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Structure of personal narratives in Thai children aged 4 to 6 years old
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ARTICLE INFO ABSTRACT
Article history: Background: Understanding children’s narratives is crucial as it represents language
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However, studies showed that narratives vary not only with age but also in content
and structure across cultures.

Keywords:

Personal narrative, Thai narrative
development, narrative components,
narrative patterns, gender differences

Objectives: To study and compare components and patterns of personal narratives
in Thai children aged 4-6 years old. Also, to find narrative structure differences
between genders.

Materials and methods: Stories of past experiences were elicited from 86 participants
aged 4-6 years old. The longest narratives from each participant were analyzed
in terms of both narrative components and patterns by using high-point analysis.
Comparisons were then drawn for the proportions and differences in narrative structure
between age groups and between genders.

Results: For narrative components, Thai children told complicating action most frequently.
With age, the use of resolution increased significantly from 4-6 years old. For
narrative patterns, chronological patterns were found commonly at age 4. Moreover,
the incidence of classic patterns rose significantly between the ages of 4 and 6 and
reached the highest proportion in usage at ages 5 and 6. No gender difference was
found in the narrative structure.

Conclusion: Thai children’s narrative structure was presented in this study. The
abilities to range events in sequence and resolve the high-point of narratives were
found more commonly with their increasing age.

Introduction the improvement of the children’s narrative skills and also

Narration is an activity of life that people use to express
their identity and personal experiences with others.® This
skill is developed from an early age. Since children are 2 years
old, they learn to talk about their real past events in conversation
with their parents.? Through daily talking, the ways parents
support and provide information to their children lead to
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influence the style of their narration later.* A story that tells
about people’s own experiences is called a personal narrative.
This is the earliest narrative that children use,® and it is still
used most frequently when they are in preschool to interact
with others.>® Even when becoming adults, this kind of
narrative is necessary for communication such as for medical
or legal situations.” Therefore, personal narratives are
important throughout the life span.

Moreover, narratives are related to literacy ability.
This is because a narrative is created by matching the order of
the narratives and the order of real past events.? It, therefore,
links to decontextualized language skill. Many research studies
approved this important relevance. Parents and children
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reminiscing about experiences affected their children’s later
language ability at kindergarten.® Also, oral narrative skills in
preschool children correlated with academic performance
when they were in primary school.'®!* Thus, children’s
narratives can be a predictor of literacy achievement.

To understand children’s narratives, not only
vocabulary or grammar usage are necessary, but assessing
its structure is also essential. Atypical narrative is not related
to the abilities of phonology, semantics, or syntax.” Therefore,
it is crucial to explore the narrative structure simultaneously
with other linguistic features. For these reasons, assessing
children’s narrative structure plays an important role
in monitoring and preventing language delays in children.
Presently, there are various principles for assessing the
macrostructure of narrative and one of the wide uses
across the world is called high-point analysis.

High-point analysis.

The high-point analysis is a famously used approach
for studying personal narrative macrostructure. This method
was first described by Labov and then was later adapted
by Peterson and McCabe?!? for studying personal narratives
in European North American children aged 4-9 years old.
High-point analysis has been found capable of analyzing
personal narratives in children appropriately in several
populations such as North American, African American,
Chinese, Taiwanese, and Korean.'?¢

Based on Peterson and McCabe study,? narrative
clauses can be categorized into: (1) appendages: Superfluous
niceties of narrative comments that are presented at the
beginning or the end of the narrative. Four types of this
component are: 1) abstract: Summaries of the whole story
that appear at the beginning; 2) attention-getter: Attempts
to get the listeners’ attention; 3) prologue: Statements at the
beginning of the story that presents the ending significance,
and 4) coda: Ending signals of the narrative. These are
followed by: (2) orientation: Statements that provide the
background information including participants, location,
time, and other conditions that help listeners understand
the narrative more clearly; (3) complicating action: The series
of specific events that occur until reaching the high-point;
(4) evaluation: Statements that let listeners know what the
narrator thinks about the events that occurred, and (5)
resolution: Specific events after the high-point that appear
to resolve the crisis action.

Additionally, Peterson and McCabe?? suggested
further patterns of the narratives which were subsequently
adjusted to be a clinical research tool for speech-language
pathologists.® Narrative patterns can be categorized into
seven patterns as follows>%: (1) one-event narrative: The
narrative has only a single event; (2) two-event narrative:
The narrative has two past events; (3) miscellaneous narrative:
The narrative has more than two past events but there is
no logical or causal sequence of these events in the real
world; (4) leapfrog narrative: The narrative has more than
two complicating actions from a single experience. However,
they are not in chronological order. Also, the narrator may jump
to another event by leaving out major events which leads
to difficulty in understanding for listeners; (5) chronological
narrative: The narrative is a description of successive events.

No high-point is presented; (6) end-at-the-high-point narrative:
The narrative has complicating actions ordered chronologically
until reaching the high-point, but no resolution at the end,
and (7) classic narrative: The narrative has a well-ordered
sequence of events that build to the high-point, and then
resolves it successively. At the high-point, the narrator may
dwell on evaluation.

As children continually develop their narrative ability
with age, Peterson and McCabe®? described the development
of narrative macrostructure whereby children of an early age
produced two-event narratives as their longest narratives.
When children were 4 years old, they were then better able
to combine several events but missed some important events
in the form of the leapfrog narrative. At age 5, children can
range events in order to reach the high-point in the form of
end-at-the-high-point narrative. Lastly, when children were
6 years old and older, they were skillful in producing classic
narratives. It is, therefore, evident that age affects children's
narrative structure.

However, age is not the only factor affecting the
narrative structure, previous studies have shown that social
class'” and maternal narrative supports®® are also influenced.
Among these several factors, one of the greatest impacts
on a narrative that can be marked is culture.

Cultural differences

There were several cross-cultural studies that
showed the different eliciting strategies parents used for
everyday talking with their children.’*® Besides, the emphasis
on children’s narratives in the classroom is also distinct
between societies.?! These resulted in the difference in
children’s narratives across populations.?*2* Comparisons
across cultures about children’s narrative development have
been studied widely. Elaborative narratives with highly-expressed
self-evaluation were commonly seen in individualistic cultures
such as North American culture, reflecting the encouragement
to talk more about their past and feelings that their parents
provided.? On the other hand, collectivist cultures such as
Asians have lower expression and provide less information as it
is assumed that knowledge is shared in their populations.?
For example, Minami? found that Japanese mothers requested
less description and provided less evaluation but more
frequent turn exchange through conversation than the US
mothers; Japanese children consequently produced fewer
utterances per turn in their talking.

Within Asian cultures, there are also studies showing
that even though they shared some characteristics, there
is a distinctive style in which each of the narratives was
presented. Japanese children, as in Minami’s study,? tell
succinct narratives which have a collection of three experiences.
For Chinese children, Zhang et al.**found that they were
experts in using complicating action, orientation, and evaluation
that can lead to longer narratives with age, and also found
that chronological patterns were used mostly in Chinese
children aged 4-6 years old. Moreover, Lai et al.*> compared
preschool narratives between Korean and Taiwanese children
aged 3-5 years old, and the results showed that narratives from
Taiwanese children contained more internal state terms than
those from Korean children, while Korean children notably
developed their narrative structure much more than Taiwanese
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children at the age of 5.

Therefore, it is important to consider cultural narrative
characteristics to not misunderstand cultural differences
and language impairment that may lead to wrong assessment
results and inappropriate intervention plans.>?2282°

That is also a collectivist culture. Conversations
between Thai caregivers and their children were found to
be short and unelaborated but valued in temporal contextual
information compared to English-speaking caregivers. There
was then a prediction of Thai children’s narratives that they
would be succinct.?>3° If this assumption was proved along
with a better understanding of Thai children’s narrative
characteristics, it would help speech-language pathologists
and other pediatric specialists find the best and most
applicable interventions for children.

Current study

In the current study, the researcher investigated
personal narratives in Thai children aged 4 to 6 years old
to find the difference in narrative structure between age
groups in terms of both narrative components and narrative
patterns. It was hypothesized that children at different ages
would produce different narrative structures. Furthermore,
gender comparisons were also conducted to find any
differences in the narrative structure.

Materials and methods

Participants

A total of 86 participants were randomized from
three public schools in Bangkok, Thailand, which were also
randomly selected. All participants were recruited for this
study by the following criteria: (1) aged between 4-6; 11
years old (2) no report for speech and language delay from
their parents; (3) Thai citizen; (4) passed the UTAH screening
test for children aged 2-9 years old (Thai version); (5) use
Thai as their mother tongue, and (6) parents consented to
participate in this study. There were two exclusion criteria: (1)
cannot cooperate, and (2) respond by telling fewer than 3
stories.

The parents of participants were mostly not university
graduates, had family income between 10,000 to 30,000
baht/month, and were company employees or self-employed.

Table 1 Demographic information of the participants.

Age

goups (L) (number) (monthe) (monthe)  (monthe)
(years)

4 11 15 55-59 58.13 58

5 15 15 60-71 65.10 65.5

6 15 15 73-83 76.97 76
Procedures

To collect narrative samples, one appropriate
method is to use a story prompt which is a brief story of the
interlocutor’s experience to help participants recall their
own experiences more easily. Therefore, before the interviews,

16 story prompts were created by the researcher on several
topics; topics that can help to elicit complex narratives
from children such as visiting a doctor®! or misbehaviors,?
and topics that were found in discussions between Thai
caregivers and children such as weekend activities or looking
after younger siblings.*° These story prompts were then scored
to find the content validity by 5 experts who had more than
15 years of experience working with children; 1 preschool
teacher, 1 clinical psychologist, and 3 speech-language
pathologists. Consequently, the best 8 story prompts were
chosen and tried in conversation with 18 children; 6 children
for each age group, and all of them studied in the same
schools as the participants. The 5 story prompts that resulted
in children mostly telling a long narrative in return were
finally selected to use in this study.

The narrative sample collecting process was conducted
in a quiet room in the schools where the participants
studied. The interviewing process started by building a
rapport between the researcher and each participant by
using toys, drawing, and talking. After that, the researcher
used a conversational map® to collect the participants’
narratives. Each story prompt was told and participants were
then asked to share their own related experiences. After
that, the researcher repeated this process until all story
prompts were used. During this period, the researcher
provided neutral sub prompts such as “Ahh”, “What’s
next?”, “Anything else?” or just repeated their words to
motivate participants to continue their stories without
guiding them about what they should tell. The interview
with each participant was between 15 to 20 minutes. After
finishing the conversations, participants received a toy and
colored pencils as rewards.

All interviews were recorded in audio. Because the
length of narratives indicates their complexity, the longest
narrative from each participant was chosen to be the narrative
sample for this study. A total of 86 narrative samples were
transcribed and divided into clauses by these two measures:
(1) when the narrators paused their stories, and (2) if the
following utterances show connections of consequence,
contrast, reason, or time. These criteria were chosen to fit
the style of the Thai language, in which utterances were
arranged in sequence.??

All narrative samples had their structure in both
components and patterns determined by the researcher.
Each clause was analyzed to evaluate what type of narrative
component it was: appendages, orientation, complicating
action, evaluation, or resolution. Then, the whole narratives
were scored on the basis of their narrative patterns:33
a one-event narrative (1 point); a two-event narrative
(2 points); a miscellaneous narrative (3 points); a leapfrog
narrative (4 points); a chronological narrative (5 points);
an end-at-the-high-point narrative (6 points), or a classic
narrative (7 points). Meanwhile, 20% of narrative samples
(18 narratives) were randomized and sent to another
speech-language pathologist who specialized in paediatric
speech-language therapy for over 15 years to score the
structure as well. After comparing the score results between
the researcher and the speech-language pathologist, the
results that were not the same were then re-evaluated to
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reach a consensus and were checked a second time with
another researcher. The rest of the narrative samples were
then scored by referring to the consensus guidelines.

Results

Narrative components

All types of narrative components were found in the
narrative samples, but the subtypes of appendages were
however found only as abstract and coda. The examples
from the narrative samples are presented as follows: (1)
appendages: abstract
(My sister was injected because she was bitten by a dog),
coda “fue

“s = a @ oy
HHGWI:‘LIWLLL”U&JQQH’]LWSW&%EO%%I@%%N’]T]@

fudil (That’s all.); (2) orientation “mawfisudewnaxlniy
(when there was a school break); (3) complicating action
l’LLﬁ’J‘ﬁﬁﬂqﬂLLﬁ]ﬁuﬁﬁJ‘i’ﬂﬂd%%" (Then he stopped and it hit my
thumb); (4) evaluation “Guanniasdz” (That's really hurt), and
(5) resolution “uirnniuilusneiune vesnwlifmuan” (After

that | was cured with dad, he cured then | got well).

Table 2 The number of clauses in each narrative component,
the total number of clauses, and the mean of clauses
in each age group.

Number of clauses

Narrative Components Aged Age5 Ageb6

(n=26) (n=30) (n=30)
Appendages 22 18 32
Orientation 74 86 92
Complicating action 125 196 195
Evaluation 85 80 130
Resolution 5 31 30
Total number of clauses 311 411 479
Mean of clauses 12 13.7 16

All narrative components were calculated and shown
in Table 2. From the mean of clauses, it can be seen that
the means increased through averages of 12, 13.7, and 16
clauses in the ages 4, 5, and 6 sequentially. However, the
Kruskal-Wallis test in Table 3 showed that there was no
difference between each age group.

Table 3 Means, standard deviations, mean ranks, and the
Kruskal-Wallis test summaries for the total number
of clauses in each age group.

complicating action, evaluation, and orientation respectively.
By this, complicating action was by far the most frequently
used.

52.22

46.35
42.07

23.10 23.98

17.91
6.67 6.52
™
=

Evaluation

20.80
17.2817.74
7.93 9.70

Appendages Orientation Complicating Resolution

action

mAge4 mAge5 mAge6

groups | Meon | 50 [ medan | T | e | | Ve
4 12 [739| 10 |3579
5 [137|746| 10 [4273| 5200 2 | 0074
6 16 824 13 |s509

Note: Asymp sig.: asymptotic significance, df: degree of difference.

Each narrative component was then calculated
separately. Because both the number of each age group
and the number of clauses from each narrative sample were
not equal, the data were converted to the mean proportion.
Figure 1 showed that Thai children aged 4-6 had the same
three highest proportions in the use of narrative components:

Figure 1. Mean proportion of narrative components in age groups 4-6 (%).

To compare each narrative component between
age groups, the Kruskal-Wallis tests were conducted and
shown in Table 4. Across all age groups, only resolution
indicated a statistically significant difference (p=0.012%*).
Pairwise comparisons were then analyzed and shown in
Table 5. There remained a statistical significance only
between ages 4 and 6 (p=0.010%*).

Narrative patterns

To understand the use of narrative patterns in Thai
children aged 4-6 years old, the proportion of each type
of narrative pattern from the different age groups was
assessed as shown in Figure 2.

From Figure 2, children aged 4 most used chronological
patterns at 30.77%, followed by leapfrog patterns at 23.08%.
Two-events and end-at-the-high-point patterns were equal
at 15.39% while classic patterns were at 11.54% and miscel-
laneous patterns were lowest at 3.85%. For children aged 5,
the highest proportion for the use of narrative components
was observed for the classic pattern at 33.33%. Leapfrog and
chronological patterns were at the second rank at 26.67%.
End-at-the-high-point patterns were markedly lower at 10%
and miscellaneous patterns were minimally presented at
3.33%. Moreover, two-events patterns were not presented
at this age. Narrative patterns in children aged 6 showed
different proportions in each type. Classic patterns showed
by far the highest use at 50% while end-at-the-high-point
patterns took second place with less than half of that proportion
at 23.33%. Next was chronological patterns at 10% and
then two-event and leapfrog patterns at 6.67%. The lowest
proportion at 3.33% was for miscellaneous patterns. It was
also notable that there was no one-event pattern in any
age group.

Despite the trends that were seen in Figure 2, the
Kruskal-Wallis test in Table 6 showed that there was no
statistically significant difference in any narrative patterns
across age groups except for the classic pattern (p=0.010%).
Pairwise comparisons then showed that a statistically
significant difference was found between ages 4 and 6
(p=0.007**) but there was no difference between other
groups as shown in Table 7.
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In Table 9, it was also seen that there was no difference
between genders in narrative patterns by using the
Kruskal-Wallis tests.

Comparisons of narrative components and patterns
between genders were conducted. Table 8 showed the results
from the Kruskal-Wallis tests revealing that there was no
gender difference for all narrative components.

Table 4 Means, standard deviations, mean ranks, and the Kruskal-Wallis test summaries for narrative components in each

age group.
Narrative Components Age groups Mean SD Median Mean rank K?;:f:::ﬁ::is df Asymp sig.
4 0.85 0.92 1 43.38
Appendages 5 0.60 0.72 0 37.63 3.861 2 0.145
6 1.07 0.94 1 49.47
4 2.85 3.34 2 42.37
Orientation 5 2.87 3.46 2 42.70 0.244 2 0.885
6 3.07 3.16 2 45.28
4 4.81 2.43 4 35.27
Complicating action 5 6.53 3.87 5.5 46.65 4.132 2 0.127
6 6.50 4.07 5 47.48
4 3.27 3.76 2 42.50
Evaluation 5 2.67 2.88 2 40.02 1.580 2 0.454
6 4.33 4.30 2.5 47.85
4 0.19 0.63 0 34.06
Resolution 5 1.03 2.01 0 44.73 8.864 2 0.012*
6 1.00 1.31 0.5 50.45

Note: *p<0.05, Asymp sig.: asymptotic significance, df: degree of difference.

Table 5 Pairwise comparisons between age groups in narrative Table 6 Mean ranks, and the Kruskal-Wallis test summaries for

components. narrative patterns in each age group.
Paire of age grou Test - std. test Adi.<i Narrative Age Mean Krus'kal-WaIIis df Asymp
ge group statistic statistic J. SIg. Patterns groups rank Chi-square sig.
Age 4-5 10676 | 5.557 -1.921 0.164 4 4350
Age 4-6 -16.392 5.557 -2.950 0.010* One-event** 5 43.50 0.000 2 1.000
Age 5-6 5.717 5.355 -1.068 0.857 6 43.50
Note: *p<0.05, Adj. sig.: adjusted significance, Asymp sig.: asymptotic 4 47.12
significance, Std. test statistic: standard test statistic. Two-events 5 40.50 5.027 2 0.081
6 43.37
60 4 43.65
550 Miscellaneous 5 43.43 0.014 2 0.993
50 &
6 43.43
40
4 45.42
o5 33.33
= %57 2667 Leapfrog 5 46.97 4.403 2 0.111
23.08 23.33
20 6 38.37
15.39 15.39
> 11.54 o 1000 4 47.23
6.67 6.67 .
385 I 333 I 333 Chronological 5 45.47 4.004 2 0.135
0 [ o |
Age4 Age5 Age 6 6 38.30
m Two-events m Miscellaneous m Leapfrog ' Chronological m End-at-the-high-point m Classic 4 43.12
End-at-the-
Figure 2. Proportion of narrative patterns in age groups 4-6 (%). high-point 5 40.80 1.955 2 0.376
6 46.53
4 34.46
Classic 5 43.83 9.287 2 0.010*
6 51.00

Note: *p<0.05, **No one-event pattern was found in this study, df: degree
of difference, Asymp sig.: asymptotic significance, df: degree of
difference.
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Table 7 Pairwise comparisons between age groups in narrative patterns.

Pairs of age group | Test statistic SE Std. test statistic | Adj. sig.
Age 4-5 -9.372 5.431 -1.726 0.253
Age 4-6 -16.538 5.431 -3.045 0.007**
Age 5-6 -7.167 5.233 -1.369 0.513

Note: **p<0.01, SE: standard error, Std. test statistic: standard test statistic, Adjusted significance.

Table 8 Gender differences in narrative components.

Narrative Components | Gender Mean SD Median Mean Krus'k al-Wallis df | Asymp sig.
rank Chi-square
male 0.83 0.97 1 42.34
Appendages 0.193 1 0.660
female 0.84 0.80 1 44.56
male 3.17 3.02 2 48.10
Orientation 2.727 1 0.099
female 2.71 3.53 1 39.31
male 5.76 3.36 5 42.72
Complicating action 0.078 1 0.780
female 6.22 3.87 5 44.21
male 3.78 3.77 2 46.07
Evaluation 0.856 1 0.355
female 3.11 3.68 2 41.16
) male 0.59 1.10 0 41.83
Resolution 0.508 1 0.476
female 0.93 1.78 0 45.02

Note: SD: standard deviation, df: degree of difference, Asymp sig.: asymptotic significance.

Table 9 Gender differences in narrative patterns.

Narrative Patterns Gender | Mean rank | Kruskal-Wallis Chi-square df Asymp sig.

male 43.50

One-event 0.000 1 1.000
female 43.50
male 43.65

Two-events 0.014 1 0.906
female 43.37
male 45.15

Miscellaneous 3.372 1 0.066
female 42.00
male 41.79

Leapfrog 0.806 1 0.369
female 45.06
male 42.39

Chronological 0.300 1 0.584
female 44,51
male 45,94

End-at-the-high-point 1.828 1 0.176
female 41.28
male 42.09

Classic 0.382 1 0.537
female 44.79

Note: df: degree of difference, Asymp sig.: asymptotic significance.

Discussion Children’s narratives can be predicted from how

From the results of this study, Thai children’s narrative caregivers elicited narratives and what they focused on
structure develops with age in both narrative components when talking with their children.* For Thais, conversations
and patterns. However, the statistical analysis showed between caregivers and their children were concise.?**
almost no statistically significant difference between age The results of the current study corresponded with these
groups, although it provided trends as noted in the following findings that the length of children’s personal narratives,
discussion. even though becoming longer by mean values in older children,
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was still succinct and showed no difference between age
groups (as in Table 3).

All narrative components can be found in Thai children’s
personal narratives from the age of 4 years old. For all
age groups, complicating action, which is the backbone of
narratives, was by far the most widely used (Figure 1). This
is similar to previous studies such as in North American'?
and Chinese children’s narratives* whereby they also use
complicating action as the most frequent narrative component.
Moreover, when comparing between age groups it is shown
that there is a significant difference in resolution across
ages 4 and 6 (p=0.010%*). For resolution, it is a narrative
component that occurs after the high-point; therefore its
increasing use correlated with the more frequent occurrence
of the classic pattern which is generally found at the age of
around 6 in children.

Moreover, even though previous studies have shown
that Asian children used evaluation less than children from
western culture,®® it is interesting that evaluation was the
second most frequently used of the narrative components in
this study (Figure 1). The reason might be related to the
topics of the story prompts which were used when collecting
the narrative samples. As in previous studies, topics about
children’s misbehaviors had matchable content to the high-point
structure; there are specific events that reach the climax
and also give some resolution at the end.? Therefore, the
story prompts’ topics might affect the findings about the
proportion of usage of evaluation in this study.

In terms of narrative patterns, Thai children also
produced more complex narrative patterns when they got
older. Chronological patterns were commonly found at
age 4 in Thais. This is similar to narrative patterns of North
American,? Latino,?® and Chinese children** at the same
age. Moreover, leapfrog patterns which were also normally
used at this age in North American!? and Taiwanese
children®> were also presented as the second rank of the
proportion of usage in Thais. This resulted in the conclusion
that the developmental level of narrative patterns in Thai
children aged 4 resembled previous studies. At age 5,
Thai children mostly used classic patterns; this narrative
pattern was more frequently used, notably from the age
of 4 (from 11.54% to 33.33%), and this development was
also obviously seen when Thai children were aged 6 as half
of the narrative patterns by proportion were then classic
patterns. Furthermore, comparisons between age groups
showed significant differences between the ages 4 and 6
(p=0.007**). This indicated that children were better able
to resolve their stories with age, and the current finding
was related to prior studies in which children produced
more classic patterns at older ages.'*** On the contrary,
it can be seen that simple patterns were found less along
with children’s growth. Two-events patterns were presented
at 15.39% at age 4 and decreased to 6.67% at age 6. The
reduced use of this pattern is related to prior studies in
Chinese, Taiwanese, and Korean children®> which also
had decreased trends when children grow up. However,
it is notable that this pattern was not shown at age 5 in
Thai children in this study. The reason for this might come
from the small number of participants and the research

procedure that required at least three narrative samples
from each child which resulted in more opportunities to
produce their best narrative.

Gender difference analysis was also included in this
study. The results, however, presented no difference in
terms of both narrative components and narrative patterns,
and this conformed to several earlier studies that confirmed
that gender did not affect the narrative structure.'?!* This
might be related to technological advancement today
that supports daily communication systems and also the
improvement of curricula in the classroom, resulting in gender
equality in terms of learning opportunities for children.3*

One more thing that might affect the results was the
social class of the participants. In this study, most of the
parents were of similar status, so the results reflected only
the children’s personal narrative structure in this particular
group. Previous studies have shown that children of higher
status had better narration skills.}”* Therefore, if collecting
further narrative samples from other classes, longer or more
complicated narrative structures might be seen.

Limitations of the Study

According to the results, even though participants
in this study were separated by their age, the mean and
median values of age in months indicated that the gaps
between groups were not wide. The reason for this was the
Covid-19 situation that resulted in limiting the number of
appropriately-aged participants. If the ages of the participants
were more different and there were also more participants,
the distinct development of their narrative structure would
be more clearly observed.

Moreover, despite the overall narrative structure
in Thai children presented, the different concerns in types
of contextual information and evaluation in children’s
narratives have not yet been distinguished. Prior studies
showed that there were different preferences in children’s
group comparisons.'?3%37 Thus, future research is needed
for a deeper understanding across both age and gender.

Conclusion

In Thai children’s narratives, the sequence of events
was emphasized. They used complicating action most frequently
and had significantly increasing use of resolution with age.
These corresponded to their narrative patterns. At age 4,
Thai children commonly used chronological patterns, while
at ages 5 and 6 they mostly used classic patterns. Furthermore,
the narrative structure between genders, as predicted, had
no difference presented.
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ARTICLE INFO ABSTRACT

Article history: Background: COVID-19, an unprecedented pandemic significantly affects psychologically
Received 5 July 2022 healthcare workers (HCWs). The World Health Organization has also announced
Accepted as revised 29 August 2022 the pandemic as a Global Public Health Crisis. Priority to observe psychological
Available online 11 September 2022 effects was critical to understanding the various factors and delivering a tailored
Keywords: approach to treatment. This study aims to analyse the prevalence and severity of
Anxiety, COVID-19, depression, depression, anxiety, and stress amongst HCWs in Odisha during the pandemic.

health care workers, str . . . . . .
eaith care workers, stress Materials and methods: A cross-sectional, observational, questionnaire-based online

study was conducted. A total of 300 HCWs participated. The collection of data was
done online through a self-administered validated depression, anxiety, and stress
(DASS-21) questionnaire designed in Google form. The questionnaire has three
sections, consent form, demographic characteristics, and DASS-21. For analysis of
categorical variables descriptive statistics, Chi-square test, and Binomial test were
used, and for continuous variables, Kruskal Wallis test & Mann-Whitney test were
used and ‘p’<0.05 was considered significant.

