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ABSTRACT

Background: Head and neck cancer is one of the major cancer burdens in Thailand 
and Southeast Asia. Most patients with laryngeal cancer present at an advanced 
stage and require laryngectomy. Esophageal speech (ES) is an option for effective 
communication.   
 

Objectives: To determine the effectiveness of comprehensive esophageal speech 
under the “Training for The Trainer” project. 

Materials and methods: Ninety-four laryngectomees (patients with laryngeal cancer 
undergoing total laryngectomy) received esophageal speech training by speech 
and language pathologists (SLPs) and the trainers or laryngectomee volunteers. 
ES was instructed on a monthly for 4 years.  Project “Camp of Hope and Spirit for 
Layngectomees”, which provides support to improve quality of life by integration 
of music, art, nutrition, and dharma with healthy activities, was also conducted.

Results: Thirty-six patients who attended ES classes for 6 sessions (1 session compose 
of 5 periods) had an average improvement in their level of ES of 3.27 levels and 19 
laryngectomees who attended ES classes for 12 sessions had average improvement 
of their level of ES of 4.74 levels. The success rate for ES at level 1 (belch 1-5 times 
in 10 attempts) was 72% and level 5 (2-syllable words/phases for 1-5 times in 
10 attempts) was 34 of 94 (36%) within 12 sessions. Srinagarind ES score was found 
improved significantly between the 1st and 6th visit (MD=4, 95%CI=2-4); the 1st and 
12th visit (MD=6 , 95%CI=2.5-7). Twenty-eight of a total 34 patients (82.35 %), who 
could use ES at level 5, did not require an electrolarynx. Therefore, a saving of the 
cost of electrolarynx purchase of 896,000 Baht (32,000 Baht/case). Satisfactions 
with ES training and “Camp of Hope and Spirit for Laryngectomees” were scored 
as good to excellent. 

Conclusion: The success rate for ES at level 1 was 72% and level 5 was 36% within 
12 sessions. A saving of the cost of electrolarynx purchase of 896,000 Baht 
(32,000 Baht/case) within 4 years. Satisfactions with ES training and “Camp of 
Hope and Spirit for Laryngectomees” were scored as good to excellent. 
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Materials and methods

	 This research was a retrospective descriptive study. 
Data were retrieved from 1) medical records, Department 
of Medical Records and Statistics, Srinagarind Hospital; 2) 
4 annual reports of comprehensive esophageal speech 
training in 2010- 2013; and 3) 2 reports of  the Art 4‘ Mee 
camp in 2011 and 2013.
	 Subjects recruited for this study were the patients 
who had undergone laryngectomy for laryngeal or hy-
popharyngeal cancer treatment and were enrolled in ES 
training at Srinagarind Hospital between January 2010 and 
December 2013.  Three cases who did not participate ES 
program were excluded. Ninety-four of 97 laryngectomees 
were included in this study. Following to objective of this 
study, laryngectomees who attended ES training for less 
than 6 sessions were also excluded. At the end of the study 
56 laryngectomees continued with ES while 38 of them 
chose electrolarynxes.

Comprehensive ES training
	 The comprehensive ES training was a program for 
training in ES integrated with establishing hope, spirit and 
support to promote quality of life. The program composed 
of activities as follows:

ES training 
	 The ES training was conducted by speech and language 
pathologists (SLPs), as well as speech assistants (SAs), 
volunteers who were laryngectomees and had finished a 
course entitled “Training for the Trainer”. They spoke by ES 
fluently. In the training program, the laryngectomees were 
divided into 5 groups according to their level of ES ability 
follow to Srinagarind ES Levels. Srinagarind ES Levels have 
done and used for clinical outcomes and accepted among 

	 Head and neck cancer is one of the major cancer burdens 
in Thailand and Southeast Asia. The estimated incidence 
of head and neck cancer in Thailand is 15.7 per 100,000 in 
males and 10.7 per 100,000 in females.1 Among these, laryngeal 
cancer is known to have the greatest negative impact on survivors, 
both from cancer per se, and its treatment.2 The majority 
of patients with laryngeal or hypopharyngeal cancer in the 
northeast of Thailand are diagnosed at an advanced disease 
stage3 and most cases end up having their larynx totally 
removed (total laryngectomy). Those who undergo this 
surgery, so called “laryngectomees”, they need to breathe 
through their tracheostoma and swallow through their 
neopharynx. Normal speech is lost, and there is a permanent 
stoma in the middle of the neck. Even though the survival 
rate after surgery is acceptable after surgical treatment,4 
several functional deficits including speech, swallowing, 
breathing, and physical disabilities around the head and 
neck region, not to mention the disfiguring effects of surgery 
and emotional and behavioral disturbances, result in negative 
effects on daily living.5 
	 One of the most critical disabilities is aphonia.5 This 
is the most important social problem that the patients face.6 
As a consequence, many patients develop emotional and 
psychological problems and some of them need psychological 
management. Voice rehabilitation (esophageal speech, 
electrolarynx and tracheoesophageal prosthesis) is a challenge 
that these patients must overcome.
	 The electrolarynx is the easiest vocal rehabilitation 
method for total laryngectomy patients to use, as it hardly 
requires training, but patients' satisfaction rates were lower 
because of the mechanical, low frequency, monotonous 
and unnatural voice that it produces.7 A tracheoesophageal 
prosthesis is most commonly used for voice rehabilitation 
in developed countries. It is a surgical method that could 
be performed as either a primary or secondary procedure. 
Reported patient quality of life and satisfaction data following 
tracheoesophageal puncture are the best8, 9 because the 
tracheoesophageal prosthesis significantly contributes to 
the acquisition of speech and intelligibility in alaryngeal 
speakers.8 However, complications may occur in as many as 
42.6% of cases10 and the frequent need for replacement of 
the prostheses is a major burden for patients. Esophageal 
speech (ES) is one of voice rehabilitation that might cost 
and safe benefit, however, it might take long duration for 
training success.
	 In our institution, the primary modality for speech 
rehabilitation is esophageal speech (ES), which is more 
natural, cost effective and does not require a device for 
electrolaryngeal speech, or surgery to facilitate esophageal 
speech.8 The disadvantage of ES is mainly the long time 
taken to achieve a communicable level of speech, and it is 
not feasible in some cases due to a poor anatomical structure 
or rigidity of the neopharynx. The success rate of ES is 
reported to be 6-32%.11, 12  
	 Most laryngectomees in the northeast of Thailand are 
in low socioeconomic status with limited access to speech 
services because of a shortage of professional speech and 
language pathologists (SLPs) in the country 13 and because 

Introduction they are unable to afford living expenses and travel. Srinagarind 
Hospital, Faculty of Medicine, Khon Kaen University, serves 
as a super tertiary center for cancer treatment in this region 
covering approximately one-third of the population of Thailand. 
Therefore, a multidisciplinary team for a comprehensive 
rehabilitation for laryngectomees was developed. Besides 
speech rehabilitation, all other aspects of their quality of 
life were taken into account. 
	 The purpose of this study was: 1) to determine the 
effectiveness of a comprehensive ES training program 
before and after at 6 and 12 sessions of training, respectively; 
and 2) to investigate the costs and benefits of comprehensive 
ES training.
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Figure I. Flow chart of subjects 13 

Comprehensive ES training 14 

The comprehensive ES training was a program for training in ES integrated with establishing hope, 15 

spirit and support to promote quality of life. The program composed of activities as follows: 16 

ES training  17 

The ES training was conducted by speech and language pathologists (SLPs), as well as speech 18 

assistants (SAs), volunteers who were laryngectomees and had finished a course entitled “Training for the 19 

Trainer”. They spoke by ES fluently. In the training program, the laryngectomees were divided into 5 groups 20 

according to their level of ES ability follow to Srinagarind ES Levels. Srinagarind ES Levels have done and used 21 

for clinical outcomes and accepted among multidisciplinary approaches for more than 20 years. It’s composed 22 

of 17 levels of ES as follows: 23 

Groups  Srinagarind ES Levels 24 

I  0 = cannot belch or make any sound after swallowing air;  25 

1= belch 1-5 times in 10 attempts;  26 

  2= belch 6-10 times in 10 attempts;  27 

97 Laryngectomees 

94 Laryngectomees with ES Program ES training   6 sessions 

3 who did not attend ES training 
after surgery < 6 sessions 

Excluded  

56 Laryngectomees 
trained for only ES 

38 Laryngectomees trained 
for both ES & electrolarynx 

Figure 1. Flow chart of subjects.
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multidisciplinary approaches for more than 20 years. It’s 
composed of 17 levels of ES as follows:
Groups		  Srinagarind ES Levels
     I			�   0 = �cannot belch or make any sound after 

swallowing air; 
			   1 = belch 1-5 times in 10 attempts; 
			   2 = belch 6-10 times in 10 attempts; 
     II			�   3= �speak 1-word 1-5 times in 10 attempts; 
			   4 = �speak 1-word for 6-10 times in 10 

attempts; 
			   5 = �speak 2-words for 1-5 times in 10 

attempts; 
			   6 = �speak 2-words for 6-10 times in 10 

attempts; 
     III			   7 = �speak 3-words for 1-5 times in 10 

attempts; 
			   8 = �speak 3-words for 6-10 times in 10 

attempts; 
			   9 = �speak 4-words for 1-5 times in 10 

attempts; 
			   10 = �speak 4-words for 6-10 times in 10 

attempts; 
     IV			   11 = �speak 5-words for 1-5 times in 10 

attempts; 
			   12 = �speak 5-words for 6-10 times in 10  

attempts; 
			   13 = �speak 6-words for 1-5 times in 10 

attempts; 
			   14 = �speak 6-words for 6-10 times in 10  

attempts; 
     V			   15 = �fluently read or speak approximately 

50%; 
			   16 = �fluently read or speak approximately 

51-100%; 
			   17 = �fluently speak or sing songs.

	 Three groups were trained by 3 SAs and 2 groups 
were trained by 2 SLPs. Each group was trained ES 5 
30-minute periods in 1 session/month. SAs and SLPs rotated 
to other groups every session. Therefore, each SA and SLP 
trained ES for every laryngectomee group. ES training 
compose of 5 steps: 
	 Step 1: belch and 1-syllable word
		  - �Open mouth and take a breath into the mouth 

and nose 
		  - �Close mouth, then raises the tongue to the palate 

and pushing the air to upper esophagus or swallow 
air (try to hold the air at the upper esophageal 
sphincter)

		  - �Open mouth and then belch 
		  - �Repeat several attempts until belch with /a/ sound
		  - �Repeat several attempts until produce monothongs 

 

		  - �Repeat several attempts until produce simple 
1-word sentences

	 Step 2: 2-syllable words/phrases/sentences
		  - �Belch 2 syllables of monothongs such as /a-a/, 

/u-u/, /u-a/, /u-i/
		  - �Repeat several attempts until produce 2-syllable 

words/phrases/sentences

	 Step 3: 3-syllable words/phrases/sentences
		  - �Belch 3 syllables of monothongs such as /a-a-a/, 

/u-u-u/, /u-a-i/, /u-i-e/
		  - �Repeat several attempts until produce 3-syllable 

words/phrases/sentences

	 Step 4: 4-syllable words/phrases/sentences
		  - �Belch 4 syllables of monothongs such as /a-a-

a-a/, /u-u-u-u/, /u-a-i-e/
		  - �Repeat several attempts until produce 4-syllable 

words/phrases/sentences

	 Step 5: 5-syllable words/phrases/sentences
		  - �Belch 5 syllables of monothongs such as /a-a-a-

a-a/, /u-u-u-u-u/, /u-a-i-e-o/
		  - �Repeat several attempts until produce 5-syllable 

words/phrases/sentences

	 Step 6: reading and conversation
		  - Reading practice  
		  - Conversation practice

	 Step 7: Singing
		  - Singing practice

The Art 4’Mee Camp
	 The Art 4‘Mee Camps (the arts for the laryngec-
tomees) were held in 2011 and 2013. They were two-day 
programs designed specifically for the laryngectomees and 
their caregivers and aimed to support and empower them 
in order that they might regain their normal livelihoods. 
Music, dance, and art in this camp were encouraged to 
promote internal connection between their body and mind, 
and external connection between the participants. Besides 
music, dance, and art; the program included meditation, 
yoga based exercise, and a workshop for self-care.14

	 A music therapy program was integrated with the 
ES training. This hospital-based program was conducted 
by musicians, physiotherapists, SLPs, and laryngectomee 
volunteers. The music therapy was aimed to support the 
ES training, including creative music making, music and 
movement and music and breathing. Music was also used 
to promote esophageal voice projection and concluded 
with singing and dancing to traditional songs by esophageal 
voice (depending on their ability). 
	 The main outcome was graded by the 1st author, a 
senior SLP. This level was identified based on the Srinagarind 
ES Levels, which was consensus of grading criteria and 
was established by a group of SLPs who have worked more 
than 20-year experiences with laryngectomee and esophageal 
speech for quantitative and subjective assessment of ES in 
the Speech Clinic at Srinagarind Hospital, Faculty of Medicine, 
Khon Kaen University.  

Satisfaction and evaluation of program
	 Questionnaires were filled by laryngectomees who 
enrolled program and caregivers on topics based on 
5- category scores from 1-5 (1= should be revised or not 
good; 2= fair; 3= moderate; 4= good; 5= very good). 
	 Regarding to The Art 4’Mee Camp, similarity score 
was rated based on the same category as good – excellent 
for each item including activities in the camp, duration, 
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	 This was a retrospective study from 2010-2013. Patients 
were recruited in the study in each year displayed as Table 1. 
New cases were enrolled in the study any time that they 
were consulted from physician for speech rehabilitation.  
The ES program was begun within the 1st visit and number of 
ES training counted from the number of visits (not counted 
from the number of months after enrollment). The participants 
were 91 males and 3 females, average age 61.6 (39-87) years 
old. The general characteristics of the laryngectomees are 
displayed in Table 2.

Results

	 ES level was assessed every time that patients attended 
ES program and displayed data on the 6th and 12th sessions. 
New laryngectomees could access ES program any time 
that they were consulted. Therefore, assessment level 
depends on the number of times that they attend.
	 Some laryngectomees could not visit ES program 
monthly, therefore, the ES training was counted from the 
number of sessions. Thirty-six of them, who had attended six 
sessions of ES training had average progression of Srinagarind 
ES levels = 3.27 levels, while 19, who had 12 sessions, had 
progression of Srinagarind ES levels = 4.74 levels. Sixty-eight 
of 94 laryngectomees (72%) achieved ES scores of at least 
level 1 within 12 sessions (Figure II).  Thirty-four of 94 
laryngectomees (36%) achieved ES scores of at least level 
5 within 12 sessions (Figure III).

Table 1 �Number of patients in this study.

Date Old Case New Case Total
2010 20 10 30
2011 19 11 30
2012 27 20 42
2013 29 22 51

accommodation, coordination, food. The Art 4’Mee Camp 
was established every 2 years (2011 and 2013). The number of 
laryngectomees and caregivers who responded questionnaire 
for 2011, and 2013 were the same group to number of 
participants who responded to questionnaires for satisfaction 
and evaluation of program.
	 Descriptive analysis was used to assess the laryn-
gectomee’s characteristics and general information about 
their esophageal speech level. The comparison of ES level 
before and after training for 6 and 12 sessions was analyzed 
using The Wilcoxon Signed-Rank Test.

Table 2 �General characteristics of laryngectomees.

Characteristics Number 
(N=94) Percentage

Diagnosis
Larynx 73 77.66
Hypopharynx 20 21.28
Undetermined 1 1.06

Stage

Stage I 3 3.19
Stage II 5 5.32
Stage III 36 38.30
Stage IV 46 48.94
Unknown 4 4.26

Neck Dissection

Unilateral 35 37.23
Bilateral 30 31.91
No dissection 26 27.66
Unknown 3 3.19

Table 2 �General characteristics of laryngectomees. (continued)

Characteristics Number 
(N=94) Percentage

Reconstruction

Regional flap 8 8.51
Gastric pull-up 3 3.19
No reconstruction 80 85.11
Unknown 3 3.19

Post-operative 
Radiotherapy

Yes 91 96.81
No 2 2.13
Unknown 1 1.06

Laryngectomy 
as a salvage

Yes 11 11.7
No 81 86.17
Unknown 2 2.13

Figure 2. �Number of laryngectomees who succeeded in developing ES at 
least to level 1 within 12 sessions.

Figure 3. �Number of laryngectomees who succeeded in developing ES at 
least level 5 within 12 sessions.
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	 Twenty-eight of 34 laryngectomees (82%) who achieved 
Srinagarind ES level 5 within 12 sessions did not request an 
electrolarynx.
	 Some laryngectomees could not visit the esophageal 
speech program every month for personal reasons, such as 

financial problems, sickness or unavailable caregivers, etc. 
Therefore, the success rates for 6 and 12 visits were analyzed. 
The Srinagarind ES score was found to improved significantly 
between the 1st and 6th visit; the 1st and 12th visit; and the 
6th and 12th visit for training (Table 3 –5).

Table 3 �Comparison of Srinagarind ES Levels between the 1st and 6th sessions.

