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Abstract

The unripe fruit of the pisang kayu (Musa paradisiaca L. Var. Kayu) has been utilized to treat diarrheal illnesses
traditionally by the people of Senduro Village, Lumajang, East Java, Indonesia. Previous studies have shown that ethanol
extracts of unripe banana fruit have antidiarrheal effects. The opportunity to utilize the ethanol extract of unripe fruit of
pisang kayu as a herbal medicine is quite large, but this herbal medicine must be developed further to meet safety
requirements. Allergy tests are conducted to determine the safety of drug candidates because allergies can cause
angioedema on the skin as well as an increase in eosinophils and basophils in differential leukocyte counts. Therefore,
this study aims to conduct an allergy test by looking at the effect of unripe fruit ethanol extract of pisang kayu (M.
paradisiaca L. Var. Kayu) on skin histology and differential leukocytes of Mus musculus. The allergy test was conducted
acutely and subchronically. The dorsal skin was then made into histological preparations. Mice blood was taken from the
tail, and the leukocyte differential test was conducted. The results showed that unripe fruit ethanol extract of pisang kayu
(M. paradisiaca L. Var. Kayu) did not cause allergy. This can be seen from the absence of signs of reddish rash and
angioedema in the observation of the morphology of the skin of Mus musculus. In addition, the absence of allergies was
also seen from the absence of significant differences in all treatment groups (p > 0.05) seen from the thickness of the
epidermis, the thickness of the dermis, and the presence or absence of hyperplasia. Furthermore, the lack of significant
differences between treatment groups (p > 0.05) indicated the absence of allergy and the number of differential leukocytes,
which were in the normal category as an indicator of allergy in all treatment groups.
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Introduction

Bananas are a primary fruit crop in tropical and
subtropical climates [1]. Indonesia, as a location of
origin for Musa, exhibits significant germplasm variety
[2]. One type of banana plant is pisang kayu (Musa
paradisiaca L. Var. Kayu), that was popular among
locals in Senduro Village, Lumajang, Indonesia, as
remedy for digestive tract infection [3]. Empirically, the
Senduro people steam, boil and burn the unripe fruit of
the pisang kayu (Musa paradisiaca L. var. Kayu) [4]. In

previous studies, the ethanol extract of pisang kayu
(EPPK) fruit has an antidiarrheal effect on Escherichia
coli-induced Mus musculus. The antidiarrheal effect is
produced in the form of changes in the consistency of
feces to become denser and a decrease in the frequency
of defecation and weight [5]. Based on the
phytochemical screening test, ethanol extract of unripe
pisang kayu (EEUPK) contains alkaloids, tannins,
saponins, and flavonoids [6]. Tannin content, which
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exhibited antidiarrheal activity induced by Oleum ricini
at a dose of 200 mg/kg body weight, also demonstrated
inhibitory and bactericidal effects on Escherichia coli in
media concentrations of 25 and 50 % [4]. In addition,
the results of previous studies [4] show that the content
of phenolic compounds in pisang kayu fruit such as
tannins, flavonoids and saponins has antibacterial
activity against Escherichia coli so that it can be
developed into topical drugs.

Herbal medicines are currently popular and
acknowledged to varying extents across different
countries as significant complementary and alternative
treatments for chronic diseases [7]. Herbal medicines
comprise any part of plants, including herbs and herbal
materials, as well as their combinations, extracts, and
purified products, all of which contain active ingredients
known as phytochemicals [8]. The historical utilization
of herbal medicines highlights their potential benefits;
however, the modern scientific community emphasizes
the necessity for rigorous evaluations of their safety and
efficacy. Unlike pharmaceutical drugs, herbal products
frequently lack standardized dosages and may interact
with other medications [9]. Besides, comprehensive data
concerning the quality, safety, and efficacy of numerous
plants, their extracts, preparations, and active
compounds remain limited [10]. Therefore, ensuring
their quality is of paramount importance to guarantee
their safety and effectiveness [9].

In the realm of drug development, achieving safety
and efficacy is a crucial objective. This necessitates a
thorough understanding of the complex interactions
between drugs and biological systems [11]. The process
of developing new drugs and obtaining approval from
regulatory agencies necessitates extensive research and
rigorous testing to confirm their safety and efficacy [12].
Drug  hypersensitivity ~ reactions (DHR)  are
characterized as immune-mediated responses to a drug,
whether it is a small molecule or a protein, resulting in
an inflammatory reaction [13]. Even though various
drug classes, such as antibiotics, nonsteroidal anti-
inflammatory drugs (NSAIDs), and anesthetics, can
generate potentially immunogenic epitopes, only a small
proportion of patients exhibit allergic reactions.
However, when these reactions do occur, they can result
in severe outcomes, including significant organ damage
and potentially fatal anaphylaxis. Additionally, while
the skin, liver, lungs, and kidneys are the most

frequently affected tissues, any organ or tissue can
potentially be harmed through immunological
mechanisms [14].