Results: In this study, respondents were young (63.7%) and the majority were females
(61.7%). Doctors constitute 57%, nurses 35%, dentist 17.7% and pharmacists 7%
(p<0.001). The majority work in non-government sectors (p<0.001), having 1-5
years of experience (p<0.001). As many as 42.7% of HCWs have depression, 53.7%
anxiety, and 13.3% stress. The professional category has a significant association
with depression, anxiety, stress, and overall, DAS score (p<0.01). Doctors have
the highest level of depression, anxiety, stress, and overall, DAS score, followed
by nurses, dentists, and pharmacists. Gender played a significant association with
anxiety and stress. Females have a significantly higher level of anxiety and stress
(p<0.05).

Conclusion: The present study revealed a higher proportion of depression, anxiety,
and stress in HCWs. Early screening for detecting mental health issues should be
initiated for HCWs who are being exposed repeatedly. Hence, group-specific need-based
psychotherapy is critical during the pandemic.
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Introduction

The coronavirus disease (COVID-19) pandemic, which
originated in the city of Wuhan, China, in December 2019
quickly grappled the whole world and was declared a pandemic
by WHO, on March 2020 impacting health care workers
to a major extent. The disease spread quickly to various
countries and as of 22" June 2022, in India, there were
4.3 crores confirmed cases and 5.25 lakh deaths.? Crisis of
healthcare resources and fear of exposure led to significant
levels of stress, anxiety, and depression. Public Health
Emergency of International Concern (PHEIC) like the COVID-19
pandemic can also pose a significant mental health risk to
common people of different age groups and other frontline
workers. The pandemic was further complicated by unprepared
health infrastructure and associated factors like lack of training
for infection control and the stigma of getting infected. This
situation exposed them to higher stress levels and apprehension.
History of any infectious disease like the Ebola outbreak, or
HIV pandemic, suggests that even after 1 year of outbreak
people continue to experience symptoms of traumatic
injury.®*

WHO declared the outbreak of COVID-19 to be a
pandemic,* with estimates of global mortality at 3.4%.
There was panic amongst health care workers (HCWs) which
led to stress and anxiety.>® They were the only category
who were working under pressure, with long shift times
and lack of personal protective equipment (PPE), were in fear of
transmitting the infection to their kith and kin and were
at risk of self-exposure.” Besides the ongoing problem
of exposure, avoidance of socializing and lack of coping
strategies also bestowed negative effects on their mental
health. The COVID-19 outbreak was an unprecedented
scenario for many workers across the world. Many studies
of healthcare workers in China reported psychological symptoms
such as depression in 50%, anxiety in 45%, insomnia in 34%,
and mental distress in 71.5%, especially among female
nurses and frontline healthcare workers, who were directly
involved in the management of patients with COVID-19.%
A study done in Singapore, related to health care workers
found 14.5% positive for anxiety, 8.9% for depression, 6.6%
for stress, and 7.7% for clinical concern of post-traumatic
stress disorder (PTSD).° The HCWs such as doctors, nurses,
pharmacists, and other frontline workers were also affected
psychologically. This caused personal and family life imbalance,
and mental health issues, leading to perpetual depression,
anxiety, and stress.’®!! Due to lockdown, economic instability
and shortage of essential medications predisposed them to
psychological turmoil. The rising mortality rate has caused
a severe negative effect on HCWs.'*!3 Transmission of the
disease among HCWs is due to overcrowding, absence of
isolation room facilities, environmental contamination, etc.
During the COVID-19 pandemic, HCWs played a major role
and pushed their limits every day. They bring in the frontline
of the system and were bound to take the maximum brunt.
The situation was further complicated due to complete
uncertainty, unprepared health infrastructure, fear, anxiety,
stigma, prejudice, and marginalization toward the disease.

A study in Korea assessed the total impact of the
outbreak with Events Scale-Revised. They found that 51.5%

had PTSD.. One year after the SARS outbreak, a study
found that health care workers that had survived a SARS
infection still had elevated stress levels and psychological
turmoil.®> COVID-19 pandemic and post-covid complications
have thrown serious challenges to healthcare professionals.
This situation exposed them to a higher stress level, anxiety,
and apprehension. Moreover, it affects the work output
which, might affect the healthcare delivery system. There
are few studies done on how COVID-19, affects health care
workers' mental health.® The rapid escalation of COVID 19
reflected strong emotional stress on populations particularly
healthcare workers (HCW) who were confronting huge
physical and mental stressors in coping with the demanding
crisis.®

Similarly, the primary endpoints of the multi-center
study amongst healthcare workers in NHS hospitals in
Lancashire revealed a marked prevalence of psychological
impact such as depression (67%), moderate to severe anxiety
(30%), and elevated levels of stress (moderate-severe) (73%)
among HCWs during the peak of the Covid-19 pandemic in
the region.'”8

Hence, the study was undertaken to assess depression,
anxiety, and stress in these populations. Knowing the
psychological impact of the COVID-19 outbreak among
healthcare workers it is imperative to frame and monitor
future guidelines for mental health, as well as ensure an
optimal health care service. Our aim in this study was to
assess the magnitude of impact on health care workers,
including depression, anxiety, and stress, with environmental
factors, demographic profile, and community stigmatization
in different hospitals of Eastern India during the early phase
of the pandemic. HCWs were acutely conscious of the infectivity
of the virus and were distressed. Therefore, to decrease
occupational hazards while commuting to work, after being
exposed to the virus, appropriate guidelines should be
implemented to reduce stress and anxiety. Occupational
distress can be attenuated to some extent by social networking
and support from friends, family members, and various
healthcare stakeholders.

Materials and methods

Study design

This cross-sectional, observational, questionnaire-based
online survey was conducted in November 2021 durin
the period of the COVID 19 pandemic among health car
workers working in various hospitals, clinics, and healt
centers of Odisha, India, conducted by the Department o
Pharmacology, IMS & SUM Hospital. The inclusion criteri
were health care workers, including all cadres of doctors,
nurses, and pharmacists working in tertiary care and variou
other hospitals of Odisha, India with a willingness to tak
part in the research, male/female, having social media accounts,
conversant with the English language. The exclusion criteri
for the study were those who responded outside the stud
period, were not willing to take part in the research, ha
no social media account, and were pilot study participants.

Depression, anxiety, stress-21 item (DASS-21 scale)
questionnaire was designed in google form in English, an
a link was shared with the WhatsApp group of HCWs. It
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was also sent personally to all the HCWs in the contact list
of the Investigators. Furthermore, these healthcare workers
were requested to forward the link to their contacts (HCWs)
i.e. snowballing sampling. The internal consistency reliability
of the scale was acceptable to high, with a Cronbach Alpha
of 0.72 for depression, 0.77 for anxiety, 0.70 for the stress
subscale, and 0.88 for the overall scale.'® The questionnaire
has three sections: informed consent, demographic details,
and DASS -21. The Likert scale was used to measure the
response. The prevalence of depression, stress, and anxiety
among the HCWs was analysed along with the factors
responsible for the same.

The HCWs who clicked the link were directed to the
first page of the google form, which contains information
about the study. On providing the consent to take the survey
and completing the questionnaire, participants were directed
to click the submit option and the responded questionnaire
was sent to google drive. Data retrieved from the online
survey was entered into Microsoft Excel.

Sample size and study duration

The sampling was determined through the formula
n(minimum sample 5/'ze)=zzm/2 P(1-P)/d"*. Where, 72, | ;= Value
of the standard normal variant for 95% Cl and p=0.5
(anticipated population proportion) and d=0.6 (absolute
precession on either side of the population proportion).
The minimum sample size was computed as 266. However,
the archived sample size was 300. The study duration was

15 days.

Study population

Health care workers in different hospitals in Odisha,
India were permitted to be associated with this research.
Demographic data analysed in the study population were
age, gender, location, job category, working environment,
and experience in years.

Questionnaire and data collection

A pilot study was done on 20 HCWs to validate the
questionnaire. The pilot study data were excluded from
the main analysis. The questions were organized in google
forms, link was generated and shared with the participants.
The link was also shared personally with HCWs who are on
the contact list of the investigators. On clicking the link,
the first page contains the study objectives, procedure,
confidentiality agreement, voluntary participation, and
consent to participate in the study. Identification information
of the participants was not recorded anywhere in the
questionnaire. Participants could withdraw from the study
if they so desired at any point of time. Missing data was
minimized by requesting the participants to answer all the
questions in a section before proceeding to the next section.
The participant's consent to participate in the study by clicking
on the next button which takes them to the questionnaire
on demographic characteristics. The participant has to answer
all the questions in each section to proceed to the next
section. Finally, the participant has to click on the submit
button to submission of the form to google drive. The Snowball
sampling method was followed.

Instruments

The online survey using the DASS-21 questionnaire is
frequently used to assess depression, anxiety, and stress.
A score of 0 to 3 in the past 1 week was analysed for each
participant. The final score is multiplied by two to obtain the
cumulative score. Each of the three sub-scales: (DASS21-D),
Anxiety (DASS21-A), and Stress (DASS21-S) has seven items.
Each item comprises a statement and four short response
options to reflect the severity and scored from 0 (Did not
apply to me at all) to 3 (Applied to me very much, or most
of the time). To yield equivalent scores to the full DASS 42,
the total score of each scale is multiplied by two® and
ranges from 0 to 42.%°

Data processing and statistical analysis were undertaken
by using IBM SPSS Statistics version 24.0. The severity of
DAS was classified according to normal, mild, moderate,
severe, and very severe based on the score given in the
result tables. Descriptive statistics procedure, non-parametric
Chi-square test, and Binomial test were used for the analysis of
categorical variables. Kruskal Wallis test & Mann-Whitney
test was performed for comparing continuous variables.
Cut-off value p<0.05 was considered to indicate statistical
significance.

Ethical approval

The participants were assured that their responses
to the online questionnaire would remain anonymous. The
research was approved by the Ethical Committee of IMS
and SUM Hospital: Ref. No /DRI/ IMS.SH/SOA/2021/036.

Results

The sample respondents were predominantly young
with 63.7% in the 21-30 years and 15.3% in the 31-40
years age group (p<0.001). The majority of respondents
were females (61.7%) (p<0.001) and the urban area had
more than the 4/5% share in the sample (83%). Among the
respondents, the maximum of nearly 2/5" were doctors
(40.3%), 1/3™ of nurses (35%), 1/6% of dentists (17.7%),
and 7% of pharmacists (p<0.001). The majority were working
in non-government sectors (81.7%) (p<0.001). The majority
were having 1-5 years (59%) of experience (p<0.001). None
were taking medication for depression, anxiety, and stress.
About 9% and 7.3% were taking medication for diabetes
and hypertension respectively (Table 1).
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Table 1 Participants' socio-demographic characteristics (n=300).

Variable Classification No. % p value
21-30 191 63.7
31-40 46 15.3
Age in years p<0.001*
41-50 32 10.7
>50 31 10.3
Gender Female 185 61.7
p<0.0014#
Male 115 38.3
Location Rural 51 17
p<0.001#
Urban 249 83
Job Category Doctors 121 40.3
Dentist 53 17.7 Xx?=85.547
Nurses 105 35 p<0.001*
Pharmacist 21 7
Working Govt. 55 18.3
p<0.001#
Non Govt. 245 81.7
Experience (years) 1-5 177 59
i x>=93.140
6-10 47 15.7 <0.001%
>10 76 25.3
Are you taking medications for anxiety/stress? Yes 0 0
No 300 100
Are you taking medications for depression? Yes 0 0
No 300 100
Are you taking medications for diabetes? Yes 27 9
No 273 91
Are you taking medications for hypertension? Yes 22 7.3
No 278 92.7

Note: “binomial p value, *non-parametric Chi-square p value, Govt: government.

13

Overall, 42.7% of the health care workers were having
depression (depression score >10). About 1/5% were having
mild (18.4%), with scores (of 10-13), and moderate (19.3%),
with scores of 14-20, a form of depression. Only 5% had
a severe or very severe form of depression with a score >21.
More than half (53.7%) of the health care providers were
having anxiety (anxiety score >8). Nearly 1/10% was mild
(12.3%), with scores 8-9, and 28.3% moderate, with scores
10-14, a form of anxiety. Little more than 1/10*" had severe
or very severe (13.3%), a form of anxiety with a score >15.
In comparison to depression and anxiety, a relatively less
proportion was under stress with a prevalence of 13.3%
with a stress score of 215 (Table 2).

The depression score has a mean%SD of 8.7+6.8 and
median (1% quartile Q1-3rd quartile: Q3) 8 (4-12). The
meanxSD of the anxiety score was 8.8+ 6.6 and the median
(Q1-Q3) was 8 (4-12). Similarly, the meanSD of the stress
score was 9.415.8, and the median (Q1-Q3) was 8 (4-12).
The meanSD and median (Q1-Q3) of the total DAS score
were 26.9+16.2 and 24 (18-34) respectively. The individual
and overall DAS scores did not have a significant association
with age, experience, location, and working place (p>0.05).

The professional category has a significant association with
depression, anxiety, stress, and overall DAS score (p<0.01).
Doctors have the highest level of depression, anxiety, stress,
and DAS score. Nurses followed by the dentist came next
in order. Pharmacists were the least affected. Gender also
played a significant association with anxiety and stress and
overall DAS score. Females have a significantly higher level
of anxiety and stress (p<0.05) (Table 3).

Table 4 presents a comparison of mean+SD, median
(Q1-Q3) of depression, anxiety, and stress with medication.
Health caregivers who are taking medication for diabetes
did not have a significant association with depression,
anxiety, stress and overall DASS. Medication taken for
hypertension did not have a significant association with
depression, stress and overall DASS (p>0.05) but have a
significantly higher anxiety level with median (IQR) 10 (7.5-14)
with p=0.039.
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Table 2 Table 2 DASS 21 subscale severity ratings.

Depression No. %
Normal (0-9) 172 57.3
Mild (10-13) 55 18.4
Moderate (14-20) 58 19.3
Severe & very severe (21+) 15 5
Anxiety
Normal (0-7) 139 46.3
Mild (8-9) 37 12.3
Moderate (10-14) 84 28
Severe & very severe (15+) 40 13.3
Stress
Normal (0-14) 260 86.7
Mild (15-18) 27 9
Moderate (19-25) 12 4
Severe & very severe (26+) 1 0.3
Total 300 100

Table 3 Comparison of depression, anxiety, and stress scores with Socio-demographic variables.

Depression Anxiety Stress Total DAS
Age group N
MeaniSD | Median (IQR) | MeantSD | Median (IQR) | MeanSD | Median (IQR) | MeantSD | Median (IQR)

21-30 191 8.7¢7.5 6 (4-14) 8.8+6.9 8(4-12) 9.416.1 10 (6-14) 26.8+17.7 22 (16-34)

31-40 46 9.546.5 10 (3.5-12.5) | 9.0+6.3 9 (4-12) 1045.3 10 (6-14) 28.5+14.7 | 27(21.5-36.5)

41-50 32 8.2+4.6 8 (4-11.5) 7.3x4.4 8 (4-10) 9.4%5.3 10 (6-13.5) 24.8+11.5 24 (18-32)

>50 31 8.7+4.5 8 (4-14) 9.7+6.6 8(6-12) 9.2#5.3 10 (6-12) 27.6+12.7 28 (18-36)

Kruskal Wallis Test p value 0.558 0.522 0.844 0.414
Job Category
Doctors 121 9.7+4.9 10 (4-14) 9.4+6.2 8 (4-14) 10.146.0 10 (6-14) 29.3+13.8 30 (20-38)
Dentist 53 8.048.7 6 (0-12) 7.147.6 6 (2-10) 8.5+7.7 8 (2-14) 23.5422.6 22 (6-33)
Nurses 105 8.7+7.8 6(2-12) 9.5+6.6 8(4-12) 9.9+4.2 7 (10-12) 28+15.1 22 (20-32)
Pharmacist 21 5.4%3.6 4(2-9) 5.7+3.3 6 (3-8) 5.1+3.2 6 (2-8) 16.247.8 18 (8-23)
Kruskal Wallis Test p value p<0.001 p<0.001 p<0.001 p<0.001
Experience (Years)
1-5 177 8.9¢7.5 6 (4-14) 8.5+6.8 6(4-12) 9.416.1 10 (6-14) 26.8+17.6 22 (16-34)
6-10 47 9.4%6.9 8 (4-14) 10.4+7.0 8 (6-14) 10.3%5.5 10 (6-14) 30.1+16.2 30 (20-38)
>10 76 8.0+4.6 8(4-12) 8.3%5.5 8(4-12) 8.8+5.2 8(6-12) 25.1+£12.2 24 (18-32)
Kruskal Wallis Test 'p' value 0.736 0.119 0.429 0.368
Gender
Female 185 9.127.0 8 (4-14) 9.5+6.5 8(4-12) 9.85.0 10 (6-14) 28.4+14.9 24 (20-36)
Male 115 8.06.5 8(4-12) 7.616.6 6(2-12) 8.7+6.9 8(2-12) 24.5+17.9 20 (12-32)
Mann-Whitney U's p value 0.311 0.010 0.026 0.010
Location
Rural 51 8.3%7.7 4(2-12) 7.817.3 6(4-12) 10.1£7.4 10 (4-14) 26.2+20.2 22 (16-34)
Urban 249 8.016.6 8 (4-12) 9.06.4 8 (4-12) 9.245.4 10 (6-12) 27.1#15.3 24 (18-35)
Mann-Whitney U's p value 0.315 0.065 0.584 0.255
Working
Govt 55 8.5+4.8 8 (4-12) 8.06.8 6 (4-12) 9.546.0 10 (6-14) 26.1+14.6 24 (16-36)
Non-govt 245 8.8+7.2 8 (4-14) 8.9+6.5 8(4-12) 9.4%5.8 10 (6-13) 27.1+16.6 24 (18-34)
Mann-Whitney U p value 0.489 0.240 0.899 0.857
Total 300 8.746.8 8 (4-12) 8.8+6.6 8 (4-12) 9.445.8 10 (6-14) 26.9+16.2 24 (18-34)
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Table 4 Comparison of depression, anxiety, and stress score with medication taken.
e N Depression Anxiety Stress Total DAS
MeanSD | Median (IQR) | Mean*SD | Median (IQR) | MeanzSD | Median (IQR) | Mean+SD | Median (IQR)
Are you taking medications for Diabetes?
Yes 27 7.9+5.3 8 (4-10) 9.4+6.4 10 (4-14) 9.2+5.9 10 (4-12) 26.4+14.0 26 (18-36)
No 273 8.846.9 8 (4-14) 8.76.6 8 (4-12) 9.445.8 10 (6-14) 27.0+16.4 24 (17-34)
Mann-Whitney U's p value 0.704 0.437 0.988 0.804
Are you taking medications for Hypertension?
Yes 22 8.945.2 9 (4-12) 11.3+6.5 | 10(7.5-14) 11.3%5.0 10 (9.5-13) 31.5+3.4 29 (23.5-36)
No 278 8.746.9 8 (4-14) 8.616.5 8 (4-12) 9.245.8 10 (6-14) 26.5+16.4 23 (16-34)
Mann-Whitney U's p value 0.505 0.039 0.104 0.067

The classification of depression, anxiety, and stress
into positive screening was done with a cut-off score of
>13, >9, and >18 respectively. These cut off were decided
considering moderate, severe & very severe categories of
depression, anxiety and stress level. There was no significant
association between the positive screening of depression,
anxiety, and stress scores with age groups (p>0.05). The
professional category had a significant association with

the positive screening of depression, anxiety, and stress
(p<0.05). Doctors had the highest proportion of positive
screening for depression, anxiety, and stress i.e, 52.1%,
48.8%, and 20.7% respectively, followed by nurses for
depression (40.0%) and anxiety (42.9%). Positive screening
of dentists for depression (34%) and anxiety (30.2%) which
is lower than that of a nurse. Pharmacists have the lowest
proportion of positive screening (Table 5).

Table 5 Comparison of depression, anxiety, and stress scores with Socio-demographic variables.

Screening of Depression Screening for Anxiety Screening for Stress
Age in years | Negative (<13) | Positive (>13) | Negative (<9) | Positive (>9) | Negative (<18) | Positive (>18)
N (%) N (%) N (%) N (%) N (%) N (%)
21-30 118 (61.8%) 73 (38.2%) 115 (60.2%) 76 (39.8%) 168 (88%) 23 (12%)
31-40 21 (45.7%) 25 (54.3%) 23 (50%) 23 (50%) 37 (80.4%) 9 (19.6%)
41-50 17 (53.1%) 15 (46.9%) 22 (68.8%) 10 (31.3%) 28 (87.5%) 4(12.5%)
>50 16 (51.6%) 15 (48.4%) 16 (51.6%) 15 (48.4%) 27 (87.1%) 4 (12.9%)
x> (p) 4.756 (0.191) 3.590 (0.309) 1.846 (0.605)
Job Category
Doctors 58 (47.9%) 63 (52.1%) 62 (51.2%) 59 (48.8%) 96 (79.3%) 25 (20.7%)
Dentist 35 (66%) 18 (34%) 37 (69.8%) 16 (30.2%) 45 (84.9%) 8 (15.1%)
Nurses 63 (60%) 42 (40%) 60 (57.1%) 45 (42.9%) 98 (93.3%) 7 (6.7%)
Pharmacist 16 (76.2%) 5 (23.8%) 17 (81%) 4 (19%) 21 (100%) 0 (0%)
Total 172 (57.3%) 128 (42.7%) 176 (58.7%) 124 (41.3%) 260 (86.7%) 40 (13.3%)
X (p) 9.370 (0.025) 9.869 (0.020) 13.034 (0.005)
Discussion

The COVID19 pandemic has been correlated with
the psychological impact among HCWs who are dealing
at the forefront. Depression, anxiety, and stress symptoms
were manifested during the pandemic. In the study by Amal M.
Qasem Surrati et. al, depression, anxiety, and stress (DAS)
are 27.9%, 35.5%, and 72% in HCWs respectively, whereas in
our study DAS is found to be 42.7%, 53.6%, 13.3% respectively.
Hence in our study, we could find a higher percentage of
depression and anxiety among healthcare workers, particularly
doctors and nurses which could be due to long hours of

work, high exposure to the virulent pathogen, and associated
high mortality.?°

Another recent study by Al Ateeq et al. (2020) reported
depressive disorder (55.2%) and anxiety disorder 51.4%
similar to our study.? Gupta A K et al. reported depression
and anxiety at 8% and 37.3% respectively amongst the
Nepalese health workforce.?? In contrast to our study in which
a higher percentage of HCWs reported having depression
and anxiety. In the current study, overall health care workers
were having depression scores>10. About 1/5" were having
mild (18.4%), with scores (of 10-13), and moderate (19.3%),
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with scores of 14-20, forms of depression. Only 5% had a
severe or very severe form of depression with a score >21.
More than half (53.7%) of the health care providers were
having anxiety (anxiety score >8). Nearly 1/10% HCWs have
mild anxiety (12.3%), with scores of 8-9, and 28.3% moderate,
with scores of 10-14, the form of anxiety. Little more than
1/10* had severe or very severe (13.3%), a form of anxiety
with a score 215. In comparison to depression and anxiety,
relatively fewer proportions were under stress with a
prevalence of 13.3% with a stress score of >15.

The individual and overall, DAS score did not have
a significant association with age, experience, location,
and working place (p>0.05). The professional category has
a significant association with depression, anxiety, stress,
and overall, DAS score (p<0.01). Doctors have the highest
level of depression, anxiety, stress, and DAS score. Nurses
followed by dentists came next in order. Pharmacists have
the least score. Gender also played a significant association
with anxiety and stress and overall DAS score. Females
have a significantly higher level of anxiety and stress (p< 0.05)
which was similar to the study done by Preethi Selvaraj et al,
but in the study by Chatterjee SS et al, female HCWs had
less depression, stress, and anxiety.?>

Eman Alnazly et al. reported depression at 40%,
anxiety at 60%, and stress at 35%. Depressive, anxiety
and stress scores were 21.30+10.86, 20.37+10.80, and
23.33+10.87 respectively.?* Current study reported a similar
percentage for depression and anxiety but lesser severity
for stress. The depression score was 8.7+6.8 and median (1°
quartile Q1-3" quartile: Q3) 8 (4-12). The anxiety score was
8.816.6 and the median (Q1-Q3) was 8 (4-12). The stress
score was 9.4+5.8 and the median (Q1-Q3) was 8 (4-12).
The meanSD and median (Q1-Q3) of the total DAS score
were 26.9+16.2 and 24 (18-34) respectively. The individu-
al and overall DAS scores did not have a significant association
with age, experience, location, and working place (p>0.05).
The professional category has a significant association with
depression, anxiety, stress, and overall DAS score (p<0.01).
Doctors have the highest level of depression, anxiety, stress,
and DAS score. Nurses followed by the dentist came next
in order. Pharmacists were the least affected. Gender also
played a significant association with anxiety and stress and
overall DAS score. Females have a significantly higher level
of anxiety and stress, unlike that reported by Eman Alnazly
et al, where males, married, aged 40 years and older, having
more clinical experience were suffering from psychological
distress.

