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Abstract

For thousands of years, plants have played an important role in medicine, with garlic (A/lium sativum) valued for its
bioactive compounds, such as flavonoids and organosulfur derivatives. While garlic bulbs are well-studied, the
flavonoid-rich fraction of garlic skin (FRFGS), typically discarded as agricultural waste, remains underexplored. This
study evaluates the phytochemical composition and safety profile of FRFGS through acute and 28-day sub-acute
toxicity studies in Wistar rats. FT-IR and GC-MS analyses identified flavonoids, fatty acids (e.g., palmitic and stearic
acids), and hydrocarbons, which contribute to antioxidant, antimicrobial, and anti-inflammatory properties. Acute
toxicity tests following the Economic for Co-operation and Development guideline 423 at doses of 300 and 2000
mg/kg of FRFGS revealed no mortality or behavioral changes. Still, histopathological analysis showed dose-
dependent liver, kidney, and heart damage at higher doses. The 28-day sub-acute study confirmed safety at lower doses
(500 and 1000 mg/kg of FRFGS), with no significant alterations in behavior, food, or water intake. However, higher
doses (2000 mg/kg of FRFGS) resulted in lower body weight gain, increased liver and kidney function markers, and
histopathological changes in these organs, indicating potential stress or mild damage. Haematological parameters were
largely unaffected, except for a slight increase in mean corpuscular volume and a dose-dependent reduction in platelet
count (p < 0.05), suggesting minimal impact on blood health. These results show the need for caution at higher doses
and also establish the potential of FRFGS as a source of bioactive compounds for pharmaceutical, nutraceutical, or
functional food applications. To define safe treatment thresholds and validate efficacy, long-term toxicity studies,
mechanistic investigations, and clinical trials are recommended.
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Introduction

Using plants as natural remedies has been a key
part of human health practices for thousands of
years, with traditions such as Ayurveda, Chinese
medicine, and Native American healing,
showcasing their therapeutic potential. Historical
texts, such as the Ebers Papyrus, as well as
modern clinical studies, document the use of
plants, such as Ginseng, Echinacea, Artemisia
annua, and Curcuma longa, which have been
utilized and studied for their anti-inflammatory,
antioxidant, and immune-boosting qualities.
Modern science has confirmed many of these
uses, identifying active compounds, including
artemisinin for malaria treatment and curcumin
for its multiple health benefits. However,
variability in active ingredient concentrations,
potential drug interactions, and the presence of
toxic compounds in some plants necessitate
rigorous standardization, safety assessments, and
regulatory oversight. As research progresses,
integrating these ancient remedies into modern
healthcare requires further clinical validation,
education on their use, and the development of
guidelines to ensure safety and efficacy,
highlighting the need for a balanced approach
that respects traditional wisdom and scientific
knowledge scrutiny.

Garlic (Allium sativum), belonging to the family
Amaryllidaceae, has been celebrated for
thousands of years for its culinary and medicinal
uses, and its bulbs have been extensively
researched for health-promoting compounds,
such as allicin, diallyl sulfides, and flavonoids.
However, the potential of garlic skins, often
considered agricultural by-products, has been
largely underexplored. These skins are rich in
flavonoids, a group of polyphenolic substances
with  anti-inflammatory and  antioxidant
properties, and potential chemopreventive effects
[l Recent research on garlic skin (Allium
sativum) has highlighted its potential health
benefits, owing to its high levels of bioactive

compounds. Studies have demonstrated that
garlic skin extracts exhibit significant
antimicrobial activity against different bacterial
pathogens, suggesting their potential for treating
infections or serving as natural food preservatives
2], Furthermore, investigations into the antifungal
activity of garlic skin have shown that it can
inhibit the growth of dermatophytic fungi, such
as Trichophyton rubrum, indicating potential
benefits for treating fungal skin infections Bl
Garlic skin is also recognized for its antioxidant
activity due to its high levels of phenolic
compounds and anthocyanins, with Australian
cultivars showing particularly potent effects that
could help combat oxidative stress-related
conditions !, In dermatology, garlic skin extracts
have been explored for their potential in treating
conditions, such as psoriasis, alopecia areata, and
keloid scars, possibly due to their antioxidant and
immunomodulatory properties 2. Although less
concentrated than in cloves, the organosulfur
compounds in garlic skin still contribute to its
overall health benefits, including antioxidant and
antimicrobial activities 2. Additionally, the
nutritional and nutraceutical composition of
garlic skin has sparked interest in its application
in functional foods, providing health benefits
alongside basic nutrition 1. However, further
research is needed to optimize extraction
methods, standardize active ingredients, and
confirm clinical efficacy in humans.

Safety evaluation in plant extract analysis is
essential for ensuring the safety and efficacy of
applications in pharmaceuticals, food, and other
industries. It involves a series of tests starting
with acute toxicity assessments to evaluate
immediate adverse effects, as described by Hayes
et al. ¥ in their work on toxicology principles.
Subchronic and chronic studies follow this to
assess long-term exposure impacts,
methodologies detailed by Rulis and Levitt B,
Mutagenicity tests, such as the Ames test, are
employed to detect potential genetic damage, an
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approach thoroughly discussed by Mortelmans
and Zeiger [¢). In vitro cytotoxicity assays provide
preliminary insights into cellular damage with
protocols, such as the MTT assay, as described by
Mosmann 1!, Phytochemical screening is crucial
for identifying potential bioactive or toxic
compounds in the extract, using techniques such
as HPLC/MS, as outlined by Harborne [,
Additionally, evaluating antimicrobial properties
can reveal both beneficial and adverse effects;
these are often assessed using methods outlined
by Balouiri et al. . This comprehensive
approach is essential for reducing health risks
associated with complex natural product mixtures
19" complying with regulatory standards !,
enhancing consumer safety, preventing misuse,
aiding in the development of new therapeutics ',
and considering environmental impacts 3], The
need for these evaluations highlights the
importance of safely incorporating natural
products into daily life without harming health or
ecosystems.

Garlic (Allium sativum) is widely recognized for
its health benefits, yet research on the garlic
skins, particularly the flavonoid-rich fraction
(FRFGS), is notably lacking. This creates a
significant gap in understanding the toxicological
profile of FRFGS, which is essential for
determining its suitability in therapeutic or
nutritional applications. The lack of knowledge
about the potential health risks and benefits of
FRFGS underscores the need for comprehensive
toxicity studies to determine whether it presents a
health hazard or serves as a beneficial alternative
resource.

The main goal of this study is to assess the safety
of a standardized flavonoid-rich fraction of
Allium sativum skin (FRFGS) by evaluating its
acute and sub-acute toxicity in rat models,
thereby paving the way for further investigation
into its medicinal properties. To achieve this, the
study will focus on several objectives: first, to
analyze the phytochemical composition of
FRFGS to understand its chemical basis; second,
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to conduct acute toxicity tests to observe
immediate effects; third, to assess sub-acute
toxicity over 28 days to monitor long-term
effects, including changes in organ weights and
biochemical markers; fourth, to identify any
organs specifically affected by FRFGS; fifth, to
determine a safe dose range for potential use; and
finally, to correlate the phytochemical profile
with both toxicity and pharmacological actions to
identify active compounds. This research is
justified by the need to validate natural products
for health applications, reduce agricultural waste,
and potentially discover new bioactive
compounds or better understand existing ones,
with broader implications for health sciences.