Various medicinal herbs possess pharmacological
properties that can induce allergic reactions in sensitive
individuals [15]. Allergic reactions are distinguished by
swift inflammatory immune responses to antigens that
are otherwise innocuous or harmless. The defining
feature of these reactions is hypersensitivity upon re-
exposure to the antigen, usually occurring at the sites of
antigen contact. This swift response is driven by
antigen-specific immunoglobulin E (IgE) [16]. The
generation of antigen-specific IgE antibodies can trigger
the degranulation of mast cells, leading to a range of
symptoms [17]. Allergies can also give a reaction in the
form of an increased number of leukocyte type counts
[18]. Anincrease in the number of eosinophils can occur
due to an excessive immune response to allergens,
infection, or inflammation, as well as other conditions
such as parasitic infections or certain drug reactions
involved in leukocytosis [19]. An increase in basophils
can also indicate an allergic mechanism in the body
because basophils play an important role in allergic
response [20]. This increase is due to eosinophils and
basophils playing an important role as effector cells in
allergic inflammation mechanisms, as well as in
adaptive and innate immune responses [15].

In addition to leukocytes, allergies can manifest
through a variety of symptoms, including skin reactions
like urticaria, angioedema, atopic eczema, or contact
dermatitis. Additionally, individuals may experience
skin sensations that occur independently of visible skin
lesions, such as pruritus, flushing, burning, and pain
[21]. Angioedema is characterized by pale or
erythematous swelling, primarily impacting areas such
as the face, lips, tongue, oral mucosa, male genitalia,
hands, and feet, due to deeper edema within the dermis
[22]. Skin reactions caused by allergies can have a
substantial and significant impact on the quality of life
[21,23]. In addition, allergy testing also includes a series
of in vivo nonclinical toxicity tests required by the
Indonesian Food and Drug Administration (BPOM)
[24]. Therefore, an allergy assessment was conducted
to determine the safety of prospective drugs by looking
at the effect of EEUPK on skin histology and differential
leukocytes of M. musculus.
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Materials and methods

Pisang kayu extraction

Pisang kayu fruits, 3 months after flowering, were
washed and cleaned of foreign particles and then
drained. A food dehydrator with the temperature of 50
°C was then used to dry the fruit after it had been cut
into small pieces. Drying is done with the aim of
opening the cell walls of plants to be extracted so that
the content of phenolic compounds can come out. After
drying, the sample was mashed using a blender then
stored in a tightly closed container [4]. Extraction was
carried out using the maceration method. This method
was chosen because of several advantages, such as
simple methods and tools, and it does not damage the
content of natural ingredients because it does not use
heat [25]. This method was carried out by weighing 500
g of pisang kayu unripe fruit powder and adding 96 %
ethanol solvent, totaling 2.5 L. The powder was put into
a glass jar, and the solvent was added little by little. The
pisang kayu unripe fruit powder was macerated with 96
% ethanol solvent for 2 days with stirring and changing
solvents every day. The maceration period lasts 24 h
with 2 stirrings; following this, the solvent is changed,
and soaking occurs for an additional 24 h. The soaking
procedure is reiterated until the solvent’s color becomes
transparent [4]. To create a thick extract, the solution
was filtered using a Buchner funnel, and the macerate
was then evaporated using a rotary evaporator with a
temperature of 50 °C, adjusting the boiling point of the
ethanol solvent to avoid damaging the content in the
extract.

Research ethics approval

The Health Research Ethics Committee of the
Faculty of Dentistry at Airlangga University has
reviewed and approved this study. (Research ethics
number: 0061/HREEC.FODM//11/2024).

Acute allergy test

An acute allergy test was conducted on 30 male M.
musculus that had been acclimatized for 2 weeks. The
number of animals has been adjusted to the Organization
for Environmental Control Development (OECD)
Guidelines for the Testing of Chemicals no.406
regarding Skin Sensitization where a minimum of 10
animals for the treatment group and 5 animals for the
control group are required [26]. The test animals were
then grouped into 6 groups with one control group and
5 treatment groups. M. musculus had its back hair
shaved, then punctured to the dermis layer and given
treatment according to the existing group. The test is
carried out using the skin prick test method by
puncturing the dermis layer that contains dendritic cells
[27]. The EEUPK that will be given has been mixed with
0.5 % CMC-Na solution. Grouping of test animals for
treatment can be seen in Table 1. The dose group used
in this study refers to the results of the acute toxicity test
of EEUPK, which received an LD50 value of 2,535.128
mg/KgBW and is included in the mild toxic category
[28]. Regarding the adjustment of safe doses from the
previous toxicity test, doses of 50, 100, 200, 400 and 800
mg/KgBW were selected for this test. After 30, 60 and
90 min post-application, signs of allergy, such as
redness and rash on the skin were observed. The data
obtained from skin assessment then converted into
numbers according to the Magnusson and Kligman scale