Preethi Selvaraj et al study revealed median (IQR)
of 5.0 (2.0-8.0) for depression,6.0 (2.0-10.0) for anxiety
and 3.0(1.0-8.0) for stress in females.? Our study reported
8(4-14), 8(4-12), and 10(6-14) for depression, anxiety, and
stress respectively. A Korean study revealed 27% of depression
during the respiratory syndrome outbreak whereas in our
study it was 42.7% during the COVID19 pandemic.? This
emphasizes that the HCWs have experienced severe mental
exhaustion during this time of uncertainty. Similar results
were deciphered from studies in China.?¢%

The present study reveals that HCWs who are taking
medication for diabetes did not have a significant association

with depression, anxiety, stress, and overall DASS. Medication
taken for hypertension did not have a significant association
with depression, stress, and overall DASS (p>0.05) but have
a significantly higher anxiety level with a median (IQR)
10(7.5-14) with p=0.039. whereas Chaterjee S S et al study
showed that 5.9% of HCWs had major comorbidities like
diabetes, hypertension, and COPD.*®

Therefore, we can de-escalate the associated stress
and anxiety by screening and providing tailor-made
psychological support.*

Conclusion

High levels of depression, stress, and anxiety were
observed in our study. Over half of HCWs had significant
depression, and anxiety, and less than 30% had stress
regardless of age. This was especially more pronounced
in females for both stress as well as anxiety. A structured
guideline on pandemic management may reduce the cognitive
dissonance among HCWs and their overall psychological
well-being.
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and physical function, removing toxins, preventing diseases, etc. Reduced sleep among
young adults is becoming a significant health problem worldwide. Several factors have
been shown to lead to poor sleep quality, but the reason smartphone use creates sleep
disorders in young adults has attracted great curiosity for a few years. The study aimed
to assess sleep quality, duration, and daytime sleep dysfunction among medical students
who use their smartphones at bedtime.

Keywords:
Sleep quality, sleep duration,
smartphone, PSQI

Materials and methods: This cross-sectional study included 109 medical students. The
data was collected using a pre-validated questionnaire about bedtime mobile phone
usage and Pittsburgh sleep quality index (PSQI). The means were calculated, and the
association was determined using statistical analysis.

Results: In the study, 60% of participants indicated poor sleep quality was due to
prolonged bedtime smartphone usage. The average global PSQl score was 5.4+2.5.

Conclusion: This study concluded that participants had poor sleep quality measured
by PSQl. In addition, prolonged smartphone usage during bedtime was strongly
co-related to poor sleep latency.

Introduction playing games, and watching videos.* Hence in the modern

All human beings need good sleep for good health.?
Sleep is a state of reversible consciousness where the body
and mind are renewed, repaired, and evolved. One of the
main cornerstones of adolescent development is good
sleep.? Electronic gadgets have an undesirable influence
on the sleep quality of most children and young adults.?
Due to the revolution in the technology field, most phone
users currently possess smartphones that can be used for
accessing the internet online, chatting on social networks,
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age, the use of smartphones has increased exponentially,
especially among young students. The usage of smartphones
has become a method of relieving academic stress and mental
pressure.® Late-night smartphone usage has become a norm
among undergraduate students, leading to interrupted sleep
and daytime sleepiness. Studies have revealed that sleep
disturbances are hazardous for physical and mental problems,
mainly during adolescence.® The decrease in sleep quality is
not only associated with health problems but also leads to
the poor academic performance of students.” Sleep deprivation
among students isn’t a new phenomenon. However, it has
drawn more clinical and educational interest in the past few
years. Many types of research have shown that impaired
sleep quality is highly prevalent among medical students
compared to students at other universities, which may be
inferable to the vast academic load, several hours of clinical
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duties, and lifestyle choices. However, little research has
been attempted to detect the presence of any correlation
between the usage of smartphones at bedtime and the
sleep quality of medical students. Hence this study aimed
to study the existing research gap and establish the effect
of late-night smartphone use on sleep quality, duration,
and daytime sleepiness among medical students

Materials and methods

This cross-sectional study was conducted taking a
batch of MBBS students consisting of 150 students from
the 3" year after obtaining the approval of the Institutional
Ethical Committee (IEC).

Data collection

Data were collected by convenience sampling technique.
All the students were invited to participate in the study.
One hundred and nine out of 150 students completed the
questionnaire, and the response rate was 72.6%. Informed
consent was received from all volunteering participants.
No pressure was exerted on the participants. Confidentiality
was reassured and maintained. All the data were collected
via a questionnaire. The data collected was analysed
using SPSS 20. The quantitative variables were reported
using the mean and the SD, whereas qualitative variables
were reported as frequencies and percentages. Pearson’s
Chi-Square test was used to determine the associations
between the qualitative variables. Group means were
compared using ANOVA and t-tests wherever applicable. A
p-value less than 0.05 was taken to be statistically significant.

Study tools

After obtaining the appropriate informed consent
from the participants, an online questionnaire was generated
using Google form and distributed to the participants via
a WhatsApp group text. This online questionnaire was
designed by the authors based on relevant required
information extracted from a few previous studies.®!* All
participants were given ample time to complete the
questionnaire and also were allowed to complete it at their
homes.

The questionnaire consisted of 4 main sections
1. Purpose of study and reassurance of maintaining
the confidentiality
2. Demographic details
3. Smartphone usage
4. Pittsburgh sleep quality index (PSQl)

Pittsburgh sleep quality index (PSQl)

A standardised measure of sleep quality is PSQI.*
There are 18 questions in the PSQI which has seven rated
components. 1) sleep quality, 2) sleep latency, 3) habitual
sleep efficiency, 4) sleep duration, 5) use of sleeping
medication, 6) sleep disturbances, and 7) daytime dysfunction.
Each question is allotted a score between 0 to 3. The scores
of all the items are added together to obtain a final score
that can range between 0 to 21. If the total score is more
significant than equal to 5, it denotes poor sleep quality. If
the score is below 5, it is considered good sleep quality.

Bedtime smartphone usage:

The smartphone is “a cell phone with additional
software functions (as email or Internet browser)”, and
bedtime has been defined as “the time at which you usually
get into your bed to sleep”.?*** All participants were subjected
to 5 questions. The first question was whether they use
smartphones or not, the second question asked was, did
they use them at bedtime and the third question put to
them was, how frequently did they use the smartphone
during bedtime: one to three times per month, once per
week, several times per week, or every day. The fourth
question asked to them was the purpose they used it for,
such as internet surfing, calling, social networking, text
messaging, video games, or watching videos like series,
shows, movies, etc. The fifth question put to them was on
the amount of time they spent using a smartphone at bedtime,
and on the same basis, they were divided into five groups:
less than 15 minutes, 15-30 minutes, 30-45 minutes, 45-60
minutes, and more than 60 minutes. During the analysis,
for simplicity purposes, the study population was divided
into three groups: group A: less than 30 minutes, group B:
30-60 minutes, and group C: more than 60 minutes

Results

Our study obtained results from 109 participants from
a batch of 150 medical students. The average age of the study
group was 22.14+1.03 years. The age of the participants
was between 20 years to 26 years. It was found that more
females (57.8%) participated in this study than males (42.2%)
(Figure 1). Pittsburg sleep quality index was calculated for
everyone by adding the scores of all seven components.
The average global score was 5.4+2.5. The minimum score
received was one, and the maximum score attained was 14.
Table 1 indicates that the average PSQI score for both genders,
the males had a score of 5.43+2.4, while the females had a
score of 5.38+2.5, their association remained insignificant
(p-value: 0.912). Forty individuals reported surfing the
web before sleeping, thirty participants reported listening
to podcasts, music, or audiobooks, twenty-eight reported
texting before sleep, and twelve used their smartphones
before sleeping. Ten reported playing video games before
going to bed (Figure 2). Number of individuals having good
sleep quality (i.e., PSQI score <5) was 42 (38.5%), and those
were having decreased sleep quality (i.e., PSQIl score >5)
was 67 (61.5%) (Figure 3). Table 2 depicts PSQl score and
its association with its components we found out that
there was a significant correlation between people having
poor sleep quality and subjective sleep quality (p=0.002),
sleep latency (p=0.000), sleep duration(p=0.000), habitual
sleep efficiency (p=0.000), sleep disturbances (p=0.012),
and daytime sleep dysfunction(p=0.001). However, we found
out from our study that poor sleep quality was not related
to the use of sleep medication (p=0.35). Table 3 shows the
association between components of PSQI and duration of
smartphone usage at bedtime; it was seen that only sleep
latency was associated with increased duration of smartphone
usage at bedtime (p=0.000). All the other components of
PSQI compared with duration of smartphone usage at bedtime
was found not to have any relationship, subjective sleep
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quality (p=0.486), sleep duration (p=0.614), habitual sleep
efficiency (p=0.51), sleep disturbances(p=0.332), using of sleep
medication (p=0.754), and daytime dysfunction (p=0.981).
It was found that the maximum number is sixty-four of
them watching videos and browsing social media.

Males
42%

Females §
58%

B Males ®Females

Figure 1 Gender distribution of the participants.

Podcasts. Audiobooks, music, etc TS 30
Watching videos(Eg. Movies, serials etc) I 4
Video games mmm 10
Social networking(facebook, instagram, etc) I . (/]
Texting I D3
Surfing the internet T /0

Calling m— 12
| No. of participants
0 10 20 30 40 50 60 70

Figure 2 Distribution of participants based on different usage of smartphones at bedtime.

67

Number of participants
42

PsaQl <5 PsSQl>5
PSQl score

Figure 3 Distribution of participants into good and poor sleep quality based on PSQI Score.
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Table 1 PSQI Global score as per gender.

Gender PSQI Global Score p*
Males 5.43+2.5
0.912
Females 5.38+2.5

Note: *p<0.05 is considered significant using an independent T-test.

Table 2 Association between global PSQl scores and the components of PSQl.

Components of PSQl Classification £5QI Score p
<5 25

Subjective sleep quality Very good 17 8 0.002*
Fairly good 24 53
Fairly bad
Very bad 0

Sleep latency No problem at all 15 0.000*
Only a very slight problem 24 29
Somewhat of a problem 2 22
A very big problem 1 8

Sleep duration No problem at all 26 11 0.000%*
Only a very slight problem 11 22
Somewhat of a problem 24
A very big problem 0 10

Habitual sleep efficiency No problem at all 42 42 0.000*
Only a very slight problem 0 15
Somewhat of a problem 0 8
A very big problem 0

Sleep disturbances No problem at all 7 9 0.012%*
Only a very slight problem 35 43
Somewhat of a problem 0 13
A very big problem 2

Use of sleep medication No problem at all 42 62 0.35
Only a very slight problem 1
Somewhat of a problem 2
A very big problem 2

Daytime dysfunction No problem at all 26 22 0.001*
Only a very slight problem 16 28
Somewhat of a problem 14
A very big problem 3

Note: p<0.05 is considered significant, * significant value set at 0.05 using chi-square test.




D. Mohapatra et al. Journal of Associated Medical Sciences 2023; 56(1): 19-25

Table 3 Association between components of PSQI and duration of smartphone usage before sleep (n=109).

23

Bedtime smartphone usage Group A | Group B | Group C | p*
PSQl Components
Subjective sleep quality Very good 13 9 2 0.486
Fairly Good 39 29 3
Fairly bad 9
Very bad 0 0 0
Total 52 38 14
Sleep latency <15 min 15 5 3 0.000*
15-30 min 33 15 5
31-60 min 19
>60 min 4 3
Total 54 43 12
Sleep duration >7 hr 15 16 6 0.614
6-7 hr 19 12
5-6 hr 16 11 2
<5 hr 4 4 2
Total 54 43 12
Habitual sleep efficiency >85% 44 29 11 0.51
74-84% 9 0
65-74%
<65% 1 0
Total 54 43 12
Sleep disturbances No problem at all 10 5 1 0.332
Only a very slight problem 37 31 10
Somewhat of a problem 6 0
A very big problem
Total 54 43 12
Use of sleep medication No problem at all 50 42 12 0.754
Only a very slight problem 1 0
Somewhat of a problem
A very big problem 2 0
Total 54 43 12
Daytime dysfunction No problem at all 23 20 0.981
Only a very slight problem 23 16 5
Somewhat of a problem 6
A very big problem 1
Total 54 43 12

Note: *Significant value set at 0.05 using chi-square test.
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Discussion

Our study found that all medical students owned a
smartphone, and nearly 98 (90%) of them use their smartphones
at bedtime for various activities. Of the 98 participants who
used their smartphones at bedtime, 60 (61.2%) had poor
sleep quality. The sleep quality of all the participants was
determined using the PSQI questionnaire, from which we
found that 67 (61.5%) had poor sleep quality. We found that
there was no significant relationship between quality of sleep
and gender. Our finding was consistent with a Moroccan
study which revealed that there were no gender differences
between male and female medical students concerning
poor quality of sleep.'® Fobian et al. told that using media
at bedtime and remaining awakened by the use of smartphone
were related to lowering of the efficiency of sleep in
adolescents.’ Lemola et al. found a correlation between
using electronic media during the night and sleep disturbance
and concluded it to be a potential mediator for depressive
symptoms.” Similar cross-sectional study taking 3,139
adolescents from America revealed that smartphone use at
bedtime was related to sleeplessness and daytime sleepiness.®
Our study confirmed that the prolonged usage of smartphones
at bedtime was associated with poor sleep quality, daytime
dysfunction, and prolonged sleep latency. Further research
must be done to ascertain the causal relationship between
poor sleep quality and smartphone usage. Few recently
conducted studies have concluded that mobile phone screens
emitted blue light, which is the main factor responsible for
the poor sleep quality in people using mobile phones late
at night. Mostly the screens of mobile phone release blue
light of wavelengths ranging from 400-495 nm, which is
capable of causing a phase-shifting in the circadian rhythm
of humans or hampering the biological clock by reducing
melatonin production.'>® Decrease in melatonin levels has
further been responsible for increased sleep latency and
disturbances.?' Further, prolonged exposure to blue
light enhances the alertness of our brain, and the cognitive
functions are stimulated, resulting in poor sleep quality.? %
The findings of our study also supported the facts mentioned
above. As per our observation, the participants who used
their smartphones for 30 minutes or more after getting into
bed had prolonged sleep latency, reduced sleep duration,
and daytime dysfunction. Additionally, the effects of blue
light on the mobile phone screen while using the mobile
phone before bedtime for searching the web, playing video
games, watching Facebook for a prolonged period, or reading
a negative email, may also lead to hyperexcitability both
physical and mental, contributing to hyperarousal condition
and poor sleep quality.*** Some studies have indicated that
putting a smartphone near or under the pillow during sleep
can cause prolonged latency of sleep, sleep disturbances,
and daytime sleep dysfunction. The factors that contribute
to these effects may be attributed to an irresistible desire
to go through notifications received and the updates being
displayed on the mobile phone, disturbances that are produced
by the vibrating phone while receiving new notifications and
recent messages, the heat produced by charging phones,
and RF-EMF (radiofrequency and electromagnetic fields)
exposure from the smartphone.* The reasons mentioned

above are suspected to be the underlying cause of sleep
problems like excessive daytime sleepiness, sleep disturbances,
and increased sleep latency, observed in our study participants.
Our study confirmed that prolonged usage of smartphones
at bedtime was strongly associated with poor sleep quality,
daytime dysfunction, and prolonged sleep latency. Further
research must be done to ascertain the causal relationship
between poor sleep quality and smartphone usage.

Conclusion

From this study, we conclude the following points.
We observed a significant association between prolonged
(>60 minutes) bedtime smartphone usage and the sleep
latency component of the PSQI (p-value=0). Most medical
students (61.5%) had poor sleep quality (i.e. PSQI score >5).
Lastly, there was no significant relationship between sleep
duration and daytime sleepiness, but there was a significant
correlation between poor sleep quality and all the components
of PSQI. Therefore, the main implication of this study is that,
through this study, the authors urge young adults to restrict
the use of smartphones during bedtime, thereby preventing
subsequent health hazards.

The limitations of this study were the short duration of
two months and a smaller number of participants consisting
of MBBS students of a single batch. Further research can be
done by taking a more significant number of participants
in multicentred studies to assess the sleep quality among
medical students.
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ARTICLE INFO ABSTRACT

Article history: Background: Occupational therapy (OT) cognitive interventions requires a standardised
Received 11 July 2022 cognitive outcome measure to help explain the effectiveness of the interventions.
Accepted as revised 11 September 2022 Now, there is a lack of measures to use for Thai older adults with cognitive impairments.
Available online 17 September 2022 Therefore, a new Occupational Therapy Cognitive Outcome Measure (OTCOM)
Keywords: for Thai older adults with cognitive impairments was developed to support
Outcome measure, cognition, evidence-based OT cognitive interventions.

cognitive impairment, psychometric

" Objectives: To examine the psychometric properties including internal consistency,
properties

inter-rater and intra-rater reliability, known-group construct validity, concurrent
validity, and responsiveness of the OTCOM.

Materials and methods: A prospective cohort design was used in this study. One
hundred and ten older adults; sixty-one older adults with cognitive impairments
and forty-nine older adults without cognitive impairments, were recruited. The
Cronbach’s alpha coefficient was calculated for internal consistency. Intraclass
correlation coefficient (ICC) was used to analyse rater reliability. Analyses of
concurrent and known-group construct validity were done using Pearson correlation
and independent t-test, respectively. Both effect size (ES) and standardised response
mean (SRM) were calculated for responsiveness of the OTCOM.

Results: The results showed good internal consistency (a=0.88), and excellent inter-rater
and intra-rater reliability (ICC=0.99). A high correlation between the OTCOM and
the Dynamic Lowenstein Occupational Therapy Cognitive Assessment-Geriatric
(DLOTCA-G) and the Thai Cognitive-Perceptual Test (Thai-CPT) was found, indicating
good concurrent validity. There was a significant difference between older adults
with cognitive impairments and without cognitive impairments, suggesting good
construct validity by the known-group method. Responsiveness was shown as large
ES and SRM in the total score.

Conclusion: The OTCOM showed good psychometric properties, making it useful in
OT practice after revisions.
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Introduction

Due to increasing life expectancies, many countries
have experienced an unprecedented and continued growth
of senior citizens. In 2020, over 700 million persons worldwide
were older adults aged 65 years and over.! In the same
year, Thailand had over 17% of its population comprised of
older adults, making it an aged society.? This growth is an
essential transformation in the 21% century that affects
society, family structure, financial market, and health goods
and services. According to the 2030 Agenda for Sustainable
Development of the United Nations, all segments of society,
including older adults, cannot be left behind. Governments
worldwide must address concerns about older adults' health
and well-being.! A typical age-related health problem in
older adults is cognitive impairments (Cl) that can develop
into dementia.? Cl can affect the quality of life of older
people due to a loss of functional ability, and the need
to maintain their sense of independence.** Occupational
therapists (OTs) have a role in maintaining the quality of
life of older adults.® For evidence-based practice, the quality
of occupational therapy (OT) service in cognition for clients
with Cl should be explained through standardised cognitive
outcome measures.” Outcome measure explain the
effectiveness of the overall intervention. Therapists can
compare different interventions using the appropriate
outcome measure during interventions and choose the
best intervention. An appropriate outcome measure may
help determine a suitable intervention plan.® There are
currently fewer evidence-based cognitive interventions for
clients with Cl compared to other common diseases.
Inappropriate or poorly chosen outcome measures may
weaken or invalidate the result's interpretation.’ Therefore,
good psychometric properties regarding reliability, validity,
and responsiveness based on careful research should be
considered.”'° Since there is a lack of standardised OT
cognitive outcome measures appropriate for older adults
with Clin Thailand, Thai occupational therapists typically
use cognitive screening tests such as the Thai Mental State
Examination or assessment tools developed for neurological
patients such as the Thai Cognitive-Perceptual Test. These tests
might not sensitive enough to detect cognitive change
over time.! This might bring confusion in interpreting the
effectiveness of treatment.® Therefore, a reliable, valid,
sensitive, and context-suitable outcome measure for evaluating
cognitive function in Thai older adults is needed.

In this study, an outcome measure to assess cognitive
functions of Thai older adults aged sixty years and over who
had Cl has been developed by the researchers. This outcome
measure is named the Occupational Therapy Cognitive
Outcome Measure (OTCOM). The OTCOM employs both
subjective and objective approaches. The subjective
method is necessary to understand the client’s perception
and expected standard. It is based on personal feelings. The
subjective measure is often obtained through questionnaires
having degrees of agreement; consequently, it may be
interpreted as a quantitative score. The objective approach
is based on an individual’s performance. Its strength is that
the client’s performance can be defined in quantitative terms.
The value is that the score results can efficiently and reliably

be compared with others.'? Furthermore, the OTCOM
employs a dynamic measurement approach. As a dynamic
measure, therapists can learn what components can be
extended and which strategies can encourage each client®>*
because the dynamic measures focus on the degree of
change resulting from introducing the mediation during
assessment.” It is believed that therapists could observe
the client’s responses while receiving mediation and gain
information about the processing strategies of the clients.
As a result, the dynamic measure can help the therapist
create a suitable intervention program.>14

This study aimed to examine the psychometric
properties of the OTCOM when used in Thai older adults
with Cl so that it can be used to support evidence-based
OT interventions

Materials and methods

Participants. One hundred and ten older adults aged sixty
years and older were recruited with purposive sampling
from five settings: communities in Chiang Mai, Chiangmai
Neurological Hospital, Queen Savang Vadhana Memorial
Hospital in Chonburi, Geriatric Medical Center in Chiang Mai,
and Ishii Stroke Rehabilitation Center in Bangkok. Sixty-one
of the older adults had cognitive impairments (Cl) and there
were forty-nine older adults without Cl (Non-Cl). The
inclusion criteria of the Cl group were: 1) had a Cl as initially
screened by a physician or psychiatrist 2) received a score
of 10-24 as determined by the Montreal Cognitive Assessment
(MoCA) or the Montreal Cognitive Assessment Basic (MoCA-B)
(Copyright Z. Nasreddine MD. Reproduced with permission)
3) Self-identified as now requiring minimal assistance for
ADLs and being independent previously and 4) no depression
as assessed by the Thai Geriatric Depression Scale-15
(TGDS-15). Inclusion criteria of the Non-Cl group included:
1) never had diagnosis of a Cl and 2) received a score of
25-30 on the MoCA or the MoCA-B.

Instrumentation. Instruments were categorized into three
groups.

Screening instruments. Cognitive screen tools and
depression screen tools were used. The cognitive screening
tools for mild cognitive impairments are the Montreal
Cognitive Assessment (MoCA) Thai version, 2011 and
the Montreal Cognitive Assessment Basic (MoCA-B) Thai
version, 2014. They have 81-99% rating for sensitivity and
specificity.’* The MoCA was used when the participant’s
education was 5 years or more and the MoCA-B was used
if their education was less than 5 years. The short screening
tool used for detecting depression in older adults was the
Thai Geriatric Depression Scale-15 (TGDS-15). It has a sensitivity
of 0.92 and a specificity of 0.87.

Research instruments. Three instruments were used;
the Dynamic Lowenstein Occupational Therapy Cognitive
Assessment-Geriatric (DLOTCA-G), the Thai Cognitive-Perceptual
Test (Thai-CPT), and the cognitive training program. The
DLOTCA-G has excellent inter-rater reliability (r=0.98), and
internal consistency at a=0.26-0.85.8 In this study, five
subtests of the DLOTCA-G, Orientation of Time, Orientation
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of Place, Copy Geometric Forms, Motor Imitation, and Pictorial
Sequence A, were used to study for a relationship with the
OTCOM. The Thai-CPT is a perceptual-cognitive outcome
measure for patients with brain injuries in Thailand. It has
acceptable internal consistency («=0.78-0.96), good to excellent
test-retest reliability (ICC=0.83-0.97), and excellent inter-rater
reliability (ICC=0.91-1.00)." Four subtests of the Thai-CPT,
Auditory Object Name Memory, Object Recognition,
Categorization, and Problem Solving, were used in this study.
Finally, the cognitive training program described in the study
of Munkhetvit, Rattakorn, Apikomonkorn and Punyanon® was
used. This efficacious intervention includes 15 sessions, with
three sessions a week for 60 minutes each.

The Occupational Therapy Cognitive Outcome Measure
(OTCOM) was developed by the researchers based on
information processing theory,?* the Toglia’s Dynamic
Interactional Approach,? the Cognitive Disabilities Reconsidered
Model,”® DSM-5,* relative cognitive assessment tools, and the
researchers’ clinical experience. The measure contains two
parts: the self-report section and the performance-based
measure. The self-report section is a subjective questionnaire

containing 26 subtests. The performance-based section is
a bottom-up objective cognitive measure with a dynamic
prompt. The performance-based section includes 24 subtests
in seven cognitive domains: Orientation, Attention, Memory,
Perceptual-Motor Function, Language, Executive Functions,
and Social Cognition, as a static measure. Out of seven domains,
five domains and 15 subtests are dynamic measures (Table 1).
The performance-based section has an acceptable content
validity (10C=0.67-1.00) as determined by three experts: a
psychiatrist who has experience in cognitive intervention,
and more than five years of assessing the psychometric
properties of cognitive tests; an occupational therapy lecturer
who has experience in cognitive assessments and interventions,
and more than five years of experience teaching about
cognitive impairments in the elderly; and an occupational
therapist who has more than five years of experience
in cognitive interventions and assessments for the elderly
with Cl. In this study, the self-report section and seven domains
in the performance-based section were studied for their

psychometric properties.

Table 1 Structure of the Occupational Therapy Cognitive Outcome Measure (OTCOM).

Self-report section:

26 subtests questionnaire

Performance-based section: Domain Subtest Mediation
Orientation Orientation of Time -
Orientation of Place -
Attention Selective Attention A 3 level
Selective Attention B 3 level
Processing Speed -
Memory Immediate Recall Memory -
Recognition Memory -
General Semantic Memory 2 level
Delayed Recall Memory 2 level
Perceptual-Motor Function Geometric Copy 2 level
Pantomime Praxis 2 level
Imitation Praxis 4 level
Using Object Praxis 3 level
Language Naming -
Semantic Fluency -
Receptive Language -
Executive Functions Flexibility 4 |evel
Abstract Thinking 2 level
Categorization 4 level
Sequencing A 4 level
Sequencing B 4 level
Problem Solving 2-3 level
Social Cognition Recognition of Emotions 2 level

Theory of Mind

Awareness

Awareness of Cognitive Decline

Awareness of Memory
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Procedures

To examine the psychometric properties of the OTCOM,
a prospective cohort design was utilized. Ethical approval
was obtained by the follow review boards: Ethics Committee
at the Faculty of Associated Medical Sciences, Chiang Mai
University (approval # AMSEC-61FB-001), the Research
Ethics Committee No. 2, Faculty of Medicine, Chiang Mai
University (approval # 6928), the Ethics Committee at Chiangmai
Neurological Hospital (approval # 021-63), and the Institution
Review Board at Queen Savang Vadhana Memorial Hospital
(approval #001/2564). All participants signed a consent form
after verbal and written explanation of the study was provided.

