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ABSTRACT

Introduction and aim. Garlic is one of the most popular traditional medicinal herbs which has a number of desirable health
benefits. The study was designed to depict the improvement of serum biochemical parameters as well as the histomorpholog-
ical recovery potential of garlic aqueous extract in hypercholesterolemic mice.

Material and methods. A total of thirty Swiss albino mice weighing 24+5g and aged 5 weeks were randomly divided into three
groups. Group A: supplied standard mice pellet and water; Group B: standard mice pellet + hypercholesterolemic diet (cow
brain: 2 g/kg b.w.t.); and Group C: standard mice pellet + hypercholesterolemic diet (cow brain: 2 g/kg b.w.t.) + garlic extract
(25 ml/kg b.w.t.). After four weeks of experimental tenure, samples (blood, liver, and kidney) were collected from each group of
mice for serum biochemical analysis and histomorphological study.

Results. Compared with hypercholesterolemic mice, total cholesterol (TC), triglyceride (TG) concentration, and low-density lipo-
protein (LDL) levels significantly decreased respectively by 7%, 20% and 48% along with high-density lipoprotein (HDL) levels sig-
nificantly increased by 47% in garlic extract supplemented group. Based on the histological evaluation in the liver sample of group
C, both portal and central veins were normal, and fat droplets were not found in the hepatocytes which were found in the liver
of group B. On the other hand, unchanged renal cortex, glomerulus, Bowman's space, and kidney tubules were seen in group C.
Conclusion. Therefore, the above findings of the present research would assist to provide affirmation about the cholesterol-de-
creasing and cellular restoration potentiality of garlic aqueous extract.

Keywords. cellular restoration, garlic extract, health beneficial, lipid profile, Swiss albino mice

The list of abbreviations:

CHD - coronary heart disease, PART - peri-renal ad-
ipose tissue, TC - total cholesterol, TG - triglyceride,
HDL - high-density lipoprotein, LDL - low-density li-
poprotein, WHO - World Health Organization

Introduction

Liver and kidney are the most essential organs in the
body for performing multiple functions like excretion
of waste products, hormonal regulation, digestion, and
detoxification of harmful drugs.' According to the latest
World Health Organization (WHO) records released in
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2020, about 1.51% of total deaths were found due to kid-
ney disease as well as 2.94% of total deaths due to liver
disease in Bangladesh.? Diets rich in highly saturated fat
have been identified as one of the major risk factors for
developing visceral adiposity like cardiovascular prob-
lems, fatty liver syndrome, obesity-related glomerulop-
athy, etc. Obesity is a burden issue nowadays and the
liver and kidneys frequently develop obesity-related dif-
ferent disorders.> Cow brain is a high-cholesterol meal
that is rich in saturated fat.*” People in Bangladesh, in
particular, can purchase this commodity from local
marketplaces as well as various online retailers. It has
been recorded that consumption of the cow brain is a
potential means of transmission of prion disease to in-
dividuals in different countries who consume cow brain
products in various food preparations.” Apart from this,
people of Bangladesh are involved in various types of
fast food culture like beef pizza, chicken patties, beef
brain patties, all sweets, chicken or beef burgers, etc.
which are considered a source of excess cholesterol, and
saturated fat. People are suffering from various coronary
artery diseases, obesity problems, fatty liver syndrome,
kidney complications, etc. by consuming these food
items.® Cholesterol-rich food is the key factor in chang-
ing liver pathology. Because large amounts of triglycer-
ide accumulate in the hepatocytes for a high-fat diet.® In
the present research, the potential author focused more
on pathological alteration rather than hepatosteatosis.
Accumulation of adipocytes and mononuclear cell in-
filtration in the renal cortices have been seen previously
in the high-fat diet rat, but the present author also re-
vealed a few more pathological alterations in the cur-
rent study.’ Different studies revealed that garlic bulbs
contain a substance called alliin (S-allyl cysteine sulf-
oxide) which is converted into sulfur-based antioxidant
compound allicin when in contact with air. This allicin
is the key product of recovering cholesterol levels. Garlic
is also commonly used for diabetes mellitus, hypercho-
lesterolemia, and cancer treatment.’® Some medicinal
plants are rich in antioxidants and garlic belongs to this
group.'>'? Garlic extract has the capacity of restoring
mesangial cell proliferation in the glomerulus and base-
ment membrane thickening." In addition, garlic extract
has a protective effect against cardiac ischemia, diet-in-
duced oxidative damage in hypercholesterolemia, dilat-
ed sinusoids, hepatic steatosis, cellular infiltration, etc."

