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Article Info Abstract

History Background: Handling patients with Borderline Personality Disorder (BPD) who are
Received: 24 Jul 2023 hypersensitive to rejection, have unstable interpersonal relationships, selfimage,
Accepted: 05 Jul 2024 affect, and behavior is a challenge for a psychiatrist. Supportive psychotherapy is one
Available: 30 Aug 2024 of the most widely mastered psychotherapy modalities in psychiatric education in

Indonesia and is most widely practiced in psychiatric services. There is currently a lack
of structured supportive psychotherapy clinical practice modules available for patients
with Borderline Personality Disorder in Indonesia.

Objective: To develop and an Indonesian version of structured supportive
psychotherapy clinical practice module and to test its clinical practice suitability for
patients with Borderline Personality Disorder in Indonesia

Methods: This research was conducted in three stages. Stage 1 was preparing the
supportive psychotherapy clinical practice module for 13 weeks. Stage 2 was for the
module validation using face validity and content validity by two psychotherapy
consultants. Stage 3 was the trials of the developed modules, where 2 interrater
therapists applied the modules to treat 5 patients.

Result: The face validity of the two experts for the supportive psychotherapy clinical
practice module for Borderline Personality Disorder in Indonesian language was
3.269, meaning that it mostly was done correctly. The results of the content validity of
the two experts for the supportive psychotherapy module for Borderline Personality
Disorder in Indonesian language was 81.165. The results of the two experts' face
validity and content validity scores inferred that the supportive psychotherapy clinical
practice module for Borderline Personality Disorder in Indonesian language was
suitable for use in services.

Conclusion: The Indonesian version of supportive psychotherapy module for BPD
patients has been developed and is suitable for clinical practice.

Keywords: borderline  personality disorder; supportive  psychotherapy;
psychotherapy
Permalink/ DOI: https://doi.org/10.14710/jbtr.v10i2.19628

INTRODUCTION self-image, affect, and behavior.?
Borderline  Personality Disorder (BPD) is  * Corresponding author:
characterized by hypersensitivity to rejection! and E-mail: anatdew@gmail.com

resulting in the instability of interpersonal relationships, (Natalia Dewi Wardani)
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Table 1. Face Validity of the Supportive Psychotherapy Clinical Practice Module in BPD

Assessment Aspects Expert 1 Expert 2
1 Professionalism
Rapport Building 4 3
Interview Techniques 3.29 3.14
Define and clarify the client's chief complaint/problem 3 4
Therapy contract 4 3
2 Guidelines for the work of supportive psychotherapy in Borderline Personality 3 3
Disorder
3.47 3.067
AVERAGE TOTAL 3.269

Interpretation: 0 : data is not graded, 1 : asked a fraction done right, 2 : partially done right, 3 : mostly done right, 4 : almost

all done right

Borderline Personality Disorder which causes
significant annoyance and distress and is associated with
a variety of medical and psychiatric co-morbidities.® The
surveys estimate that the prevalence of Borderline
Personality Disorder was 1.6% in the general population
and 20% in the psychiatric and inpatient population

Psychotherapy is one of the non-pharmacotherapy
modalities for psychiatric patients.> The results of a
survey in America regarding psychiatric services stated
that 36% of psychiatrists provided supportive
psychotherapy to patients, 19% with insight-oriented
psychotherapy, 6% with Cognitive Behavioral Therapy
(CBT) and 1% with psychoanalysis.® The survey shows
Supportive Psychotherapy was the most frequent
treatment option given by psychiatrists to patients. This
also occurs in psychiatric services in Indonesia, the
survey results of the psychotherapy section of
Indonesian  Psychiatrist Association (Perhimpunan
Dokter Spesialis Kedokteran Jiwa Indonesia-PDSKJI)
stated that the psychiatrists who participated in the
survey carried out types of psychotherapy: 154
supportive psychotherapy, 108 CBT, 6 family therapy,
49 marital therapy, 44 dynamic psychotherapy, 24 other
psychotherapy and 3 did not do psychotherapy.’

Supportive psychotherapy is a basic competency that
must be mastered by a psychiatrist and even Markowitz
in his research stated that if a psychiatrist does not master
supportive psychotherapy then other psychotherapy will
not be useful® Supportive psychotherapy is one of the
most widely mastered psychotherapy modalities in
psychiatric education in Indonesia and is most widely
practiced in psychiatric services. There has been no
supportive psychotherapy modules available yet in
Indonesia.

Grover stated that supportive psychotherapy is
flexible and suitable for patients with various diagnoses.
Supportive psychotherapy as initial therapy is carried out
by psychiatrists before changing forms to other, more
complex psychotherapy.® Supportive psychotherapy is
the heart of all types of psychotherapy. It is important to
establish the doctor-patient relationship early in the
therapy.©

Winston et al. defines supportive psychotherapy as
“dyadic treatment that uses direct action to ameliorate
symptoms, maintain, restore, or enhance self-esteem, ego
functioning, and adaptive skills. Achieving these goals
requires examining relationships, real or transferential,
and examining past patterns. and currently, emotional or
behavioral response.”'! Supportive psychotherapy in
terms of technique is based on reflection rather than
interpretation or direction.’? Frequency of Supportive
psychotherapy sessions can be conducted at a frequency
of less than once a week and supportive psychotherapy
can be used for patients who are deemed unsuitable for
the requirements of other psychotherapy. 3

Supportive psychotherapy is expected to help patients
with  Borderline Personality Disorder who are
hypersensitive to rejection, have unstable interpersonal
relationships, self-image, affect, and behavior. There has
been no supportive psychotherapy clinical practice
module for Borderline Personality Disorder patients in
Indonesia. This study was aimed to develop of a
supportive psychotherapy clinical practice module for
Borderline Personality Disorder patients in Indonesia.

MATERIALS AND METHODS

This study had been approved by Ethical committee
(Certificate No 976/EC/KEPK-RSDK/202). The study
included three stages. Stage 1. Development of
supportive psychotherapy skills modules. This study
developed a supportive psychotherapy clinical practice
module for Borderline Personality Disorder which
consists of 8 chapters including Introduction, General
Principles of Supportive Psychotherapy, Indications for
Individually Supportive Psychotherapy, Therapeutic
Contracts, Examination in supportive psychotherapy,
Supportive  psychotherapy techniques, Supportive
psychotherapy techniques for patients with Borderline
Personality Disorder and Evaluation of supportive
psychotherapy competency.4
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Table 2. Content Validity of the Supportive Psychotherapy Clinical Practice Module in BPD

Assessment Material

Rated aspect Expert 1

Expert 2

Language

Manual Outline

Introduction

General Principles of
Supportive Psychotherapy

Indications for Individual
Supportive Psychotherapy

Therapeutic Contracts

Examination in supportive
psychotherapy.

Basic Techniques of
Supportive Psychotherapy

Building Therapeutic Alliance

Building Self-Esteem

Development of Adaptive
Behavioral Skills

Supporting Ego Function

Supportive psychotherapy
techniques in certain
conditions in patients with
borderline personality

Follows the rules of Enhanced Spelling 85

The manual is a therapist's guide in carrying out the 85
application of supportive psychotherapy for Borderline
Personality Disorder

Contains background problems, competencies to be 80
achieved, criteria for training participants, and learning
objectives.

Contains the notion of supportive psychotherapy, and the 80
basic principles of supportive psychotherapy that must be
understood.

Contains an overview of indications in general and 85
specific indications in specific points.

It contains a brief explanation of the ongoing therapy 85
process, the frequency of meetings, the duration of each

meeting, the agreed costs, how to end the therapy contract,

how to manage patient non-compliance with the contract,

and the ultimate goal to be achieved when the therapy

contract ends.

Contains explanations and steps for collecting symptoms, 80
examination of current problems, examination of therapy
history, examination of dynamic psychopathology.

Contains techniques for building therapeutic alliances, 80
building self-esteem, building adaptive behavior skills,
supporting ego function.

Contains ways of building through expressions of interest, 85
expressions of empathy, expressions of understanding,
supportive comments, expressing the reality felt by the

therapist, repairing the therapeutic alliance when a rupture

occurs in a therapeutic alliance

Contains ways to give praise, appeasement (reassurance), 80

normalization,

universalization, encouragement and

encouragement.

Contains how to give advice, teaching, anticipatory 80
guidance.

Using Technique: 80

1.

Reducing and preventing anxiety with conversational
styles, sharing agendas, word pads, naming problems,
normalizing, reframing, rationalizing.
Expanding  awareness includes
confrontation, interpretation.

clarification,

Using Technique: 80

1.

2.
3.
4

o

Warning comments on self-injurious behavior.
Naming feelings to chronic feelings of emptiness.
Normalize on frantic attempts to avoid abandonment.
Anticipatory comments or guidance on patterns of
unstable interpersonal relationships.

Reducing anxiety in affective instability.

Offers control over difficulty controlling feelings of
anger.

Discuss with a cool head on impulsivity.

Reveals the psychotherapist's reality to patients with
persistent identity disorder

80

75

80

85

80

75

80

85

80

85

80

80

80
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Table 2. Cont.

Assessment Material Rated aspect Expert 1 Expert 2
Evaluation of supportive Contains an assessment of knowledge and attitudes and 85 75
psychotherapy competency skills.

Feasibility of work handbook  The feasibility of work manuals can be used in the 85 80
of Supportive Psychotherapy  education process for psychiatrists and in providing

in Borderline Personality services to patients with Borderline Personality Disorder.

Disorder

TOTAL 82.33 80
AVERAGE 81.165

Interpretation: <25% is only partially done correctly, 25-49% partially done right, 50-74% mostly one right, 75-100% almost all

done right

Table 3. Interpersonal Therapist Supportive: Results of 2 expert assessments of 2 Supportive Psychotherapists

Assessment Aspects

Assessment criteria Expert 1

Expert 2 ICC

1 Supportive interview skills
. (History taking)

Professionalism

3 Ability to manage patients

Ability to give supportive
psychotherapy

Organizing/Efficiency

1) Built rapport 79.5
2) Inquire effectively and efficiently

3) Systematic interview

4) Get signs and symptoms

1) Respect the patient 84
2) Show empathy and compassion

3) Creating trust;

4) Help make the patient comfortable

5) Pay attention to legal aspects

6) Realizing self limitations

1) Planning comprehensive therapy in the 81
biological, psychological, and sociocultural
domains.

2) Able to choose rational management
according to the diagnosis of the disease.

3) Be able to explain the reasons for choosing
pharmacological, social and economic
therapy

1) Explain the reason/basic examination and 825
Supportive psychotherapy to the patient

2) Ask for approval of medical action if
necessary from the patient/family (informed
consent)

3) Provide education about management,
prevention and supportive psychotherapy
associated with the disease

4) Be able to determine specific forms of
supportive psychotherapy according to the
patient's condition

1) Be able to select appropriate sources of 78.75
information to elicit signs and symptoms

2) Able to determine priorities in conducting
interviews

3) Able to adjust to a predetermined time

4) Able to optimize the time to formulate data
in the form of a systematic formulation

90 0,653
(p=0.165;
C195%:-2334-
=,964)

92.5

87.5

90

90

TOTAL

The value of the two therapists the difference 80.75
didn't more than 10 points

The ability of the two therapists in providing

equivalent supportive psychotherapy

90
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Figure 1. The frequency distribution of patients according to Their CGI-I Score.

Stage 2: Module Validation. In this stage, the module
was validated with face validation and content validation
by 2 psychotherapy consultants to suit the conditions in
Indonesia. Face validity consists of the relevancy to the
respondent and evaluates the appearance of the
questionnaire in terms of feasibility, readability,
consistency of style and formatting, and the clarity of the
language used.’® Content validity involves a formal
assessment by subject matter experts, to determine the
appropriateness of the content and identify
misconceptions or omissions.’® Content validity is
defined as ensuring that the module is comprehensive
and relevant and represents the objectives of the module.
This can be done by consulting experts in the field of
psychotherapy who can provide information, evidence,
judgments, and assessments.t” The content validity of
the consultation results of two psychotherapy
consultants includes language and an outline of the
material provided each week and its eligibility.

Stage 3: Module Trials and Interrater 2 Therapist.
The supportive psychotherapy clinical practice
moduleon Borderline Personality Disorder in Indonesian
language was applied by 2 supportive therapists. The
two therapists performed supportive psychotherapy on
five patients alternately. The two experts evaluated the
supportive psychotherapy given by the two therapists to
ensure that the two therapists had a good interrater in
providing supportive psychotherapy treatment. There
were five assessment points in the interaction between
the two therapists, consisting of the ability of supportive
interviews, professionalism, the ability to manage
patients, the ability to provide supportive psychotherapy
and the organization or efficiency of therapy.

RESULTS
Designing and  Validation of  supportive
psychotherapy clinical practice module. The maximum

score for the face validity in this study is 4, the results of
the two experts face validity for the supportive module
are 3.269, which means that most of them are done
correctly (Table 1). The maximum score of Content
Validity is 100, the result is 81.165 which means almost
everything is done right. (Table 2).

Trials of Modules and Interrater 2 Therapists. The
score of the two experts for Therapist 1 was 80.75 and for
Therapist 2 was 90. This value indicated that the
difference in the scores of the two therapists was no more
than 10 so that they had equal abilities in providing
supportive psychotherapy. The coefficient analysis
between classes shows 0.653 which indicates a moderate
level of relationship with the results of a weighted kappa
interpretation of 100% (Table 3).

The results of the patient’s Clinical Global
Impression/CGIl-Improvement analysis showed that the
highest frequency of patients” CGI-I scores were scores
of 2 (much better) and 3 (slightly improved), namely 2
people (40%) on each score. A total of 1 (20%) patient
was found to have a patient CGI-1 score of 1 (greatly
improved since initiation of therapy). The mean value
indicated that the patient’s CGI-I was at a score of 2.2 +
0.836 with a median of 2 with a minimum value of 1 and
a maximum of 3. (Figure 1)

DISCUSSION

This study was aimed to validate the supportive
psychotherapy clinical practice module to be used as a
guide for psychotherapy for patients with borderline
personality disorder (BPD). Testing was carried out on
the contents of the module with three stages of testing.
Face validity of the two experts for supportive
psychotherapy clinical practice module for Borderline
personality disorder settings in Indonesian was 3.269,
meaning that most of it was done correctly. The result of
the content validity of the supportive psychotherapy
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clinical practice module for Indonesian Borderline
Personality Disorder from the two experts was 81,165.
From the results of the face validity and content validity
by the two experts, it could be inferred that the
supportive psychotherapy clinical practice module for
Borderline Personality Disorder in Indonesian language
was appropriate for use in psychotherapy services.

Patients with Borderline Personality Disorder often
unstable due to periods of acute crisis, aggressive
behavior, suicidal attempts and even substance abuse.?
Providing supportive psychotherapy was considered
appropriate for patients with Borderline Personality
Disorder because patients who undergo supportive
psychotherapy will receive assistance to improve ego
function,® increase self-esteem and adaptability so that
they can function more adaptively.?

The supportive psychotherapy clinical practice
module explained the details of supportive
psychotherapy techniques according to the patient's
condition, namely warning comments on self-injury
behavior, naming feelings in chronic empty feelings,
normalizing panic attempts to avoid abandonment,
anticipatory comments or guidance on unstable patterns
of interpersonal relationships, reducing anxiety in
instability affective, offering control on feelings of anger
control difficulties, discussing with a cool head on
impulsivity and revealing the reality of psychotherapy to
patients with persistent identity disorder.’® All of the
above techniques were deemed appropriate by two
experts to be administered to patients with Borderline
Personality Disorder.

The therapist needed to gain a clear understanding of
the patient's current problems, interpersonal relationship
problems, daily functioning and psychological
functioning therapeutically, to enhance the therapeutic
alliance and encourage the patient to continue therapy.?
This supported the patient to continue therapy such as
contract therapy which supports the success of
supportive psychotherapy.

This study had limitations with only small number of
samples and the number of psychotherapists was limited
to 2 persons.

CONCLUSION

This was a preliminary study on the development of
the Indonesian version of supportive psychotherapy
clinical practice module for patients with Borderline
Personality Disorder. It discussed how to manage self
harm behavior, empty feelings, avoid negligence,
unstable interpersonal relationship, affective instability,
controlling anger, impulsivity and persistent identity
disturbance. The module demonstrated good face and
content validity, as confirmed by two therapists
practicing equivalent supportive psychotherapy. Patients
reported feeling significantly improved following the
supportive psychotherapy sessions. Thus the module is
acceptable and could be applied to help therapist treat
patient with Borderline Personality Disorder.
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Article Info Abstract

History Background: Inflammatory cells play an essential role in the neoplastic process by
Received: 30 Aug 2023 stimulating cancer proliferation, survival, and migration. Neutrophil-lymphocyte and
Accepted: 19 Apr 2024 platelet-lymphocyte levels can be used as inflammatory tissue damage markers in
Available: 30 Apr 2024 cancer patients.

Objective: This study aimed to analyze the increase of neutrophil-lymphocyte ratio
(NLR) and platelet-lymphocyte ratio (PLR) as the predictive factors for lung
malignancy.

Methods: This study was a diagnostic test to compare NLR and PLR ratios in lung
tumor patients at Dr. Moewardi Hospital Surakarta from August to October 2018. The
subjects (60) were selected with consecutive sampling who took lung cancer diagnostic
tests and divided into two groups of patients with lung tumors (30) and healthy (30) as
control. The diagnostic procedures and neutrophil-lymphocyte and platelet—
lymphocyte ratio calculation were performed on both groups. The optimum cutoff
values for the NLR and PLR were calculated from the receiver operating curve
analysis.

Results: The statistical test found a significant difference in the neutrophil-
lymphocyte and platelet—lymphocyte ratios between cancer patients and control (p =
0.0000). There is a significant difference in the NLR and PLR between healthy and
cancer patients. The NLR was calculated and it was 6.25 + 2.88 in cancer patients and
1.84 + 0.47 in healthy subjects. Meanwhile, the PLR in cancer patients was 254.93 +
116.59 and 114.33 + 27.67 in healthy subjects.

Conclusion: The ROC curve for NLR has an AUC value of 0.941 with a p-value of
0.000 (P < 0.01), and for PLR has an AUC value of 0.898 (p = 0.000). The increase
of NLR and PLR can be used as the predictive factors of lung malignancy.

Keywords: leukocyte; lymphocyte; lung tumor; malignancy; neutrophil; platelet
Permalink/ DOI: https://doi.org/10.14710/jbtr.v10i2.20330

INTRODUCTION The early discovery of lung malighancy is the most
Lung cancer is the leading cause of cancer morbidity ~ encouraging approach to improve the treatment results.
and mortality among men worldwide and the second  Early detection of lung cancer using different serum
leading cause of cancer-related deaths among women.>  biomarkers has been tested, but there is no single
Lung cancer is also the most common cancer for menin  biomarker that can reliably detect lung cancer.
Indonesia, with the rate of incidence of 19.4 per 100.000
men and an average death rate of 10.9 per 100.000 men.*
¢ By contrast, around 200.000 subjects were diagnosed ~ * Corresponding author:
with lung cancer in 2010 in the United States, and nearly E-mail: dr_yusupsubagio@yahoo.com
160.000 subjects died of it. The patients diagnosed with (Yusup S. Sutanto)
lung cancer have an average age of 6870 years.
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Table 1. Characteristics of Study Subjects

Characteristics Lung malignancy diagnosis p-value
Positive (n = 30) Negative (n = 30)
Age 54.13 + 16.50 4453 £7.68 0 0051
Gender
Male 17 (56.7%) 17 (56.7%)
Female 13 (43.3%) 13 (43.3%)
Employment 0 0052
Not working 19 (63.3%) 28 (93.3%)
Working 11 (36.7%) 2 (6.7%)
Education 0 0003
Primary school 11 (36.7%) 0 (0.0%)
Secondary school 8 (26.7%) 5 (16.7%)
High school 9 (30.0%) 16 (53.3%)
University 2 (6.7%) 9 (30.0%)
Brinkman index 0 0223
Non-smoker 14 (46.7%) 22 (73.3%)
Mild smoker 5 (16.7%) 4 (13.3%)
Moderate smoker 8 (26.7%) 4 (13.3%)
Heavy smoker 3 (10.0%) 0 (0.0%)
BMI 0.000°
underweight 22 (73.3%) 1 (3.3%)
normal 5 (16.7%) 8 (26.7%)
overweight 3 (10.0%) 21 (70.0%)
Clinical symptom
cough 14 (46.7%)
chest pain 7 (23.3%)
dyspnea 9 (30.0%)

Notes: BMI = body mass index; ! Independent t-test, 2 Chi-Squared/Fischer’s exact test, * Mann-Whitney U test

Table 2. The difference between NLR and PLR in patients with lung cancer and healthy subjects

Variable Lung cancer Diagnosis p-value
Positive Healthy
Neutrophil 75.47 £8.30 56.41 +5.74 0.000?
Lymphocyte 15.20 £8.01 31.82+5.11 0.000?
Platelet 373.70 £109.90 313.40 £44.93 0.007%
Leukocyte 11693.33 + 3692.20 9020.00 * 1558.82 0.003?
NLR 6.25+2.88 1.84 £0.47 0.0002
PLR 25493 £ 116.59 114.33 +£27.67 0.000?