One hundred and sixteen older adults were recruited
with one hundred and ten older adults meeting the inclusion
criteria. The participants were divided into two groups: the
cognitive impairment (Cl) group (61 older adults) and the
Non-Cl group (49 older adults).

Internal consistency. All participants in the Cl group
were assessed by the OTCOM. The data was calculated
using Cronbach’s alpha coefficient. A Cronbach’s alpha
coefficient lower than 0.50 was considered unacceptable,
0.50-0.59 is poor, 0.60-0.69 is questionable, 0.70-0.79 is
acceptable, 0.80-0.89 is good, and 0.90-1.00 is excellent.?

Validity. Construct and concurrent validity were examined.
For the known-group construct validity, all participants were
assessed by the performance-based section of the OTCOM.
The data of the two groups were compared using independent
t-test. For concurrent validity, the Cl group were assessed by
three measures; the OTCOM, the DLOTCA-G, and the Thai-CPT.
Fifty-seven older adults with CI completed the Thai-CPT and
the DLOTCA-G, four older adults were unable to complete
the assessments. The data from the three measures were
analysed for correlation using the Pearson Correlation
Coefficient. Correlation is poor at <0.40, modest at 0.40-0.74,
and excellent at >0.75.%

Reliability. Rater reliability has two examination methods:
inter-rater reliability and intra-rater reliability. Only the
performance-based section of the OTCOM was used to
examine for rater reliability. For inter-rater reliability, ten
participants in the Cl group were independently assessed
by two assessors who are occupational therapists and passed
intensive training in using the OTCOM by an author. Ten
participants were chosen based on research following
Washington and Moss.*” The two sets of scoring were analysed by
the intraclass correlation coefficient (ICC). For intra-rater
reliability determination, ten participants were re-assessed
10-14 days later by the same assessor. The two sets of data
were analysed using the ICC. The ICC values that were less
than 0.50 indicated poor reliability; between 0.50 and 0.75
were moderate, between 0.75 and 0.90 was good, and
greater than 0.90 is considered excellent.?”

Responsiveness. To examine internal responsiveness,
change in measure between pre- and post-intervention
was considered.?® After pre-intervention assessment by
the performance-based section of the OTCOM was done,
thirty-four out of sixty-one subjects in the CI group participated in
the cognitive training program. Thirty-two subjects completed

the program. Within a week of finishing the program, they
received a re-assessment. The scores from pre-intervention
and post-intervention were calculated by effect size (ES)
and standard response mean (SRM). The ES can be calculated
by dividing the mean of the difference between pre- and
post-intervention by the standard deviation of pre-intervention.
The SRM is the mean of difference between pre- and
post-intervention divided by the standard deviation of change.
When considering the ES and SRM, 0.20 is indicated as
small, 0.50 is medium, and over 0.80 is large.?>3°

Results

The average age of the Cl group was 7119 years, and
the non-Cl group was 66+4 years. Over 60% of both groups
were female. A large proportion of both groups (67.30%
for the non-Cl group and 73.80% for the Cl group) had a
disease, such as hypertension disease. All participants in
the non-Cl group had at least one year of education. Both
groups had many participants with more than nine years of
education with Cl Group at 49.30% and the non-Cl group at
81.70%. Most participants in the Cl group had a cognitive
impairment with mild symptoms with MoCA score 18-24
(n=44,72.13%).

Internal consistency was acceptable for the self-report
section (a=0.72) and good for the performance-based section
(a=0.86). The findings of known-group construct validity
found that the Cl group had a lower score from the OTCOM
in every single subtest compared with the Non-Cl group.
The difference in scores of both groups was significant
(p<0.05) except for the subtest Using Object Praxis and
Imitation Praxis. Table 2 illustrates the difference of the
subtest Imitation Praxis (t=1.964, p=0.052) that was more
than the subtest Using Object Praxis (t=0.895, p=0.373). In
Table 3, the correlation between the OTCOM and the Thai-CPT
was a poor to modest correlation on the subtests;
Auditory Object Name Memory, Object Recognition,
Categorization and Problem Solving (r=0.36-0.56, p<0.01).
The OTCOM and the DLOTCA-G showed excellent correlation
in the subtest Orientation of Time (r=0.77, p<0.01) and a
modest correlation in the subtest Orientation of Place and
Sequencing A and B (r=0.39-0.62, p<0.01). A poor correlation
was found in the subtest Geometric Copy (r=0.27, p=0.05).
Only the subtest Imitation Praxis had no correlation (r=0.14).
Table 4 shows excellent intra-rater and inter-rater reliability
(1CC=0.99).
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Table 2 Difference in the OTCOM score between the cognitive impairment (Cl) and the without cognitive impairment (non-Cl)
group calculated by the t-test for independent subjects.

Domain Subtest (maximum score) Group n Mean+SD t Sig. (2-tailed)
Cl 61 4.36%1.14
Orientation of Time (5) -3.686 0.000**
Non-Cl 49 4.9240.28
Orientation
Cl 61 3.72+0.61
Orientation of Place (4) -2.549 0.013*
Non-Cl 49 3.94+0.24
Cl 61 7.69+0.99
Selective Attention A (8) -2.028 0.046*
Non-Cl 49 7.96+0.29
Cl 61 13.79+3.29
Attention Selective Attention B (16) -3.172 0.002**
Non-CI 49 15.37+1.87
Cl 61 9.11+1.66
Processing Speed (10) -3.389 0.001**
Non-CI 49 9.90+0.51
Cl 61 4.62+1.08
Immediate Recall Memory (6) -2.197 0.030*
Non-CI 49 5.04+0.91
Cl 61 8.89+1.74
Recognition Memory (10) -3.524 0.001%**
Non-Cl 49 9.73+0.64
Memory
Cl 61 4.61+0.82
General Semantic Memory (5) -3.233 0.002**
Non-Cl 49 4.9610.20
Cl 61 2.48+1.68
Delayed Recall Memory (5) -2.893 0.005**
Non-CI 49 3.33+1.40
Cl 61 3.84+1.56
Geometric Copy (5) -4.545 0.000**
Non-Cl 49 4.8210.56
Cl 61 9.54+0.69
Pantomime Praxis (10) -4.463 0.000**
Non-CI 49 9.96%0.20
Perceptual-Motor Function
Cl 61 9.39+1.05
Imitation Praxis (10) -1.964 0.052
Non-Cl 49 9.71+0.64
Cl 61 9.9740.25
Using Object Praxis (10) -0.895 0.373
Non-Cl 49 10.00+0.00
Cl 61 12.85+0.40
Naming (13) -2.299 0.024*
Non-CI 49 12.98+0.14
Cl 61 5.70+2.35
Language Semantic Fluency (10) -3.486 0.001**
Non-Cl 49 7.20£2.09
Cl 61 1.59+1.54
Receptive Language (5) -4.699 0.000**
Non-CI 49 2.92+1.38
Cl 61 8.15+3.90
Flexibility (12) -6.303 0.000%*
Non-CI 49 11.61+1.60
Cl 61 3.61+1.68
Abstract Thinking (5) -5.485 0.000**
Non-CI 49 4.84+0.42
Cl 61 3.98+1.47
Categorization (5) -4.366 0.000**
Non-CI 49 4.86%0.45
Executive Functions
Cl 61 4.16%+1.33
Sequencing A (5) -4.171 0.000**
Non-Cl 49 4.9010.30
Cl 61 4.31+0.94
Sequencing B (5) -2.779 0.007**
Non-CI 49 4.69%0.46
Cl 61 10.51+1.76
Problem Solving (12) -5.141 0.000**
Non-CI 49 11.73+0.53
Cl 61 4.4910.67
Recognition of Emotions (5) -2.431 0.017*
Non-CI 49 4.78+0.55
Social Cognition
Cl 61 4.9240.27
Theory of Mind (5) -2.315 0.024*
Non-Cl 49 5.00+0.00

* p<0.05, **p<0.01
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Table 3 Correlation between OTCOM and Thai-CPT and between OTCOM and DLOTCA-G was calculated by Pearson
correlation (n=57).

Orientation of Time 4.42+1.13 7.39£1.26 0.77**
Orientation of Place 3.77+0.54 7.72+0.94 0.62**
Immediate Recall Memory 4.63+1.03 5.26+1.09 0.50**

Recognition Memory 9.02+1.59 9.35+1.67 0.36**

Geometric Copy 3.88+1.51 4.75+0.64 0.27*
Imitation Praxis 9.42+1.03 6.67+1.34 0.14

Categorization 4.12+1.35 2.51+0.63 0.49**

Sequencing A & B 8.70+1.79 4.35+1.17 0.39**
Problem Solving 10.67£1.47  13.68%1.65 0.56**

Note: OTCOM: Occupational Therapy Cognitive Outcome Measure, Thai-CPT: Thai Cognitive-Perceptual Test, DLOTCA-G: Dynamic Lowenstein
Occupational Therapy Cognitive Assessment-Geriatric, *p<0.05, **p<0.01.

Table 4 Rater reliability of the OTCOM calculated by intraclass correlation coefficient (ICC).

Total 10 0.99 excellent 10 0.99 excellent
Orientation 10 1.00 excellent 10 0.99 excellent
Attention 10 0.99 excellent 10 0.99 excellent
Memory 10 0.99 excellent 10 0.99 excellent
Perception-Motor Function 10 0.99 excellent 10 0.99 excellent
Language 10 0.99 excellent 10 0.99 excellent
Executive Function 10 0.99 excellent 10 0.99 excellent
Social Cognition 10 0.99 excellent 10 0.99 excellent

For responsiveness of the OTCOM, it was found that domain (ES =0.89 and SRM=1.01) and Executive Functions
the thirty-two Cl participants had positive change, and domain (ES=0.90 and SRM=1.32). Three domains; Memory,
there was large effect of both ES (0.83) and SRM (1.42) in Perception-Motor Function, and Social Cognition, had a
total score (Table 5). This was also the case in the Language medium effect at ES=0.50-0.66 and SRM=0.54-0.78.

Table 5 Effect size (ES) and standardized response mean (SRM) of responsiveness in Cl group with mild and moderate
symptoms.

Orientation (9) 32 8.06+1.46 8.53%1.05 0.4740.95 0.32 0.49
Attention (34) 32 29.3145.86 31.75+4.04 2.44+3.84 0.42 0.63
Memory (26) 32 20.9443.52 23.25+2.98 2.31+3.03 0.66 0.76
Perceptual-Motor Function (35) 32 32.56+2.40 33.75+1.81 1.19+1.53 0.50 0.78
Language (28) 32 20.0043.35 22.9743.63 2.97+2.95 0.89 1.01
Executive Functions (44) 32 33.84+7.47 40.59+4.70 6.751£5.12 0.90 1.32
Social Cognition (10) 32 9.53+0.72 9.91+0.30 0.38+0.71 0.53 0.54

Total score 32 154.25+19.93 170.75+14.67 16.50+£11.61 0.83 1.42
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Discussion

The purpose of this study was to examine the
psychometric properties of a new cognitive outcome measure
for Thai older adults known as the Occupational Therapy
Cognitive Outcome Measure (OTCOM). Internal consistency,
known-group method of construct validity, concurrent
validity, rater reliability, and responsiveness were all
investigated.

Internal consistency. Cronbach’s alpha coefficient of
inter-item correlation of the OTCOM were between 0.72-0.86
which indicated an acceptable and good internal consistency.?®
High inter-item correlation shows that items of the test
measure the same construct.?' Hence, it can be noted that
the items in the OTCOM measured the same attributes,
that is cognitive function. This reflects that the constructs
of the OTCOM were developed based on cognitive theories.*

Validity. For known-group construct validity, the
significant difference between the Cl group and Non-Cl
group was found in every subtest except Imitation Praxis
(t=1.964, p=0.052) and Using Object Praxis (t=0.895, p=0.373).
Examining the known-group validation demonstrates how
the measure can differentiate members of one group from
another group based on their scale scores. Its main concern is
presenting evidence that the test measures what it claims
to measure.?! Based on significant differences found in this
study it can be interpreted that the OTCOM can measure
cognitive functions of older adults with CI. The reason why
no significant difference was found in the subtest Imitation
Praxis and Using Object Praxis might be due to a difference
in the gestures used in the assessment. In the OTCOM, the
participants were asked to imitate five transitive gestures
and five intransitive gestures that were uncomplicated
and are familiar to the participants in their daily lives.
As a result of imitating familiar gestures, both Cl and Non-Cl
older adults could perform them automatically rather than
trying to imitate. In the same way, the reason that no
significant difference in the subtest Using Object Praxis was
found might be because large numbers of the Cl group
had mild symptoms. Furthermore, they had almost had
no problem in using those familiar objects, as shown in
Table 2. These results suggest that the two subtests need
to be revised. For Concurrent validity, there is a method
of criterion-related validity that is a determination of an
association of the target test with some criterion or gold
standard test. To find the association, scores from the
target test and the gold standard test must be gathered
in the same period of time.** In this study, the correlation
between the OTCOM and the DLOTCA-G and the Thai-CPT
was determined. It was found that four subtests of the
OTCOM, Immediate Recall Memory, Recognition Memory,
Categorization, and Problem Solving, had a significant
correlation with the Thai-CPT (r=0.36-0.56, p<0.01). Similarly,
a significant correlation between the OTCOM and the
DLOTCA-G was found in three subtests (r=0.39-0.77,
p<0.01). However, the subtest Geometric Copy of the
OTCOM had poor correlation (r=0.27) with the subtest Copy
Geometric Forms of the DLOTCA-G. The poor correlation
might be due to the difference of the geometric form and

the number of copying used in the two tests. In the DLOTCA-G,
there are three geometric objects that are copied; a circle,
a triangle, and a rhombus; all forms are two-dimensional
shapes whereas the OTCOM employed a copying of a
three-dimensional shape, a pyramid. Griffiths, Cook and
Newcombe3* described that a person with a brain injury
will likely have problems in three dimensional shapes
compared with two-dimensional shapes. Three-dimensional
shapes require more visual perception, visuospatial ability,
and visuo-constructional skills. Dridan®® indicated in recent
studies that three-dimensional shapes can be useful in the
clinical examinations for clients with a cognitive impairment.
Another finding of the correlation was that there was no
significant correlation between the subtest Imitation Praxis of
the OTCOM and the subtest Motor Imitation of the DLOTCA-G.
The possible reason might be the same as previously mentioned
concerning different types of gestures used in the two tests.
The gestures used in the OTCOM are five transitive gestures
that are nailing with a hammer, writing with a pen, drinking
a glass, combing hair, and brushing teeth, and five meaningful
uncomplicated intransitive gestures that are a Thai greeting
(Sawasdee), waving a hand to say “Bye-bye!”, clapping hands,
a thumbs up (a “good job!” sign), and a beckoning hand
gesture. While the gestures used in the DLOTCA-G are four
meaningless complicated intransitive gestures; such as
“place palm on the neck of the same side and then on the
opposite shoulder”.®® The study of Lesourd, Osiurak, Baumard,
Bartolo, Vanbellingen and Reynaud?®® reported that imitating
the meaningless gestures involves more brain areas than
meaningful gestures. It should be noted that the subtest
Imitation in the two measures was designed to test the different
skills of praxis.

Reliability. The OTCOM revealed an excellent inter-rater
and intra-rater reliability (ICC=0.99-1.00). This might be
attributed to the OTCOM'’s manual and training. There is a
clear explanation about operating and scoring in the manual.
Before assessing, the assessors underwent an intensive
training by the researcher. In addition, re-assessment within
10-14 days did not change the participant’s cognitive
function.*”

Responsiveness. Overall, the OTCOM showed a
medium to large effects (ES=0.50-0.90, SRM=0.54-1.32) in all
domains except Attention and Orientation. This indicated
that the Memory, Perceptual-Motor Function, Language,
Executive Functions, and Social Cognition domains of the
OTCOM could detect subtle changes of cognitive function
of the participants in this study. However, the Attention
domain had a small to medium effect (ES=0.42, SRM=0.63).
This might be because the subtest Selective Attention B
and Processing Speed in the Attention domain require
inhibitory control and flexibility to perform the task whereas
the cognitive training program used in this study?® had no
specific training in inhibitory skills. A large progression in
this skill might not be detected. In addition, one limitation
of this study is that there is no confirmation whether the
participants had an inhibitory deficiency. In further revisions,
an inhibitory subtest should be added. The findings that
the Orientation domain revealed only a small change is
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similar to the study of Carrion, Folkvord, Anastasiadou
and Aymerich,® which systematically reviewed many cognitive
training programs specifically on orientation and found just
a small improvement in orientation. However, after the
cognitive training program had been completed, several
participants in this study used a shorter time for answering
the oriented questions of the OTCOM. Perhaps the scale
used in the Orientation domain might need more explanation
in further revisions. For instance, it should add more points
for a shorter time in answering or re-scale by integrating the
four orientation levels, including x1, x2, x3, and x4 in
scoring.®

Due to the COVID-19 pandemic and the social distancing
countermeasures, the older adults with cognitive impairments
did not receive occupational therapy services as they are
non-emergency clients. As a result, the small sample size
is a limitation of this study. Consequently, the factor analysis
could not be examined. In future research, a larger sample
size should be used to allow factor analysis to be done and
the inhibitory subtest should be developed. Furthermore, the
Orientation domain, the Attention domain, and Perceptual-Motor
Function domain should be revised.

Conclusion

The OTCOM showed good reliability, validity, and
responsiveness. It might be applied to assess cognition in
older adults with cognitive impairment after revisions have
been made.
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Article history: Background: Oral squamous cell carcinoma (OSCC) continues to dominate all the
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the pre-clinical phase of malignancy. Chewing behaviors such as betel quid, areca
nut& tobacco are all major risk factors. The majority of OSCC patients present with
advanced disease and a poor prognosis. Despite the high prevalence of this cancer,
there is a scarcity of rigorous data from Eastern India on its relationship with
known risk factors.

Keywords:
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squamous cell carcinoma

Objectives: The aim of this study was to evaluate the features at specific ages and
gender that could play a major role in the development of oral squamous cell
carcinoma.

Materials and methods: Demographics and habitual behavior were both subjected
to expressive analysis. In patients with oral squamous cell carcinoma, categorical
and continuous variables regarding gender were scrutinized.

Results: Age with gender cross tabs results reflects the maximum patients 245
(57.24%) were female at the age of 45-64, followed by the same age group male
480 (51.39%). The highest 654 cancer sites were found in the buccal mucosal
region, and we found the total number of 349 (53.36%) were in the same age group
between 45-64 years. Precisely we got the age meanSD of 61+9 male and 64+12
female OSSC patients with statistical significance of <0.001 respectively.

Conclusion: Finally, the majority of OSCC cases in our area of eastern India were
female patients who had been using gudhakhu for a long time and it was found
correlating with site of OSCC in female.

Introduction Tobacco use is usually connected to oral cancer in initiation

In both developed and developing countries, cancer
is the top cause of mortality.! The oral mucosa is the most
prevalent cancer site in India, according to cancer registries.?
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of infection followed by disease progression.? Tobacco is
widely used in India, both for chewing and smoking.*
Because of interconnected structures, the histology of OC
is crucial, so for a long period, carcinomas of the oral cavity
& oropharynx were classed as OSCCs, which affected the
epidemiological statistics.® In many ways, translational &
clinical research was able to distinguish both.® Tumors of
the oropharynx affect the root of a tongue, palatine tonsils,
soft palate, or adenoids,” whereas OC affects the gums and
alveolar ridge, the frontal 2/3™ of the tongue, buccal
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mucosa, palate, the retromolar trigone as well as hard palate.?
Tongue and buccal mucosa cancers are the most frequent
OSCC locations followed by lip and palate tumors.®> The alcohol
in-taking, smoking, various chewing habits as well as infection
with significant human papillomaviruses are the risk factors
for OSCC that differ by geographic region.

The most common chew intoxications are betel quid
which includes tobacco, betel leaf slaked lime, and areca nut,
gutka like tobacco, areca nut, slaked lime, paraffin wax, and
any flavoring. Similarly, the pan masala such as slaked lime,
tobacco, areca nut &musk ketones, the answer like lime,
tobacco, and ash, Manipuri, tobacco, and males such as areca
nut, tobacco, and lime.° There are around 28 recognized
carcinogens in these chemicals, the most important of
which arecoline, nitrosamines, tannins volatile aldehydes,
nonvolatile alkaloid-derived, and flavonoids.**!! In Odisha,
the rural people mostly women are habituated with gudakhu,
which is glue-like tobacco prepared by using fine leaf dust
of tobacco, sheera is known as (red soil), and the lime.
Women in our state use this gudakhu for their early morning
tooth brushing. Messaging the buccal area damages the
epithelial cells, leading to the invasion of the carcinogenic
substances to the inner tissue. All these chemicals affect
the normal shape of cells, resulting in chromosomal or genetic
changes. With such a high prevalence of squamous cell
carcinoma in our community, there is a scarcity of data on the
incidence and relationship of these practices with OSCC. So,
our aim from this descriptive analysis is to understand the
relationship of the OSSC cancer with age and gender, tapping
importance on the habitats of the patients in eastern India.

Materials and methods

This is a retro-prospective study that has extracted
data of OSCC cases from three different hospitals in eastern

R. Bhuyan et al. Journal of Associated Medical Sciences 2023; 56(1): 35-39

India from 2009 to 2019. The data were taken mainly from
a dental hospital, cancer hospital, and tertiary care teaching
hospital in Eastern India. Permission was granted by all heads
of institutes for the retrieval of data from their archives.
All Head and neck cancer involving buccal mucosa, alveolus
(maxilla, mandible), gingivobuccal sulcus, solid and indulgent
palate, the bottom of mouth, pharynx, larynx, and other
areas of the mouth were included in this study. The retrieved
data was entered into an MS Excel sheet and subjected for
statistical analysis. Information gathered was assembled, and
quality checks were performed. The results of the variables
of interest were reported with and without confounding
variables. The effect of interaction between variables of
interest and confounders was also obtained to understand
the validity of modifications. All the information gathered
was entered into spreadsheets. For the data analysis, the
statistical package for social sciences (SPSS) software version
11.0 was utilized. The tests used were t test (continuous)
& chi-square (categorical).

Results

This observed based analysis was carried out and all
the important correlations were obtained among 1363 total
patients. The distribution of age with the gender of oral
cancer patients study shows a maximum of 245 (57.24%)
of females and 480 (51.39%) of the males are associated
with this cancer in the age group between 45-64 years
(Figure 1). Between the ages group 25-44, a total of 353
(25.89%) male and female patients. A number of 18 (i.e.,
1.32% of the total number) were found in the age below
24 years. Interestingly, we observed 3 patients (0.07% of
the total number) in the age group categories of 105-124
years in our study (Figure 1).
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Distribution of age with gender of oral cancer patient.
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As per the data of cancer distribution in different
sites of the oral cavity according to different age groups of
cancer cases, the highest of 654 (47.98% of the total number)
is found in all age groups associated with the buccal mucosa
site out of our total patient. Again, in the same age between

45-64 groups, it is found to have the highest number of
cancer patient in the buccal mucosa sites. We also analyzed
the data from other sites of cancer like maxilla (alveolar
bone), tongue, Mandible (alveolar bone), and other parts
like the floor of mouth, lips, palates, etc. (Table 1).

Table 1 Distribution of cancer in different sites of the oral cavity according to different age groups of cancer cases.

<24 6(0.91) 4(2.51) 2(0.68) 1(0.59) 0 (0.00) 14 (1.02)
25-44 179 (27.37) 38(23.89) 0 (0.00) 42 (25.14) 15 (16.3) 274 (20.10)
45-64 349 (53.36) 77 (48.42) 86 (29.53) 95 (56.88) 51 (55.43) 658 (48.27)
65-84 114 (17.43) 35 (22.01) 153 (52.57) 28 (16.76) 22(23.91) 352 (25.82)
85-104 5(0.76) 5(3.14) 48 (16.494) 1(0.59) 4(4.34) 63 (4.622)

105-124 1(0.15) 0 (0.00) 2(0.68) 0 (0.00) 0 (0.00) 3(0.22)
Total 654 159 291 167 92 1363

Table 2 The study of categorical & continuous variables
about gender in patients among oral squamous
cell carcinoma.

In Table 2, we analyzed site of cancer with respect
to gender of the patients. we found most of the site were
significantly differs when compared with gender of patients
having oral squamous cell carcinoma. We found buccal
mucosa (p<0.001), maxilla (p<0.001), Tongue (p<0.001),

1363 428(315)  935(68.5) Mandible (p<0.001) and others site of cancer (p=0.002)
Site of Cancer were significantly differing when compared with gender
Buccal mucosa 654  220(33.64) 434 (66.36) <0.001 of the patients. Overally, we obtained there was a significant
maxilla 159 50(31.45) 109 (68.55) <0.001 dif'fsrencs bet}/veen dif'fe}:ent sites ;:)f cancer whelrl1 it compared
with gender of patients having oral squamous cell carcinoma.in
Tongu.e 291 75(2578) - 216(74.22)  <0.001 our study we observed alcohol drinking habits was high
Mandible 167 56(33.54) 111(66.46) <0.001 (28.60%) among the patients followed by smoking (22.10%),
Other 92 32(34.79) 60(65.21)  0.002 gutka (23.40%) and gudakhu (25.80%) (Figure 2)
/ 28.6%
307 25.8%
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25 - 22.1%
@ 20 -
oo
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Figure 2. Distribution of different habits.
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Discussion

Oral cancer is currently the most common type of
cancer worldwide, with India accounting for about a third
of the entire burden and having the second-highest number
of cases. Oral squamous cell carcinoma (OSCC), which is
also recognized as a recognizable pre-clinical stage of oral
cancer, dominates all cases of oral cancer with potentially
malignant abnormalities. OSSC is the third most common
mutual cancer of squamous cell carcinoma after cervix and
stomach cancer in developing nations in the South-Central
and Southeast, such as India, Sri Lanka, Pakistan, and Taiwan.*?
0OSSC has a complex etiology that includes chronic smoking,
smokeless tobacco usage, and alcohol consumption. Chronic
use of betel (pan) and tobacco, as well as alcohol, has been
linked to a high risk of OC with poor oral hygiene in Southeast
Asia and India.’®** Quantity, frequency, and duration of use
of alcohol, cigarettes, gutka, and gudakhu, in addition to pan,
increase the risk of OSSC. Exposure to smokeless tobacco,
which contains many carcinogens, increases the risk of
developing oral potentially malignant disorders.*

The buccal mucosa, gingiva, and buccal sulcus are
much more usually affected in the oral cavity because of
the use of tobacco quid such as gutka and betel quid. In
a prior study, it was discovered that the micronuclei cells
in smokeless tobacco users were significantly higher than in
smokers. In earlier research, OSSC patients had a statistically
significant increase in nuclear length, nuclear part, cell part,
and nuclear-cytoplasmic percentage in oral leukoplakia and
oral verrucous carcinoma compared to normal mucosa.*®?’