Parameter Before After n Median difference Z p value*
95% 

Confident 
interval

Median 0 4
37 4 3 <0.001 2-4Maximum 15 16

Minimum 0 0
* The Wilcoxon Signed Rank Test 

Table 4 �Comparison of Srinagarind ES Levels between the 1st and 12th sessions.

Parameter Before After n Median difference Z p value*
95% 

Confident 
interval

Median 0 4
19 6 4.5 0.009 2.5-7Maximum 15 16

Minimum 0 0
* The Wilcoxon Signed Rank Test

Table 5 �Comparison of Srinagarind ES Levels between the 6th and 12th sessions.

Parameter Before After n Median difference Z p value*
95% 

Confident 
interval

Median 4 6
19 2 15 0.0498 0-3Maximum 16 16

Minimum 0 0
* The Wilcoxon Signed Rank Test

	 The existing data of laryngectomees who attended 
ES program presented the  improvement of ES level varied 
to the number of visits showed as Table 6. 

Table 6 �ES Level improvement.

Number of 
ES program Number*

ES Level improvement
min max mean

1 20 - - -
2-5 32 -1 8 1.81

6-11 18 0 14 4.28
≥12 19 0 16 6

* Not included SAs

	 It was surprising that 2/3 of laryngectomees who 
were underwent gastric pull up reconstruction had progression 
of the ES level from 4 and 6 levels with 5 ES visits. 
	 Patients’ satisfaction with the ES training program 
was assessed. Most laryngectomees gave average scores 
of good – excellent for each item as 94-100%, 88.24-100%, 
82.76-100% and 90-100% in 2010, 2011, 2012, and 2013, 
respectively (Table 7). 
	 For satisfaction with the 2-day Art 4‘Mee Camps, 
score was ranged 91.43-100% and 88-100% in 2011 and 
2013, respectively. The existing data on each topic are 
available only in 2013 which are presented in Table 8.
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N=Number, L: Laryngectomy, C: Caregivers.

Table 7 �Satisfaction of ES program.

Topics

Satisfaction of ES program
2010
N=23

(L=19: C=4)

2011
N=28

(L=19: C=9)

2012
N=48

(L=27: C=21)

2013
N=34

(L=25: C=9)
Interesting activities 4.76 4.53 4.41 4.60
Interesting lectures or descriptions 4.82 4.65 4.31 4.45
Duration of program 4.35 4.05 3.76 3.90
Activity demonstration 4.88 4.76 4.34 4.40
Place or meeting room 4.64 4.71 4.28 4.55
Meterials 4.59 4.76 4.31 4.45

Table 8 �Satisfaction of Art 4‘Mee Camps.

Topics Satisfaction of Art 4‘Mee Camps in 2013
 N=34 (L=25: C=9)

Interesting activities 4.70
Accommodation 4.38
Food 4.44
Place or meeting room 4.85
Coordination 4.52
Duration of program 4.54

N=Number, L: Laryngectomy, C: Caregivers.

Discussion

              Examination of data from 2010-2013 shows that 
most laryngectomees were able to achieve Srinagarind ES 
Level 1 (72%) and level 5 (36%) within 12 sessions (Figure 
1 and 2), respectively. It was interesting to find that those 
undergoing regional flap or gastric pull up for reconstruction 
could produce ES, although the pharyngeal tissue was 
distorted by the surgical reconstruction. It is possible that 
sphincter pressures and/or esophageal motility patterns 
do not have any predictive for ES.6 Comparison of data after 
6 and 12 sessions for ES showed significant improves in 
Srinagarind ES Levels. The longer the laryngectomee attended, 
the greater the outcome of ES. These results can be used 
for counseling new laryngectomees who enroll into the ES 
training program. 
               Twenty-eight of 34 laryngectomees (82%), who 
achieved ES Score 5 (2-syllable meaningful word), did not 
request an electrolarynx. It appeared that they were motivated 
to persist with ES. This saved the cost of an electrolarynx, 
which needs to be claimed from the Thai National Security 
Office. An electrolarynx cost 32,000 Baht (US $ 1,000). The 
cost of 28 electrolarynxes is 896,000 Baht or US $ 28,000 
(approximately 32,000 Baht/electrolarynx, 32 Baht=1 US$) 
in 4 years. Besides improving the speech capacity from the 
ES training program, the patients’ satisfaction was found 
to be achieved. 
	 For satisfaction for enrolling the program, the 
scores were range good to very good or excellent activities 

(82.76-100%) on items of 1) interesting activities; 
2) interesting lectures or descriptions; 3) duration of program; 
4) activity demonstration; 5) place or meeting room; 
6) materials. Most of the participants were happy to join 
activities in each year. Participants’ impressions were e.g., 
professionals were very kind and good instructors; good 
friends and society; very good and interesting activities 
etc. Regarding to participants’ suggestion, included more 
often sessions from once a month to be every week, providing 
more transportation compensation for participants who 
had low economic status, more soft diet for aging 
laryngectomee etc. These suggestions were information to 
providing better care in the future.
	 Even though ES is the most challenging method for 
vocal rehabilitation, with a long period of time to gain the 
skills,9 and has limited voice quality, such as a restriction 
in F0, increase in Jitter and Shimmer, decreasing of HNR 
values, and reduced intensity compared to the voice of 
normal laryngeal speakers,15 the results of this study, unlike 
those of a previous one,10 indicate a reasonable success 
rate, good patient satisfaction and cost benefits. The 
Voice-Related Quality of Life measure is needed for further 
assessment of this technique comparing to other speaking 
device or normal laryngeal voice; and to determine the 
perceived level of influence on vocal communication10 and the 
self-assessed vocal handicap.10 No single method is considered 
to be the best for all patients. Selection of a method should 
be based on the patient, the surgeon and the SLPs.16 
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Healthcare workers should understand the advantages 
and disadvantages of each voice rehabilitation method to 
assist people with total laryngectomy in making the most 
appropriate decision, taking into consideration their age, sex, 
physical condition, job, economic status and other relevant 
factors.10

	 Although this study was primary report in Thailand 
and summarized that the comprehensive ES training program 
might be an effective program in terms of communication 
in daily, there were some limitations including individual 
background and characteristics of participants such as stage 
of cancer, areas of cancer invasion, surgery size, as well as 
reconstruction, type of treatments (surgery, surgery with 
radiation or chemotherapy or surgery with both radiation 
and chemotherapy etc). These factors might affect clinical 
outcome of ES. It needs to carefully interpret and the further 
study might be more concern about these factors.
Conclusion 

	 The success rate of ES was 72% for laryngectomees 
who achieved ES at level 1 within 12 sessions; 36% for 
laryngectomees who achieved ES at level 5 within 12 sessions. 
The comprehensive ES training program is an effective 
program in terms of both speech and economic benefits. 
This program can be applied in practice for developing to 
gain their capacity to live in their society. Participants’ 
suggestions should be considered for the further program.
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ABSTRACT

Background: Due to the COVID-19 outbreak, Department of Medical Sciences, 
Ministry of Public Health has taken responsibility for SARS-CoV-2 laboratories using 
Real-Time RT-PCR in network accreditation. Monitoring and evaluation are important to 
ensure the quality of SARS-CoV-2 laboratory networks after receiving accreditation.   
 

Objectives: This study aims to summarize and provide policy proposals and new 
laboratory guidelines from on-site-assessment key points to elevate lab quality and 
support laboratory development to meet the international standard, ISO 15189 
accreditation. 

Materials and methods: The coaching-type-assessment checklist for SARS-CoV-2 
laboratory network was prepared by an expert team and contained 44 requirements 
in Analytical technique and Biological safety. It was then sent to the laboratory 
network nationwide for self-assessment. The assessor team used this checklist for 
on-site assessment from May to September 2020.

Results: On-site assessment of 38 SARS-CoV-2 laboratories showed a total of 156 
nonconformities (NCs). The top three NCs in the Analytical technique requirements 
were 1) accommodation and environment condition (27.6%), (involved performing 
Pre-PCR activities in the same area as Post-PCR and unidirectional workflow), 
2) laboratory equipment, reagents, and consumables (13.5%) and 3) post-examination 
process (13.5%). In Biological safety requirements, personal protective equipment 
(PPE) was the most frequently found NC with 8.3%, and involved area constraints 
with no suitable places to put on or remove PPE. 

Conclusion: The monitoring and evaluation for the SARS-CoV-2 laboratory network 
in Thailand has been developed according to the PCR standards both in terms of 
management and technical including biological safely for improving and developing 
the quality of SARS-CoV-2 laboratory network response to an emerging situation. 
To strengthen the quality of laboratory network in Thailand and preparedness to 
emerging situation, integrated tools are proposed including laboratory's self-assessment 
(coaching-type checklist), the proficiency testing (PT) programs, re-accreditation, 
special assessment from particular request and organizing training to disseminate 
knowledge to all network laboratories. In addition, this system may apply for other 
emerging diseases in the future and should encourage laboratories to continue for 
the ISO 15189 accreditation. 
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Materials and methods

	 1.	 The monitoring and evaluation team for the 
SARS-CoV-2 laboratory network was appointed by dividing 
into 2 subgroups; 1) expert team (10 members) and 2) assessor 
team (67 members). The expert team was composed of 
representatives from the Department of Medical Sciences, 

	 Due to the COVID-19 outbreak, Department of 
Medical Sciences, Ministry of Public Health has taken 
responsibility for laboratories implementing SARS-CoV-2 
testing. The project named “one laboratory one province” 
has been launched to develop Laboratories with SARS-CoV-2 
testing in every provinces of Thailand serving for diagnosis, 
treatment, monitoring, disease investigation and surveillance 
preparedness for peoples of the whole country. The Department 
of Medical Sciences was the host for work integration between 
internal and external organizations in establishing the network 
system for laboratories implementing SARS-CoV-2 testing 
using Real-Time RT-PCR.1 The laboratories requesting laboratory 
network accreditation, need to pass assessment by the 
Department of Medical Sciences in the capacities of personnel, 
instrument, equipment, reagents, in a BSL 2 enhanced facility 
and proficiency testing by giving correct reports for all PT 
samples provided. Only laboratories in the accredited list 
of SARS-CoV-2 laboratory networks could join the program 
of the National Health Security Office (NHSO) for supporting 
lab analysis and PPE costs. Currently, over 200 laboratories 
have been accredited leading to rapid diagnosis, infection 
control and prevention by timely management. However, 
to ensure the quality of laboratories in the network after 
receiving accreditation, a monitoring team has been set up 
to play roles in lab evaluation for re-accreditation and for 
special assessment on particular request after discordant 
results from reference labs, and to support laboratories 
to meet the international standard, ISO 15189 accreditation. 
During May 2020 to September 2020, there were 4 lab 
assessments based on particular request, 12 labs with random 
assessment and 22 labs co- assessed with the National Health 
Security Office (NHSO). Lab assessment activities brought up 
the key points that could strengthen the network through 
development of policy and new guidelines such as reducing 
test sensitivity by using autolysis in the extraction step, 
risk of contamination from lab workspace and workflow 
designs, knowledge and understanding while interpreting 
test results, management guidelines for the many samples 
processed during an outbreak, arrangement of examination 
round, incorrectly opening the sample box outside the 
BSL2 enhanced room, and putting on and taking off PPE in 
limited spaces

Introduction

Objective

	 1.	To summarized assessments and outline the policy 
proposal and new laboratory guidelines, from key points 
of on-site assessment, that will strengthen the SARS-CoV-2 
laboratory network using real-time RT PCR in Thailand.
	 2.	To support laboratory development to meet the 
international standard, ISO 15189 accreditation.

The assessment checklist
	 The coaching-type-assessment checklist for the 
SARS-CoV-2 laboratory network in Thailand wasproposed 
by the expert team with a total of 44 requirements covered 
Analytical technique and Biological safety. 24 of the 44 were 
“the must” requirements. The Analytical technique part 
was composed of 8 topics arranged in order for the analytical 
process; 1) personnel, 2) accommodation and environment 
conditions, 3) laboratory equipment, reagents, and consumables, 
4) pre-examination process, 5) examination process, 6) quality 
control, 7) post-examination process, and 8) interpretation 
and reporting of results. The Biological safety part consisted 
of 3 topics; 1) procedure document, 2) personal protective 
equipment (PPE) and 3) tools and other equipment. An example 
of a coaching-type-assessment checklist for SARS-CoV-2 
laboratory network in Thailand is shown in Table 1 and the 
Thai version can be downloaded by QR code.

Results

specialists from the Faculty of Medicine Siriraj Hospital and 
representatives from the National Health Security Office 
(NHSO). Assessor team were assessors from the Department 
of Medical Sciences, Reginal Medical Sciences Center nationwide, 
Bamrasnaradura infectious diseases institute, Rajavithi Hospital, 
and Faculty of Medicine Ramathibodi Hospital.   
	 2.	The coaching-type-assessment checklist for the 
SARS-CoV-2 laboratory network was prepared by the expert 
team and contained 44 requirements in Analytical technique 
and Biological safety. Among these, 24 requirements were 
“The must” representing the critical points with high impact 
to the correction of analytical results and/or biological safety 
such as well-trained and knowledgeable personnel, separate 
designated rooms for Pre-PCR and Post-PCR, and appropriate 
cleaning for preventing contamination. The laboratories in 
the network must follow all “The must” requirements. The 
rest of the requirements can be added in the plan/ directives 
for improvement with a specific due date in the case of not 
being able to perform or only partially perform. The outcome of 
this checklist was of  the semi-coaching type with detailed 
guidelines that laboratories could directly use in practice.
	 3.	The coaching-type- assessment checklists were 
sent to the laboratory network nationwide for self-assessment, 
improving and fulfilling the requirements. 
	 4.	The assessor team used the coaching-type- assessment 
checklist for on-site assessment from May 2020 to September 
2020. A total of 38 laboratories were assessed by divided 
into 3 categories; 1) special assessment from particular 
request according to the order of the Director-General of 
the Department of Medical Sciences for 4 laboratories, 
2) random assessment for 12 laboratories, and 3) co- 
assessment with the National Health Security Office (NHSO) 
for 22 laboratories.
	 5.	The expert team analyzed the assessment results 
and summarized into a policy proposal and new guidelines 
for the SARS-CoV-2 laboratory network in Thailand.
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Introduction

Due to the COVID-19 outbreak, Department of 
Medical Sciences, Ministry of Public Health has taken 
responsibility for laboratories implementing SARS-CoV-2 
testing. The project named “one laboratory one province” 
has been launched to develop Laboratories with SARS-CoV-2 
testing in every provinces of Thailand serving for diagnosis, 
treatment, monitoring, disease investigation and surveillance 
preparedness for peoples of the whole country. The Department 
of Medical Sciences was the host for work integration between 
internal and external organizations in establishing the network 
system for laboratories implementing SARS-CoV-2 testing 
using Real-Time RT-PCR.1 The laboratories requesting laboratory 
network accreditation, need to pass assessment by the 
Department of Medical Sciences in the capacities of personnel, 
instrument, equipment, reagents, in a BSL 2 enhanced facility 
and proficiency testing by giving correct reports for all PT 
samples provided. Only laboratories in the accredited list 
of SARS-CoV-2 laboratory networks could join the program 
of the National Health Security Office (NHSO) for supporting 
lab analysis and PPE costs. Currently, over 200 laboratories 
have been accredited leading to rapid diagnosis, infection 
control and prevention by timely management. However, 
to ensure the quality of laboratories in the network after 
receiving accreditation, a monitoring team has been set up 
to play roles in lab evaluation for re-accreditation and for 
special assessment on particular request after discordant 
results from reference labs, and to support laboratories 
to meet the international standard, ISO 15189 accreditation. 
During May 2020 to September 2020, there were 4 lab 
assessments based on particular request, 12 labs with random 
assessment and 22 labs co- assessed with the National Health 
Security Office (NHSO). Lab assessment activities brought up 
the key points that could strengthen the network through 
development of policy and new guidelines such as reducing 
test sensitivity by using autolysis in the extraction step, 
risk of contamination from lab workspace and workflow 
designs, knowledge and understanding while interpreting 
test results, management guidelines for the many samples 
processed during an outbreak, arrangement of examination 
round, incorrectly opening the sample box outside the 
BSL2 enhanced room, and putting on and taking off PPE in 
limited spaces.

Objective

1. To summarized assessments and outline the policy 
proposal and new laboratory guidelines, from key points 
of on-site assessment, that will strengthen the SARS-CoV-2 
laboratory network using real-time RT PCR in Thailand.

2. To support laboratory development to meet the
international standard, ISO 15189 accreditation.

Materials and methods

1. The monitoring and evaluation team for the
SARS-CoV-2 laboratory network was appointed by dividing 
into 2 subgroups; 1) expert team (10 members) and 2) assessor 
team (67 members). The expert team was composed of 
representatives from the Department of Medical Sciences, 

specialists from the Faculty of Medicine Siriraj Hospital and 
representatives from the National Health Security Office 
(NHSO). Assessor team were assessors from the Department 
of Medical Sciences, Reginal Medical Sciences Center nationwide, 
Bamrasnaradura infectious diseases institute, Rajavithi Hospital, 
and Faculty of Medicine Ramathibodi Hospital.   