Note: NLR = neutrophil-lymphocyte ratio; PLR = platelet-lymphocyte ratio; Independent t-test; 2Mann-Whitney test

Combining the tumor's systemic inflammatory
factors could be the primary technique to diagnose lung
cancer because inflammation is an essential component
in cancer development. Cancer mostly develops at the
site of infection, chronic irritation, and inflammation.
The tumor microenvironment is largely regulated by
inflammatory cells. Moreover, tumor cells produce
various cytokines and chemokines that can attract
leukocytes. The inflammatory component of neoplasms
includes different leukocyte subtypes such as
neutrophils, macrophages, and dendritic cells producing
inflammatory cytokines and mediators.”

Platelets are increasing in lung cancer cases. They
release angiogenesis factor and attach to micro tumor

vessels.’® The presence of macrophage colony-
stimulating factor (M-CSF) and granulocyte colony-
stimulating factor (G-CSF) cytokines causes neutrophilia
in lung cancer patients.'! Lung cancer cells release TGF-
B and IL-10, causing the suppression of lymphocytes.
Neutrophils also secrete endothelial vascular growth
factors and pro-angiogenic factors involved in tumor
formation, which is also essential for tumor growth and
metastase. 1012

Inflammation plays a vital role in the neoplastic
process by stimulating cancer proliferation, survival, and
migration. The neutrophil-lymphocyte ratio (NLR) and
the platelet-lymphocyte ratio (PLR) can be used as the
inflammatory markers of tissue damage in cancer
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patients.®°. Until now, the researchers have not found a
similar study conducted in Indonesia. The purpose of
this study was to analyze the possibility of patients’ NLR
and PLR values to predict lung malignancy. The study
hypothesizes that the increase of NLR and PLR can be
used as the predictive factors of lung malignancy.

MATERIALS AND METHODS
Experimental design

This study was a diagnostic test to compare NLR and
PLR ratios. NLR was measured by dividing the number
of neutrophils and lymphocytes in the peripheral blood.
Meanwhile, PLR was measured by dividing the number
of thrombocytes and lymphocytes. The diagnostic value
of NLR and PLR was evaluated by calculating the area
under the curve (AUC) from receiver operating
characteristic (ROC) curves for lung malignancy
prediction. The baseline characteristics including age,
sex, occupation, education, Brinkman index, body mass
index (BMI), and clinical symptoms were collected. This
study was ethically reviewed and approved by Dr.
Moewardi Hospital Committee for Research on Human
Subjects (Medical) (approval number:
705/IX/HREC/2018).

Study subjects

The study was performed at Dr. Moewardi Hospital
Surakarta from September 2018 until the number of
samples was fulfilled. The study population was 60
subjects, that divided into 2 groups, 30 patients with lung
tumors and 30 healthy subjects as control. The inclusion
criteria for lung tumor patients were the subjects who
had lung tumors and undergone diagnostic procedures at
Dr. Moewardi Hospital Surakarta, willing to participate
in the study by giving informed consent, aged >18 years,
and have not undergone any chemotherapy treatment.
The inclusion criteria for the control group were healthy
subjects without lung tumor, willing to follow the study
by signing informed consent, aged > 18 years, and have
not undergone any chemotherapy. Lung tumor patients
with symptoms of acute infection, COPD, diabetes
mellitus, acute or chronic kidney failure, clinical HIV,
liver disease, and heart failure and those using
corticosteroids were excluded from the study. While the
exclusion criteria for the control subject were similar to
the lung tumor patients.

NLR and PLR measurements

The subjects were subjected to anamnesis, physical
examination, laboratory analysis for blood testing, NLR
and PLR values calculation, contrast thoracic CT
scanning, and diagnostic procedures. The tests were
intended to check the compatibility between diagnostic
results with NLR and PLR values.

Data analysis

The data analysis was performed using SPSS 21
(IBM) for Windows. A descriptive univariate analysis
was presented with frequency and percentage
distribution. The data was analyzed with One Way
Anova and Mann-Whitney test. This study used
diagnostic procedures based on clinical, radiological,
transthoracic needle aspiration (cytology), and
bronchoscopy. It determined the point of intersection

with a receiver operating characteristic (ROC) curve.
Fisher's exact test and Pearson's chi-squared test were
used to determining the difference between the baseline
data parameters.

RESULTS
Study subjects’ characteristics

The subjects’ general characteristics include age, sex,
occupation, education, degree of smoking, BMI, and
complaints were showed in Table 1. The average age of
patients with a positive cancer diagnosis was 54.13 +
16.50 years old while the healthy subjects had an average
age of 44.53 + 7.68 years old. The statistical test obtained
a p-value = 0.005 (p < 0.05), which means that there were
significant differences in patient characteristics based on
age.

The majority of patients with a cancer diagnosis were
male (56.7%) but the statistical test showed no significant
difference in patient characteristics based on gender (p-
value = 1.000). As much as 63.3% of cancer patients were
working while 93.3% of healthy patients were working,
and the statistical test showed significant differences in
the characteristics of patients based on work (p-value =
0.005). The majority of the subjects with a cancer
diagnosis were elementary school graduates (36.7%) and
the majority of healthy subjects were in high school
(53.3%). Based on the p-value (0.000), there were
significant differences in the education characteristics,
where cancer-positive subjects tend to have low
education.

The number of smokers in cancer patients was 46.7%,
so the majority did not smoke. On the other hand, the
majority of healthy subjects also did not smoke (73.3%).
The statistical test obtained a p-value = 0.022 (p < 0.05),
which means that there are significant differences in the
subjects’ characteristics based on the degree of smoking,
where cancer-positive subjects tend to smoke. Most of
the cancer patients had low BMI (73.3%) while the
majority of healthy subjects with excess nutritional status
were 70.0%. The statistical test showed significant
differences in the subjects’ BMI (p-value = 0.000). As
much as 46.7% of complaints were from lung cancer
patients while the healthy subjects had no complaint and
it was significantly different (p = 0.000).

NLR and PLR differences in subjects

The results of NLR and PLR calculation in both
groups were listed in Table 2. The average number of
neutrophils was significantly lower in healthy patients (p-
value = 0.000) with the average number was 75.47 + 8.30
in cancer patients and 56.41 £ 5.74 in healthy subjects.
Interestingly, the average lymphocytes were significantly
higher in healthy subjects (p-value = 0.000) with the
average number 15.20 £ 8.01 in cancer patients and 31.82
% 5.11 in healthy subjects. On the other hand, the platelets
number was significantly lower in healthy subjects (p =
0.007), with an average of 373.70 £ 109.90 in cancer
patients and 313.40 £+ 44.93 in healthy subjects. The
leukocytes were also significantly lower in healthy
subjects (p-value = 0.003) with an average number of
11693.33 + 3692.20 in cancer patients and 9020.00 +
1558.82 in healthy subjects.

From the blood test results, the NLR was calculated
and it was 6.25 * 2.88 in cancer patients and 1.84 £ 0.47
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in healthy subjects. As the p-value = 0.000 (p < 0.05) so
the difference was significant where healthy subjects
have lower NLR. Meanwhile, the PLR in cancer patients
was 254.93 + 116.59 and 114.33 + 27.67 in healthy
subjects. The PLR difference between cancer patients
and healthy subjects was significantly different (p-value
=0.000).

The diagnostic test of the neutrophil-lymphocyte
ratio

Based on the comparison of diagnostic results from
both groups with the NLR results. The ROC curve
results were illustrated in Figure 1.
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Figure 1. ROC curve test and NLR test

Based on the ROC curve, an AUC value of 0.941
with a p-value of 0.000 (P < 0.01) was obtained. The
cutoff value for NLR was 2.705 at 90.0% sensitivity and
96.7% specificity. It means that 90.0% of lung cancer
patients can be detected by NLR examination. The
specificity value of NLR measurements was 96.7%,
meaning that it is likely to be healthy, which can be
excluded in patients who have NLR > 2.705 of 96.7%
(Table 3).

Table 3. NLR and PLR cutoff determination in lung cancer

AUC  Sensitivity  Specificit Cutoff Value P

NLR

0.941 90.0% 96.7% 2.705 0.000
PLR

0.898 83.3% 80.0% 136.63 0.000

The diagnostic test of the platelet—-lymphocyte ratio

Similar to NLR measurement, the diagnostic results
from both groups were compared with the PLR results to
obtain the ROC curve results (Figure 2).

As presented in Table 3, the AUC value of 0.898 (p
= 0.000) was obtained based on the ROC curve. The
cutoff value of PLR was 136.63 at 83.3% sensitivity and
80.0 % specificity. The obtained specificity value
suggested that 83.3% of lung cancer patients can be
detected by PLR examination. Meanwhile, the obtained
specificity value suggested that the probability of a
healthy person being excluded in patients who have a
PLR > 136.63 is large (80.0%).

ROC Curve
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Figure 2. ROC curve for the PLR diagnostic test

DISCUSSION

This study found that the number of males with lung
cancer compared with females with lung cancer is in
accordance with the study by the World Health
Organization. In 2014, lung cancer was the most common
type of cancer in Indonesian males. The present study
found cancer patients with an average age of 54.13
years®®, Youlden et al.** (2008) reported that in 2002,
globally, 5% of patients diagnosed with lung cancer were
between the ages of 0 to 44 years; 14% were 45-54 years;
25% were 55-64 years; and 55% among those aged 65
years and older.

The majority of patients with cancer were a worker
(63.3%). Also, the majority (53.3%) of patients with a
negative diagnosis of cancer have a senior high-school
level of education and 36.7% of cancer patients only have
a primary school education. Hruba et al.*® reported that in
20009, there was a 39% increase in the lung cancer risk in
unskilled workers compared to office workers and a 31%
risk increase for those with lower education compared to
those with tertiary education, both after adjusting for the
effects of smoking and occupational exposure to
carcinogens. The degree of passive smoking by non-
smoking healthy patients was 73.3% and 46.7% of the
cancer patients were non-smoking. Smoking increases
the risk of lung cancer and smokers still show a higher
risk than non-smokers because the risk never returns to
the baseline or normal. This is consistent with the study
of Young et al.*® in 2009 who reported 85% of lung
cancer diagnoses were made in smokers or former
smokers. Approximately 50% of lung cancer cases are
diagnosed in former smokers. Thus, there are more than
500 million smokers worldwide who are at high risk of
lung disease, including lung cancer, and lung cancer
occurs in around 15% of smokers.*’

The majority of patients (73.3%) had a positive
diagnosis of cancer and poor nutritional status. In 2018,
Zhu et al.*® reported that high BMI was associated with a
low risk of lung cancer. Most of the complaints (46.7%)
from patients with lung cancer were the cough. In 2014,
lyer et al.®® found that the most common symptoms of
lung cancer patients were coughing, shortness of breath,
and chest pain.

There is a significant difference in neutrophils count
between patients with a negative cancer diagnosis and
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those with a positive one. Patients with advanced cancer
have an increased number of neutrophils in the blood.
Tumors inducing neutrophilia can be caused by the
production of the granulocyte-macrophage colony-
stimulating factor (GM-CSF). Cytokines, such as the
granulocyte  colony-stimulating  factor  (G-CSF),
interleukin-1 (IL-1), and IL-6, produced by tumors
contribute to the increase of neutrophils in the blood.
There are significant differences in lymphocytes
between healthy subjects and cancer subjects, with a
decrease was observed in cancer patients.?>>* According
to Kargl et al.?®® (2008), increased neutrophil count and
lymphocyte suppression were obtained in patients with
lung cancer.

There is a significant difference in platelet count
between healthy and cancer patients. A study conducted
by Karagoz et al.’ found that the number of platelets in
lung cancer patients was not different from that in
healthy subjects. Another study found thrombocytosis in
pulmonary patients was associated with the presence of
metastasis.?®

There is a significant difference in the NLR and PLR
between healthy and cancer patients. The relationship
between the increased NLR and PLR in various tumors
is not yet fully understood, several pathways allow
various cancers to grow at the site of infection and
inflammation. Inflammation is an essential process in the
development and progression of cancer.?* A study
conducted by Kemal et al.?® supported the predictive
value of NLR and PLR markers, reflecting the
relationship between cancer and inflammation. This
study also supports the results of previous studies in
various types of cancer. Nikolic et al. (2016) found a
significantly higher NLR and PLR in patients with
different histopathological lung cancer subtypes than in
the control group.® The study also demonstrated that
NLR and PLR have a satisfactory diagnostic value in the
diagnosis of lung cancer.

The neutrophil-lymphocyte ratio as a predictive
factor for lung malignancy

It was observed that the average count of neutrophils
was significantly different between groups (p-value =
0.000), with a mean value of 56.41 in healthy controls
and 75.47 in cancer patients. It was similar with the
lymphocytes number; a significant difference between
groups (p-value = 0.000) with the mean value of 31.82
in healthy controls and 15.20 in cancer patients. These
results are consistent with Kargl et al.,”® where the
increased neutrophil count and lymphocyte suppression
were obtained in patients with lung cancer.

The mean NLR was significantly lower in healthy
subjects (p-value = 0.000), with a mean value of 1.84 in
healthy controls and 6.25 in patients with a positive
diagnosis of cancer. The ROC curve showed the cutoff
value of 2.70 for NLR. This is in accordance with a study
conducted by Nicolic et al.%, where there was an increase
in the value of NLR in lung cancer patients, which is 2.71.
Kemal et al.?® also showed a significant increase in NLR
in patients with lung cancer compared to healthy subjects;
4.42 in lung cancer patients and 2.45 in healthy subjects.

The platelet-lymphocyte ratio as a predictive factor
for lung malignancy

The results showed significantly more platelets in
cancer subjects (p-value = 0.007), with the mean value of
313.40 in healthy subjects and 373.70 in patients with a
positive diagnosis of cancer. However, the lymphocytes
were significantly lower in cancer subjects (p-value =
0.000), with an average of 31.82 in healthy controls and
15.20 in patients with a positive cancer diagnosis.
Consequently, the result of PLR showed significantly
lower values in healthy subjects (p= 0.000) with a mean
value of 114.33, while it was 254.33 in patients with a
positive cancer diagnosis. In this study, the examination
of lung cancer with PLR samples obtained a cutoff value
of 136.63 based on the ROC curve. Nicolic et al.® found
that there is an increase in the PLR value in lung cancer
patients, which was 182.31. A study conducted by Kemal
et al.?® also demonstrated a significant PLR increase in
cancer patients compared to healthy subjects; 245.1 in
lung cancer patients and 148.2 in healthy subjects.

In summary, NLR and PLR are cheap, modest, and
readily available biomarkers as predictive information to
identify lung malignancy. The limitations of this study
are that it cannot distinguish the types of adenocarcinoma
lung cancer, squamous cell carcinoma, small cell
carcinoma, or large cell carcinoma while helping with the
diagnosis. Considering the limitations, the reported
results may not give more information for a wide range
of lung malignancy types.

CONCLUSION

The increase of NLR and PLR can be used as the
predictive factors of lung malignancy. The receiver
operating characteristic (ROC) curve for NLR was
estimated to have an AUC value of 0.941 (P < 0.01), and
for PLR, it has an AUC value of 0.898 (p = 0.000). The
suggestion for further study is the increased number of
samples to allow the distinction of lung cancer types.
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Article Info Abstract

History Background: Preterm birth has a negative impact on the health of the baby and
Received: 02 Oct 2023 increases the risk of postpartum depression in mothers. Kangaroo mother care (KMC)
Accepted: 29 Jul 2024 is a preterm baby care which is considered to increase bonding between mother and

Available: 30 Aug 2024 baby, thereby reducing the incidence of postpartum depression.
Objective: To find out the relationship between the duration of KMC and other
confounding factors with EPDS outcomes in mothers with preterm infants.
Methods: This study used a quasi-experimental method with non-randomized control
group pre-test and post-test design and was conducted on 34 mothers with preterm
infants who gave birth at Dr. Kariadi Hospital Semarang. The research subjects were
selected using consecutive sampling method and were asked to perform kangaroo
mother care for a certain duration. The treatment group was instructed to perform
KMC for 120 minutes daily, whereas the control group was instructed to perform KMC
60 minutes daily for 14 days. Evaluation for postpartum depression was carried out
using the Edinburgh Postnatal Depression Scale questionnaire, which was completed
twice, as a pre-test and post-test. Data analysis was performed using paired sample T-
test and independent samples T-test to determine the relationship between variables.
Results: Results showed that there was a significant relationship between the duration
of KMC and EPDS outcomes. The difference between the decreased of EPDS scores
in the control and treatment groups was significant (p=0.017). The significant decrease
of EPDS score was found in the treatment group (-1,398+1,403; p<0.001). The
decrease of EPDS score in the control group was not significant (-0,967+1,403;
p=0.704). There is a significant relationship between the method of childbirth
(p<0,001) and breastfeeding status (p=0,042) with EPDS outcomes in mothers with
preterm infants. There is no significant relationship between maternal age and EPDS
outcomes (p=0,805).
Conclusion: Increasing duration of KMC lowers the score of EPDS in mothers with
preterm infants.

Keywords: Postpartum depression; Preterm, Kangaroo Mother Care (KMC);
Edinburgh Postnatal Depression Scale (EPDS)
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INTRODUCTION an incidence of 676,700 per year.® According to the Riset
Preterm birth is defined as a birth that occurs before ~ Kesehatan Dasar 2018 data, 19% deliveries in Central

37 weeks of gestational age.>? Globally, preterm birth is ~ Java occurred at preterm gestational ages.
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Semarang city itself is one of the areas in Central
Java that requires special attention due to its higher
percentage of preterm birth, which is 31.91%.* Although
most preterm infants survive, they are at high risk for
neurodevelopmental disorders and other
complications.®

The high risk of complications experienced by
preterm infants not only affects the infants themselves,
but also has an impact of the psychological well-being
of the mothers. Mothers who go through preterm birth
are at risk of experiencing postpartum depression, which
can affect the mother-infant bonding and the infant’s
development.® Previous research has indicated that 39%
women who give birth to preterm infants experience
significant symptoms of depression.”

Postpartum depression is a major depressive disorder
that occurs during the postpartum period, within four
weeks of delivery. Postpartum depression screening can
be conducted using Edinburgh Postnatal Depression
Scale (EPDS) instrument. This instrument consists of 10
short questions about the mother feelings over the past
week. The questionnaire has been translated and
validated in Indonesian language with a sensitivity of
87.5% and a specificity of 61.6%.8

Kangaroo mother care (KMC) is a method of caring
for preterm infants that involves direct skin-to-skin
contact between the mother and the baby. This method
involves placing the baby upright between the mother’s
breast and positioning the mother’s chest against the
baby’s chest, maintained using a wrap or cloth for at least
60 minutes. This method can be started once the infant
is medically stable, and is often done until the baby
reaches full-term age, which is around 40 weeks of
gestational age, or after the baby reaches a weight of
2500 grams. During those time, baby will start to show
signs of discomfort when positioned for KMC.®
Numerous studies have confirmed that the
implementation of KMC not only benefits the growth
and development of the baby but also helps improve
bonding between the mother and the baby while
reducing postpartum anxiety in mothers. KMC allows
mother to engage in continuous skin-to-skin contact,
which enhances the bond between mother and infant,
and promotes increased in positive feeling, which
ultimately reduces the risk of postpartum depression.1%1!
However, another study found that prolonged periods of
KMC can be a tiring experience, which can have an
impact on the mother’s psychological well-being.'?

The differences in previous research findings serve
as the basis for conducting a study on the relationship
between the duration of KMC and the EPDS outcomes.
Time limits of 60 minutes and 120 minutes were used in
this study to compare the effectiveness of different
durations in reducing EPDS scores in mothers with
preterm infants. The selection of these two durations was
made to compare both the upper and lower borderline of
the recommended time limit, with the hope that babies
would still receive optimal benefits from the application
of this method.3%

MATERIALS AND METHODS

This study was conducted at the Maternal and Child
Care and the Medical Report Unit of Dr. Kariadi
Hospital Semarang. Data collection took place over a

period of 5 months, specifically from May to September
2023. The method used in this study is a quasi-
experimental with non-randomized control group of pre-
test and post-test design. The sample size for this study
consisted of 34 respondents who met the inclusion and
exclusion criteria. Inclusion criteria included mothers
who gave birth to their babies at a gestational age of less
than 37 weeks, were willing to participate in the study,
and had stable baby conditions. Exclusion criteria
included mothers with communication limitations, such
as not having a cellphone or being unable to make video
calls, and experiencing language barriers; mother with
education level below junior high school, and mother
who has been previously diagnosed with depression.
Dropout criteria included subjects who did not perform
KMC according to the procedure, or perform KMC with
a duration less than the specified guidelines of this study,
which is less than 60 minutes per day and/or less than 2
weeks (control group), or less than 120 minutes per day
and/or less than 2 seeks (treatment group); and subjects
who did not participate in the post-test.

The research began with obtaining ethical research
approval from the Health Ethics Commission of the
Faculty of Medicine, Universitas Diponegoro with No.
168/EC/KEPK/FK-UNDIP/V/2023. Permission from Dr.
Kariadi Hospital Semarang was obtained thereafter.
Subsequently, the researcher approached potential
participants who met the inclusion criteria to provide an
explanation of the research process and inquire about
their willingness to participate in this study. Subjects who
agreed to participate were asked to sign an informed
consent form and complete a demographic questionnaire,
including education level, mother’s age, baby’s age,
mother’s employment status, gestational age at delivery,
delivery method, and breastfeeding status; as well as the
EPDS questionnaire. Participants were randomly
assigned into control and treatment groups. The control
group were asked to perform KMC for 60 minutes per
day, while those in the treatment group were asked to
perform KMC for 120 minutes per day for 14 days. At
the end of the study, all participants were requested to
complete the EPDS questionnaire again. The researcher
provided support to the participants during the
completion of questionnaires and implementation of
KMC. Support was conducted in-person while the
participants were hospitalized. Following their discharge
from the hospital, support was continued via video calls.