in Table 2.
Table 1 Group assignment of test animals.
Groups Treatment
Control CMC Na 0.5 %
Group 11 Ethanol extract pisang kayu 50 mg/kg BW
Group III Ethanol extract pisang kayu 100 mg/kg BW
Group IV Ethanol extract pisang kayu 200 mg/kg BW
Group V Ethanol extract pisang kayu 400 mg/kg BW

Group VI

Ethanol extract pisang kayu 800 mg/kg BW
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Table 2 Magnusson and Kligman scale.

Topical reaction Grade
No visible changes 0
Light erythema |
Moderate erythema 2
Severe erythema and edema 3

Subchronic allergy test

A subchronic sensitization test was carried out on
30 male mice that had been acclimatized and used the
same dose groups as the acute allergy testing. The test is
divided into 3 stages, namely preliminary tests using the
Buehler test, topical induction tests, and challenge tests.
In the preliminary test, samples of varying
concentrations were applied to the flank region. The test
preparation, as much as 0.5 mL for the liquid material,
was placed on the chamber, and added filter paper (2x4
cm) was then applied to the shaved area, followed by an
elastic bandage and an occlusive dressing. After 6 h the
patch was removed, and observations were made 24 and
48 h following the removal of the patch. The results
were observed using the Magnusson and Kligman scales
in Table 2. Entering the next stage, the topical induction
test, the test substance was administered to the shaved
flank region on day 0. The test preparation (weighing
0.5 g for semi-solid materials or 0.5 mL for liquid
materials) was placed on the chamber; for liquid
materials, after applying filter paper, the skin was coated
with an occlusive dressing and wrapped in an elastic
bandage. After (6 = 0.5) h, the patch was opened, and
observations were made. The same procedure was
repeated on the same test area (if necessary, the hair was
shaved again) on day (7 £ 1) and day (14 + 1). The
control group underwent the identical procedure, except
a solvent was used in place of the test preparation. All
test groups and control groups underwent the challenge
test 14 days following the last topical induction, with the
flanks being shaved 24 h beforehand. The topical
induction and test preparation exposure should not take
place at the same time. Mice’s shaved flanks were
topically treated with the test preparation at the greatest
concentration that did not cause erythema, followed by
an occlusive dressing and an elastic bandage. After (6 +
0.5) h, the patch was opened. Approximately 21 h after
the patch was removed, the test area was cleaned and
shaved if necessary. Observations were made on the

appearance of the skin in the challenge area at 24™ and
48™ hours after the patches were removed, and the
presence of edema and erythema was recorded
according to Magnusson and Kligman scale ratings. The
Magnusson and Kligman scales (Table 2) are used to
characterize and classify skin reactions in relation to
erythema and edema. Additional notes may be made if
unusual responses are found. In addition, the body
weight of the test animals before and after testing should
be recorded [26].

Leukocytes differential

After the allergy test, M. musculus was
anesthetized by administering ketamine 0.04 mg/KgBW
and xylazine 0.02 mL/KgBW by injecting liquid into the
vein. Blood was taken from the lateral vein of the tail
[29]. Blood smears were fixed for 5 min by immersing
the slides in methanol. After being taken out of the
methanol, the smears were dried. After 30 min of
staining with 1 % Giemsa solution, blood smears were
rinsed with distilled water and left to dry. At 1,000x
magnification, the stained blood smears were quantified
as 100 leukocytes [30].

Skin histology

The backs of mice that have been shaved are
anesthetized with ketamine 0.04 mg/KgBW and
xylazine 0.02 mL/KgBW by injecting liquid in the
muscularis. The skin was cut with a thickness of + 3 mm
to reach dWAT (dermal white adipose tissue) and 2 cm
long. The animals were sacrificed after skin collection
was completed. The skin was then preserved using a 10
% formalin solution and allowed to come to room
temperature for £ 48 h [31]. Tissue samples were
dehydrated with graded alcohol (70, 80, 90 %, and
absolute alcohol) twice for 2 h each. In the clearing
stage, the samples were put into xylol 3 times for 1 h
each. After that, it was continued with infiltration in
paraffin at 60 °C for 3 times for 1 h each. Then the
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samples were embedded in paraffin and tissue blocks.
Using a microtome, tissue blocks that were 5 um thick
were cut and put on a piece of object glass that had been
coated with entellan [32].

