning VMAT plans to
manage the machine downtime could be acceptable. The
mean gamma passing rate for each region was comparable
between LINAC 1 and LINAC 2. The highest difference was
found in case number 22 for the pelvic region, with a
percentage difference of 1%, as shown in Figure 4.

In Table 5, mean gamma passing rate of LINAC 2 was
slightly higher than LINAC 1. One of the reasons for these
results might be affected by the time of beam tuning. Since
the LINAC 2 was the newer machine tuned using the dosimetric
data from LINAC 1, the commissioning data was transferred
to a treatment planning system and used to model the
VMAT plans in this study. Therefore, the newer machine
might be closed to the treatment planning data, resulting
in good agreement between TPS and measurement. However,
the difference data might be due to the daily output variation
of the machines. The clinical results in this study confirmed
the finding from previous publications that beam-matched
LINACS are undoubtedly possible.®* However, regular quality
assurance should be performed for evaluating the matched
beam LINACS.

In this study, a quantitative evaluation of beam matching
of two LINACs in terms of identical model and brand was
performed for the Elekta machines. This methodology has
advantages over our preliminary study of beam matching
using dosimetric parameters such as depth doses, beam
profiles, and output factors.*? To improve the clinical workflow
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and maintain high patient throughputs when interchange
patients among beam-matched LINACs, the dosimetric
accuracy of VMAT plans was evaluated based on 3%/3mm
criteria according to the protocol used in our center. However,
the difference in gamma passing rate criteria was not taken
into account for the dosimetric accuracy evaluation. This
was a limitation of this study. According to the update
report published by AAPM TG-218, using y3%/2mm is
recommended for the appropriate criteria.'* Therefore,
the evaluation in other gamma passing rate criteria should
be performed for further study.

Field sizes used in this study were limited from
medium (5x5 cm?) to large (30x30 cm?) field sizes. Smaller
field sizes (less than 5x5 cm?2) which are widely used in
advanced techniques such as VMAT and stereotactic
radiosurgery, were not included in the depth dose and
beam profiles. In addition, output factors were conducted
in field sizes larger than 2x2 cm2. Munoz L et al. recently
performed the small field dosimetry in beam-matched
LINACS.? They found that the beams were matched for large
field size and still matched down to field size 1x1 cm?. For
regular quality assurance for beam-matched LINACS, the
assessment in a small field size should be incorporated.
Moreover, treatment plan parameters comparison such
as Planning Target Volume (PTV), body, and organ at risk
(OAR) doses should be incorporated in order to confirm
the clinical significance of beam matching in both LINACs.

Conclusion

Beam-matched LINACs show good agreement between
measurements and TPS calculations for VMAT plans. In
addition, slight differences in gamma passing rates between
two LINACs prove the viability of interchanging VMAT patients
between two beam-matched LINACs without re-planning
VMAT plans to manage the machine downtime. However,
these measurements should be frequently measured/re-checked
and compared between LINAC systems in a part of hospital
quality assurance programs, especially when interchange
occurs.
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Article history: Background: Biomaterials that contain mechanical and biochemical properties
Received 15 July 2021 similar to neural tissue will provide the environment that support neuronal survival
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Objectives: This study assessed the effects of three gelatin-based biomaterials on

Keywords: gene expression of primary human gingival fibroblasts.

Nano-hydroxyapatite, pig brain extract,

pro-neuroinflammatory gene expression, ~ Materials and methods: Human gingival cells were cultured on 3 types of biomaterials;

transcriptome, ECM remodeling 10% gelatin, 10% gelatin with hydroxyapatite and 10% gelatin with hydroxyapatite
and pig’s brain extract. These biomaterials were used in cell culture to investigate
that they could support long-term culture of adult somatic cells like human gingival
cell or not.

Results: Human gingival cells were cultured on biomaterials for 21 days then, RNA
sequencing showed up-regulation of 259 genes and down regulation of 210 gene
in human gingiva cells cultured on Gel+HA+Brain compared to cells on tissue
culture plates. RNA sequencing showed up-regulation of antioxidant genes,
solute-carrier gene (SLC) superfamily, histone and cell cycle gene. Down-regulation
of ECM and cytoskeletal protein were observed. The further study by reverse transcription
real time — PCR was performed to confirm the result of Kif4, Tuj1, OCN, ACAN and
VCAN gene expression in human gingival cells. Moreover, some neuronal related
genes in human gingiva cells cultured on Gel+HA+Brain compared to cells on
tissue culture plates were detected.

Conclusion: The biomaterials (Gel+HA+Brain) affected gene expression in many
aspects at 21 days culture. It was possible that 10% gelatin with nano-hydroxyapatite
and pig’s brain extract could be used to support cell differentiation of the human
gingival cells. In conclusion simple fabrication of the biomaterial from 10% gelatin
with nano-hydroxyapatite and pig’s brain extract could be used for modulation of
gene expression in adult somatic cells.
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Introduction

Clinically, gingival tissue is easy to collect by biopsy
thus it is feasible to isolate cells from gingival tissue based
on their highly proliferative nature.! The gingival tissues
were containing mesenchymal stem cells (GMSCs). Around
90% of GMSCs are derived from cranial neural crest cells
(CNCC) and 10% from the mesoderm.! GMSCs show remarkable
tissue reparative and regenerative potential.? Human GMSCs
showed the ability of differentiation into neuronal lineages
make it a promising tissue construct for translational application.
Recently, there has been an emergence of research groups
offering new concepts focused on using human gingival cells
to treat neurodegenerative disorders.®> Moreover, human
gingiva-derived mesenchymal stem cells (GMSC) have shown
anti-inflammatory and immunomodulatory effects on modulating
inflammatory monocytes/macrophages and alleviating
atherosclerosis.* However, in the present study, there was
no attempt to isolate stem cells because this study aimed
to test the supportive role of the fabricated biomaterial
before moving on to the bioinductive role in the future.
Human gingival cells from healthy gingival tissue without
inflammation were used in this study.

Biomaterials that contain mechanical and biochemical
properties similar to neural tissue will provide the environment
that support neuronal survival and development.® Previous
studies by Kantawong et al. indicated that biomaterials
produced from 10% gelatin, nano-hydroxyapatite and pig
brain extract (Gel+Ha+Brain) enhanced increase expression of
reprogramming factor KIf4 and transcription factor (Nfia,
Nfib and Ptbp) in NIH/3T3 at 9 days culture, which indicated
the possibility of astrocytic phenotype.®

This study assessed the effects of three gelatin-based
biomaterials on gene expression of primary human gingival
fibroblasts. The biological evidence supporting the use of
hydroxyapatite for neuronal differentiation was previously
presented®’ and the study of Lambrichts et al. also indicated
that hydroxyapatite scaffolds containing peptide hydrogels
enhanced blood vessel ingrowth.®

In the present study, human gingiva cells cultured on
10% gelatin with nano-hydroxyapatite and pig’s brain extract
were subjected for the further investigation by RNA sequencing
(Next-Gen sequencing, lllumina) to observe change in global
gene expression for predicting and validating roles of
biomaterials in regulatory mechanisms underlying human
gingival cell development.

Materials and methods

Brain extract

Brain extract preparation was modified from the
previous study. ¢ Pig brain was purchased from local market
and preserved in frozen condition before use. Frozen pig
brain was thawed at room temperature then 100 grams of
pig brain was washed in sterile water before blending in a
blender with 100 mL of sterile phosphate buffer saline (PBS)
containing 1% Pen-Strep using liquidify mode for 1 min,
then the liquidified brain was poured into 50 mL centrifuge
tube and spun at 2,500 rpm for 10 min in the centrifuge
(KUBOTA Model 5200). The supernatant was discarded and
the white brain precipitant was kept at -20 °C until used.

Biomaterial preparation

Biomaterial preparation was modified from the previous
study.® Gelatin (10% w/v) in distilled water was incubated
in water bath 50 °C for 45 min until gelatin was dissolved.
Then gelatin solution was stirred at 50 °C for 30 min. For
Gel+HA, the gelatin solution was stirred for 15 min at room
temperature before adding 100 mg of nano-hydroxyapatite
and continued stirring for 30 min. For Gel+HA+Brain, add
1 mL of brain extract together with 100 mg HA then 25%
glutaraldehyde 5-6 uL/mL was added and mixed with each
type of gelatin solution before pouring into 6-well plate. The
biomaterial was prepared well-by-well using 2 mL of solution
per well. The solution was left overnight then polymerized
gelatin was washed with sterile distilled water three times
for 30 min each. After that polymerized gelatin was soaked
in sterile distilled water overnight. Water was discarded and
polymerized gelatin was then gently tapped on tissue paper
to absorb the rest of water on surface of gelatin. Polymerized
materials (Figure 1S) were frozen at -20 °C before freeze
drying was performed in the lyophilizer (LYOLAB; LYOPHILI-
ZATION SYSTEMS, INC, USA) at 9 mTorr with condenser
temperature 84.1 °C for 24 hr.