In this research, the highest occurrence of OSSC
was observed in the age group of 45-64 years, followed
by 25-44 years, with a mean age of 63 which was consistent
with previous report.’® The male to female ratio was found
to be 2:1 in this study, which was consistent with earlier
research that revealed a higher incidence of tobacco use
in males than females due to easier access to tobacco
products. However, research on the age and gender of
oral cancer patients found that the age range 45-64 years
had the highest proportion of females (57.24%) and males
(51.39%) (Table 1). The precise age is 63.5 years, which is
also found in the study of Smith et al.?® It is maybe due
to the unhygienic practices of females as well as the use
of gudakhu. Vigorous messaging the buccal area damages
the epithelial cells, leading to the invasion of the carcinogenic
substances to the inner tissue. All these chemicals affect
the normal shape of cells, resulting in chromosomal or genetic
changes. Although the preparation process of gudakhu is
vary area-wise in general, it is glue-like tobacco prepared
by using fine leaf dust of tobacco, sheera is known as
molasses gerumati (red soil), and lime.

In this study, the buccal mucosa was shown to be the
most affected site in both sexes, followed by the tongue &
maxilla, with lips being the least common. These findings
were consistent with prior research, which found that the
most prevalent place was the buccal mucosa. Most of our
patients used tobacco gudakhu and gutka, which could be
the prevalent place for buccal mucosa. While in western
countries, lungs and mouth base are considerably more
prevalent because of drinking and smoking.*

Conclusion

In conclusion, the age factors for OSSC are a major
statistical indicator in our study. Most precisely the age of
63.5 years, often accrued of the OSSC. Women’s use of
gudakhu along with gutka and other tobacco may be the
major cause of the OSSC in eastern India. Majority of patients
were male in our study, but it is an observation that
females are also affected in a remarkable number which can
be correlated with peculiar habit of gudakhu (snuff paste)
gum message in our population. However, a study with other
states of India can provide more accuracy to this observation.
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ARTICLE INFO ABSTRACT

Article history: Background: Clavicle radiogrammetry test related to chest radiography has been found to
Received 14 June 2022 be useful in evaluation of osteoporosis. The diagnosis of osteoporosis was based on the
Accepted as revised 14 September 2022 measurement of bone mineral density (BMD) with dual energy x-ray absorptiometry.
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Objectives: The aim of this study was to evaluate bone mass measurement using clavicle

Keywords: radiograms to differentiate the goal standards related to the dual energy x-ray absorptiometry
Bone mineral density, dual energy methods.
x-ray absorptiometry, chest radiography,

. ; Materials and methods: The population sample consisted of a 100 healthy Thai adult volunteers,
clavicle radiogram (50 women, 50 men) aged from 24 to 76 years. The study subjects were divided as normal
bone mass group, T-score > -1.0 and the low bone mass group, T-score < -1.0. Subsequently,
posteroanterior (PA) chest radiographs were taken. Measurements of the clavicle radiograms
were evaluated, and the images at the midshaft of both clavicles were calculated. An independent
t-test was used to examine the differences between the normal and the low bone mass of each
gender and two separate BMD sites. The confidence interval was 95% at level of significance 0.05.
Pearson’s correlation was used to measure the strength and direction of linear relationship
between the bone mass measurement using the dual energy x-ray absorptiometry (DEXA)
test and clavicle radiogrammetry test.

Results: The results showed 18 women and 28 men maintained a normal BMD, while 32
women and 22 men had low bone mass density. The average clavicle thickness measurements
of the normal bone mass of the women group were lower than the normal bone mass
measurements of men. Conversely, the low bone groups of women measurements were
higher than low bone mass in the men’s group. A greater diminishing of cortical thickness
of clavicle was found in the low bone mass than normal group for both genders. The average cortical
thickness of clavicle in the low bone mass of women decreased by 17.8% (5.31 mm/6.46 mm)
compared to normal women, while in men, which were fewer, 16.13% (7.07 mm/8.43 mm)
between groups, respectively. The average measurements of the clavicle periosteal width
and combined cortical thickness of clavicle showed a positive correlation with BMD, whereas,
the clavicle endosteal width showed a negative correlation with BMD.

Conclusion: Using the radiogrammetric method to measure the clavicle cortex thickness on
the chest x-ray images showed a gradual thinning of the cortex with aging. By comparison,
the measurements of clavicle cortex thickness showed a moderate relationship with BMD
performed by DEXA in the assessment of osteoporosis.
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Introduction

Osteoporosis, a global epidemic, has a major impact on
the quality of life of individuals bone fragility. A decrease in
bone strength and the changes in the bone structure causes
suffering for individual of all ages. This is particularly relevant
when referring to the elderly. Especially in elderly women
are more likely to suffer from osteoporosis than men.!
Previous study related to Thai people has highlighted a
higher incidence of cases diagnosed with osteoporosis (1 in 3
women and 1 in 5 men).2 The measurement of bone mineral
density (BMD) with dual energy x-ray absorptiometry (DEXA)
revealed osteoporosis occurred of 13.6% in the hips and
19.8% in the lower lumbar of the spine. During the process
of bone growth and development, the amount of mineralised
bone increases until it reaches peak bone mass which
occurs around the late 20 sec or early 30 sec. Peak bone mass
highest density normally transpires as a result of genetics,
exercise, nutrition, and hormone levels. A slowly decline of
bone mineral density occurs at which of hormone changes
and aging. Peak bone mass is higher in men than women, it
also higher amongst Black ethnicities compared to Asians or
Whites. In general, the BMD is the highest during adolescent
between the age of 30-35 years.® Men have a higher BMD
than women around 15% to 20%. As the age increases,
bone density continues to decrease slowly. The rate of bone
loss is about 0.5% to 1% per year.**®

According to WHO criteria, the diagnosis of osteoporosis
is based on the measurement of the BMD using DEXA.
The result of bone density test is evaluated according to
the T-score value. T-scores value indicate the number that
compared a person’s bone density with those of healthy
young adult of the same race, ethnicity, and gender. In this
work, the T-score values are calculated based on a peak
BMD reference among Asian population (Japanese database)
per individuals related to gender identity. When a T-score
value registers below or equal to -2.5, it is diagnosed as
osteoporosis; a T-score value between -1.0 and -2.5 is
diagnosed as osteopenia; a T-score greater than -1.0 is
considered normal bone density.”®

Clavicle radiograms using a chest x-ray image has
been found to be useful and feasible in evaluation of
osteoporosis.® A simple radiogrammetric method, image on
digital radiographs, has achieved a good result related to
evaluation osteoporosis compared to the DEXA scan. The
radiograms offered a statistically significant correlation
regarding the risk assessment of osteoporosis in the elderly
population. Findings show a sensitivity level of 88.8% and
95.6%; specificity of 89.6% and 90.9%; positive predictive
value of 88.8% and 95.6%; and negative predictive values
of 89.6% and 90.9%, respectively. This method is supported
by works performed by Delimayanti who demonstrated that
the thoracic radiographic feature analysis strongly correlates
with the bone density measurements using the DEXA in the
assessment of osteoporosis. The method proposed in this study
indicates the diagnostic test has a sensitivity of 100%,
specificity of 90%, and accuracy of 97.83%.1°

Studying the bone health in the local population is
relevant for osteoporosis prevention. In a study conducted
by Kruger et al. reported that the BMD T-score are different

amongst the seven Asian countries. The highest poor bone
health was observed in Vietnam for people aged 70 years,
while in Thailand, the highest level of bone loss was
observed in individual over 80 years of age.!* The obvious gap
in the highest level of bone loss between the two nation
is concerning. Because of ethnic heterogeneity, the degree
of bone loss and bone change are different. The objective
of this study was to evaluate bone mass measurements
on the clavicle radiograms, while providing a comparative
overview of dual energy x-ray absorptiometry. We hypoth-
esized that the distribution of bone mineral density will be
different between countries. Comparison of bone density
measurement between techniques will help to spot bone
structure changes such as in size, thickness, or texture
for Thai adults who display no symptom. However, it is
recommended that individuals should monitor and follow-up
bone health regularly, which would afford their medical care
providers the chance to offer treatments that can reduce
the severity of osteoporosis.

Materials and methods

A quantitative analysis method has been adopted in
the study. This work was based on the analytical research
to determine the relationship between data performed by the
DEXA and the clavicle radiograms. The study was approved
by the institutional review board of Naresuan university (IRB
No. P10150/64). Each participant agreed to participate in
the study and gave written informed consent. Recruitment
and selection of participants was performed from December
2021 to April 2022 at the Regional Health Promotion Center
2, Phitsanulok Province, Thailand. All 100 participants (50
women, 50 men) were healthy Thai adults between the
age of 24 and 76 years old, who live in Phitsanulok Province.
Subjects with bone disorders, abnormal bone metabolism,
and abnormal shape of clavicle were excluded from the
study. As shown in Figure 1, information related to the
parameters of the experimental procedures were presented.
The BMD measurement of the lumbar vertebrae L1-L4
region and the one hip (left or right) were determined using
DEXA (Hologic Discovery Wi, QDR series, USA). The BMD
values were measured and reported using DEXA software
at two areas of the lumbar vertebrae L1-L4 region and the
one hip. According to WHQ’s classification, a T-score values
measurement of the BMD was performed, the study subjects
were divided as follows: (1) normal bone mass for those
with T-score > -1.0, n=46 (women=18, men=28) and (2) a
low bone mass and poor bone quality (combining osteopenia
and osteoporosis) for those with a T-score less than -1.0,
n=54 (women=32, men=22). Subsequently, a standard digital
chest posterior-to-anterior (PA) view was taken using a
digital x-ray machine (Toshiba Medical Systems, KXO-50SS,
Japan) with an x-ray tube voltage of 100-115 kVp and tube
current of 6-8 mAs related to the Source to Image Distance
(SID) of 180 cm. Image acquisition was achieved using the
Konica Minolta CS7 software and Konica Minolta Aero DR
unit (Konica Minolta Medical Imaging, USA). Measurements
of clavicle radiogrammetry were performed at the midshaft
of both clavicle bones, as described in the works by Kumar
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and Anburajan.® All measurements were made by using the
image analysis tools of the DICOM viewer (INFINITT PACS 7.0,
INFINITT Healthcare Co., Ltd.). Repeated measurements were
made by one researcher. These measures were performed
twice and then calculated the average of those values. The
bone mass imaginary chest x-ray radiogrammetry acquisition
were calculated as follow:
(a) The average periosteal width of clavicle = (clavicle
periosteal width gignt + Clavicle periosteal width

Left)/ 2
— 100 healthy Thai adult volunteers
} l/ (women = 50, men = 50)
Dual energy x-ray absorptiometry
(DEXA)

Discovery

1 Bone mineral density
"7 measurementsite

BMD L1-L4 (g/cm?)
BMD Hip (g/cm?)

Osteoporosis

(b) The average endosteal width of clavicle = (clavicle
endosteal width gight + Clavicle endosteal width
Left)/2

(c) The combined cortical thickness of clavicle =
(The average periosteal width - The average
endosteal width)

(d) The percentage of combined cortical thickness
of clavicle (%)
= (The combined cortical thickness of clavicle/

The average periosteal width of clavicle) x 100

Figure 1. The experimental procedure.

Statistical analysis was performed using Microsoft
Excel and the SPSS version 17.0 (SPSS Inc., Chicago, USA).
Results were described as the mean and standard deviation
(SD). An independent t-test was performed between normal
and low bone mass group for each gender at the two areas
in the lumbar vertebrae L1-L4 region and the one hip.
Using confidence levels of 95%, a p-value less than 0.05
was considered as statistically significant. Afterwards, the
Pearson’s correlation analysis was used to measure the
strength and direction of the linear relationship between the
bone mass measurements performed by the DEXA and the
clavicle radiogrammetry measured from the chest radiograph.

Results

A total of 100 healthy Thai adult volunteers received
a DEXA bone density scan and a chest x-ray examination.
Table 1 shows a summary of results which included relevant
descriptive statistics whereby the data were expressed as

mean + standard deviation (SD) by gender and the BMD
level at the lumbar vertebrae L1-L4 and the hip position.
The population consisted of 50 women with a mean age
of 58 + 11.98 years (range 32-75 years), and 50 were men
with a mean age of 58+12.42 years (range 24-75 years). Using
diagnostic criteria regarding the severity of osteoporosis
developed published by WHO, the normal BMD, T-score
>-1.0, from 18 women and 28 men was established as
standard values; Equally important, a low bone mass,
T-score < -1 (combination of osteopenia and osteoporosis),
from 32 women and 22 men was recorded.

Data in Table 1 presents descriptive statistics of the
selected participants. Men tended to have slightly higher
values than women. The mean value of the weight, height,
and BMI revealed diminished amounts when comparing
both women and men who were found to have low bone
mass values and the normal bone mass values. There was
no statistically significant difference in weight, height, and
BMI between the normal and the low bone mass in both
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men and women (p>0.05). Measurements of the BMD using
the DEXA at the lumbar area of vertebrae, the L1-L4 segments,
and the hip position was significantly lower in low bone
mass group when compared to the normal group (p<0.05)
for both women and men. In addition, the mean value of
clavicle cortex measurements, the clavicle endosteal width;
the combined cortical thickness of clavicle; and the percentage of

combined cortical thickness of clavicle in normal women,
revealed diminished amounts when comparing between
normal and low bone mass group, and it was statistically
significant (p<0.05). Regarding the measured clavicle periosteal
width, there was no significant difference between groups
in both genders (p=0.37 in women, and p=0.10 in men).

Table 1 Demographic information, clinical characteristics, bone mineral density, and clavicle radiogrammetry relating to participants.

Total women = 50
Min-Max age (years) = 32-75

Total men =50
Min-Max age (years) = 24-76

VEIELES Low bone mass (n=32) Low bone mass (n=22)
Normal Osteopenia Osteoporosis  t- test Normal Osteopenia Osteoporosis  t- test
(n=18) (n=21) (n=11) (p value) (n=28) (n=22) (n=0) (p value)
Weight (kg) 56.7+8.30 52.4+7.99 0.08 72.2+7.38 65.4+9.87 0.20
Height (cm) 155.1+4.87 154.5+5.42 0.69 169.2+6.60 166.4+5.48 0.11
BMI (kg/m?) 23.6+3.74 21.9+2.99 0.08 25.3+2.78 23.6+3.51 0.07
Bone mineral density (BMD) (g/cm?)
BMD L1-L4 1.04540.09 0.094+0.10 0.00* 1.097+0.11 0.875+0.09 0.00*
BMD hip 0.816+0.09 0.603+0.09 0.00* 0.861+0.14 0.674+0.06 0.00*
Clavicle radiogram on the chest x-ray film at midpoint of clavicle
1. Clavicle periosteal 10.47+1.78 10.18+1.05 0.37 13.46%1.20 12.86+1.32 0.10
width (mm)
2. Clavicle endosteal 4.01+0.61 4.86+0.68 0.00* 5.03+0.78 5.79+0.56 0.00*
width (mm)
3. Combined cortical 6.46+.86 5.31+0.66 0.00* 8.43+1.11 7.07+0.97 0.00*
thickness (mm)
4. Percent of combined 61.73+3.98 52.23+4.19 0.00* 62.56+5.33 54.85+3.15 0.00*

cortical thickness (%)

Note: Values are presented as mean+SD, n:number of participants, (*) indicates the p<0.05 that there is statistically significant.

The scatter plots represent the clavicle thickness
measurements from clavicle radiograms that were related
to the BMD in women with normal bone mass density and
women with low bone mass as shown in Figure 2 and 3.
Regarding the BMD in the lower lumbar spine area (L1-L4),
the results showed a moderate-to-strong correlation between
the BMD levels and the clavicle radiograms on chest x-ray
film (r=-0.61 to 0.77). The measurements of the clavicle
periosteal width; the clavicle endosteal width; the combined
cortical thickness of clavicle, (the outer minus the inner
clavicle cortex); and the percentage of the combined cortical
thickness of the clavicle which had positively correlated to
the BMD lumbar region. Only the clavicle endosteal width
showed a negative correlation to the BMD on the L1-L4
segments. Results of the hip evaluation found that the
value of r varied from -0.01 to 0.75, which indicated that
there was a weak-to-strong correlation. The clavicle periosteal
and clavicle endosteal width showed a negative correlation
with the BMD of the hip position, while the combined cortical
thickness of the clavicle and the percentage of combined
cortical thickness of the clavicle showed a positive correlation
with the BMD of the hip position.

Regarding the patterns and trends concerning men,
the clavicle thickness measurements were like that found in
women. Scatter plots of clavicle thickness measurements against
BMD between two groups are shown in Figure 4 and 5. In
the lumbar spine, the results showed a weak-to-moderate
correlation between the BMD levels and the clavicle radiograms
on the chest x-ray films (r=-0.22 to 0.58). The mean value
of clavicle cortex measurements, the clavicle periosteal
width; the combined cortical thickness of clavicle, and the
percentage of combined cortical thickness of clavicle had
positively correlated with the BMD of the L1-L4 region.
Only the clavicle endosteal width showed a negative
correlation with the BMD of the lumbar region. In the hip
position, it was found that the value of r varied from 0.30
to 0.52, which indicated that there was a weak-to- moderate
correlation. The measurement of the clavicular cortical
thickness such as clavicle periosteal width; combined cortical
thickness of clavicle; and the percentage of combined
cortical thickness of clavicle showed a positive correlation to
the BMD of the hip position, while the clavicle endosteal
width showed a negative correlation to the BMD hip region.
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Figure 2. Scatter plots which represent the clavicle thickness measurements from clavicle radiograms that were related to bone mineral density of the
lumbar spine region (L1-L4) in women with normal bone mass and women with low bone mass. Strength of a linear relationship denotes the

correlation r value.
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Discussion

Based on bone mineral density T-score, the findings
indicated that the prevalence of osteopenia is higher than
that of osteoporosis among participants who living in
Phitsanulok Province. Regarding both women and men, as
the age of individual increases, there is a reduction in the
bone mass as shown in Figure 6. Elderly is associated with
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a decrease that effects bone mineral density T-score at
both the lumbar spine and the hip position. This was
particularly relevant to the BMD values at the hip joint,
which were lower than the BMD at the lumbar spine. The
pattern observed in our study was consistent with previous
findings.1#14
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Figure 5. Relationship between age and two separate BMD sites at the lumbar vertebrae L1-L4 segments (left), and the hip position (right) of the women

participants (orange dots) and men participants (black dots).

The demographic distribution of participant was
dissimilar. The variable different according to gender, age,
weight, height, BMI, and other factors associated. The
lower bone mass observed in the women population than
men. An explanation for these findings included menopause
status that women with early menopause are having lower
BMD than those with normal and late menopause.” However,
alternative explanations regarding to the reduction of
the BMD and may the influence the outcomes of weight
loss, which is linked to bone loss in middle aged women.*®
Concerns regarding factors that influence bone density were
broadly discussed.’* However, this finding suggests that
additional investigation in the demographical and clinical
variables influencing BMD levels are considered.

A thinning of clavicle cortical thickness was found in
the low bone mass for both genders. The measured of the
clavicle periosteal width; the combined cortical thickness
of clavicle; and the percentage of combined cortical thickness
of clavicle showed a positive correlation concerning the
BMD T-score by DEXA. Only the clavicle endosteal width
showed a negative correlation with BMD. The result of
clavicular cortical thickness measurements showed

a decline of clavicle cortex with age in both women and
men, however particularly higher in elderly individuals. A
greater thinning of cortical thickness of clavicle was found
in individuals with poor bone quality. Women were reported
to exhibit a higher rate of bone loss than men. It was
found that cortical thickness of clavicle in low bone mass
women decreased by 17.8% (5.31 mm/6.46 mm) compared
to normal women, while in men, there was lesser decline
16.13% (7.07 mm/8.43 mm) between groups, respectively.
The average of clavicle endosteal width in normal women
and low bone mass were around 4.01 mm and 4.86 mm,
while in men were 5.03 mm and 5.79 mm, respectively.
The average of clavicular cortical thickness obtained from
experiments were observed within the range of threshold
values done in south Indian woman (around 4.20 mm).°
The advantage of radiogrammetric method, which
has been taken of the chest radiograph, can extracted
essential data, which provide the medical staff with
information pertaining to the clavicle cortex that influences
factors such as size, thickness, texture, or shape feature
in the assessment of osteoporosis. There have been few
studies performed that used a combination of radiogrammetric
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method with other imaging modalities. A study conducted
by Maciel et al. found that texture attributes extracted
from routine T2 sagittal Fast Spin Echo (FSE) imaging of the
lumbar spine showed a positive correlated with the BMD.?°
They supported the use of quantitative analysis relating
to the image texture required to predict an osteoporotic
fragility fracture. However, the measurement of clavicular
cortical thickness may be influenced by subject contrast
and digital image quality. In future investigations, it might
be possible using the plot profile instead of the straight-line
measuring tool to minimize an error in the measurement.

This study has some limitations. Firstly, using opportunity
sampling to recruit participants found sample sizes were
unequal when relating the normal bone mass and low
bone mass. There were women with osteoporosis (n=11);
conversely, there no cases found for men (n=0). As a result
of the low numbers of adults participating in this study, it
is necessary to exclude adults aged over 75 years old in
future studies. Secondly, the sensitivity, specificity, and
accuracy for this study demands lengthier observation of
this process. However, this study provides preliminary data
to encourage the usefulness of clavicle radiograms made
from a PA chest film and demonstrates the relationship
between measured BMD by DEXA and clavicle radiograms
variables among Thai adults.

Conclusion

The use of clavicle radiograms to measure the clavicle
cortex thickness on the chest x-ray images showed a
gradual thinning of the cortex with aging. By comparison,
the measurements of clavicle cortex thickness showed a
moderate relationship with BMD T-score from DEXA in the
assessment of osteoporosis.
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prevalence of intrinsic resistance, extended spectrum beta lactamases and inducible
chromosomal Amp C beta lactamases in Citrobacter spp. thus limiting the therapeutic
options. We undertook this study to throw light on the current scenario of infection
with this organism.

Keywords:
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beta lactamase positive, carbapenem
resistance

Materials and methods: This retrospective study was conducted over a period of
1 year in Microbiology laboratory of a tertiary care teaching hospital in Eastern part
of India. From various samples, 146 clinically significant Citrobacter spp. identified
by standard biochemical tests and susceptibility testing performed by Kirby Bauer’s
disc diffusion method were included in this study.

Results: Majority of patients age ranged of 41-50 year. The highest number
(70/146, 47.9%) of Citrobacter spp. was isolated from pus and wound swabs followed
by urine (46/146, 31.5%) and out of these, 51.4% strains were of Citrobacter koseri
whereas 48.6% were of Citrobacter fruendii. Of Citrobacter isolates 36.6% were
ESBL producers. They showed 54.1%, 37.9%, 47.1%, 39.8% and 58.5% resistance
to imipenem, netilmycin, piperacillin tazobactam, minocycline and levofloxacin
respectively. We also found 9.6% and 28.4% strains of Citrobacter spp. being resistant
to colistin and tigecycline respectively.

Conclusion: Citrobacter spp. showed high degree of resistance to carbapenem and
there were colistin resistance strains as well. This study reiterates the emerging
resistance in these supposedly low virulence microbes which may pose future challenge
in infection control activities.

Introduction or colonizer, is presently being associated in many infections

Genus Citrobacter, a member of family Enterobacterale particularly in neonates, immunocompromised adults as

has about 11 species; Citrobacter fruendii and Citrobacter
koseri being the organisms of paramount clinical significance.
Citrobacter spp. which was previously regarded as a contaminant
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well as serious nosocomial outbreaks.!? Various infections
like urinary tract infections, wound infections, respiratory
tract infections, bone infections, peritonitis, endocarditis,
meningitis and bacteremia are associated with this organism.?
Different studies attribute a 6.8% mortality in case of various
Citrobacter infections patients, which can significantly
increase to 17.8-56% when there is associated bacteremia.*
The higher mortality rate may also be due to inappropriate
empiric therapy of the infections caused by them as this
organism is often resistant to many routinely used antibiotics
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like ampicillin-sulbactam, amoxicillin-clavulanic acid, 1
and 2" generation cephalosporins and cephamycins.® These
strains are potent carriers of Amp-C B-lactamase, broad-spectrum
B-lactamase, extended-spectrum B-lactamase (ESBL),
plasmid-mediated quinolone resistance determinants and even
carbapenemase.® Recent emergence of multidrug-resistant
strains of Citrobacter has resulted in longer hospital stays and
higher antibiotic costs.® So this study was undertaken to
enlighten us regarding on the current scenario of infection
with this understated organism especially their pattern of
drug resistance.

Materials and methods

This retrospective study was conducted in a 1000
bedded tertiary care teaching hospital in Odisha, Eastern
part of India. Citrobacter spp. grown on aerobic cultures
from various samples received in the central laboratory
over a period of 1 year (March 2021 to February 2022) was
considered. Various specimens like blood, bile, cerebrospinal
fluid, urine, pus, wound swabs, high vaginal swabs, and body
fluids were collected from patients and transported with
utmost aseptic precautions in accordance with standard
microbiological protocol.” All samples on receipt in the
lab were inoculated on blood agar and Mac Conkey agar
plates while urine sample was put on cystine lactose electrolyte
deficient (CLED) agar. Blood and bile culture was done in BacT
Alert, Biomerieux automated system which was plated on
blood and Mac Conkey agar plates after being flagged positive
by the instrument. Colonies received on the agar plate was
examined following overnight incubation and interpreted as
per clinical and Gram staining findings. Central line tip culture
was considered when the same organism was isolated from
blood culture as well with similar antibiotic sensitivity pattern.
For respiratory samples the culture was considered when
associated with correlating findings on Gram stain along with
clinical evidence of infection. Only significant colony counts
received on semi-quantitative in urine and respiratory culture
(colony count >10° CFU/mL) were processes further.