Material and Methods

Material

Plant Material

Dr. Chibuike I.N. Unamba, a plant taxonomist at
the Department of Plant Science and
Biotechnology at Imo State University, Owerri,
verified the authenticity of garlic skins (Allium
sativum) obtained from nearby Imo State farmers
by comparing them with specimens from the
herbarium. After that, a voucher specimen was
placed at the Imo State University, Owerri
Herbarium's Department of Plant Science and
Biotechnology.

Experimental Animals

Due to their proven aptitude for biomedical
studies, 29 healthy male and female Wistar rats
were acquired from the Veterinary Study Institute
in Vom, Jos, Nigeria. Commercial carriers with
secondary confinement and individual housing
were used during transit to reduce stress. The rats
were housed separately, given unrestricted access
to food and water, and acclimated to standard
colony conditions for two weeks after arriving at
Imo State University (12-hour light/dark cycle,
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25-27°C, 40-60% humidity). Compared to
Sprague-Dawley rats, Wistar rats exhibit similar
reproductive performance but have lower body
weight. These traits facilitate data comparison
and translational potential, supported by their
well-established genetic background, well-
characterized physiology, and widespread use in
preclinical studies. Due to their widespread use
and frequent appearance in the peer-reviewed
literature, Wistar rats have become the default
animal model in toxicological research.

Methods

Guidelines and Ethical Approval:

All animal treatments were approved by the
Department of Biochemistry's Imo State
University, Owerri Animal Experimentation
Committee (IMSU-AEC) (approval number:
IMSU-AEC-25-1). This study adhered to the
National Institute of Health Care's Guide for the
Care and Use of Laboratory Animals !4,

Garlic Skin Preparation

There were no indications of a mould infection,
and the garlic peel had a neutral flavour and
smell. The skins were stored in a drying oven at
50 °C for 48 hours after being cleaned once more
with distilled water and left open in a porous tray
for ten minutes to remove extra water. For future
usage, the dried skin was processed into garlic
skin powder using a mixer-grinder and kept in
airtight plastic containers at -30 °C.

Flavonoid-Rich Fraction (FRF)

As previously described by Ekeanyanwu and
Njoku %), the flavonoid-rich fraction (FRF) of
the powdered oven-dried garlic peel was
produced by solvent-solvent extraction with
slight remodelling. Here, 22L of methanol and
1.24 kg of ground garlic skin were macerated for
72 hours at room temperature. After passing the
macerate through a cotton cloth, Whatman filter
paper No. 1 was used. Liquid-liquid partitioning
of the extract yielded the FRF. Chloroform (1L)
was used as a solvent extractor for liquid-liquid
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extraction. The top layer (methanol residue) was
then separated using a liquid-liquid extraction
method using ethyl acetate (1.5L) in order to
produce the FRF. The top layer, or ethyl acetate
fraction, was then condensed and used as the
flavonoid-rich fraction (FRF).

Total Flavonoids Determination

The calibration curve [0.04, 0.02, 0.0025, and
0.00125 mg/ml in 80% ethanol (v/v)] was made
using standard quercetin. 75ul of 5% sodium
nitrite was combined with 0.5 ml of the standard
solutions and test sample at lg/ml of the
flavonoid-rich fraction (FRF). Six minutes later,
500pl of 1M sodium hydroxide was added after
150ul of a 10% aluminium chloride solution had
been added and left to stand for an additional five
minutes. In the blank, the same volume of
distilled water was used in place of the 10%
aluminium chloride. At 510 nm, the absorbance
was measured in comparison to a reagent blank.
The total flavonoid content was computed as
Mean+SEM (n=3) and expressed as mg/g of
quercetin equivalent of garlic skin extract using
the following formula. The flavonoid content of
the FRF was assessed using the linear regression
equation derived from the quercetin standard
curve.

Y=0.0031X + 0.0159, 2= 0.9997

Y = Represents the absorbance of each fraction.
X = Quercetin concentration derived from the
calibration curve.

Flavonoid content = %

C = concentration of quercetin from calibration
curve (mg/mL).

V = Volume of extract in mL

M = Weight of extract in grams.

The concentration of total flavonoid in the
FRFGS was 32.0842.88 mg/g quercetin
equivalent. The total flavonoid content was
reported in milligrams/gram of quercetin
equivalent using the mean of the three readings.
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GC-MS Analysis

The Agilent 7890B GC with 5977A MSD
(Agilent Technologies, USA) with a fused silica
column packed with an Elite-5ms capillary
column (30m in length x 0.25mm in diameter x
0.25um in thickness) was utilised for the GC-MS
analysis of FRF. The carrier gas was 99.99% pure
helium gas flowing at a steady 1 mL/min. An
electron ionisation energy method with a high
ionisation energy of 70eV (electron volts), a scan
period of 0.2 seconds, and fragments ranging
from 40 to 600 m/z was used for GC-MS
spectrum identification. The injector temperature
was kept constant at 2500C, and a 1pL injection
quantity (split ratio 10:1) was utilised. The
column temperature was set at 50 C for 30
minutes, raised at 10°C/min to 280 C, and then
increased to 300'C for 10 min. The bioactive
compounds present in the test sample were
identified by comparing their retention times
(minutes), peak values, peak heights, and mass
spectral patterns with those in spectral databases
of authentic compounds in the National Institute
of Standards and Technology (NIST) library. The
names, component structures, and molecular
weights of the investigation materials were
discovered.

FT-IR Spectroscopy Analysis

The FT-IR analysis was carried out using the Cary
630 FT-IR Spectrometer (Agilent Technologies
Inc., Santa Clara, CA, USA). After centrifuging
the FRF for ten minutes at 3000 rpm, a high-
pressure vacuum pump FT-IR analysis was used
to sift it through Whatman No. 1 filter paper. The
test sample was diluted to 1:10 using the same
solvent. A Cary 630 FT-IR Spectrometer
operating in the 4000-650 nm wavelength range
was used to analyse the extract, identify the
peaks, and report their values.

Animal Study
One-Time Oral Dose Toxicity Investigation

One-Time Oral Dose Toxicity Investigation
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Following  Organisation = for  Economic
Cooperation and Development (OECD) guideline
423, research on the acute oral toxicity of FRFGS
was conducted using rats ', Three groups of
three male rats each were randomly selected.
Following an overnight fast, the rats were given
10 millilitres per kilogram of body weight of hot
water extract and distilled water orally !5,

. 300 mg/kg body weight of FRFGS
diluted in distilled water was given to the rats in
group [. After treatment, the rats were monitored
for general behavioural changes, toxicity
symptoms, and mortality for the first four hours
and thereafter for 48 hours.

. When group 1 showed no evidence of
toxicity or mortality after 48 hours of treatment,
group 2 was given the next larger dose of 2000
mg/kg body weight of the FRFGS in distilled
water in a sequential manner at 48-hour intervals.
. To create a comparative negative control
group, group 3 rats were concurrently given a
vehicle (distilled water).

All animals were observed at least once every 30
minutes for the first four hours after vehicle or
FRFGS administration, and then every day for the
following fourteen days. This observation was
performed to track the onset of toxicological or
clinical symptoms in accordance with OECD
standards ['7. All observations, including changes
to the skin, fur, eyes, mucous membranes, and
behavioural patterns, were meticulously recorded
and updated in a personal file. Convulsions,
tremors, diarrhoea, salivation, lethargy,
drowsiness, coma, and death were all noted. The
animals' body weights were taken at the
conclusion of each week and just prior to the
tested chemical being administered. The formula
[18] is used to determine the percentage change in
body weight.

% body weight change =

Body weight at the end of each week—initial body weight

Initial body eight
% 100.
The rats in each group were sacrificed by
decapitation using a rodent guillotine (Harvard
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Apparatus, U.S.A.) at the conclusion of the trial,
and their kidney, liver, and heart were promptly
removed and cleaned in ice-cold saline (0.9%
NaCl). Following acute oral toxicity testing,
samples from the heart, liver, and kidney were
examined histopathologically.