Aim
Therefore, on the basis of the above description main
objectives of the present research were to determine:

I. The negative effects of high-cholesterol food (cow
brain) on liver and kidney cellular levels and serum bio-
chemical markers.

II. The restorative properties of garlic extract on
biochemical profiles as well as the pathological changes

of the liver and kidney in diet-induced hypercholester-
olemic mice.

Material and methods

Participants and ethical approval

The current research activity was conducted in the De-
partment of Anatomy and Histology, Faculty of Vet-
erinary Science, Bangladesh Agricultural University,
Mymensingh-2202. The Ethical Committee of Bangla-
desh Agricultural University approved the study proto-
col (AWEEC/BAU/2019-53). Experimental Swiss albino
mice at the age of 5 weeks old were collected from In-
ternational Center for Diarrheal Disease Research (ICD-
DR’B), Mohakhali, Dhaka, Bangladesh. The initial weight
of the collected mice was recorded at about 24+5 g.

Preparation of garlic aqueous extract

Allium sativum, a plant, is the scientific name for garlic.
Its aqueous extract is the source of phenolic compounds
which are antioxidant and biologically active."* A to-
tal of 1 kg of fresh garlic (Variety: BARI Roshun 3) was
collected from the Bangladesh Agricultural University
horticulture center. Then all the papery skin from the
outside of the head of garlic was removed. All the cloves
of garlic were separated from each other. Then 250 g of
garlic cloves were weighed and crushed in mortar and
pestle for 1 min together with 500 ml of distilled wa-
ter and allowed them standing for 1 h at room tempera-
ture. Filtration was done through Whitman no. 4 filter
paper to remove the impurities and get up to 100 ml
of aqueous garlic extract. Finally, the prepared aqueous
garlic extract was taken in a glass container, sealed at its
mouth, and stored in the refrigerator for future use.

Study design
Before the commencement of the research, a total of
healthy 30 collected Swiss albino mice of either sex were
reared in 20x30x10 cm plastic box cages at a standard
room temperature (23+2°C), 52+5% relative humidity
on a 12 h light and 12 h dark cycle were maintained for
7 days. The rearing boxes were filled with sawdust and
changed regularly to maintain hygiene and comfort. At
that time mice pellet and fresh drinking water ad libi-
tum were supplied to each mouse. After 7 days of accli-
matization, collected Swiss albino mice were randomly
categorized into three groups and each group consisted
of ten (10) mice.

Group A: Considered as the control group, and giv-
en normal mice pellets, and fresh water.

Group B: Cow brain at a dose of 2 g/kg b.w.t as hy-
percholesterolemic food+ mice pellets+ fresh water.

Group C: Hypercholesterolemic food (cow brain at
a dose of 2g/kg b.w.t) +garlic extract at a dose of 25ml/
kg b.w.t orally + mice pellets +fresh water (Fig. 1)
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Mice pellet+ Cow
brain 2 g/lg b.w.t
for 28days

Mice pellet+ Cow
‘brain 2 g/kg bw.t +
Garlic extract 25
ml/kg bow.t for 28days

fresh water

Blood: Serum.
Biochemical analysis
Organs: Liver & Kidney
for Histomorphological
study

Fig. 1. Graphical distribution of collected Swiss albino mice
into different groups

For the 28 days of research tenure, mice of the con-
trol group were supplied standard mice pellets (collect-
ed from ICDDR’B) and fresh water. In contrast, cow
brain at a dose of 2 g/kg b.w.t was given to both groups
B and C of mice as hypercholesterolemic food. Cow
brain is a definite source of cholesterol, approximate-
ly 100g of cow brain contains 3100mg of cholesterol.*
Eating cow brains in the daily diet is a natural habit of
Asian people, especially Bangladeshi that causes patho-
logical changes in the liver and kidney and enhance total
cholesterol (TC) and triglyceride (TG) level.*® In addi-
tion to hypercholesterolemic feed, mice of group C were
also given garlic extract at a dose of 25 ml/kg. Garlic has
the potential beneficial effects against hypercholesterol-
emia. About 8-10% of cholesterol can be reduced by the
consumption of 1-2 cloves of garlic in a day."” Weight of
each group of mice was measured on the 1%, 7%, 14%21,
and 28™ days of the consecutive days of the study period.