2. The coaching-type-assessment checklist for the
SARS-CoV-2 laboratory network was prepared by the expert 
team and contained 44 requirements in Analytical technique 
and Biological safety. Among these, 24 requirements were 
“The must” representing the critical points with high impact 
to the correction of analytical results and/or biological safety 
such as well-trained and knowledgeable personnel, separate 
designated rooms for Pre-PCR and Post-PCR, and appropriate 
cleaning for preventing contamination. The laboratories in 
the network must follow all “The must” requirements. The 
rest of the requirements can be added in the plan/ directives 
for improvement with a specific due date in the case of not 
being able to perform or only partially perform. The outcome of 
this checklist was of  the semi-coaching type with detailed 
guidelines that laboratories could directly use in practice.

3. The coaching-type- assessment checklists were
sent to the laboratory network nationwide for self-assessment, 
improving and fulfilling the requirements. 

4. The assessor team used the coaching-type- assessment 
checklist for on-site assessment from May 2020 to September 
2020. A total of 38 laboratories were assessed by divided 
into 3 categories; 1) special assessment from particular 
request according to the order of the Director-General of 
the Department of Medical Sciences for 4 laboratories, 
2) random assessment for 12 laboratories, and 3) co- 
assessment with the National Health Security Office (NHSO)
for 22 laboratories.

5. The expert team analyzed the assessment results
and summarized into a policy proposal and new guidelines 
for the SARS-CoV-2 laboratory network in Thailand.

Results

The assessment checklist
The coaching-type-assessment checklist for the 

SARS-CoV-2 laboratory network in Thailand was 
proposed by the expert team with a total of 44 
requirements covered Analytical technique and Biological 
safety. 24 of the 44 were “the must” requirements. The 
Analytical technique part was composed of 8 topics 
arranged in order for the analytical process; 1) personnel, 2) 
accommodation and environment conditions, 3) laboratory 
equipment, reagents, and consumables, 4) pre-examination 
process, 5) examination process, 6) quality control, 7) post-
examination process, and 8) interpretation and reporting of 
results. The Biological safety part consisted of 3 topics; 1) 
procedure document, 2) personal protective equipment 
(PPE) and 3) tools and other equipment. An example of a 
coaching-type-assessment checklist for SARS-CoV-2 
laboratory network in Thailand is shown in Table 1 and the 
Thai version can be downloaded by QR code. 
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Table 1 �Example of the coaching-type-assessment checklist for a SARS-CoV-2 laboratory network in Thailand.

No. Requirement Evidence Recommendations for the assessment
Analytical technique requirements
1. Personnel

1
The 

must

A list of personnel who have been assigned 
to inspect SARS-CoV-2 as a medical technician 
/medical scientist who have experience 
in biomolecular examination and biosafety

>Contact list
>Education background
>Biomolecular experience 
  ( … Years)
>Biosafety experience

Random inspection of personnel files/
Focused on new personnel/Observe 
performance/Interview/ In the case of 
a scientist, it can be performed under 
supervision of a medical technician or a 
medical scientist

2. Accommodation and environment 
conditions

2
The 

must

Semi-Automated PCR
Separated areas to prevent cross-con-
tamination by separating into 2 parts: 
Pre-PCR and Post-PCR reaction as follows:
1. ��Pre-PCR must provide a working area 

divided into 2 parts:
      • Master mix preparation room
      • �Sample preparation and extraction 

of genetic material room
In the case that there is 1 Pre-PCR room, 
separate activities and must not be 
performed at the same time as follows:
1) �Prepare the master mix solution in a 

PCR cabinet with UV lamp.
2) �Prepare and extract samples of genetic 

material in a Biosafety cabinet (BSC) 
Class II by cleaning the area and equipment 
before and after each operation with the 
appropriate reagents and methods. 
For example, 1% sodium hypochlorite 
for 30 minutes and then wipe off with 
clean water, 70% ethanol for 10 minutes 
followed by at least 30 minutes of UV 
exposure, RNA-destroying liquid, etc. 

2. �Provide space/area for Post-PCR set 
up real-time PCR machines for increasing 
genetic content and analyzing test 
results.

       - �Organize the workflow chart in one 
direction from Pre-PCR to Post-PCR

       - �Separate PPE sets, material equipment.

PCR Laboratory layout, 
instrument layout and 
direction of wind source/ 
workflow path

Investigation
>�Laboratory layout requires separated 

Pre-PCR and Post-PCR rooms.
>�Equipment layout / workflow path / 

practice at every step must ensure that 
it does not lead to contamination

   �In the case that there is 1 Pre-PCR room, 
there must be clear procedures using 
separate times to perform each activity. 
Avoid preparing Master Mix reagents 
and preparing samples and extracting 
genetic material at the same time.

Biological safety requirements (Additional)
2. Personal Protective Equipment (PPE)

38 >�Use a waterproof, disposable lab coat 
(front fastening type), or a lab coat to 
be covered with a plastic apron

>�Appropriate handling methods for lab 
coats, such as storage and proper 
disposal.

>�Provide an appropriate lab coat changing 
room.

Attach picture
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Opportunity for improvements from the on-site assessment
	 On-site assessment of 38 SARS-CoV-2-testing laboratories 
by the assessor team using the 44-requirement checklist 
found a total of 156 nonconformities (NCs) which enabled 
the opportunity for improvement. The top 3 NCs in the 
Analytical technique requirements were 1) accommodation 

and environment conditions (27.6%) (Table 2, Figure 1), 
2) laboratory equipment, reagents, and consumables (13.5%) 
and 3) post-examination process (13.5%). In Biological 
safety requirements, personal protective equipment (PPE) 
was the most frequently found NC with 8.3% (Table 2, Figure 1). 

Table 2 �Nonconformity from on-site assessment of 38 laboratories using the coaching-type-assessment checklist for SARS-CoV-2 
laboratory network in Thailand.

Order Requirement Number of NC* Percentage of NC*
I. Analytical technique requirements

1. personnel 17 10.9%
2. accommodation and environment condition 43 27.6%
3. laboratory equipment, reagents, and consumables 21 13.5%
4. pre-examination process 8 5.1%
5. examination process 15 9.6%
6. quality control 5 3.2%
7. post-examination process 21 13.5%
8. interpretation and reporting results 3 1.9%

II. Biological safety requirements (additional)
1. procedure document 5 3.2%
2. personal protective equipment (PPE) 13 8.3%
3. tools and other equipment 5 3.2%

*NC = nonconformity

 

 
 

Order Requirement Number of NC* Percentage of NC* 
II. Biological safety requirements (additional) 

1. procedure document 5 3.2% 
2. personal protective equipment (PPE) 13 8.3% 
3. tools and other equipment 5 3.2% 

*NC = nonconformity 

 
 
Figure 1:  Percentage of nonconformity from on-site assessment of 38 laboratories using the coaching-
type- assessment checklist for SARS- CoV- 2 laboratory network in Thailand where it was classified 
requirements into 2 parts: 1) Analytical technique (green bar) and 2) Biological safety (blue bar).  
 
 
Policy proposals and new guidelines 
 Key points of nonconformity (NC) from on-site assessment of 38 laboratories are listed in Table 
3 along with the practical guidelines and suggestions for problem solving and lab improvement.  The 
total of 18 observed key points from both sections, Analytical technique quality and Biological safety, 
were analyzed for the causes of problems (Table 3). Three main causes were classified as A) insufficient 
knowledge (7 key points), B) inappropriate management (5 key points) and C) inappropriate quality of 
test and control (7 key points) .  These issues could be guides for developing policy proposals and 
strengthening the SARS-CoV-2 laboratory network in the future.  
 
Table 3:  Key points of nonconformity (NC) from on-site assessment, assessed causes and suggestions 
for lab improvement 

Observed key point and (cause of problem) Guideline/ Suggestion 
Section I: Analytical technique quality 
Personnel   

1. Practitioners lack knowledge and 
understanding of the main issues such as 

1. Provide online training course for the staff of 
SARS- CoV- 2  testing laboratories  including 
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Figure 1. �Percentage of nonconformity from on-site assessment of 38 laboratories using the coaching-type-assessment checklist for SARS-CoV-2 laboratory 
network in Thailand where it was classified requirements into 2 parts: 1) Analytical technique (green bar) and 2) Biological safety (blue bar).
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Policy proposals and new guidelines
	 Key points of nonconformity (NC) from on-site 
assessment of 38 laboratories are listed in Table 3 along 
with the practical guidelines and suggestions for problem 
solving and lab improvement. 17 observed key points 
from both sections, Analytical technique and Biological 
safety, were analyzed for the causes of problems (Table 3). 

Table 3 �Key points of nonconformity (NC) from on-site assessment, assessed causes and suggestions for lab improvement.

Observed key point and (cause of problem) Guideline/Suggestion
Section I: Analytical technique
Personnel
     1. �Practitioners lack knowledge and understanding of the 

main issues such as result interpretation, and prevention 
from contamination causing false positive.

         (A: insufficient knowledge)

1. �Provide online training course for the staff of SARS-CoV-2 
testing laboratories including the important topics both 
analytical technique and laboratory safety such as analysis 
of SARS-CoV-2 by Real Time RT-PCR, sample preparation, 
extraction of genetic material, reagent preparation, 
examination process, interpretation and reporting following 
the guideline of Ministry of Public Health, performing of 
internal quality control (IQC)/proficiency testing (PT) and 
solving the problem in the case that the result is out of 
the acceptable criteria, management and prevention of 
contamination for PCR, managing/ wearing and removal 
of PPE, etc.     

2. �Provide the channel for questions and answers between 
the laboratory and the expert team by online coaching.

     2. �During the epidemic period, a large number of samples 
causing the workload overload of staff. 

         (B: Inappropriate management)

Fatigue from continuous working 24 hours a day during heavy 
outbreaks may cause an error in the result. The Department 
of Medical Sciences therefore issues recommendations to 
organize no more than 3 examination rounds per day in order 
to allow personnel to have time to rest. It also has time to 
clean the laboratory and all systems to prevent contamination.

Accommodation and environment conditions
     3. �Designing of laboratory area was not suitable; Pre-PCR 

and Post-PCR were in the same area causing contamination 
risks such as preparing Master mix reagents and adding 
a template which was Pre-PCR part in the room where 
the PCR machine was located as part of Post-PCR includes 
non-directional workflow from Pre-PCR to Post-PCR.

         (A: insufficient knowledge)

The PCR room layout depends on the type of equipment 
used and is divided into 2 types as follows2.

I. Semi-Automated PCR
The laboratory shall use the separated room to prevent 
Cross-contamination, divide the area into two parts including 
the Pre-PCR and Post-PCR as following;
     1. �Pre-PCR, the laboratory shall provide the area divided 

into two parts; 
             • room for preparing of Master mix reagent
             • room for sample preparation and extraction 
But in case of the laboratory have 1 room for Pre-PCR, the 
laboratory shall separate the following activities and shall 
not process at the same time. 
            1.1) �Master mix reagent preparation in PCR cabinet 

which has UV
            1.2) �sample preparation and extraction in BSC Class 

II. Clean the room and equipment every time 
before and after work using suitable disinfectants 
such as 1% sodium hypochlorite for 30 min, then 
clean with water or 70% ethanol for 10 min, after 
that using the UV light at least 30 min or using 
RNA destructive solution, etc.

     2. �Post-PCR is the area for the installation of a Real-time 
PCR analyzer, amplification, and analysis of results.  

Three main causes were classified as A) insufficient knowledge 
(7 key points), B) inappropriate management (4 key points) 
and C) inappropriate quality of test and control (6 key 
points). These issues could be guides for developing policy 
proposals and strengthening the SARS-CoV-2 laboratory 
network in the future.
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Table 3 �Key points of nonconformity (NC) from on-site assessment, assessed causes and suggestions for lab improvement. (continued)

Observed key point and (cause of problem) Guideline/ Suggestion
Separate PPE and equipment for each room. Provide directional 
workflow from Pre-PCR to Post-PCR.  

II. Fully Automated PCR
The laboratory can prepare the sample in BSC Class II and 
use Fully Automated PCR to prepare reagent, extraction of 
RNA, RNA amplification, and analysis in the same analyzer, 
no need to separate the room. 
But in case of the analyzer doesn’t have the system to prevent 
the amplicon, the laboratory shall separate the sample 
preparation room and the PCR room.

     4. �The doors and walls of the room were blacked out. 
Can't see the operator inside. 

         (A: insufficient knowledge)

The laboratory shall have the part visible to the operator from 
the outside. The door can be closed to prevent unauthorized 
persons and designate the authorized persons who have 
the right to enter and exit3,4.

     5. �The cleaning staff had no knowledge of PCR laboratory 
cleaning.

         (A: insufficient knowledge)

Since PCR testing has a chance of contamination from the 
sample or PCR product that may be left in the room, so 
cleaning the floor must be careful to not cause diffusion, 
such as using a dust mop instead of a broom, separate 
cleaning equipment for each area and cleaning staff must 
be trained to clean the molecular biology laboratory including 
prevention of infection.

     6. �There were no records of those who accessed the 
laboratory.

         (B: Inappropriate management)

A laboratory is a place where is a risk of exposure to infection. 
Therefore, the name, contact address, and the time of being in 
the laboratory of those who contacted must be recorded. 
Whether it is an assessor, equipment maintenance technicians, 
etc. So that the laboratory can follow up in the case of suspected 
infection in the laboratory.

     7. �The BSC cabinet was installed in an inappropriate location, 
causing the air in front of the cabinet to be disturbed 
by an air conditioner.

         (A: insufficient knowledge)

To reduce diffusion of samples or PCR products in a BSC 
cabinet, BSC cabinet placement should be positioned and 
directed away from doors, windows, corridors, fans, air 
conditioners, fume hoods and other types of air sources to 
ensure that the outside wind does not disturb the BSC cabinet 
air curtain.

Laboratory equipment, reagents, and consumables
     8. �Use a wide variety of brands of reagent and extraction 

kit without verification before use.
         (C: Inappropriate quality of test and control)

Select reagents and test kits which are registered with the 
Food and Drug Administration (FDA) and the reagent shall 
be verified before use with the parameters of analytical 
sensitivity and specificity. But if there is no such verification 
result, IQC results and PT results may be used instead, and 
PT results must be verified as current reagents.

Pre-examination process
     9. �Open the sample container outside the BSL-2 Enhanced 

laboratory. 
         �(A: insufficient knowledge & B: Inappropriate management) 

Opening of the sample container must be done in a BSC 
Class II cabinet with the corrected technique in a provided 
room. Staff must wear the correct and suitable PPE. Use a 
waterproof, disposable lab coat or use a lab coat cover with 
a plastic apron, a hair cap, N-95 face-shield, double gloved, 
closed toe shoes (Practices like BSL3 practice).
In case of a large number of samples, other room spaces 
may be used. There must be a hanging sign to warn those 
who are not involved in the work area. Also, the sample 
container must be opened in a BSC Class II cabinet, as well 
as to wear the correct PPE as required.
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Table 3 �Key points of nonconformity (NC) from on-site assessment, assessed causes and suggestions for lab improvement. (continued)

Observed key point and (cause of problem) Guideline/ Suggestion
Examination process
    10. �Autolysis was used instead of extraction of genetic 

material. Making it unsure whether to extract RNA 
or not.

           (C: Inappropriate quality of test and control)

Since the evaluation of the test kits and reagents related 
for the diagnosis of SARS-CoV-2 infection by Real-time 
RT-PCR method for registration with the Food and Drug 
Administration (FDA) is covered only the test using extracted 
RNA sample, Extraction reagent and autolysis step is not 
included in that evaluation. Therefore, if the manufacturer/ 
importer refered to Autolysis they must notify the FDA and 
Department of Medical Sciences to evaluate whether if it 
covers such procedures. Therefore, if there is no evaluation 
result, the laboratory shall extract the RNA from the specimen 
for PCR reaction.

     11. �There were modifications of the method, which may 
affect the sensitivity of the test. 

           (C: Inappropriate quality of test and control)

- �In some cases, the laboratory may be advised by the staff of 
the company that is selling reagents to modify test methods 
to reduce the process and time, but it does not comply 
with the manufacturer's instruction. Without supported 
validation, it may decrease sensitivity of the assay, and this 
may cause a false negative. So the laboratory must strictly 
follow the protocol specified in the package instructions.

- �Communication and insisting on an understanding of the 
staff of the reagent companies are needed in order to provide 
correct laboratory advice

     12. �Examination by pooled samples without validation results. 
(C: Inappropriate quality of test and control)

The pooled sample will cause the sample to be diluted and the 
genetic material will be reduced. There is a high probability of 
false-negative effects. Therefore, testing by using a pooled 
sample must always have the results of the method validation.

Quality control
     13. �Using a reagent that had not passed Proficiency Testing 

with the Department of Medical Sciences
           (C: Inappropriate quality of test and control)

PT is an important tool in evaluating the laboratory competency.  
The lab must clearly identify each batch of reagents. If 
there is a change in the reagent, the laboratory shall inform the 
Department of Medical Sciences to evaluate the proficiency 
test (PT) with a new set of reagents before using it.

     14. �The laboratory used external QC to control the quality 
of the PCR process. Therefore, the sample quality 
should also be examined.

           (C: Inappropriate quality of test and control)

In quality control for Semi-Automated PCR there must be a 
performed positive control and non-template control for each 
test. And, where possible, internal control (housekeeping 
genes) should be performed to examine sample quality. 
Because the virus multiplies in the cell, the cells also carry 
housekeeping genes, so when the housekeeping gene is 
detected, it can indicate that the sample is of quality because 
the infected cells can be collected5.