Day Toxicity Trial with Repeated Oral Doses
The FRFGS was tested for toxicity in rats over a
28-day repeat-dose period. In a 28-day repeat-
dose toxicity study, four groups of healthy male
Wistar rats (5/sex/group) were assigned at
random. For 28 days, rats were given oral gavage
once a day at a dose of 10 ml/kg body weight of
either the vehicle (distilled water) or graded doses
of the hot water extract (500, 1000, and 2000
mg/kg body weight).

1. Group I: The rats received distilled water.

2. Group II: The rats received 500 mg/kg of

FRFGS.

3. Group III: The rats received 1000 mg/kg
of FRFGS.

4. Group IV: The rats received 2000 mg/kg
of FRFGS.

Every day, water intake and dietary composition
were recorded. Animal body weights were
measured weekly and immediately before drug
administration. The percentage change in body
weight was calculated (13,

Blood Collection and Biochemical Analysis

After an overnight fast, approximately 5 mL of
blood was collected from the retro-orbital plexus
on the 29th day without the need for topical
anesthesia. Four milliliters of the drawn blood
were centrifuged at 4000 rpm for 15 minutes to
prepare serum, which was then stored at 4°C for
various biochemical tests, including urea,
creatinine, total protein, albumin, globulin, serum
electrolytes, total bilirubin, conjugated bilirubin,
alkaline phosphatase, alanine transaminase, and
aspartate aminotransferase. The remaining
coagulated blood from the 5 mL sample was used
to analyze haematological parameters, including
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haemoglobin, white blood cells, neutrophils,
lymphocytes, monocytes, eosinophils, and
basophils.

Histopathology

Additionally, samples of the liver, kidney, and
heart from the test groups and the control were
examined histologically. This was carried out in
accordance with Orieke et al.'s methodology .
In short, tissue slices were fixed for six hours in a
10% bruins’ solution and then for an additional
forty-eight hours in a 10% formalin solution. To
ensure adequate tissue dehydration, the
specimens were processed in the following order:
50% alcohol for one hour, 70% alcohol for one
hour, 95% alcohol for one hour, and a second
95% alcohol for one hour and 15 minutes; first
absolute alcohol for one and a half hours, and
second absolute alcohol for two hours. After that,
the dehydrated tissues were placed in a solution
of equal parts alcohol and xylene, where they
were left overnight. Two changes of xylene, each
lasting an hour, were then used to clean the
tissues. After that, they were infiltrated twice for
an hour each using molten paraffin wax in a
600°C oven. After being encased in paraffin wax,
the tissues were cut and mounted on a wooden
chuck before being sectioned at a thickness of 5
pum using a microtome. Clean albuminised slides
were used to choose the sections, which floated
in the floating-out bath. The slides were put on a
staining dish, and two changes of xylene were
used to remove any leftover wax. They were then
hydrated with alcohol in decreasing grades for
two minutes each: 100% alcohol, 95% alcohol,
and 70% alcohol. After being submerged in
water, the slides were stained for fifteen minutes
with infiltrating Ehrlich haematoxylin. They were
then rinsed for five minutes in a water bath,
differentiated in 10% acid alcohol, and blued for
ten minutes under a running tap. After that, they
were counterstained for two minutes with filtered
eosin. For two minutes each, excess eosin was
eliminated in increasing alcohol grades: 75%,

Herbal Medicines Journal. 2025, 10(3)
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95%, and absolute alcohol. Following two rounds
of xylene cleaning, they were covered and slid
with Depex mountant. A Moticam 2.0 digital
camera connected to a computer was used to take
specific pictures after the slides were examined
under a light microscope.

Statistical analysis

Biochemical data are presented as mean = SEM
and analysed by one-way ANOVA (SPSS v.20),
followed by Bonferroni's post hoc test.
Differences with p < 0.05 were considered
statistically significant.

Results

FT-IR Chromatogram of Garlic Skin Extract
Based on the peak values in the infrared region,
FT-IR spectroscopy is a reliable and practical
method for detecting various bonds, vibrational
stretches, and phytochemical functional groups in
plant extracts. The FRF of garlic skin extract was
analyzed using FT-IR in this study. The peak
ratios and positions were used to differentiate
between the functional classes of biomolecular
components in the sample. The FT-IR peak
values, intensities, and functional group
assignments for the FRF of garlic skin extract are
presented in Table 1. 12 major peaks were
observed between approximately 970 cm™ and
3710 cm™. Each absorption band relates to
overlapping vibrations of specific functional
groups within the complex plant matrix. As is
common with plant extracts, the spectra exhibited
significant overlap between the components'
absorptions. The broad, intense peaks between

Herbal Medicines Journal. 2025, 10(3)

3710-3316 cm™ are attributed to O—H stretching
vibrations in alcohols, phenols, and possibly
carboxylic acids, with minor contributions from
N-H stretching of amines and amides. The
weaker bands between 3129-3080 cm! indicate
=C-H stretching vibrations characteristic of
aromatic and/or alkenic structures. The band at
2357 cm™ is consistent with atmospheric CO-
absorption, a common artifact in mid-IR spectra.
The peaks in the 1604-1535 cm™ region
correspond to aromatic C=C stretching and
potential amide II bands, indicating lignin-
derived  aromatics and/or  proteinaceous
components. Peaks at 1462—-1408 cm™' represent
C-H bending vibrations (CH, scissoring) and
aromatic skeletal motions, while those near
1358-1324 cm™! can be attributed to phenolic O—
H bending and C-H deformation. Strong
absorptions in the 1221-1053 cm™ range are due
to C-O stretching and C—O—C vibrations, which
are characteristic of polysaccharides, such as
cellulose and hemicellulose, as well as phenolic
ethers. Finally, the peaks near 999-970 cm’
originate from [B-glycosidic linkages in
polysaccharides and out-of-plane C—H bending in
aromatic compounds. The described infrared
functional group characteristics are consistent
with literature reports for lignocellulosic,
phenolic-rich plant matrices. Garlic skin—Ilike
similar materials—has been shown to mainly
consist of cellulose (41-50%), hemicellulose
(16-26%), and lignin (26-39%) ?°I. The infrared
spectroscopic assignments for these structural
components (e.g., C—O, C—C, O—H bands) align
with  established references on  plant
polysaccharide and phenolic signatures 2!,
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Fig.1 FT-IR Chromatogram of garlic skin

extract.
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Table 1 FT-IR peak areas, wave numbers, and functional groups of FRF on garlic skin extract

T T T T
1000

S/N  Wave numbers (cm™)

Peak area (%) Functional group

Unassigned

O—H stretch (H-bonded alcohol, phenol) / N-H stretch (amide/protein)
O-H stretch (H-bonded alcohol, phenol) / N—H stretch (amide/protein)

C—H stretch (=C—H, aromatic or alkene)

C—H stretch (=C—H, aromatic or alkene)

Unassigned

C=C stretch (aromatic or alkene)

Aromatic C=C / N-H bend (amide II)

Aromatic C=C / N—H bend (amide II)

C—H bending (CH2 scissoring, aromatic)

C—H bending (CH2 scissoring, aromatic)

C-H bending / O—H bending (phenol)

C—H bending / O-H bending (phenol)

C—O stretch (ester, ether, alcohol)

C—O-C stretch / C-O stretch (carbohydrate, polysaccharide)
C—O-C stretch / C-O stretch (carbohydrate, polysaccharide)
C—O—-C stretch / C-O stretch (carbohydrate, polysaccharide)

1 3709.7651 100.0

2 3345.7416 92.64426
3 3316.2261 92.64426
4 3129.2952 92.64426
5 3080.1028 96.32213
6 2356.975 100.0

7 1604.3319 80.97654
8 1569.8972 80.97654
9 1535.4626 81.35701
10 1461.674 100.0

11 1407.5624 30.18389
12 1358.37 32.78377
13 1323.9354 33.10082
14 1220.6314 100.0

15 1122.2467 85.35193
16 1092.7313 41.15409
17 1053.3774 19.27711
18 999.2658 86.62016
19 969.7504 73.24033

C-H bending (aromatic) / B-glycosidic link
C—H bending (aromatic) / B-glycosidic link

GC-MS Chromatogram of FRFGS.