Preconditioning of biomaterials

Biomaterials were immerged in 70% ethanol for 30 min.
After 70% ethanol was discarded, biomaterials were immerged
in sterile water for 30 min 3 times. Complete DMEM (3 mL)
was added to each biomaterial and incubated in 5% CO,
incubator at 37 °C for at least 24 hr. Then the biomaterials
were ready for cell culture.

Human gingival cells culture

Ethical approval by the Ethics Committee of the Faculty
of Dentistry, Chiang Mai University (21.1/2018), was obtained
for the study of human gingival cells. Human gingiva tissue
was rinsed in sterile phosphate-buffered saline and transferred
to a Petri dish containing DMEM. The tissue was minced with
a scalpel. The obtained suspension of tissue fragments and
gingival cells were condensed by centrifugation (200 x g
for 5 min). The resuspended pellet was placed in a tissue
culture flask with culture medium (DMEM) containing 10%
FCS penicillin/streptomycin. A monolayer culture was incubated
at 37°C in an incubator containing 5% CO,. The medium was
renewed every 2 days. The human gingival cells were confluent
after 5-7 days of culture. The human gingival cells were
seeded onto each type of preconditioned biomaterials at
the density 1x10° cells per gel. The cells were cultured in
an incubator with 5% CO, at 37 °C, medium was changed
every 5-7 days until 3 weeks.

Sample preparation and RNA sequencing

Human gingival cells (1x10° cells per gel) were grown
in tissue culture plate and Gel+HA+Brain for 21 days. Total
RNAs were purified by NucleoSpin RNA isolation kit. The
total RNA was collected from 42 gelatin biomaterials
(7 plates of 6-well plate) and pooled together. The purity of
the RNA preparations was qualified by nanodrops and gel
electrophoresis as shown in supplementary data (Figure 2S).
Transcriptome sequencing was performed using a service
from Next Gen with the lllumina platform. Sequencing data
processing. Reads are mapped to human reference genome.
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Cell staining

Cell morphology was obtained by staining the cells
with Alcian blue and Coomassie blue R. Briefly, the cells
were fixed with 4% formaldehyde for 5-10 min and stained
with 0.5% Alcian blue for 5 min. The stain was removed
and the cells were rinsed with tap water before visualizing
under an inverted microscope (Nikon ECLIPSE TS 100).

Real-time PCR

RNA extraction was performed using Nucleospin
(MACHEREY-NAGEL) and cDNA synthesis was performed
using ReverTra Ace cDNA synthesis kit (Toyobo) following
the protocols of manufacturers. cDNA sample was diluted
to the desired dilution, then 4.0 pL of the cDNA was mixed
with SYBR Green Mastermix (Bioline) and the primer at a
final concentration of 0.25 uM in the total volume of 10 pL.
Real time-PCR was performed in LightCycler® 480. The PCR
program contain 3 steps: (1) Pre-incubation step at 95 °C
for 2 min (2) PCR step (denature at 95 °C, annealing at
60 °C and extension at 72 °C) for 40 cycles. (3) Melting curve
analysis was performed at 95, 65 and 97 °C. The exper-
iments were repeated at least 3 times. Target genes were
normalized with reference genes GAPDH and 18s rRNA
using LightCyCler 4.0 software. Sequences of primers used
in real-time PCR were shown in Table 1S.

Statistical analysis

For real-time PCR, three independent assays were
performed. The fold change of gene expression in Gel+HA
and Gel+HA+Brain was compared with Gel using independent

t-test by SPSS 17.0 software. The statistical significance was
determined at p<0.05.

Results

RNA sequencing

Differential gene expression found 259 genes
up-regulation and 210 genes down-regulation in human
gingival cells cultured on Gel+HA+Brain compared to those
cultured on tissue culture plate (Figure 1).

Test vs Control

DEGs (469 )
* up: 259
+ down: 210

~logso(aval)

log,(fold change)

Figure 1. Volcano plots showed differential gene expression between human
gingival cells cultured on tissue culture plate (Control) and human
gingival cells cultured on 10% gelatin with nano-hydroxyapatite
and pig brain extract for 3 weeks (Test) with an adjusted P value
of < 0.01. Genes with log 2-fold change >1 were highlighted in
red while genes with log 2 fold-change <1 were highlighted in
green.

Table 1 Expression cytoskeletal proteins, ECM proteins and receptor-related proteins.

Genes log2.Fold change* Note

Collagen, type XII -1.9662 A component of human skeletal muscle

Collagen, type XI -2.1506 Broadly distributed in articular cartilage, testis, trachea, tendons,
trabecular bone, skeletal muscle, placenta, lung, and the neoepi-
thelium of the brain

Collagen, type XIV -2.4678 Skin, tendon, cornea, and articular cartilage

Collagen, type IV -2.7612 Found in the skin within the basement membrane zone

Collagen, type XV -2.9963 Located in the basement membrane zones of microvessels
and cardiac or skeletal myocytes

Collagen, type V -3.0496 Bone matrix; corneal stroma; and the interstitial matrix of muscles,
liver, lungs, and placenta

Laminin, alpha 1 -1.7556 Extracellular matrix glycoprotein

Fibulin 1 -2.8291 Elastic fiber—associated protein

Hyaluronan and proteoglycan -1.8867 A key molecule in the formation and control of hyaluronan-based

link protein 1 condensed perineuronal matrix in the adult brain

Versican -1.5414 Extracellular matrix (ECM) component

Biglycan -1.8302 Extracellular space proteins

Podocan -1.8867 Extracellular space proteins

Aggrecan -2.1317 Major proteoglycan component of the extracellular matrix in the
growth plate and articular cartilage

Fibronectin -1.8995 Extracellular matrix glycoprotein

Tenascin C -1.9473 Extracellular matrix glycoprotein
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Table 1 Expression cytoskeletal proteins, ECM proteins and receptor-related proteins. (continues)

Genes log2.Fold change* Note

Nidogen 2 -1.0058 Basement membrane glycoprotein

Elastin -3.2948 Extracellular matrix protein

Integrin, alpha 6 -1.0029 Transmembrane glycoproteins

Integrin, alpha 11 -1.5099 Transmembrane glycoproteins

Integrin, alpha 8 -1.7528 Transmembrane glycoproteins

Integrin, alpha 4 -1.9703 Transmembrane glycoproteins

Integrin, alpha 10 -2.9821 Transmembrane glycoproteins

Integrin, alpha 7 -3.6994 Transmembrane glycoproteins

Calponin 1 -1.0096 Actin-binding protein

Spectrin -1.0127 Actin-bundling and membrane-anchoring proteins

Cadherin 13 -2.3413 Cell adhesion molecules

Tensin 1 -2.1974 Cytoplasmic phosphoprotein that localized to integrin-mediated
focal adhesions

Matrix-remodeling associated 5 -1.3526 Secreted extracellular protein

Matrix metallopeptidase 10 -6.4405 Played roles in macrophage inflammation

Matrix metallopeptidase 14 1.2899 Transmembrane-type MMP, digests the triple helical portions of
interstitial collagen types |, Il, and Il and other ECM components,
including fibronectin, laminin, aggrecan, and gelatin

Matrix metallopeptidase 15 2.0475 Transmembrane-type MMP, digests fibronectin, tenascin, nidogen,
aggrecan, perlecan, and laminin

Matrix metallopeptidase 3 2.4599 Progelatinase; involved in joint destruction in rheumatoid arthritis

Matrix metallopeptidase 7 5.768 Expressed in endothelial cells, cardiomyocytes, and macrophages

Nestin -1.0175 Intermediate filament

Actin filament associated -1.1859 Cytoskeletal associated protein

protein 1

Actin, alpha 2 -1.7938 Cytoskeletal protein

Actin, gamma 2, smooth -3.934 Cytoskeletal protein

muscle

Myosin ID -1.4094 Actin motor protein

Myosin X -1.4293 Actin motor protein

Myosin, heavy chain 11 -5.524 Actin motor protein

Microtubule-associated -1.2792 Cytoskeletal associated protein

protein 1B

TPX2, microtubule-associated -1.8495 Cytoskeletal protein

Anillin -2.0966 Cctin binding protein

Kinesin family member 11 -2.0579 Motor proteins

Calponin 1 -1.0096 Calponin is an actin filament-associated regulatory protein

Lamin B2 -1.2096 Type V intermediate filaments

Syntrophin, beta 1 -1.1385 Role in cytoskeletal organization

Keratin 19 -2.6364 Low-molecular-weight cytoskeletal protein

Note: *adjusted p<0.001
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Table 2 Increased expression of antioxidant genes.