Post-examination process
     15. �The laboratory translated results only from the machine, 

did not neither read the graph nor look at the Ct 
range for the interpretation of positive control.

           (A: insufficient knowledge)

Interpretation of results according to “Guidelines for the 
management of the laboratory testing and reporting system 
for COVID-19 with a single laboratory system (DMSc_P05)”6 
of the Department of Medical Sciences. Up-to-date version, 
which set the guidelines as follows
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Table 3 �Key points of nonconformity (NC) from on-site assessment, assessed causes and suggestions for lab improvement. (continued)

Observed key point and (cause of problem) Guideline/ Suggestion
1) Confirm the results of the gene test at least 2 positions
2) �Ct value not more than 36, if it exceeds, the lab shall 

repeat test by starting the process of extraction of new 
genetic material, if the result is positive, then the report 
can be released. 3) Interpretation of the result should 
also consider the curve, which should look like a S-shaped 
curve or sigmoid curve, as shown in the Figure 2.

However, the user should study the instructions given in 
the test package and follow it strictly.

     16. �Incomplete reporting information, unspecified reagent 
name, target gene with Ct value, and summary method, 
etc.

           (B: Inappropriate management)

The report shall identify the name of the reagent, target 
gene with Ct value and the method of summarize of result 
as set in "Guidelines for the Management of the Laboratory 
Testing and Reporting System for Covid-19" With a single 
laboratory system (DMSc_P05)”6 of the Department of 
Medical Sciences.

Section II: Biological safety
     17. �No appropriate designated area for put on and removal 

of PPE due to area constraint
           (B: Inappropriate management)

Lab should provide area for dress up PPE before entry in 
the working area. 
In case of space limitation and no outside lab area available, 
should set up clean corner in the lab for putting on PPE and 
provide area for taking off PPE and discarding into the 
infectious waste bin before exiting the lab.
However, should provide separate room for PPE removal 
with hand washing sink in the specimen preparation area 
followed BSL-2 enhance.

Figure 2. �Curves of SARS-CoV-2 Ct by Real-time RT-PCR method. A: S-curve, Ct 21.41, B: S-curve, Ct 25.50, C: S-curve, Ct 34.23, D: no S-curve format, 
Ct 38.56.
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Discussion and Conclusion

	 This coaching-type-assessment checklist for SARS-
CoV-2 laboratory network used in Thailand was developed 
based on the main idea to use this tool for assessment and 
for practical coaching at the same time. Therefore, each 
requirement in the checklist also contained the detail of 
practice guidelines that could be directly applied for use 
in the laboratories. This advantage could help in rapid lab 
setup in response to an emergency situation. This checklist, 
specifically designed to assess capacities of laboratories 
implementing SARS-CoV-2 testing, was more specific than 
the WHO questionnaire which focused on overall management 
at the nation level and competency of lab analysis.7,8

	 The results from on-site assessment in 2020 of 
38 laboratories from the total of 237 laboratories with 
SARS-CoV-2 testing in Thailand showed the main opportunity 
of improvement (OFIs) for 156 NCs. The most OFI in the 
Analytical technique part was accommodation and environment 
conditions 43 NCs (27.6%). The main cause was not the 
insufficient workspace but from insufficient knowledge 
and understanding of practitioners such as no separation 
of Pre- and Post-PCR working areas. The Pre-PCR processes 
such as master mix preparation and template adding were 
performed in the room with the PCR machine which counted 
as Post-PCR area. Also, inappropriate workflow by overlapping 
between Pre-PCR and Post-PCR activities may lead to cross 
contamination. In the Biological safety part, the most OFI 
found was requirements of personal protective equipment 
(PPE) 13 NCs (8.3%). Most OFIs were related to inappropriate 
designated area for putting on and taking off PPE. The 
suggestions for this issue were; 1) should provide area for 
dress up in PPE before entry to the lab, 2) in case of limitation 
of space with no outside lab area, should set up clean 
corner in the lab for putting on PPE and provide area for 
taking off PPE and then drop into infectious waste before 
exiting the lab.
	 Most key points from on-site assessment referred 
to the main causes of incidents focusing on insufficient 
knowledge, inappropriate management and inappropriate 
quality of test and control. Solutions are policy proposals and 
additional guideline development to improve the quality of 
the SARS-CoV-2 laboratory network such as a SARS-CoV-2 
laboratory guidance document in a Question & Answer 
format, and online training for nation-wide SARS-CoV-2 
laboratories and related stakeholders such as assessors, 
sale representative, etc. to strengthen the quality of SARS-CoV-2 
laboratory network. Many tools were recommended and 
could be used together. The African Society for Laboratory 
Medicine recommended use of 3 tools including Quality 
Control (QC), External Quality Assessment (EQA) and Quality 
Improvement (QI).9 WHO proposed the Laboratory Assessment 
Tool.8 The nation-wide laboratory network in Taiwan was 
rapidly established and kept monitoring to achieve reports 
within 24-hours for infection control efficiency but quality 
assurance was not clearly mentioned.10 For Thailand, the 
committee proposed a policy by using tools that covered 
all dimensions which were 1) self-assessment checklist, 
2) proficiency testing program, 3) on-site assessment for 
re-accreditation and special assessment on particular request 
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due to the quality of report and 4) training/ coaching program
for the entire laboratory network. All integrated tools could
be implemented to strengthen the SARS-CoV-2 laboratory
network in Thailand and ensure the quality of analytical
results to use for diagnosis, surveillance, control and prevention
of diseases with efficiency and rapid response. In addition,
this molecular detection system may be applied for use for
other emerging diseases in the future and should further
encourage well-prepared laboratories to apply for international
standard ISO 15189.
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ABSTRACT

Background: Radioactive iodine 131 (I-131) is used as an alternative to treat thyroid 
cancer. Patients receiving I-131 must be separated in provided hospital rooms until 
radiation level falls below the specified threshold. The knowledge of the amount of 
radiation in patient rooms along with outlying areas, together with the building's sewer 
systems will help monitoring and controlling the radiation hazard.   
 

Objectives: This study was conducted to investigate the radiation exposure from 
ward of patients treated with I-131, and the effects upon general public. 

Materials and methods: OSL devices were placed on the outer surface of sewer 
line and external walls of patient rooms. Accumulated radiation was measured for 
a period of one month.

Results: The results showed that radiation exposure from I-131 patient rooms located 
on the 5th floor of Srinagarind Hospital was 7.24 μSv/hr. However, the radiation detected 
from both sides of drainage pipe were unequal. Radiations on the 2nd, 3rd, 4th, and 5th 

floors were 1.70, 1.28, 2.97, and 7.24 μSv/hr, respectively. 

Conclusion: It could be concluded that accumulated radiation in a single year 
exceeded the ICRP specified limit and poses a safety hazard for staff and general 
public. Recommendations to rectify the problem included increasing awareness of 
staff and public through warning signs, as well as adding of lead shields surrounding the 
patient rooms. Nonetheless, further measurements should be performed again 
after reconstruction. 
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	 Radioactive iodine-131 (I-131) is orally or intravenously 
administered to patients for the treatment of hyperthyroidism 
and thyroid cancer. The radiation dosage for hyperthyroidism 
treatment is about 1 GBq, while treatment of thyroid cancer 
patients requires a higher I-131 radiation dosage of about 
3-6 GBq.1 During the period in which patients are admitted 

Introduction as hospital in-patients, the measured dose rate outside the 
room or public area should not be higher than 6 μSv/hr. To 
protect the public, it is required to isolate these patients 
until the retained radioactive drug in the patient’s body is 
below 1 GBq, or the measured dose rate from the patient 
is lower than 5 μSv/hr at one meter. The maximum activity 
at which a patient is allowed to return home depends on 
the national practice and individual patient’s condition, where 
it usually ranges between 0.2 and 1 GBq.1 
	 The excretion of radioiodine from the patient subsequently 
enters the hospital's sewer system as waste, which is carried 
away from the patient ward and may be harmful to staff, 
relatives, patients, and the general public.2, 3 There are various 
recommended methods for the management of these kinds 
of waste. The most convenient method is to dispose the 
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Materials and methods

	 InLight® dosimetry systems using optically stimulated 
luminescence (OSL) were installed at 17 points, two pieces 
each, totaling to 34 pieces. This provides users with reliable 
and accurate radiation monitoring (Figure 1). The system 
measures radiation via aluminum oxide doped with carbon 
(Al2O3: C), and the detectors read optically through stimulated 
luminescence.10, 11 The OSL devices were mounted on 1) corridor, 
staff room, and patient rooms adjacent to the rooms treated 
with I-131 on the 5th floor; 2) sewer line connected to the 
exposed rooms; and 3) patient rooms and adjacent rooms 
on the 4th floors of the building in Srinagarind Hospital. The 
accumulated radiation was measured for a period of one 
month. InLight Automatic Reader® (Ionizing Radiation Metrology 
Group, Office of Atoms for Peace, Bangkok, Thailand) was 
used to measure the radiation received by the OSL dosimeters 
(Figure 2).

patient’s excretion of radioiodine directly into the public sewer 
system. However, the International Commission on Radiological 
Protection (ICRP) (1990) has suggested to reduce the dose 
disposed to the public sewer system to an acceptable level.4 
Therefore, the I-131 treatment ward and the radioactive 
waste water management system must be specially designed 
and certified to meet the national radiation safety standard 
by Office of Atoms for Peace (OAP), Thailand. Moreover, 
hospital's sewer systems that have been used for a long 
period of time are subjected to deteriorate and require 
regular maintenance.
	 The physical properties of I-131 include its decay through 
beta and gamma emissions. The decayed beta particles 
produce a maximum energy of 606 keV (89% abundance, 
248-807 keV), and the 364 gamma-ray emits 81% abundance 
and 723 keV.2, 5-7 Because beta particles have a shorter range 
in tissue, the ionizing effects of beta-radiation are restricted 
to the cancer cells. However, high-penetrating gamma radiation 
can escape the patient’s body, leading to unwanted exposure 
to those around them.3, 7-9 
	 Our study aims to investigate the radiation exposure 
from the radioiodine therapeutic ward. I-131 is released 
from the treated patient into the environment, such as building, 

corridor, staff room, and untreated patient rooms, as well 
as the sewage waste drainage system.2, 3, 9  OSL dosimeters 
were used to measure radiation emitted from the I-131 
therapeutic patients’ ward.

Figure 1. OSL dosimeters installed on different places to measure radiation doses.
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	 Twenty-eight patients, between the ages of 17 and 
78 years were treated with radioactive, I-131 at levels between 
3.7 - 7.4 GBq. The total radiation activity was approximately 
166.5 GBq. Table 1 shows that the exposed radiation level 
from the I-131 patient room located on the 5th floor was 

Results

Figure 2. InLight Automatic Reader®.

between 0.09-5.21 mSv/month, or 0.12-7.24 μSv/hr (Figure 3). 
The amount of radiation from both sides of the sewer 
drainage pipe were unequal. Radiation results on the 2nd, 
3rd, and 4th floors were between 0.19-2.14 mSv/month, or 
0.26-2.97 μSv/hr (Figure 4).

Table 1 �Maximum radiation levels measured in different layers.

Area Staff room 
mSv/mo.

Patient room 
mSv/mo.

Corridor 
mSv/mo.

Patients who do 
not receive I-131 

mSv/mo.

Waste drainage area mSv/mo.

Left wing Right wing

5th floor 1.48 5.21 0.47 0.09 n/a* n/a*

4th floor n/a* n/a* n/a* 0.46 0.73 2.14
3rd floor n/a* n/a* n/a* n/a* 0.28 0.92

2nd floor n/a* n/a* n/a* n/a* 0.19 1.23
*n/a means: no measurement according to no specified area on that floor.

Figure 3. Placement of OSL plates used to measure radiation on the 5th floor.

5th floor.
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Figure 4. �Positions of OSL plates used to measure the amount of radiation along the sewer line and patient rooms adjacent to I-131 treated rooms on the 2nd 

through 5th floors.

Discussion

	 The cancer treatment ward at Srinagarind hospital 
is located on the 5th floor of a five-story building. Thyroid 
cancer patients receiving I-131 treatments are distributed 
into six patient bends in three rooms. Patients treated 
with high levels of radioactive I-131 generally remain as 
in-patients until their radiation level is lower than 5 μSv/hr 
at 1 meter.2, 6, 8 In 2017, a total of 275 patients received 
radiation doses total of 1,472 GBq/year. This high radiation 
activity may be harmful to people and the environment. 
Our study examined the radiation levels emitted from 
radiotherapy patients and their effects upon adjacent areas. 
We determined that patient rooms involved in the administration 
of I-131, along with the connecting sewage system were 
not designed to prevent the ramifications of the radiation 
therapy. Our study, which we believe to be the first to employ 
OSL measurements in radiation detection, strives to identify 
as well as offer solutions to these radiation levels; which can 
be harmful to staff, relatives, and the general population. 
	 In 2014, Memon SA, et al. had conducted a study 
to record and examine the exposure rates of I-131 to the 
general public in the corridors and within the non-radioactive 
patients in adjacent rooms; calibrated by an LAMSE RM1001-RD 
survey meter. The average exposure rate in the corridors 
was about 5.17 μSv/hr (2.14 μSv/hr to 8.15 μSv/hr), and 
the cumulative exposure level of nonradioactive patients 
residing in adjacent rooms was 0.647 mSv (0.192 mSv to 
1.664 mSv). The exposure rates to the general public, especially 
those non-radioactive patients admitted in adjacent rooms, 
were slightly beyond the acceptable limit (1 mSv) as specified 
by both national and international standards.2 
	 The current study determined that the adjacent, 
untreated I-131 patient rooms and staff rooms on the 2nd to 
5th floors of Srinagarind Hospital, as well as the associated 
waste pipeline, exhibited levels of radiation in excess 
according to the ICRP recommended limits. Levels affecting 
the public (>1 mSv/y) and the hospital staff (>20 mSv/y)12 

have prompted the necessity to advise them of the associated 
health concerns, specifically to children and women during 
pregnancy or breastfeeding; and to reduce radiation exposure 
levels,2, 3, 6, 7, 9 as provided by the guidelines and restrictions 
provided by the IAEA (Safety Report Series 63).13

Conclusion

	 The accumulated results of the radiation exposure 
determined through our study, ranging from 1.08 - 62.52 mSv/y, 
exceed the safety limits recommended by the ICRP, which 
produce an unsafe environment for other patients, staff, 
and general public. We recommend that lead shields should 
be added to each thyroid cancer patient room, and warning 
signs should be posted to alert the general public. We further 
recommend that radiation exposure measurements should 
be carried out regularly along with associated water leakage 
(through sewage) inspections.
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ABSTRACT

Background: As a result of all kinds of disasters, people might be injured or killed. 
Most people could not be able to identify their family members dying in disasters. 
3D facial image reconstruction from skull could narrow down the recognition of 
the faces from their family or close friends.   
 

Objectives: The purpose of this preliminary study is to receive facial soft tissue thickness 
for forming a preliminary database and to create a 3D facial image reconstruction 
from Thai people. 

Materials and methods: 3D facial image reconstruction based on facial soft tissue 
thickness data and paranasal sinuses CT scan images from Thai people was studied. 
Firstly, 15 anatomical facial landmarks to form a facial soft tissue thickness data 
were collected from Maharaj Nakorn Chiang Mai hospital CT scan database, 45 cases 
were used (22 males and 23 females). A 3D skull model matrix from CT scan DICOM 
files was then generated. Finally, the 3D facial soft tissue model matrix was combined 
with the 3D skull model matrix to create a 3D facial image reconstruction.

Results: The result showed Thai male facial soft tissue was thicker than the female 
at mid-philtrum and rhinion, respectively. Median values of 15 landmarks were 
used to create a 3D facial skin on a 3D skull. The random survey of 100 people 
showed 11% matched a 3D facial image reconstruction with a real 3D face of that 
skull. 

Conclusion: The results also revealed that some people could recognize the real 
faces from the 3D facial images through facial soft tissue on the skull without any 
facial organs such as eyes, nose, or lips. It is suggested that facial soft tissue sampling 
and other facial organ studies could be helpful to create a big database for rebuilding 
more perfectly facial reconstruction in Thai people. 
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	 In general, we can identify a dead person using various 
ways such as DNA or fingerprints matching. However, it is 
difficult to apply both methods in some cases such as a disaster 

Introduction responsible for appalling massacre. It is a very hard work 
for running the identification of all bodies through a short 
period of time. To solve this problem, the facial reconstruction 
can be helpful by narrowing a finding scope of a pair matching 
DNA or fingerprints.1 To recreate face of the unknown skull, 
facial soft tissue thickness is very important. Therefore, in 
several years, many researchers in the field have studied 
about facial soft tissue thickness form a database for facial 
reconstruction in each nationality, specifically.2-6 
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Materials and methods

Data Collecting
	 Prior to the measurement, this study was reviewed and 
approved by the Ethics Committee of Faculty of Associated 
Medical Sciences, Chiang Mai University. Thus, the researchers 
did not receive any personal information, except for the sex 
and age of the patients. The data was obtained from facial 
soft tissue thickness in 45 cases of 22 males and 23 females 
from Maharaj Nakorn Chiang Mai hospital CT scan database. 
The cases in which deformations such as the fracture of 
the skull or facial bones, tumors, swollen or damages of facial 
tissue were not included. The ages of the case studies are 
between 13 – 72, making an average of 37.91 years. One 
examiner measured and recorded the facial soft tissue 
thickness data twice, leaving a measurement gap for two 
weeks to control an intra-observer bias. 15 anatomical facial 
landmarks of the skull were measured, 5 of which were 
on the midline and 5 on bilateral (Figure 1).2 The measurement 
software used was eFilm Workstation version 3.4. The DICOM 
images of CT scan had 0.4 mm voxel size (Figure 02).