This study used independent variable in the form of
the duration of KMC, dependent variables in the form of
the EPDS outcomes, and confounding variables
including delivery method, breastfeeding status, and
maternal age during pregnancy. Data obtained were
analyzed using SPSS Statistics 27 software. Normality
testing of the EPDS scores was conducted using Saphiro-
Wilk test. EPDS scores were presented in the form of
mean and standard deviation as they followed a normal
distribution. Nominal scale data were presented as
percentages and frequencies. Hypothesis testing to
analyze the relationship between independent and
dependent variables was conducted using paired T-tests.
Analysis of the outcome differences between the
treatment and control groups was performed using
independent samples T-tests.
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Table 1. Characteristics of the Research Subjects

Group
Variable Control Treatment P

Mother’s employment status

Employed 10 (29,4%) 12 (35,3%) 0,473"

Not employed 7 (20,6%) 5 (14,7%)
Infant’s age at the start of KMC

<14 days 7 (20,6%) 8 (23,5%) 0,730"

>14 days 10 (29,4%) 9 (26,5%)
Gestational age (median [iqr]) 36 (2) 35 (4) 0,454¢
Note: * Chi square; € Mann-Whitney Test
Table 2. The Relationship Between the Duration of KMC and EPDS outcomes

EPDS |
Group Pre-test Post-test P Delta

Control 7,076+1,788 6,842+1,683 0,704% -0,967+1,431
Treatment 6,863+1,673 4,911+1,819 <0,001"* -1,398+1,403

p 0,8728 0,0948 0,017%8
Note: * Significant (p<0,05); § Independent samples T-test; * Paired T-test
Table 3. The Relationship Between Confounding Variables and EPDS Outcomes

n
. EPDS
Variable Control Treatment (pre-test) P

Method of childbirth
Normal 7 (20,6%) 4 (11,8%) 4,388+1,613 <0,001%
CSs 10 (29,4%) 13 (38,2%) 8,696+1,522
Breastfeeding status
Exclusive breastfeeding 12 (35,3%) 14 (41,2%) 6,282+1,685 0,042¢
Not exclusive breastfeeding 5 (14,7%) 3 (8,8%) 9,763+1,625
Maternal Age
<35 years 12 (35,3%) 15 (44,1%) 6,886+1,767 0,805%
>35 years 5 (14,7%) 2 (5,9%) 7,2962+1,560

Note: £ Biserial test

Biserial correlation analysis was used to examine the
relationship between confounding variables and the
dependent variables.

RESULTS

This research was conducted at Dr. Kariadi Hospital
Semarang from May to September 2023. The research
subjects involved in this study were mothers with
preterm infants who had given birth at Dr. Kariadi
Hospital and were still performing KMC. Sampling was
carried out using consecutive sampling techniques, using
both primary and secondary data. Considering the
inclusion and exclusion criteria, the total number of
samples obtained was 34 mothers with preterm infants,
divided into 17 subjects for the control group and 17
subjects for the treatment group.

Table 1 shows that the majority of employed mothers
are from the treatment group, but there is no significant
difference. From both groups, it is found that the
majority of mothers begin KMC when their baby is 14
days or older, with no significant difference. There is no
significant difference in the gestational age of mothers in
both the control and treatment groups, but based on the
data in the table, it is known that the gestational age in
the treatment group is younger than in the control group.

Data in table 2 summarizes the relationship between

the duration of KMC and EPDS outcomes. It shows that
the mean EPDS scores during the pre-test are lower in the
treatment group than in the control group, but the
difference is not significant. In the post-test, the treatment
group has lower EPDS scores, but the difference remains
not significant. From the data obtained, it is found that
both the control and treatment groups experienced a
reduction in EPDS scores after undergoing KMC for 14
days, with a higher reduction in the treatment group. The
reduction in EPDS scores in the control group is not
significant, but the reduction in scores in the treatment
group is significant. The difference in the magnitude of
the reduction of EPDS scores between the control and
treatment groups are significant.

Table 3 shows the biserial analysis between
confounding variables and EPDS outcomes. Looking at
this table, it is known that the majority of mothers who
underwent normal delivery are from the control group.
Biserial correlation test shows that there is a significant
relationship between the childbirth method and EPDS
outcomes, where subjects who underwent normal
delivery shows lower EPDS score than those who
underwent caesarean section. The data also shows that
there is a significant relationship between breastfeeding
status and EPDS outcomes, where subjects who
exclusively breastfeed shows lower EPDS score than
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those who do not exclusively breastfeed. Regarding the
data on the relationship between maternal age during
pregnhancy and EPDS outcomes, it is found that there is
no significant relationship between these two variables.
However, the data shows that EPDS scores are slightly
lower in mothers under the age of 35.

DISCUSSION

Data analysis on the characteristics of the research
subjects indicates that there is no significant difference
in mother’s employment status, infant’s age at the start
of KMC, and gestational age between the control and
treatment group. These three variables can influence the
EPDS outcomes, so the insignificant differences
between two groups reduce bias in the research results.
Previous research showed that there is a relationship
between employment status and postpartum depression.
The risk of postpartum depression was found to be lower
in non-employed mothers because they can adapt more
easily to their new role as a mother.'® Referring to the
guidelines set by WHO, KMC can only be commenced
when the baby’s condition is stable, indicated by the
ability to breathe spontaneously without the need for
oxygen assistance. Babies who can start KMC earlier are
those who reach the stable phase sooner.® Previous
research conducted on mothers with infants admitted in
the NICCU revealed that a baby’s poor condition can
affect the mother’s serotonin levels, leading to maternal
anxiety and depressive symptoms. The earlier a mother
begins KMC, the lower the risk of experiencing
postpartum depression.® It is known that a lower degree
of prematurity would lead to increased levels of anxiety
and depressive symptoms in mothers due to the mother’s
concern about the potentially worse condition of their
babies compared to babies born at a more mature
gestational age.'’

Based on the analysis of the relationship between the
duration of KMC and EPDS outcomes in mothers with
preterm infants in this study, it is evident that performing
KMC with a duration of 120 minutes per day for 14 days
led to a significant decrease in EPDS scores in mothers
with preterm infants. Performing KMC with a duration
of 60 minutes per day for 14 days also resulted in a
decrease in EPDS scores, but the decrease was not
significant. The differences in the reduction of EPDS
scores between the two groups was significant. These
findings are aligned with the results of a study conducted
in Torrecardenas University Hospital which showed a
significant reduction in EPDS scores in mothers who
performed KMC for over than 90 minutes per day for 2
weeks.®® Performing KMC with a longer duration is
considered to enhance the bond between the mother and
the baby, thereby positively impacting the mother’s
psychological well-being.8
Kangaroo mother care allows mothers to have skin-to-
skin contact with their babies. Skin-to-skin contact leads
to a continuous significant decrease in cortisol levels and
an increase in oxytocin levels in mothers, which in turn
contributes to a reduction in anxiety and depression
levels.*®

From a psychological perspective, skin-to-skin
contact between mother and her baby can promote
increased satisfaction, a sense of peace, heightened
energy, tranquility, and relaxation of mind. These effects

can help minimize the risk of postpartum depression.

This study found that the method of childbirth is
significantly associated with EPDS outcomes in mothers
with preterm infants. The pre-test results showed that
mothers who underwent a normal delivery had
significantly lower average EPDS scores compared to
mothers who had a cesarean section (CS). The research
findings are consistent with a previous systematic review
which states that the incidence of postpartum depression
is higher in mothers who have undergone a CS due to
their lower satisfaction with the birthing experience and
prolonged post-CS pain?!. Another study also revealed
that emergency caesarean section can increase the risk of
postpartum depression because most pregnant women
generally expect a normal delivery process to experience
a more “natural” birthing process. When this process is
disrupted by an emergency caesarean section, it is highly
likely for a mother to feel disappointed, a sense of failure,
and a loss of control; ultimately increasing the risk of
postpartum depression.??

The analysis of the relationship between
breastfeeding status and EPDS outcomes in mothers with
preterm infants in this study showed that there is a
significant relationship between breastfeeding status and
EPDS outcomes in mothers with preterm infants. This is
reflected in the pre-test results, which indicate that
mothers who exclusively breastfeed have significantly
lower average EPDS scores compared to mothers who do
not exclusively breastfeed. This finding is consistent with
previous research conducted in 2020 which states that
exclusive breastfeeding can reduce the incidence of mood
disorders.?® Exclusive breastfeeding also allows mothers
to have skin-to-skin contact with their babies, thereby
reducing the risk of postpartum depression through the
same mechanism as KMC.1®

This study found that there is no significant
relationship between maternal age during pregnancy and
EPDS outcomes in mothers with preterm infants. The
pre-test results show that mothers under the age of 35
have slightly lower average EPDS scores compared to
mothers aged 35 or older, but the difference is not
significant. A study conducted by Muraca, et al. states
that mothers aged 35 or older have a higher risk of
postpartum depression compared to mothers under the
age of 35. This is because there is a perception that older
women may struggle with the adjustment to motherhood,
lack peer support, and have an increased risk of
postpartum complications, all of which contribute to the
increased risk of postpartum depression. The underlying
factor in the role of age in postpartum depression is
mainly social support. Older mothers tend to have lower
social support due to negative individual perceptions and
views about older mothers.?* This relationship is not
always consistent due to variations in the social
environment of each subject. When their environment
provide sufficient support, older mothers can still
maintain lower levels of depression.®

This study has several limitations. The first limitation
is that the follow-up conducted on patients who were no
longer admitted at Dr. Kariadi Hospital was only done
using video calls, which could potentially introduce bias.
Another limitation is the difference in the timing of EPDS
data collection during the pre-test. Some research
subjects had already undergone KMC before the pre-test
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data collection was conducted.

CONCLUSION

In conclusion, this study shows that there is a

relationship between the duration of KMC and EPDS
outcomes, where an increase in the duration of KMC

reduces the EPDS scores in mothers with preterm infants.

This study also shows that there is a significant
relationship between the method of childbirth and
breastfeeding status with EPDS outcomes in mothers
with preterm infants. However, there is no significant
relationship between maternal age and EPDS outcomes.
Further research which uses direct observation as the
follow-up techniques might be needed to obtain more
accurate data.
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Abstract

Background: Bacterial resistance to antibiotics is still common due to unwise use.
Urinary Tract Infections (UTI), 80% of which are caused by E. coli and other bacteria
such as Enterobacter sp, Klebsiella sp, S. aureus. Fosfomycin is a first-line antibiotic
for UTI. Combining natural compounds with antibiotics is one treatment strategy to
increase the effectiveness of anti-bacterial therapy. Andrographis paniculata has
been reported to have strong anti-infective activity. This study aimed to prove the
differences in the germ number, leukocyte esterase levels, and urine procalcitonin
levels in Rattus norvegicus UTI model given the fosfomycin, Sambiloto leaf extract,
and Sambiloto leaf extract-fosfomycin combination.

Methods: Thirty Rattus novergicus rats were divided into five groups. All groups
were induced 50 pl of E. coli bacterial inoculum for 7 days, followed by standard
feed (negative control), fosfomycin (Monuril®) 54 mg (positive control), Sambiloto
leaf extract (S1 [100 mg/BW], S2 [200 mg/BW], Sambiloto leaf extract-fosfomycin
combination (FS1 [sambiloto 100 mg/BW and fosfomycin 54 mg], and FS2
[sambiloto 200 mg/BW and fosfomycin 54 mg]) for the next 7 days orally. The germ
number, leukocyte esterase, and urine procalcitonin were measured after all rats were
given treatment.

Results: The largest average reduction in the germ number, levels of leukocyte
esterase, and urinary procalcitonin (4.80 £ 3.70 CFU/ml [p<0.05], 3,00 = 6,71
cells/uL [p<0.05], 4,66 = 1,35 ng/L [p<0.05] respectively) was observed in the
combination of 200 mg/BW Sambiloto leaf extract-fosfomycin combination group.
Conclusion: A combination of Sambiloto leaf extract and fosfomycin reduced germ
number, levels of leukocyte esterase and urinary procalcitonin in rat model of UTI.

Keywords: Sambiloto (Andrographis paniculata); fosfomycin; E. coli; leukocyte
esterase; procalcitonin
Permalink/ DOI: https://doi.org/10.14710/jbtr.v10i2.21966

INTRODUCTION

Urinary Tract Infection (UTI) is marked by bacterial
growth and proliferation within the urinary system,
extending from the kidneys down to the bladder, often
accompanied by notable levels of bacteria in the urine.
The prevalence of UTI increases with age, but the peak
prevalence is in the 14-24 year age group.! The global

prevalence rate for uncomplicated UTIs is 11%.2 The
prevalence of healthcare-associated urinary tract
infection (HAUT]) is around 24% in several developing
countries.®4°
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Figure 1. Study timeline

The Global Prevalence Study on Infections in
Urology (GPIU) in 2003-2010 “reported that of 19,756
patients, 9.4% were diagnosed with HAUTI, and 70.4%
were female.®” According to the data obtained by the
Ministry of Health of the Republic of Indonesia in 2018,
the prevalence of UT]I stands at 90-100 cases per 100,000
population annually, equating to roughly 180,000 cases
per year.®?

Various indicators can be employed to identify
inflammation in the urinary tract, including counts of
polymorphonuclear (PMN) leukocyte type in urethral
swabs, prostate secretions, ejaculate fluid, urine
sediment, and levels of PMN elastase.® Additionally,
markers such as leukocyte esterase, C-reactive protein,
and different interleukins can also be utilized for UTI
detection.’® Urinary biomarkers such as leukocyte
esterase is useful for identifying UTIs, although it has
low specificity. Interestingly, procalcitonin has become
increasingly popular over the past decade for enhancing
the diagnosis of bacterial infections.

Treatment for UTI involves administering
antibiotics. Fosfomycin is one of the most widely used
antibiotic. However, the widespread and often imprudent
use of numerous antibiotics has resulted in the
development of antibiotic resistance. Consequently,
microorganisms have evolved diverse resistance
mechanisms due to the absence of new antibiotics for
enhanced therapy.'>®®* Multiple studies have noted a
rising trend of resistance to fosfomycin in E. coli, the
most prevalent pathogen responsible for UTIs.
Resistance to fosfomycin increased from 14.3% in 2013
to 20% in 2021.24 Additionally, another study found
fosfomycin resistance in 38.5% of E. coli isolates.®

/* S$1 group:
£ u\\ 100 mg/kgBW Sambiloto

Euthanasia

1.° 4 extractfor 7 days
\ Statistical
7 S2 group: Analysis
£ 1=.) 200 mg/kgBW Sambiloto Y
"1 = 4 extractfor 7 days
\ FS1 group:
TN Single dose Fosfomycin 54 mg
A =<3 + 100 mg/kgBW Sambiloto

L./'ﬁla extract for 7 days

\ FS2 group:
b Single dose Fosfomycin 54 mg
\\l + 200 mg/kgBW Sambiloto
— extract for 7 days

An approach to tackle this resistance is through
combination therapy, which involves administering two
or more drugs simultaneously. These combinations often
include multiple active ingredients, which can be natural
compounds, a mix of natural substances, or a
combination of natural and conventional antibiotics. The
goal of combination therapy is to prevent the emergence
of resistant bacterial strains. It also allows for lower doses
of drugs to be used, reducing toxicity, while potentially
enhancing treatment efficacy.’® Currently, alternative
UTI treatments other than chemical drugs are
increasingly being used.!” Traditional medicines that
have antibacterial effects are increasingly common in
developing countries.!® Based on World Health
Organization (WHO) data in 2004, herbal medicines
often used as a traditional treatment, accounting
approximately 65% of the population in developed
countries and 80% in developing countries.*

One of the medicinal plants used in traditional
medicine is Sambiloto (Andrographis paniculata) which
is known to have beneficial compositions and properties.
Based on the category of traditional medicines,
Sambiloto is classified as a herbal medicine. The
Sambiloto plant is potential in regulating inflammatory
responses and possesses antibacterial properties that can
mitigate the side effects associated with chemical
treatments for various inflammatory conditions,
including lung infections and sepsis.?% Previous
research showed the ability of the Sambiloto plant to
prevent the growth of biofilm isolates of E. coli in vitro.°
Sambiloto also showed antibacterial properties in the
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Table 1. Subjects Characteristics (Bacterial Count)

Bacterial Count (CFU/ml)

Group Mean + SD p®
CN 858.60 + 135.86*
CpP 26.00 £ 10.27*
S1 156.60 + 56.06*
s2 78.40 + 21.48 <0001+
FS1 19.40 £ 7.64*
FS2 4.80 + 3.70*
*Normal distribution (p > 0.05); SKruskal-Wallis; Significant (p < 0.05)
Table 2. Subjects Characteristics (Leukocyte Esterase)
Grou Leukocyte Esterase (cells/uL)
I P Median (min-max) pt
CN 125 (125 -500)
CP 15 (0 - 15)
S1 70 (70-125) .
s2 70 (15-70) <0.001
FS1 0(0-15)
FS2 0(0-15)
*Normal distribution (p > 0.05); SKruskal-Wallis; «Significant (p < 0.05)
Table 3. Subject Characteristics (Procalcitonin)
Procalcitonin (ng/ml)
Group Mean + SD p*
CN 783.77 £ 56.40*
CcpP 28.40 £7.28*
S1 239.29 + 82.00*
S2 110.74 + 13.66* <0001
FS1 25.29 £ 6.24*
FS2 4.66 +1.35*

*Normal distribution (p > 0.05); *One Way Anova; *Significant (p < 0.05)

urine of UTI patients tested in vitro.!® Therefore, this
research aims to assess the efficacy of Sambiloto leaf
extract in conjunction with first-line antibiotics against
infectious microorganisms to offer an alternative therapy
that enhances the effectiveness of antibiotics. In
addition, very little data is available on Sambiloto leaf
extract in combination with standard antibiotic drugs as
infection prevention therapy, especially in UTI.

METHODS
Design and Subject

The study adopted a post-test only control group
design. Thirty healthy Rattus norvegicus rats, aged
between 12 and 16 months, weighing 150-200 g, were
sourced from the Laboratory of Experimental Animals at
the Faculty of Medicine, Universitas Sebelas Maret. This
study was conducted at September 2023. Treatment
consisted of administering the fosfomycin, sambiloto
leaf extract, as well as Sambiloto leaf extract-fosfomycin
combination with variable measurement parameters,
namely the germ number, leukocyte esterase levels, and
urine procalcitonin levels.

Preparation of A. paniculata leaf extract

Sambiloto (A. paniculata) leaf extract was acquired
from Sambiloto Herbal Supplement produced by Jamu
Iboe brand. Each capsule of the supplement contains 500
mg of Sambiloto leaf extract. The capsule was opened to
obtain the powdered form of Sambiloto leaf extract,
which was then dissolved in a 1% Na-CMC (sodium

carboxymethylcellulose) solution. The extract was orally
administered according to the respective dose of each
treatment group.

Experimental Design

The rats were fed with a standard feed and water ad
libitum seven days prior to treatment. Thirty Rattus
norvegicus rats were induced to develop urinary tract
infection by administering 50 pl of E. coli bacterial
inoculum for 7 days. The sample was then divided into
six treatment groups. The negative control group (CN)
consisted of rats that had not been given any treatment.
The positive control group (CP) received a single dose of
54 mg of the antibiotic fosfomycin (Monuril®, Zambon,
Jakarta, Indonesia). The Sambiloto 100 group (S1) was
given 100 mg/kgBW of Sambiloto leaf extract for 7 days.
The Sambiloto 200 group (S2) was given 200 mg/kgBW
of Sambiloto leaf extract for 7 days. The combination
group 100 (FS1) was given a combination of the
fosfomycin 54 mg single dose and Sambiloto leaf extract
at dose of 100 mg/kgBW for 7 days. The combination
group 200 (FS2) was given a combination of the
fosfomycin 54 mg single dose and Sambiloto leaf extract
at dose of 200 mg/kgBW for 7 days. All treatment was
given orally and the combination of Sambiloto leaf
extract-fosfomycin was given simultaneously. Then, on
the 22" day after the UTI appeared, urinalysis was
performed to measure the growth of the bacterial count,
leukocyte esterase values, and procalcitonin levels in
each group. The study timeline is shown at Figure 1.
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Table 4. Comparative analysis of bacterial count, leukocyte esterase, and procalcitonin in all treatment groups

Graup p-value
Bacterial Count® Leukocyte Esterase® Procalcitonin*
CN CP 0.009* 0.006* <0.001*
S1 0.009* 0.042* <0.001*
S2 0.009* 0.005* <0.001*
FS1 0.009* 0.006* <0.001*
FS2 0.009* 0.005* <0.001*
CcpP S1 0.009* 0.007* 0.025*
S2 0.009* 0.014* <0.001*
FS1 0.248 0.549 0.973
FS2 0.009* 0.221 0.010*
S1 S2 0.012* 0.093 0.126
FS1 0.009* 0.007* 0.024*
FS2 0.009* 0.006* 0.018*
S2 FS1 0.009* 0.011* <0.001*
FS2 0.009* 0.007* <0.001*
FS1 FS2 0.009* 0.513 0.009*

*Significant (p < 0.05); $Mann-Whitney; +Post Hoc Games-Howell
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Figure 2. Comparison of bacterial count in all treatment
groups analyzed by Mann-Whitney analysis. The
differences in each group are statistically significant (p <
0.05) other than group CP vs FS1 (p = 0.248).
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Figure 3. Comparison of leukocyte esterase levels in all
treatment groups analyzed by Mann-Whitney analysis. The
differences in each group are statistically significant (p <
0.05) other than group CP vs FS1 (p = 0.549); CP vs FS2 (p
=0.221); S1vs S2 (p = 0.093); FS1 vs FS2 (p = 0.513).