111

Antioxidant protein log2.Fold change* Gene expression
Thioredoxin reductase 1 1.1221 increased
Glutathione peroxidase 3 1.3424 increased
Thioredoxin 1.4955 increased
Microsomal glutathione S-transferase 1 1.9204 increased
Oxidative stress induced growth inhibitor family member 2 2.0575 increased
Heme oxygenase (decycling) 1 1.1758 increased
Note: *adjusted p<0.001
Table 3 Increased expression of histone and cell cycle-related genes.
Histone log2.Fold change* Gene expression
H2A histone family, member Y2 1.2871 increased
Histone cluster 1, H2ac 1.8861 increased
Histone cluster 1, H2bk 1.9536 increased
Histone cluster 2, H2be 2.3063 increased
Histone cluster 1, H1c 2.4874 increased
Cyclin-dependent kinase inhibitor 1A (CDKN1A) 1.4043 increased
Cyclin L1 1.59 increased
Cyclin-dependent kinase inhibitor 2B (CDKN2B) 1.6196 increased
Cyclin D2 2.9397 increased
Regulator of cell cycle 1.2656 increased

Note: *adjusted p<0.001

Table 4 Expression of genes related to neuronal function.

Gene log2.Fold change* Note
1. Neural proliferation and differen- 1.0051 Control neural proliferation and differentiation !
tiation control protein-1 (NPDC-1)
2. Solute carrier family 6 (neurotrans- 1.0865 GABA transporter 213
mitter transporter) (SLC6A8)
3. Leucine rich repeat neuronal 3 1.6603 Brain development ** and the synaptic connection *
(LRRN3)
4. Neuromedin B (NMB) 1.7012 Neuropeptide found in the pituitary, gastrointestinal tract
and the central nervous system ¢
5. CD44 molecule (CD44) 1.0214 Surface markers of neural lineage v’
6. GABA(A) receptor-associated protein 1.082 Maintaining normal autophagic flux &1
like 1 (GABARAPL1)
7. Amyloid beta (A4) precursor-like 1.0749 Upregulated during postnatal development coinciding with
protein 1 (APLP1) synaptogenesis %
8. Semaphorin3C (SEMA3C) 1.2086 Growth of axon in dopamine neuron
9. B-cell translocation gene 2 (Btg2) 2.5507 Played important roles in cholinergic neuronal differentiation
of BMSCs 2
10. Transmembrane protein 132A 2.3203 Considered as novel IG domain containing proteins of the
(TMEM132A) CNS 23
11. Transient receptor potential 1.551 Played roles in matrix homeostasis and inflammation *
ankyrin 1 (TRAP1)
12. Activating transcription factor 3 2.0147 CNS inflammatory responses %
(ATF3)
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Table 4 Expression of genes related to neuronal function. (continues)

13. Prostaglandin D2 synthase 21kDa 4.093 Catalyzes the conversion of prostaglandin H2 (PGH2)
(brain) (PTGDS) to postaglandin D2 (PGD2). PGD2 functions as a neuromodula-

tor as well as a trophic factor in the central nervous system 2¢

14. Inhibitory synaptic factor 1 (INSYN1) 1.5057 Dampen neuronal activity through postsynaptic hyperpolar-
ization %7

15. Synuclein alpha (SNCA) 1.2324 Neuronal protein that plays several roles in synaptic activity
such as regulation of synaptic vesicle trafficking and subsequent
neurotransmitter release %

16. Neuronal pentraxin receptor (NPTXR) 1.0894 Synapse formation 2%3°

17. Neuronal pentraxin 1 (NPTX1) 1.000 Synapse formation %

Note: *adjusted p<0.001

KEGG pathway & GO analysis

KEGG pathway analysis in human gingival cells cultured
on Gel+HA+Brain compared to those on tissue culture
plate were shown in Table 4S. The most significant KEGG
pathway was lysosome (hsa04142) which might relate to
ECM remodeling/degradation. Gene-ontology (GO) compared
between human gingival cells cultured on Gel+HA+Brain
and normal control was shown in Figure 2. No significant
GO term was down-regulated and 11 GO terms was signif-
icantly up-regulated. The most significant GO terms were

chemokine activity and chemokine receptor binding which
related to up-regulation of increase expression of chemokines
and cytokines was presented in Table 3S. Every biomaterial
was carefully observed under the microscope and no
microorganism infection was found. The researchers
confidently believed that up regulation of all chemokines
and cytokines (CXCL1, CXCL5, CXCL14, CXCL10, CCL2, CXCL3,
CXCL6, CX3CL1 and CXCL2) was the response of cells to
biomaterials.
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Figure 2. GO enrichment of genes that were upregulated after cultivation on 10% gelatin with nano-hydroxyapatite and pig brain extract for 3 weeks. Vertical
axis: GO terms, Horizontal axis: number of the differentially expressed genes annotated in the GO term. Total 11 GO terms were significantly
up-regulated (p<0.05). No GO term was significantly down-regulated.

Cells staining

Human gingival cells were seeded on top of the
biomaterials and penetrated into hydrogel. Human gingival
cells appeared healthy and elongated on Gel+HA+Bain
compared to cells cultured on tissue culture plate (Figure 3).

Positive Alcian blue staining in human gingival cells was
concordant with the differential gene expression that showed
up-regulation of lumican (2.2299 folds) and tsukushi (1.6405
folds); small leucine rich proteoglycans. The images of human
gingival cells indicated non-infection with any microorganism.
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Figure 3. Alcian blue staining. A: human gingival cells cultured on tissue culture plate for 3 weeks, B: human gingival cells cultured on 10% gelatin with

nano-hydroxyapatite and pig brain extract for 3 weeks.

Human gingival cells gene expression by real-time PCR
Figure 4 showed increased expression of KIf4 gene

and decreased expression of 8llI-tubulin (Tuj1), aggrecan

(ACAN), versican (VCAN) and osteocalcin (OCN) using RT-PCR

technique. The results of KIf4, ACAN and VCAN were
correlated to the result from RNA sequencing that presented
up-regulation of KIf4 transcription factor and decreased
ECM-cytoskeletal protein and proteoglycans.

4.5

3.5

Fold-change expression
[3%]
w

0

control Kif4 OCN

tju-1  ACAN  VCAN

Figure 4. Increased expression of KIf4 gene and decreased expression of 8llI-tubulin (Tuj1), aggrecan (ACAN), versican (VCAN) and osteocalcin (OCN) when

the expression of each gene in the control group was set as 1.

Effect of nano-hydroxyapatite and pig brain extract

The comparison between each type of gelatin
biomaterial was investigated to observe the effect of the
addition of nano-hydroxyapatite and pig brain extract into
gelatin. Since some neuronal related gene were detected
in RNA sequencing so some neural-specific genes like Glial
fibrillary acidic protein (GFAP), Neurofilament light polypeptide
(NFL), 8llI-tubulin (Tuj1), Microtubule associated protein2
(MAP2) and CD44 were analyzed by real-time PCR. The
expression of MAP2 and CD44 were changed. The level of
MAP2 gene expression in human gingival cells cultured
in Gel+HA was 1.92 folds compared to plain 10% gelatin
and not statistically significant (p=0.224587). The level of

MAP2 gene expression in human gingival cells cultured in
Gel+HA+Brain was 10.7 folds compared to plain 10% gelatin
and not statistically significant (p=0.136431) (Figure 5A).
CD44 gene expression was 1.57 folds and not significantly
increased in human gingival cells cultured in Gel+HA
compared to plain 10% gelatin (p=0.113239). The level of
CD44 gene expression in human gingival cells cultured in
Gel+HA+Brain was 1.6 folds and not statistically significant
compared to plain 10% gelatin (p=0.241992) (Figure 5B).
The expression of Tujl gene was decreased in human
gingival cells cultured on Gel+HA+Brain without statistically
significant (Figure 3S). The expression of GFAP and NFL
genes were not detected.
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Figure 5. Human gingival cells cultured on Gel+HA and Gel+HA+Brain showed up-regulation of MAP2 (A) and CD44 genes without statistically significance

compared to 10% gelatin (B).

Discussion

In the first step, the researchers aimed to screen for
the impact of biomaterial compared with conventional
tissue culture plate using RNA sequencing. In the next step,
the researchers investigated the effects of the add up
components such as nano-hydroxyapatite and pig brain
extract.