	 It is noticeable that most of the researchers reported 
that facial soft tissue thickness in their studies was different 
from the other studies even in the same country. Thus, it 
is necessary to prescribe the facial soft tissue thickness 
differences in ethnic diversity related to age, sex and nutritional 
condition.7-8

	 The facial soft tissue thickness measurement could 
be done by several methods using facial soft tissue.9-11 In 
the past, needle puncture on dead body was applied.12,13 

But once medical imaging technology has been developed, 
the imaging based method known as CT scan became an 
illustrious method for measurement because it provides 
more accurate and reliable results.14-17 Moreover, this method 
can use in the living while the needle puncture cannot be 
performed.18 According to this study, the facial soft tissue 
thickness at 15 anatomical facial landmarks collected from 
paranasal sinuses CT scan DICOM file was used to created 
3D facial image reconstruction of Thai people. The main 
purposes are to get an initiative facial soft tissue thickness 
data for Thai population and to create a 3D facial image 
reconstruction.

Figure 1. �Anatomical facial landmark of skull.  FE: frontal eminence (left and right), SG: supra-glabella, Sup-O: supraorbital (left and right), G: glabella, Sub-O: 
suborbital (left and right), N: nasion, ZA: zygomatic arch (left and right), R:  rhinion, LO: lateral orbit (left and right), and Ph:  mid-philtrum.2
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Data analysis
	 The SPSS software version 22.0 (SPSS Inc., Chicago, 
USA) was applied to analyze the facial soft tissue thickness 
data. The Kolmogorov-Smirnov and Shapiro-Wilk were 
used to assess the distribution of the data showing its 
being distributed not normally. Median was represented 
as a central value. Wilcoxon Signed Ranks Test was used 
to assess Intra-observer reliability of the facial soft tissue 
thickness measurement. Mann-Whitney and Wilcoxon were 
used to compare the two groups of male and female patients 
involved in the study. Chi-Square was used to test their 
age differences. Kruskal Wallis Test was used to compare 
the differences more than two groups, and a statistically 
significant difference level, p-value ˂0.05, was used for all 
statistical analyses. 

Generate 3D facial image reconstruction
	 Firstly, a median of Thai facial soft tissue thickness 
was collected, then a 3D facial soft tissue of the skull on 
the 3D model program was created from the central values. 
Secondly, the software InVesalius, version 3.1 (CTI, Campinas, 
Brazil) was used to generate a 3D skull image from CT Scan 
DICOM files and to attach the 3D facial soft tissue model 

Figure 2. Measurement window from eFilm Workstation version 3.4.

Facial Soft Tissue Thickness Results
	 Table 2 demonstrates that the thickest facial soft tissue 
thickness landmark is mid-philtrum (about 1.00 centimeter) 
and the thinnest landmark is rhinion (about 0.25 centimeter). 
Moreover, Figure 3 shows the tissue thickness of the male 
is thicker than that of the female of both landmarks.

Results

matrix on 3D skull model matrix in software Autodesk 
Meshmixer platform (Autodesk Inc., California, USA). It should 
be noted that all 3D programs tools in this work were free 
software.

Test the recognition of face 
	 In order to prove that the 3D facial image reconstruction 
of Thai people could be effective, able to be used for the 
recognition of real faces in any people, the survey paper 
was developed to evaluate 3D facial images reconstruction. 
A hundred people were randomly selected to answer 4 questions. 
They were asked to match the pictures between the 3D real 
faces model of the skull and our 3D facial image reconstruction.
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Table 1 �Explains the definitions of anatomical facial landmarks.

No. Landmarks Definition
1. SG (Supra-glabella) The most anterior point on midline of forehead.
2. G (Glabella) The most prominent point between the supraorbital ridges in the midsagital plane.   
3. N (Nasion) Midpoint of the fronto-nasal suture.
4. R (Rhinion) The anterior tip of the nasal bone.
5. Ph (Mid-philtrum) Point at the intermaxillary suture, placed as high as possible before the curvature of 

the anterior nasal spine begins.
6, 7 Left and Right FE Centered on eye pupil, most anterior point of the forehead.

(Frontal Eminence)
8, 9 Left and Right Center upper part of margin of the orbit.

Sup-O (Supraorbital)
10, 11 Left and Right Sub-O Center lower part of margin of the orbit.

(Suborbital)
12, 13 Left and Right ZA Maximum, most lateral curvature of the zygomatic bone.

(Zygomatic Arch)
14, 15 Left and Right LO Lateral side of the eye, point on the zygomatic bone.

(Lateral Orbit)

Table 2 �Median values of 15 anatomical facial landmarks.

No. Landmarks Median 1st Median 2nd Average of Median
1 Supra-glabella 0.4 0.4 0.4
2 Glabella 0.5 0.5 0.5
3 Nasion 0.4 0.4 0.4
4 Rhinion 0.3 0.2 0.25
5 Mid-philtrum 1.0 1.0 1.0
6 Left FE (Frontal eminence) 0.4 0.3 0.35
7 Right FE (Frontal eminence) 0.3 0.3 0.3
8 Left (Supraorbital) 0.6 0.6 0.6
9 Right (Supraorbital) 0.6 0.6 0.6

10 Left (Suborbital) 0.6 0.6 0.6
11 Right (Suborbital) 0.6 0.6 0.6
12 Left (Zygomatic arch) 0.8 0.8 0.8
13 Right (Zygomatic arch) 0.8 0.8 0.8
14 Left (Lateral orbit) 0.4 0.4 0.4
15 Right (Lateral orbit) 0.4 0.4 0.4
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Facial image reconstruction result
	 Figure 4 demonstrates the 3D facial images before 
and after the facial reconstruction process. Four examples of 
original 3D skulls before facial reconstruction were shown 
in Figures 4.1(a)-4.4(a). These skull images were extracted 
from the original CT scan images of known people whereas 
Figures 4.1(b)-4.4(b) are 3D skull matrices after the facial 
soft tissue reconstruction on each original 3D skull image. 
Thin and soft tissue layer generated from 15 anatomical facial 
landmarks can be noted in the resulting images. However, 
these constructed facial images are generated as a preliminary 
work at this point. The more advanced the techniques or 
imaging software are the more tremendous the quality of 
the polygonal mesh in these reconstructed 3D skull images 
can obtain. 

Recognition result
	 Figure 5 shows the number of 100 people, 31 males 
and 69 females, who answered a survey paper. 11% of 
people can truly match all pictures between 3D real face 
images and 3D facial images reconstruction, 5% can match 
3 of 4 faces, 34% can match 2 of 4 faces, 28% can match 
just one face and 22% cannot match all of the face images.

Figure 3. �Thicknesses of rhinion and mid-philtrum between male and female. R01: rhinion first measurement values, R02: rhinion second measurement values, 
Ph01: mid-philtrum first measurement values, Ph02: mid-philtrum second measurement values. The values are in centimeters.

Figure 4. �3D facial image reconstruction; 4.1(a)-4.4(a) show the original 3D skull 
matrix whereas figures 4.1(b)-4.4(b) show the correspondent skull images 
after the facial reconstruction process.
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Figure 5. The result of the survey.

Discussion

              According to the results of this study, the authors 
compared the facial soft tissue thickness values obtained 
with the results by other 2 researchers collecting the data 
from Thai people. Both studies focused on different parts 
of Thailand, the Northeast region, and the Central region, 
respectively.12,15 When comparing with both works, it is 
worth noting the facial soft tissue thickness in males and 
female at rhinion and mid-philtrum. Similar to the work of 
Puavaranukroh who studied in the Central Region of Thailand 
and revealed his result that males in a normal BMI category 
showed facial soft tissue thickness thicker than females 
at the end of nasal (rhinion), as well as at mid-philtrum.12 
However, the results showed difference in the female patients. 
In this study, it was shown that there was no statistically 
significant difference which revealed the female was greater 
than male while Puavaranukroh showed that female soft 
tissue thickness is greater than male at lateral orbit. 
Compared to Puavaranukroh and our work, the study done 
in the Northeast has shown different results with regard to 
the soft tissue thickness. Sirisin showed that the average 
of soft tissue thickness in some landmarks of the males 
was higher than those of the females at nasospinale, right 
and left area, anterior nasal spine (this landmark was very 
nearly with mid-philtrum) and nasion.15 In reverse, the 
females displayed higher thickness than the males at right 
ectomolare, left and right gonion, left and right jugale, left 
and right ectoconchion, and right orbitale superius (supra 
orbital). However, it is not easy to compare this study and 
other studies because of the variation in anatomical facial 
landmarks in each work. It is possible to compare the central 
values, mean and median, and some of the landmarks which 
were a repeated measurement point and with no statistically 
significant differences between the three works. However, 
it is unlikely to assume that the thickness values from this 
work can be generalized to create a facial image reconstruction 
for all regions of Thailand.

Conclusion

	 The result of the survey paper proves that some 
people are able to recognize real faces from a 3D facial 
image reconstruction showing just only skin on the skull 
without other facial organs such as eyes, nose, and lips. It 
is believed that further studies on facial soft tissue sampling 
and other facial organ studies on such facial organs in Thai 
people might be helpful to create a huge database for 
rebuilding most satisfying result of facial reconstruction. 
This database could, in turn, be effective to increase the number 
of people recognizing real faces.
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ABSTRACT

Background: Muscle contractures lead to many problems (i.e., reduced joint range 
of motion (ROM) and decreased soft tissue extensibility) and may consequently 
lead to deformities and loss of function in individuals with chronic stroke. Myofascial 
release (MFR) technique has been recognized as a therapy option for improving 
the soft tissue extensibility and increasing joint ROM in other population. However, 
no study has investigated effects of the MFR technique on lower limb muscle 
flexibility in individuals with chronic stroke.   
 

Objectives: This preliminary study aimed to investigate the effect of myofascial 
release (MFR) technique at the superficial back line on ROM of hip flexion, knee 
flexion, and ankle dorsiflexion changes in the affected side of lower extremity in 
individuals with chronic stroke. 

Materials and methods: Fifteen individuals with chronic stroke who complained 
stiffness of the affected lower extremity while walking and met all inclusion criteria 
were enrolled in the study. The MFR technique was applied on the superficial back 
line (plantar fascia, achilles tendon, gastrocnemius muscle and hamstrings muscle) 
in the affected side of lower extremity, 10 minutes per area, 3 times per week for 
4 weeks (12 times) by a physical therapist. ROM of hip flexion, knee flexion and 
ankle dorsiflexion were measured at pre-intervention, immediate-intervention, 
and 4 weeks after intervention using a goniometer by a blinded assessor. One-way 
repeated measure analysis of variance was used to compute data.

Results: The ROM of hip flexion, knee flexion, and ankle dorsiflexion were significantly 
greater at immediate-intervention and 4 weeks after intervention as compared to 
baseline (p<0.05). 

Conclusion: This preliminary study summarized that the MFR technique could 
increase ROM of hip flexion, knee flexion and ankle dorsiflexion in the affected side 
of lower extremity in individuals with chronic stroke. The MFR technique may be 
used as an alternative option combined with general training program for stroke 
rehabilitation. 
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Materials and methods

Participants
	 Fifteen individuals with chronic stroke who complained 
stiffness (difficulty in moving leg up to clear the floor during 
walking) in the affected lower extremity while walking was 
enrolled in this study.
	 Inclusion criteria consisted of (a) a diagnosis of infarction 
or hemorrhage stroke more than 6 months post-onset, (b) a 
Modified Ashworth Score (MAS) greater than 1 of affected 
lower extremity, (c) independent to walk with or without 
an assistive device, (d) no orthopedic problems at the lower 
extremities that would affect gait such as total knee or total 
hip arthroplasty in affected side, fracture in affected lower 
extremity. Exclusion criteria were (a) a stroke more than 
one hemisphere, (b) the repeated stroke, (c) a flaccid tone 
of lower extremity muscle, (d) premorbid problems that 
would affect patterns.
	 Sample size was estimated from a pilot study using 
a ROM of hip flexion (mean±SD). With 80% power, 5% type 
I error, a sample size of 12 was required to detect a difference 
between pre- and post-intervention. To allow 20% drop out, 
a total sample size of 15 was required for this study.
	 Participants who agreed to participate in this study 
were asked to sign informed consent before conducting 
the study. Ethical approval number 431/2019 for the study 
was granted by the Faculty of Associated Medical Science, 
Chiang Mai University, Thailand.

Measurements
	 ROMs of hip flexion, knee flexion, and ankle dorsiflexion 
in each participant were measured using goniometer by 
a blinded assessor. Degree of passive and active movements 
of all three actions was assessed during supine lying position. 
On each action, a maximum value among three trials was 
recorded. ROMs were measured before, immediate 
(immediately at the first end) and 4 weeks after (immediately 
at the last end) intervention. The assessor was assessed 
test-retest reliability before study. Degrees of passive and 
active movements of the hip flexion, knee flexion, and ankle 
dorsiflexion in five individuals with chronic stroke were 
measured. The test-retest reliability was calculated using 
by ICC model (3, 1). 

	 Hip flexion
		  Fulcrum of goniometer was placed on a greater 
trochanter of a femur bone, stationary arm was positioned 
along lateral line of body, and moveable arm was placed 
on the side of the femur bone toward lateral epicondyle of 
the femur bone. For passive movement performed at the 
affected side, an assessor moved the knee to chest until 
the end of movement or limit by pain. For active movement, 
participants were instructed to perform action same as the 
passive movement with their backs straight.15 In this study, 
the test-retest reliability was 0.98 in passive and active 
movement.

	 Knee flexion
		  Fulcrum of goniometer was placed on lateral epicondyle 
of femur, stationary arm was paralleled to the femur bone 

	 Sensory and motor impairments, including weakness 
for voluntary movement, spasticity, and poor coordination 
are causes of long term disability in individuals with stroke.1 
The sensorimotor impairments contribute to further impairments 
including increased pain, increased muscle tone, decreased 
range of motion, and shortened muscle length, which lead 
to reduced function in individuals with chronic stroke.2, 3 
Immobilized muscle in a shortened position causes negative 
altering in a muscular structure, known as muscle contractures 
(such as “spastic myopathy”).4 The muscle contractures are 
characterized by decreased muscle fiber length, shortened 
muscle connective tissue, and increased muscle stiffness.5 
These altered structures affect reductions of joint range 
of motion (ROM) and soft tissue extensibility, leading to 
deformities and loss of function (e.g., walking, standing 
and activity of daily living).3, 4 Various Physical Therapy 
techniques used to improve soft tissue contracture in 
individuals with chronic stroke includes hot pack, ultrasound, 
neuromuscular electrical stimulation, stretching, mobilization, 
and myofascial release technique (MFR).6 A previous 
systematic review by Wilke et al.7 has suggested that 
myofascial release (MFR) technique at superficial back line 
(plantar fascia, achilles tendon, gastrocnemius muscle and 
hamstrings muscle) increases muscle flexibility. This technique 
might improve muscle properties, function ability and activity 
in daily living in patients with chronic stroke due to myofascial 
chain change.
	 The MFR technique is a manual technique of soft 
tissue releasing and muscle stretching to maintain muscle 
length, decrease pain, and increase muscle flexibility, soft 
tissue flexibility, and joint ROM.6, 8 This technique requires 
an external force used for decreasing fibrous tissue adhesive in 
the muscles, low load, and long duration used to stretch the 
myofascial complex in order to restore an optimal length, 
resulting in decreased pain and improved function.9 The 
MFR has been reported that it has beneficial effect on 
dilatating skin capillary and changing skin temperature.10 
Moreover, there are some changes in joint biomechanics 
and increase in muscle flexibility,10 and decrease in fascial 
adhesion.11

	 Accumulating evidence have investigated an effect 
of MFR technique in various populations. A previous study 
investigating effect of self MFR at hamstrings muscle using 
a foam roller found significant increase in joint ROM and 
muscle flexibility but not in a muscle power in athletes.12 

Silva et al.13 investigated an acute effect of MFR in individuals 
with total knee arthroplasty and reported a significant 
increase of knee flexion. A pilot study by Park and Hwang14 
showed a beneficial effect of MFR with a tennis ball on 
improving in balance performance in patients with chronic 
stroke who had a spastic on lower extremity muscle flexibility. 
However, an evidence demonstrating an effect of MFR 
technique in individuals with chronic stroke on increasing 
joint ROM and muscle flexibility on lower extremity due to 
soft tissue contracture is scarce. Therefore, this preliminary 
study aimed to determine effect of MFR technique at 
superficial back line on ROM of hip flexion, knee flexion, 
and ankle dorsiflexion at the affected lower extremity in 

Introduction individuals with chronic stroke. 
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pointed to greater trochanter, and moveable arm was paralleled 
to the fibular bone pointed to the lateral malleolus. For 
passive movement of knee flexion, assistance slipped foot 
of the participants on the bed towards buttock until the 
end of movement or limit by pain. For active movement of 
knee flexion, the participants were commanded to perform 
action same as the passive movement.16 The test-retest 
reliability of passive and active movements were 0.95 and 
0.99, respectively.