Tissue staining begins with the process of
deparaffinization using xylol for 3 repetitions, each for
2 min, followed by rehydration using alcohol solution
with decreasing concentration (absolute, 90, 80 and 70
%), each for 5 min, then rinsed with distilled water and
dried. Next, the tissue was stained with hematoxylin for
5 min and rinsed again with distilled water and waited
to dry. The tissue was then stained again with eosin for
2 min and followed by graded alcohol solutions (70, 80,
90 % and absolute), clearing with xylol, and ending with
slides covered with a glass cover (mounting process)
using entellan [32]. The skin thickness was subsequently
observed and measured utilizing the Optilab® system.
Additionally, the ImageRaster® provided 400x photo
magnification when attached to the ocular lens of the
light microscope [33].

Data analysis

Results from skin thickness measurements and
differential leucocyte tests were expressed as averages.
Prior to analysis, a normality test was performed using
the saphiro-wilk test. After that, the data were

statistically analyzed using Kruskal-Wallis for non-
normally distributed data and one-way analysis of
variance (ANOVA) for normally distributed data.
Tukey’s post hoc test was used to determine whether the
differences between treatment groups were significant.
Meanwhile, data from the observation of rash size or
redness and edema were analyzed descriptively and
quantitatively.

Results and discussion

The resulting unripe fruit extract of pisang kayu
(M. paradisaca L. Var. Kayu) is a thick, blackish-green
extract with a distinctive odor. The extract obtained by
the maceration method produced a yield (% b/v) of 6.45.
Based on the previous studies, this extract contains
secondary metabolites such as tannins, alkaloids,
saponins, and flavonoids, according to phytochemical
screening [6]. In the acute test, a puncture was made on
the skin as a pathway for the entry of EEUPK into the
body of M. musculus. While the treatment in the
subchronic test was carried out by attaching filter paper
containing liquid to the skin of the flank area. The
administration of EEUPK is expected not to cause
allergic reactions indicated by rash and edema. The
results of the effect of the administration of EEUPK on
the skin can be seen in Tables 3 and 4.

Table 3 Results of back morphological observations of acute allergy test of M. musculus.

Observation time (min)

Groups

30 60 90

Control 0 0 0

50 mg/KgBW 0 0 0
100 mg/KgBW 0 0 0
200 mg/KgBW 0 0 0
400 mg/KgBW 0 0 0
800 mg/KgBW 0 0 0
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Table 4 Results of back morphological observations of subchronic allergy test of M. musculus.

Observation time (Day)

Groups
D1 D7 D14 Challenge test 24 h Challenge test 48 h
Control 0 0 0 0 0
50 mg/KgBW 0 0 0 0 0
100 mg/KgBW 0 0 0 0 0
200 mg/KgBW 0 0 0 0 0
400 mg/KgBW 0 0 0 0 0
800 mg/KgBW 0 0 0 0 0

Note: D1 is Day 1, D7 is Day 7, and D14 is Day 14.

Skin testing has long been a fundamental
procedure in diagnosing allergies. It provides the benefit
of immediate results, allowing for prompt discussions
with patients. This approach eliminates the need to wait
for laboratory results or schedule a follow-up
appointment to discuss the clinical significance of the
allergy tests [34]. As the primary interface between the
body and the environment, the skin serves as a potential
route for allergen penetration and plays a crucial role in
allergy development. An intact epidermal barrier
protects against exposure to external allergens, while
any physical or functional compromise of this barrier
facilitates sensitization [21]. The skin also serves as a
crucial pathway for drug delivery, enabling topically
administered drugs to permeate through the stratum
corneum (SC) and reach deeper skin layers, potentially
entering systemic circulation [35].

Based on the involvement of the immune system
and the specific cells implicated, drug hypersensitivity
reactions (DHRs) are categorized into allergic drug
hypersensitivity reactions (ADHRs) and non-allergic
drug hypersensitivity reactions (NADHRs), with type |
reactions being mediated by IgE antibodies [36]. This
type of hypersensitivity can cause life-threatening
conditions, such as angioedema [37]. Angioedema is a
swelling reaction that is not followed by itching with a
soft consistency that occurs quickly after contact with an
allergen [38]. It results from increased vascular
permeability and can persist from a few hours to several
days. This condition may manifest as non-pitting, non-
pruritic skin edema or swollen mucosa, which has the
potential to obstruct the airway [37].