Identification

Clinically significant bacteria isolated from different
samples were identified by Gram staining and conventional
biochemical tests as per the standard protocol.” The non-lactose
or late lactose fermenting citrate utilizing Gram negative
motile bacilli isolates with catalase, methyl red, and ortho
nitro phenyl pyruvic acid test positive and oxidase, voges
proskauer, phenyl pyruvic acid and lysine tests negative,
were identified as genus Citrobacter. Citrobacter koseri
(C. koseri) and Citrobacter fruendiii (C. freundii) were distinguished
by indole, sugar fermentation and reaction on triple sugar
iron agar media. C. koseri is indole positive, utilizes malonate
and adonitol and is K/A +G and without H,S on TSI slant.”

Antimicrobial susceptibility testing

Antimicrobial susceptibility test was performed by
the Kirby-Bauer disc diffusion technique on Mueller-Hinton
agar and interpreted as per Clinical Laboratory Standard
Institute (CLSI) guidelines.® The antibiotics tested were
as follows (potency in pg/disc): amoxycillin-clavulanic acid
(30/10), ceftriaxone (30), cefoperazone-sulbactam (75/30),

ceftazidime (30), cefepime (30), piperacillin-tazobactam
(100/10), imipenem (10), meropenem (10), amikacin (30),
netilmycin (30), levofloxacin (5), and ofloxacin (5) minocycline
(30), tigecycline(15).(Hi-Media Labs). tigecycline zone diameter
was interpreted as per US FDA approved method.®

Quality control

Pseudomonas aeruginosa ATCC 27853, Escherichia
coli ATCC 25922, E. coli ATCC 35218 and Klebsiella pneumoniae
ATCC 700603 were used as quality control strains for all
the procedures. Antibiotic sensitivity of colistin was done
using colistin broth disk elution method and interpreted as
CLSI guidelines for Enterobacterales.®

ESBL detection

Extended spectrum B-lactamase (ESBL) screening was
done for all strains by double disk potentiation test using
ceftazidime (CAZ) (30 pg) and combination of ceftazidime
and clavulanic acid (30/10 pg) (CAC) disk (Himedia Labs)
according to the CLSI guidelines.®

The data was retrieved for all the samples from laboratory
register. The patient’s age, gender, diagnosis, site of sample
collection and antibiotic sensitivity pattern were noted.
The data thus retrieved was entered in MS Excel and analyzed
by basic statistical methods. Probability value (p value) was
calculated by Graph pad prism and was considered significant
at p<0.05.

Results

During the study period out of 29,894 clinical samples
processed in laboratory, 3221 (10.8%) were culture positive
of which, 2024 were Enterobactarales alone. Among the
Enterobactarale, 146 (7.2%) were clinically significant
Citrobacter spp. These samples were from 146 patients of
whom 98 were males and 48 were females. Majority of
patients, 34 and 31 cases respectively, belonged to the age
group of 41-50 and 51-60.

The highest number 70/146 (47.95%) of Citrobacter spp.
was isolated from pus and wound swabs followed by
46/146 (31.5%) from urine. In the present study, 75 (51.4%)
were C. koseri strains, whereas 71 (48.6%) were C. fruendii
strains. There was no significant difference in isolation rate
of both the species in any of the samples except for bile
where all the isolates were C. fruendii (Table 1), 36.6% of
Citrobacter spp. were ESBL positive. Most of ESBL positive
Citrobacter spp. (50/51 98%) were isolated from pus and
wound swabs, respiratory samples, and urine specimen. A
negligible percentage was contributed by bile and other
sterile body fluids (Table 1).

Among the betalactam (BL) antibiotics, Citrobacter spp.
showed very low level of sensitivity to 3™ and 4™ generation
drugs (37.9% and 26.2% to ceftriaxone and cefepime respectively).
Cefoperazone-sulbactam and piperacillin- tazobactam were
effective in around 52% of Citrobacter infections. These
organisms were rather more sensitive to aminoglycosides (69.8%
sensitivity to amikacin and 62.1% sensitivity to netilmycin)
than the beta lactam antibiotics. Of the quinolones, these
were more sensitive to ofloxacin (57%) than levofloxacin
(41.5%). But in this study, the strains of Citrobacter spp.
were resistant to carbapenems in more than 50% cases
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with susceptibility to meropenem is slightly better than that
for imipenem. The strains showed maximum sensitivity
to the reserve drugs, tigecycline and colistin. But cases of
colistin resistant Citrobacter were also encountered in this
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study. C. koseri strains were more sensitive than C. fruendii
to most of the tested antibiotics. This difference in pattern of
sensitivity is significant with p<0.05 for netilmycin, cefepime,
tigecycline and colistin (Table 2).

Table 1 Distribution of Citrobacter spp. and their ESBL pattern.

SATE Total Number ESBL positive No C. fruendii C. Koseri
(%) (%) (%) (%)

Respiratory samples* 23 (15.75) 13 (25.49) 11 (15.49) 12 (0.16)

Pus and wound swabs 70 (47.95) 21 (41.18) 34 (47.89) 36 (48)

Urine 46 (31.5) 16 (31.37) 21 (29.58) 25 (33.33)

Bile 4(2.74) 0(0) 4 (5.63) 0(0)

Lacrimal discharge swab 1 (0.69) 0(0) 0(0) 1(1.33)

Central line tip 1 (0.69) 0(0) 1(1.4) 00 (0)

Pancreatic fluid 1(0.69) 1(1.96) 00 (0) 1(1.33)

Total 146 51 (36.6) 71(48.6) 75 (51.4)

Note: *Respiratory samples include tracheal aspirate and bronchoalveolar lavage fluid.
Table 2 Susceptibility pattern (in %) of the different Citrobacter spp. to antibiotics.
AMC AK NET CIR CPM CFS PIT OF LE MRP  IPM Mmi TGC cL

Citrobacter spp 571 69.8 621 379 26.2 532 529 57 415 50 459  60.2 71.6 90.4
Citrobacter fruendii ~ -* 74.2 50 29.8 2.8 475 492 545 364 458 450 508 52.9 84.4
Citrobacter koseri ~ 57.1  65.6  72.6  44.6 57.7 589 567 589 469 537 471 733 87.9 96.5
p value (at <0.05) - 029 0.012 012 .00001 031 0412 066 039 037 0.83 0.018 0.00005 0.029

Note: *Intrinsic resistance to these antibiotics, AMC: amoxycillinclavulanic acid, AK: amikacin, NET: netilmycin, CTR: ceftriaxone, CPM: cefepime, CFS:
cefoperazone tazobactam, PIT: piperacillin tazobactam, OF: ofloxacin, LE: levofloxacin, MRP: meropenem, IPM: imipenem, MI: minocycline,

TGC: tigecycline, CL: colistin.

Discussion

Citrobacter spp., one of the members of family
Enterobacterale is a facultative anaerobic, motile, gram-negative
bacillus. Only 6% of the infections attributed to family
Enterobacterale is caused by this genus.’ In the present
study Citrobacter spp. accounted for 7.2% of the infection
among various Enterobacterale.

It can cause infections like Urinary tract infection,
bacteremia, meningitis, pneumonia, osteomyelitis, peritonitis,
and endocarditis when the host defenses are breached.*
The bacteria in the present study were most isolated from
pus and urine. This is similar to findings by Mohanty et a/*?
but in contrast other studies by Khanna et al.** and Samonis
et al.*®* report pus as the commonest sample.

Citrobacter bacteremia is associated with a high mortality
rate between 33% and 48%.>'* But in the present study, no
case of bacteremia was detected as supported from studies
by other workers.'?>*> This may be due to the fact that in this
study only a tiny proportion of samples belonged to extreme
age groups where the bacteremia is classically seen.

Citrobacter spp. causes of infections in neonates
particularly in NICU.* In a study by Lipsky et al.” most of the
infected patients were elderly, and nearly all had significant
underlying illnesses. But in the present study 41-50 year
was the most common age group of isolation of this organism.

Male predominance was seen in this study which had been
reported by other studies also.*? C. freundii and C. koseri are
the two most common pathogens and infections can be
acquired from exogenous as well as endogenous sources,
being ubiquitous in nature as a saprophyte in soil and sewage
and as a commensal in human gastrointestinal tract. In the
present study although C.koseri (51.4%) outnumbered
C. fruendii (48.6%), there was no significant difference in
rate of isolation of both the species. In the study done by
Metri et al.'” from Southern India, of the 563 isolates of
Citrobacter spp., C. koseri was in 70% of samples. Similarly,
in another study? from Northern India, C. koseri (90.2%) far
exceeded C. freundii (9.8%) cases. But contrasting to these
Mohan et al.*® found C. fruendii as the predominant species
and majority being isolated from pus samples. Mohan et al.*®
also isolated rarer species like C. farmeri (8.2%), C. braakii
(5.4%), C. werkmanii (5.4%) and C. gilleni (3.4%) which were
not reported in other studies. In a previous study, these
fewer common species have also been proved as potential
pathogens.?

Prevalence of ESBL in Citrobacter spp. worldwide
was reported to be 0.5-36%.2%%! In this study, 36.6% of
Citrobacter isolates were ESBL producers. But this is strikingly
different from few studies from India where the prevalence
of ESBL is much higher; 61.6% in study by Khanna et al. and
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80.9% in study by Praharaj et al.*** It is generally recognized
that patients infected with ESBL-producing organisms are
at risk for poor outcome.

These organisms are intrinsically resistant to multiple
antibiotics thus narrowing their treatment options. Both
the Citrobacter spp. are resistant to ampicillin while C. fruendii
is resistant to ampicillin-sulbactam, amoxicillin-clavulanic acid,
1stand 2" generation cephalosporins and cephamycins.
In this study, these antibiotics were reported as resistant
upon confirming identification and excluded from further
analysis. Among the other tested antibiotics, sensitivity to
aminoglycosides was around 60%, with 69.8% for amikacin and
57.1% for netilmycin. Sensitivity for third and fourth generation
cephalosporins (37.9% for ceftriaxone and 26.2% for cefepime)
had a very dismal performance. Among the flouroquinolones
tested, ofloxacin was more sensitive (57%) than levofloxacin
(41.5%). Similar findings have also been noted by other
studies.???

Other previous studies have stated carbapenems and
beta-lactam/beta-lactamase inhibitor combinations appear
to be promising alternatives.?**>?® But present study negates
this finding as in this tertiary care set up, carbapenem resistance
was seen in about 50% cases. A similar lower degree of
susceptibility to carbapenems was noted in about 80%
cases in another study.’> Among beta lactam combination
agents cefoperazone-sulbactam and piperacillin-tazobactam
were effective with sensitivity in 53.2% and 52.9% strains
respectively. In this study, there were strains where resistance
to the known reserve drugs tigecycline and colistin was seen.
Colistin resistance in this species is not yet reported in literature.
Further analysis of the colistin resistant strains was not possible
because of the retrospective nature of this work which may
be considered as a limitation of the study.

Citrobacter is thought of as a commensal flora of
intestine but presence of this low virulence yet resistant
bacteria in hospitalized patients may complicate surveillance
and infection control efforts.> Present study illustrates the
high degree of drug resistance in this organism. There is a
high prevalence of carbapenem resistance in Citrobacter spp.,
which is a cause of concern. Although other Gram negative
Enterobacterales, E. coli and Klebsiella spp. have been major
multi drug resistant pathogens, but probably this genus is
not far behind. Colistin resistance is being noted in strains
of Klebsiella spp. but further molecular studies are needed to
characterize the colistin resistance in this genus. As Citrobacter
is also a part of fecal flora further surveillance of the resistance
genes to block dissemination of the organism in hospital
environment is the need of the hour.
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edible species because of their morphological resemblance. This study examined
a poisoning case report of schoolchildren who consumed a steamed tuberous root
of wild Ipomoea, misidentified as I. mauritiana, and experienced gastrointestinal
toxicity.

Keywords:
Gastrointestinal toxicity, GC-MS,
Ipomoea, molecular phylogenetics,

. Objectives: This study aimed to identify the tuberous root of wild Ipomoea using
natural plant toxin

the internal transcribed spacer (ITS) region as a DNA barcode and characterize
compounds obtained using gas chromatography-mass spectrometry (GC-MS).

Materials and methods: DNA was extracted from fresh and cooked samples of
the storage root. PCR amplification and DNA sequencing of the entire ITS region
were performed. FastTree and maximum likelihood analyses were used to obtain
phylogenetic trees of the Ipomoea species. Root extracts were prepared for GC-MS
analysis, and potentially harmful phytochemicals responsible for poisonous plant
exposure were predicted based on a well-established plant toxin database.

Results: ITS phylogeny showed a close relationship between wild toxic Jpomoea
and edible I. mauritiana. The chemometric profile obtained from GC-MS analysis
of the root extracts revealed the presence of 31 phytochemicals. Among them, two
putatively toxic compounds identified were B-amyrin and coumarin.

Conclusion: Misidentification of the wild poisonous plant reported herein resulted in
toxic plant ingestion. Although most poisonous plant exposures are not life threatening,
measures should be taken to ensure the safety of the general public.

Introduction of the plant, including leaves, stems, flowers, fruits, roots,

Wild plant foraging is crucial for survival in many
parts of the world. Vulnerable communities living in remote
areas may rely on wild edible plants that are naturally grown
or reproduced for consumption and medicinal use. All parts
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and tubers, can be used.*? Tuberous roots of many plants play
a vital role in the human diet as a source of carbohydrates,
and they are a staple food for some indigenous people.*
Sweet potato which belongs to the genus Ipomoea (family
Convolvulaceae) can be gradually harvested as a food crop
over a long period of time.> Within this large pantropical
genus of approximately 800 species, mostly having wild
origins, more than 70 species have tuberous roots, of which
only 24 are edible.®® For some species, the tuberous roots
are morphologically indistinguishable and misidentification
of palatable and poisonous plants can occur.



S. Parnmen et al. Journal of Associated Medical Sciences 2023; 56(1): 54-62 55

Plants contain several non-nutrient phytochemicals
that are synthesized as secondary metabolites. Compounds
such as phenolics, alkaloids, and terpenes are important
for plants to cope with biotic and abiotic stresses but may
exhibit phytotoxic activity as a result of their defensive
properties.®! Plant toxins can be classified into four
groups based on their resultant toxidromes: cardiotoxic,
neurotoxic, cytotoxic, and gastrointestinal/hepatotoxic.'! In
Thailand, a 10-year retrospective analysis of plant poisoning
cases revealed that the gastrointestinal toxidrome was most
frequently encountered. In a total of 2,901 poisonous plant
exposure cases, 69.8% involved children aged under 13 years.
Most cases were caused by Jatropha curcas, and Manihot
esculenta was the most common cause of death.!? The
present study involved a case of unintentional ingestion of
the storage root of an unknown species of Ipomoea, which
consequently led to food poisoning in schoolchildren. The
morphology of this wild tuberous root resembled that of
edible I. mauritiana. Hence, the objectives of this study
were to (i) identify the tuberous root of wild Jpomoea using
the internal transcribed spacer (ITS) region as a DNA barcode
to reconstruct phylogenetic trees; and (ii) characterize
compounds obtained using gas chromatography-mass
spectrometry (GC-MS) and identify putative phytotoxins
present in the storage root of wild Ipomoea based on a
well-established plant toxin database.

Materials and methods

Clinical plant samples

A fresh tuberous root sample and remaining portions
of cooked sample obtained from a clinically reported case
were delivered to the Toxicology Center, National Institute of
Health (voucher specimens: DMSC24649 and DMSC24650).
The storage root was collected from a rural area in Sisaket
Province, Northeastern Thailand. It was initially identified
as giant potato, a common name for I. mauritiana, which
is palatable and used in traditional medicine. After dividing
the root into halves, one half was further cut into cubes
and used to prepare a steamed dish for the schoolchildren.

DNA extraction, PCR amplification and DNA sequencing

This case was reported as unintentional toxic plant
ingestion due to misidentification of the wild tuberous
root of Ipomoea (Figure 1). Based solely on its appearance
without other diagnostic characters, such as leaves and
flowers, the morphology of this tuberous root resembled
that of edible I. mauritiana. Thus, molecular approaches
were employed to confirm the taxonomic entity of the
root.

Twenty milligrams of each fresh and cooked samples were
ground to a fine powder under liquid nitrogen. DNA was
extracted using the DNeasy™ Plant Mini Kit (QIAGEN, Germany)
according to the manufacturer’s instructions. DNA samples
were quantified using a NanoDrop UV-Vis spectrophotometer
(Thermo Fisher Scientific, USA), and diluted to a final
concentration of 30 ng/pL. PCR amplification and DNA
sequencing of the entire ITS region were performed using
ITS1 forward primer and ITS4 reverse primer.'* Each PCR
reaction of 25 puL contained 9.5 pL of OnePCR™ master

mix with fluorescence dye (GeneDireX®, Taiwan), 2.5 uL of
10 uM of each primer, 1 uL of DNA template, and 9.5 pL
of nuclease-free water. The amplification was performed
using Mastercycler Gradient 5331 (Eppendorf, Germany)
under the following conditions: initial denaturation at 95°C
for 2 min, followed by 30 cycles of denaturation at 95°C
for 1 min, annealing at 55°C for 1 min, extension at 72°C
for 1 min, and final extension at 72°C for 5 min. PCR products
were examined using 2% (w/v) agarose gel electrophoresis,
and cleaned using the QIAquick PCR Purification Kit (QIAGEN,
Germany). Sanger sequencing of the purified amplicons was
performed at the Toxicology Center, National Institute of
Health, Ministry of Public Health, Thailand.

Figure 1. Fresh tuberous root sample of wild Ipomoea collected from a
rural area in Sisaket Province, Northeastern Thailand.

Phylogenetic analyses

The ITS sequences generated from both fresh and
cooked plant samples were aligned with other derived
sequences of lpomoea species containing storage roots
using Geneious Prime 2021.2.2 (https://www.geneious.
com).” FastTree 2.1.11 was also performed in Geneious
Prime to generate an approximately-maximum-likelihood
phylogenetic tree using the GTR model and to compute
local support values with the Shimodaira-Hasegawa (SH)
test.’ SH-like support was estimated using 1,000 resamples.
Maximum likelihood (ML) analysis on the other hand,
was conducted on the CIPRES Science Gateway portal using
RAXML 8.2.12 with the GTRGAMMA model.*® Branch
support was estimated using 1,000 bootstrap replicates.
The phylogenetic trees were depicted using FigTree 1.4.3
(http://tree.bio.ed.ac.uk/software/figtree), and clades
that received SH-like support >20.90 and bootstrap support
>70% were considered strongly supported.

Preparation of root extracts for GC-MS analysis
Twenty-five grams each of fresh and cooked tuberous
root samples were washed thoroughly with running water
and left to dry at 25°C. The samples were ground and
extracted with water and dichloromethane (1:1), followed
by addition of anhydrous sodium sulphate. In addition to
the neutral fraction obtained, acidic and basic fractions
were prepared. The acidic fraction (pH ~3-4) was obtained
by acidifying with 6N HCI, whereas the basic fraction (pH
~9-11) was obtained by basifying with NH,OH. All three
fractions from both fresh and cooked sample extracts were
filtered, and the filtrates were evaporated to dryness under
a nitrogen stream. The residues were dissolved in ethyl
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acetate and filtered using syringe filters (13 mm diameter)
with hydrophilic PVDF membranes (0.2 um pore size)
(VertiPure™ PVDF-HL, Thailand). Six separate filtrates were
subjected to GC-MS analysis.

GC-MS analysis and identification of putative plant toxins

The filtrates containing secondary metabolites from
the root extracts of wild Ipomoea were analysed using an
Agilent 7890A/5975A GC-MS (Agilent Technologies, Santa Clara,
CA, USA). Separation of the compounds was performed using
an analytical HP-5MS column (30 m x 0.25mm, 0.25um
film thickness) coated with 5% phenyl-methylpolysiloxane
(Agilent Technologies). The column temperature was programmed
as follows: 70°C for 0.5 min, rising to 150°C at a rate of
10°C/min for 10min, and 310°C at a rate of 25°C/min for
10 min. Helium was used as the carrier gas at a flow rate
of 1 mL/min. The sample injection volume was 1 pL. The
temperatures of the injection and detector were adjusted
to 250°C and 280°C, respectively. The MS operating conditions
included electron ionisation mode of 70eV and ion source
temperature of 250°C. Data processing and acquisition
were performed using Agilent G1701EA MSD Productivity
ChemStation software (Agilent Technologies). GC-MS profiling
of the secondary metabolites was performed using the
NIST 17 mass spectral library (National Institute of Standards
and Technology, USA). To ensure that the tuberous root
samples were not contaminated with organic chemicals such
as pesticides, the Agilent RTL pesticide and endocrine disruptor
MS library (RTLPEST3.L, Agilent Technologies) was also
employed. All detected compounds were compared against
the Toxic Plants-PhytoToxins database, which is a compilation
of 1,586 phytotoxins obtained from 844 plant species.*®

Results and discussion

Poisoning symptoms

Nine schoolchildren (9-10 years of age) consumed
portions of the tuberous root of wild Ipomoea after steaming.
Within 30 min to 4 hrs, they experienced symptoms of
poisoning, including nausea, vomiting, abdominal pain,
and dizziness. The symptoms were similar to those reported
in Sri Lankan villagers who misidentified toxic /. asarifolia
as the leafy vegetable I. aquatica.'” Other cases of poisoning
from ingestion of [pomoea have occurred in livestock, with
specific phytotoxic substances, such as ergoline alkaloids
in the leaves of I. asarifolia, ipomeamarone in the storage
roots of /. batatas, and swainsonine in /. carnea.**?°

Phylogenetic analyses

In this study, two ITS sequences of fresh and cooked
tuberous root samples were generated from their respective
PCR products and submitted to GenBank (accession numbers
OMO030216 and OM030217). An aligned matrix of 656
characters was constructed using 65 other sequences of
Ipomoea species retrieved from GenBank and a sequence
for Solanum tuberosum as outgroup. Both FastTree and
ML analyses produced a congruent tree topology. Thus,
only the ML tree (InL = -6842.6) with SH-like support >0.90,
bootstrap support (BS) 270%, and edibility status of the
Ipomoea members is shown. Phylogenetic placement of
both fresh and cooked samples of wild [pomoea revealed a

close relationship with edible I. mauritiana (SH-like =0.95;
BS =97%) (Figure 2).

Several species of Ipomoea have been reported to
possess health benefits and are cultivated as food plants.?*??
Of the 36 Ipomoea species currently known from Thailand,
nine species (with tuberous roots) are edible.>? The large
storage root of wild /pomoea obtained in this study was
morphologically similar to that of I. mauritiana and was,
therefore, misidentified as edible. Misidentification of poisonous
plants as common edible plants or indigenous medicinal
herbs was one of the main causes of poisoning, as previously
noted to occur with the schoolchildren at a remote primary
school in the northern part of the country.?®

GC-MS analysis

GC-MS analysis of fresh and cooked root extracts
of wild Ipomoea revealed chromatograms of the acidic,
basic, and neutral fractions (Figure 3). In all fractions, the
corresponding chemical constituents were identified based
on their peak retention time, peak area (%), and quality
matching of the compounds (>90%) to those of known
compounds described in the NIST library. A total of 31 distinct
compounds were detected (Table 1). Notably, based on the
chemometric profiles, a diterpenoid and triterpenoids were
found only in the fresh sample extract, whereas a coumarin,
an n-alkane, and lipid-soluble compounds were present in
the cooked sample extract. Other phytochemicals, including
a flavonoid, a fatty amide, a fatty alcohol, phytosterols, and
fatty acids, were present in both extracts. These results support
the findings of a previous study by Viji and Paulsamy, who
obtained 27 bioactive compounds from the acetone extract
of the tuberous roots of I. mauritiana using GC-MS.? In the
present study, no compound was matched with those present
in the Agilent RTL pesticide and endocrine disruptor MS
library, indicating the absence of residual pesticides and
other organic chemical contaminants from the environment.

Identification of putative plant toxins

All 31 compounds detected via GC-MS were compared
against the Toxic Plants-PhytoToxins database.® The results
revealed two chemical compounds in the wild jpomoea samples
that could potentially exhibit toxicological properties. These
were triterpenoid (B-amyrin), present in the fresh sample
extract, and coumarin (scopoletin), which was found in the
cooked sample extract. Quantitatively, the GC-MS profile
revealed the highest peak area for scopoletin (12.11%) in the
neutral fraction of the cooked sample extract (Table 1).