Blood collection, sample processing, and staining

After the experimental tenure (28 days), the mice of
each group were sacrificed ethically by anesthesia with
isoflurane (2%) and placed on the autopsy plate. The
blood sample was taken from the ventricle of the heart
and kept in a common blood collection tube with EDTA
for preventing coagulation. Then the Liver and Kidney
samples were collected from each group of mice and
preserved in 10% formalin. Color and weight of the
samples were carefully taken into consideration for the
gross study. After washing with 0.9% saline the samples
were dehydrated in ascending grades of ethanol (70%,
80%, 95%, 100%, 100%, and 100%). The incubation pe-
riod for ethanol was 2hr. Xylene was used for clearing
the tissues. 5-pum thick slices of tissue were taken us-
ing an American Optical Spencer model 820 micro-
tome. Finally, hematoxylin and eosin (H&E) staining

was done for histopathological analysis of the collected
organs. Necessary photographs were randomly taken at
10X and 40X focuses to get better illustration and pic-
tures were captured by photomicroscope (Model: SKU:
B120C-E520200610, AMSCOPE LOS ANGLES USA).

Biochemical analysis

Determination of total cholesterol

The TC was determined after enzymatic hydrolysis and
oxidation (CHOD-POD method). The indicator qui-
noneimine was formed from hydrogen peroxide and
4-Aminophenazone in the presence of phenol and per-
oxidase. Both reagent and sample were kept at room
temperature and mixed 1 ml reagent with 10 pl samples
in the test tube. Waited for 10 minutes and placed the
mixture in the cuvette. The cuvette was placed in a spec-
trophotometer at 550 nm and recorded the reading. The
reading was calculated by comparing it with the stan-
dard value and multiplying it by 200 mg/dL. So the re-
sult was expressed as mg/dL (catalogue no. of the used
reagent: MO-165218).

Determination of triglyceride

The TG was determined after enzymatic hydrolysis
with lipase (GPO-POD method). The indicator is a qui-
noneimine formed from hydrogen peroxide, 4-Amin-
ophenazone, and 4-chlorophenol under the catalytic
influence of peroxide. The fatty acid can be hydrolyzed
by lipoprotein lipase of an experimental reagent and ul-
timately produced quinoneimine proportional to tri-
glyceride. This quinoneimine absorbs light of 500 nm.
10 pl samples were mixed with 1ml reagent and kept in
a standing position for 15 minutes at room temperature.
The mixture was placed in a cuvette of the spectropho-
tometer and the reading was recorded. This reading was
divided by the standard reading and multiplied by 200
mg/dL (catalogue no. of the used reagent: MO-165221).

Determination of LDL-cholesterol

This was assayed in each sample by using RANDOX kit
(UK). The reagent and sample were kept at room tem-
perature and mixed 0.4 ml precipitating reagent with
0.2 ml sample. After 10 minutes, this was centrifuged at
12000 rpm for 2 minutes. Then the supernatant was sep-
arated. This supernatant was used for LDL determina-
tion. 50 pl supernatant was mixed with 1 ml cholesterol
reagent and stand for 10 minutes at room temperature.
This mixture was set in a spectrophotometer by using a
cuvette at 500 nm wavelength. The reading was recorded
and calculated by comparing standard readings and the
fraction was multiplied by 50 mg/dL.

Determination of HDL-cholesterol
The HDL cholesterol was assayed in each sample by us-
ing RANDOX kit (UK). Low-density lipoproteins (LDL
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and VLDL) and chylomicron fractions were precipitated
quantitatively by the addition of phosphotungstic acid in
the presence of magnesium ions. After centrifugation,
the cholesterol in the HDL fraction, which remains in
the supernatant, was determined. The HDL-cholester-
ol was determined on the principle of estimation of TC
(catalogue no. of the used reagent: 1133010).

Statistical analysis

All the collected data were analyzed by using Statistical
Package for the Social Sciences (SPSS: version 25, IBM,
Armonk, NY, USA) software and revealing the results
in tabular form. Statistical analysis was performed using
one-way analysis of variance (ANOVA). Results were ex-
pressed as mean+SE. Differences between groups were
considered significant at **p<0.001 and *p<0.05 levels.