Induction of Urinary Tract Infection

E. coli strains were retrieved from a storage facility
maintained at -80°C in the Microbiology Laboratory,
Faculty of Medicine, Universitas Diponegoro. The
bacteria were cultured in Brain-Heart Infusion Broth
(BHI) media and incubated for 24 hours at 37°C. From
the BHI media, cultures were transferred to MacConkey
agar plate media. A 0.5 Standard McFarland suspension
was prepared, equivalent to 1.5 x 10® CFU/ml. This
inoculum at a dose of 50 pl was then administered into
the urinary tracts of experimental animals using urethral
catheter.?®

Determination of Bacterial Concentration

To assess the bacterial count, the procedure involved
a microscopic examination. A technician will enumerate
the number of bacteria per field of view (expressed in
CFU/ml) with respective steps. The urine sample was
diluted to a concentration of 1:1000, and then 0.1 ml of
each dilution was pipetted and inoculated on the surface
of the plate count agar (PCA) media. Using a sterile
spreader, the sample was evenly distributed across the
entire surface of the PCA media until it appeared dry. The
plates were then inverted and incubated at 37°C for 24
hours. After incubation, bacterial colonies were counted
using a colony counter (Quebec Manual Darkfield
Colony Counter, Reichert, USA).

Measurement of Leukocyte Esterase

When assessing leukocyte esterase levels, a dipstick
(HEALGEN URS-10 T Reagent Strips for Urinalysis,
Zhejiang Orient Gene Biotech Co., Ltd, China) was
dipped into the urine sample obtained from the rats. Any
color change on the dipstick was observed and the color
of the sample’s dipstick was compared to the standard
color provided by the dipstick manufacturer.

Measurement of Procalcitonin Levels

Urine samples are collected from the experimental
animals and then subjected to centrifugation with a speed
of 2,000 rpm for 5 minutes. Following centrifugation, the
supernatant is discarded, then the urine was furtherly
analyzed using a procalcitonin immunoassay (Rat
Procalcitonin Enzyme-Linked Immunosorbent Assay
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Figure 4. Comparison of procalcitonin levels in all treatment
groups analyzed by Post Hoc Games-Howell analysis. The
differences in each group are statistically significant (p <
0.05) other than group CP vs FS1 (p =0.973); S1vs S2 (p =
0.126).

Kit, Elabscience Biotechnology Co., Ltd., Wuhan,
China; Detection range = 97-109%; Sensitivity = 9.38
pg/mL)

Statistical Analysis

The data were analyzed by using SPSS version 26.0.
The data normality test was carried out using the
Shapiro-Wilk test. Data that were not normally
distributed was analyzed by using non-parametric
statistics. Data with a ratio scale and not normally
distributed were subjected to the Kruskal-Wallis test,
followed by the post-hoc Mann-Whitney U test. The p-
value was considered significant if p <0.05 with a 95%
confidence interval.

RESULTS

The subjects of this study included the germ number,
leukocyte esterase, and urine procalcitonin levels. Based
on the results of univariate analysis, the characteristics
of the research subjects can be identified as shown in
tables 1, 2 and 3.

The germ number data was normally distributed with
p > 0.05 in CN, CP, S1, FS1, and FS2 groups. found to
be not normally distributed, whereas the procalcitonin
data were normally distributed. Therefore, Kruskal-
Wallis test was employed to compare the germ number
and leukocyte esterase data, while the One-Way
ANOVA test was used for comparing the procalcitonin
data. Based on these two tests, all data showed
significant results with p <0.001. The Mann-Whitney
test was then carried out on the data on the germ number
and leukocyte esterase and the Post Hoc Games-Howell
test on the procalcitonin data to determine the
differences in numbers between treatment groups. The
results of the Mann-Whitney and Post Hoc analysis are
shown in table 4 and figure 2, 3, and 4.

Among all treatment groups, the administration of
Sambiloto leaf extract alone at a dose of 100 mg/kgBW
showed the highest number of bacteria (156.60 + 56.06
CFU/mI), as well as the highest level of leukocyte
esterase (92.00 = 30.13 cells/uL) and procalcitonin
(239.29 £ 82.00 ng/ml). In contrast, the combination of
Sambiloto leaf extract and conventional antibiotics,

specifically fosfomycin in this study, resulted in reduced
germ number and lower levels of leukocyte esterase and
procalcitonin as compared to the negative control group.
A combination of Sambiloto leaf extract and fosfomycin
at 100 mg/kgBW reduced the germ number to 19.40 +
7.64 CFU/mI. This combination also lower the leukocyte
esterase and procalcitonin levels to 6 + 8.22 cells/uL and
25.29 = 6.24 ng/ml, respectively. A higher dose of
fosfomycin at 200 mg/kgBW in combination with
Sambiloto leaf extract exhibited an enhanced effect in
lowering the germ number, leukocyte esterase, and
procalcitonin levels to 4.80 = 3.70 CFU/ml, 3.00 + 6.71
cells/uL, and 4.66 + 135 ng/ml, respectively,
representing the lowest levels of the measured parameters
in this study, even when compared to the positive control
group.

The comparative analysis using Mann-Whitney test,
as shown in Figure 2 and 3, demonstrated a significant
difference (p < 0.05) of germ number in all treatment
groups except for the positive control group and FS1
group (p = 0.248), and the differences of leukocyte
esterase levels in each group are also statistically
significant (p < 0.05) except for group CP vs FS1 (p =
0.549), CP vs FS2 (p = 0.221), S1 vs S2 (p = 0.093), and
FS1 vs FS2 (p = 0.513). The Post Hoc analysis of
procalcitonin levels, as shown in Figure 4, revealed a
significant difference (p < 0.05) among all treatment
groups other than CP vs FS1 (p =0.973) and S1vs S2 (p
=0.126).

DISCUSSION

The results show that 100 mg/BW of Sambiloto leaf
extract, as an antimicrobial agent, proves to reduce the
germ number to 156.60 + 56.06 CFU/mI. In addition,
administering 200 mg/BW reduces the germ number to
78.40 + 21.48 CFU/ml. The findings of this study
indicate that a higher dosage of Sambiloto extract
displayed superior efficacy in reducing the germ number
in the UTI rat model. Therefore, it can be concluded that
increasing the dose of Sambiloto leaf extract is directly
proportional to decreasing the number of germs. This
aligns with research by Mishra et al., who find that
sambiloto has the main compound in the form of
andrographolide. Andrographolide can fight disease due
to its strong antibacterial properties and its ability to
activate B lymphocyte cells to produce antibodies.?’

The results of the study also revealed a further
reduction in germ number, even lower than the positive
control group which received fosfomycin alone,
following the administration of Sambiloto leaf extract
administration at 100 mg/kgBW and 200 mg/kgBW with
fosfomycin combination. Fosfomycin is a broad
spectrum antibiotic which is effective against gram-
positive and gram-negative bacteria, especially gram-
negative bacteria that are the most common causes of
urinary tract infections, including Escherichia coli,
Klebsiella sp., Enterobacter sp. and Proteus sp.
Previous studies showed a synergistic effect between the
combination of andrographolide with conventional
antibiotics, including fosfomycin, was observed against
Pseudomonas aeruginosa strains. A significant increase
in the anti-infection property and anti-biofilm activity
was observed when the antibiotics were combined with
andrographolide.?® Some benefits associated with
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combining antimicrobial agents like antibiotics with
andrographolide include heightened antibacterial
activity, mitigation of side effects, reduction in the
duration of long-term antimicrobial therapy, and
prevention of the emergence of  resistant
microorganisms.®® In normal rats, as observed in
humans, the urine is sterile, with no bacteria found in
microscopic examinations.®* However, in UTI model
rats, consistent with the study findings, administering a
combination of fosfomycin and Sambiloto leaf extract at
dose of 200 mg/kgBW resulted in a greater reduction in
bacterial count compared to the combination of
fosfomycin and Sambiloto leaf extract at dose of 100
mg/kgBW.

The reduction in the germ number when
administering a combination of fosfomycin and
Sambiloto leaf extract is also directly proportional to the
decrease in leukocyte esterase and procalcitonin, which
are used as markers for detecting UTI. It shows a
decrease in leukocyte esterase with the greatest results
after being given a combination of Sambiloto leaf extract
200 mg/BW and fosfomycin. This is caused by the anti-
inflammatory effect of andrographolide, a compound
found in Sambiloto leaf extract. Andrographolide can
inhibit ~ neutrophil  adhesion/transmigration by
suppressing MAC-1 upregulation. Studies have shown
that andrographolide possesses anti-inflammatory
properties by inhibiting the initial phase of neutrophil
infiltration. This inhibition effectively reduces the
release of esterase enzymes caused by leukocyte
membrane lysis. As a result, the release of esterase
enzymes due to inflammation-induced leukocyte lysis
can be diminished.%?33

The largest reduction in procalcitonin levels is also
obtained after being given a combination of the
Sambiloto leaf extract 200 mg/BW and fosfomycin.
Thus, it can be concluded that increasing the dose of
Sambiloto leaf extract combined with fosfomycin can
reduce the germ number, leukocyte esterase, and
calcitonin levels higher than using Sambiloto leaf extract
or fosfomycin alone. Based on research conducted by Li
et al., andrographolide can significantly inhibit the
expression of TNF-a, IL-6, and IL-18 due to LPS
stimulation.®* In the context of inflammation, heightened
procalcitonin levels correlate with the presence of
bacterial endotoxins and inflammatory cytokines.
Therefore, indirectly, andrographolide is able to reduce
procalcitonin levels because it inhibits the expression of
proinflammatory cytokines and bacterial endotoxin,
both of which are procalcitonin activators.®

This research still presents several limitations. It is
necessary to identify the synergistic interaction
mechanism observed from the combination of
fosfomycin and Sambiloto extract as a basis for
conducting direct evaluations in humans with UTI. Such
evaluations would provide valuable insights into the
potential of this combination therapy as a novel
alternative for UTI treatment in the future. Further
research is recommended to investigate the interactions
between other antimicrobials and Sambiloto leaf extract,
determining whether these interactions are synergistic or
antagonistic.

CONCLUSION

A combination of Sambiloto leaf extract and
fosfomycin reduced the germ number, levels of leukocyte
esterase, and procalcitonin in Rattus norvegicus UTI
models. The greatest decrease in the number of germs,
leukocyte esterase levels, and procalcitonin levels
occurred when the combination of Fosfomycin and
Sambiloto leaf extract was administered at a dose of 200
mg/kg BW. The combination of the antibiotic and
Sambiloto leaf extract improved the antimicrobial
effectiveness compared to using either the conventional
antibiotic or the Sambiloto extract alone.
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Article Info Abstract

History Background: Benign prostatic hyperplasia (BPH) is the most common prostate
Received: 06 Dec 2023 disease in elderly men that leads to a significant deterioration in patients' quality of life
Accepted: 13 Aug 2024 (QoL). Pharmacological therapy of 5-alpha reductase inhibitor and alpha
Available: 30 Aug 2024 adrenoreceptors blocker often causes several side effects that decrease the QoL, so it

is necessary to develop a new treatment for BPH. Purinoreceptor is a novel receptor
that can inhibit electrically evoked nerve-mediated contractions in the prostate. Tea
leaves (Camellia sinensis) and Saw palmetto (Serenoa repens) are herbs that have
potential as alternative therapies for BPH

Objective: to reveal the potency of Camelia sinensis and Serenoa repens as
purinoreceptor inhibitor for benign prostatic hyperplasia treatment through in silico
study

Methods: This study using in silico method. Structures of active compounds were
extracted from PubChem and protein from Protein Data Bank (PBD). The active
compounds Camellia sinensis and Serenoa repens to the target protein
purinoreceptors, 5-alpha-reductase, and alpha adrenoreceptors was evaluated in
silico using a docking server with Finasteride dan Tamsolusin as a control. Molecular
docking method using docking server application.

Results: Epigallocatechin gallate only compound that has potency in blocking
purinoceptors and 5-alpha-reductase with free energy binding -6.81 kcal/mol and -6.79
kcal/mol. Capric acid, Caprylic acid, Lauric acid, Linoleic acid, and Myristic acid have
the potential to bind to alpha adrenoreceptor ligands with free energy binding-4.37
kcal/mol, -4.04 kcal/mol, -3.75 kcal/mol, -3.08 kcal/mol, and -3.24 kcal/mol.
Conclusion: In silico study showed that Camellia sinensis have potential and effects
as alternative therapies in benign prostatic hyperplasia on the target protein
purinoreceptors, 5-alpha-reductase, and alpha adrenoreceptors. But, Serenoa repens
have potential only through alpha adrenoreceptors. This study offers a potential
alternative for BPH treatment using natural components. This is significant given the
need for safer treatment options with fewer side effects compared to conventional
therapies.

Keywords: Camellia sinensis; Serenoa repens; Benign prostatic hyperplasia; In
silico; Purinoreceptor
Permalink/ DOI: https://doi.org/10.14710/jbtr.v10i2.21211

INTRODUCTION man. BPH is increases at the age of 90 years old with
Benign prostatic hyperplasia (BPH) is a non-  prevalence 8%-60%.!
malignancy growth of prostate tissue. BPH are common  * Corresponding author:
cause lower urinary tract symptom (LUTS) in elderly E-mail: mega.memory.rpl4@gmail.com
(Mega Memory Rahasa Putra)
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BPH can causes obstruction by increases
compression due to increases prostate volume and
smooth muscle?. Manifestation of hyperplasia prostate
are urgency, nocturia, hesitancy, streaming, straining,
and prolong micturition®. Common complications of
BPH are urinary tract infection, hydronephrosis,
nephrolithiasis.?

Early treatment of patient with BPH is modification
of life style or pharmacology therapy. Pharmacology
therapy that can use in with BPH is 5-alpha- reductase
inhibitor such as Finasteride and alpha blocker such as
Tamsolusin® Mechanism action of 5-alpha-inhibit
growth effect androgen in testosterone with reduction of
testosterone conversion to dihydrotestosterone. Alpha-
blocker works by relaxing smooth muscle of prostate and
bladder neck with inhibit sympathetic nerve®. This two
class therapy of BPH have any adverse effect such as
impotence, decreased libido, and ejaculation dysfunction
and hypotension.® So another treatment with minimal
adverse effect is needed in BPH.

In early decade, another research showed that there
was a P2X-purinoceptor in smooth muscle of prostate®.
Purinoreceptor are ATP-gated and acetylcholine canal
that location in musculus detrusor®. Blockade in this
receptor can inhibit parasympathetic innervation that can
make relaxation of detrusor®. This receptor is not found
in blood vessel so it does not cause vasodilatation of
blood vessels®. So, we need to evaluate the potency of
P2X-purinoreceptor as target protein on BPH treatment.
Indonesia is a country with more than 6000 herb that can
use as traditional medication’. Tea (Camelia sinensis) is
one of the Indonesian herb that has potential as BPH
treatment® and prostate cancer®. Tea contains compounds
epigallocatechin  gallate,  gallocatechin  gallate,
gallocatechin, catechin, epicatechin, gallate epicatechin
dan epigallocatechin®®. In addition saw palmetto
(Serenoa repens) has potential as BPH treatment.'! This
herb contains Lauric acid (30,2%), Myristic acid
(12,0%), Oleic acid (28,5%), Palmitic acid (9,5%),
Linoleic acid (4,6%) dan Capric acid (2,5%).° However
mechanism action is still unknown, further research is
needed *!. Based on explanation above, further research
is needed to know the potential of Tea and Saw palmetto
active compounds as alternative treatment on BPH
through in silico study. In silico studies are essential for
researching the potential of tea and saw palmetto
compounds as BPH treatments due to their cost-
effectiveness, time efficiency, and ability to screen large
compound libraries quickly. Additionally, they facilitate
personalized medicine by modelling compound effects
on different genetic profiles, making them a crucial
preliminary step before costly and time-consuming in
vitro and in vivo studies.

MATERIALS AND METHODS

This study use in-silico method by analyzing the
interaction of Camellia sinensis and Serenoa repens
which contain capric acid, caprylic acid, catechin,
epicatechin, epigallocatechin gallate, epigallocatechin,
finasteride (K), gallate epicatechin, gallocatechin
gallate, gallocatechin, lauric acid, myristic acid, oleic
acid, linoleic acid and palmitic acid to three target
proteins which are 5-alpha-reductase, purinoreceptor,
dan alpha adrenoreceptor.

Material and tools

The structure of the active compounds Camellia
sinensis and Serenoa repens which consist of Capric acid
(1D:2969), Caprylic acid (ID:379), Catechin (1D:9064),
Epicatechin  (ID:72276), Epigallocatechin  gallate
(ID:65064), Epigallocatechin  (ID:72277), Gallate
epicatechin (107906), Gallocatechin gallate (1D:199472),
Gallocatechin  (1D:65084), Lauric acid (1D:3893),
Myristic acid (1D:11005), Oleic acid (1D:445639),
Linoleic acid (ID: 5280450) dan Palmitic acid (ID:985)
are gained form Pubchem.com. Ligands for control using
Finasteride (ID:57363) and tamsulosin (1D:121829)
gained from www.pubchem.com. This research using
target protein purinoreceptor (ID:5SVQ), and alpha
adrenoreceptor (ID: P35368) gained from Protein Data
Bank. Target protein of 5-alpha-reductase gained from
NCBI GenBank with (ID AAC26863) and converted
from FASTA into PDB format using Swiss-Model
website  (https://swissmodel.expasy.org/). Using
hardware with specification RAM 4096 MB, Intel ® core
™7, CPU @2.60 GHz, system operation with Microsoft
Windows 10 Pro 64-BIT, internet connection and
software based on web autodock 4.0 at docking server
(http://www.dockingserver.com).

In Silico test of Camelia sinensis and Serenoa repens
Active Compound to 5-alpha-reductase,
purinoreceptor, and alpha adrenoreceptor.

The ligand compounds were downloaded in Pubchem
than continue to molecular docking test by using a
docking server. The docking server accessed at
(http://www.dockingserver.com).

Data Analysis Technique

In this study, Lipinski's Rule of Five was employed to
assess the drug-likeness of plant compounds intended for
medicinal use. Ligand pharmacological testing based on
Lipinski's 5 rules (RO5) is carried out to analyze the
potential of a chemical compound based on
pharmacological and biological activity as an oral drug
for humans. Lipinski's Rule of Five accessed from
http://targetnet.scbdd.com/calcnet/calc_rule_text/ .
Additionally, ADMET Rule Five data were analyzed to
evaluate the compounds' absorption, distribution,
metabolism, excretion, and toxicity properties. These
methodologies were utilized to determine the suitability
of plant compounds as potential medicines and to assess
their potential toxicity profiles, which were accessed
from https://biosig.lab.ug.edu.au/pkcsm/prediction. In
silico test were observed with parameters of free binding
energy, inhibition constant, surface interaction and amino
acid residues between ligand and target protein.

RESULTS

The result of Lipski Rule of Five showed on table 1.
The table evaluates various active compounds according
to Lipinski's Rule of Five, which predicts the drug-
likeness of a molecule based on its pharmacokinetic
properties. The parameters include Topological Polar
Surface Area (TPSA), Molecular Weight (MW), number
of Hydrogen Bond Donors, and number of Hydrogen
Bond Acceptors (HBA).
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Table 1. Lipinski’s Rule of Five

. Molecular Hydrogen Lipinski Rule
Active Compound TPSA MW Weight Box § Dgnor HBA O]E’Five (%)
Capric acid 37.3 51.9558 172.2646 1.0 2.0 100
Caprylic acid 37.3 42.3418 144.21144 1.0 2.0 100
Catechin 110.38 74.3338 290.26806 5.0 8.0 75
Epicatechin 110.38 74.3338 290.26806 5.0 8.0 75
Epigallocatechin gallate 97.37 112.0645 458.37172 8.0 13.0 50
Epigallocatechin 130.61 76.3568 306.26746 6.0 9.0 75
Gallate epicatechin 177.14 110.0415 442.37232 7.0 12.0 50
Gallocatechin gallate 197.37 112.0645 458.37172 8.0 13.0 50
Gallocatechin 130.61 76.3568 306.26746 6.0 9.0 75
Lauric acid 37.3 61.5698 200.31776 1.0 2.0 100
Myristic acid 37.3 71.1838 228.37092 1.0 2.0 100
Oleic acid 37.3 89.9378 282.46136 1.0 2.0 75
Linoleic acid 37.3 89.4638 280.44548 1.0 2.0 75
Palmitic acid 37.3 80.7978 256.42408 1.0 2.0 75
TPSA, Topological Polar Surface Area; MW, Molecular Weight; HBA, Hydrogen Bond Acceptor.
Table 2. Pharmacokinetic Characteristics
Absorbtion  Distribution Metabolism Excretion Toxicity
Active Intestinal BBB Total
Compound Absorbtion  Permiability Cg g 2 CXES CYE 1A CY; 2C Clearance = Hepatotoxi
(% (log BB) (s/) s/ 0 0 (log city
Absorbed) ml/min/kg)
Capric acid 94.06 0.142 N/N N/N N N 1.552 N
Caprylic acid 94.75 0.225 N/N N/N N N 1.48 N
Catechin 68.82 -1.054 N/N N/N N N 0.183 N
Epicatechin 68.82 68.820 N/N N/N N N 0.183 N
Epigallocatech 47.39 -2.184 N/N N/N N N 0.292 N
in gallate
Epigallocatech 54.12 -1.377 N/N N/N N N 0.328 N
in
Gallate 62.09 -1.847 N/N N/N N N -0.169 N
epicatechin
Gallocatechin 47.39 47.39 N/N N/N N N 0.292 N
gallate
Gallocatechin 54.12 -1.377 N/N N/N N N 0.328 N
Lauric acid 93.37 0.057 N/N N/N N N 1.623 N
Myristic acid 92.69 -0.027 N/N N/N N N 1.693 N
Oleic acid 91.82 -0.168 N/N YIN Y N 1.884 N
Linoleic acid 92.32 -0.142 N/N Y/IN Y N 1.936 Y
Palmitic acid 92.00 -0.111 N/N YIN N N 1.763 N

S, substrate; I, inhibitor; Y, Yes; N, No

The percentage compliance with Lipinski's Rule of Five
is also listed. Compounds like Capric acid, Caprylic
acid, and Lauric acid show 100% compliance, indicating
high potential as drugs due to favourable properties such
as lower molecular weight, appropriate hydrogen
bonding capacity, and suitable lipophilicity. Conversely,
compounds like Gallocatechin gallate and Gallic acid
have only 50% compliance, suggesting potential issues
with bioavailability and absorption due to their higher
molecular weight and excessive hydrogen bonding
characteristics.