Scopoletin, a thermally stable phenolic compound
with a low molecular weight, has been found in different
plant families. This compound plays an important role in
traditional medicine in Africa, Asia, and Europe.?® Scopoletin
is biosynthesized from the phenylpropanoid pathway, and
its synthesis can be induced in response to plant exposure
to biotic and abiotic stresses such as pathogen infection, tissue
damage, drought, heat, and cold.?3° It can accumulate in
the roots, especially under iron-deficient conditions.3%3!
In addition to plant defense, scopoletin and other coumarins
are also reported to have insecticidal and acaricidal effects.323*
Such biopesticide activities could result in potential negative
health impacts on animals. Although without previous
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reports of human evidence, it is known that swallowing the
chemical product of scopoletin can lead to gastrointestinal
disorders involving nausea and vomiting.®® However, the

Il Edible/medicinal
I Inedible/not confirmed as edible

0.94/-
0.90/-

57

degree of toxicity may depend on the quantity of the substance
and individual sensitivity. Further investigations involving
toxicity assessments using bioassays are required.
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Figure 2. ITS phylogeny based on ML analysis reveals relationships of Ipomoea species with tuberous roots. SH-like support (>0.90) and bootstrap support
(270%) are shown above the branches. GenBank accession numbers are provided in parentheses. *plant samples used in this study.
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Table 1 List of compounds identified by GC-MS analysis in fresh and cooked samples of wild Jpomoea tuberous root.
Sample Fraction Compound detected Formula m/z ::::'(‘:;?:) Peak area (%) maﬁ:tll\?:;y(%) ct:::roeu::l
Fresh tuberous Acidic Tetradecanoic acid C,H,0, 228 20.645 0.17 96 Fatty acid
root Pentadecanoic acid C,.H,0, 242 21.75 0.11 95 Fatty acid
(E)-5-Octadecene CoHye 252 21.88 1.08 91 Fatty acid
7,9-Di-tert-butyl-1-oxaspiro (4,5) C_H,,0, 276 22.08 1.67 99 Flavonoid
deca-6,9-diene-2,8-dione
Palmitic acid CH.,0, 256 22.556 6 98 Fatty acid
n-Nonadecanol-1 C,H,.0 284 23.009 0.25 93 Fatty alcohol
9-Octadecen-1-ol, (2)- C,H,0 268 23.08 4.04 99 Fatty acid
Linoleic acid CgH.,0, 280 23.48 0.1 98 Fatty acid
Stearic acid CH.0, 284 23.615 1.86 99 Fatty acid
Erucamide C,,H,;NO 337 25.98 0.38 91 Fatty amide
Campesterol C,gH,.0 400 28.709 1.7 98 Phytosterol
y-Sitosterol C,H, .0 414 29.444 2.65 99 Phytosterol
Olean-12-en-3-ol, acetate, C,,H,.,0, 468 30.779 2.01 99 Triterpenoid
(3.beta.)-
Basic 7,9-Di-tert-butyl-1-oxaspiro (4,5) C_H,0, 276 22.086 4.38 95 Flavonoid
deca-6,9-diene-2,8-dione
Palmitic acid C,H.,0, 256 22.527 4.01 94 Fatty acid
1,13-Tetradecadiene C.H, 194 23.086 1.32 93 Fatty acid
Stearic acid CgH.0, 284 23.621 0.21 96 Fatty acid
Campesterol C,H,.0 400 28.715 1.37 95 Phytosterol
Stigmasterol C,H,,0 412 28.903 1.31 90 Phytosterol
y-Sitosterol C,oH, .0 414 29.438 1.39 91 Phytosterol
B-Amyrin C,,H, .0 426 30.779 3.06 93 Triterpenoid
Neutral  n-Heptadecanol-1 C,H,0O 256 21.88 2.2 91 Fatty alcohol
7,9-Di-tert-butyl-1-oxaspiro(4,5)  C_H,,0, 276 22.08 1.47 98 Flavonoid
deca-6,9-diene-2,8-dione
Palmitic acid C,H.,0, 256 22.568 5.68 99 Fatty acid
Cyclohexadecane C.H,, 224 23.009 0.42 99 Fatty acid
1,9-Tetradecadiene CHye 194 23.091 8.26 99 Fatty acid
Docosanoic acid C,H,0, 340 23.221 6.39 91 Fatty acid
10(E),12(Z)-Conjugated linoleic C,H,,0, 280 23.48 0.2 95 Fatty acid
acid
Stearic acid CgH.0, 284 23.627 3.25 99 Fatty acid
E,E,Z-1,3,12-Nonadeca- C,H.,0, 294 24.038 0.27 91 Fatty acid
triene-5,14-diol
1,2-Diethylcyclohexadecane C,oHu 280 24.133 0.28 94 Fatty acid
Erucamide C,,H,,NO 337 25.974 0.92 95 Fatty amide
Campesterol C,H,.0 400 28.709 0.96 98 Phytosterol
Stigmasterol C,H,,0 412 28.897 0.97 99 Phytosterol
y-Sitosterol C,oH; .0 414 29.432 3.08 99 Phytosterol
2,6-Phenanthrenediol, C,H,,0, 316 29.809 0.91 90 Diterpenoid

1,2,3,4,4a,9,10,10a-octahydro-1,
1,4a-trimethyl-7-(1-methylethyl)-,
monomethyl ether,[25-(2.
alpha.,4a.alpha.,10a.beta.)]-
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Table 1 List of compounds identified by GC-MS analysis in fresh and cooked samples of wild [pomoea tuberous root. (continue)

Sample Fraction Compound detected Formula m/z :::?:?:) Peak area (%) maﬁ::::‘i;y(%) cl::t‘:r;::‘

Cooked tuberous  Acidic 1-Hexadecanol C,H,,0 242 21.886 0.61 91 Fatty alcohol

root 7,9-Di-tert-butyl-1-oxaspiro (4,5) C,H, 0, 276 22.08 3.4 95 Flavonoid
deca-6,9-diene-2,8-dione
Palmitic acid CH.,0, 256 22.533 6.45 98 Fatty acid
Scopoletin C,,HO, 192 22.686 5.47 97 Coumarin
1,9-Tetradecadiene CH, 194 23.086 1.06 95 Fatty acid
Cyclopentadecane CHy 210 23.215 1.59 97 Fatty acid
Campesterol C,H,.0 400 28.703 2.63 99 Phytosterol
Stigmasterol C,H,.0 412 28.897 2.83 97 Phytosterol
y-Sitosterol C,oH .0 414 29.432 6.78 99 Phytosterol

Basic (2)-7-Hexadecene C,H,, 224 21.909 0.4 91 Fatty acid
7,9-Di-tert-butyl-1-oxaspiro (4,5) C_H,,0, 276 22.086 6.59 98 Flavonoid
deca-6,9-diene-2,8-dione
Palmitic acid CH.,0, 256 22.521 5.27 99 Fatty acid
Scopoletin C,,HO, 192 22.95 0.34 96 Coumarin
Campesterol C,H,.0 400 28.715 3.1 95 Phytosterol
Stigmasterol C,oH,.0 412 28.903 2.92 96 Phytosterol
y-Sitosterol C,H, .0 414 29.432 7.28 99 Phytosterol
Neutral  Palmitic acid C,H.,0, 256 22.539 2.4 99 Fatty acid
Scopoletin C,,HO, 192 22.65 12.11 97 Coumarin
1,9-Tetradecadiene CHy 194 23.08 1.65 98 Fatty acid
Linoleic acid CH.,0, 280 23.474 0.58 98 Fatty acid
Stearic acid CgH.0, 284 23.603 0.24 99 Fatty acid
1-Hexacosene C,H5, 364 24.88 1.14 90 Fatty acid
Docosane C,H, 310 25.568 0.28 97 n-Alkane
Erucamide C,,H,,;NO 337 25.974 0.68 98 Fatty amide
Vitamin E C,H,,0, 430 27.774 0.42 93 Lipid-soluble
compound
Campesterol C,H,.0 400 28.703 2.4 99 Phytosterol
Stigmasterol C,oH,.0 412 28.897 2.14 99 Phytosterol
y-Sitosterol C,H, .0 414 29.432 5.69 99 Phytosterol
Conclusion Conflicts of interest
Foraging for wild edible plants is common among The authors declare that there is no conflict of
the indigenous people of developing countries. However, interest.

misidentification of poisonous plants for edible species
can occur because of a lack of knowledge and experience.
The present study showed that the ingestion of wild toxic
Ipomoea, mistaken for edible I. mauritiana, resulted in food
poisoning in the schoolchildren living in the rural area of
Northeastern Thailand. Awareness of plant food safety is
important to prevent food poisoning from wild plants.
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Background: Low-dose X-ray in medical use for diagnosis and therapy can result
in cellular biology either directly or indirectly. In cell biology, the interaction of
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Objectives: This study aimed to evaluate the effect of low-dose X-ray on both
drug-sensitive (K562) and drug-resistant (K562/adr) erythroleukemic cell lines.

Materials and methods: Cells were exposed by using an X-ray at 135 kVp to obtain
the absorbed dose of 0.05, 0.1, and 0.2 Gy. The intracellular reactive oxidant species
(RS), malondialdehyde, membrane fluidity, drug uptake, and drug accumulation
were instantly observed after radiation.

Results: The result showed a significant increase in RS in both cell lines as a function
of radiation dose. In K562, the malondialdehyde (MDA) value increased in a radiation
dose manner, while membrane fluidity was significantly modified at 0.1 and 0.2 Gy.
In K562/adr, the uptake rate of pirarubicin (THP) and IC,, were altered but not
significantly different from sham control.

Conclusion: Low-dose X-ray significantly increased the intracellular RS in both cell
lines and decreased the membrane fluidity at 0.1 Gy of K562. There are alterations
of anticancer drug uptake rate in both cell lines, but they are not significant.

Introduction medicine to increase cell proliferation and in pneumonia

X-ray is classified as a low-linear energy transfer that
is generally used for diagnosis and radiotherapeutic planning
at a dose range of 0.0002-40 mGy.! However, it is still being
used as low-dose radiation therapy (30-100 cGy) in regenerative
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by suppressing inflammatory response.?? Past studies on
cellular effect have mostly focused on the degeneration of
DNA. At low doses of X-ray, the studies showed the induction
of DNA double-strand break.* In fact, the cellular effects of
radiation are not selective. The cell membrane is the principal
organelle that acts as a cell's boundary and is semipermeable
for molecules. Certain substances can pass through the
membrane depending on not only their properties but
also the membrane’s properties. When X-rays pass through
the cell, the ionising radiation causes a breakout of molecules,
and then free radicals such as reactive oxygen species (ROS)
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are generated. The consequential reaction of those molecules
on unsaturated fatty acids, which is called lipid peroxidation,
respectively provides products such as lipid hydroperoxides
(LOOH), malondialdehyde (MDA), and 4-hydroxynonenal
(4-HNE). Those oxidative productions eventually lead to
membrane fluidity alteration.>®

Alteration of membrane fluidity relates to biological
alteration in the sensitivity of drugs.” The previous observation
of low-dose X-ray (up to 0.2 Gy of 120 kVp) on human
peripheral blood mononuclear cells shows an augmentation
of the intracellular ROS.® However, the instant effect of X-ray
at 50, 70, and 100 kVp indicates an insignificant increase of
osmotic fragility, and the alteration of membrane fluidity
is observed at 4 hrs (100 kVp).° As mentioned, previous
studies focus on normal haematopoietic cells but not on
cancer cells. Moreover, the homogeneity of lipid composition
between normal cells and cancer cells is different.*® Hence,
this study aimed to investigate the instant effect of low-dose
X-ray on cancer cell membrane properties. Two erythroleukemic
cell lines, drug-sensitive (K562) and drug-resistant (K562/adr),
were exposed to low-dose X-ray up to 0.2 Gy.

Materials and methods

Chemicals

The 2',7'-Dichlorofluorescin diacetate (DCHF-DA;
Sigma-Aldrich, USA) solution and 1,6-diphenyl-1,3,5-hexatriene
(DPH, Sigma-Aldrich, Japan) were prepared at high concentration
by solubilising them in DMSO and then diluting them till
the appropriate concentration in phosphate buffer solution
(PBS). The thiobarbituric acid reactive substances (TBARS)
working reagent contained 2 mg/mL of 2-Thiobarbituric acid
(Sigma-Aldrich, Japan), which is solubilised in a mixture of
50 mM NaOH (RCl Labscan, Thailand) and Glacial acetic
acid (Fisher Scientific, UK) with a ratio of 1:1. Pirarubicin
(THP, Sigma-Aldrich, Japan) was freshly prepared in DMSO,
and then working solution (1 uM) was prepared in the
physiological buffer (Luckoff-Na*) of pH 7.3 that contained
132 mM Nadl, 3.5 mM KCl, 1 mM CaCl,, 0.5 mM MgCl,, 20 mM
HEPES, and 5 mM glucose. Then 0.1 mg/mL of resazurin sodium
salt (Sigma-Aldrich, Japan) was sterilely prepared in PBS.

Cell lines

All experiments were performed on both drug-sensitive
(K562) and drug-resistant (K562/adr) erythroleukemic cell
lines. Cells were cultivated in a completed medium consisting
of RPMI-1640 supplemented with 10% of foetal bovine serum
and 1% penicillin-streptomycin for 72 hrs before experiments.
The resistance property was maintained by cultivating with
400 nM of doxorubicin. For each experiment, cells were
collected and exposed to the X-ray (135 kVp) at 0.05, 0.1,
and 0.2 Gy. After irradiation, the intracellular RS, MDA,
membrane fluidity, drug uptake, and cytotoxicity of the cells
were immediately determined.

Determination of intracellular reactive oxidant species (RS)

Cells (5x10°) were collected and resuspended in 0.1 mL
phosphate buffer saline solution and then exposed to X-ray.
After that, cells were added into a DCHF-DA solution (2 uM)
and incubated for 30 min at 37°C, 5% CO,, and 95% humidity.
The fluorescence intensity at 523 nm (excited at 502 nm)

of dichlorofluorescin (F_ ), which represented the RS level
(mainly H,0,), was measured by a spectrofluorometer
(Perkin Elmer, LS55, USA).1%12

Determination of lipid peroxidation

The TBARS assay was used to directly measure the
MDA, which is a product of lipid peroxidation. Firstly, the
cells (4x10°) were incubated in the TBARS solution that
consisted of 400 pL PBS and 500 pL of TBARS working reagent
at 80°C for 1 hour. Secondly, the solution was cooled down
to 25°C for 15 min, and then the sediment was discarded by
centrifugation. Finally, the absorption spectrum of MDA-TBA
reaction product was determined by spectrophotometer
(Agilent, model 8453, China).*** The MDA level was calculated
from the MDA standard curve.

Determination of membrane fluidity

Membrane fluidity of the cell was determined by
observing the accumulation of a fluorescence probe DPH
that intercalated between lipid bilayers of the membrane.
The fluorescence intensity of DPH (F ) signified membrane
fluidity.>*> Cells (5x10°) were incubated in the 0.1 uM DPH
solution (1,900 pL) for 10 min. Next, the fluorescence intensity
(F,p,) at 430 nm (excited at 350 nm) was determined by a
spectrofluorometer at 37°C.

Drug uptake

The cellular drug uptake assays were performed by
using THP.2® THP is an anticancer drug that passively diffuses
across the plasma membrane by its lipophilicity property,
and then the fluorescence intensity is quenched by DNA
intercalation. The kinetic uptake of THP by cells (2x10°) was
performed at 37 °C by determining the fluorescence intensity
of 1 uM of THP solution at 590 nm (excited at 480 nm). After
cell addition, the fluorescence intensity was decreased by
DNA intercalation that represents cellular drug uptake
(uptake rate) across the plasma membrane. The uptake rate
can be calculated from the slope of tangent by equation 1.
The accumulation of the drug by cells (C ) was calculated
from the fluorescence intensity at a steady state (F ) by
equation 2 (Figure 1)

Uptake rate=$|:’£><1uM (1)
0
Co= 2 x1uM (2)

0

Cytotoxicity of pirarubicin

After irradiation, cells (5x10°) were cultivated for 24 hrs
in 96 wells/plate; each well contained 0.1 mL of the completed
RPMI-1640 medium with the various concentrations of
THP of 0-300 nM for K562 and 0-3000 nM for K562/adr.
The living cells were determined by adding 0.01 mL of
resazurin solution into each well and then incubating at 37 °C
and humidifying with 5% CO, for 4 hrs. The fluorescence
intensity at 590 nm was measured on a spectrofluorometer.”
The cytotoxicity of THP was expressed as the inhibition
concentration (IC) at 20% (IC,,). The IC value was calculated
as follows.

IC = “2x 100 (3)

o
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Where F_is the fluorescence intensity of irradiated
cells, and F_is the fluorescence intensity of control cells.

Statistical analysis
Statistical analysis was performed by OrigingPro8
Software. All data from independent experiments were

described as meanzstandard error (SE). All obtained parameters
from a variety of radiation-absorbed doses were analysed
by one-way ANOVA (Tukey procedure). Significance level
was defined at the alpha value of 0.05.
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Figure 1. Kinetic uptake of pirarubicin (THP) show the initial fluorescence intensity (F ) of 1 uM of THP, slope (after adding cells), and the fluorescence

intensity at steady state (F ).

Results

The effect of low-dose X-ray on cellular level was
instantaneously investigated after irradiation. The fluorescence
intensity of dichlorofluorescin (DCF) that represents the
intracellular RS was determined. For sham control, the K562/adr
cell line showed a fluorescence intensity of DCF lower than
the K562 cell line. After irradiation, the RS level significantly
increased in an absorbed dose-dependent manner either
K562 or K562/adr. In this study, the lipid peroxidation
production was evaluated from the MDA level. The MDA
levels (mean+SE) of both non-irradiated K562 and K562/adr
were equal to 2.12+0.16 and 3.27+0.17 fmole/cell, respectively.
The MDA level in irradiated K562 was increased as a function
of absorbed doses but not significantly different from
non-irradiated K562; besides, no change of MDA level in
irradiated K562/adr was detected. The result of membrane
fluidity was determined by using the fluoresce probe DPH.
Compared to the sham control, the fluorescence intensity
of DPH of both irradiated cell lines slightly increased at a
dose of 0.05, significantly increased at 0.1 Gy, and then
decreased at 0.2 Gy (Figure 2).

Anticancer drug uptake and cytotoxicity

To evaluate the pharmacological properties of the
membrane, the uptake rate of pirarubicin (THP) was used
to indicate the passive diffusion of the drug across the
plasma membrane. The kinetic uptake of THP, which is
dependent on the membrane fluidity, was performed under
the physiological buffer solution at 37 °C. In this condition,
the result showed the drug uptake rate into the intact cells.
In the sham control (0 Gy), the uptake rates of K562 and
K562/adr are equal to 6.1£0.4 and 9.2+1.0 pM/sec, respectively.
The uptake rate of irradiated cells is increased in the absorbed
dose manner in both K562 and K562/adr cell lines, but not
much differently from the sham control setting. The accu-
mulation of THP (C ) in both cell lines is calculated from the
extinction of fluorescence intensity at a steady state. The C_
values of both irradiated cell lines were not different from
the sham control. The C_value of K562 is about 0.48-0.49 uM,
but the value of K562/adr is about 0.22-0.25 pM. The
cytotoxicity of THP was presented in term of IC, values,
which show the augmentation in K562/adr as 66.2+18.6,
84.3+17.3,112.2+38.5, and 155.8+36.6 nM for 0, 0.05, 0.1,
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and 0.2 Gy, respectively. In the case of K562, the IC, values meanzSE value of uptake rate, IC, , and membrane fluidity
are 19.8+3.0, 23.3+6.1, 19.3%£3.1, and 21.0+2.6 nM for O, were replotted in biplot as showed in Figure 3.
0.05, 0.1, and 0.2 Gy, respectively (Figure 2). Finally, the
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Figure 2. MeanzSE value of Reactive oxidant species (RS). (A): MDA, (B): membrane fluidity, (C): uptake rate, (D): C, (E) and IC,, of THF, (F) of K562 (O0)
and K562/adr () that exposed to X-ray at absorbed doses of 0, 0.05, 0.1 and 0.2 Gy (the asterisks represent the significantly different from 0
Gy at p<0.05).



S. Pochano et al. Journal of Associated Medical Sciences 2023; 56(1): 63-70 67

801(kse2| r=0.3814 (A)  200][K562] r= 0.7058 (8)
575 180 }
& 160 1 : .
\%7 04 { b %‘140- } w
9 o =190
265 [ I SONG !
g ‘{ —y— 9 100—- T
s L I 801
6.0 I .
os 401
460 470 480 490 500 510 520 55 60 65 70 75
Membrane rigidity (F,,) Uptake rate (pM/sec)
1497K562/adr] r = -0.7718 (C) 30][ K562/adr] r=-0.3733 (D)
T 28 -
2127 56
z 1 =~
ol ] L E
I | I S 221
o — T
f = 201
3 |
2 18
16 -
6 4 T i T ) T » T L T 5 T ' 1 T L§ T X T L T = T ] T ¥ T X
475 480 485 490 495 500 505 510 7 8 9 10 11 12 13

Membrane rigidity (F,,)
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Discussion this condition, the amount of cytoplasmic RS (RS ) of K562

Direct interaction of ionising radiation with matter was more important than the amount of mitochondria RS
generates free radical or oxidant species mainly in the form (RS,). Contrarily in K562/adr, the RS_ was more important
of ROS in a living cell. This leads to biological indirect effects than RS_. Because of the different oxidative regulation in
such as lipid peroxidation, protein oxidation, and then DNA both cell lines, the data showed a higher degree of the
damage. In a resting state, the determined RS in drug-resistant MDA level of K562/adr than that of K562. Therefore, these
cell line K562/adr are less than those of drug-sensitive cell lipid peroxidation productions probably result from RSm
line K562.%2 These values are the summation of RS, located rather than RS_.** According to the radiation cause on the
in the mitochondria and cytoplasm. A previous study of cellular increment of the oxidative state of K562 and K562/adr,
energetic state showed the mitochondrial membrane the cellular response of both cell lines is not similar. Since
potential of K562 to be higher than K562/adr.!® Therefore, mitochondria are considered critical organelles that induce
this study supported that the free radical of the K562 cell is cellular oxidative injuries by X-ray, several studies on these
higher than K562/adr, which was generated from the enzymes showed that the activity of MnSOD elevated,
mitochondria and then released in the cytoplasm. In the living although Cu/ZnSOD was either reduced or induced by the
cell, the intracellular superoxide dismutase plays an important effect of ionising radiation.”** Other than those two enzymes,
role in cellular protection against RS. Two antioxidant the cytosolic antioxidant such as glutathione (GSH) was found
enzymes, manganese superoxide dismutase (MnSOD) and to be higher in K562/adr than in K562.2* The study of GSH
copper/zinc superoxide dismutase (Cu/ZnSOD), respond to redox status also found it to be lessened by the effect of
balance the oxidant radical at different locations in mitochondria irradiation.” In our cases, it is possible that the radiation
and cytoplasm, respectively. Studies suggest that the MnSOD causes the elevation of RS in both cell lines, but the antioxidant

activity of K562 is higher than of K562/adr, while the defence systems in both cell lines are different. (Figure 4)
Cu/ZnSOD activity of K562/adr is higher than of K562.% In These lead to the increase of MDA level in K562 but not
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in K562/adr. Even if the MDA level elevation of K562
depends on the absorbed dose, the statistical test was
insignificant when compared to the non-irradiation group.
The membrane properties were assessed by observing the
membrane fluidity and drug uptake. Fluidity of the
membrane was determined by a DPH that interacts along the
fatty acid path of the lipid membrane. The more fluorescence
intensity means the less kinetic motion of the lipid bilayer,
so the membrane becomes more rigid. In this study, the
fluorescence of DPH of K562/adr was a bit higher than
K562, which means that the membrane of K562/adr has
less fluidity. These results were supported by the observation
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of a decrease in membrane fluidity and related with the
degree of resistance.?® The observation in both cell lines
showed a biphasic response that is slightly decreased in
membrane fluidity at 0.1 Gy and then increased at 0.2 Gy.
Furthermore, the drug uptake basically depends on the
membrane fluidity. The uptake rate of THP, which demon-
strates the passive diffusion across the plasma membrane,
did not show a significant modification. Moreover, the drug
uptake rate did not show significant modification by the
effect of ionising radiation. However, the biplots between
uptake rate to membrane fluidity and uptake rate to IC, of
K562/adr illustrated a negative correlation.

Resistance cell

Resistance cell

Low High
Low High
High Low
High Low
Low High
Low High
Change Not Change

Figure 4. Model of oxidative balance in cytosol and mitochondria in sensitive and resistance cell: reactive oxidant species in cytosol (RS ) and in mitochondria
(RS_) the antioxidant in mitochondria (MnSOD) and in cytosol (Cu/ZnSOD and glutathione (GSH)) and lipid peroxidation’s product (malondialdehyde

(MDA)).

Conclusion

The findings of the K562 and K562/adr cell lines
when exposed to low-dose X-ray of 135 kVp (up to 0.2 Gy)
showed a significant increase in the intracellular RS, a mild
increase in the MDA level in K562 but not in K562/adr, and
a decrease of the membrane fluidity (0.1 Gy) and then
increase at 0.2 Gy. The anticancer drug uptake rate in both
cell lines is increased by the effect of radiation, but not
significantly.
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Background: Neurite outgrowth is an important process in neural reorganization
and repair after neuronal injury. Neurite outgrowth is one of the important mechanisms
to maintain normal physiological neuronal function. Neurite stimulation may help
to prevent or rehabilitate brain regions in neurodegenerative disease.

Objectives: The aim of this study was to screen selected ethnopharmacological
herbs for stimulatory effects on neurite outgrowth and to test for any cytotoxicity
and phytochemical properties.

Materials and methods: The herbal extracts derived from Acanthus ebracteatus
Vahl. leaves, Carthamus tinctorius L. flower, and Streblus asper Lour. bark was tested
for neurite outgrowth stimulation/potentiation and cytotoxic and phytochemical
properties.

Results: The extract of Carthamus tinctorius L. flowers at concentrations of 50
and 500 pg/mL could significantly stimulate potentiation of neurite outgrowth in
Neuro-2a cells whereas other extracts could not. We found that treatment of the
cells with a concentration up to 500 pug/mL of the Carthamus tinctorius L. extract
showed no cytotoxicity.

Conclusion: The neurite potentiation effect might be due to other chemical
constituents rather than phytochemical properties, especially total flavonoid, and
phenolic contents, and antioxidant activity of the Carthamus tinctorius L. extract.
The result showed that Carthamus tinctorius L. flowers extract could be a good
candidate for use as a drug protecting against neuronal damage and neurodegenerative
disease since it provides low cytotoxicity and neurogenic enhancement.

Introduction

In the past 20 years, there has been a significant
productivity gap in the pharmaceutical industry.! This, in
combination with the very high attrition rate, has been seen
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in the pharmaceutical industry, with many potential drugs
not making it past initial trials.? It has been estimated that
between 2000 and 2015, drugs developed for the nervous
system had only a 15% chance of making it through Phase
1 trials.® Furthermore, the cost of drug development and
the time required has skyrocketed in recent years, as it
costs an estimated two to three billion US dollars and up to
12 years to bring a new chemical entity (NCE) to market.*
This led many to search for new therapies for neurode-
generative diseases such as Parkinson’s and Alzheimer’s.
Herbal medicines are one of the most used alternatives
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to conventional medicines,” and there is a vast number of
drug-like NCEs produced by plants waiting to be identified
and studied. Eighty percent of the world's population uses
herbal remedies® and herbal medicines are particularly
popular as memory enhancers.”®

Better nutrition and health care mean people are
living longer than at any time in the past. This change in
demographic is occurring around the world as nations move
faster from developing to developed. With this change
comes an increased strain on health care systems as diseases
related to age become more prevalent. The number of people
living with AD is estimated to be 44 million people, and this is
expected to rise to 135 million by 2050.° Neurite outgrowth
is a critical event in neuronal pathfinding and the founda-
tion of synaptic connections during development. Neurite
outgrowth-enhancing compounds play an essential role
in the restoration of the neural network which may result
in preventing neurodegenerative disease. Many studies with
herbal extracts have identified increased neurite outgrowth®
as a potential feature of the herb's neuroprotective
properties.t**2 Thai medicinal herb Streblus asper Lour. (SA)
Has previously been shown to protect against photoaging and
provide neuroprotection in C.elegans.'®* Acanthus ebracteatus
Vahl. (AE) has been shown to provide neuroprotective
properties in the form of preventing oxidative stress
caused by glutamate toxicity.**> Carthamus tinctorius L.
(CT) extracts have been shown to prevent excitotoxicity*®
and provide neuroprotection in rats and dogs.’