The GC-MS analysis of the sample identified 26
distinct compounds, revealing a complex
chemical profile that includes both naturally
occurring bioactive substances and laboratory
contaminants (Table 2). The most abundant
compounds were D-Arabinitol, Dimethylamine,
N-(neopentyloxy)-, and D-Mannoheptulose, with
D-Mannoheptulose having an exceptionally high
area percentage, suggesting a strong metabolic
component to the sample. Most of the identified
compounds, especially fatty acids and their

esters, such as n-Hexadecanoic acid, as well as
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various alkenes, possess reported antimicrobial,
antioxidant, and anti-inflammatory properties.
This suggests that the sample contains substances
integral to defense mechanisms and cellular
regulation. However, the analysis also detected
several phthalate esters, including Bis (2-
ethylhexyl) phthalate (DEHP), which are known
contaminants often leached from plastic
laboratory equipment. The presence of these
substances  highlights the importance of
distinguishing between the actual chemical
composition of the sample and compounds
introduced during the analytical process.

Herbal Medicines Journal. 2025, 10(3)
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Fig.2 GC-MS chromatogram of #Pundance
garlic skin extract.
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Acute Toxicity Study of FRFGS (Single Oral
Dose Toxicity Investigation).

The acute toxicity test showed that a single oral
dose of 2000 mg/kg FRFGS to Wistar rats did not
cause toxicity or mortality during the 14-day
observation period. No significant clinical
changes were observed in the treated animals
compared to the control group. Body weight
changes over the weeks, analyzed by one-way
ANOVA, showed no significant differences
between groups [F(2,6) = 41.2, p = 0.001 for
Group II (2000 mg/kg); df between 2,
df within = 6]. Tukey's post hoc test further
confirmed that there were no

significant
differences between groups at each time point (p
> 0.05). Histopathological examinations of the
liver, kidney, and heart were conducted to
evaluate organ damage in rats that received a
single-dose oral toxicity study of FRFGS (Figure
3). The liver sections of rats treated with 300
mg/kg b.wt. FRFGS revealed a central vein (CV)
with fat deposits, along with mild distortion of
sinusoids (SS), hepatocytes (H), and nuclei (N).

Herbal Medicines Journal. 2025, 10(3)

B e L e o o e o L s m B i o
6.00 .00 10.0012.0014.0016.0018.0020.0022 0024 0026.0028.0030.0032.0034.00

Nuclear alterations were evident across the tissue.
More severe changes were observed in rats
treated with 2000 mg/kg b.wt. FRFGS, including
an enlarged CV filled with dense fat cells,
disrupted sinusoids and hepatocytes, and
significant nuclear changes, leading to a partial
loss of standard hepatic structure. In contrast,
Group III (control) exhibited normal liver
histology, with a hexagonal lobular structure,
clear CV, intact sinusoids, hepatocytes, and
nuclei. The renal cortex of rats treated with 300
mg/kg b.wt. FRFGS showed mild distortion with
fatty deposits in proximal (PT) and distal tubules
(DT), as well as the renal corpuscle (RC). The
glomerulus within the RC appeared slightly
shrunken, resulting in an expanded glomerular
space (GS). Severe degeneration was observed in
rats treated with 2000 mg/kg b.wt. FRFGS,
including near-complete loss of glomerular
structure in the RC, prominent tubular lesions,
and an abnormal growth at the lower left of the

section.
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Table 2 Bioactive compounds present in the FRFGS

Peak Name of compound Retention  Peak Quality Molecular Biological activity in humans
time (min) area formula
(%)
1 D-Arabinitol 6.5037 0.87 38 CsH120s Antifungal metabolite, sugar
alcohol, osmoprotectant
2 Dimethylamine, N-  6.694 0.29 38 C7HisNO Limited documented biological
(neopentyloxy)- activity
3 Tetradecanoic acid, propyl 7.5837 1.14 50 Ci17H3402 Antimicrobial, antioxidant
ester
4 N, N-Dimethyl-O-(1-methyl- 7.9684 0.76 43 CsHi1sNO Limited documented biological
butyl)-hydroxylamine activity
5 Heptadecanoic acid, 8.3307 0.37 38 C34He302 Limited documented biological
heptadecyl ester activity
6 D-Mannoheptulose 8.9894 3.49 38 C7H1407 Rare  sugar, hypoglycemic
potential
7 1-Tridecene 10.2303 6.38 86 Ci3Has Antibacterial, antifungal
8 Octadecanoic acid (Stearic 10.5446 9.9 59 CisH3602 Antibacterial, anti-
acid) inflammatory, anticancer
9 Ethanol, 2-(octadecyloxy)- 11.2354 1.74 20 C20H420 Limited documented biological
activity
10 Lactose 11.4487 1.61 58 Ci2H22011 Nutritional carbohydrate,
prebiotic
11 Hexadecanoic acid, methyl 11.5827 491 90 C17H3402 Antimicrobial, antioxidant, anti-
ester (Methyl palmitate) inflammatory
12 1, 2-Benzenedicarboxylic acid, 12.1655 8.93 64 Ci6H2204 Potential endocrine disruptor
bis (2-methylpropyl) ester
13 1, 2-Benzenedicarboxylic acid, 12.2899 11.64 49 C21H3204 Limited documented biological
butyl 8-methylnonyl ester activity
14 n-Hexadecanoic acid (Palmitic  12.655 7.67 95 Ci6H3202 Antibacterial, anti-
acid) inflammatory, antioxidant,
hypocholesterolemic
15 n-Propyl 11-octadecenoate 13.5297 2.72 64 C21H4002 Antimicrobial, antioxidant
16 Methyl 8,10-dimethyl-  13.923 1.8 60 Ci9H3502 Antimicrobial, limited
hexadecanoate biological data
17 Pentadecafluorooctanoic acid, 14.6545 7.46 93 Ca6H2oF1502  Toxic, bioaccumulative, and
octadecyl ester limited therapeutic relevance
18 Heptadecanoic acid, 15.2386 4.51 58 C34Hes02 Limited documented biological
heptadecyl ester activity
19 Hexadecyl propyl ether 17.2189 0.7 55 Ci9H400 Limited documented biological
activity
20 Cyclopentadecane 17.4477 1.49 89 CisHso Antibacterial, antioxidant
21 Bis(2-ethylhexyl) phthalate 19.8541 10.61 91 C24H3804 Antibacterial and Larvicidal
activity, Endocrine disruptor,
toxic, environmental pollutant
22 3-Eicosene, (E)- 20.3066 2.48 95 C20Ha40 Antimicrobial, antioxidant,
cytotoxic, antihyperglycemic
23 2-Dodecenal 22.8997 2.62 30 Ci2H220 Antimicrobial, antifungal
24 10-Methyl-E-11-tridece-1-ol 23.1687 2.2 25 Ci6H3002 Limited documented biological
acetate activity
25 1,5,9-Undecatriene, 2,6,10- 23.6202 0.72 60 Ci4H24 Antimicrobial
trimethyl-, (Z)-
26 Ethanone, 2-(2- 30.6061 2.97 41 Ci1sH12N40S2  Limited documented biological
benzothiazolylthio)-1-(3,5- activity
dimethylpyrazolyl)-