Results

Body weight

The mean body weight of the hypercholesterolemic
group (39.9 g) of mice was significantly higher than the
control group (31.4 g) of mice. Garlic extract supple-
mentation successfully maintained the average normal
body weight in group C (33.1 g) of mice compared to
group B.

Gross morphometric study

Liver assessment

In the current study, no irregular surface, red-brown-
ish color, no detectable pathological lesions, and nor-
mal shape of lobes were found in the control group
(Group A) of the liver (Fig. 2). Liver become slightly en-
larged, and pale yellowish discoloration of the surface
was found in the hypercholesterolemic (Group B) group
of mice (Fig. 2). In contrast, garlic extract supplemen-
tation fully restored the morphological changes in the
liver. No detectable abnormalities were seen on the liver
surface of group C of mice (Fig. 2). On the other hand,
liver weight of the garlic extract-supplemented group
was seen as normal compared to the control group of
mice but the liver weight of group B of mice was found
considerably high (Fig. 3).

Fig. 2. Gross view of liver of A: control (group A) B:
hypercholesterolemic (group B) and C: garlic (group C)
extract-supplemented mice. No considerable lesions
were observed in the photograph of A and C of the liver.
B: Pale and slight hepatomegaly (white oval) seen in the
hypercholesterolemic liver

2,0

Weight (g)

0,5

0,0

Group A Group B Group
Experimental groups

Fig. 3. Diagram represents the liver weight of control

(group A), hypercholesterolemic (group B), and garlic

extract-supplemented (group C) mice. Liver weight of the

garlic extract-supplemented group was shown normal as

the control group of mice (mean + standard error)

Fig. 4. Gross view of kidney of A: control (group A) B:
hypercholesterolemic (group B) and C: garlic (group C)

extract-supplemented mice. Surface architecture was
observed normal in the photograph of A and C of the
kidney. B: Profuse perirenal adipose tissue (black arrow)
seen in the hypercholesterolemic kidney

0,5

0,4

0,3

0,2

Weight (g)

0,1

%

0,0 -
Group A Group B Group C

Experimental groups

Fig. 5. Diagram represents the kidney weight of control
(group A), hypercholesterolemic (group B), and garlic
extract-supplemented (group C) mice. Kidney weight of
the garlic extract-supplemented group was shown normal
as the control group of mice (mean = standard error)

Kidney assessment

Kidney of the control and garlic extract-treated group of
mice showed a normal appearance, brownish-red color,
and normal position and shape. No detectable patholog-
ical lesions were seen (Fig. 4). Excess peri-renal adipose
tissue (PART) accumulated around the lower end of the
kidney and the size of the kidney slightly increased com-
pared to other groups of mice (Fig. 4). The weight of the
kidney in group C (garlic extract supplemented) of mice
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showed normal but hypercholesterolemic feed increased
the kidney weight in group B compared to group A of
mice (Fig. 5).

Histopathological study

Histological analysis was performed by H&E staining
for the confirmation of hepatoprotective and renopro-
tective effects of garlic aqueous extract.

Hepatoprotective properties of garlic extract
Histological study of the section of the liver of hyper-
cholesterolemic (Group B) mice exhibited narrowing
of the portal vein, hypertrophied hepatocytes, radiat-
ed hepatocytes from the central vein and formed coher-
ent groups, merging of the central and portal vein which
made it difficult to separate them, Kupffer cells in the
hepatic sinusoids, mild to moderate congestion in both
central and portal vein, dilated central vein, fat droplets
in the hepatocytes (Fig. 6). Surprisingly, following the
supplementation of garlic extract to group C of mice liv-
er section showed normal central and portal veins, nor-
mal hepatocytes (no fat droplets) as well as congestion
was not found in the central and portal veins (Fig. 6).
Bi-nucleated hepatocytes were found in every section of
the liver.