Therefore, the aim of this study was to screen these
Thai medicinal herbs for neurite growth potentiating properties
that may lend the herbs to potential use as treatments for
neurodegenerative disease and use in silico technology to
identify potential pathways that may be involved.

Materials and methods

Plant materials

SA and AE were obtained from the Princess Maha
Chakri Sirindhorn Herbal Garden, Rayong Province. The
samples were collected and identified by Professor Kasin
Suvatabanghu, of Bangkok herbarium Thailand. The
herbarium numbers for SA and AE are 013419 (BCU) and
013422 (BCU), respectively. The bark of SA and leaves of AE
were extracted using maceration with 100% ethanol (avoiding
water contamination and the need for a lyophilization
step). Flowers of CT were kindly extracted and provided by
Specialty natural products Co., Ltd., Chonburi Province.

Phytochemical analysis
Total flavonoid content

SA, AE, and CT were tested for their total flavonoid
content using the Aluminium chloride colorimetric assay,*®
as previously described. Briefly, in 96-well plates, rutin
was used to generate a standard curve (100 pg/mL to 0.7
pug/mL). To each well, 5 puL of 10% aluminium chloride
hexahydrate, 5 uL 1 M potassium acetate, and 140 pL of
deionized water were incubated with 50 pL extract (0.5 to
5 mg/mL) and incubated for 40 min in the dark at room
temperature. The absorbance at 415 nm was measured in
a microplate reader. The total flavonoid content is represented

as rutin equivalents (RE) mg/gm of dry extract.

Total phenolic content

SA, AE, and CT were tested for their total phenolic
content using the Folin-Ciocateu method? as described
previously.?! Briefly, 50 pg of the extract (1 mg/mL) was
mixed with 50 uL Folin-Ciocalteu phenol reagent. After
20min, the mixture was neutralized by the addition of
50uL of a 7.5% (w/v) Na,CO, and incubated in the dark for
20 min at room temperature before the absorbance was
measured at 760 nm. Gallic acid was used as a standard
for the calibration curve. The total phenolic content was
expressed as gallic acid equivalents (GAE/mg of plant
extracts).

Total antioxidant scavenging activity

Total antioxidant scavenging activity was measured
using the ABTS assay?? as described previously.?® Freshly
prepared 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic
acid) (ABTS**) (OD734=0.7-0.8) was diluted in ethanol. The
extract (1 mg/mL) was mixed with ABTS"* and incubated at
room temperature for 30 min. Absorbance was measured
at 517 nm and 734 nm, respectively. Trolox was used as the
standard. The antioxidant capacity had Trolox equivalent
antioxidant capacity (TEAC) in mg/gm of dry weight.

Cell Culture

Neuro-2a cells (Health Science Research Resources
Bank (Osaka, Japan)) were cultured in a combination of
DMEM and HAM’s F-12 (50:50) with 10% FBS with peni-
cillin/streptomycin. Cells were incubated at 37°Cin a
humidified 5% CO, atmosphere. The cells were passed
before reaching 8% confluency by briefly washing in PBS
and incubating in trypsin-EDTA at 37 °C in a humidified 5%
CO, atmosphere to lift the cells from the culture flask. The
cells in trypsin-EDTA were diluted 1:1 in culture media and
centrifuged at 500 g for 5 min. The Pellet was resuspended
in culture media and cells plated for experiments or returned
to a fresh culture flask.

Cell viability assay

Viable cells were quantified using the chemical
[3-(4,5-dimethythiazol-2-yl)-2,5-diphenyltetrazolium bromide]
(MTT), which was employed for assessing cell viability.
Neuro-2a cells were plated at 5,000 cells per well in 96-well
plates and allowed to adhere overnight in DMEM supple-
mented with 10% FBS. The following day, the serum was
reduced to 1% and each plant extract was added. The cells
were then incubated for 48 hrs. Then 5 mg/mL of MTT
solution were added to the plate and allowed the MTT
-formazan to develop for 4 hrs. The colorimetric reaction
was measured at 550 nm. Half the maximal inhibition (IC, )
was calculated from three independent experiments using
GraphPad Prism data analysis software (version 9 for Mac).

Neurite outgrowth assay

Neurite potentiation in Neuro-2a cells was carried
out as previously described.?* Neuro-2a cells were plated at
20,000 cells per well in 6-well plates and allowed to adhere
overnight in DMEM supplemented with 10% FBS. The following
day, the serum was reduced to 1% and each plant extract
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was added. Cells were then incubated for 48 hrs at 37 °C
before analysis under the light microscope. Cell numbers
with neurite outgrowth-bearing cells and their neurite
lengths were determined. Microscopic image acquisition
at 20x was randomly selected in at least five different fields
to analyze using image J.

All the data were analyzed with one-way ANOVA
followed by Tukey’s multiple comparison analysis using
GraphPad Prism software (a p<0.05 was considered statistically
significant).

Ultra-high performance liquid chromatography (UPLC)
Ultra-high performance liquid chromatography (UPLC)
analysis of CT extract metabolic profiling: The analysis was
carried out on a Thermo Exactive Orbitrap mass spectrometer
coupled to Accela 600 (Thermo Fisher Scientific Inc)
ultra-performance liquid chromatography (UPLC) pump
and an Accela autosampler. Separation was carried out on
a Kromasil C18 250 mm x 4.6 mm x 5 pm at 350 °C with
a flow rate of 0.4 mL/min and an injection volume of 20 pL.
Other conditions used: lonization: Heated Electrospray
(HESI); Transfer line temperature: 350 °C; Spray voltage: 4
kV; nebulizing gas: Nitrogen generated by Peak Scientific
NM32LA model nitrogen generator. Analysis in positive mode
was carried out in a gradient mobile phase with binary solvents
containing Water with 0.1% formic acid as mobile phase
A and Methanol with 0.1% formic acid as mobile phase B.
The mobile phase B varied from 0-95% from 0-50 min, 95%
B from 50-55 min, and initial conditions from 55.1-60 min.
A similar program was used in negative ionization mode

with mobile phase A as water and mobile phase B as
acetonitrile.

Molecular formula of compounds was detected using
HRMS by comparison of theoretical and observed mass.
Compounds were identified from the previous literature
on safflower.>%* Also by comparing the mass values with
the existing databases like the knapsack family databases,”
Metlin (http://metlin.scripps.edu), Lipidmaps, and the Dictionary
of Natural Products.?® Unidentified metabolites were then
matched using other general chemical databases like
Pubchem & Chemspider (http://pubchem.ncbi.nlm.nih.
gov/; http://www.chemspider.com).

In silico analysis of CT extract was performed at the
binding site of TrkB-D5 using Autodock 4.2 (The Scripps
Research Institute, La Jolla, CA, USA)* and compared to
7,8-Dihydroxyflavone as a flavonoid compound that can
enhance TrkB phosphorylation and promotes downstream
cellular signaling.%3! TrkB crystal structure was obtained
from the protein databank (http://www.pdb.org). All the
ligand-protein interaction studies were using all the same
conditions based on Chitranshi et al.**

Results

Phytochemical and antioxidant assay

We found that SA possesses the highest total
flavonoid content. One gram of SA is equal to 83.163 mg of
rutin. AE has the highest phenolic content and antioxidant
activity. One gram of AE is equivalent to 679.75 mg of gallic
acid and 277.98 mg of Trolox, respectively (Table 1).

Table 1 Phytochemical and antioxidant activity table of AE (sea holly), CT (safflower) and SA (tooth brush tree).

Total flavonoid content

Total phenolic content Total antioxidant activity

mg of Rutin equivalent/gm

mg of Gallic acid equivalent/

mg of Trolox equivalent

Herb (gm/mL) . . ..
extract weight of sample | gm extract weight of sample antioxidant /gm extract
(GAE) weight of sample (TEAC)
Acanthus ebracteatus Vahl. 64.653+23.410 679.75949.308 277.986+38.308
Carthamus tinctorius L. 2.357+£1.201 4.351+2.656 0.796x0.171

Streblus asper Lour. 83.163+2.068

146.719+1.817 48.276%2.735

Cell viability assay

MTT assays were used to evaluate and screen the
toxicity of each herb (Figure 1). It was found that CT has
the lowest toxicity (50% inhibitory concentration (IC, ) of
more than 500 pug/mL) (Figure 1A). Whereas AE and SA
have IC, values in a similar range between 125 to 500
ug/mL (Figure 1B-1C). The IC_, values of the AE and SA are
201.47 and 195.44 pg/mL, respectively. Therefore, we
selected a concentration range for CT of 5.5 to 500 pg/mL.
Whereas the concentration range for AE and SA was 0.5, to
50 pg/mL.

Neurite count and neurite potentiation assay

We found that the CT can potentiate the length of
the neurites at concentrations of 500 and 50 pug/mL in a
statistically significant and dose-dependent manner. AE
and SA had the opposite effect, resulting in statistically
significant neurite length reduction at all concentrations
(Figure 2A-2C). We also measured the percentage of cells
that differentiated at each concentration; however, CT did
not induce a greater percentage of cells to differentiate.
Furthermore, AE and SA appeared to reduce the percentage
of differentiated cells (Figure 2D-2F).
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Figure 1. Effects of Thai herbal extracts on cell viability, measured using the MTT assay. A: Carthamus tinctorius had no significant effect on cell viability
effect up to 500 ug/mL, B: Streblus asper was not toxic at concentrations below 125 ug/mL, C: Acanthus ebracteaus was not toxic at concentrations
below 125 ug/mL. *Statistical analysis using ANOVA followed by Tukey’s post hoc test for significance compared to control p<0.05.

Figure 2. Representative micrographs of N2A cells treated with A: control cells (untreated), B: control 1% FBS, C: 1% FBS + Carthamus tinctorius 5 ug/mL,
D: 1% FBS + Carthamus tinctorius 50 ug/mL, E: 1% FBS + Carthamus tinctorius 500 ug/ml, F: 1% FBS + Streblus asper 0.5 ug/mL, G: 1% FBS +
Streblus asper 5 ug/mlL, H: 1% FBS + Streblus asper 50 ug/mlL, I: 1% FBS + Acanthus ebracteatus 0.5 ug/mlL, J: 1% FBS + Acanthus ebracteatus 5 ug/ml,
K: 1% FBS + Acanthus ebracteatus 50 ug/mL.
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Figure 3. Effect of Thai medicinal herbs on neurite outgrowth. A: potentiating effect of Carthamus tinctorius on the number of differentiated N2A cells in
1% FBS, B: Streblus asper failed to potentiate neurite outgrowth induced by 1% FBS and reduced the length of neurites, C: Acanthus ebracteatus
failed to potentiate neurite outgrowth induced by 1% FBS and reduced the length of neurites, D: Carthamus tinctorius had no effect on the number
of cells differentiated with neurites, E: Streblus asper reduced the number of cells with neurites back to the level of the control at 50 ug/mL,
F: Acanthus ebracteatus reduced the number of cells with neurites back to the level of the control at 50 ug/mL. * Statistical analysis using ANOVA
followed by Tukey’s post hoc test for significance compared to 1% FBS p<0.05.

Ultra-high performance liquid chromatography (UPLC)
The major compounds identified by UPLC-HRMS in

safflower extract include flavonoids, Quinochalcones, and

alkaloids. The UHPLC-HRMS chromatogram for CT extract

i

is shown in Figure 4. Further studies are warranted on the
isolation and characterization of the active principle(s) for
a systematic study to identify new and potent drugs for
therapeutical applications (Table 2).
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Figure 4. Full scan UPLC-MS ESI spectrum of safflower extract. A: negative mode, B: positive mode.
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Although qualitative screening of CT chemical
compounds has been reported previously by using different
analytical techniques,?>?®in the present study, we used
the UPLC-HRMS approach, which facilitates the simultaneous
detection of hundreds of compounds in an untargeted
manner even if present in a low quantity.3? The comprehensive

data for the compounds in the crude extracts obtained using
this approach can be useful for rational, prospective isolation,
and identification of compounds of interest. Moreover,
this approach is economical, saving valuable experimental
time, typically required for fractionation, isolation, and
purification.

Table 2 Putative identification of compounds from aqueous safflower extract, Carthamus tinctorius by UPLC-HRMS.

sample | - - [M-H]- (m/z2) Formula | o @ tion
No. Observed Theoretical [M-H]-
1 2.40-2.55 113.02349 113.02332 C,H,O, 3-ox0-4-pentenoic acid
2 2.40-2.55 161.04492 161.04445 CH,O, 3-Hydroxymethylglutaric acid
3 2.40-2.55 191.05576 191.05501 CH,,0, Quinic acid
4 2.40-2.55 207.05079 207.05079 CH,O, 5-(3',4',dihydroxyphenyl) gamma valerolactone
5 2.40-2.55 221.06650 221.06558 CH,.0, Ethyl glucuronide 6-Acetyl-D-glucose
6 2.40-2.55 267.07274 267.07106 C,H,.0, 3-Deoxy-D-glycero-D-galacto-2-nonulosonic acid
2(a-D-Mannosyl)-D-glycerate
7 14.30 285.04169 | 285.03936 C.HO, | Kaempferol
8 23.19-23.32; 22.95-23.10 342.14684 342.14684 C,H,,0, Unknown
9 14.36-14.50 363.12332 363.12270 C,,H,,0, 3,6-Dimethoxy-6",6"-dimethylpyrano [2,3:7,8]flavon
10 14.30 377.08751 | 377.08671 C,H,0, | Unknown
11 22.95-23.10 381.01026 381.00885 CH.0,, Unknown
12 14.36 381.13386 381.13326 C,H,.0, 7,3'-Dihydroxy-5,4'-dimethoxy-5'-prenylisoflavone
13 3.08-3.18; 5.18-5.63 383.11984 383.11840 C,H,.0, Acetyl-maltose (1-O-Acetyl-4-O-a-D-glucopyranosyl-a-D-
glucopyranose)
14 12.12-12.27 385.09384 385.09179 C,oH,,0, 5,6,7,8 Tetramethoxy3', 4'methylenedioxyisoflavone
(Linderoflavone B)
15 11.22-11.47 396.11782 396.12035 C,H,.0, Unknown
16 12.12-12.27 403.10432 403.10236 C,H,.0, 5,7Dihydroxy3,6,8,3', 4'pentamethoxyflavone
17 14.10-14.36 409.09057 409.09179 C,,H,,0, Epicatechin 3-O-p-hydroxybenzoate
18 11.22-11.47 435.09556 435.09806 C.H,.0, Unknown
19 12.12-12.27 437.11000 | 437.10784 C,H,0,, | Loguatoside
20 14.10-14.36 447.09540 447.09219 C,H,.0,, Carthamone
21 14.30 447.09545 447.09806 C,H,.0, Unknown
22 5.18-5.63 447.31018 | 447.31050 C,H.0. | Agigenin
23 14.36; 14.36-14.50 449.11068 449.10784 C,H,0, Carthamidin 5-glucoside
24 11.22-11.47 461.07484 461.07733 C.H, 0, Unknown
25 23.19-23.32; 22.95-23.10 462.20501 462.20369 C,eH,. O, Unknown
26 12.12-12.27 473.10978 473.10784 C,H, 0, Kaempferol 3-(4"-acetylrhamnoside)
27 12.12-12.27 491.12060 491.11840 C,H,.0, Quercetin 3,3'-dimethyl ether 7-glucoside
28 11.22-11.47 491.12161 | 491.12428 C,H,,0,, | Unknown
29 3.08-3.18; 5.18-5.63 499.16731 499.16575 CH,, 0., 3-{[6-O-(D-Galactopyranosyl)-B-D-galactopyranosyl]
oxy}-1,2-propanediyl diacetate
30 14.10-14.36; 14.30 503.17958 503.17592 C,H,0, (S)-Multifidol 2-[apiosyl-(1->6)-glucoside]
31 15.88-16.19 514.13713 | 514.13758 C,H,,0,, | Unknown
32 14.36 518.13252 518.13600 C,H,.0, Unknown
33 14.21 525.17912 525.18140 C,H,.0,, Unknown
34 5.18-5.63 531.33140 531.33163 C,H,.0, 1a,25-dihydroxy-22-oxavitamin D3 3-hemiglutarate
35 12.12-12.27; 12.09-12.33 539.14154 539.13953 C,H,,0., Unknown
36 22.95-23.10 545.01716 545.01981 C,H.0, Unknown
37 22.95-23.10; 23.19-23.32 545.01716 582.26708 C,H,,0, Unknown
38 11.22-11.47 545.17547 545.17123 C,H,.0,, Unknown
39 14.21 557.09747 | 557.09845 C,H,.0,, | Unknown
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Table 2 Putative identification of compounds from aqueous safflower extract, Carthamus tinctorius by UPLC-HRMS. (continued)

sample | - _— [M-H]- (m/z2) Formula | o - tion
No. Observed Theoretical [M-H]-
40 16.90-17.15 573.25776 | 573.25417 C,H,0,, | Unknown
41 15.88-16.19 574.15899 574.16222 C,H,.0, Unknown
42 14.54-14.74 577.15878 | 577.16105 C,H,.0,, | Unknown
43 23.19-23.32 582.26287 | 545.01981 C,H.0, | Unknown
44 14.21; 14.54-14.74; 14.36- 591.26805 591.26473 C,H,.0., 10,12,14-Aromadendranetriol
14.50; 15.41-15.59
45 15.88-16.19; 15.70-15.83 592.16960 592.17278 C,H,.0, Unknown
46 12.09-12.33 593.15279 | 593.15010 C,H, 0, | Unknown
47 16.90-17.15 593.15345 593.15010 C,H,.0,, Safflor yellow A
48 11.22-11.47 595.14638 595.14462 C,,H,,0,, (2S)-5,7,3',4'-Tetrahydroxyflavanone 7-(6-p-coumaroyl-
glucoside)
49 5.18-5.63 596.18978 | 596.18883 C,H,0,, | Unknown
50 14.54-14.74; 15.70-15.83; 609.14880 609.14501 C,H,.0. Rutin
15.41-15.59
51 15.88-16.19 609.15806 609.16027 C,H,.0,, 4'-0-Methylcarthamidin 7-(2-p-coumaroylglucoside)
52 12.09-12.33; 14.36 611.16285 611.16066 C,,H,,0, Hydroxysafflor yellow A
53 19.45-19.67 621.00636 621.00885 C,H,0,, Unknown
54 14.21 623.12790 623.12428 C,H,. 0, Kaempferol 3-glucuronide-7-glucoside
55 16.90-17.15 623.16476 623.16066 CeH3.056 Quercetin 3,4'-dimethyl ether 7-alpha-L-Arabinofurano-
syl-(1->6)-glucoside
56 14.54-14.74; 14.30; 14.10- 625.14346 625.13993 C,,H,.0,, 6-hydroxykaempferol 3,6-diglucoside
14.36
57 11.83-11.92 625.14356 | 625.14344 C,H,,0, | Unknown
58 15.88-16.19 628.14509 628.14227 C.0,6015 Unknown
59 19.45-19.67 636.98058 636.98264 C,H.O,, Unknown
60 15.70-15.83 637.14415 637.13993 CH,.0,, Kaempferol 3-glycosides
61 12.09-12.33 639.12238 639.11919 C,,H,, 0, Quercetin 3-glucosyl-(1->2)-glucuronide
62 14.21 645.11011 645.10863 C,H,:0,, -O-p-Coumaryoylglucose; B-D-form, 3’-Hydroxy,
3,4-bis(3,4,5-trihydroxybenzoyl)
63 15.41-15.59 647.14222 | 647.13953 C,H,,0, | Acremonidin
64 19.45-19.67 653.34387 | 653.34141 C,HiO, | Unknown
65 14.54-14.74 664.19049 664.18453 C,H,0, Unknown
15.88-16.19; 15.41-15.59; 669.20628 669.20253 C,H,,0,, Unknown
15.70-15.83
66 19.45-19.67 671.20145 | 671.20292 C,H,00, | Unknown
67 14.36-14.50 673.27245 673.27021 C,H,.04 Unknown
68 19.45-19.67 677.50045 | 677.49870 C,,H690, | Unknown
69 14.10-14.36; 14.21 683.14873 683.14540 C,,H,,0,, Unknown
70 11.83-11.92 685.20091 685.20095 C,sH,,0, Unknown
71 19.45-19.67 689.30404 689.30404 C,H..0, Unknown
72 15.41-15.59; 15.70-15.83 691.15255 691.15049 C,H, 0, 3,5-di-O-(beta-Glucopyranosyl) pelargonidin 6"-0-4,
6'"'-0-1-cyclic malate
73 12.09-12.33 693.16669 693.18727 C,H,,0,, | Unknown
74 14.36 693.16929 693.16614 C,H..0, 3,5-di-O-(B-Glucopyranosyl) pelargonidin 6"-0-4,
6"'-0-1-cyclic malate
75 14.54-14.74 697.16463 697.16105 C,oH3504, Tricetin 3'-methyl ether 7,5'-diglucuronide
Malvidin 3-glucoside-5-(6-acetylglucoside)
76 15.88-16.19 712.12052 712.12702 C,,H,.0. Unknown
77 14.30 757.22591 757.21857 C,H,.0,, Chalconaringenin 2'-O-glucoside 4'-O-gentobioside
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Table 2 Putative identification of compounds from aqueous safflower extract, Carthamus tinctorius by UPLC-HRMS. (continued)

sample | - _— [M-H]- (m/z2) Formula | o - tion
No. Observed Theoretical [M-H]-
78 | 11.83-11.92 801.17588 | 801.18140 C,H,.0,. | unknown
79 |11.83-11.92 855.09397 | 855.09806 C,H,s0,, | Unknown
80 | 11.83-11.92 949.25121 | 949.25496 C,H,0, | Unknown

In silico analysis

Protein-ligand analysis of TrkB protein showed the
binding affinity with safflor yellowA (-12.83 kcal/mol)
<<Rutin (-5.45 kcal/mol) <7,8-dihydroxyflavone (-5.39
kcal/mol) <Kaemferol (-5.14 kcal/mol) <Carthamone (-4.95
kcal/mol) <Carthamidin (-4.8 kcal/mol) <Hydroxysafflor
yellow (-3.99 kcal/mol) from the strongest through the
weakest, respectively.

The results from Table 3 and Table 4 show the binding
affinity of TrkB receptor and the phytochemical compounds.
TrkB-domain5 (TrkB-D5) structures were subjected to
binding with compounds and compared with the standard
7, 8-dihydroxyflavone, which is considered an agonist of
TrkB receptor.®*

Table 3 Docking results of tropomyosin receptor kinase B (TrkB) receptor and their ligands.

Compound Binding energy (kcal/mol) ki Distance Bond
1.94894 Conventional H-bond
1.78703 Conventional H-bond
2.3485 Conventional H-bond
7,8-dihydroxyflavone -5.39 112.08 uM 2.616 C-H bond
2.6452 Pi-Donor H-bond
4.44823 Pi-Pi Stacked
4.31386 Pi-Pi Stacked
2.60402 Conventional H-bond
2.58561 Conventional H-bond
2.30369 Conventional H-bond
1.72765 Conventional H-bond
2.04315 Conventional H-Bond
1.81622 Conventional H-bond
Hydroxysafflor yellow A -3.99 1.2mM
1.97012 Conventional H-bond
1.75147 Conventional H-bond
2.78871 Conventional H-bond
1.80168 Conventional H-Bond
2.14573 Conventional H-Bond
3.64398 Pi-Pi Stacked
1.68362 Conventional H-bond
2.19582 Conventional H-bond
2.07502 Conventional H-bond
1.89083 Conventional H-bond
2.70312 Conventional H-bond
2.7302 Conventional H-bond
Safflor yellow A -12.83 394.2 pM 2.70956 Conventional H-bond
2.50703 Conventional H-bond
2.84909 Conventional H-bond
2.79666 Conventional H-bond
2.96361 Conventional H-bond
3.45809 Pi-Donor H-bond
3.81576 Pi-Donor H-bond
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Table 3 Docking results of tropomyosin receptor kinase B (TrkB) receptor and their ligands. (continued)

Compound Binding energy (kcal/mol) ki Distance Bond
3.03833 Conventional H-bond
2.12193 Conventional H-bond
1.80641 Conventional H-bond
2.21713 Conventional H-bond
1.80319 Conventional H-bond
Carthamidin 5-glucoside -4.8 302.04 uM
2.34617 Conventional H-bond
1.63428 Conventional H-bond
1.94458 Conventional H-bond
3.53715 Pi-Anion
3.03298 Pi-Donor H-bond
2.06727 Conventional H-bond
1.86897 Conventional H-bond
1.84223 Conventional H-bond
2.54015 Conventional H-bond
Carthamone -4.95 235.69 uM
2.55252 Conventional H-bond
2.3009 Conventional H-bond
1.84095 Conventional H-bond
5.57327 Pi-Sulfur
1.72218 Conventional H-bond
1.81133 Conventional H-bond
2.99255 Pi-Donor H-bond
2.77906 Pi-Lone Pair
Kaempferol -5.14 172.17 uM
5.0164 Pi-Pi T-shaped
5.39479 Pi-Alkyl
5.4388 Pi-Alkyl
4.44785 Pi-Alkyl
1.79658 Conventional H-bond
2.27913 Conventional H-bond
2.04409 Conventional H-bond
1.82278 Conventional H-bond
1.77808 Conventional H-bond
2.01204 Conventional H-bond
2.02454 Conventional H-bond
Rutin -5.45 101.61 uM 2.31962 Conventional H-bond
3.09527 Conventional H-bond
3.5869 C-H Bond
4.10904 Pi-Anion
2.31515 Pi-Donor H-bond
4.67722 Alkyl
5.23425 Pi-Alkyl
4.02085 Pi-Alkyl

79
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Table 4 Molecular docking interaction between safflower compound and 7,8-dihydroxyflavone.

Compound

Ligand-Protein interaction
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Table 4 Molecular docking interaction between safflower compound and 7,8-dihydroxyflavone. (continued)

81

Compound

Ligand-Protein interaction

Carthamone

N

HI
X:335

Kaempferol

Rutin

JILE Lo
X:334 -

Discussion

In this study, we have investigated the extracts of AE,
SA, and CT, and we found them to be relatively non-toxic
(within the ranges tested), with CT showing no toxicity at any
of the concentrations we tested. In the neurite outgrowth
analysis, it was CT that was able to potentiate the growth
of neurites (an important event in neuronal pathfinding and
the foundation of synaptic connections during developm