In various forms of angioedema, there are 2 main
mediators, histamine and bradykinin [37]. Both of these
inflammatory mediators have been demonstrated to

cause a transient opening of the endothelial barrier.
Histamine and bradykinin facilitate the formation of
intercellular gaps and leakage in the endothelium by
promoting VE-cadherin internalization through its
phosphorylation at Tyr658 and Tyr685 [39]. In
bradykinin-mediated angioedema, bradykinin acts as a
vasoactive peptide that causes edema to occur by
increasing vascular permeability and vasodilation [40].
Meanwhile, the most prevalent type of angioedema is
histamine-mediated, which is frequently encountered in
emergency departments, accounting for approximately
40 - 50 % of angioedema cases. It frequently appears as
an immediate type | hypersensitivity reaction, impacting
the tongue, lips, throat, and lips, often accompanied by
hives or urticaria [41]. Urticaria, an inflammatory
disorder, manifests with temporary wheals and
angioedema, either individually or together, and does
not involve systemic symptoms. It arises from mast cell
degranulation, which can be spontaneous or induced by
various factors [42]. This condition may last for a few
minutes to less than 24 h [43].

Based on observations in Tables 3 and 4 regarding
post-treatment skin morphology, it can be seen that all
treatment groups in the acute and subchronic tests
received a score of 0, which means that there was no
rash and edema or swelling in all treatment groups and
the control group. This indicates that EEUPK does not
cause allergies in all treatment groups seen from the skin
morphology of the test animals. The absence of allergic
reactions to the skin is also indicated by the findings of
the average thickness measurements of the dermis and
epidermis, which are displayed in Table 5. However,
this absence of edema may also be due to the flavonoid
content in the extract. It is said that flavonoids such as
quercetin and morin, exhibit lipoxygenase inhibition.
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Flavonoids, as potent inhibitors of arachidonic acid,
phospholipase A2, cyclooxygenase, and nitric oxide
synthase (NOS), can reduce the synthesis of
prostaglandins, leukotrienes, and nitric oxide (NO) as

important inflammatory substances. Flavonoids also
lessen the release of chemokines and metabolites of
arachidonic acid, which lowers leukocyte infiltration
and edema [44].

Table 5 Average thickness of epidermis and dermis of M. musculus in each treatment in acute and subchronic test.

Thickness average (um)

Groups
Epidermis Dermis
Acute test result

Control 23.46 £ 5.46° 267.6 £ 26.17°
50 mg/KgBW 23.25 £ 5,728 266.2 + 122
100 mg/KgBW 17.79 + 3.852 232 +50.8°
200 mg/KgBW 20.28 +1.492 272.3 +24.95°
400 mg/KgBW 21.45 + 42 240.6 +21.92
800 mg/KgBW 15.97 £2.82 242.7 +20.412

Subchronic test result

Control 22.82 £ 6.14° 258.6 + 31.7°
50 mg/KgBW 22.83 + 3.96° 254.9 + 19.51°
100 mg/KgBW 17.21+ 32 266.6 * 56.22?
200 mg/KgBW 20.33+1.532 229.9 +29.932
400 mg/KgBW 20.27 £ 4.732 230.4 + 31.65°
800 mg/KgBW 20.48 + 52 185.6 +59.72

Note: All skin layers in all treatment groups in both acute and subchronic test have the same letter notation, and the p-
value obtained in all skin layers is above 0.05 (p > 0.05) indicating non-significant difference in all treatment groups.

The observation of skin thickness in histological
preparations acts as supporting data from observations
of skin morphology, which states that there is no allergic
reaction as evidenced by the absence of skin thickening
or hyperplasia. Figures 1 and 2 illustrate how the
thickness of the epidermis differs among individuals.
Even within the same species, the thickness of the
epidermis will change in various body parts and within
a single area according to physiological factors,
including gender and hair cycle stage [45]. Epidermis in
mice has a size of < 25 um [46]. Based on this, it can be
said that the epidermis in the treatment group given
EEUPK does not have thickening because it has a
thickness of < 25 pm. These results also indicate that the
epidermis in the test animals is normal and there is no
thickening or hyperplasia in both the epidermis and
dermis layers. Hyperplasia refers to the increase in the
number of cells typically found in a tissue or organ. In
many instances, this condition is attributed to enhanced

cellular replication. Drugs and chemicals can induce
hyperplasia both directly and indirectly. A direct
example of hyperplasia is the increased cell proliferation
observed after administering agents that function as
ligands for nuclear receptors [47]. This condition, as
well as inflammation, is a feature of various skin
conditions. IgE through FceRI signalling on basophils
will potentially promote epidermal hyperplasia [48].
The size of the dermis obtained is also normal,
where the dermis on the back of M. musculus should
have a size of less than 280 um (275 - 280 um) [49]. The
dermis is a layer of skin that originates from the
mesoderm and is a place for hair follicles, sweat glands,
nerves, and oil glands [50]. The dermis predominantly
consists of an acellular component known as the
extracellular matrix (ECM). Collagen fibers are a key
element of the ECM, comprising 75 % of the skin’s dry
weight and offering tensile strength and elasticity [51].
Dermis is divided into 2 distinct regions: The superficial



