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Background: Hair follicle degradation characterizes androgenic alopecia (AGA). Deterioration
shortens anagen and lengthens telogen, turning terminal hairs into vellus hairs. Males and females
have this prevalent sickness. Antibacterial, anti-inflammatory, and antioxidant Syzygium aromaticum
may treat it.

Objectives: To investigate Syzygium aromaticum as a hair growth booster in testosterone-induced
alopecia as an alternative to allopathic treatments with fewer side effects.

Methods: A controlled experimental animal study at College of Pharmacy/ University of Baghdad
was conducted from November 2022 to December 2024. Male BALB/c mice weighing 25-30 grams
and aged 8-12 weeks were used. Alopecia treatment often uses 5% minoxidil (0.1 mL). Alopecia was
treated with 10% Syzygium aromaticum oil (0.8 mL). A 5% testosterone solution (100 uL) caused
baldness in mice. Four groups of eight animals were randomly assigned: No treatment was given to
Group | (Negative Control) after dorsal hair shaving. Group Il (Alopecia Control) received only 5%
testosterone. Group Il (Minoxidil Group) received 5% testosterone and 5% minoxidil. Group 1V
(Clove Oil Group) received 5% testosterone and 10% Syzygium aromaticum oil.

Results: In Group I, testosterone-induced alopecia caused significant decreases in Anagen/Telogen
AJT ratio (1.12 + 0.09) and follicular density (4.8 + 0.5 follicles/field) compared to the control group
(Group I: 3.91 £ 0.24; 10.2 £ 0.7 Compared to the induced group, 5% minoxidil treatment (Group 111)
significantly increased A/T ratio (3.56 £ 0.20) and follicular density (9.5 + 0.6). Group IV clove oil
treatment showed significant A/T ratio improvement (3.32 + 0.18), but comparable follicular density
(8.8 = 0.9) to minoxidil was insignificant.Histology corroborated these findings, showing that
minoxidil and clove oil groups had higher follicle counts and better follicular architecture, with the
former having more clustered and the latter more horizontal.

Conclusion: Androgenic alopecia treatments may be replaced by Syzygium aromaticum. It needs
human trials to prove its efficacy and safety.
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Introduction:

Alopecia is a concerning dermatological disorder
characterized by the loss of hair. Although hair has
minimal physiological function, hair loss can be
psychologically traumatic and adversely affect the
individual's  self-esteem  (1,2). It surpasses
demographic, racial economic, age, and gender
boundaries. The origin of hair loss remains
ambiguous; however, it has been ascribed to several
potential variables, including hormonal imbalance,
thyroid dysfunction, chemotherapy, impaired liver
and kidney function, and hereditary susceptibility.
Lupus erythematosus, parturition, thermal injury,
vitiligo, mycotic infection, diabetes mellitus,
rheumatoid  arthritis, autoimmune  disorders,
psychological trauma, and excessive application of
chemicals to hair, including dyes, bleaches, and
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blow drying can cause hair loss (3,4).. In androgenic
alopecia (AGA), testosterone can adversely affect
hair follicles by being transformed into DHT by the
enzyme Soa-reductase type Il. Dihydrotestosterone
(DHT) exhibits greater potency than testosterone
due to its superior binding affinity to androgen
receptors (AR) inside the dermal papilla cells of hair
follicles. The DHT-AR complex can stimulate the
generation of reactive oxygen species and
inflammatory cytokines (5,6,7). Only minoxidil
(MXD) and finasteride are FDA approved, not
sanctioned for androgenic alopecia (AGA) treatment
(8).

Clove essential oil is extracted from the desiccated
bud part of Syzygium aromaticum (L.) (Family
Myrtaceae). It contains many metabolites including:
Ester, aldehyde, ketone, alcohol, and terpenic
hydrocarbons (sesquiterpenes and monoterpenes).
Clove oil possesses anti-inflammatory, antioxidant,
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antifungal, antiviral, antimicrobial, and antibacterial
effects(9,10). The study aimed to examine the
Syzygium aromaticum as a promoter of hair
development in testosterone-induced alopecia as an
alternative to allopathic treatments with less adverse
effects.