Fig. 6. Transverse section of representative
photomicrographs of liver of A: control (group A), B-E:
hypercholesterolemic (group B), and F: garlic extract
supplemented (group C) mice (H&E stained) at 40X
magnification. CV - central vein; PV - portal vein; BD - bile
duct; HA - hepatic artery; (B-E): NPV — narrowing portal vein
(green arch); HH — hypertrophied hepatocytes (black arrow);
RH - radiated hepatocytes (rectangle); CV&PV - merges

of the central and portal vein (bracket); K — Kupffer cells
(blue arrow); CO - congestion (red arrow); DCV - dilated
central vein (line); FD - fat droplets (green arrow); (A, F):
Normal CV and PV in the liver of control and garlic extract-
supplemented mice. The scale bar stands for 100 um

Reno-protective properties of garlic extract

Normal architecture of the cortex and medulla was
found in the control group of mice. Due to the garlic ex-
tract supplementation, glomerular and tubular fatty in-

filtration, degenerated renal tubules, and hypertensive
glomerulosclerosis was successfully restored in group C
of mice (Fig. 7). Glomerulus, Bowman’s space was also
seen as normal like the control group of mice (Fig. 7).

Fig. 7. Transverse section of representative
photomicrographs of kidney of A: control (group A),

B, C: hypercholesterolemic (group B), and D: garlic
extract supplemented (group C) mice (H&E stained)

at 40X magnification. DCT - distal convoluted tubule;
PCT - proximal convoluted tubule; G — glomerulus; BS

- Bowman's space; (B&C): FT - fatty infiltration (black
arrow); HG - hypertensive glomerulosclerosis (rectangle);
DRT - degenerated renal tubules (yellow arrow); (A, D):
Glomerulus, renal tubules, and Bowman'’s space were found
normal. Fatty infiltration and degenerated tubules were
also restored by garlic extract supplementation in the C
group of mice. The scale bar stands for 100 um

Study of lipid profile

Improvement of serum lipid profile by garlic extract sup-
plementation

In the present study, the mean value of TC concentration
increased by 27% in group (B) (179.044+0.412 mg/dL)
(Table 1) compared to group (A) (141.296+0.318 mg/dL)
(Table 1) of mice. There was a reduction of TC concen-
tration by 7% in group (C) (166.396+0.249 mg/dL) (Ta-
ble 1) compared to group (B) of mice. TG concentration
increased by 72% in group (B) (231.294+0.258 mg/dL)
(Table 1) compared to group (A) (115.108+1.067 mg/dL)
(Table 1) of mice. However, group (C) (162.312+1.596
mg/dL) (Table 1) showed a decreased value of TG con-
centration by 20% compared to group (B) of mice. HDL
level (78.906+0.417 mg/dL) (Table 1) decreased by
31% and LDL level (46.544+0.203 mg/dL) (Table 1) in-
creased by 197% in group (B) mice compared to group
(A) (94.481+0.395 mg/dL & 24.892+0.273 mg/dL) (Ta-
ble 1) of mice. Surprisingly, group (C) showed a higher
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level of HDL (96.06+0.221 mg/dL) (Table 1) at 47% and
a decreased level of LDL (33.02+0.465 mg/dL) (Table 1)
at 48% compared to group (B) of mice. Statistically, TC,
TG, and LDL levels showed a significant **p<0.001 in-
crease in group B (Fig. 8) compare to control group A,
as well as a significant **p<0.001 reductions seen in
HDL level of group (B) of mice (Fig. 8). In contrast,
garlic extract supplementation (group C) significant-
ly **p<0.001 reduced TC, TG, and LDL concentration
and significantly **p<0.001 increased HDL concentra-
tion compare to group B (Fig. 8). In addition, the con-
centration difference of TC, TG, and LDL between the
control (group A) and group C was significant at the lev-
el of *p<0.05 and LDL concentration was almost similar
in both the A and C groups of mice (Fig. 8).
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Fig. 8. Diagram represents the analysis of the protective
effects of garlic extract in lowering the serum lipid profile.
TC - total cholesterol; TG - triglyceride; HDL — high-density
lipoprotein; LDL — low-density lipoprotein. Results were
expressed as mean = standard error. (**) indicates a
statistically significant difference at the level of **p<0.001;
(*) indicates a statistically significant difference at the level
of *p<0.05 from the control (group A) of mice

Table 1. TC, TG, HDL, and LDL values in control, diet-
induced hypercholesterolemic, and garlic extract-
supplemented groups?