Trends Sci. 2025; 22(5): 9550

8 of 16

papillary layer and the deeper reticular layer [52]. In the
reticular dermis, the fibers are typically thicker and

(D)
Note: (A) Control, (B) 50 mg/KgBW, (C) 100 mg/KgBW, (D) 200 mg/KgBW, (E) 400 mg/KgBW and (F) 800
mg/KgBW. The difference in thickness in dWAT (Dermal White Adipose Tissue) is due to differences in the growth
phase of hair follicles in each individual.

(B)

(E)

often bundled together, whereas the papillary dermis is
much thinner in comparison [53].

(F)

Figure 1 M musculus skin histology after treatment in acute allergy test with magnifition 400x and hematoxylyn-eosin

dye.

Ensuring drug safety is an important step to
prevent patients or prospective patients from various
negative reactions, especially drug allergy reactions.
Drug hypersensitivity reactions (DHRs) are a form of
adverse drug reaction that can occur across various drug
classes, affecting multiple organ systems and a wide
range of patient populations [14]. Drug hypersensitivity
reactions are type B drug interactions and represent one-
3" of all drug interactions [54]. According to the World
Health Organization (WHO) consensus, adverse drug
reactions (ADRs) are classified into 2 categories:
Predictable (type A) and unpredictable (type B)
reactions [36]. Type B reactions are rare but tend to be
severe in nature and can potentially lead to mortality
[55]. This is due to type B reactions are more
challenging to identify and detect during preclinical and
clinical trials prior to a drug’s market approval [36].

In this study, drug allergy testing was carried out
through the skin prick test (SPT) method. In the United
States, diagnostic tests for drug allergies predominantly
rely on immediate skin testing and drug challenges [56].

SPT and IDT with direct reading are used to investigate
hypersensitivity reactions directly. Reactions tend to
occur 1 h after drug administration. Self-onset
symptoms occur on the skin and mucous membranes,
such as rash/urticaria and angio-edema, and can
occasionally develop into more severe anaphylactic
shock, hypotension, and bronchospasm symptoms [54].
Large molecular weight drugs can be directly identified
by immune cells and antibodies. In contrast, most drugs
function as haptens because they are too small (less than
1,000 Da) to trigger an immune response on their own
and must bind covalently to a protein to form an antigen
[57]. These hapten-self protein complexes are then
either taken up by or produced from drug pro-haptens
within antigen-presenting cells (APCs). They are
processed and presented on major histocompatibility
complex (MHC) I or Il molecules, which may lead to
the activation of drug-specific T cells [14]. Tumor
necrosis factor alpha (TNF-o), mast cell protease
(MCP), interleukin-9 (IL-9), and other inflammatory
mediators are released when IgE binds to certain
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receptors on the surface of mast cells in response to
allergen recognition. In the intestinal mucosa, Th-2
cytokines like 1L-5 and IL-13, which cause mast cell
hyperplasia and B lymphocytes to produce allergen-
specific IgE, dominate the ensuing inflammatory
response [58].

Differential leukcocyte data were also obtained
from male M. musculus used as test animals. White
blood cell differential analysis is a commonly employed
diagnostic method in both medical practice and
research. It provides valuable insights into the immune
system’s condition and offers crucial information
regarding an organism’s overall health [59]. Differential
leukocytes need to be known because the increase in the
number of leukocyte types can be caused by allergic
reactions [18]. Male animals were chosen because

(D)
Note: (A) Control, (B) 50 mg/KgBW, (C) 100 mg/KgBW, (D) 200 mg/KgBW, (E) 400 mg/KgBW and (F) 800
mg/KgBW. The difference in thickness in dWAT (Dermal White Adipose Tissue) is due to differences in the growth
phase of hair follicles in each individual.

(E)

female animals have estrogen hormones that rise and fall
according to the estrus phase. Estrogen has an influence
on the immune system because estrogen will stimulate
the production of Th2 cytokines, which will increase the
growth and proliferation of Th2 cells to elevate IgE
production and eosinophil function related to
inflammatory reactions due to allergies and bacterial
infections [60]. The test is carried out by piercing the
skin to the dermis layer so that the ethanol extract can
be recognized by the immune system. There is a more
varied population of mononuclear phagocytes in the
dermis layer, such as dermal macrophages and dermal
dendritic cells, or DC cells [61]. Macrophages are
antigen-presenting cells present in the dermis that are
able to identify pathogens and cause damage by
triggering the proper immune response [62].