	 Ankle dorsiflexion
		  To measure the ROM of ankle dorsiflexion, fulcrum 
of goniometer was placed on the lateral malleolus, stationary 
arm was put along the fibular bone, and moveable arm 
was paralleled the alignment of the fifth metatarsal bone. 
For measurement of passive movement, plantar of the 
affected side of each participant was moved up, in which 
the calf muscle was not too much stretched for preventing 
reflex from the ankle joint. The participants were then 

commanded to move their plantar in the affected side up for 
measuring an active movement. During the active movement, 
knee flexion during moving plantar up should be warned.17 
The test-retest reliability of passive and active movements 
was 0.87 and 0.80, respectively.

Intervention
	 All the participants were treated using MFR technique 
by a physical therapist who has an experience in the MFR 
technique. The participants were asked to perform a prone 
position prior to apply the MFR technique. Dominant hand 
of the physical therapist was then placed on the area of 
superficial back line (i.e., hamstring, gastro soleus muscle 
and plantar fascia) at the affected side of lower extremity, 
with a gentle force as per the participants tolerance, slow 
movement along transverse plane of each muscle fiber9, 10, 12 
(Figure 1). In each time, the hand force was applied almost 
the same. The MFR technique was applied for 10 minutes 
per area, 3 times per week for 4 weeks (12 times).14, 18

Figure 1. �MFR technique on superficial back line of the effected lower extremity. Note: A: hamstrings muscle, B: gastrocnemius muscle and achilles tendon, 
C: plantar fascia.

Statistical analysis
	 SPSS version 19.0 was administered for statistical 
analyses. Shapiro-Wilk test was used to analyze the data 
distribution. One-way repeated measure analysis of variance 
(ANOVA) was used to analyze differences of ROM of hip 
flexion, knee flexion, and ankle dorsiflexion among three 
time points (i.e., before, immediate, and 4 weeks after 
intervention). The level of statistical significance was set at 
p<0.05.

	 Fifteen individuals with chronic stroke (9 males), 
who had a mean age of 48.20 (SD=5.38) years, a mean 
body weight of 70.05 (SD=14.60) kg., height of 161.27 
(SD=5.70) cm, and body mass index of 26.76 (SD=4.30) kg/m2, 
were presented in this study. An average time of stroke 
onset was 34.27 (SD=5.17) months. There were 10 participants 
of hemorrhagic stroke and 5 infarction strokes. Five participants 
were affected with right side while the other 10 participants 

Results

affected with left side. Eight participants could walk 
independently, whereas 7 participants could walk with a 
tripod cane. Underlying diseases was including two hyper-
tension, two diabetes mellitus and one dyslipidemia. There 
were 7 participants who had a Modified Ashworth Score 
(MAS) score of “1+” (slight increase in muscle tone, manifested 
by a catch followed by minimal resistance through the 
remainder of the range of motion but the affected part is 
easily moved) and 8 participants with MAS score of “2” 
(more marked increase in muscle tone through most of the 
range of movement, but affected part easily moved).19 All 
characteristics of participants were demonstrated in Table 1. 
	 The results showed that ROMs of hip flexion, knee 
flexion, and ankle dorsiflexion during passive and active 
movements were significantly higher at immediate and 
4 weeks after intervention when compared to their baselines 
as showed in Table 2 (p<0.05). 
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Table 1 �Characteristics of the participants.

Characteristics Mean±SD
Gender (male : female) 9:6
Age (year) 48.20±5.38
Height (cm) 161.27±5.70
Weight (kg) 70.05±14.60
Body mass index; BMI (kg/m2) 26.76±4.30
Time of stroke onset (month) 34.27±5.17
Modified Ashworth Score (MAS)
          Score of 1+ 7
          Score of 2 8
Underlying disease
          Hypertension (n) 2
          Diabetes mellitus (n) 2
          Dyslipidemia (n) 1
Type of stroke
          Hemorrhage (n) 10
          Infarction (n) 5
Affected side
          Right (n) 5
          Left (n) 10
Using assistive device during walking
          No (n) 8
          Tripod cane (n) 7

Table 2 �Mean ROM between pre-test, immediate and post 4 weeks of MFR intervention of passive and active movements.

Range of Motion (ROM) (o)
p value

Pre-test Immediate Post-test
Passive movement
     Hip flexion (o)* 113.87±11.22 120.27±9.53b 122.13±9.57a 0.000
     Knee flexion (o)* 136.40±5.15 141.13±5.04b 143.73±6.7a 0.000
     Ankle dorsiflexion (o)* 29.87±2.45 35.33±2.38b 37.07±2.60a 0.000
Active movement
     Hip flexion (o)* 103.20±10.76 108.87±10.63b 112.80±9.44a 0.000
     Knee flexion (o)* 120.67±8.92 126.67±8.52b 129.40±8.32a 0.000
     Ankle dorsiflexion (o)* 0.53±0.64 1.93±1.58b 1.33±0.97a 0.003

Note: Data are expressed as mean±SD, otherwise as indicated, SD: standard deviation, n: number.

Note: asignificant level between pre and post-test of ROM after using MFR intervention (p<0.05), bsignificant between pre and immediate test of ROM after 
using MFR intervention (p<0.05), *mean±SD, odegrees, SD: standard deviation.

Discussion

	 The aim of this preliminary study was to determine 
the effect of MFR technique on ROM of hip flexion, knee 
flexion and ankle dorsiflexion changing at the affected side of 
lower extremity in individuals with chronic stroke. Findings 
of this study demonstrated significant improvements of 
the ROMs of hip flexion, knee flexion and ankle dorsiflexion 

during passive and active movements after immediate and 
4 weeks after using MFR technique. These findings are in 
line with the previous studies reporting beneficial effects 
of MFR technique on improved lower extremity functions 
in several populations.12, 13 Silva et al.13 investigated the effect 
of MFR in individuals with post-op total knee arthroplasty 
found a significant increase of knee flexion. In addition, 
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Kalichman and David12 reported that self MFR using a foam 
roller at hamstring muscle could increase joint ROM and 
muscle flexibility in athletes. These increased joint ROMs 
may be explained by altering in muscle flexibility responsible 
for therapeutic pressure of MFR applied.7

	 Some proposed mechanisms attributed to the muscle 
flexibility changes involve with interfibrous tissue change 
muscle spindle and Golgi Tendon Organ (GTO) responses. 
During MFR technique, pressure applied might contribute 
to a reduction of interfibrous tissue adhesion and increase 
of temperature at the interfibrous tissue, which might lead 
to enhanced muscle flexibility.9, 12 Additionally, rapidly 
released GTO and continuously facilitated stretch reflex might 
be occurred due to stress pressure performed on tendon, 
which might reduce muscle contraction and consequently 
increased muscle flexibility and increased ROM.20 The MFR 
technique is an applying of external force combined with 
manual traction and prolonged assisted stretching maneuvers 
for breaking up fibrous tissue adhesive in muscle. This 
technique also requires low load and long duration which 
contributes to stretch on the myofascial complex in order 
to restore an optimal length, consequently improving 
muscle flexibility and function.8, 9 MFR is transferred to other 
connective tissue structures for establishing a balance 
between the tension and the compressive force of the joint.21 
Luomala et al.22 suggested that movement dysfunction may 
be induced by the modifications of connective tissue, 
which generates disarrangement of the surrounding 
fascia's structure, compromising the sliding system between 
layers. Furthermore, gentle pressure with light weight 
increase flows in extracellular matrix and interstitial fluids,23 
and elongate viscoelastic fascia,14 resulting in flexible muscular 
structures. 
	 Few limitations in this study should be concerned. 
Firstly, an effectiveness of the MFR technique on outcomes 
might be limited due to lack of control group compared. 
Secondly, this study investigated only one outcome aspects 
impaired in individuals with chronic stroke. Further study 
should confirm the effectiveness of the MFR technique on 
function such as balance and walking ability in this population. 
Lastly, force level applied during the MFR technique was 
difficult to regulate. We suggest for further study to evaluate 
force level applied objectively by asking a pain score during 
applied force or patient tolerance level.

Conclusion

	 The preliminary study concluded that MFR technique 
applied on superficial back line had significantly immediate 
effects and 4 weeks after the intervention effects on improved 
ROMs of hip flexion, knee flexion, and ankle dorsiflexion 
in the affected side of lower extremity in individuals with chronic 
stroke. The MFR technique may be used as an alternative 
treatment combined with general training program for stroke 
rehabilitation.
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ABSTRACT

Background: In Thailand, a high Cadmium (Cd) levels were observed in the northwestern 
population, especially in Mae Sot District, Tak Province. However, the association 
between urinary cadmium level and changes in renal biomarkers after long-term 
expose has not been studied, especially in case of low-level Cd exposures.   
 

Objectives: The main focus of this study was to investigate the associations between 
urinary cadmium levels and renal biomarkers in the northwestern Thai population. 

Materials and methods: A total of 817 persons (males=309, females=508) living in 
Cd-polluted area of Mae Sot district were participated in this study. The urinary 
cadmium level was analyzed using graphite furnace atomic absorption spectrometry 
(GFAAS). Two renal biochemical markers were selected, namely urinary alpha-1-microglobulin 
and microalbuminuria.

Results and Conclusion: The geometric mean concentration for urinary cadmium 
was 3.67(±3.08) µg/gm creatinine and 4.83(±3.82) µg/gm creatinine in adult males 
and females, respectively. Based on correlation analysis, the urinary cadmium level 
was positively correlated with age, years of residence, microalbuminuria and urinary 
alpha-1 microglobulin in both male and female. While a significant inverse correlation 
was found between the urinary cadmium level and BMI. Linear regression analysis 
yielded that alpha-1-microglobulin and microalbuminuria were significantly increased 
with increasing of urinary cadmium levels. Interestingly, the prevalence of increased 
alpha-1 microglobulin was higher than the prevalence of increased microalbuminuria 
in subjects with low urinary cadmium levels. The findings of this study indicate 
that urinary alpha-1 microglobulin showed a best of biomarker for monitoring the 
low-level of Cd exposure in both populations.
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	 Cadmium (Cd) pollution has become an issue of public 
health concern and associated with nephrotoxic effects as 
well as noncommunicable diseases such as cardiovascular 
disease, diabetes mellitus.1-3 Primary sources of Cd exposure 
are natural components (soils, air, water), cigarette smoke, 

Introduction dietary intake and anthropogenic activities from industrial 
production such as batteries, plastic and synthetic materials.4-6 
Continuous exposure to Cd has been linked to bioaccumulation 
in living organisms and potential adverse health effects in 
human especially people living in contaminated areas.5,7,8 
In the northwest of Thailand, the cadmium contaminated 
areas were located in Mae Sot District, Tak Province. Major 
contamination source is believed to be a zinc mine nearby 
two creeks of Mae Tao and Mae Ku which had been operated 
more than 20 years.9  As a result of this mining activities, 
increasing cadmium levels have been recorded in the 
areas by heavy metal monitoring scheme.10 Several studies 
have shown a degree of cadmium contaminated from food 
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Materials and methods

Study subject and study site
	 The study was conducted in northwest Thai population 
at Tak Province. A total of 817 subjects were recruited 
including 309 males and 508 females. This study was approved 
by the Ethical Review Committee for Research in Human 
Subjects at Department of Medical Sciences, Ministry of 
Public Health, Thailand (Protocol No. 2/2014). All participants 
signed a written informed consent form. Demographics 
information, health behavior, education and occupation 
were administered. 

Urine sample collection and urinary cadmium determination
	 Urine samples were collected from all subjects.  
Urine volume was measured and 30-50 mL was collected 
in 100 mL polypropylene tube before being stores at 4-8 °C 
for alpha-1 microglobulin and –20°C for creatinine as well 
as urinary Cd until analysis. 

Biochemical markers and urinary Cd analyses
	 Analysis of the urine samples were performed at 
Toxicology center, National Institute of Health (Department 
of Medical Sciences, Ministry of Public Health). Using an 
automated analyzer (Beckman coulter, AU 480 chemistry 
System), the following urinary analyses were analyzed, 
according to manufacturer’s instructions: creatinine according 
to the kinetic Jaffe method (compensated, rate blanked), 
microalbuminuria measured by turbidimetry and urinary 
alpha-1 microglobulin based on immunological agglutination. 

 

	 Urinary cadmium levels were analyzed using graphite 
furnace atomic absorption spectrometry (GFAAS) (Perkin 
Elmer, Analyst 600). Urine sample and standard were 
diluted 1: 5 in modifier (0.1% triton x-100, 0.2% ammonium 
dihydrogen phosphate and 0.2% magnesium nitrate). 
The electrodeless discharge lamp (EDL) was used with the 
228.8 nm wavelength cadmium line. 

Data and statistical analysis
	 Statistical analysis were carried out on all 817 urine 
samples. Values below the limit of quantitation (LOQ) 
were treated as half of this limit, i.e. 0.25 µg/gm creatinine. 
Pearson’s correlation coefficient was used to measures the 
statistical association between the two variables. Linear 
regression analysis was performed to determine the 
relationships between urinary Cd and two renal biomarkers 
as well as demographic parameters. The statistical analysis 
was analyzed using SPSS Statistics (version 27.0.1.0, IBM). 
Reference values used for urinary cadmium were published 
by the German Commission on Human Biological Monitoring.15 
In adults >25 years old, urinary cadmium concentrations 
below the lower HBM I level (2 µg/gm creatinine) are not 
considered to be a risk of advance health effects, whereas 
concentrations above HBM II (5 µg/gm creatinine) are 
increased risk of adverse health effects in susceptible 
individuals in the general population.15 For two renal 
biomarkers, the cut-off values microalbuminuria levels 
above 20 mg/L indicate abnormal albuminuria and the cut-off 
values of urinary alpha-1 microglobulin above 15 mg/gm 
creatinine was assumed tubular dysfunction.16

Descriptive profile
	 Characteristics of the study population are summarized 
in Table 1. A total of 817 subjects (309 males, 508 females) 
were included for statistical analysis. Subjects were in their 
mid-50s and the mean years of residence was 54 years 
(SD 16, with ranges of 3 to 91 years) in males and 53 years 
(SD 14, with ranges of 3 to 83 years) in females. Geometric 
mean level of urinary cadmium was 3.67±3.08 µg/gm 
creatinine in males and 4.83±3.82 µg/gm creatinine in 
females. The urinary-Cd levels ranged from 0.25 to 21.53 in 
male and 0.25 to 24.00 µg/gm creatinine in female participants. 
Twenty male and 22 female participants had urinary Cd levels 
below the LOQ. GM concentration of microalbuminuria 
was 21.55 mg/L (SD 45.03, with ranges of 0.45-281.64 
mg/L) in males and 17.95 mg/L (SD 39.94 with ranges of 
0.45-281.64 mg/L) in females. GM concentration of alpha-1 
microglobulin was 25.23 mg/gm creatinine (SD 27.11, with 
ranges of 1.87-258.94 mg/gm creatinine) in males and 
24.51 mg/gm creatinine (SD 36.42 with ranges of 2.09-425.79 
mg/gm creatinine) in females.

Results

chain to local population living in the areas.7-9,11,12

	 Cadmium toxicity refers to the level of tubular 
dysfunction, which is diagnosed by increased urinary 
excretion of low molecular weight proteins such as alpha-1 
microglobulin (α1-MG), beta-2 microglobulin (β2-MG), 
retinol-binding protein (RBP), metallothionine (MT), 
microalbuminuria and kidney injury molecule-1(KIM-1).5, 7, 11-14 
These biomarkers can reflect the early changes and the late 
stage of renal function. Using the German Commission on 
Human Biological Monitoring (HBM) recommended two 
different reference values for Cd in urine for the general 
population based on toxicology and epidemiology studies, 
HBM I (2 µg/gm creatinine) and HBM II (5 µg/gm creatinine).15 
The concentrations below the lower HBM I level are not 
considered to be a risk for the general population, while 
concentrations above HBM II indicate an increased risk 
of adverse health effects in susceptible individuals of the 
general population.15

	 In the present study, we investigated the relationships 
between two renal biomarkers, namely alpha-1 microglobulin 
and microalbuminuria with urinary excretion of cadmium 
from 817 subjects living around the cadmium contaminated 
area of Mae Sot District, Tak Province. Based on the cut-off 
values, the level of microalbuminuria below 20 mg/L indicate 
normal albuminuria whereas level of urinary alpha-1 
microglobulin above 15 mg/gm creatinine is assumed 
tubular dysfunction.16, 17
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Urinary Cd, microalbuminuria and urinary alpha-1 microglobulin 
among study subjects
	 Standard reference urinary cadmium values of HBM 
I and HBM II were exceeded among the male participants 
by 134 (44%) and 75 (24%) males respectively, whereas 
among the female participants, by 213(42%) and 188 (37%) 
females respectively (Table 2). The normal cut-off microal-
buminuria values (<20 mg/L) were exceeded among the male 
participants by 62 (20%) males and the female participants 
by 92 (18%) females. While the normal cut-off alpha-1 
microglobulin values (<15 mg/gm creatinine) were exceeded 

Table 1 �Characteristics of the study population.