Materials and Methods

Laboratory Animals: The research was conducted
at the College of Pharmacy, University of Baghdad,
from November 2022 to December 2024. Male
BALB/c mice with ages 8 to 12 weeks were used for
the study. The animals were kept on a cycle of 12-
hour light and 12-hour dark at a controlled
temperature of 22+2°C and 45% humidity.
Experiments were done in accordance with The
National Institutes of Health and the American
Veterinary Medical Association (AVMA) (11), after
the approval of the experimental procedures by the
Committee of the College of Medicine, University
of Baghdad (protocol number 03-21).
Pharmaceuticals and Chemical Substances

Ketamine 10% and Xylazine 2% (Alfasan/Woerden-
Holland Aldawa Co, Iraq), Paraffin wax (Al-Asera
Co., Iraq), Minoxidil solution 5% (Regenepure,
USA), Testosterone solution 5% (Liba, China).
Plant preparation: The bud parts of Syzygium
aromaticum from Iraq were utilized to extract its
essential oil. They were identified by the Iraqi
Natural History Research Center and Museum, Plant
and Environmental Department on March 17, 2025.
The hydro-distillation extraction was performed in a
round-bottom flask utilizing Clevenger equipment,
with a water-to-dried herb ratio of 10:1. A total of 15

g of Syzygium aromaticum L. was employed for
hydro-distillation at 100 °C for a duration of 4 hours.
The resulting essential oil was dehydrated with
anhydrous sodium sulfate and stored at 4°C in a
refrigerator until testing could be performed (12).
Phytochemical Examination: The extract thereafter
underwent several phytochemical testing for the
identification of distinct phytochemical components.
The plant extract was then analyzed for significant
phytochemicals that may contribute to its effects,
including flavonoids, total alkaloids, steroids,
triterpenoids, and other compounds (12).

Protocol of treatment: The mice were randomly
allocated into four groups (n = 8). To create a
baseline for comparison and isolate the treatment
effects, the control group (Group 1) was given
sterilized water. Three experimental groups received
a daily topical testosterone solution at a 5%
concentration, delivered in doses of 100 pL for 60
consecutive days (13).

Group 2 (Testosterone-induced group): Received a
daily topical dose of 5% testosterone solution (100
puL) for 60 days, without any further treatment.
Group 3 (Minoxidil-treated group): Received a daily
topical dosage of 0.1 mL of 5% minoxidil solution
one hour after testosterone treatment for 60 days
(14).

Group 4 (Clove oil-treated group): Received a daily
topical application of 0.8 mL of 10% Syzygium
aromaticum (clove) oil onehour post-testosterone
application for 60 days (15).

All interventions were administered to the depilated
dorsal epidermis of the mice. Figure 1 depicts the
experimental flow chart for the four study groups.
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Figure 1: The study flow diagram

Histopathologicalanalysis: The skin
histopathological study encompassed essential

density and the anagen-to-telogen ratio utilizing an
ocular micrometer; and 7) Image capture of the

procedures: 1) Fixation of skin specimens in 10%
buffered formalin for 24 hours to maintain tissue
integrity; 2) Paraffin embedding to furnish support
for the tissue during sectioning; 3) Sample
Maintenance, wherein all samples were preserved at
ambient temperature in a dry, dark environment to
maintain tissue integrity until further examination;
4) Sectioning the implanted tissue into thin slices; 5)
Staining the slices with hematoxylin and eosin
(H&E) to accentuate cellular features; 6)
Microscopic examination to evaluate follicular

stained slides for record(16,17,18).

Quantitative assessment: Figures 3B and 3C
present the data as mean + standard deviation (SD).
The Kruskal-Walli’s test and the Dunn test were
used to compare the groups. P-values < 0.05
represent the significant level (< 0.01, 0.001, and
0.0001) Data analysis was performed with SPSS
29.0, while the GraphPad Prism 8.0. was used to
generate graphs and figures.
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Results
This study found that clove oil's pharmacological effect is linked to its many phytochemicals, which are listed in
Table 1.

Table 1: Examination of Phytochemical Analysis in clove oil, the mark "+" denotes the presence of
phytoconstituents

Test Reagents Changes Mark
Flavonoids Test Sulfuric acid + ammonia Yellowish tint that dissipated upon standing +
Tannins Test Ferric chloride A blue-green tint emerged +
Alkaloids Test Mayer's reagent White deposits +
Terpenoids Test Chloroform + sulfuric acid Reddish hue +
Sterols Test Salkowski test Reddish tint +
Saponin Test Sodium bicarbonate Foam formation +

Clove oil enhances the Anagen/Telogen ratio in
testosterone-induced androgenic alopecia: There
was a significant decrease in the anagen/telogen
ratio in the induced group compared to the normal
group (P = 0.000); conversely, the dorsal skin
anagen/telogen ratio of animals treated with

minoxidil (standard treatment) showed a significant
increase compared to the induced group (P = 0.000).
Furthermore, when comparing the minoxidil group
with the clove oil group, the latter group exhibited a
significant increase in the anagen/telogen ratio (p =
0.000), as illustrated in Table 2.