©

(F)

Figure 2 M musculus skin histology after treatment in subchronic allergy test with magnifition 400x and hematoxylyn-

eosin dye.

Table 6 Differential leukocyte results in acute and subchronic testing.

Leukocyte differential results in acute testing

Mean acute test leukocyte differential (%)

Groups
Neutrophils Lymphocytes Eosinophils Monocytes Basophils
Control 47+ 7% 474+ 7.8 32+£0.7° 2+1° 0*
50 mg/KgBW 44.5+4.5°% 49 +4.58* 4+1.22° 2.5+1.122 0?
100 mg/KgBW 42.25+7.6* 52.5+7.57* 2.75+1.32 2.5+0.5° 0*
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Leukocyte differential results in acute testing

Mean acute test leukocyte differential (%)

Groups
Neutrophils Lymphocytes Eosinophils Monocytes Basophils

200 mg/KgBW 37.75 £ 4.06* 56 +4° 3.75+£1.09? 2.5+0.5° 0*
400 mg/KgBW 48.25 £ 8.06° 4725+ 9% 2.75+1.26* 1.75+0.552 0*
800 mg/KgBW 41.75 + 8.88? 53 +8.62° 3.25+0.96* 1.25+0.52 0*

Control 26.75+5.17° 66.75 £ 5.45° 4.5+ 0.5° 2+07 0
50 mg/KgBW 31.75+1.92* 63.25 +1.48° 3.25+0.83% 1.75+0.432 0*
100 mg/KgBW 23.5+4.39° 73 £4.12* 2.25+0.832 1.25+£043% 0*
200 mg/KgBW 31.5+4.272 62.75 +4.26° 3.75+£0.432 2+0° 0*
400 mg/KgBW 32 +13.34° 63.5+12.92* 2.54+1.292 2+0.812 0*
800 mg/KgBW 27.5+8.27* 68.5 + 8.812 2.54+0.58% 1.54+0.58* 0*

Reference 10 - 40 >50 1-5 <2 05-1
[63] [59] [64] [65] [66]

Note: All types of leukocytes in all treatment groups in both acute and subchronic testing have the same letter notation
and show that the p-value obtained is above 0.05 (p > 0.05) showing no significant differences in all treatment groups.

The differential leukocyte result in Table 6 is
derived from the calculation formula: Leukocyte
type/100x%. The number 100 represents the total
leukocytes counted. This calculation can be done due to
the 1 % Giemsa dye applied. Giemsa dye contains eosin,
which stains basic cell component like cytoplasm
granules, and methylene blue which stains the nucleus
as an acidic component of cell [67]. Based on the
leukocyte differential data in Table 6, there are
differences in the results in each treatment group for
each number and type of leukocytes present. The results
in the Table 6 show that the average value of
lymphocytes is higher than the average value of
neutrophils except in the 400 mg/kgBW dose group. The
average number of lymphocytes that is higher than
neutrophils is in accordance with the existing literature
where M. musculus has a high number of lymphocytes,
which is > 50 % [59] with only 10 - 40 % neutrophils
[63]. This contrasts with humans, who have 30 - 50 %
lymphocytes and 50 - 70 % neutrophils [68]. However,
the number of neutrophils in all treatment groups in
acute testing had values above 30 % even though it is
still within the normal range. This can be caused by stab
wounds that trigger inflammation. Wounds are the result
of physical trauma that breaks the skin tissue [69].

The impact of the wound increasing the number of
neutrophils will be seen in the comparison of differential

leukocyte results in acute testing with subchronic testing
results. The neutrophil results in the subchronic test
were lower in the range of 23.5 - 32 %. This is due to
the absence of wounds made as a pathway for extract
entry. In the healing process, wounds undergo 4 phases,
namely homeostasis, inflammation, proliferation, and
remodelling [70]. Neutrophils are the primary
circulating leukocytes in the blood and are regarded as
the 1% responders of the immune system [68].The early
stages of inflammation are dominated by neutrophils
[71]. Neutrophils are typically the 1% cells to gather at
sites of injury and microbial infection. Their departure
from the blood into tissues is a multi-step process, which
includes the activation of polymorphonuclear
leukocytes (PMNSs), rolling and adhering to the activated
endothelium, trans endothelial migration, and
subsequent chemotactic movement toward the site of
inflammation [72]. Activated neutrophils mediate
inflammation by  secreting and  synthesizing
leukotrienes, cytokines, prostaglandins, and
chemokines. In particular, neutrophils have been shown
to secrete and synthesize the chemokine CXCL8, which
will attract more neutrophils [73].