The result of pharmacokinetics characteristics
showed on table 2. The table presents the
pharmacokinetic characteristics of various active
compounds, focusing on absorption, distribution,
metabolism, excretion, and toxicity. Intestinal
absorption percentages range from 47.39% to 94.75%.
Blood-Brain Barrier (BBB) permeability values (log

BB) vary from -2.184 to 0.225. Metabolic interactions are
noted with several CYP enzymes, where most
compounds do not act as substrates or inhibitors (N/N).
Total clearance rates, measured in log ml/min/kg, span
from -0.169 to 1.936. Only Gallic acid showed
hepatotoxicity. Based on these factors, compounds such
as Capric acid and Lauric acid appear to be the safest,
while Gallic acid is the least safe due to its hepatotoxicity.

The result of molecular docking showed on table 3.
The result of molecular docking between 5-alpha-
reductase ligand and epigallocatechin gallate compound
has a lower free energy than the control tamsulosin while
other compounds have a greater free binding energy than
the control. Purinoreceptor ligand showed that
epigallocatechin gallate, gallate epicatechin, and
gallocatechin gallate, has lower free binding energy than
control finasteride.
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Table 3. Result of Molecular Docking

Free

Molecule Interaction

Ligand Active Energy Inhibition Surface Hydrogen

Compound Binding constant  Interaction Bond Hydrophobic bond

LEU88

N -2.50 MET90

Capric acid keal/mol 14.60 mM 405.45 - PHEOL

HI1S94

LEU87

244 LEUSS

Caprylic acid kcaI./moI 16.17 mM 354.927 - MET90

PHE91

HI1S94

. -4.22 808.60 SER63
Catechin keal/mol UM 439.409 TYR95 PRO62
. . -4.84 282.64 447.609

Epicatechin kcal/mol UM - TRP56

. . LEU16

Ep'ga';cl’l‘;ﬁe"h'” k(;asl'/ﬁol 1048uM  710.29 - LEU66

9 PRO67

. . -4.86 276.01 SER63

Epigallocatechin keal/mol UM 450.051 PRO62 PRO62

GLN20

. ij::;ﬁm kégl)srﬁol 1613uM 581701 SER63 GLUG0

P TYR95

Gallocatechin -6.17 SER63 SER63

5-alpha- gallate kcal/mol 30.03uM 600.881 PHE91

reductase ; -4.25 76131 LEU66

Gallocatechin keal/mol UM 491.999 - PRO67

LEUS87

277 MET90

Lauric acid kcaI./mol 9.35 mM 449.793 - PHE91

HI1S94

TYR95

PRO62

LEUG66

Myristic acid k(;;ﬁgol ?nﬁ 515.864 - PRO67

PHE91

TYR95

PRO67

LEU87

N -3.09 5.42 LEUS8S

Oleic acid keal/mol mM 603.891 - PHEY1

HI1S94

TYR95

PHE91

LEU66

Linoleic acid k;l./gnﬁol ?nsMg 614.199 - LEU16

PRO67

LEUSS

PHE91

201 LEU16

Palmitic acid kcaI'/moI 33.40 603.467 - LEUG6

PRO67

LEUS8S

PRO62

LEUG6

Finasteride (C) kcgglllsn?ol 15.49 uM 527.241 SER63 PRO67

LEU88

PHE91
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Table 3. Cont.
Free Energy Inhibition Surface Molecule Interaction
Ligand Active Compound Binding constant Interaction ~ Hydrogen  Hydrophobic
Bond bond
-3.03
Capric acid keal/mol 6.00mM 451.101 - PHE171
Caprylic acid -2.93 kcal/mol 7.08 mM 398.097 - PHE171
Catechin -4.48 kcal/mol 516.25 uM 444,259 - MET166
. . -4.81
Epicatechin 295.77 uM 456.051 - MET166
kcal/mol
Epicatechin -4.86 kcal/mol  275.42 uM 453.106 - MET166
Epigallocatechin = ¢ g9 camol ~ 1023uM 483764 - MET166
gallate
Epigallocatechin -4.85 kcal/mol ~ 276.55 uM 446.898 - MET166
. . -6.21
Gallate epicatechin 28.07 uM 453.048 - MET166
kcal/mol
. -5.56
Gallocatechin keal/mol 83.68 UM 560.567 -
. gallate
Purinoreceptor
Gallocatechin 429 720.41 uM 461.379 -
kcal/mol
N -3.00 LEU69
Lauric acid keal/mol 6.34 mM 497.382 - PHE171
Linoleic acid -3.68 2.00 mM 518.236 ARG204 PHE171
kcal/mol
Myristic acid -3.05 577 mM 465.91 - PHE171
y kcal/mol ) )
-3.25 LEUG9
Oleic acid kcal/mol 412 mM 592.546 ARG204 VALT74
PHE171
" . -3.32 VAL74
Palmitic acid keal/mol 3.66 mM 568.769 - PHE171
MET166
Tamsolusin (C) ;(Z:I?mol 5.39 UM 559,081 GLU169 ';,"5;21596
ASN170
LEU308
Finasteride (C) -5.45 101.23 566.818 VAL309 LEU265
kcal/mol uM
ILE56
LEU75
CYS110
ILE114
Capric acid -4.37 kcal/mol ~ 621.98 uM 385.899 - LEU117
VAL277
PHEZ281
TRP285
LEUG8
ILE114
alpha Caprylicacid  -404kcalimol  1.10 mM 345563 - \'-/iﬂ%
adrenoceptor PHE281
TRP285
LEUGS
LEU75
-3.75 ILE114
Lauric acid kcal/mol 1.78mM 423.903 SER319 LEU117
VAL277
PHE281

TRP285
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Table 3. Cont.
Ligand Active Compound Free Energy Inhibition Surfac_e Molecule Interaction i
Binding constant Interaction ~ Hydrogen  Hydrophobic
Bond bond
ILE276
CYS280
Linoleic acid k_3|'/0 : | 5.51 mM 622.075 éigggz
inoleic aci cal/mo 51m . - LEa21
ILE324
ILE325
CYS328
ILE276
CYS280
L. . -3.24 ILE321
Myristic acid keal/mol 4.25 mM 525.535 - ILE324
ILE325
CYS328
LEU75
SER113
Catechin +24.13 498.394 TRY326 LEULL7
kcal/mol ASN322 LEUGS
VAL277
PHE281
) _ +20.08 TRY326 LEU117
Epicatechin keal/mol 495.015 CYS110 ILE114
ASN322 VAL277
LEU68
_ S
Epigallocatechin +122.24 598 386 CYS110 ILE120
gallate kcal/mol TYR326
SER113 ALATL
LEU274
alpha PHE281
adrenoceptor +19.98 CYS110 LEU117
Epigallocatechin keal /.mol 494.835 TYR326 ILE114
ASN322 VAL277
LEU68
LEUG8
SER319 LEUZ74
TRP285 PHE281
Gallate epicatechin ~ "-->-%7 594.1 CYS110 VAL27T
cal/mol ILE114
SER113
TYR326 LEUTS
ILE120
LEU117
LEU274
. TYR326 ILE120
Ga”o‘"i‘l""tf‘:h'” I: 14|?'55| 621.448 SER113 VAL277
galate calimo ASN322 LEU117
LEU68
ASN322 VAL277
. +40.63 CYS110 LEU75
Gallocatechin keal/mol 595415 SER113 LEU117
TYR326 LEUG8
LEU117
ALA112
TRP151
Oleic acid kg?/'rigl 604.343 ; VAL277
ALA71
LEU147

ILE120
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Table 3. Cont.
I Molecule Interaction
. . Free Ener Inhibition Surface
Ligand Active Compound Bindinggy constant Interaction Hydrogen Hydrophok
Bond bond
ILE200
CYS118
LEUG8
. . LEU75
Palmitic acid +0.65 kcal/mol 537.351 CYS110 PRO196
ILE114
alpha PHE?281
adrenoceptor LEU117
ILE276
CYS280 CYS280
. +1.74 LYS272 LEU283
Tamsolusin (C) keal/mol 668874 ILE276 ILE321
SER329 ILE325
CYS328

In the adrenoceptor ligand shown that capri acid,
caprylic acid, lauric acid, linoleic acid, and myristic acid
has lower free binding energy than tamsulosin as a
control. The five active compounds are predicted can
bind spontaneously and better than finasteride as control.
The active compounds that have the same hydrogen
bonds as the finasteride control on the 5-alpha-reductase
ligand are catechin, epigallocatechin, gallate
epicatechin, and gallocatechin gallate compounds.
Purinoreceptor ligands do not have the same hydrogen
bound like tamsulosin and finasteride as control.
Adenoreceptor do not have hydrogen bound like
tamsulosin. The result of free binding energy will used
to assess the spontaneity and stability of the bound.

Inhibition constant shown that only epigallocatechin
gallate compound has a lower inhibition constant than
finasteride at 5-alpha-reductase ligand. Epigallocatechin
gallate compound predicted have a lower inhibition
constant value than the control wen its binds to the
ligand. The result of alpha adrenoreceptor ligand and
purinoreceptor shown that all compound has high
inhibition constant value compared with tamsulosin.
Data of value inhibition constant will be used to assess
the magnitude of the binding inhibition that affected in
the protein-ligand bound shows in figure 1-3. The
surface interaction of the 5 alpha reductase ligands
showed that gallocatechin gallate, gallate epicatechin,
and epigallocatechin gallate had higher value than the
finasteride as control.

All the compound of alpha adrenoreceptor ligand has
lower interaction compared with tamsulosin. The value
of the surface interaction will be used to assess the
probability of protein-ligand interaction as indicated by
the size and molecule area.

Figure 2. Crystal Structure of adrenoreceptor

DISCUSSION
The typical development and operation of the

. . Figure 3. Crystal Structure of 5-alpha-reductase
prostate rely on the conversion of testosterone into

dihydrotestosterone (DHT) through the action of 5-alpha
reductase (5-AR) enzymes, specifically types 1 and 2.
There's a hypothesis suggesting that an excess of DHT
could play a role in the development of both benign
prostatic hyperplasia (BPH) and prostate cancer.“The

result of docking process with 5-alpha-reductase ligand
with herbs active compound showed that lowest free
energy at epigallocatechin gallate. In another compound
showed the value of free energy is negative but is higher
than control. The amount of free energy (AG) are
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describe the spontaneity and stability of the binding of
active compound with target protein. It’s suggested that
epigallocatechin gallate can binding with 5-alpha-
reductase ligand spontaneously and stable more than
finasteride. In other compounds can also bind
spontaneously, but it less reactive compared with
epigallocatechin gallate compound. Herbs’ active
compound was predicted have ability to bind with
protein target and interact spontaneously and reactively
if it has a lower or equal free energy than control.?? In
every spontaneous process, increasing protein-ligand
happen when there is transformation of free energy
binding (AG) that have negative value.*®

Inhibition constant epigallocatechin compound had
lover value than control finasteride at 5-alpha-reductase
ligand. Epigallocatechin gallate compound predicted has
a lower inhibitory value than control when its bind to the
ligand.® The lowest constant inhibition of free binding
energy shows that ligand and target protein was bind
strongly. This is due to increasing the tortional from this
complex energy makes a stable complex compound and
energy.* Decreasing value of inhibition constant
indicates the smaller inhibition that occurs in increasing
the ligand bound.®

Surface interaction value at 5-alpha-reductase ligand
showed gallocatechin gallate, gallate epicatechin, and
epigallocatechin gallate, oleic acid, linoleic acid, and
palmitic acid has a higher value than finasteride. If the
value of interaction surface higher it’s shown more
stable binding and give more higher biology activity.®
Surface interaction also affected by the size of the ligand
and give a higher chance for ligand and target protein to
binding®®. In this research predicted that gallocatechin
gallate, gallate epicatechin, and epigallocatechin gallate
compounds can bind ligand more stable and produce
higher biological activity than control.

Based to the data was obtained in this research, it can
conclude that the epigallocatechin gallate compound has
the highest potential compared to controls and other
compound to binding with 5-alpha-reductase ligands.
Finasteride can inhibit 5-alpha-reductase enzyme that
catalysis conversion of testosterone to the androgen
dihydrotestosterone.®® It is assume that epigallocatechin
gallate has a better potential than finasteride in binding
to 5-alpha-reductase ligand. The lowest free energy
value, lowest inhibition constant, and high surface
interaction value compared with finasteride control
supported potential of epigallocatechin gallate. While
other compounds have weak potential to bind with 5-
alpha-reductase ligands.

Hydrogen bonds between ligand molecules and
amino acids in the receptor binding pocket can
significantly influence the binding energy and specificity
of the interaction. For instance, studies on glycine
receptor ligands have shown that hydrogen bond
formation between the ligand and receptor amino acids
(like lysine and aspartic acid) can estimate the binding
energy, which correlates with the ligand's inhibitory
activity.” The efficacy of ligands in inhibiting receptors
can also be influenced by hydrogen bonding. Studies on
the histamine H2 receptor have shown how hydrogen
bond strength, affected by ligand deuteration, can alter
ligand-receptor interactions, affecting agonist and

antagonist binding and providing insights into receptor
function and ligand efficacy.’

Active compound again purinoreseptor ligand

In this study used purinoreceptor ligands with
tamsulosin  and  finasteride as control. P2X-
Purinoreceptor is responsible for prostate contraction
with  P2X1-purinoreceptor subtype in humanst®.
Blockade of P2X1-purinoreceptors is known to inhibit
electrically  nerve-mediated  contraction.? P2X1
purinoreceptor combined with alA adrenoreceptor
antagonist, may provide move effective relaxation of
prostate smooth muscle.?! Functional study in human
prostate has shown that adrenoreceptor antagonists can
suppress contractile response at all electric field.?

The result of docking with purinoreceptor ligands
showed that epigallocatechin gallate compound, gallate
epicatechin and gallocatechin gallate had a lower free
energy value than finasteride. It is assumed that bounds
formed in all compound are occur spontaneously and
stable because all compounds have negative value of free
energy. However, the best binding compound with the
ligand is epigallocatechin gallate compound. In all
compound that connected to purinoreceptor ligands,
there is no compound had a lower free energy value than
tamsulosin. from the data suspected that epigallocatechin
gallate, gallate epicatechin and gallocatechin gallate
compounds could bind strongly to purinoreceptor
ligands. This is due to the low value of free binding
energy is able to binding the target protein strongly and
can increase potential biological activity.?®

All inhibition constant showed that all compounds
had a higher inhibitory constant value than tamsulosin. In
this research predicted that the inhibition at formation
protein-ligand interaction is greater than control-ligands.
Because of constants inhibition show a greater barrier
between ligand and protein target. The lower value
inhibition constants indicate the smaller inhibition that
occurs in the protein-ligand bound.®

The surface interaction showed that gallocatechin
gallate, oleic acid and palmitic acid compounds had
higher values than tamsulosin. The result indicated that
gallocatechin gallate, oleic acid, and palmitic acid
compound have potential to bind ligands stably.
Increasing surface interaction will increase the docking
stability.?* In this research predicted that the value of
surface interaction is depend on the size of molecule and
the surface area of the ligand molecule, this causes a
higher chance of bounding between the ligand and the
compound. The binding of ligands with large
hydrophobic areas to enzyme active sites often results in
increased stability due to the exclusion of water
molecules from the binding interface.?

Active compound against alpha adrenoreceptor
ligands

This study uses tamsulosin as control. Tamsulosin is
a selective antagonist adrenoreceptor al with a greater
selective for prostate tissue (1A-adrenoceptor dominant)
than for vascular tissue (1B dominant). Mechanism’s
action of tamsulosin is blocking 1A adrenoceptors in the
prostate gland. Inhibit smooth muscle contraction and
promotes dynamic micturition as well as increase the
urinary flow rate (Qmax).2® Blockade of adrenoceptor
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alA and alD in the bladder result in inhibit of detrusor
muscle contraction, reduced detrusor muscle instability
and reduce storage symptoms.?’ Study in human prostate
have shown that the contractile response to electrical
field stimulation is almost completely suppressed by
adrenoceptor antagonists.*®

Data in this research shown that drug as a control had
a positive free energy. Meanwhile, the ligand bounds
with capric acid, caprylic acid, lauric acid, linoleic acid
and myristic acid compounds have negative free energy.
In every spontaneous process bounding of protein-ligand
happen if there is change of free energy gibbs (AG) at
negative system when system reach equilibrium state or
constant temperature.?® Because of the degree of protein-
ligand association determined by the negative value of
free energy (AG), determined complex stability of
certain protein-ligand, or as alternative, affinity
increasing ligand to certain acceptor. Therefore, the
researchers suspected that the binding occur in the
control and ligand was not spontaneous and less stable.

Inhibition constant showed that all compounds had a
higher inhibition constant value than the tamsulosin. It is
assumed that inhibition in the formation of protein-
ligand interaction is greater than control-ligand. Because
of the value of the inhibition constants indicate the
magnitude of the barrier between the ligand and the
target protein. Lower value of inhibition constant
indicates the smaller inhibition that occurs in the protein-
ligand bound.*

The value of surface interaction shown all compound
had a lower value than tamsulosin. its suggested that
there is potential of the compound to bound ligand less
stable than control. This is due to the value of surface
interaction showed that the bounding is more stable and
there is a higher biology activity 6. Surface interaction
are also influenced by the size of the ligand molecule,
the large of surface are, the higher chance for bounding
between the ligand and the target protein.’8

Based on all this data, we can conclude that capric
acid, caprylic acid, lauric acid, linoleic acid, and myristic
acid have the potential to bind to alpha adrenoreceptor
ligand. All of those compounds meet the criteria of
Lipinski’s Rule of Five. Lipinski's Rule of Five provides
valuable guidelines for assessing the oral bioavailability
of compounds but does not directly address drug
toxicity. However, there is a relationship between the
physicochemical properties defined by these rules and
potential toxicity. Several drugs that violate Lipinski's
rules are still effective, particularly those designed for
specific targets or used in non-oral delivery methods,
which may bypass some toxicity concerns.?

When the compound binds to alpha adrenoreceptor
ligand, it’s predicted that 1A Adrenoceptor blockade
prostate gland and will inhibit smooth muscle
contraction. Meanwhile, blockade of 1A and 1D
adrenoreceptors in the bladder will inhibit detrusor
muscle contraction.’® Lipinski's Rule of Five has
significantly shaped the field of medicinal chemistry by
providing a simple and effective filter for assessing drug-
likeness.*® However, its limitations necessitate the
development of more comprehensive models and
guidelines to enhance drug discovery and accommodate
a broader range of therapeutic agents.*

CONCLUSION

Camellia sinensis' active compounds, such as
epigallocatechin gallate, were predicted to potentially
affect benign prostatic hyperplasia by targeting the
protein 5-alpha-reductase. Additionally, compounds like
gallocatechin gallate, oleic acid, and palmitic acid were
predicted to have similar effects on the protein
purinoreceptors. Serenoa repens' active compounds,
including capri acid, caprylic acid, lauric acid, linoleic
acid, and myristic acid, were also suggested to potentially
impact benign prostatic hyperplasia through alpha
adrenoreceptors. This study presents a potential
alternative for BPH treatment using natural components,
which is significant due to the demand for safer treatment
options with fewer side effects compared to conventional
therapies. By identifying the potential of Camellia
sinensis and Serenoa repens as purinoreceptor inhibitors,
the study opens avenues for new insights into the
mechanisms of action in BPH treatment.
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History Background: Sunburn is an acute inflammatory skin condition caused by exposure to
Received: 04 Mar 2024 UV rays. Excessive exposure increases the production of ROS which, if accumulated,
Accepted: 27 Aug 2024 can lyse growth factors, one of which is PDGF and also form IL-10 immune
Available: 30 Aug 2024 suppression. This condition can be influenced by providing antioxidants and anti-

inflammatories such as those contained in sapodilla leaf extract (Manilkara zapota (L.)
P. Royen) which has many benefits such as anti-inflammatory, anti-pyretic, anti-tumor,
antioxidant, anti-microbial, anti- diabetic, anti-lipid and anti-aging. In previous
research, the polyphenol content in Sapodilla leaves was a potential source of
inhibiting ROS. However, until now the role of Sapodilla leaf extract on UVB burns
has not been studied.