Parameters (mg/dl) Group A Group B Group C
TC, mg/dL 141.296+0.318 179.044+0.412%*  166.396+0.249%
TG, mg/dL 115.108+1.067 231.294+0.258**  162.312+1.596*
HDL, mg/dL 94.481+0.395 78.906+0.417** 96.06=0.221
LDL, mg/dL 24.892+0.273 46.544+0.203** 33.02+0.465%

2 (**) and (*) denotes a statistically significant difference at
the level of *¥p<0.001 and *p<0.05 respectively

Discussion

The present study showed that consumption of a choles-
terol-rich diet (cow brain) alters the gross and histoar-
chitecture of the liver, which is in complete agreement
with the results of Korish and Arafah. It was reported
that regular high-cholesterol feed consumption caus-
es excess energy intake, growing obesity, and a tenden-
cy to inactivity. Liver weight was significantly increased
compared to the control group. Liver become pale and

showed slight hepatomegaly, degenerated hepatocytes,
and fatty droplets in the hepatocytes.’® Kundu et al. re-
ported similar results in their study where cow brain
was used as a cholesterol-rich diet.*” Our study exhibit-
ed that garlic extract feeding surprisingly restored gross
and cellular changes in the hypercholesterolemic liver.
Garlic extract supplementation eliminates fat droplet
accumulation in hepatocytes and reduces organ weight.
The study conducted by Zhang et al. also agrees with our
statement. They found a significant reduction in N-ni-
trosodiethylamine-induced liver weight, surface nodule,
and liver enlargement, and improvement in the hepato-
cellular architecture from hyperplastic nodules and de-
stroyed hepatocytes after garlic oil application during
the study period.”” Tran et al. also speculated in their re-
search, the aqueous extract of garlic reduced the weight
and restore the texture of the CCl4-intoxicated liver, and
reduced the proliferation of mononuclear cells around
the hepatic veins.” In addition to this, our current re-
search showed an accumulation of PART, a slight in-
crease in kidney weight, and several fatty changes in the
cow brain-induced hypercholesterolemic kidney tubules
and glomerulus. In the previous study conducted by
Salim et al. stated that a high-fat diet leads to hypercho-
lesterolemia and disturbance of lipid profile, impaired
kidney function, and accumulation of fatty droplets in
the glomerulus and kidney tubules. There is a close re-
lationship between TG concentration and fat deposition
in organs. A higher level of triglyceride is the key factor
for the deposition of fat in organs.*” Increased hypercho-
lesterolemia alters the cellular structure of the tubules
and deposits fatty droplets in the tubules that ultimately
inhibit cell metabolism and impede filtration.® Alansa-
ri et al. were also in agreement with our current finding.
Tubular deformities, atrophied glomerular capillaries,
and vacuolar degeneration in tubules frequently appear
due to a high-fat diet.*! But garlic extract supplementa-
tion mitigated the cellular changes induced by a high-fat
diet and completely restored fatty infiltration in both tu-
bules and glomerulus and ultimately improved filtration
capacity in the current findings. El-Shenawy and Has-
san also revealed a statement in a study that garlic ex-
tract improved the cellular alteration of kidneys induced
by a hypercholesterolemic diet as well as recovered the
damages from fatty infiltration in renal tubules.?

From the biochemical analysis of the present study,
it has been stated that TC and triglyceride TG concen-
tration was significantly reduced by garlic extract con-
sumption. However, this statement was in agreement
with Ali and Thomson who mentioned that administra-
tion of garlic to hypercholesterolemic rats, humans, and
cell cultures is effective in decreasing TC and TG con-
centration.” Sher et al. also observed similar findings.
They described in the study, levels of TC (32.8+0.7 mg/
dL) and TG (44.0+0.9 mg/dL) concentration significant-



456

European Journal of Clinical and Experimental Medicine 2023; 21 (3): 450—457

ly (p<0.001) decreased after 4 hours of garlic extract ad-
ministration in rabbits.?* Adler and Holub also reported
in support of the reduction of TC-level and LDL-cho-
lesterol levels respectively by 11.5% and 14.2% by using
garlic aqueous extract.”® Serum TC, LDL, and TG levels
were found to be significantly lowered but HDL choles-
terol levels increased after regular feeding of garlic ex-
tract in the study conducted by Sun et al. and Durak
et al.'’>?* Rahman and Lowe also showed that garlic ad-
ministration suppressed LDL oxidation and increased
HDL which may be one of the beneficial effects of garlic
in cardiovascular diseases.” In our present study, gar-
lic extract supplementation significantly reduced LDL
levels which were also revealed in the study of Shela et
al., Merat and Fallahzadeh, Aslani et al, and Yeh et al.
They observed that garlic administration in rats suffer-
ing from hypercholesterolemia induced by a high-cho-
lesterol diet significantly reduced LDL levels.**! In the
current study, feeding garlic extract to an induced hy-
percholesterolemic rat caused a significant rise in HDL
levels. This was in agreement with the statement of
Aouadi et al.”? The protective mechanisms of the ben-
eficial effects of garlic in CVDs may be achieved by
suppressing LDL oxidation, increasing HDL as well as
decreasing TC and TG reported by Katsuki et al. and
Gardner et al.**** Therefore, according to the above de-
scription, it can be suggested that garlic extract has a
protective function to restore serum biochemical pa-
rameters and to restore the ability of gross and histo-
morphological changes of organs (liver and kidney) in
hypercholesterolemia induced by a cholesterol-rich diet.