Table 6 shows that the mean value of eosinophils
in all treatment groups varied in the range of 2.75 - 4 %
for acute testing and 2.5 - 4.5 % for subchronic testing.
These results are still included in the normal category
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because in healthy individuals eosinophils will be found
with a small percentage of 1 - 5 % of total white blood
cells count [64]. Eosinophils are known to contribute to
allergic reactions. It has been documented that an
increase in eosinophil infiltration in tissues is a
characteristic feature of allergic diseases [74]. Increased
eosinophil counts are caused by parasites, atopic
disorders, and allergic illnesses [75]. Eosinophil levels
rise considerably in certain pathological conditions,
affecting both blood and tissue compartments. This
increase is primarily due to a multi-immune response
involving type 2 (T2) cytokines and other pro-
inflammatory mediators [76]. Eosinophils promote
allergic inflammation through the release of pro-
inflammatory mediators such as leukotrienes C4
(LTC4), major basic protein (MBP), eosinophil cationic
protein (ECP), IL-4, and IL-13 [64]. Therefore, the
mean value of eosinophils that is less than 5 % in the test
results indicates that no hypersensitivity or allergic
response occurs.

The mean value of monocytes as displayed in
Table 6 shows that monocytes are in the range of 1.25 -
2.5 for acute testing and 1.25 - 2 for subchronic.
Monocytes make up less than 2 % of the total leukocyte
count in mice [65]. Monocytes are an essential part of
the mononuclear phagocytic system, which breaks down
foreign objects and microbes in a variety of tissues. By
interacting with lymphocytes and developing into
dendritic cells, these blood cells also serve as antigen-
presenting cells, controlling immunological and
inflammatory responses [77]. Based on the test results,
there is an average value for both tests where the results
of the acute test show a higher upper limit average value
of 2.5 % compared to the subchronic test, which has a
value of 2 %. This difference is again due to the presence
of puncture wounds on the back in acute individuals.
The increase in monocytes can be attributed to the tissue
damage caused by the puncture wound on the dorsal skin
of M. musculus. Following an injury, circulating
monocytes rapidly exit the peripheral blood and migrate
into tissues, where they play a crucial role in initiating,
coordinating, and resolving inflammation [78]. The
rupture/damaged tissue can release a danger signal
called Damaged-Associated Molecular Patterns
(DAMPSs) [79]. Furthermore, monocytes that have
cellular receptors called Pattern Recognition Receptors
(PRRs) will recognize DAMPs. Pro-inflammatory

cytokines will activate and attract inflammatory cells
such as monocytes from the blood circulation to the
location where DAMPs are located, which will increase
monocyte cells [80].

White blood cells called basophils are important in
a number of allergy diseases. Following exposure to
allergens, mast cells and basophils release vasoactive
mediators that later will cause anaphylaxis, which is an
allergic reaction that occurs rapidly and is potentially
life threatening [81]. Considering the information in
Table 6, it can be seen that basophils in all test models
and all treatment groups have a value of 0. The value is
very small when compared to other white blood cells.
This is due to the fact that when measuring white blood
cells (WBCs), basophils are the least prevalent type of
leukocyte that representing only 0.5 - 1 % [82]. The
absence of basophils in this calculation does not mean
that there are no basophils in the blood circulation of the
test animals. This because basophils are only 0.5 -1 %
of all leukocytes, making them the least common
granulocytes. The expression of IgE receptors, where
basophils contain a high-affinity FceRI on the cell
surface that may bind directly to IgE, is the primary
characteristic that distinguishes these cells from mast
cells. Crosslinking between FceRI and allergen-induced
IgE causes the release of effector and immunoregulatory
mediators, including leukotriene-4 (LTC-4), histamine,
and Th2 cytokines like IL-4 and 1L-13. Where there is
allergic irritation in the skin and airways, basophils and
eosinophils are found [66].

Conclusions

The result of this study concludes that ethanol
extract of unripe pisang kayu (EEUPK) does not have
an allergic effect as seen from the absence of notable
differences (p > 0.05) in the epidermis and dermis
thickness in all treatment groups, which indicates the
absence of hyperplasia. The absence of allergy is also
evident from the absence of reddish rash and edema in
the morphological observation of the back of M.
musculus. The extract also did not have an allergic effect
as seen from the absence of significant differences in the
average results of differential leukocytes. In addition,
the number of eosinophils and basophils used as an
indicator of allergy is also still in the normal category in
all treatment groups, indicating the absence of allergy in
M. musculus.
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