Objective: The aim of this research is to determine the effect of administering
Sapodilla leaf extract cream on PDFG and IL-10 in Wistar rats that experienced burns
due to exposure to UVB.

Method: Experimental research with a posttest only control group design approach.
This research used 24 Wistar rats exposed to UVB rays which were divided into 4
groups (normal control, control with cream, 25% Sapodilla leaf extract cream, and
50% Sapodilla leaf extract cream). The ELISA (Enzyme-Linked Immunosorbent
Assay) method was used to analyze PDGF and IL-10 levels in skin tissue.

Results: The highest ratio of PDGF levels was found in (K3) 2.915 £ 0.368. The results
of the one-way Anova analysis had a p value of 0.024 (p<0.05) which stated that there
were significant differences between treatment groups. In IL-10 levels there was an
increase in K3 255.9 + 35,563. In IL-10, the results of one-way Anova analysis had a
p value of 0.240 (p>0.05), which stated that there were no significant differences
between treatment groups.

Conclusion: Administration of sapodilla leaf extract cream at a dose of 25% had a
significant effect on increasing PDGF levels and a slight increase in IL-10 in mice that
experienced burns due to exposure to UVB.

Keywords: Manilkara zapota (L.) P. Royen, PDFG, IL-10, ELISA Method
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INTRODUCTION produced in the form of Reactive Oxygen Species (ROS).
Indonesia is a country with a tropical climate with ~ The accumulation of ROS by UVB exposure can cause

quite a lot of exposure to sunlight. Ultraviolet light  inflammation which can lyse several growth factors

consists of 3 zones according to its wavelength, namely  including Platelet Derived Growth Factor (PDGF) and

UVA (UVA 315-400 nm), UVB (280-315 nm), and  also form interleukin-10 (IL-10) anti inflammation.

UVC (100-280 nm).! Exposure to UV light can cause

acute skin inflammation.? Excessive exposure will cause ~ * Corresponding author:

skin damage, including immunosuppression.> When E-mail: drsaharamaharani@gmail.com

cells and tissues are exposed to UVB rays, molecular (Sahara Maharani)

dissociation (radiolysis) occurs and free radicals are
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Indonesia is rich in natural resources, researchers have
turned to using it as an alternative medicine, one of
which is sapodilla leaf extract which has been proven to
contain active polyphenol substances and has anti-
inflammatory properties.* In previous research, ethanol
sapodilla leaf extract reduced edema in mice given
carrageenan, activity significantly anti-inflammatory.®
However, research on sapodilla leaf extract which is
linked to burns due to UVB exposure is still scarce, so
further research is needed.

Based on previous research in the US in 2015, of
31,162 US citizens, 34% of respondents had experience
of experiencing sunburn. The highest incidence in
Fitzpatrick types I-I1l is at a young age of around 18-29
years.5 Sunburn due to exposure to UV rays and DNA
damage will increase the risk of melanoma and non-
melanoma skin cancer.” Most of the Indonesian
population does a lot of outside activities, around 57.3 %
focuses on UV light exposure.®

An imbalance in ROS production initiates
inflammation and activates proinflammatory cytokines
from epidermal keratinocytes such as PDGF.° In injured
areas PDGF is an important chemokine and mitogen for
fibroblasts, keratinocytes and vascular endothelium, and
also stimulates macrophages to produce and secrete
growth factors such as TGF-B.2° PDGF can influence the
function of dendritic cells and induce regulatory T cells
via C-type lectin like receptor member 2 (CLEC-2)
expression. Furthermore, regulatory B cells interact with
pro-inflammatory mediators, platelet-activation factor
and produce Interleukin-10 as an immunosuppressive
reaction to UVB exposure.** Sunburn conditions by
UVB induced skin inflammation. Its potential to recover
after eliminate the cause and get appropriate therapy.
Polyphenols are found in many types of plants.
Polyphenols are used as antioxidants, anti-inflammatory
and anti-tumor. There is a lot of research on the benefits
of polyphenols in reducing damage caused by UVB
exposure.*?

The Manilkara zapota (L.) P. Royen plant has many
benefits such as anti-inflammatory, anti-pyretic, anti-
tumor, antioxidant, anti-microbial, anti-diabetic, anti-
lipid and anti-aging.** In previous research, the
polyphenol content in Manilkara zapota leaves (L.) P.
Royen is a potential source in inhibiting ROS.* However,
until now the role of Sapodilla leaf extract in burns
caused by UVB has not been studied, so this research
was conducted to determine the effect of administering
Sapodilla leaf extract cream at concentrations of 25%
and 50% against PDGF and IL-10 in Wistar rats that
experienced UVB burns.

MATERIALS AND METHODS

This research is an experimental study using a post
test only control group design which was carried out at
the Integrated Biomedical Laboratory IBL, Faculty of
Medicine, Universitas Islam Sultan Agung from
December to January 2024. Ethical clearence of
research was given by the bioethics commission of
medical/health research, Faculty of Medicine Sultan
Agung Islamic University. The research subjects were
male Wistar rats aged 2-3 months with body weight 190-
210 grams which was declared healthy and suitable for
use for research by veterinarians from the Animal House

Integrated Biomedical Laboratory-IBL, Faculty of
Medicine, Universitas Sultan Agung, Semarang. Wistar
rats underwent adjustment for 7 days. Mice were placed
in separate cages at a fixed temperature and given a
normal diet and access to water.

Sampling uses probability sampling techniques, hamely
by taking samples from a population that has the same
opportunity to be selected as a sample. The system used
is very simple random sampling (simple random
sampling). All 28 Wistar rats that met the criteria for the
study were divided into 4 treatment groups randomly.
There is one control group and another as a treatment
group.

The sample used was 1 kg sapodilla leaf (Manilkara
zapota (L.) P. Royen), taken from Tuban city. The
samples were first cleaned of adhering dirt, then dried in
an oven at 400C. The results are checked for water
content using a moisture balance. If the water content
results are below 10% then the drying results are
considered good. Simplicia is then dry sorted to remove
any dirt remaining during the drying process, cut into
small pieces and weighed. Then blend it into powder.
Then sifted with a 20 mesh sieve. 450 grams of simplicia
leaf powder was extracted using the maceration method
with 1500 ml of 96% ethanol solvent. The simplicia leaf
powder is put into a separate dark colored bottle. Then
the simplicia is soaked using ethanol solvent for 3 days
and occasionally stirred 3 times a day, after 3 days it is
filtered and the dregs are macerated again for 2 days with
1500 ml of 96% ethanol. repetition is done twice. The
collected filtrate is then thickened using a rotary
evaporator at a temperature of 40°C until a thick extract
is obtained, 110 grams 41°

Making a 20-gram cream preparation is done by
mixing 15 grams of cream base with 25% sapodilla leaf
extract (5 grams) and 10 grams of cream base with 50%
sapodilla leaf extract (10 grams). Stirring is done until
homogeneous. Sapodilla leaf extract cream was used
every day at 0.5 grams per rat, so the dose of sapodilla
leaf extract used was 0.125 grams for a 25% dose and
0.25 grams for a 50% dose. Samples taken randomly
came from 28 Wistar rats, which were divided into 4
groups. The mice were housed in 4 cages consisting of
normal controls, controls with cream, 25% Sapodilla leaf
extract, and 50% Sapodilla leaf extract. Each cage
contains 7 mice.

The rats were then exposed to UVB 160 mj/cm2/day
for 3 days and continued to apply sapodilla leaf extract
cream. After treatment for 6 days, tissue was taken.
Previously, all Wistar rats were euthanized using
anesthesia. Make a tissue incision on the part of the skin
exposed to UV B, using scissors and tweezers. Tissue
samples were cut and weighed 1 gram, then the tissue was
added with PBS (PH 7.4). Then sonicate the sample for
15 seconds or until the tissue melts. Take 1ml/1000uL
and put it in a 1.5 ml tube to become supernatant. Next, a
protein test is carried out by mixing 500 pL of the sample
plus 500 pL of 10% NaOH and 500 pL of 0.1% CuSO4
and then observing the color change to bluish purple if it
is positive for protein. Next, the samples were frozen at -
ZOOC.16
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Table 1. Results of measurements of sapodilla leaf extract flavonoids

Initial total flavonoid content

Average Total

ppm Absorbents (mg/ml) Flavanoid Content
concentration (mg/ml)

1000 0,894 55,9

1000 0,950 59,4 56,8

1000 0,882 55,1

Meanwhile, the average total phenol content in sapodilla leaf extract was 170.1 mg/ml + 12.4.

Table 2. Results of Sapodilla Leaf Extract Phenol Measurements

Initial total flavonoid

Average Total Phenol Content

ppm Concentration Absorbents content (mg/ml) (mg/ml)
500 0,989 184,4
500 0,855 159,6 170,1
500 0,891 166,2

The skin tissue samples that were obtained were then
analyzed for PDGF and IL-10 levels using the ELISA
method. PDGF and IL-10 ELISA analysis was carried
out using a kit from BioEnzy . The working principle of
the ELISA examination in this practicum is an antigen-
antibody reaction using a quantitative technique based
on the number of specific antigen-antibody bonds
determined by the absorbance value from a
spectrophotometer.

The collected data processed, edited and tabulated
for descriptive tests, followed by data normality using
the Shapiro Wilk test and data homogeneity testing using
the Levene test. Data analysis was conducted using One
Way Anova SPSS version 26 followed by the Post Hoc
LSD and Duncan tests to determine the differences
between each group.

RESULTS

This study used 24 samples, no one was excluded
during the research. This study consisted of 4 groups
consisting of normal control, positive control and 2
treatment groups. Normal control (K1) consists of 6
samples without intervention and treatment. The positive
control (K2) consisted of 6 samples exposed to UVB
light and applied with a cream base. The first treatment
group (K3) consisted of 6 samples smeared with 25%
sapodilla leaf extract cream and the second treatment
group (K4) consisted of 6 samples smeared with 50%
sapodilla leaf extract cream.

Assessment of Total Flavonoid and Phenol Content

Sapodilla leaf extract in this study was obtained by
maceration using ethanol solvent and producing a
sapodilla leaf extract bath. Results of the assessment of
total flavonoids and phenol in sapodilla leaf extract using
the spectrophotometric method. In 1 gr of sapodilla leaf
extract there is an average total flavonoid content of 56.8
mg/ml £ 2.1.

Effect of UVB lllumination on the Microscopic Image
of Sunburn Cells

The group of mice that were given UVB irradiation
with an energy intensity of 160 mJ/cm2/day for 3 days
and those without irradiation were then subjected to a
sunburn cell histology validation test. The examination

was carried out on day 4 with microscopic observation,
the results obtained were as shown in Figure 1.

Figure 1.B Hlstology of exposed skin to UVB (Negatlve
Control)
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Table 3. Research Data the Effect of Giving Sapodilla Leaf Extract Cream on PDGF and IL-10 Levels

Variabel Group pvalue
K1 K2 K3 K4
n=6 n=6 n=6 n=6
Mean+ SD Mean+ SD Meanz SD Meanz SD
Kadar PDGF 2.44010.447 2.496+0.209 2.915+0.368 2.341+0.099
Saphiro wilk 0.912 0.470 0.462 0.097
Levene test 0.010
One way Anova 0.024
Kadar IL-10 214.142+38.707 220.713+£31.147 255.9435.563 217.615+47.027
Saphiro wilk 0.817 0.947 0.819 0.936
Levene test 0.659
One way Anova 0.240

Figure 1.A is a histological picture of healthy skin. The
outermost layer is visible, namely the epidermis with a
thin layer of keratin lying on top. The lower part of the
epidermis is the dermis layer which consists of
connective tissue and dense elastic tissue. Figure 1.B
shows the histology of mouse skin exposed to UVB
light. The main histological changes in the epidermis
include dyskeratotic and vacuolated keratinocytes
(sunburn cells) marked by red arrows. Microscopically,
the two images show differences in the presence of
sunburn cells.

In this study, the results of PDGF and IL-10 levels
were obtained in a mouse model with sunburn burns due
to UVB exposure treated with sapodilla leaf extract. In
the normal control group (K1) the ratio of PDGF levels
was 2,440 £ 0.447, in the positive control group (K2)
2,496 £ 0.209, in treatment group 1 (K3) 2,915 + 0.368,
in treatment group 2 (K4) 2,341 + 0.099. Based on
statistical tests, the level data for each group is normally
distributed but not homogeneous with a significance
value of the Shapiro Wilk test > 0.05 for each group and
the Levene test of 0.010. The results of the one way
Anova analysis had a p value of 0.024 (p<0.05) which
stated that there were significant differences between
treatment groups. Differences between groups were
continued with the Games-Howell post hoc test.

In this study, IL-10 levels were also analyzed, in K1
it was 214,142 + 38,707, for K2 it was 220,713 + 31,147,
there was an increase in K3 255.9 + 35,563, in K4 it was
217,615 + 47,027. Based on statistical tests, the 1L-10
levels for each group were normally distributed and
homogeneous with a significance value of the Shapiro
Wilk test > 0.05 for each group and the Levene test of
0.659. The results of the one way Anova analysis had a p
value of 0.240 (p>0.05) which stated that there were no
significant differences between treatment groups.

Effect of Giving Sapodilla Leaf Extract Cream on
PDGF Levels of Wistar Rats with UVB Burns

In the descriptive data, the PDGF levels of each group were
tested for normality using Shapiro Wilk, obtaining a
significance value for all groups of p>0.05. These results show
that the data is normally distributed. In the Levene fest
assessment, a value of 0.010 (p<0.05) was obtained, which
shows that the data is not homogeneous. Followed by the one
way Anova test to assess significant differences between
groups, a p value of 0.024 (p<0.05) was obtained, which stated
that there were significant differences between groups. The
results of further tests using Games-Howell are presented in
graphical form in figure 2 and table 4. In this study, the results
showed that the average PDGF levels between K3 (25%

sapodilla leaf extract cream) and K4 (50% sapodilla leaf extract
cream) had is significantly different because it has a significant
value smaller than 0.05, namely 0.042. Based on the data above,
it can be seen that administering a 25% dose of sapodilla leaf
extract cream increases the expression of PDGF levels
compared to a 50% dose of sapodilla leaf extract cream.

é

Mean Kadar_PDGF

B

om

K1 K2 K3 K4

Sampel

Figure 2. Graph The Effect of Giving Sapodilla Leaf
Extract Cream on PDGF levels in all groups

Table 4. Games-Howell test for PDGF levels between
research groups

Group  Comparison Group Significance
K2 0.992
K1 K3 0.250
K4 0.950
K1 0.992
K2 K3 0.152
K4 0.417
K1 0.250
K3 K2 0.152
K4 0.042*
K1 0.950
K4 K2 0.417
K3 0.042*

*The mean difference is significant at the p < 0,05 level

Effect of Giving Sapodilla Leaf Extract Cream on
IL-10 Levels of Wistar Rats with UVB Burns

In the descriptive data, the IL-10 levels of each group
were tested for normality using Shapiro Wilk, obtaining
a significance value for all groups of p>0.05. These
results show that the data is normally distributed. In the
Levene test assessment, a value of 0.659 (p>0.05) was
obtained, which shows homogeneous data. Followed by
the one way Anova test to assess significant differences
between groups, a p value of 0.240 (p>0.05) was
obtained, which stated that there were no significant
differences between groups. In graph 3, there is a slight
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increase in IL-10 levels in the K3 group who received
25% sapodilla leaf extract cream treatment. In the results
of further tests using LSD in table 5, it was found that
there was no real difference in IL-10 levels in the
research samples, which was indicated by the larger sig
value. of 0.05 across sample test comparisons.

000

20|

1000

wl
11 K2 K3 d

Sampel

Figure 3. Graph The Effect of Giving Sapodilla Leaf
Extract Cream on IL-10 levels in all groups

Mean Kadar IL-10

Table 5. Post Hoc LSD Test for 1L-10 Levels
Between Research Groups

Group Comparison Group Significance
K2 0.771
K1 K3 0.075
K4 0.878
K1 0.771
K2 K3 0.130
K4 0.891
K1 0.075
K3 K2 0.130
K4 0.101
K1 0.878
K4 K2 0.891
K3 0.101

*The mean difference is significant at the p <0,05
level

DISCUSSION

UVB exposure can cause sunburn which is
characterized by redness, pain and inflammation of the
skin. On the histological picture, sunburn cells were
found. This is because UVB penetrates the outermost
layer of the skin, the epidermis, there is an increase in
reactive oxygen species (ROS) which activates the NF-
kB pathway and leads to the release of inflammatory
mediators and activation of immune cells.Y’ The initial
response to UVB exposure is the release of pro-
cytokines inflammation, such as interleukin-1 (IL-1),
interleukin-6 (IL-6), and tumor necrosis factor-alpha
(TNF-a), which contribute to the redness, pain, and
swelling associated with UVB exposure.'® However 20,
UVB exposure can also induce anti-inflammatory
responses in the skin, such as the release of interleukin-
10 (IL-10) and PDGF, which are anti-inflammatory and
promote tissue repair.*®

Flavonoid and phenolic compounds have benefits as
antioxidants, they can induce the release of
Lipooxygenase and cyclooxygenase enzymes which can
suppress inflammatory reactions. The antioxidant
content in the ability to prevent DNA damage and

influence cellular signaling pathways is one of the
properties of flavonoids. Other benefits include
scavenging free radicals, as a UV absorber, and as a
cytoprotective, anti-inflammatory, and anti-apoptotic
factor. Previous research has shown that plants high in
polyphenols are effective photoprotectants against UV
carcinogenesis.?’ The results of this study found that the
average total flavonoids per gram of extract was 56.8
mg/ml £ 2.1. Meanwhile, the average total phenol per
gram of extract was 170.1 mg/ml £ 12.4. This is
impressive as suppressing the NF-kB pathway is
expected to reduce the inflammatory response.

This study determined the effect of sapodilla leaf
extract cream on 1L-10 and PDGF levels in Wistar rats
that experienced sunburn. The sample of male Wistar rats
was chosen as a model for analyzing the anti-
inflammatory benefits of sapodilla leaf extract cream,
because Wistar rats are mammals with a skin structure
similar to humans.

This study analyzed the levels of IL-10 and PDGF,
which are anti-inflammatory factors and growth factors.
Molecular levels of PDGF and IL-10 in this study were
checked using ELISA. The results showed that there was
an increase in PDGF levels in the 25% sapodilla leaf
extract treatment group compared to the control and 50%
extract. The decrease in PDGF levels at a dose of 50% is
thought to be because inflammation has been controlled.
This is because PDGF is produced by macrophages,
injured endothelial cells so that the inflammatory signal
decreases, causing PDGF production to decrease. The
structure of flavonoids also acts as a binder for hydroxyl
free radicals, so that ROS produced due to UVB rays can
be suppressed.? The PDGF receptor is activated by
binding to the PDGF ligand, which is secreted by
platelets, macrophages and other cells. PDGF signaling
is also involved in physiological and pathological
processes, including wound healing, tissue repair in
sunburn.?? In Konuku et al’s research, high doses of
sapodilla leaf ethyl acetate extract were more effective in
suppressing inflammatory effects in a mouse model with
leg swelling.?® In Swarnakumari’s research, The higher
the dose of sapodilla leaf ethanol extract, the faster the
repair of wounds on the cornea.?*

In areas exposed to UV light, Langerhans cells will

be lost because these cells migrate into the draining
lymph nodes (DLN). These Langerhans cells lose their
ability to present antigen because they cannot produce
IL-12, but they can activate T-natural Killer cells which
trigger T-regulatory cells to produce IL-10 which is also
an anti-inflammatory cytokine.?® In this study, The
results of the IL-10 study showed a slight increase in the
25% sapodilla leaf extract group compared to the control
and 50% sapodilla leaf extract, but there was no
significant difference between the groups. It is suspected
that the inflammatory process has been controlled, the
treated mice have entered the next phase, namely the
proliferation and remodeling phase.
Overall, the results of this study show that sapodilla leaf
extract cream has antioxidant activity and a dose of 25%
induces growth factors and acts as an anti-inflammatory.
This shows that sapodilla leaf extract has the potential to
be developed as a sunburn therapy.
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CONCLUSION

Based on the research results, it can be concluded

that administering a 25% dose of sapodilla leaf extract
cream had a significant effect on increasing PDGF levels
in the skin of model mice that experienced burns due to
exposure to UVB, while a 50% dose did not show a
significant effect. The administration of 25% and 50%
sapodilla leaf extract cream did not have a significant
effect on increasing IL-10 levels in the skin of model
mice that experienced burns due to exposure to UVB.
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Article Info Abstract

History Background: In recent times, meningitis, an infection primarily attributed to the
Received: 29 Jan 2024 zoonotic bacteria Streptococcus suis, has emerged as a significant public health
Accepted: 27 Aug 2024 concern in Bali, Indonesia. Their resistance to a multitude of antibiotics has emerged
Available: 30 Aug 2024 as a contemporary threat, as opposed to their virulence. There is a current lack of

reported information regarding the genetic or phenotypic susceptibility pattern of S.
suis to antibiotics in Bali.