Human gingival cells culture on Gel+HA+Brain presented
dramatically change of transcriptome compared to human
gingival cells cultured on tissue culture plate using RNA
sequencing. The expression of antioxidant protein in Table 2
indicated that the cells were protecting themselves from
oxidative stress and trying to survive. Increased expression of
thioredoxin reductase 1 helped to maintain the sufficient
amount of reduced thioredoxin for oxidative stress resistance.>- *
Microsomal glutathione S-transferase 1 protected the intracellular
macromolecules from reactive electrophiles by accelerating
the conjugation of glutathione with electrophilic compounds.®
Glutathione peroxidase 3 in combination with reduced
glutathione eliminated hydrogen peroxide in cells.3*

Expression of histone genes and cell cycle-related
genes were shown in Table 3. Histone gene expression
dramatically occurs during the synthetic (S) phase of the
eukaryotic cell cycle.®® Increase chromatin during S phase
occurs in DNA replication.*® Somehow, increased histone
expression might be related to increased lifespan and slowing
the aging process of cells.*” Gene that involved with self-re-
newal such as histone H2A.2, KLF2, KLF4, NKX3-1 were also
up-regulated in this study. Increased expression of the cell
cycle proteins was also shown in Table 3. The regulator of
cell cycle was associated with stimulation of cell cycle
progression. The CDKN1A or p21 was related to cell growth,
cell differentiation and apoptosis. In addition, p21 plays an
important role in the cell cycle arrest at G1/S checkpoint.3®
When the expression of CDKN1A was suppressed, increases
the cell division was occurred.* CDKN2B maintained the cells
in a state of growth-arrested premalignant state.*® The
expression of Cyclin D2 related to self-renewal properties

that controlled stem cells to differentiate without becoming
cancer cells.** Down-regulation of CDC20 and centrosome
proteins were detected. CDC20 is important as spindle
assembly checkpoint protein and a key component of the
mammalian cell cycle mechanism that activates the
anaphase-promoting complex.*? Some centrosomal proteins
were down-regulated during DNA synthesis.*

Most of the top upregulated KEGG pathways was
lysosome (Table 4S). Lysosome activity helped to maintain
the youthfulness of cells.* Increased expression of lysosomal
protein could also be found in the neuronal development
because it reflected the increase degradation by lysosomal
pathway.* Key pro-inflammatory cytokines and chemokines
were upregulated in this study (Table 3S). A group of innate
immune cells that synthesized and secreted various cytokines
and chemokines were macrophages, neutrophils, mast cells,
eosinophils, dendritic cells, and epithelial cells.*® KEGG
phagosome had increased significantly. Normally, the phagosome
could be found in professional phagocytic cells, including
macrophage monocyte neutrophil and dendritic cell. Cells
engulfed certain substances that into cells such as amino
acid by phagocytosis.”’ It could be possible that the hydrogels
were in the biodegradable process and the cells engulfed
the degraded particles into cells because the KEGG pathway
showed decreased in ECM-receptor interaction and focal
adhesion.

Upregulation of some neural-related genes was found
i.e. leucine-rich repeat neuronal 3 (LRRN3) was relatively
specific gene expressed in brain. LRRN3 plays an important
role in brain development.® The expression of NPDC-1 was
very specific in the brain and controlled neural proliferation
and differentiation.® Increased expression of solute carrier
family 6 (neurotransmitter transporter) indicated that human
gingival cells were trying to develop into a functional neuron
because SLC6A8 acts as a GABA transporter.’? Semaphorin
3C (Sema3C) was secreted from nerve cells and had a stimulating
effect on the growth of axon in dopaminergic neurons.?
GABARAPL1 was highly expressed in the brain, and restricted
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to neurons which was required for maintaining normal
autophagic flux.’®* APLP1 were upregulated during postnatal
development coinciding with synaptogenesis.?’ Neuronal
pentraxin receptor was related to the synapse formation.?
B-cell translocation gene 2 (Btg2) played important roles in
cholinergic neuronal differentiation of BMSCs.?2 Down-reg-
ulation of Btg2 inhibited neurite outgrowth.*®* TMEM132
molecules were considered as novel immunoglobulin-like
domain containing proteins of the CNS23 which were important
for cell survival in regulating certain ER stress-related gene
expression in neuronal cells.* TRPA1 was predominantly
expressed in peripheral nerve terminals, dorsal root ganglia,
and central nerve terminals of primary sensory neurons in
the spinal dorsal horn. TRPA1 was up-regulated in developing
intervertebral disc and played roles in matrix homeostasis
and inflammation.?* Increase expression of solute-carrier
gene (SLC) superfamily SLC was involved in the uptake of small
molecules into cells such as amino acids, urea, nucleotide
sugars, vitamin, neurotransmitters and etc.>® Although the
neuronal-related genes were found, neuronal differentiation
could not be concluded. The gelation biomaterials used

in this study showed the supportive roles for cultivation
of adult somatic cells. The improvement of gelatin biomaterial
properties might be useful for the application in induction
of cell differentiation and the further study was continued
in our laboratory.

Conclusion

Human gingival cells cultured on 42 gelatin biomaterials
for 21 days showed increased oxidative stress protection
and cells were in S-phase of cell cycle. Decreased cell-ECM
interaction and ECM remodeling were occurred together
with expression of some neuronal-related genes but
neuronal-specific genes, GFAP and NFL, were not detected
by RT-PCR. Immunomodulation was presented by up-regulation
of chemokine and cytokine genes in human gingival cells
cultured on gelatin biomaterials without microorganism
infection under microscopic observation. This study aimed
to investigate the biocompatibility of biomaterial. However,
the physical properties such as pore size is very important
and should be study in the further study.
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Figure 6. Highlights of this study. Gelatin with hydroxyapatite and pig brain extract can be used in the modulation of somatic cells. Up-regulation of neuronal
and antioxidant genes were found upon cultivation on the scaffold. Decreased of genes related to ECM remodeling were occurred upon cultivation

on the scaffold.
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Supplementary data
Figure 1. Lyophilized biomaterials made from 10% gelatin, 1 mg/mL nano-hydroxyapatite and pig brain extract (Gel + Ha + Brain).
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Overall Results for sample 3 : JTR180115351 Overall Results for sample 4 : TR180115352
RNA Area: 150.3 RNA Area: 136.0
RNA Concentration: 119 ng/pl RNA Concentration: 108 ng/pl
rRNA Ratio [28s / 18s]: 0.9 rRNA Ratio [28s / 18s]: 2.0
RNA Integrity Number (RIN): 9 (B.02.08) RNA Integrity Number (RIN): 9.5 (B.02.08)
Result Flagging Color: Result Flagging Color:
Result Flagging Label: RIN:9 Result Flagging Label: RIN: 9.50
Fragment table for sample 3 : TR180115351 Fragment table for sample 4 : TR180115352
Name Start Time [s] End Time [s] Area % of total Area Name Start Time [s] End Time [s] Area % of total Area
188 40.09 42.77 30.2 20.1 18S 38.44 4253 25.1 18.5
288 47.58 50.60 26.0 17.3 28S 45.15 51.86 503  37.0

Figure 2S. RNA QC report showed no degradation of 28 srRNA. A: control group showed a degradation of 28 srRNA, B: cells cultured on hydrogel.
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Figure 3S. Expression of tju-1 gene was not significant between each type of biomaterials.

Table 1S Sequences of primers used in real-time PCR.

Target genes Primer sequences (5'->3')
1. KIf4 F: GAAATTCGCCCGCTCCGATGA
' R: CTGTGTGTTTGCGGTAGTGCC
F: CGCACGACATCTAGGACTGA
2. Blll-tubulin
R: TGAGGCCTCCTCTCACAAGT
F: AGCAGCGGCTCCACCATCGAGA
3. CD44
R: TCGGATCCATGAGTCACAGTG
F: CCAAGGAGTCTGATTGCAGGA
4. MAP2
R: CCTCAACCACAGCTCAAATGC
F: CTACGACGCCATCTGCTACA
5. ACAN
R: ACGAGGTCCTCACTGGTGAA
F: AACATTTTTCAGGTGGTGAG
6. VCAN
R: GATGCAGAACTTGGAACTAT
7 OCN F: GGACAGCCAGGACTCCATTG
' R: TGTGGGGACAACTGGAGTGAA
F: GGCCCTGTAATTGGAATGAGTC
8. 185 rRNA
R: CCAAGATCCAACTACGAGCTT
F: AAATCCCATCACCATCTTCCAGGAGC
9. GAPDH (Glyceraldehyde 3-phosphate dehydrogenase)
R: CATGGTTCACACCCATGACGAACA
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Table 2S Solute-carrier gene (SLC) superfamily.

SLC gene superfamily I::azr.‘l;t:lf Note Function
1. Solute carrier family 6 1.0865 increased | Na*- and Cl'-dependent neurotransmitter symporter family
2. solute carrier family 3 1.1069 increased | Heavy subunits of the heteromeric amino acid transporters
3. Solute carrier family 11 1.3954 increased | Proton-coupled metal ion transporter family
4. solute carrier family 40 1.5438 increased | Basolateral iron transporter family
5. Solute carrier family 7 1.6839 increased | Cationic amino acid transporter/glycoprotein- associated amino
acid transporter family
6. Solute carrier family 25 1.7743 increased | Mitochondrial carrier family
7. Solute carrier family 43 1.8382 increased | Na+-independent system-L-like amino acid transporter family
8. Solute carrier family 12 2.5553 increased | Electroneutral cation/Cl- co-transporter family
9. Solute carrier family 39 2.7085 increased | Metal (M5,*) ion transporter family
10. Solute carrier family 16 3.6315 increased | Monocarboxylate transporter family

* adjusted p<0.001

Table 3S Key pro-inflammatory cytokines and chemokines.