Group III (control) displayed normal renal
histology, with intact tubules, glomeruli, and
renal corpuscles. The cardiac muscle in rats
treated with 300 mg/kg b.wt. FRFGS exhibited

12

mild lesions in some myofibrils (MFB), while
myofibrillar spaces (MFS) and nuclei (N)
remained unaffected. In rats treated with 2000
mg/kg b.wt. FRFGS, extensive distortions
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affected approximately 80% of the cardiac only) showed normal cardiac muscle, with well-
muscle, with evidence of necrosis and significant aligned myofibrils, intact myofibrillar spaces,
degeneration of the normal histoarchitecture. The and multinucleated nuclei.

control group (rats administered distilled water

Table 3 Body weight (g) of Wistar rats treated orally with FRFGS in a single-dose study (N = 3 per group).

Week Group I Group II Group 111
(300 mg/kg b.wt) (2000 mg/kg b.wt.) (Distilled water)

Week 1 130.00+2.312 144.67+4.67* 76.67+£3.332

Week 2 153.33+2.40° 173.33+3.33b 104.00+6.00°

Week 3 170.67+1.76°¢ 182.67+4.67¢b 123.33+3.33¢

ANOVA F(2,6) = 162.4, p < 0.001 F(2,6) = 41.2,p < 0.001 F(2,6) = 102.5, p < 0.001
Data are presented as mean £+ SEM (N = 3). ANOVA followed by Tukey’s post hoc test, p <
Values within the same treatment group (column) 0.05). Degrees of freedom are reported as
with different superscripts (a, b, and c) are df between =2, df within = 6.

significantly different across weeks (one-way

Liver

Group

Group II Group [
(2000 mg/kg b.wt.) (300 mg/kg b.wt.)

Group III
(Vehicle D/water)

Fig 3. Histology of the liver, kidney, and
x). MFB=muscle fibers, XX=lesions, MFS=myofibril space, N=nuclei, XXX=distortions, PT=proximal tubules, DT=distal
tubules, G=glomerulus, GS=glomerular space, CV=central vein, SS=sinusoids, H=hepatocytes.
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28-Day Toxicity Trial with Repeated Oral Dose
Study on FRFGS

Body Weight, Dietary, and Water Intake:

The 28-day repeated-dose toxicity study of
FRFGS at 500, 1000, and 2000 mg/kg body
weight showed no observable signs of toxicity or
mortality in Wistar rats. Food and water
consumption remained consistent across all
groups, and both control and treated animals
appeared healthy throughout the study. Analysis
of body weight data (Table 4) demonstrated
significant differences within each treatment
group over the weeks [Group I (Distilled water):
F(3,16) =12.8, p <0.001; Group II (500 mg/kg):
F(3,16)=9.6,p <0.001; Group III (1000 mg/kg):
F(3,16) = 14.2, p < 0.001; Group IV (2000

mg/kg): F(3,16) = 10.4, p <0.001; df between =
3, df within = 16], with Tukey’s post hoc test
confirming significant week-to-week weight
increases within each group (p < 0.05). Between-
group comparison at Week 4 through one-way
ANOVA revealed significant differences in body
weight [F(3,16) =4.62, p = 0.016; df between =
3, df within = 16], with the control group
exhibiting the highest weight gain (45.39%),
followed by 500 mg/kg (42.71%), 2000 mg/kg
(37.88%), and 1000 mg/kg (37.46%). These
findings suggest that administering FRFGS orally
at doses up to 2000 mg/kg repeatedly is safe and
does not negatively impact growth or health in
Wistar rats.

Table 4 Body weight (g) of Wistar rats treated orally with FRFGS during a 28-day repeated-dose toxicity study (N = 5 per

group).
Week Group I Group I1 Group III Group IV
(Distilled water) (500 mg/kg b.wt.) (1000 mg/kg b.wt.) (2000 mg/kg b.wt.)
Week 1 96.49+9.04a,b,c 95.15+4.19a,b,c 102.96+3.15a,b,c 103.25+5.25a,b,c
Week 2 139.34+7.60a,e 135.86+5.12a,d 123.2742.73a,d,e 137.24+11.23a
Week 3 159.05+6.33b,e 150.05+6.40b 143.78+5.29b,d,f 163.70+13.23¢,d
Week 4 176.714£5.27¢ 166.08+5.67¢c,d 164.63+4.81c,e,f 166.23£13.04d
ANOVA F(3,20)=12.8,p<0.001 F(3,20)=9.6,p<0.001 F(3,20)=14.2,p<0.001  F(3,20)=10.4, p<0.001

Body weight values (g) of Wistar rats orally
administered with FRFGS during a 28-day
repeated-dose toxicity study (N = 5 per group).
Data are expressed as mean = SEM. Values within
the same treatment group (column) sharing the
same superscript (a, b, ¢, d, e, and f) are
significantly different across weeks (one-way
ANOVA followed by Tukey’s post hoc test, p <
0.05). Degrees of freedom for ANOVA:
df between = 3, df within = 16.

Hematological Parameters

Table 5 shows the hematological parameters of
Wistar rats given FRFGS orally during a 28-day
repeated-dose toxicity study (N =5 per group). In
this study, FRFGS administration at doses up to
2000 mg/kg caused a dose-dependent increase in
lymphocyte counts [F(3,16) = 12.34, p = 0.0002;
df between = 3, df within = 16], with Tukey’s
post hoc test indicating significant differences
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between groups sharing the same superscripts (p
< 0.05). Significant increases in mean
corpuscular volume (MCV) were observed in the
500 and 1000 mg/kg groups [F(3,16) =4.88, p =
0.012; df between = 3, df within = 16], with
significant differences between groups sharing
the same superscripts (p < 0.05). No significant
changes were observed in total white blood cell
counts [F(3,16) = 1.12, p = 0.368], red blood cell
counts [F(3,16) =0.89, p=0.468], or hemoglobin
levels [F(3,16) = 1.23, p = 0.326; df between =
3, df within = 16].

Legend: Data are expressed as mean = SEM (N
= 5). For each parameter, values across groups
sharing the same superscript (a, b, ¢, and d) are
significantly ~ different (one-way ANOVA
followed by Tukey’s post hoc test, p < 0.05).
Degrees of freedom: df between = 3, df within =
16. *p < 0.05 is considered statistically
significant. Abbreviations: TWBC (Total White
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Blood Cell), LYM (Lymphocytes), MON
(Monocytes), RBC (Red Blood Cell), HGB
(Hemoglobin), MCV (Mean
Volume), MCH (Mean

Corpuscular
Corpuscular

Hemoglobin), MCHC (Mean Corpuscular
Hemoglobin Concentration), HCT (Hematocrit),
PLT (Platelets).