Objective: The objective of this research endeavor was to ascertain the antibiotic
susceptibility pattern of S. suis isolates in Bali, either through phenotypic or genetic
means.

Methods: Glycerol stock isolates of S. suis from various specimen sources, including
CSF, blood, and pleural fluid from April 2016 until April 2022 which had been
assessed for species identification and antimicrobial susceptibility test (AST) using the
VITEK 2 Compact (Biomeriuex®) were subjected to determine the serotype and
antibiotic resistance genetically.

Results: Successful isolation of sixty-six S. suis isolates occurred primarily from
cerebrospinal fluid. The results demonstrated that all isolates exhibited phenotypic
resistance to tetracycline, with one isolate (MKPNHO0071) demonstrating co-resistance
to tetracycline and erythromycin. It is additionally corroborated genetically through
the amplification of the tetM gene in every isolate, including those that exhibited
concurrent resistance to erythromycin and tetracycline. The intTn gene, a member of
the conjugate transposon Tn916 family which plays a role as horizontal media gene
transfer on plasmids for carrying the resistance genes ermB and tetM, was amplified
in an isolate that exhibited tetracycline co-resistance with erythromycin
(MKPNHO0071).

Conclusion: This research represents the initial investigation into the antibiotic
resistance phenotype and genotype of S. suis serotype 2 (SS2) isolated from human
subjects in Bali, Indonesia. Our findings suggest that the isolate of SS2
(MKPNHO0071), which demonstrated tetracycline co-resistance with erythromycin,
might be facilitated by the horizontal acquisition of the genetic element Tn916.

Keywords: Streptococcus suis; antibiotic co-resistance; Bali
Permalink/ DOI: https://doi.org/10.14710/jbtr.v10i2.21985

INTRODUCTION symptoms (asymptomatic carrier status), the risk of
Pigs harbor the zoonotic pathogen Streptococcus suis.  invasive diseases such as sepsis, meningitis, endocarditis,
The upper respiratory tract of piglets, including the  pneumonia, and arthritis must be considered.!?

pharynx and tonsils, becomes colonized by this * Corresponding author:

bacterium. Despite the fact that this bacterial E-mail: bayu_mayura@unud.ac.id

colonization frequently results in the absence of (1 Putu Bayu Mayura)
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Human infections are also caused by emerging S. suis

in Southeast Asia (Hong Kong, Thailand, Vietnam, and
China).1>® This zoonotic pathogen is the most common
cause of bacterial meningitis in adults in Vietnam and
Hongkong.? Asia is documented as the region with the
highest incidence of infections caused by this pathogen,
at 0.8 cases per 100,000 individuals.>** There have been
reports of this infection also emerging in Western
European countries, albeit with an incidence rate that is
ten times lower.* In 2007, Wertheim documented 409
human cases of S. suis infection, the majority of which
originated in Southeast Asia.®> In 2008, instances of S.
suis infection were identified in pig joint fluid samples
collected in the Timika region of Papua, Indonesia.®
Susilawathi et al. recently reported that 44 of the 71
cases of bacterial meningitis collected at Sanglah Central
General Hospital between 2014 and 2017 were
confirmed to be meningitis caused by S. suis.’
Among the 29 serotypes of S. suis, serotype 2 (SS2) is
the most prevalent in both pigs and humans, causing
infections.®2%1° Serotype 2 continues to be the most
prevalent in Europe, North America, South America,
Asia, and Australia. Infection cases caused by S. suis
exhibit a diverse distribution of serotypes across all
geographical regions. North America (Canada) exhibits
the highest prevalence of serotypes 1, 1/2, and 2. This is
in contrast to South America, where serotypes 1/2, 2, and
3 predominate. It has been reported that serotypes 2, 4,
7, and 9 are more prevalent in Europe.*!* Susilawathi et
al. reported that serotypes 2 and 1/2 are the most
frequently found in Indonesia.’

Given the lack of a viable vaccine against S. suis,
there has been a growing reliance on antibiotics to
manage and control infections caused by SS2. Among
these, macrolides, p-lactams, tetracyclines, and
sulfonamides are the most commonly prescribed.!?3
With the escalating utilization of antibiotics to treat
infections induced by SS2, a novel peril emerges:
antibiotic resistance to this pathogen on a global scale.
The most frequently reported antibiotic resistance
among S. suis isolates was to macrolides (>70%) and
tetracyclines (>90%).14 A research investigation was
conducted at Prof. 1.G.N.G. Ngoerah Hospital regarding
antibiotic susceptibility of S. suis in Bali. The findings
revealed that throughout the period from 2016 to 2021,
all 55 clinical isolates of S. suis exhibited resistance to
tetracycline.’® Human infections with S. suis that are co-
resistant to tetracycline and macrolide/lincosamide have
been documented in multiple studies.*'®'" The co-
resistance mechanism between tetracycline and
macrolide/lincosamide is purportedly facilitated through
the action of transposons Tn916, which belong to the
transposon conjugate family and serve as a conduit for
horizontal gene transfer on the SS2 plasmid.®

As the prevalence of antibiotic resistance in S. suis
infections rises globally, preventative measures and
suitable treatment are required to contain instances of
this pathogen-caused antibiotic resistance.
Consequently, this research was conducted to further the
sample study initiated by Dwijayanti et al.'®
Additionally, the genetic analysis will be explored more
deeply including the finding of co-resistance to
tetracycline and macrolide/lincosamide isolate in this
study.

MATERIALS AND METHODS
Ethics approval

This study was approved by The Research Ethics
Committee of the Faculty of Medicine, Universitas
Udayana (Denpasar, Bali, Indonesia)
N0:1387/UN14.2.2.VI1.14/LT/2023 dated May 25, 2023

Isolate information data

The isolate data, including species identification and
antibiotic susceptibility, were obtained using the VITEK
2 Compact (bioMérieux®) with the VITEK® 2 GP card
and VITEK® 2 AST-STO03 card. These results were
adjusted according to the 2021 Clinical Laboratory
Standards Institute (CLSI) guidelines.'® The antibiotics
Benzylpenicillin, Ampicillin, Cefotaxime, Ceftriaxone,
Levofloxacin, Erythromycin, Clindamycin, Linezolid,
Vancomycin, and Tetracycline were evaluated for
susceptibility. Subsequently, the antibiotic susceptibility
patterns of the S. suis serotype 2 clinical isolates in Bali
were ascertained utilizing Microsoft Excel 2019.

Bacterial isolate

From April 2016 to April 2022, we gathered 66
bacterial isolates from various specimen sources e.g.,
cerebrospinal ~ fluid, blood, and pleural fluid
(Supplementary data). The inclusion criteria for this
study were as follows: all S. suis isolates identified as S.
suis by the VITEK® 2 GP card, with antimicrobial
susceptibility testing (AST) performed using the
VITEK® 2 AST-STO03 card; a complete microbiology
request form; and a medical record.

Bacterial culture conditions

A collection of 66 isolates of S. suis was maintained
at a temperature of -80 °C in tryptic soy broth (TSB)
media containing 50% glycerol. For further study, 66
glycerol stock isolates of S. suis were cultivated on 5%
defibrinated sheep blood agar plate (DSBAP) and
incubated in 5% CO; at 37 °C for 18 to 24 hours. All 66
isolates were grown as colonies on DSBAP, reconfirmed
as S. suis using VITEK 2 Compact (bioMérieux®), and
then subjected to further investigation.

Bacterial DNA isolation

S. suis chromosomal DNA was isolated utilizing a
Roche High Pure PCR Isolation Kit Template (Roche
Life Science, Indianapolis, U.S.A.). However, for
antibiotic resistance genes that predominantly carried by
plasmid DNA were extracted using the QIAprep® Spin
Miniprep Kit (Qiagen, Hilden, Germany). S. suis colonies
were suspended in 200 pl of phosphate-buffered saline
(PBS) with a pH of 7.3. Isolation of DNA from the
bacterial suspensions was carried out in accordance with
the guidelines provided by the manufacturer.

Polymerase Chain Reaction (PCR) condition

Primers designated for identification, genotyping, and
antibiotic resistance genes were utilized in this
investigation. The PCR was performed with Go Taq®
Green Master Mix (Promega, Madison, USA) with
primer concentrations of 0.3 M were utilized. Then, the
amplicons were electrophoresed for 35 min on a 1.5%
agarose gel in TBE buffer at 100 volts. The DNA was
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Table 1. Target gene and PCR primers used in this study

Target Primer sequence 5° — 3’ Amplicon Temperature References
genes size (bp)
S. suis genes target
recN CTACAAACAGCTCTCTTCTAGTC 336 60°C Ishida et al.
ACAACAGCCAATTCATGGCGTGATT
Major S. suis serotype capsular genes
cps2J GTTGAGTCCTTATACACCTGTT 459 60°C Nutravong et al.
CAGAAAATTCATATTGTCCACC
Macrolide Resistance Genes
ermB GAAAAGGTACTCAACCAAATA 639 48°C Gygax et al.
AGTAACGGTACTTAAATTGTTTAC
Lincosamide Resistance Genes
InuB CCTACCTATTGTTTGTGGAA 944 47°C Gygax et al.
ATAACGTTACTCTCCTATTC
Tetracycline Resistance Genes
tetM GTTAAATAGTGTTCTTGGAG 657 45°C Agerso et al.
CTAAGATATGGCTCTAACAA
Tn916-Like Transposon Family
intTn GGTCTTCGTATTTCAGAGTTTGG 473 53°C Agerso et al.
GTTGCATGTGCGTAATAGTTCAG

visualized using GelRedTM Nucleic Acid Gel Stain
(Biotium, Hayward, CA 94545) and then documented
using Gel Doc (Bio-Rad). The PCR conditions
corresponding to each primer pair are detailed in Table
1.
DNA sequencing

The positive control in this study was not included;
however, the sample that successfully amplified the
tetM, ermB, and InuB genes target, respectively was then
subjected to perform DNA sequencing commercially in
1stBase (Selangor, Malaysia). The DNA sequencing
results from each target gene were analyzed using
SnapGene version 7.2.1. Then, the nucleotide sequence
was aligned with sequence database using the BLAST®
tool, which is available at the National Centre for
Biotechnology ~ Information ~ (NCBI)  platforms
(https://blast.ncbi.nim.nih.gov/Blast.cgi).

RESULTS
The majority of specimen sources come from
cerebrospinal fluid (CSF)

Based on the register data, 66 samples that satisfied
the inclusion criteria were identified as S. suis. Based on
the analysis of the 66 samples data, it was determined
that cerebrospinal fluid (CSF) provided the greatest
number of specimens, 51 (77.27%), followed by blood
with 14 (21.21%), and one specimen source derived
from pleural fluid (1.51%).

Almost every isolate of S. suis was identified as SS2.

Based on the results of bacterial identification tests
conducted using VITEK 2 Compact Automatic System
(BioMérieux®) and the VITEK® 2 GP card, S. suis was
identified in 66 of the samples analyzed. All samples
underwent a second confirmation through the detection
of recN, a gene that is conserved in S. suis. The findings
indicated that the gene recN was amplified in every
sample (data not shown). The entire sample was
subsequently subjected to an additional serotype test,
and the results determined that it belonged to S. suis
serotype 2 (SS2) (data not shown).

Antibiotic susceptibility pattern of SS2
isolate

100 -

75 1

50 1

Susceptibility (%0)

25 1

o

® Antibiotic

Figure 1. Antibiotic susceptibility pattern of SS2

Antibiotic susceptibility data was obtained from VITEK 2
compact. This result showed that all isolates (100%) were
susceptible toward Benzylpenicillin  (BZP), Ampicillin
(AMP), Cefotaxime (CTX), Ceftriaxone (CRO),
Levofloxacin (LVX), Linezolid (LNZ), Vancomycin (VAN).
However, all isolates (100%) resistance toward Tetracycline
(TCY). Isolate MKPNHO0071 which exhibited resistant to
Tetracycline (TCY), also show resistance toward
Erythromycin (ERY), and Clindamycin (CLI).
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tetM (657 bp)

700 bp

500 bp

InuB (944 bp)

500 b

500 bp

400 bp

700 bp

500 bp

ermB (639 bp)

intTn (473 bp)

Figure 2. Agarose electrophoresis result of tetM, ermB, InuB, and intTn gene at figure a, b, ¢, and d, respectively. M, indicated
as a marker, 1 kb DNA ladder; N, indicated as negative control; 1, 2, 3, and 4, indicated as isolate ID number MKPNH0068,
MKPNH0069, MKPNHO0070, and MKPNHO0071, respectively. a. The isolate MKPNHO0071 successfully amplified the tetM
gene with the expected PCR product size 657 bp, b. Among four isolates, only isolate MKPNHO0071 successfully amplified
the ermB gene with expected PCR product size 639 bp, ¢. The isolate MKPNHO0071 did not amplify the InuB gene with the
expected PCR product size 944 bp, d. Isolate MKPNHO0071 also successfully amplified the intTn gene with an expected PCR

product size 473 bp.

Antibiotic susceptibility pattern of SS2

Based on the data obtained from the 2021 Clinical
Laboratory Standard Institute (CLSI) antibiotic
susceptibility testing results using the VITEK 2 Compact
Automatic System (BioMérieux®) with the VITEK® 2
AST-STO03 card, it was observed that all samples (100%)
showed that they were still susceptible to the following
antibiotics:  Benzylpenicillin/BZP; Ampicillin/AMP;
Cefotaxime/CTX; Ceftriaxone/CRO;
Levofloxacin/LVX; Linezolid/LNZ; Vancomycin/VAN.
Conversely, all sample (100%) exhibited resistant
toward Tetracycline/TCY. It is noteworthy that a sample
MKPNHO0071, which  exhibited resistant to
Tetracycline/TCY, also demonstrated resistant to
Erythromycin/ERY and Clindamycin/CLI (Figure 1).

The intTn gene was detected in the co-resistance
tetracycline and erythromycin mechanism

When a test is carried out to detect the antibiotic
resistance  gene, namely tetracycline  (tetM),
erythromycin (ermB), and clindamycin (InuB), the results
obtained were that all samples (100%) amplified the
tetracycline resistance gene (tetM) (Figure 2a) and only
one sample (MKPNHO0071) amplified the erythromycin
resistance gene (ermB) (Figure 2b). None of the samples
amplify the clindamycin resistance gene (InuB) (Figure
2¢). In line with the discovery of the resistance gene to
tetracycline (tetM) and erythromycin (ermB) on one
sample (MKPNHO0071), followed by gene detection
intTn on that sample. The results showed that this sample
also amplified the gene intTn (Figure 2d).

All target genes (tetM, ermB, and intTn) in sample
MKPNHO0071 were subjected to sequencing. The
nucleotide sequences from the sequencing result were
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aligned with references sequence using the BLAST® tool
at NCBI. The aligning result showed that tetM, ermB,
and intTn gene have 100% identity similarity with S. suis
GX1 tet(M) gene for tetracycline resistance
(GN_0482244.1), 100% identity similarity with
Streptococcus pyogenes pDB101 erm(B) gene for 23S
rRNA (NG_242280.1), and 99% identity similarity with
Streptococcus  agalactiae  strain  PHEGBS0082
transposon Tn916 (OP715838.1), respectively.

DISCUSSION

All isolates exhibited resistance to tetracycline, as
indicated by the antibiotic susceptibility data and
validated by the amplified tetracycline resistance gene
(tetM) (100%). Both the tetM and tetO genes, which
encode ribosomal protection protein, were prevalent in
the tetracycline-resistant S. suis bacterium. Additionally,
other studies have documented a higher carrier rate of
the tetM gene in comparison to the tetO gene.?
Subsequently, our research aligns with that of Uruen et
al., who compiled publication data regarding the
prevalence of antimicrobial resistance (AMR) across
various antibiotic classes in S. suis isolates originating
from Europe, Asia, and America. Notably, their study
documented the highest rate of tetracycline resistance.*
The escalating prevalence of tetracycline resistance can
be attributed to the widespread use of this antibiotic to
treat infectious diseases in food production animals,
especially in intensive pig farming.'* Free access to
antibiotics without a doctor’s prescription in Indonesia
has led to unrestricted usage; consequently, become an
AMR threat in Indonesia.?>%

The phenotypic findings derived from the VITEK 2
data indicated that a single sample exhibited resistance
to tetracycline and erythromycin/clindamycin. This was
corroborated by the amplification of the tetracycline
resistance gene (tetM) and the erythromycin resistance
gene (ermB), but not the clindamycin resistance gene
(InuB). The observed co-resistance of S. suis serotype 2
to tetracyclines and macrolides/lincosamides, is still
infrequent. Similar findings were also reported by other
researchers.2?:2  Streptococcus sp. from clinical
isolates that are resistant to macrolide frequently possess
resistance genes encoded by ribosomal methylase (erm)
and efflux (mef) genes.?! Our research aligns with the
findings of Ye et al., who identified the ermB gene in
every erythromycin-resistant isolate, thus validating its
prevalence in S. suis type 2 in China.?3

Furthermore, one sample of co-resistance to
erythromycin ~ and  tetracycline  also  exhibits
amplification of the intTn gene. The literature indicates
that the intTn gene, which is a member of the conjugate
transposon Tn916 family, was horizontally media gene
transfer transferred for tetracycline resistance gene
(tetM) and erythromycin resistance gene (ermB) onto
plasmids S. suis serotype 2. This plasmid contains the
tetracycline resistance gene (tetM) and the erythromycin
resistance gene (ermB), which frequently results in co-
resistance to both antibiotics.*!® Furthermore, the
existence of components associated with Tn916 and
tetM in S. suis serotype 2 may significantly contribute to
the pathogenic nature of this bacterial pathogen.'® In
contrast to the tetM and ermB genes, the InuB gene was
exclusively found in the TnGBS2 family and not the

Tn916 family.*The peculiar aspect is that instances of co-
resistance to tetracycline and erythromycin antibiotics
are predominantly documented in pigs.'® It is possible
that the transmission of the antibiotic resistance gene to
humans occurred via contaminated meat harboring S.
suis.

In contrast, while none of the isolates exhibited
amplification of the clindamycin resistance gene (InuB),
one isolate demonstrated phenotypic resistance to
clindamycin. This phenomenon can be delineated
through the examination of two clindamycin-specific
resistance mechanisms: the first pertains to an ABC
transporter that is encoded by the IsaE gene, and the
second concerns the target's modification by a
nucleotidyl-transferase, which is either encoded by the
InuB or InuC genes. In order to validate the resistance of
our isolate to clindamycin, it is necessary to examine the
remaining two clindamycin-resistant genes, namely IsaE
and InuC.* Clindamycin resistance was uncommon in this
study, which is a relatively low number in comparison to
the resistance rates observed with tetracycline and
erythromycin.

CONCLUSIONS

This is the first investigation into the antibiotic
resistance genotype and phenotype of S. suis serotype 2
(SS2) obtained from human sources in Bali, Indonesia.
According to the findings, the isolate of SS2
(MKPNHO0071) which demonstrated the occurrence
tetracycline co-resistance with erythromycin might be
facilitated by the horizontal acquisition of the genetic
element Tn916. Further characterization of the mobile
resistome of S. suis is imperative due to its potential to
function as a reservoir of resistance genes for other
species inhabiting the same habitats. This pathogen poses
athreat to the health of both animals and humans and may
also facilitate the transmission of antimicrobial resistance
(AMR) genes between these species. In the coming years,
this will be one of the global challenges that must be
addressed in order to preserve essential antimicrobial
activity.
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History Background: Hypercholesterolemia is strongly linked to increased mortality rates and

Received: 05 May 2024 reduced productivity. It is also a major risk factor for the development of

Accepted: 29 Aug 2024 cardiovascular disease. Sorghum is recognized for its bioactive components and anti-

Available: 30 Aug 2024 cholesterol characteristics. Sorghum tempeh involves fermentation, resulting in
increased fiber content and improved protein digestibility as compared to white
sorghum.

Objective: This study examined the effects of sorghum tempeh on cholesterol levels
and the histopathology of the aorta in rats fed a high-fat diet.

Methods: A total of 24 male 8-weeks-old Sprague Dawley rats were randomly divided
into four groups: a standard diet group (SD), a high-fat diet control group (FD), a high-
fat diet group supplemented with sorghum tempeh dose of 0.75 g/200g of BW (T1),
and a high-fat diet group supplemented with sorghum tempeh dose of 1.50 g/200g of
BW (T2). Cholesterol levels were measured using the total cholesterol ELISA method.
After four weeks of intervention, the histopathology of aorta tissue was analyzed using
Hematoxylin-Eosin staining.

Results: Serum total cholesterol levels in the T1 and T2 groups had significant
differences (p<0.05) against the SD and FD groups. The decreased mean changes of
the before-after intervention were observed in the T1 group (-93.195+5.920) and the
T2 group (-121.143+4.276), while the mean effect size was observed (12 = 0.996).
Histopathological analysis of aortic tissues from rats in the high-fat diet with sorghum
tempeh group revealed improved condition of aortic tissues and reduction of foam
cells.

Conclusion: Administering sorghum tempeh in the diet can significantly impact
changes in body weight and cholesterol levels, with a potential effect of over 90%. The
recommended dose of sorghum tempeh is 0.75 g per 200 g of body weight, which may
lead to a decrease in body weight and a reduction in cholesterol levels.