Gene IogZ.FoIti_ Function
change
1 Chemokine (C-X-C motif) 7.1949 Chemokine which recruits and activates leukocytes
ligand 5 (CXCL5)
2. Chemokine (C-X-C motif) 6.4068 Plays a role in inflammation and acts as a chemoattractant for neutrophils
ligand 1 (CXCL1)
3. Interleukin 8 (IL8) 6.2294 A major mediator of the inflammatory response serves as a chemotactic
factor by guiding the neutrophils to the site of infection
Direct regulation of adaptive T cell reactivity
4. Chemokine (C-X-C motif) 5.7015 Chemotactic for neutrophils and elevated expression of CXCL2 is associated
ligand 2 (CXCL2) with many inflammatory and autoimmune diseases
5. Chemokine (C-X3-C motif) 5.3254 A membrane-bound chemokine
ligand 1 (CX3CL1) Has a dual function as an adhesion molecule and a chemoattractant
A neuronal cytokine that acts on microglial CX3CR1 receptor involved in the
maturation of GABAergic synapses
6.16 (IL6) 5.2299 Cytokine that functions in inflammation and the maturation of B cells
7. Complement component 5.2134 Plays a central role in the activation of complement system
3(C3)
8. Chemokine (C-X-C motif) 5.0382 Chemokine expressed by macrophages and epithelial and mesenchymal
ligand 6 (CXCL6) cells during inflammation
9. Chemokine (C-X-C motif) 5.0317 Plays a role in inflammation and acts as a chemoattractant for neutrophils
ligand 3 (CXCL3)
10. Tumor necrosis factor, 4.3074 Inhibit NF-kappa B activation as well as TNF-mediated apoptosis
alpha-induced protein 3
(TNFAIP3)
11. Chemokine (C-C motif) 4.174 Displays chemotactic activity for monocytes and basophils but not for
ligand 2 (CCL2) neutrophils or eosinophils
12. Chemokine (C-X-C motif) 4.1312 Stimulation of monocytes, natural killer and T-cell migration, and modulation
ligand 10 (CXCL10) of adhesion molecule expression
13. Prostaglandin D2 4.093 Catalyzes the conversion of prostaglandin H2 (PGH2) to postaglandin D2
synthase 21kDa (brain) (PGD2).
(PTGDS) PGD2 functions as a neuromodulator as well as a trophic factor in the

central nervous system
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Table 3S Key pro-inflammatory cytokines and chemokines. (continues)

log2.Fold_

ulin domain (Ig) (SEMA3C)

Gene A Function
14. Intercellular adhesion 4.0847 Typically expressed on endothelial cells and cells of the immune system
molecule 1 (ICAM1)
15. Kynureninase (KYNU) 3.9303 Biosynthesis of NAD cofactors from tryptophan
16. Prostaglandin-endoperoxide 3.9002 Prostaglandin biosynthesis
synthase 2 (PTGS2 or
COX-2)
17. v-maf musculoaponeurotic 3.5467 Transcription factor that plays an important role in the regulation of
fibrosarcoma oncogene lineage-specific hematopoiesis
homolog B (MAFB)
18. Interleukin 32 (IL32) 3.3573
19. Tumor necrosis factor, 3.2914 Extracellular matrix stability and cell migration
alpha-induced protein 6
(TNFAIP6)
20. Nuclear factor of kappa 2.8315 Involved in inflammatory responses
light polypeptide gene
enhancer in B-cells inhibitor,
alpha (NFKBIA)
21. Interferon regulatory 2.7041 Involved in both innate and acquired immune responses
factor 1 (IRF1)
22. Retinoic acid receptor 2.6768 Chemotactic protein that initiates chemotaxis
responder 2 (RARRES2)
23. POU class 2 homeobox 2 2.5773 Transcriptional activator of immunoglobulin (Ig) in B lineage cells
(POU2F2)
24. BTG family, member 2 2.5507 Involved in the regulation of the G1/S transition of the cell cycle
(BTG2)
25. Interleukin-1 receptor-as- 2.4458 Participate in the IL1-induced upregulation of NF-kappaB
sociated kinase 2 (IRAK2)
26. Chemokine (C-X-C motif) 2.3953 Regulation of immune cell migration, also executes antimicrobial immunity
ligand 14 (CXCL14)
27. Major histocompatibility 2.2969 Express on most of the somatic cells in the body
complex, class I, B (HLA-B) Play a central role in the immune system by presenting peptides derived
from the endoplasmic reticulum lumen
Display peptides that result from the degradation of cytosolic proteins to T
lymphocytes and natural killer (NK) cells
28. Beta-2-microglobulin 1.1334 Serum protein found in association with the major histocompatibility
(B2M) complex (MHC) class | heavy chain on the surface of nearly all nucleated
cells
29. Interferon gamma receptor 1.1464 Non-ligand-binding beta chain of the gamma interferon receptor
2 (IFNGR2)
30. MHC class | polypeptide-re- 1.2047 A membrane-bound protein acting as a ligand to stimulate an activating
lated sequence A (MICA) receptor expressed on the surface of essentially all human natural killer
(NK), T and CD8(+) T cells
31. Sema domain, immunoglob- 1.2086 Soluble proteins that are well recognized for their role in guiding axonal

migration during neuronal development.

In the immune system, Sema3A has been shown to influence murine dendritic
cell (DC) migration by signaling through a neuropilin (NRP)-1/plexin-A1
coreceptor axis
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Table 3S Key pro-inflammatory cytokines and chemokines. (continues)

Gene IogZ.FoIt:_ Function
change
32. Major histocompatibility 1.2341 Express on most of the somatic cells in the body
complex, class I, C (HLA-C) Play a central role in the immune system by presenting peptides derived
from the endoplasmic reticulum lumen
Display peptides that result from the degradation of cytosolic proteins to T
lymphocytes and natural killer (NK) cells
33. Major histocompatibility 1.5698 Express on most of the somatic cells in the body
complex, class I, A (HLA-A) Play a central role in the immune system by presenting peptides derived
from the endoplasmic reticulum lumen
Display peptides that result from the degradation of cytosolic proteins to T
lymphocytes and natural killer (NK) cells
34. Interferon gamma receptor 1.5842 IFN-gamma and its receptor subunit, IFNGR1, in direct contact with the
1 (IFNGR1) promoter region of IFN-gamma-activated genes
* adjusted p<0.001
Table 4S KEGG pathway.
Corrected
E
KEGG up T Cell type
1. Lysosome (hsa04142) 7.34x10° | Any
2. TNF-signaling pathway (hsa04668) 2.53x10° | Any
3. Rheumatoid arthritis (hsa05323) 1.69 x 10° | Synovial macrophages
4. NOD-like receptor signaling pathway (hsa04621) 0.0022 Macrophages
Dendritic cells
Peripheral blood Leukocytes
Interstitial epithelial cells
Paneth cells
5. Legionellosis (hsa05134) 0.0068 Macrophages
Epithelial cells
6. Osteoclast differentiation (hsa04380) 0.0069 Bone marrow derived monocyte/macrophage
precursor cells
7. NF-kappa B signaling pathway (hsa04064) 0.0107 Any
8. Epithelial cell signaling in Helicobacter pylori infection 0.0172 Epithelial cells
(hsa05120)
9. Phagosome (hsa04145) 0.0206 Phagocytic cells
10. Chagas disease (American trypanosomiasis) (hsa05142) 0.0206 Macrophage
Fibroblast
Skeletal muscle cell
Cardiac muscle cell
11. Leishmaniasis (hsa05140) 0.0215 Macrophage
12. FoxO signaling pathway (hsa04068) 0.0385 Any
13. Salmonella infection (hsa05132) 0.0466 Interstitial epithelial and M cells
14. Tuberculosis (hsa05152) 0.0479 Macrophages
Dendritic cells
15. Pertussis (hsa05133) 0.0604 Phagocytic cells
16. Chemokine signaling pathway (hsa04062) 0.0653 Eosinophil
Neutrophil
Macrophages
T lymphocytes
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Table 4S KEGG pathway. (continues)

Corrected

KEGG up Al Cell type

17. ECM-receptor interaction (hsa04512) 0.000000195 | Any

18. Focal adhesion (hsa04510) 0.00000743 | Any

19. PI3K-Akt signaling pathway (hsa04151) 0.0000497 | Any

20. Arrhythmogenic right ventricular cardiomyopathy (ARVC) | 0.000650596 | Cardiac myocyte

(hsa05412)

21. Protein digestion and absorption (hsa04974) 0.001761442 | Small intestinal epithelial cell
22. Hypertrophic cardiomyopathy (HCM) (hsa05410) 0.006059177 | Cardiac myocyte

23. Dilated cardiomyopathy (hsa05414) 0.000423057 | Cardiac myocyte

24. Regulation of actin cytoskeleton (hsa04810) 0.022123169 | Any
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Article history: Background: Cuscuta japonica Choisy (Japanese dodder) is a well-known traditional

Received 17 July 2021 Chinese herbal medicine that has been used since ancient times as longevity and

Accepted as revised 26 August 2021 rejuvenation remedies, especially, in the southern part of China. The effects of this

Available online 26 August 2021 herb are widely known and can be applied for the treatment of a number of physiological

Keywords: diseases, but there is a lack of evidence describing its effects.