Table 5 Hematological data of Wistar rats orally administered with FRFGS during a 28-day repeated dose toxicity study

Parameters Vehicle Dose of FRFGS (mg/kg b.wt)
(Units) Group 1 Group 2 Group 3 Group 4

(Distilled (500 mg/kg b.wt.) (1000 mg/kg b.wt.) (2000 mg/kg b.wt.)

water) F(3,16) p-value
TWBC(x10%/L) 7.26+0.14 6.86+0.35 7.1£0.00 7.05+0.25 1.12 0.368
LYM (%) 4.20+0.022° 4.79+0.04>¢ 4.41£0.134 5.20+0.05>cd 12.34 0.0002*
MON (%) 0.56+0.01* 0.68+0.028b¢ 0.51+0.02° 0.51+0.01°¢ 6.41 0.004*
RBC (x10'%/L) 8.86+0.19 8.38+0.43 8.57+0.03 8.99+0.22 0.89 0.468
HGB (g/dL) 14.05+1.25 14.35+0.45 15.35+0.05 14.60+1.20 1.23 0.326
MCV (fL) 49.65+2.65 50.90+0.50% 53.20+0.102 52.50+2.20 4.88 0.012*
MCH (pg) 18.20+0.10 17.85+0.25 18.65+0.25 17.85+0.35 2.04 0.142
MCHC (g/dL) 36.90+1.90 35.75+0.15 35.10+0.40 34.15+£2.15 1.77 0.190
HCT (%) 41.45+0.85° 50.05+1.252 46.0£3.20 45.95+1.75 7.55 0.002*
PLT (x10%/L) 614.50+21.5 579.5+£72.5 522.04£24.0 509.0+19.0 1.67 0.214

Biochemical Parameters

Table 6 presents the serum biochemical
parameters of Wistar rats orally administered
with FRFGS during a 28-day repeated-dose
toxicity study (N = 5 per group). One-way
ANOVA revealed significant differences among
groups for several parameters (df between = 3,
df within = 16). Urea levels were significantly
different [F(3,16) = 5.84, p = 0.014] between the
1000 and 2000 mg/kg groups, with Tukey’s post
hoc test indicating significance for groups sharing
the same superscript (p < 0.05). Creatinine levels
showed significant differences across all
treatment groups [F(3,16) = 22.65, p = 0.001],
with significant pairwise differences among
groups sharing superscripts (p < 0.05). Sodium
ion levels were significantly different [F(3,16) =
10.22, p = 0.007] between the control and 1000
mg/kg groups, and also between the 1000 and
2000 mg/kg groups, as indicated by shared
superscripts (p < 0.05). Total protein levels were
significantly different [F(3,16) = 4.94, p = 0.022]
between the control and 2000 mg/kg groups, with
shared superscripts indicating significance (p <
0.05). Total bilirubin levels showed significant
differences [F(3,16) = 17.83, p = 0.002], with the
500 mg/kg group differing from all other groups,
while the 1000 and 2000 mg/kg groups differed
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from each other and the control, as indicated by
shared superscripts (p < 0.05). Conjugated
bilirubin levels were significantly different
among all treatment groups [F(3,16) =25.44,p=
0.001], with significant pairwise differences
among groups sharing superscripts (p < 0.05).
Alkaline phosphatase levels were significantly
higher in the 500 mg/kg group compared to the
control and 2000 mg/kg groups [F(3,16) = 8.91,
p = 0.009], with shared superscripts indicating
significance (p < 0.05). Alanine transaminase
[F(3,16) = 13.57, p = 0.004] and aspartate
aminotransferase [F(3,16) = 28.73, p = 0.001]
levels were significantly different at the 500
mg/kg dose compared to the control, with
additional significant differences between the
1000 and 2000 mg/kg groups, as indicated by
shared superscripts (p < 0.05). No significant
changes were observed in bicarbonate [F(3,16) =
0.42, p=0.745], chloride ion [F(3,16) = 0.63,p =
0.609], potassium ion [F(3,16) =2.88, p=0.081],
or albumin [F(3,16) = 3.25, p = 0.062] levels.

Biochemical data of Wistar rats orally
administered with FRFGS in a 28-day repeated-
dose toxicity study (N = 5 per group).

Data are expressed as mean £ SEM. For each
parameter, values across groups sharing the same
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superscript (a, b, ¢, d, and e) are significantly
different (one-way ANOVA followed by Tukey’s
post hoc test, p < 0.05). Degrees of freedom for

ANOVA: df between = 3, df within = 16. *p <
0.05, **p < 0.01 were considered statistically
significant.

Table 6 Biochemical data of Wistar rats orally administered with FRFGS during a 28-day repeated dose toxicity study

Parameters Vehicle Dose of FRFGS (mg/kg b.wt)
Group 1 Group 2 Group 3 Group 4
(Distilled water) (500 mg/kg (1000 mgkg (2000 mg/kgb.wt.) F-

b.wt.) b.wt.) value p-value
Urea (mg/dL) 19.44+0.99 21.13+1.58 22.00+1.332 23.75+0.52° 5.84  0.014*
Creatinine (mg/dL) 1.62+0.07* 1.93+0.09° 1.84+0.10° 3.5440.13%b¢ 22.65 0.001%**
Sodium ion (mEq/L) 138.41+£2.09* 135.17+£3.02 129.53+0.58*P 149.1742.58° 1022 0.007**
Bicarbonate (mmol/L) 11.97+0.58 12.01+0.46 12.24+0.40 11.51£1.08 042  0.745
Chloride ion (mEq/L) 57.57+2.25 60.10+0.75 59.08+2.73 58.13+2.59 0.63  0.609
Potassium ion (mEq/L) 5.48+0.08 5.28+0.05 5.224+0.02 4.59+0.28 2.88 0.081
Total protein (mg/dL) 9.87+0.35% 9.84+1.31 10.63+0.22 11.71£0.292 494  0.022%
Albumin (g/dL) 5.44+0.21 5.11+0.30 5.51+0.31 6.39+0.17 325  0.062
Globulin (g/dL) 4.43+0.13 4.73£1.62 5.1240.16 5.31+0.46 1.14  0.368
Total Bilirubin (mg/dL) 14.65+0.90° 24.00+1.28%b¢ 16.87+0.68° 17.46+0.18¢ 17.83  0.002%**
Conjugated Bilirubin ~ 9.83+0.05%b-° 17.00+0.3284¢ 13.18+0.66>4 11.44+0.21%¢ 2544 0.00]**
(mg/dL)
Alkaline phosphatase ~ 117.65+0.95%" 151.07+6.44° 130.07+3.62 127.63+1.94° 891  0.009%*
(IU/L) ’ )

: : a a,b,c b c

85;1}11)16 transaminase  12.05+0.29 20.36+0.01 14.57+0.95 14.13+1.21 1357 0.004%*
Aspartate 10.7140.990 20.63£2.112¢ 11.70+0.02°¢ 23.24+0.484

aminotransferase (IU/L)

28.73  0.001**

Histopathological changes

Histopathological examinations of the liver,
kidney, and heart were performed to assess
potential organ damage (Figure 4). The normal rat
liver section showed normal hepatic morphology.
No adverse effects were found in the livers of rats
administered 500 mg/kg b.wt or 1000 mg/kg b.wt
of FRFGS. The liver sections of rats in these
groups showed normal hepatocytic morphology,
with liver cells having a typical polygonal shape,
arranged in orderly cords, with centrally located
nuclei, and showing no signs of pathology.
However, a liver section from rats in the group
administered 2000 mg/kg b.wt FRFGS showed
hepatocytes that were mostly swollen, tended to
occlude the adjacent hepatic sinusoids, and
contained delicate vacuolated cytoplasm.