Gender Characteristics/Parameters Mean±SD 
(min-max)

Males (n=309) Age (years) 58±11
(35-91)

Body mass index (kg/m2) 24±4
(15-38)

Years of residence (years) 54±16
(3-91)

Urinary-Cd (µg/gm creatinine) 3.67±3.08
(0.25-21.53)

microalbuminuria (mg/L) 21.55±45.03
(0.45-281.64)

alpha-1microglobulin (mg/g creatinine) 25.23±27.11
(1.87-258.94)

Females (n=508) Age (years) 56±11
(35-84)

Body mass index (kg/m2) 24±4
(14-38)

Years of residence (years) 53±14
(3-83)

Urinary-Cd (µg/gm creatinine) 4.83±3.82
(0.25-24.00)

microalbuminuria (mg/L) 17.95±39.94
(0.45-281.64)

alpha-1 microglobulin (mg/gm creatinine) 24.51±36.42
(2.09-425.79)

among the male participants by 180 (58%) males and the 
female participants by 235 (46%) females. Subjects were 
classified into three groups with low-exposure (urinary-Cd 
level below 2 µg/gm creatinine), middle-exposure (urinary-Cd 
level between 2-5 µg/gm creatinine) and high-exposure 
(urinary-Cd level >5 µg/gm creatinine) (Table 2). Increasing 
urinary alpha-1 microglobulin levels were detected in both 
male and female populations exposed to lower cadmium 
levels (<2 µg/gm creatinine). While increasing microalbuminuria 
levels were cross-sectionally associated with increased urinary 
cadmium levels in both populations.
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Table 2 �Urinary Cd levels by the degree of microalbuminuria and urinary alpha-1 microglobulin among study subjects.

Gender Urinary Cd levels 
(µg/g creatinine) N (%) N (%) with microalbuminuria 

>20 mg/L
N (%) with alpha-1 microglobulin 

>15 mg/gm creatinine
Males <2 100 13 (13%) 49 (49%)

(32%)
2-5 134 28 (21%) 81 (60%)

(44%)
>5 75 (24%) 21(28%) 50 (67%)

Females <2 107 7 (7%) 43 (40%)
(21%)

2-5 213 (42%) 37 (17%) 86 (40%)
>5 188 48 (26%) 106 (56%)

 (37%)

Correlation and linear regression analysis of the determinant 
parameters
	 Correlation analysis between urinary-Cd and renal 
biochemical makers are summarized in Table 3. The urinary 
cadmium level was positively correlated with age (males: 
0.184 p<0.001 & females: 0.226, p<0.001), and years of 
residence (males: 0.228 p<0.001& females: 0.243, p<0.001), 
microalbuminuria (males: 0.274, p<0.001 & females: 0.174, 
p<0.001) and alpha-1 microglobulin (males: 0.133, p<0.05 
& females: 0.175, p<0.001) concentrations. Furthermore, 

the urinary cadmium levels revealed a significant inverse 
correlation with BMI (males: -0.161 p<0.05 & females: 
-0.207, p<0.001). 
	 The regression analysis yielded that alpha-1 microglobulin 
and microalbuminuria significantly increased with increasing 
urinary cadmium levels (Table 4). Moreover, two demographic 
parameters (age & years of residence) significantly increased 
with increasing of two renal biomarkers. Interestingly, the 
BMI was significantly associated with alpha-1 microglobulin 
levels in an inverse manner (Table 4). 

Table 3 �Pearson correlation coefficient analysis between urinary-Cd and parameters.

Parameters Correlations Male Female
Age (years) r 0.184** 0.226**

Significant (2-tailed) <0.001 <0.001
BMI (kg/m2) r -0.161* -0.207**

Significant (2-tailed) 0.004 <0.001
Years of residence (years) r 0.228** 0.243**

Significant (2-tailed) <0.001 <0.001
microalbuminuria (mg/L) r 0.274** 0.174**

Significant (2-tailed) <0.001 <0.001
alpha-1 microglobulin (mg/gm creatinine) r 0.133* 0.175**

Significant (2-tailed) 0.020 <0.001
* Correlation is significant at 0.05 level **Correlation is significant at 0.01 level.
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Discussion

	 Cadmium (Cd) is one of serious health and environment 
problems in several countries. Due to the toxicant is 
non-biodegradable with a long biological half-life approximately 
10 to 30 years.3,18 Generally, the biomonitoring of Cd exposure 
in human can be assessed in urine for long-term exposure 
and in blood for a short period of time or recently exposed.19 
The survey of Cd-contamination in Thailand has been reported 
by several authors.6-10, 14 The highest mean level of urinary 
cadmium was recorded in the subjects from northern 
(Mae Sot, Tak Province) and followed by the subjects from 
northeastern and central part of the country.5 Swaddiwudhipong 
and colleagues was surveyed 7,697 subjects in Mae Sot 
District, Tak Province.9 They reported that 4.9% of subjects 
had Cd levels between 5 to 10 µg/gm creatinine and 2.5% 
of subjects showed a Cd levels more than 10 µg/gm creatinine.9 

	 In present study, we conducted a cross-sectional study 
among general population of Tak Province which is historically 
exposed to cadmium. Two biomarkers were used to assess the 
expression of renal function, namely alpha-1 microglobulin 
and microalbuminuria. The alpha-1 microglobulin is a low 
molecular weight protein that can pass through the glomerulus.16 
Increasing of the alpha-1 microglobulin in urine indicate 
early renal tubular dysfunction.15, 16, 18 In term of microal-
buminuria is described as the urinary albumin excretion of 
20 to 200 mg/L.17 The urinary albumin excretion below 
20 mg/L define as normoalbuminuria while the value exceed 
200 mg/L define as macroalbuminuria indicating an end-stage 
renal impairment within 10 to 20 years.17 Based on this 
property, alpha-1 microglobulin and microalbuminuria have 
been studied as a renal biomarker in various diseases such 

as diabetes mellitus, hypertension and heavy metal intoxi-
cation.1, 3, 16, 18

	 Of the 817 subjects surveyed, the total geometric 
mean level of urinary cadmium from males did exceed 
regulatory limits of the Commission of Human Biological 
Monitoring.15 Amongst the total number of 309 males, 209 
(68%) exceeded the HBM I Cd value of 2 µg/gm creatinine, 
whereas 401 females exceeded HBM I (79%). Moreover, 
the geometric mean urinary Cd level in both subjects 
(males: 3.67±3.08 µg/gm creatinine & females: 4.83±3.82 µg/g 
creatinine) were higher than the levels found in previous 
study.9

	 Increasing of urinary cadmium with age, years of 
residence, microalbuminuria and urinary alpha-1 microglobulin 
were similar observed in both male and female participants. 
A significant inverse correlation was found between the 
urinary cadmium levels and BMI. Previous studies have 
demonstrated that the levels of urinary cadmium decreased 
with increasing of BMI. However, their correlation is still 
inadequate.20, 21

	 In the model testing for the association between the 
urinary cadmium levels and two renal biomarkers, yielded 
that alpha-1-microglobulin and microalbuminuria were 
significantly increased with increasing of urinary cadmium 
levels. Interestingly, the prevalence of increased alpha-1 
microglobulin was higher than the prevalence of increased 
microalbuminuria in subjects with urinary cadmium 
concentrations below 2 µg/gm creatinine. According to HBM 
I level, the concentrations below the lower HBM I level are 
not considered to be a risk for the general population.15 

This result was consistent with the studies conducted by 

Table 4 �Linear regression analysis of study parameters and renal markers.

Gender Independent variables alpha-1microglobulin 
(mg/g creatinine)

microalbuminuria 
(mg/l)

β p value β p value
Males Urinary-Cd (µg/gm creatinine) 1.185 <0.05 4.007 <0.001

(adjusted r2 =0.015) (adjusted r2 =0.072)

Age (years) 0.663 <0.001 0.933 <0.001
(adjusted r2 =0.069) (adjusted r2 =0.049)

BMI (kg/m2) -1.176 <0.001 -0.049 0.941
(adjusted r2 =0.026) (adjusted r2 =-0.003)

Years of residence (years) 0.430 <0.001 0.607 <0.001
(adjusted r2 =0.062) (adjusted r2 =0.044)

Females Urinary-Cd (µg/g creatinine) 1.664 <0.001 1.816 <0.001
(adjusted r2 =0.029) (adjusted r2 =0.028)

Age (years) 1.032 <0.001 0.628 <0.001
(adjusted r2 =0.091) (adjusted r2 =0.027)

BMI (kg/m2) -1.547 <0.001 -0.354 0.445
(adjusted r2 =0.025) (adjusted r2 =-0.001)

Years of residence (years) 0.638 <0.001 0.382 <0.05
(adjusted r2 =0.062) (adjusted r2 =0.017)
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Järup et al.22 They suggested that the development of renal 
tubular damage associated with low-level cadmium exposures.22 
While the microalbuminuria levels appeared to be significant 
association with the moderately (>2-5 µg/gm creatinine) 
to high (>5 µg/gm creatinine) levels of urinary cadmium. 

Conclusion

	 The findings of this study indicate that most 610 
subjects did exceed the standard of the Commission of 
Human Biological Monitoring of the HMB I level. The urinary 
cadmium level showed a significant correlation with age, 
years of residence, microalbuminuria and urinary alpha-1 
microglobulin in both male and female. Moreover, this 
study indicated that the cadmium exposure at levels below 
2.0 µg/gm creatinine may produce measurable changes in 
renal biomarker of urinary alpha-1 microglobulin. Therefore, 
we suggested that the urinary alpha-1microglobulin can 
be used for monitoring the early stages of Cd exposure.
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ABSTRACT

Background: Leukemia is a group of malignant diseases characterized by the 
uncontrolled proliferation of abnormal white blood cells in the bone marrow and 
peripheral blood. These abnormal cells interfere with normal cell growth and 
development. Nowadays, chemotherapy is the most effective treatment for leukemia 
but it causes side effects for patients at the same time. To decrease the side effects, 
medicinal and edible plants are a choice for leukemia treatment. Piper betle (betel) 
leaves are a choice of interest because it is a common material in the recipes of 
Thai folk medicine.

Objectives: This work aims to investigate cytotoxic and antiproliferative activities of 
crude ethanolic betel leave extract in leukemic cells.
 

Materials and methods: The cytotoxic activity and WT1 protein levels were determined 
using MTT assay and Western blotting, respectively. Hydroxychavecol content in 
the crude extract was determined using HPLC.

Results: Crude ethanolic betel leave extract had the highest cytotoxicity effects 
against K562, Molt4, HL60, and U937 cells with IC50 values of 36.2±1.1, 19.7±1.6, 
28.9±5.6, and 17.3±0.7 µg/mL, respectively. Moreover, it could decrease WT1 protein 
level and total cell number in a time- and dose-dependent manner compared to 
vehicle control. Hydroxychavecol was the main compound in crude ethanolic extract 
following HPLC determination.

Conclusion: Crude ethanolic betel leave extract had high anti-cancer activity via 
WT1 protein suppression in K562 cells.
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	 Piper betle, commonly known as betel leaf, is a plant 
part of the family of Piperaceae which has been used as 
Thai folk medicine. It is also used in tropical Asia and East 
Indies. Betel leaves were often chewed together with a little 
quicklime and areca nut, especially by ancient people. The 

Introduction betel leaves contain carotenes, ascorbic acid, and phenolic 
compounds. The phenolic compounds of this plant are 
chavicol,1 chavibetol, chavibetol acetate,2 and eugenol.3 

Hydroxychavicol has been reported as the main compound 
(39.31%), which was determined by GC-MS from crude 
aqueous extract.4 In addition, though, in the essential oil 
extract, the eugenol was reported to be the main compound 
with a percentage of 36.2 by GC-MS.5 Betel leaf extract exhibit 
antioxidative, anti-inflammatory,6 antimutagenic,1 antibacterial, 
antifungal, and antiproliferative activities.7 Furthermore, the 
anticancer activity of betel leave extract was reported using 
aqueous extract (boiling fresh leaves in distilled water) and 
showed antiproliferative activity in KB cells.7 However, 
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Materials and methods

Plant material
	 The betel (Piper betle L.) leaf was collected from 
the Faculty of Pharmacy, Chiang Mai University, Chiang 
Mai Province, Thailand. A voucher specimen, No. 008612, 
was deposited at an herbarium, the Northern Research 
Center for medicinal plants, Faculty of Pharmacy, Chiang 
Mai University, Thailand. The leave material was washed 
and chopped into small pieces and then dried by circulating 
dry air in an oven at 50°C. The materials were then soaked 
in 95% ethanol and placed in an ultrasonic bath for 15 min, 
filtered by filter paper No. 1 with 90 mm diameter and 
concentrated by evaporation under reduced pressure with 
a rotary evaporator at 50 °C.

Cells and cell culture conditions
	 K562 (chronic myelocytic), Molt4 (human lymphoblastic), 
HL60 (human promyelocytic), and U937 (human monocytic) 
leukemic cell lines were cultured in RPMI-1640 medium 
containing 10% fetal calf serum, 1 mM L-glutamine, 100 
units/mL penicillin, and 100 µg/mL streptomycin (Invitrogen™ 
Life, Carlsbad, CA, USA). KB-3-1 (human cervical carcinoma) 
and Caco-2 (human colorectal adenocarcinoma) cells were 
cultured in Eagle’s Minimum Essential Medium (EMEM) and 
supplemented with 10% fetal bovine serum (FBS) (Invitrogen™ 
CA, USA), 100 Units/mL penicillin and 100 µg/mL streptomycin. 
All cell lines will be incubated in humidified 95%, 5% CO2, 
and atmosphere at 37 °C.

MTT cytotoxicity assay
	 Cytotoxicity of crude ethanolic betel leave extract 
was evaluated using MTT assay. Cells (1.0×104 cells/well) 
were cultured in a 96-well plate containing 100 µL medium 
prior to crude extracts at 37°C for 24 hrs. Afterward, 100 µL 
of fresh medium containing crude ethanolic betel leaf extract 
at various concentrations (3-100µg/mL) were added into 
each well and further incubated for another 48 hrs. After 
removal of 100 µL medium, 15 µL of MTT dye solution 
(Sigma-Aldrich, St Louis, MO, USA) at 5 mg/mL was added, 

and the plate was incubated at 37°C for 4 hrs. Then, aqueous 
solution was removed, and 200 µL of DMSO was added 
to each well to dissolve the formazan crystals. Absorbance 
was measured using AccuReader™ microplate reader 
(Metertech-Inc, Taipei, Taiwan) at 545 nm. Metabolic activity 
of each well was determined and compared to untreated 
cells (vehicle control). High optical density readings corresponded 
to a high intensity of dye color, that is, to many viable cells 
able to metabolize MTT salts. The following formula calculated 
the fractional absorbance:

	 % Cell viability =           Mean absorbance in test well
		               	     Mean absorbance in vehicle control well

	 Average cell survival obtained from triplicate deter-
minations at each concentration was plotted as a dose-re-
sponse curve. The 50% inhibitory concentration (IC50) 
values of the betel leave and other plant extracts were 
determined as the lowest concentration, which reduced 
cell growth by 50% in treated culture, compared to vehicle 
control. The IC50 values were mean±standard error of the 
mean (SEM) and their activities.

Cell proliferation assay
	 Total cell numbers were counted using trypan blue 
exclusion method. Live cells have intact membranes and 
can exclude trypan blue dye, whereas dead cells with 
compromised membranes are stained by the trypan blue 
dye solution. A cell suspension and 0.2% trypan blue were 
mixed, and viable (unstained) and dead (stained) cells 
were counted using a hemacytometer. Percentage of viable 
cells was then calculated.

Protein extraction and Western blotting
	 Total protein extracts from treated cells were prepared 
using RIPA buffer (50 mM Tris-HCl, 150 mM NaCl, 1% Triton 
X-100, 0.5 mM EDTA, 0.1% SDS, and protease inhibitor 
cocktail). Protein concentration was measured by Folin-Lowry 
method. Proteins were separated using 12% SDS polyacrylamide 
gel electrophoresis. Analysis for WT1 protein detection 
were performed using primary rabbit polyclonal anti-WT1 
(Santa Cruz Biotechnology, CA, USA) in the ratio of 1:100, 
followed by a treatment of HRP-conjugated goat anti-rabbit 
IgG (Promega, Madison, WI, USA) in a 1:20,000 dilution. 
The GAPDH protein was probed by primary rabbit polyclonal 
anti-GAPDH (Santa Cruz Biotechnology, CA, USA) in the 
ratio of 1:1,000, followed by treatment with HRP-conjugated 
goat anti-rabbit IgG in a 1:20,000 dilution. The proteins were 
visualized using the Luminata™ Forte Western HRP Substrate 
(Merck Millipore Corporation, Billerica, MA, USA) and quantified 
by the ChemiDoc™ XRS (Bio-Rad, Hercules, CA, USA). 