Keywords: sorghum tempeh; cholesterol; high-fat diet; aorta histopathology
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(AHA), between 2015 and 2018, 38.1% of people had  cholesterol synthesis are responsible for elevated LDL
hypercholesterolemia, 27.8% had low-density  and total plasma cholesterol levels.

lipoprotein cholesterol levels >130 mg/dL, and 17.2%
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Elevated plasma cholesterol concentrations are
typically attributed to higher levels of dietary
cholesterol. Increased concentrations of both total and
LDL cholesterol in the bloodstream are linked to
hypercholesterolemia, a significant risk factor for the
development of cardiovascular diseases.??

Sorghum is a type of cereal that contains a significant
amount of starch and a bioactive compound called 3-
deoxyanthocyanin (3-DXA). The concentration of 3-
DXA in sorghum is 3-4 times higher compared to other
types of grains. The substance also includes phenolic
substances, flavonoids, B-glucans, and dietary fiber,
which function as antioxidants, anti-inflammatory
agents, and cholesterol-lowering agents.*® Shen et al.
conducted a study on the impact of sorghum on mice fed
a high-fat diet. The group that consumed a diet
containing sorghum experienced a 27.27% rise in HDL
(high-density lipoprotein) and a 24.47% decrease in
serum cholesterol levels.”

Sorghum tempeh is a sorghum-based product that
undergoes fermentation by Rhizopus sp. This
fermentation process produces a protease enzyme with
proteolytic activity, which in turn enhances the levels of
phenolic acids. As a result, the bioavailability of
micronutrients is increased and protein digestibility is
improved.2 The tempeh fermentation process leads to
enhanced nutritional quality modifications. Several
studies indicate that sorghum may reduce the possibility
of developing coronary heart disease by regulating lipid
profiles and enhancing insulin sensitivity.>'° This study
focuses on sorghum tempeh as a functional food product
that specifically aims to decrease the risk of
hyperlipidemia. The objective of this study was to
examine the effects of sorghum tempeh on cholesterol
levels and the histology of the aorta in rats that were fed
a high-fat diet.

MATERIALS AND METHODS
Sample preparation

The white sorghum seeds were immersed in water at
a ratio of 1:3 (w/v) for 24 hours. Following 10 minutes
of boiling, the consistency of the sorghum seeds had an
adjustment, becoming more tender. The sorghum seeds
were inoculated with a 0.1% (by weight) concentration
of tempeh yeast. The sorghum was wrapped in
permeable plastic and allowed to remain at a room
temperature of 29+10C for 72 hours. Tempeh sorghum
was drained at 90°C for 5 minutes to inhibit microbial
activity. The intervention was made from 60% sorghum
tempeh consisting of 18.7 g of sorghum tempeh, 10 g of
skimmed milk, 1.5 g of canola oil, and 1 g of
maltodextrin, dissolved in 100 cc of water.

Proximate analysis

An analysis was conducted at the Chem-mix Pratama
Laboratory in Yogyakarta to compare the composition
of sorghum tempeh and white sorghum. A proximate
study was performed on modified sorghum to measure
the levels of protein, fat, carbohydrates, antioxidant
activity, and dietary fiber. The total carbohydrate content
was calculated by subtracting the sum of other
components from the total. The Kjeldahl method was
applied to do protein analysis proximal. The immediate
outcomes were acquired as a percentage (%) value. The

examination of fat was conducted using the Soxhlet
technique. The AOAC's enzymatic-gravimetric method
(1995) was used to measure the total, soluble, and
insoluble dietary fiber. Each analysis was conducted
twice. Each data point was calculated based on a dry
basis. The assessment of antioxidant activity was
conducted using the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) technique and protein digestibility using the in-
vitro method.

Animals and treatment

This study used a true experimental design with a
randomized pre-post-test-controlled group design for the
total cholesterol levels and post-test-only control group
design for the histopathology of aorta. A total of 24 male
Sprague Dawley rats, 8 weeks old, were obtained from
the Experimental Animal Laboratory of the Center for
Food and Nutrition Studies, Universitas Gadjah Mada.
Rats weigh 150-200 grams in healthy condition. The
conditioning period for rats was eight weeks and the
intervention period for rats was four weeks. Additionally,
they were divided by simple random sampling into four
groups: a standard diet group (SD), a high-fat diet group
(FD), a high-fat diet group supplemented with 0.75
0/200g of BW (T1), and a high-fat diet group
supplemented with 1.50 g/200g of BW (T2). The cage
room individually had an ambient temperature of 28 — 32
°C with a lighting cycle of 12 hours dark and 12 hours
light. Furthermore, the food was measured to 20 g/day
using standard feed of Comfeed PARS and high-fat diet
consisted of 60% standard feeds, 27.8% wheat flour, 2%
pure cholesterol, 0.2% cholic acid, and 10% lard.
During the intervention period, the body weight was
measured on a weekly basis. Following the experimental
periods, samples of blood and aortic tissue were
collected. Cholesterol levels were analyzed using the
ELISA method with the total cholesterol kit. Rats had
their retro-orbital plexus utilized to withdraw blood +1%
of their total body weight.

Ethical clearance

The study protocol (Ethical Clearance number
52/EC/H/FK-UNDIP/V1/2022) was approved by the
Ethics Committee of the Faculty of Medicine,
Universitas Diponegoro.

Histopathology of aorta

The aorta was separated and fixed in a 10% formalin
buffer solution. The fixed aorta was prepared with
paraffin blocks and stained with Hematoxylin-Eosin
(HE). The phases involved in the preparation and HE
staining process were fixation, dehydration, clearing, and
paraffin infiltration. The histopathological slides were
examined using a light microscope at a magnification of
100x. The observations identified structural damage to
the aorta tissue and foam cells were assigned a score of
0, indicating normal histology. Score 1 indicates the
widening of elastic fibers with a small number of foam
cells. Score 2 indicates the fragmentation of elastic
lamellae with a large number of foam cells. Score 3
indicates the proliferation of smooth muscle, infiltration
of lipids in the middle layer, and fibrosis. Score 4
indicates the presence of an ulcerated or lipid-based
plaque.“*13
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Table 1. Comparison of Sorghum Tempeh and White Sorghum

Composition White sorghum Sorghum tempeh p-value
Carbohydrate (%) 65.238+0.341 51.054+0.138 0.000"
Fat (%) 4.959+0.035 11.664+0.048 0.000"
Protein (%) 8.661+0.108 16.078+0.044 0.000"
Energy (kcal/100g) 333.107+1.458 370.772+0.087 0.001"
Antioxidant activity (%) 70.079+0.079 79.581+0.079 0.000"
Total dietary fiber (%) 16.328+0.126 19.807+0.177 0.002"
Insoluble fiber (%) 15.206+0.132 18.585+0.137 0.002"
Soluble fiber (%) 1.117+0.006 1.222+0.040 0.067
Protein digestibility (%) 50.915+1.331 63.580+0.200 0.006"
*One-way ANOVA significant difference (p<0.05)
Table 2. Food intake throughout the intervention period
Groups Energy Protein Fat Carbohydrate Fiber
(kcal) (9) (9) (9) (9)
SD 74.922+6.378 3.472+0.297 0.36620.028° 14.255+1.213 1.098+0.919°
FD 74.632+7.201 3.460+0.335 0.363+0.034° 14.198+1.367 1.091+0.108°
T1 71.583+7.720 3.315+0.358 0.500+0.0372P 13.292+1.470 1.323+0.1102P
T2 77.326x£4.742 3.578+0.217 0.682+0.0252P 14.053+0.900 1.701+0.0702P
p-value 0.528 0.537 0.000" 0.530 0.000"

“One-way ANOVA significant difference (p<0.05), 3significant difference against control group (Bonferroni test),
bsignificant difference against intervention group (Bonferroni test)

Table 3. Body weight changes of 4 weeks intervention (g)

Groups W1 W4 p-value A p-value
SD 243.67+3.98 269.83+3.54 0.000" 26.17+2.40%P 0.000™
FD 313.83+3.31 365.50+3.51 0.000" 51.67+1.213P
T1 304.00+3.46 271.50+7.89 0.000" -32.50+9.562P n2=0.971
T2 304.50+3.94 307.67+5.57 0.260 3.17+6.11%P

*Paired t-test, "“One-way ANOVA, significant difference (p<0.05), 3significant difference against control group (Tamhane
test), bsignificant difference against intervention group (Tamhane test)

Data analysis

Statistical analyses were performed using IBM SPSS
Statistics 25 SPSS software. The mean+SD was used to
express all the data. The Shapiro-Wilk test was
employed to analyze the normality of research data. The
data of proximate analysis, food intake and the mean
changes of total cholesterol and body weight were
examined using a one-way ANOVA and Tamhane post
hoc as a follow-up test. Significance was set at p < 0.05.
The effect size of the observed differences was evaluated
using the eta squared (n?), along with its 95% confidence
interval. The threshold values were defined as 0.01
considered small, 0.06 medium, and 0.14 large effects.

RESULTS
Sorghum tempeh and white sorghum comparison
analysis

The proximate analysis results, shown in Table 1,
compare the percentage of carbohydrate, fat, protein,
energy, and antioxidant activity between sorghum
tempeh and white sorghum (p < 0.005). Sorghum
tempeh also has greater levels of total dietary fiber and
insoluble fiber (p = 0.002), measuring 19.8% and
18.58%, respectively, compared to white sorghum.
However, the soluble fiber of sorghum tempeh and white
sorghum were not significantly different (p = 0.067).
The carbohydrate content of sorghum tempeh was found
to be lower (51.05%) compared to white sorghum

(65.23%). On the other hand, the fat, protein, and energy
content of sorghum tempeh (11.66%; 16.07%; 370.77
cal/100 g) was higher compared to that of white sorghum
(4.95%; 8.66%; 333.10 cal/100g). According to the
DPPH method antioxidant test results, the antioxidant
content of sorghum tempeh was determined to be
79.58%. The protein digestibility of sorghum tempeh (p
= 0.006) was shown to be enhanced (63.58%) after
fermentation, in comparison to white sorghum (50.91%).

Food intake and body weight changes of rats

Table 2 showed the food intake of standard feed and
sorghum tempeh administration during the intervention
period. The SD and FD groups were only fed a standard
diet, whereas the T1 and T2 groups were fed a standard
diet together with sorghum tempeh at varying doses. The
results of the one-way ANOVA test indicated statistically
significant differences in fat and fiber intake (p < 0.005).
The T1 group consumed 0.5 grams of fat per day, while
the T2 group consumed 0.68 grams of fat per day. The
T2 group had a higher fiber intake of 1.7 g/day compared
to the T1 group, which had an intake of 1.32 g/day. The
energy intake of the T1 group was 71.58 kcal/day, while
the T2 group had an intake of 77.32 kcal/day. However,
there was no significant difference when compared to the
control groups (p = 0.528). Carbohydrate and protein
intake were not significantly different (p =0.530 and p =
0.537, respectively).
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Table 4. Total Cholesterol Levels Pre and Post Intervention (mg/dL)

Groups Pre- Post- p-value A p-value
intervention intervention
SD 88.685+1.365 89.986+2.089 0.008" 1.302+0.741° 0.000™
FD 217.885+4.225 220.365£3.847 0.001" 2.480+0.929°
T1 214.356+2.757 121.161+4.111 0.000" -93.195+5.9202b n?=0.996
T2 218.980+2.652 97.836+2.504 0.000" -121.143+4.27620

“paired t-test, “One-way ANOVA p value significant difference (p<0.05), 2Significantly different from control group (SD and
TD) (Tamhane test), ®Significantly different from intervention group (T1 and T2) (Tamhane test)

Table 5. Histopathology scoring

Groups Histopathology Aorta Score Median p
0 1 2 3 4 (Min-Max)
SD 6 0 0 0 0 0 (6-6)? 0,003"
FD 0 6 0 0 0 1(6-6)°
Tl 2 4 0 0 0 0.67 (2-4)%d
T2 1 5 0 0 0 0.83 (1-5)°

“Kruskal Wallis significant difference (p<0.05), ®Significantly different from FD and T2 (Mann Whitney Post hoc test),
bSignificantly different from normal control (SD), *Not significantly different from control group (SD and FD), “Not significantly

different from intervention (T1 and T2).

Figure 1. Histopathology of Aorta (Hematoxylin-eosin stain; original magnification: 100x). Microscopic view of a normal

A =
A ‘\\‘ SN

aorta cross section (score 0) (A), cross section of aorta containing foam cells (score 1) Histopathology showing the foam

cell (arrow) within tunica intima (B).

According to Table 3, after four weeks of

intervention, the SD, FD, and T1 groups showed
significant differences between week 1 and week 4 of
intervention time (p < 0.005). Meanwhile, the body
weight of the T2 group was not significantly different
over the intervention period (p = 0.260). The T1 group
observed a drop in body weight with a mean change of -
32.5 g, while the other group did not see any decrease in
body weight.
The One-way ANOVA test showed a statistically
significant difference in mean changes of body weight (p
< 0.005). The effect size was calculated as eta squared
m2=0.971).

Improvements in total cholesterol levels
The blood samples of rats were analyzed to
determine their total cholesterol levels, as presented in

Table 4. In the pre-intervention condition, the groups
who were induced with a high-fat diet showed greater
levels of total cholesterol in FD, T1, and T2 compared to
the group that had a standard diet. The paired t-test
showed statistically significant differences in the total
cholesterol levels of the SD group (p = 0.008), FD, T1,
and T2 groups before and after the intervention (p <
0.005). The One-way ANOVA test showed a statistically
significant difference in mean changes of total
cholesterol levels among the various groups (p < 0.005).
The Tamhane test showed a statistically significant
difference in the lowering of total cholesterol levels
between the T1 and T2 groups compared to the SD and
FD groups. The results indicated a reduction in total
cholesterol levels in both the T1 and T2 groups following
the intervention, with mean reductions of -93.19 mg/dL
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and -121.14 mg/dL, respectively. The effect size was
calculated as eta squared (n?> = 0.996).

Effects of sorghum tempeh on Histopathology of
Aorta

Figure 1 demonstrates that the SD group, which was
fed a normal diet, displayed a normal microscopic image
of the aorta in Sprague Dawley rats. These images
showed that the aortic layer had three distinct layers: the
tunica intima, tunica media, and tunica adventitia. The
preparation displayed a picture of an artery exhibiting
the presence of foamy macrophages infiltrating the
intima. No pictures of intra/extracellular mucin or
thrombus were present. There was no presence of plaque
detected over the entire 8-weeks period of the high-fat
diet. The histopathology of the aorta in rats given a high-
fat diet shows histological abnormalities observed in the
tunica intima, including the presence of foam cells. In
Table 5, the FD and T2 groups showed statistically
significant differences compared to the SD group.
Histopathological examination of the aorta showed the
normal tissue with no presence of foam cells (score = 0),
the T2 group had only one sample of normal tissue (n =
6), while the T1 group contained two samples of normal
tissues (n = 6).

DISCUSSION

This study determines that a high-fat diet can lead to
hypercholesterolemia, which is defined by elevated
levels of total cholesterol in the blood and the production
of foam cells at early stages. The total cholesterol levels
of hypercholesterolemic rats supplemented with two
different doses of sorghum tempeh (0.75g and 1.50g per
200g of BW) were significantly lower compared to the
control groups, as in prior research has found that
sorghum tempeh effectively reduces LDL and MDA
levels in rats after a high-fat diet.® Antioxidant activity
of sorghum tempeh was slightly higher than white
sorghum, which might be related to the fermentation,
demonstrating the improvement of sorghum's nutrition
characteristics.!* The fermentation process generates a
protease enzyme with proteolytic properties, leading to
an elevation in phenolic acids. Consequently, this
procedure enhances the bioavailability of micronutrients
and improves protein digestibility; according to this
study, the protein digestibility of sorghum tempeh was
shown to be higher (63.58%) compared to sorghum that
was not fermented (50.91%).8 Study by Murtini et al.
reported that sorghum tempeh fermented for 72 hours
produced protein (10.27%), starch (45.56%), and fat
(0.56%).% The protein of sorghum tempeh in this study
was also found to be higher (16.07%) compared to the
protein of sorghum (8.66%). The fermentation method
applied to the production of tempeh additionally
improves its bioavailability, but it also breaks down the
glycosidic linkages to generate phenolics. The increase
in phenolic compounds contributes to a higher level of
antioxidant activity.’® In addition, the antioxidant
properties present in sorghum tempeh help reduce the
buildup of cholesterol caused by a high-fat diet.

The high fiber content seen in sorghum tempeh is
associated with a reduction in blood cholesterol levels.
The composition of sorghum tempeh includes two types
of fiber: soluble fibers (10.1-25.0%) and insoluble fibers

(75.0-90.0%). This research additionally showed that the
content of insoluble fiber (18.58%) is higher than soluble
fiber (1.22%).8 Short-chain fatty acids (SCFA) from
intestine may lower blood cholesterol levels via
decreasing hepatic cholesterol synthesis.'® These
findings propose a potential method to decrease the risk
of hyperlipidemia and cardiovascular disease.*’

The findings of this study demonstrate that the
administration of sorghum tempeh for 4 weeks leads to a
considerable reduction in total cholesterol levels. When
administered at a higher dose of 1.50 g/200g of BW, it
shows a significant decrease rate. The average total
calorie intake from feed and enteral formula was 71.58
kcal/day in the T1 group and 77.32 kcal/day in the T2
group. Food intake of standard feed and sorghum tempeh
administration showed different energy, fat, and fiber
intake. The high-dose group received more energy and
fat intake than the low-dose group, and the result showed
the T1 group experienced a weight loss of 32.5 grams,
but the T2 group exhibited a weight gain of 3.167 grams.
The high-dose group had a higher fiber intake (1.70 g)
compared to the low-dose group (1.32 g). Furthermore,
the decreased mean changes before and after intervention
were observed in the T1 group (-93.19 mg/dL) and the
T2 group (-121.14 mg/dL). The effect size in this study
was used to determine the practical significance of the
study results and to understand the practical implications
of the findings. The administration of sorghum tempeh
had a 99.6% impact on changes in cholesterol levels and
97.1% on body weight changes, suggesting a large effect.

The histopathology results of this study demonstrated
that the ingestion of a high-fat diet for 8-weeks leads to
the development of hypercholesterolemia in rats, as
previously observed, and promote the accumulation of
foam cells in the tunica intima of the aorta,!318-20
Cholesterol buildup leads to a rise in lipoproteins in the
inner lining of blood vessels, which are then oxidized by
oxygen-free radicals generated by endothelial cells or
macrophages. This accumulation occurs specifically in
macrophages and other phagocytes, resulting in the
formation of foam cells.?

After the sorghum tempeh was administered, only one
or two out of the six samples exhibited improvement,
characterized by the absence of foam cells. A possible
explanation is that the samples had different levels of fat
accumulation at the start of the intervention. As a result,
some samples may have had more advanced conditions
that were less susceptible to the intervention, other
factors might contribute to this outcome. The rats
included in the study may exhibit modest variations in
their genetic compositions, which can influence their
metabolic processes and responses to dietary intervention
of sorghum tempeh.?? The genetic variations may impact
the rats' lipid metabolism, antioxidant defenses, and
vulnerability to the formation of foam cells.

The gut microbiota also has a substantial impact on the
breakdown of nutrients from food and the subsequent
effects on health. Differences in the gut microbes of the
rats may cause variations in the availability and efficacy
of the active chemicals in sorghum tempeh, leading to
varied outcomes.?® In addition, the immune system,
which contributes to the development of foam cells
through macrophage activity, can differ across individual
rats. Variations in immunological responses and
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phenotypic alterations of macrophages during the
accumulation of foam cells may result in differences in
the cellular mechanisms involved in the formation or
reduction of foam cells when exposed to the
intervention.?® In this study, the one rat showing an
absence of foam cells could have had a combination of
factors that made it more receptive to the positive effects
of sorghum tempeh. In contrast, the other rats did not
exhibit the same level of responsiveness. Further studies
using larger sample sizes and the inclusion of other
variables, such as the gut microbiota and macrophage
activity, may be required to determine the exact cause.

The outcome of this study had a significant effect on
overall cholesterol levels despite the presence of foam
cells. Consequently, supplementation with sorghum
tempeh may reduce the production of foam cells and
enhance the histological appearance of the aorta.
However, it was unable to achieve the total same
condition as the healthy control group. The results
showed that giving sorghum tempeh at a dose of 0.75
g/200g of BW was significant to improve the
development of atherosclerosis, including reducing high
cholesterol levels and preventing the formation of foam
cells. The limitation of this study was that the researcher
did not analyze any antioxidant markers to identify the
phenolic compound of sorghum tempeh, the organ
weight of rats, or histology of other organs, such as the
liver. There was a lack of fatty acid analysis to clarify
the factors contributing to the greater fat content in
sorghum tempeh.

CONCLUSION

Sorghum tempeh is a type of functional food that
offers enhanced nutritional benefits, including a higher
content of total dietary fiber, predominantly insoluble
fiber, increased antioxidant activity, and improved
protein digestibility. Administering sorghum tempeh in
the diet can significantly impact changes in body weight
and cholesterol levels, with a potential effect of over
90%. The recommended dose of sorghum tempeh is 0.75
g per 200 g of body weight, which may lead to a decrease
in body weight and a reduction in cholesterol levels. It is
possible to restore the normal condition of the aorta
histopathology by inhibiting the development of foam
cells.
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