The normal rat (group I) kidney section also
showed normal renal histomorphology. No
adverse effects were observed in rats
administered 500 mg/kg b.wt or 1000 mg/kg b.wt
of FRFGS. The kidney sections of rats in these
groups showed normal renal histomorphology,
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with glomeruli containing capillary loops,
surrounded by Bowman's capsule, along with
proximal and distal convoluted tubules, and a
network of interstitial tissue and blood vessels.
However, the kidney section of rats in the group
administered 2000 mg/kg b.wt (group 1V)
showed acute cell swelling in some renal tubules
in the cortex and outer medulla. The affected
renal tubules display pale, mildly swollen
cytoplasm with fine vacuolations.

The sections of the myocardium in group I (500
mg/kg b.wt) showed normal histomorphology,
characterised by elongated, striated myocytes
with  central nuclei, interconnected by
intercalated discs, surrounded by a network of
collagen, blood vessels, and interspersed with
specialized conducting cells, such as Purkinje
fibres. Normal cardiomyocytes with centrally
positioned oval nuclei were also observed. These
were also observed in the myocardium of rats in
groups II (500 mg/kg b.wt), III (mg/kg b.wt), and
IV (mg/kg b.wt).
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Group

Group III Group II Group [
(1000 mg/kg b.wt.) (500 mg/kg b.wt.) (Vehicle)

Group IV
(2000 mg/kg b.wt.)

Fig. 4 Histology of the liver, kidney, and heart of Wistar rats orally administered with FRFGS during a 28-day toxicity trial
with repeated oral doses study (400 x). V = central vein, G = glomeruli, B = blood capillary, HV = hepatic vein, BD = bile
duct. The black arrow indicates renal tubules, and the white arrow indicates cardiomyocytic nuclei.

Discussion

Many components of plants, including their roots,
leaves, bark, flowers, fruits, and seeds, have been
used medicinally for ages. Bioactive substances
found in these areas interact with the human body
to support healing and well-being. Future studies

Herbal Medicines Journal. 2025, 10(3)

should concentrate on phytochemical analysis,
medication development, and clinical trials in
order to fully realise the promise of medicinal
plants. This objective is in line with our study of
the phytochemical profile of garlic peel extract.
We can find possible therapeutic benefits and aid
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in the creation of novel natural treatments by
examining the bioactive substances found in this
frequently discarded portion of the plant.

By wusing FT-IR and GC-MS analysis,
biologically active compounds were identified in
the flavonoid-rich fraction of garlic skin extract.
FT-IR spectra (Table 1) confirmed the presence of
several functional groups typical of phenolic and
flavonoid-rich extracts, including broad O-H and
N-H stretches at 3345 and 3316 cm™* (hydrogen-
bonded alcohols, phenols, and amides), aromatic
and alkene C—H stretches at 3129 and 3080 cm™,
and characteristic C=C vibrations at 1604 and
1569 cm™, indicating aromatic or alkene groups.
Peaks at 1220 and 1122 cm™ were assigned to C—
O and C-O-C stretches, consistent with esters,
ethers, and polysaccharides, while absorptions at
999 and 969 cm™ indicated B-glycosidic bonds.
These functional groups indicate the presence of
flavonoids, carbohydrates, phenolic derivatives,
and fatty acids in the extract.

GC-MS analysis identified 26 compounds (Table
2).  Major included  1,2-
benzenedicarboxylic acid, butyl 8-methylnonyl
ester (11.64%), bis (2-ethylhexyl) phthalate
(10.61%), octadecanoic acid (stearic acid; 9.9%),
1,2-benzenedicarboxylic acid, bis (2-

constituents

methylpropyl) ester (8.93%), n-hexadecanoic
acid (palmitic acid,; 7.67%), and
pentadecafluorooctanoic acid, octadecyl ester
(7.46%). Palmitic acid has been associated with
antibacterial, antioxidant, anti-inflammatory, and
hypocholesterolemic effects (Sermakkani &
Thangapandian, 2012), while stearic acid has
been associated with antimicrobial, anti-
inflammatory, and anticancer activities (Ogunlesi
et al., 2010). Hydrocarbons, such as 1-tridecene
(6.38%) and cyclopentadecane (1.49%), are
known for their antibacterial and antifungal
properties. Bioactive aldehydes, such as 2-
dodecenal (2.62%), also exhibit vigorous
antimicrobial and antifungal activity. Conversely,
compounds such as bis(2-ethylhexyl) phthalate
and similar phthalate esters, although commonly

18

found in plant extracts, are regarded as potential
endocrine  disruptors and  environmental
contaminants (Thomas et al., 1978). These
findings indicate that the flavonoid-rich fraction
of garlic skin extract contains a mixture of
beneficial fatty acids, esters, hydrocarbons, and
phenolic derivatives. This combination offers
antioxidant, antimicrobial, anti-inflammatory,
and cytotoxic properties that may enhance its
pharmacological significance.

The single-dose acute toxicity study conducted
on rats with the Flavonoid-Rich Fractionated
Garlic Skin Extract (FRFGS) showed no
mortality or changes in general behavior,
suggesting a favourable safety profile for this
extract. This aligns with previous research
showing that garlic and its derivatives, such as
garlic essential oil, have demonstrated no acute
toxic effects in similar animal models at doses up
to 2000 mg/kg 2% 2°1, The results are identical to
those of other plant extracts, such as the
chloroform extract from Sansevieria trifasciata,
which also reported no lethal or sublethal effects
at the same dose following OECD guidelines 7],
Histopathological analysis of rats in an acute oral
toxicity study of FRFGS revealed dose-
dependent organ damage in the liver, kidney, and
heart. At 300 mg/kg b.wt., mild changes included
fat deposits and distortions in hepatic sinusoids,
hepatocytes, and nuclei, along with slight renal
tubular and glomerular alterations, and minor
cardiac myofibril issues. At 2000 mg/kg b.wt.,
severe effects were observed, including extensive
hepatic fat accumulation and structural loss, near-
complete glomerular destruction with tubular
lesions and abnormal kidney growth, and
widespread cardiac necrosis affecting 80% of the
muscle. The control group showed normal
histoarchitecture across all organs. These
findings are consistent with related studies on
plant extracts, such as the ethanol leaf extract of
Catharanthus roseus, which induced biochemical
and histopathological toxicity in the liver, kidney,
and heart at doses exceeding 300 mg/kg in Wistar
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rats, showing periportal inflammation, feathery
degeneration, and  glomerular  basement
membrane thickening at 2000 mgkg 28
Similarly, water extracts of Uvariodendron
anisatum roots caused histopathological toxicity
in the liver, kidney, and lung at 2000 mg/kg,
including abnormal tissue morphology without
gross changes *. In contrast, the methanol
extract of Dracaena cinnabari resin showed no
treatment-related histopathological abnormalities
in these organs even at higher doses in acute
studies B%, suggesting that FRFGS's toxicity
profile is more similar to alkaloid- or polyphenol-
rich extracts like Polygala fruticosa, which
exhibited dose-dependent degenerative changes
in the kidney and liver B! Overall, FRFGS
causes significant toxicity at higher doses,
requiring further chemical and mechanistic
studies to determine safe therapeutic levels
thresholds. While these findings are promising
for further research into FRFGS's therapeutic
potential, they highlight the need for extended
toxicity studies to assess subchronic and chronic
effects, ensuring a comprehensive safety
evaluation before any human application can be
considered. Such results could influence the
regulatory classification of FRFGS, facilitating
its progression towards clinical studies under
safer categories %],

In the 28-day repeated oral dose toxicity study of
FRFGS, no apparent signs of toxicity or mortality
were observed in Wistar rats at doses of 500,
1000, and 2000 mg/kg, nor were there significant
changes in food and water consumption.
However, the study revealed differences in body
weight gain among the groups. The control group,
which received distilled water, exhibited the
highest weight increase at 45.39%, followed by
the group receiving 500 mg/kg of FRFGS with a
42.71% weight gain. In contrast, groups treated
with 1000 mg/kg and 2000 mg/kg of FRFGS
showed slightly less weight gain at 37.46% and
37.88% respectively, with these differences being
statistically significant (P<0.05). This suggests a
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potential dose-dependent effect on body weight,
possibly indicating subtle metabolic or
physiological changes. However, no adverse
symptoms were observed, suggesting that
FRFGS is safe in the short term at these doses.
This finding is consistent with studies reporting
similar non-toxic effects of plant extracts. For
example, research on Tithonia diversifolia
showed no signs of acute toxicity in rats.
However, higher doses affected liver and kidney
function, indicating the need for careful
monitoring of organ health with plant extracts 321,
Additionally, a study on Ganoderma lucidum
demonstrated safety, including no increase in
body weight and no signs of toxicity. However, it
did not examine the dose-response relationship
with weight gain as seen here with FRFGS 331,
However, the implications of these weight
changes over a more extended period or across
different species would require further
investigation.