Table 2: Effect of Treatments on Anagen/Telogen Ratio in Different Study Groups by Kruskal-Walli’s test

and the Dunn test

Groups (Mean+SD)

Induced Alopecia (1.9 + 0.5)

Minoxidil 5% (4.2 +0.9)

Normal Control (3.4 + 0.6) P=0.000**

Minoxidil 5% (4.2 + 0.9) P=0.000***

Clove Oil 10% (6.1 £ 0.8)

P=0.000"**

Clove oil enhances follicular density in
testosterone-induced androgenic alopecia: The
study of dorsal skin tissue lysate showed a
substantial decrease in follicular density in the group
treated with testosterone compared to the normal
group (P = 0.000). However, clove oil did not have a

significant effect on the follicular density content of
the dorsal cutaneous tissue compared to minoxidil (p
= 0.898). On the other hand, minoxidil considerably
enhanced the follicular density compared to the
induced group (p = 0.000). As illusterated in Table
3.

Table 3: Effect of Treatments on Follicular Density in Different Study Groups by Kruskal-Walli’s test and

the Dunn test

Groups (MeanSD)

Induced Alopecia (2.2 + 0.6)

Minoxidil 5% (5.8 + 0.9)

Normal Control (4.4 +0.7) P=0.000***

Minoxidil 5% (5.8 + 0.9) P= 0.000%**

Clove Oil10% (5.9+1.0)  —-oeeeeee-

Clove oil improves the histopathological picture
in testosterone-induced androgenic alopecia: The
Dorsal skin tissue sections stained with H & E
showed significant damage to the hair follicle
structure in the dorsal skin tissue of animals in the
testosterone-induced group. This group exhibited a
dermal layer with small and scattered hair follicles,
which was more severe compared to the normal
group of animals. The normal group maintained a
normal dorsal skin architecture with a higher number
of hair follicles accumulated deeper in the dermal
layer of the skin. In contrast, the groups that were

treated with minoxidil (standard treatment) and
clove oil were able to enhance the structure of the
skin tissue on the back by increasing the number of
hair follicles. Besides, in the minoxidil group, these
new hair follicles were observed to form clusters,
while in the clove oil group, they were arranged
horizontally in a significantly higher quantity Figure
3. In this figure, the results are reported as the mean
+ SD, with a sample size of 8. The significance level
was established at a threshold of P < 0.05. *(P <
0.01), **(P value < 0.001), and ***(P <0.0001).
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Figure 3: Histopathological results for Clove oil and hair growth in testosterone-induced Androgenic alopecia
A) Dorsal skin tissues stained with H&E (100X), B) changes in anagen/telogen ratio phases in the dorsal skin, C)

changes in follicular density of the dorsal skin

Abbreviation: A/T: anagen/telogen ratio, MXD: minoxidil, Syz: Syzygium aromaticum, FD: follicular density, (Circled

and enclosed = hair follicles).

Discussion:

The delivery of testosterone to the experimental
mice resulted in a significant decrease in the hair
follicular density and the ratio of anagen/telogen in
comparison to the control group. These results
confirm the effectiveness of the androgenic alopecia
induction in the model (19). With this degree of
alopecia our study evaluated the impact of Syzygium
aromaticum therapy, and indicated that treatment
with Syzygium aromaticum extract significantly
enhanced the follicular density and the
anagen/telogen ratio in comparison to the minoxidil-
treated group. Syzygium aromaticum hair growth-
promoting effects can be attributed to the chemical
composition, which includes many active
compounds such as flavonoids, terpenoids, and
polyphenols (20). These components possess anti-
inflammatory and antioxidant properties that are
essential for facilitating hair development and
mitigating hair loss. (21,22). The antioxidant
properties of Syzygium aromaticum extract may
safeguard the follicles from oxidative stress, which
significantly contributes to hair loss. Furthermore,
the anti-inflammatory effect of the extract may
diminish inflammation in the hair follicles, resulting
in enhanced follicle health and hair growth (23,24).
Furthermore, certain bioactive components in
Syzygium aromaticum extract may interact with
androgen receptors or inhibit the 5-alpha reductase
enzyme, which facilitates testosterone-to-DHT
conversion (25,26). the complex pathophysiology of
human androgenic alopecia. Therefore, future
studies employing other models as part of the scalp
or hair follicle of human culture, is essential in
corroborating the promotion effect of Syzygium
aromaticum on the hair follicle. In future research,

the primary focus should be on elucidating the
mechanisms by which Syzygium aromaticum
promotes the growth of hair. To do this, it may be
necessary to investigate its influence on the stem
cells of hair follicles, the cells of the dermal papilla,
and the gene expression that are connected with the
regulation of hair formation.

Conclusion:

Syzygium aromaticum oil may have a significant hair
growth and antiandrogenic effect in mice with
androgenic alopecia, which may be ascribed to its
content of saponins, terpenoids, and steroids, leading
to enhancement of the follicular density and an
improvement of the anagen/telogen ratio. Future
studies are recommended to address its viability as a
therapy for androgenic alopecia, to comprehend the
fundamental processes, and to assess its safety.

Limitations:
The employment of an animal model (BALB/c
mice) constrains the direct relevance of the findings
to humans owing to physiological disparities in hair
growth cycles, hormone metabolism, and skin
architecture.
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