Cuscuta japonica Choisy, flavonoids;

phenolic acids, gene expression Objectives: This study focused on observing global change of gene expression after
long-term treatment with high dose of crude water extract from Cuscuta japonica
Choisy.

Materials and methods: In this research, dodder seeds were blended and boiled in
distilled water before freeze drying to preserve as dried powder. UHPLC-QTOF-MS/MS
was employed to test for important compounds in the extract of Cuscuta japonica
Choisy. The extract at the concentration of 250 pug/mL was tested with apical papilla
cells for 10 days to screen for change of gene expression by RNA sequencing before
confirmation with real-time PCR.

Results: UHPLC-QTOF-MS/MS result found glycosides, phenolic acids and flavonoids
as the main components in dodder seed water extract. Results from next-generation
sequencing showed that dodder seed water extract significantly altered expression
of 19 genes in apical papilla cells treated with the extract for 10 days (11 genes
were increased while 8 genes were decreased). RT-PCR result of CD36 and SCARA5
genes showed correlated results with RNA sequencing.

Conclusion: The active compounds found in dodder seed water extract were phenolic
acid, flavonoids, polysaccharide, lignan and volatile oil. The RNA sequencing studied
in apical papilla cells showed that dodder seed water extract affected only a few
genes that played roles in metabolism which correlated to the properties of this
herb that was described as supplementary in metabolic diseases.
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Introduction

Cuscuta chinensis, Cuscuta australis and Cuscuta japonica
Choisy were important species of Cuscutae Semen recorded
in Chinese Pharmacopoeia.! The Cuscuta chinensis Lam.,
Cuscuta japonica Choisy, and Cuscutae Semen seeds are
well-known traditional medicinal herbs, commonly used
for improving reproductive system, supporting liver and
kidney functions, reducing pain in joints and knees, and treating
pharyngitis.2 Cuscuta Semen is a crude drug prepared from
the seeds of Cuscuta chinensis Lam., and used as a tonic
liver and kidney. Nowadays, the seeds of Cuscuta australis
and Cuscuta japonica Choisy are used as substitutes for
Cuscuta chinensis , which is not readily available. Cuscuta
japonica is a unique parasitic plant widely distributed
in eastern Asian countries.? Extract of Cuscuta japonica
Choisy is a well-known traditional Chinese herbal medicine
that has been used since ancient times as longevity and
rejuvenation remedies, especially, in the southern part of
China. Effects of this herb are widely known and can
be applied for the treatment of a number of physiological
diseases, but there is a lack of evidence describing its effects.
However, few evidences have been elucidated as mechanisms
for the action of Cuscuta japonica Semen. The study by Moon
et al. demonstrated that Cuscuta japonica Choisy had an
enhancing effect on cognitive function and the histological
mechanisms that support this improvement in cognitive
function may be mediated by an increased level of neurogenesis
in the mouse hippocampus.* Mushroom Tyrosinase inhibitory
activity of Cuscuta japonica Choisy was presented by Suk
et al.®> The study of Jang et al indicated that aqueous fraction
from Cuscuta japonica seeds inhibited p38 MAPK phospho-
rylation with suppressed cAMP levels and subsequently
down-regulated MITF and TRP expression, which resulted
in a marked reduction of melanin synthesis and tyrosinase
activity in a-MSH-stimulated murine melanoma cells.® The
content of polysaccharide in Cuscuta japonica was high, which
has higher medical value.” Cuscuta chinensis polysaccharide
showed benefits on glucose-lipid metabolism in diabetic
rats induced by streptozotocin. Cuscuta chinesis plant was
effective in reduced blood glucose of type 1 diabetes mellitus
rats.® Cuscuta chinensis showed anti-obesity properties by
modulating hepatic arginase and nitric oxide production
and metabolic pathways related to hepatic triglyceride
metabolism.®

This study presented the simple method for crude
extraction by blending and boiling in water which still provided
the active components such as phenolic acids and flavonoids
that can be used for prevention of diseases. Most of the previous
studies employed solvent extractions which were not common
in daily life use. More over the effect of crude water extract on
global gene expression in primary cell culture was performed.

Apical papilla cells were used as a model for study
of gene expression in this study because they contained a
population of mesenchymal stem cells'® and other type of
cells!* which were easy to obtain from routine tooth
extraction. Apical papilla cells could be used to test for
global change of gene expression in according to the long-term
treatment with crude water extract from Cuscuta japonica
Choisy. In the parallel study, human gingival cells were

treated with 250 pg/mL Cuscutus japonica Choisy water
extract. The result from real-time PCR indicated that this
amount clearly regulated CD36 and SCARAS genes. We
followed the previous treatment protocol to observe these
2 genes with apical papilla cells.

Materials and methods

Preparation of dodder seeds water extracts

Dodder seeds were obtained from local trader in Sichuan
(Sichuan Shamgracy Pharmaceutical Co., LTD). Commercial
Cuscutae Semen was Cuscuta japonica Choisy as indicated
on the package (Figure 1). The voucher specimen of commercial
Cuscuta japonica Choisy from Sichuan was previously
identified by Prof. Yu-lin Lin (Institute of Medicinal Plant
Development (IMPLAD), Chinese Academy of Medical Science
and Peking Union Medical College) and deposited at the
herbarium of IMPLAD, Chinese Academy of Medical Sciences
and Peking Union Medical College. 1 Dried dodder seeds
amount of 200 grams were blended in a blender for 2 minutes
with 3,000 mL of distilled water before boiling for 5 minutes.
After that, the boiled solution was cooled down at 4 °C
overnight. The next day, the solution was filtered through
white gauze. The filtrate was aliquoted in lyophilized flasks
and frozen at -20 °C before lyophilized into powder for 7
days.

Figure 1. Cuscutae Semen. Seeds of Cuscuta japonica Choisy bought from
Sichuan Shamgracy Pharmaceutical Co., LTD.

UHPLC-QTOF-MS/MS analyses

The UHPLC analyses were carried out on an AB Sciex
ExionLC system (AB SCIEX, Foster City, CA, USA), equipped
with an ExionLC Solvent Delivery System, an ExionLC AD
Auto-sampler, an ExionLC AD Column oven, an ExionLC
Degasser, an ExionLC AD Pump, an ExionLC PDA Detector,
and an ExionLC Controller. Analytical column was a Shim-pack
XR-0ODSII column (2.0 mm i.d. x 75 mm). Column oven
temperature was set at 30 °C. The mobile phases consisted
of water containing 0.1% formic acid (solvent A) and
acetonitrile (solvent B). The flow rate was set at 0.3 mL/min.
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Binary gradient was applied with linear interpolation as
follows: 18.00 min, 45.0% B; 23.00 min, 100.0% B; 24.00
min, 100.0% B; 24.01 min, 5.0% B; 27.00 min, 5.0% B; The
UHPLC-QTOF-MS/MS detection was conducted on a Sciex
QTOFTM X500R system with a TurbolonSpray source both
in the positive and negative electrospray ion mode (AB
SCIEX, Foster City, CA, USA). Parameters of the electrospray
ionization applied in the positive mode are: ion spray voltage,
5500V; ion source temperature, 550 °C; curtain gas, 35 psi;
lon source gas 1 (GS 1), 55 psi; lon source gas 2 (GS 2),
55 psi; and declustering potential (DP), 50V. The mass
ranges were set at m/z 60-2000 Da for the TOF-MS scan and
50-2000 Da for the TOF MS/MS experiments. In IDA-MS/MS
experiment, the collision energy (CE) was set at 35 eV, and
the collision energy spread (CES) was 0 eV for the UHPLC-
QTOF-MS/MS detection. Parameters of electrospray
ionization applied in the negative mode are: ion spray voltage,
-4500V; ion source temperature, 550 °C; curtain gas, 35 psi;
lon source gas 1 (GS 1), 55 psi; lon source gas 2 (GS 2), 55 psi;
and declustering potential (DP), -80V. The mass ranges
were set at m/z 60-2000 Da for the TOF-MS scan and
50-2000 Da for the TOF MS/MS experiments. In the
IDA-MS/MS experiment, the collision energy (CE) was set
at -35 eV, and the collision energy spread (CES) was 0 eV
for the UHPLC-QTOF-MS/MS detection. The most intensive
10 ions from each TOF-MS scan were selected as MS/MS
fragmentation. Dynamic background subtraction (DBS) was
applied to match the information dependent acquisition
(IDA) tests for UHPLC-QTOF-MS/MS detection. The LC-MS/MS
data was analyzed using PeakView® 1.2 software (AB SCIEX,
Foster City, CA, USA).