The data from the 28-day toxicity study assessing
the hematological effects of FRFGS on Wistar
rats showed that all tested doses had negligible
effects. Total white blood cell counts (TWBC),
along with lymphocyte (LYM) and monocyte
(MON) percentages, showed no significant
deviations from the control group, suggesting no
marked influence on the immune system. Red
blood cell counts (RBC), hemoglobin (HGB), and
related indices, such as mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH),
and mean corpuscular hemoglobin concentration
(MCHC), were largely stable. However, a slight
increase in MCV in treated groups might indicate
a mild macrocytic response, and hematocrit
(HCT) was significantly higher in the group
receiving 500 mg/kg of FRFGS. There was a
dose-dependent reduction in platelet count (PLT),
which, although  not  indicative of
thrombocytopenia, could suggest an effect on
platelet dynamics. Comparing these results with
similar studies, the stability of hematological
parameters is consistent with findings from other
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plant extracts, such as Moringa oleifera, in which
low doses did not significantly change blood
parameters 4, Meanwhile, the slight increase in
HCT aligns with findings from studies on
Azadirachta indica, which showed that higher
doses led to similar changes [*°. However, the
decrease in platelets, although within normal
ranges, is less commonly discussed, it has been
observed in some research, such as with Hibiscus
sabdariffa, which showed antiplatelet effects ¢,
Overall, FRFGS appears relatively benign with
respect to hematological impacts at these doses,
suggesting a safe profile for short-term use based
on blood health indicators.

During the 28-day toxicity trial, significant dose-
dependent alterations were observed in several
measures assessing the metabolic effects of
FRFGS on Wistar rats. Urea and creatinine levels
increased significantly at higher doses, indicating
potential renal stress or altered metabolic
clearance. Sodium levels varied among groups,
whereas other electrolytes remained stable,
suggesting that FRFGS does not broadly disrupt
electrolyte balance. Liver function markers,
including total and conjugated bilirubin, alkaline
phosphatase, alanine transaminase, and aspartate
aminotransferase, were significantly elevated,
particularly at higher doses, suggesting some
degree of hepatic impact, though not necessarily
severe damage. Total protein, albumin, and
globulin levels also increased with dose, possibly
reflecting a metabolic response to the extract.
These findings are consistent with similar studies
on other medicinal plants, where higher doses
were associated with changes in kidney and liver
function, as seen with Ageratum conyzoides and
Vernonia amygdalina B7). This suggests that
while FRFGS might be safe at lower doses,
careful monitoring of renal and hepatic functions
is recommended at higher doses.

Histopathological examinations of the liver,
kidney, and heart from Wistar rats in the 28-day
toxicity study of FRFGS revealed varying effects,
depending on the administered dose. In the liver,
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sections from rats given 500 mg/kg and 1000
mg/kg of FRFGS showed normal hepatic
morphology with hepatocytes maintaining their
typical structure, indicating no adverse effects at
these doses. However, at 2000 mg/kg, liver
sections showed signs of hepatocellular swelling
and cytoplasmic vacuolation, suggesting possible
liver injury or stress at this higher dose. Kidney
sections from rats administered 500 mg/kg and
1000 mg/kg doses also showed normal renal
histomorphology, with well-defined glomeruli
and tubules. However, at 2000 mg/kg, there was
evidence of acute tubular swelling, indicating
renal damage or stress. In contrast, heart tissue
across all dose groups, including the highest dose
of 2000 mg/kg, maintained normal myocardial
histomorphology with no histopathological
changes in the myocardium, suggesting that
FRFGS does not significantly impact heart tissue
at these doses. These findings align with similar
studies showing that higher doses of plant
extracts lead to organ-specific changes, identical
to the hepatic and renal effects seen here with
FRFGS B7-38],

Conclusion

Using FT-IR and GC-MS, the phytochemical
analysis of garlic skin extract revealed a rich
profile of bioactive compounds, including
hydrocarbons, fatty acids, and flavonoids, which
support the extract's cytotoxic, antibacterial, anti-
inflammatory, and antioxidant properties. These
results reveal how garlic skin, a frequently
discarded  by-product, might be used
therapeutically to create new natural therapies.
Rats in the single-dose acute toxicity trial showed
no mortality or behavioral abnormalities,
suggesting a good safety profile for the
Flavonoid-Rich Fractionated Garlic Skin Extract
(FRFGS) at lower doses. At higher doses,
particularly 2000 mg/kg, dose-dependent
histopathological damage was observed in the
liver, kidney, and heart, indicating potential
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toxicity risks. Higher doses caused metabolic
alterations and organ-specific stress, especially in
the liver and kidneys. However, the 28-day
repeated-dose study confirmed short-term safety
at doses up to 1000 mg/kg, with no significant
hematological or histological abnormalities.
These findings highlight the need for long-term
subchronic and chronic toxicity studies to
establish safe therapeutic limits and ensure
comprehensive safety evaluations before clinical
use. Garlic skin extract may be essential for
sustainable drug development by promoting
phytochemical research and comprehensive
safety assessments, aligning with the broader
objective of using medicinal plants to develop
innovative medical treatments.

Recommendations

To fully understand the therapeutic potential of
the Flavonoid-Rich Fraction of Garlic Skin
Extract (FRFGS), future research should focus on
extended subchronic and chronic toxicity studies
to determine safe therapeutic thresholds,
especially considering the dose-dependent
histopathological and metabolic  changes
observed in liver and kidney tissues at higher
doses. Mechanistic studies are recommended to
elucidate the pathways behind these effects and
identify toxicity biomarkers. Meanwhile, further
phytochemical optimization should focus on
isolating and purifying bioactive compounds,
such as flavonoids and fatty acids, with promising
antioxidant, antimicrobial, and anti-inflammatory
properties. Preclinical and clinical trials are
crucial for verifying FRFGS’s effectiveness for
specific health conditions, as well as studies on
the presence of phthalate esters to assess potential
health risks from these contaminants. Dose
optimization through pharmacokinetic and
pharmacodynamic studies will help maximize
benefits while minimizing toxicity, especially by
avoiding doses near 2000 mg/kg. Collaboration
with regulatory agencies is recommended to
appropriately classify FRFGS for clinical

Herbal Medicines Journal. 2025, 10(3)

development in accordance with OECD
guidelines. Finally, encouraging the sustainable
use of garlic skin, a typically discarded by-
product, in pharmaceutical and nutraceutical
development can reduce agricultural waste,
provided rigorous quality control ensures extract
consistency. These steps will advance FRFGS
toward safe and effective applications in natural
product-based drug discovery.
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