Analysis of crude ethanolic extracts using high performance 
liquid chromatography (HPLC)
	 Portions of 0.5-100 mg of samples were dissolved 
in 1 mL of ethanol for HPLC analysis. The solution was filtered 
through a 0.22 µm filter (nylon syringe filter, Filtrex, USA). 
The sample was analyzed by a Dionex ICS-3000 HPLC system 
with a PDI-100 photodiode array detector. A C18 column 
(150×4.6 mm, 5 µm particle size, Nucleodur®) with a guard 
column was used. For elution of the constituents, two solvents 
denoted as A and B were applied. Solution A was 70% 

antileukemic cell reports are limited. The Wilms’ tumor 1 
or WT1, is a protein encoded by the WT1 gene which has 
been used as a leukemic cell biological marker to identify 
prognosis in leukemia patients. Low levels of WT1 protein 
expression have been found in normal blood cells, and in 
contrast, WT1 protein have been found overexpressed in 
leukemic blood cells.8 Recently, many reports showed that 
wild-type WT1 is expressed in the majority of Wilms’ tumors 
in addition to a variety of cancers including breast cancer,9, 10 
lung cancer,11 bone and soft-tissue sarcoma,12 head and neck 
squamous cell carcinoma,13 thyroid,14 colon,15 esophageal,16 
pancreatic ductal cancer,17 and human primary leukemia,18 
and has been implicated as an oncogene in these tumors.19 

WT1 gene expression has been reported to be suppressed 
by curcumin), the active compound from turmeric,20-22 
crude kaffir lime leave extract,23 and crude mangosteen 
extract.24 In this study, the anticancer activity of betel leaf 
extract was examined. The WT1 protein was used as a biological 
tool to determine the inhibitory mechanism of K562 cells 
for leukemic cell proliferation. 

x100
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Inhibitory effects of crude ethanolic betel leaf extract on 
WT1 protein levels and total cell number in K562 cells
	 In this experiment, activity of crude ethanolic betel 
leaf extract on WT1 protein expression was examined 
using the IC20 value (20 µg/mL) in time and dose responses in 
K562 cells using Western blotting. In this study, K562 cells 
was used as a WT1 expressing cell model while HL60 and 
U937 cells do not express WT1 protein.22 Molt4 cells express 
lower level of WT1 than K562 cells.22 Furthermore, there is no 
report of WT1 expression in KB-3-1 and Caco-2 cell lines. 
Different time points (12, 24, and 48 hrs) of crude ethanolic 
betel leave extract were confirmed their cytotoxicity by MTT 
assay. The result showed no cytotoxicity at 20 µg/mL at 
12, 24, and 48 hrs (Figure 2A).  Following crude ethanolic 

Table 1 �Inhibitory concentration (IC50) of crude ethanolic extracts from Thai traditional plants.

Crude ethanolic 
extract

Cytotoxicity IC50 (µg/mL)
K562 Molt4 HL60 U937 KB-3-1 Caco-2

Betel leaves 36.2±1.1 19.7±1.6 28.9±5.6 17.3±0.7 >100 40.2±7.7

betel leave extract treatment, WT1 protein expression 
levels were decreased by 42.9, 29.6, and 12.7%, respectively, 
as compared to vehicle control (Figures 2B, and 2C). The 
effect of various concentrations of this crude ethanolic 
extract decreased WT1 protein levels by 14, 23.2, and 
37.3% in response to 15, 20, and 25 µg/mL, respectively 
(Figures 3A and 3B). Moreover, the different time points 
could significantly decrease the total cell number at 48 hrs by 
57.6% in K562 cells (Figure 4). Following various concentrations 
of crude ethanolic extract treatments, the total cell number  
was significantly decreased at 12 hrs by 16.7, 23.2, and 34.3%, 
in response to 15, 20, and 25 µg/mL, respectively, as compared 
to vehicle control (Figure 5).

Cytotoxicity of crude ethanolic betel leave extract on leukemic 
and other cancer cell lines
	 As shown in Table 1 and Figure 1, crude ethanolic 
extract of betel leave was treated with various concentrations 
(3-100 µg/mL) for 48 hrs in K562, Molt4, HL60, U937, KB-3-1, 
and Caco-2 cell lines. Crude ethanolic of betel leave extract 
exhibited the strongest cytotoxicity in the U937 cells with 
an IC50 value of 17.3±0.7 µg/mL. When compared to that of its 
leave extract, the result showed the lower values with IC50 
values of 36.2±1.1, 19.7±1.6, 28.9±5.6, and 40.2±7.7 µg/mL 
in K562, Molt4, HL60, and Caco-2 cells, respectively. 
However, the betel leave extract did not affect KB-3-1 cells 
(IC50 >100 µg/mL).

Resultsmethanol, whereas B was 30% deionized water with an 
isocratic program for 20 min. The flow rate was 0.7 mL/min at 
room temperature, and the injection volume of the extract 
was 20 µL. The retention times and UV spectra of significant 
peaks were recorded.

Statistical analysis
	 All data were expressed as the mean±standard deviation 
(SD) or mean±standard error of the mean (SEM) from triplicate 
samples of three independent experiments. Statistical 
differences between the means were determined using 
one-way ANOVA. The differences were considered significant 
when the probability value obtained was less than 0.05 
(p<0.05).

Figure 1. Inhibitory concentration (IC50) of crude ethanolic betel leaf extract in (a) K562, (b) Molt4, (c) HL60, (d) U937, (e) KB-3-1, and (f) Caco-2 cell lines.
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Figure 1. Inhibitory concentration (IC

50
) of crude ethanolic betel leaf extract in (a) K562, (b) Molt4, (c) HL60, 

(d) U937, (e) KB-3-1, and (f) Caco-2 cell lines. 
 
Inhibitory effects of crude ethanolic betel leaf extract on WT1 protein levels and total cell number in 
K562 cells 

In this experiment, activity of crude ethanolic betel leaf extract was examined by WT1 protein 
expression using the IC20 value (20 µg/mL) in time and dose responses in K562 cells using Western blotting. 
In this study, K562 cell line was used as a WT1 expressing cell model while HL60 and U937 cell lines do not 
express WT1 protein.22 Molt4 cells express lower level of WT1 than K562 cells.22 Furthermore, there is no 
report of WT1 expression in KB-3-1 and Caco-2 cell lines. Different time points (12, 24, and 48 hr) of crude 
ethanolic betel leave extract were confirmed their cytotoxicity by MTT assay. The result showed no 
cytotoxicity at 20 µg/mL at 12, 24, and 48 hrs (Figure 2A).  Following crude ethanolic betel leave extract 
treatment, WT1 protein expression levels were decreased by 42.9, 29.6, and 12.7%, respectively, as 
compared to vehicle control (Figures 2B, and 2C). The effect of various concentrations of this crude 
ethanolic extract decreased WT1 protein levels by 14, 23.2, and 37.3% in response to 15, 20, and 25 µg/mL, 
respectively (Figure 3A and 3B). Moreover, the different time points could significantly decrease the total 
cell number at 48 hrs by 57.6% in K562 cells (Figure 4). Following various concentrations of crude ethanolic 
extract treatments, the total cell number was significantly decreased at 12 hrs by 16.7, 23.2, and 34.3%, in 
response to 15, 20, and 25 µg/mL, respectively, as compared to vehicle control (Figure 5). 

 
Hydroxychavicol content of betel leave extract using HPLC 

HPLC chromatogram of crude ethanolic betel leaf extracts showed 5 main peaks at retention times 
of 1.9 8, 2.80, 3.36, 4.11, and 5.43 min (Figure 6). At 4.11 and 5.43 min, area under the peak curve was 74.54 
and 18.67%, respectively. Retention time of standard hydroxychavicol was 4.10 min, and area percentage 
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Hydroxychavicol content of betel leave extract using HPLC
	 HPLC chromatogram of crude ethanolic betel leaf 
extracts showed 5 main peaks at retention times of 1.98, 
2.80, 3.36, 4.11, and 5.43 min (Figure 6). At 4.11 and 5.43 
min, area under the peak curve was 74.54 and 18.67%, 
respectively. Retention time of standard hydroxychavicol 

was 4.10 min, and area percentage under the graph was 
87.98%, which was consistent with the time peak of crude 
ethanolic betel leaf extract curve that was shown. It is possible 
that retention time at during 4.11 min of ethanolic leaf 
extract from betel leaves is hydroxychavicol.

Figure 2. �Times course of measuring crude ethanolic betel leaf extract effect on WT1 protein levels in K562 cells using Western blotting. (a) Effects of cytotoxicity in 
K562 cells at 12, 24, and 48 hrs. Cells were treated with 20 µg/mL of crude ethanolic betel leave extract for different time points (12, 24, and 48 
hrs). (b) Levels of WT1 protein expression were assessed by immunoblotting; GAPDH was used as a loading control.  (c) Densitometry was used 
to quantitate the protein levels and graph as the percentage of vehicle control (0.02% DMSO alone without the crude ethanolic betel leave extracts 
in the culture medium). Data is reported as the mean value±SEM of three independent experiments. Asterisks (*) denote values that were significantly 
different from the vehicle control (p<0.05).
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Figure 3. �Effect of various concentrations of crude ethanolic betel leaf extract on WT1 protein levels in K562 cells using Western blotting.  Cells were treated 
with different concentrations of crude ethanolic betel leave extract (15, 20, and 25 µg/mL) for 12 hrs. (a) The levels of WT1 protein expression 
were assessed by immunoblotting; GAPDH was used as a loading control. (b) Densitometry was used to quantitate the protein levels and graph 
as the percentage of vehicle control (0.02% DMSO alone without the crude ethanolic betel leave extracts in the culture medium). Data is reported 
as the mean value±SEM of three independent experiments. Asterisks (*) denote values that were significantly different from the vehicle control 
(p<0.05).

Figure 4. �Total cell number of K562 cells following 20 µg/mL crude ethanolic betel leaf extract treatment during 12-48 hrs. Asterisks (*) denote values that 
were significantly different from vehicle control (p<0.05) in the same period.
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Figure 3. Effect of various concentrations of crude ethanolic betel leaf extract on WT1 protein levels in 
K562 cells using Western blotting.  Cells were treated with different concentrations of crude ethanolic 
betel leave extract (15, 20, and 25 µg/mL) for 12 h. (a) The levels of WT1 protein expression were assessed 
by immunoblotting; GAPDH was used as a loading control.  (b) Densitometry was used to quantitate the 
protein levels and graph as the percentage of vehicle control (0.02% DMSO alone without the crude 
ethanolic betel leave extracts in the culture medium).  Data is reported as the mean value±SEM of three 
independent experiments. Asterisks (*) denote values that were significantly different from the vehicle 
control (p<0.05). 
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Figure 5. �Total cell number of K562 cells following various concentrations of ethanolic betel leaf extract treatments for 12 hrs. Asterisks (*) denote significant 
differences from vehicle control (p<0.05).

Figure 6. HPLC chromatogram of the crude ethanolic betel leaf extracts.
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Discussion

	 Betel (Piper betle L.) leaf was selected to study the 
biological activities because it demonstrated the best activity 
of anticancer property. This study is the first report of cytotoxic 
activity of crude ethanolic betel leaf extract in human 
leukemic cells. It had the strongest activity against human 
leukemia cell lines. The best activity was shown in U937 
cells (IC50 value of 17.3±0.7 µg/mL). There was a cytotoxic 
report of essential oil from betel leaf extract in P388 murine 
leukemia cell line by MTT assay. The result indicated that 
essential oil from betel leaf extract exhibited the IC50 of 
over 0.6 mg/mL.25 Our result was also in line with the effect of 
kaffir lime leaf extract on U937 cells  with IC50 of 19.8±1.0 
µg/mL. When compared its effect to curcumin in U937 cells, 
the IC50 value after curcumin treatment was 8.7 µg/mL.26 
The cytotoxic effects of crude betel leave extract in both 
K562 and Molt4 cells were less than that of U937 cells 
due to the reason for lower levels of WT1 protein in U937 
cells.22 WT1 protein is the transcription factor that promotes 
cell proliferation in leukemic cells. Thus, high levels of WT1 
protein can induce a high rate of cell proliferation in both 
K562 and Molt4 cells. Furthermore, difference in cell phenotype 
is one factor that causes differences in cell sensitivities. 
According to the absence report of the cytotoxic data of 
crude ethanolic betel leaf extract in human leukemic cells, 
the cytotoxicity effects of crude ethanolic betel leaf extract 
in other types of cancer cells have been reported. Crude 
Piper betle leaf extract showed the cytotoxicity with IC50 
of 0.136 µg/mL at 48 hrs by MTS assay in the HeLa cervical 
cancer cell line, while Piper fragile Benth showed higher 
cytotoxicity (IC50 value of 0.005 µg/mL) than the Piper betle 
leaf extract.27 However, aqueous Piper betle leaf extracts 
did not show activity in HeLa cells (IC50 >100 µg/mL) using 
neutral red cytotoxicity assay.7 Cytotoxicities of crude ethanolic 
betel leaf extracts in U937, K562, Molt4, and HL60 cells 
were less than vincristine (9x10-5, 8x10-3, 3.9x10-4, 6.3x10-4 
µg/mL, respectively) in the previous report by 1.92x105-, 
4.53x103-, 7.41x104-, and 3.13x104-fold, respectively.28 IC50 
values of doxorubicin (0.8 ± 0.06 µg/mL) and idarubicin 
(0.41±0.04 µg/mL) were less than crude ethanolic betel leaf 
extract in K562 cells by 45.25- and 88.29-fold, respectively.29 

	 In this study, cervical carcinoma cell line (KB-3-1) and 
colon cancer cell line (Caco-2) were analyzed to compare 
differences amongst the cell types. The crude ethanolic 
betel leaf extract did not affect the KB-3-1 cells (IC50 value >100 
µg/mL), while Caco-2 cells had the IC50 value of 40.2±7.7 
µg/mL. Moreover, aqueous betel leaf extract showed 
cytotoxicity in human nasopharyngeal epidermoid carcinoma 
cells (KB) with the IC50 value of 29.5±0.3 µg/mL by using 
neutral red cytotoxicity assay7 but essential oil extract of 
Piper betle leaf exhibited no antiproliferative activity inhuman 
mouth epidermal carcinoma cells (KB) and murine leukemia 
cells (P388) by MTT assay.25 The aqueous extract of crude 
betel leaf extract exhibited cytotoxic effect in human epidermoid 
larynx carcinoma cells (Hep-2).30 Betel leaf extract inhibited 
human ductal breast epithelial tumor (T47D) cell proliferation 
with an IC50 value of 55.2 µg/mL using MTS assay.31 On the 
opposite, ethyl acetate and hexane extracts showed dose-de-
pendent inhibitory effects on breast cancer (MCF-7) cells with 

IC50 values of 65±0.0 and 163.3±2.89 µg/mL, respectively.32 

	 Here WT1 protein was used as a biological marker of 
leukemic cell proliferation,8 and as a tool for determining 
the effect of crude ethanolic betel leaf extract on leukemia 
cell proliferation. Normally, it has been used to predict 
leukemia progression. Overexpression of WT1 gene is 
important in leukemogenesis because both the RNA and 
the protein levels of WT1 increase 1,000-10,000 folds in 
leukemia cells.8, 33 This suggests it may play an important 
role in oncogenesis. Pure curcumin extracted from turmeric, 
a spice grown in Asia's tropical regions, has been shown 
to decrease WT1 mRNA and WT1 protein levels in human 
leukemic cell lines.20-22 Piper betle was the herb that 
presented the cytotoxicity values comparable to other 
cancer cell lines. This is the first report to show that betel 
leaves obtain their activity from its bioactive compounds 
to suppress WT1 gene expression. Results from Western 
blotting indicated that the crude betel leaf extract was 
efficient decreasing levels of WT1 protein in a time- and 
dose-dependent manner. The maximum value of inhibition 
(37.3%) was shown at the dose of 25 µg/mL for 12 hrs. The 
active compound of crude ethanolic betel leaf extract will 
be further studied. However, previous reports have shown 
the main compound from betel leaf was hydroxychavicol, 
which was characterized by GC-MS.4 Moreover, chavicol 
was found in crude ethanolic betel leaf extract by HPLC 
before partitioning into the oil.34 Their HPLC results showed 
the same pattern when compared to our results. The 
biological activity of hydroxychavicol was recently found 
to induce apoptosis in chronic myelocytic leukemia (CML) 
cells expressing wild type and mutated bcr/abl with imatinib 
resistance phenotype.35 It was also found to induce cell cycle 
arrest and cell apoptosis of oral KB carcinoma cells.36 Thus, 
the active compound from betel leaves will be further studied 
to elucidate its activity on inhibitory mechanism of the WT1 
signaling pathway. However, it has also been reported WT1 
signaling involved in protein kinase C alpha (PKCα) and the 
c-Jun N terminal kinase (JNK) signaling pathway.37

Conclusion

	 Crude ethanolic from Piper betle leaf extract had 
cytotoxic response in leukemic cells. This is the first report to 
show the inhibitory effect of crude ethanolic from betel leaf 
via WT1 protein suppression in K562 leukemic cells. Moreover, 
crude ethanolic extract decreased total cell number in a time- 
and dose-dependent manner. It is a source of hydroxychavicol, 
the main active compound product displaying potent 
inhibitory activity on leukemic cell proliferation, and a promising 
candidate as a naturally occurring antileukemic drug in the 
future.
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