Qualitative assay for glycosides by Molisch’s test

Dried dodder seed water extract was dissolved in
distilled water to the concentrations of 5000, 2500, 1250
and 625 pg/mL. Two mL of each concentration was prepared
in the test tube and 2 drops of Molisch’s reagent were
added and mixed. One mL of conc. sulfuric acid was slowly
overlayered without any mixing. The purple ring was observed
in positive sample. Glucose diluted in distilled water at the
concentrations 5000 pg/mL, 2500 pg/mL, and 1250 pg/mL
were used as positive controls.

Apical papilla cell culture

Molar teeth were collected in routine tooth extraction
according to a protocol approved by the Ethics Committee,
Faculty of Dentistry, Chiang Mai University (68/2019). Apical
papilla cells were obtained from apical papilla tissues of
non-carious molars. The 18- to 25-year-old healthy patients
were recruited (n=2). The apical papilla tissues were detached
and digested by using 3 mg/mL collagenase | and 4 mg/mL
dispase Il for 45 minutes at 37 °C. Cells were cultured in
complete a-Modified Eagle medium (a-MEM) at 37°C and 5%
CO,. Cells at the third passage with 80% confluent were used.
Apical papilla cells were seeded into 6 well plates at the density
of 1x10° cells per well and maintained in 5% CO, at 37°C for
24 hours to allow cell attachment. In the next day, medium
was discarded and replaced with complete DMEM containing
250 pg/mL dodder extract. Apical papilla cells were seeded
into 6 well plates at cell density of 1x10° cells per well

cultured in plain complete DMEM were used as control groups.
Cultured media was changed every 3 days. Cells were treated
for 10 days.

Cell staining

4% formaldehyde was added onto cell cultures and
left for 10 minutes at room temperature. After that, 4%
formaldehyde was discarded and replaced with methylene
blue solution for 5 minutes. Methylene blue was washed
out with tap water and cell morphology was observed under
the inverted microscope.

RNA Sequencing (Transcriptomic assay)

The RNA sequencing was performed to observe
Differential Gene Expression (DGE). Total RNA extraction was
performed following the instruction from Nucleospin Kit.
RNA samples were analyzed by lllumina platform, Novogene,
Hong Kong. Differentially expressed genes between control
sample and test sample at 10 days culture were analyzed by
log2 fold change of Fragments Per Kilobase Million (FPKM)
value of treated sample compared with FPKM value of control
sample with adjusted p(padj)<0.05.

Real-time PCR

Total RNA amounts were measured with Nanodrop
2000. The reaction solutions were prepared with 6 pL of
RNA, 4 pL of 5x RT Master Mix and 10 pL of DEPC water.
The RNA was converted to cDNA in the thermocycler
using the following program: 37 °C 15 minutes, 50 °C for 5
minutes, 98 °C for 5 minutes. cDNA was stored at -20 °C.
NO-RT control was prepared with the same method using
5x RT buffer. Real-time PCR reaction were prepared with 8
UL RNA, 10 plL SYBR Green Mastermix and 2 pL primer (the
final concentration of each the primer was 1.0 uM) in the
total volume of 20 pL. The PCR program was set as following:
(1) Pre-incubation at 95 °C for 2 minutes. (2) PCR consisted
of denature at 95 °C, annealing at 60 2C and extension
at 72 °C. Real-time PCR was performed for 40 cycles. The
reference gene; GAPDH was used for normalization. The
sequences of primers used in this study were; GAPDH: (F)
5'-AAATCCCATCACCATCTTCCAGGAGC-3', (R) 5'-CATGGT-
TCACACCCATGACGAACA-3', CD36: (F) 5'-ATGTAACCCAG-
GACGCTGAG-3', (R) 5'-GTCGCAGTGACTTTCCCAAT-3', SCARAS
(F) 5'-GGAACATCTCCCTCGCGAAA-3', (R) 5'-CTCGGTCACCT-
TTGAACCCA-3'. The experiment was divided into 2 groups:
the control (cells cultured in complete DMEM) and the
treatment (cells cultured in DMEM containing 250 pg/mL
dodder seed extract). Duplicate pool samples of controls and
tests were prepared. Fold change of gene expressions were
presented in the form of mean%SD.

The relative quantification for the gene expression
was normalized to GAPDH using Light Cycler®480 software
release 1.5.0 SP4. This program used Advanced Relative
Quantification which is a highly reliable results due to the
extended range of parameters called the E-Method (Efficiency
Method). The E-Method data are based on the true efficiency
of each reaction and the final results are automatically
calculated from the crossing point (Cp) values of the target
(unknowns and calibrator) and the reference (unknowns
and calibrator).
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Results

Extraction

Dried powder of dodder seed water extract 14.97 g
was obtained when 200 grams of dried dodder seeds were
used in the extraction and %yield was equal to 7.5%
(Figure 2).

The composition of dodder seed extract by UHPLC-QTOF-
MS/MS analysis

Mass spectrum of the active components was shown
in Figure 3. The important chemical constituents in dodder
seed extract were shown in Table 1 including phenolic
acids, flavonoids, polysaccharides, lignan and volatile oil.
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Figure 2. Dodder seed extract powder obtained after lyophilized.
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Figure 3. Mass spectra of dodder seed water extract. The m/z of negative ion mode [M-H]- and positive mode [M+H]+ ions generated by electrospray were

detected by positive and negative full scans.
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Table 1 Active compounds found in dodder seed extract.
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1 Polysaccharides 0.73515 151.0256638 | L-Arabinose

1 Lignans 0.8895 357.12945 Pinoresinol

2 | Volatile oil 5.8217 137.034759 5.87393 139.0298671 | 2-Pentylfuran

2 Phenolic acid 5.8348 353.113443 5.88572 355.0795712 | Chlorogenic acid

3 | Phenolic acid 6.6975 179.047401 6.72505 181.0370603 | Caffeic acid

4 | Phenolic acid 8.603 163.051903 8.63547 165.0437828 | P-coumaric acid

4 | flavonoids 8.86682 303.0308298 | Quercetin

4 | flavonoids 8.8549 609.188342 8.87522 611.1220516 | Rutin

4 | flavonoids 8.7412 463.25218 8.89603 465.0731793 | Hyperoside

5 | flavonoids 9.92977 317.0441563 | Isorhamnetin

5 Phenolic acid 9.8595 515.155518 9.94663 517.1002181 | 3,4-Dicaffeoylquinic acid
6 | Phenolic acid 10.345 515.155256 10.354 517.1027363 | 3,5-Dicaffeoylquinic acid
7 Phenolic acid 10.836 515.155166 10.8821 517.1022455 | 4,5-Dicaffeoylquinic acid

Qualitative assay for glycosides by Molisch’s test

Qualitative analysis of glycosides was confirmed using
Molish’s test. The result was shown in Figure 4. The observed
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purple rings in test tubes revealed that dodder seed extract
contained glycosides.
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Figure 4. (A) Formation of purple rings of glucose at concentrations of 5,000 2,500 and 1,250 ug/mL, which were used as positive control (B) Formation of
purple rings of extracts at concentrations of 5,000 2,500 1,250 and 625 ug/mL respectively.

Cell staining

Cell staining with methylene blue indicated that cells
proliferated to form monolayer and the morphologies were
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not different between control and test as shown in Figure 5.
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Figure 4. Methylene blue staining of 10-day cultivation of apical papilla cells.
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Next-generation sequencing results in apical papilla cells

RNA quality control indicated that the RNA samples
were passed with good purity and integrity. Next-generation
sequencing identified more than 20,000 genes. However,

Table 2 Differential gene expression.
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when considering the adjusted p-value less than 0.05, only
19 genes were changed significantly. Differential gene
expression was shown in Table 2.

Gene Name C. japonica extract Control log2Fold Change padj

SAMD11 0.041029 1.194022 -4.7066 0.02409
SCARA5 0.205143 4.55221 -4.4395 1.98E-06
WNT2 0.533371 4.55221 -3.0817 0.001073
RGS18 0.451314 3.320875 -2.8659 0.016795
DMKN 2.995085 13.47006 -2.1673 0.022233
CXCL14 5.046513 20.9327 -2.0513 0.02409
CHL1 3.856685 15.14916 -1.9724 0.041304
CcXcL12 96.86843 352.2366 -1.8624 0.040733
c3 52.4345 13.76857 1.9288 0.033529
SFTPC 15.05748 3.880572 1.9548 0.045014
IL32 9.641712 2.462671 1.9669 0.065823
CTNND2 8.082627 2.014913 2.0015 0.063881
PIP 13.66251 3.246248 2.0717 0.030333
PLCXD3 12.0624 2.761177 2.1252 0.02409
SFTPB 6.56457 1.417901 2.2071 0.033529
KISS1 6.85177 0.93283 2.8703 0.000907
CD36 2.954056 0.373132 2.9686 0.011623
TMA4SF4 0.8616 0 7.4706 0.040733
IGHA1 0.8616 0 7.4706 0.040733

Confirmation of CD36 and SCARA5 by real-time PCR
Apical papilla cells were treated with 250 pug/mL
of dodder seed extract for 10 days. Replicate controls and
tests were prepared. The expressions of both CD36 and
SCARAS5 were correlated with the result from Next-generation
sequencing (Figure 6). CD36 showed increased expression.
CD36 was a free fatty acid carrier.?? It was possible that the
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increased expression of CD36 was the effect of phytoestrogen
because estrogen was reported to increase the expression
of free fatty acid transporter (CD36) in the plasma membrane
of the cardiomyocyte.*® Scavenger receptor class A member 5
(SCARAbS) showed increased expression. SCARAS also played
a role as ferritin receptor.**
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Figure 6. (A) CD36 gene expression in duplicate experiments showed that the expression of CD36 increased by 2.6 times compared with the control group
at 10 days. (B) SCSRAS5 gene expression in duplicate experiments indicated that the expression of SCARA5 was dramatically reduced compared to
the control group at 10 days. Real-time PCR results of CD36 and SCSRAS5 gene expressions were correlated with the result from RNA sequencing.
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Discussion

The main substances found in dodder seed water extract
were polysaccharides, phenolic acids and flavonoids. The phenolic
acids found in dodder seed extract were chlorogenic acid,
caffeic acid, p-coumaric acid, 3,4-dicaffeoylquinic acid,
3,5-dicaffeoylquinic acid and 4,5-dicaffeoylquinic acid. In the
previous studies, phenolic acids showed important roles in
oxidative prevention and metabolism. 3,5-Dicaffeoylquinic
acid was a potent a-glucosidase inhibitor which contributed
to the antihyperglycemic action of the compound.*> The
beneficial effects of 3,5-dicaffeoylquinic acid support the
traditional use of Cuscuta japonica Choisy for the treatment
of diabetes.' 4,5-Dicaffeoylquinic acid maintained prostate
cancer cell line in the S-phase.?” 4,5-Dicaffeoylquinic acid
was an inhibitor of pigmentation which could be developed
as an active component for formulations to treat pigmentation
disorders® and it might be concordant with the use as skin
whitening product.

Chlorogenic acid possessed vital roles on regulation of
glucose and lipid metabolic disorders, which are associated
with the occurrence and progression of diabetes, obesity,
hepatic steatosis, cardiovascular disease, and cancer.
Coumaric acid inhibited the differentiation of skeletal muscle
cell and preadipocyte cells by inhibiting the genes that
are responsible for myogenesis and adipogenesis.?

Quercetin, rutin, hyperoside and isorhamnetin were
flavonoids found in dodder seed extract. These substances
prevented cancer and oxidative stress. Isorhamnetin and
quercetin were anti-acetylcholinesterase* while pinoresinol
was a phytoestrogen with antitumor activity, inhibiting breast
cancer cells.??

Studies in apical papilla cells (Table 2) showed that
dodder seed extract clearly affected the expression of
genes involved with metabolism and the transportation of
substances across cell membrane. Some genes involved
with signal transduction while some genes played roles as
tumor promoter genes and tumor suppressor genes.

Increased expression of CD36 indicated that cells
were trying to uptake fatty acids into the cells because
CD36 controlled the transport of long-chain fatty acids into
fatty acids-requiring organ including heart, skeletal muscle,
and adipose tissue.'> 22 CD36-deficiency attenuates the
development of high fat diet (HFD)-induced obesity and
insulin-mediated inhibition of lipolysis was more potent in
CD36(-/-) mice.® Upregulation of CD36 in preadipocytes
may contribute to the development of adipose tissue
inflammation.?® Elevated levels of CD36 with a concomitant
increase in adipocyte number.?” CD36 could promote
adipogenesis in vitro as well as in vivo.?® It seemed like the
expression of CD36 in this study indicated disadvantage of
Cuscuta japonica water extract.

Significantly reduce expression of SCARA5 was observed.
Menssen et al. identified SCARA5 as a new candidate gene
possibly related to adipogenesis.?® SCARA5 was a positive
regulator in fat tissue formation,?® therefore, reduced
expression of SCARA5 should inhibit adipogenesis which
concordant with the previous that coumaric acid inhibited
adipogenesis. The concern of this study was that SCARAS
was a tumor suppressor gene. The reduced expression may

increase the risk of developing different types of cancer.!
SCARA5 could modulate the expression of epithelial-mes-
enchymal transition-related proteins.?? Knockdown of SCARAS
inhibits human aortic smooth muscle cells proliferation and
migration through suppression of the PDGF signaling pathway.
Thus, SCARA5 may be a therapeutic target for preventing
or treating vascular diseases involving vascular smooth muscle
cell proliferation and migration.

Both CD36 and SCARA5 were scavenger receptors.®
SCARA5 was a scavenger receptor class A found in epithelial,
testis, heart and brain tissues as a receptor for ferritin. SCARAS
bound to serum ferritin and stimulated endocytosis. CD36
was a scavenger receptor class B which functioned as a receptor
for thrombospondin-1, oxidized LDL, and long-chain fatty
acid. Even though the expression of both CD36 and SCARAS
were ambiguous in this study, they indicated change in the
regulation of lipid metabolism.

Change of other genes were found in differential gene
expression but they were not confirmed by RT-PCR in this
study. Upregulation of the KISS-1 gene indicated that kisspeptin,
encoded by the KISS-1 gene may account for both reproductive
and metabolic abnormalities reported in obese and diabetic
rats.3> 3¢ Kisspeptin-1 receptor involved in regulation of energy
metabolism, obesity and adipocyte differentiation.3” PLCDXD3
gene correlated positively with insulin secretion and correlated
negatively with HbA1c.3® TM4SF4 induced thiamine uptake
which was important for cell survival because thiamine
pyrophosphate played a vital role in metabolism and energy
production.® The catenin-62 gene (CTNND2, encoding
catenin-62) was associated with anxiety-disorder.*® There
was a report about using dodder seeds with other herbs
to relieve anxiety. Additionally, many previous studies
indicated that giant dodder (Cuscuta reflexa) could be
promising for the development of phytomedicines for
anxiety.*? It was possible the related species like Cuscuta
Jjaponica Choisy might contain the same property on anxiety.

In addition, epithelial marker was also found upregulated.
Dodder seed water extract increased the expression of
SFTPB and SFTPC expression in the apical papilla cells. They
were classified as differentiation markers of the alveolar
and bronchiolar epithelial cells** which were lung-specific
genes.*® It was unclear whether differentiation of epithelial
cells occurred or not which requires more detailed studies.
Another important point was that some of the genes in
Table 2 played roles as tumor promoter genes and tumor
suppressor genes. Significant increase in TM4SF4 was
found in apical papilla cells treated with dodder seed extract.
This gene was used as a prognostic marker for many types
of cancer such as colon cancer,** stomach cancer® and lung
cancer.*

At the same time reduced expression of immunoglobulin
(IGHA1) was often found in metastatic or poor prognosis
cancer.”” In this experiment, the IGHA1 gene showed a
significantly increased expression. This gene was also
used as a prognostic marker for cancer but as a preventive
gene.*® The increased expression of IGHA1 causes tumor
suppressor effect.*

Genes in some signaling pathways were changed.
SMAD family was an intermediary in TGF-B signaling.*® In
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this experiment, SMAD11 was reduced by 5 times in the
group that was treated with dodder seed extract. Down-
regulation of WNT2 related to some signaling pathway and
cancer. This gene produces cysteine-rich secreted glycoprotein,
which acts as a paracrine®! and autocrine.*

The important point of tumor promoter genes and
tumor suppressor genes expression was the balanced effect
between each other. Crude extracts contained several
compounds and when total crude extract was applied to
treat cells there could be a balance between expression of
tumor promoter genes and tumor suppressor genes. Although
more than 20,000 genes were identified but only 19 genes
were changed significantly. It could be concluded that dodder
seed water extract slightly altered transcriptome of apical
papilla cells. Most of gene expressions indicated regulation
of metabolism which concordant with the properties of
this herb.
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