Conclusion

Cholesterol-rich food intake has several adverse health
effects including changes in lipid profile, changes in or-
gan weight, fat accumulation in various organs, especially
the liver and kidney, various pathological lesions in gross
and microscopic aspects, etc. In our society, people are
not aware of the tremendous beneficial effects of medic-
inal herbs like garlic. In the present study, garlic extract
supplementation restored the lipid profile, excess organ
weight, and histopathological lesions of the liver and kid-
ney, specifically removing fat deposits in the cells. How-
ever, further studies on a molecular basis are needed to
investigate the pathophysiological mechanism of garlic
extract in restoring pathological changes as well as elevat-
ed lipid profiles in hypercholesterolemic mice.

Acknowledgments

The authors are highly grateful to the Department of
Anatomy and Histology, Faculty of Veterinary Science,
Bangladesh Agricultural University, Mymensingh-2202
as well as the university central laboratory for the tech-
nical support. Special thanks to MoST (Ministry of Sci-
ence and Technology), Bangladesh for providing the

NST (National Science and Technology fellowship as fi-
nancial support to conduct the research efliciently.

Declarations

Funding

MoST (Ministry of Science and Technology) Bangla-
desh; NST (National Science and Technology, 2018-
2019) (NST SL No. 303 and ID No. 4110).

Author contributions

Conceptualization, S.K.K. and S.K.D.; Methodology,
S.K.K.; Software, S.K.K,; Validation, S.K.K., S.K.D. and
M.A.H.N.AK; Formal Analysis, S.K.K.; Investigation,
S.K.K, SK.D.and M.A.HN.A K, Resources, S.K.K. and
S.K.D,; Data Curation, S.K.K.; Writing — Original Draft
Preparation, S.K.K.; Writing — Review & Editing, S.K.K,,
S.K.D. and M.A.H.N.A.K,; Visualization, S.K.K.; Super-
vision, S.K.K., S.K.D. and M.A.H.N.A K; Project Admin-
istration, S.K.K. and S.K.D.; Funding Acquisition, S.K.K.

Contflicts of interest
Nothing to disclose.

Data availability

Datasets analyzed during the present study and/or are
available from the corresponding author upon reason-
able request.

Ethics approval
The Ethical Committee of Bangladesh Agricultur-
al University approved the study protocol (AWEEC/
BAU/2019-53).

References

1. Lonardo A, Mantovani A, Targher G, Bafty G. Nonalcoho-
lic Fatty Liver Disease and Chronic Kidney Disease: Epi-
demiology, Pathogenesis, and Clinical and Research Im-
plications. Int ] Mol Sci. 2022;23(21):13320. doi: 10.3390/
{jms232113320

2. World Health Rankings site. https://www.worldlifeexpec-
tancy.com/country-health-profile/bangladesh. Accessed
February 20, 2023.

3. Ix JH, Sharma K. Mechanisms linking obesity, chro-
nic kidney disease, and fatty liver disease: the roles of
fetuin-A, adiponectin, and AMPK. ] Am Soc Nephrol.
2010;21(3):406-412. doi: 10.1681/ASN.2009080820

4. Kundu SK, Khan MA, Das SK. Cow brain consumption
causes hypercholesterolemia: An in vivo study. Asian Jour-
nal Of Dairy And Food Research. 2021;40(2):177-180. doi:
10.18805/ajdfr.DR-216

5. Bengal Meat Beef Brain: https://jarlimited.com/product/ben-
gal-meat-beef-brain-500-gm/. Accessed March 29, 2023.

6. Nessa MU, Rahim AT, Kabir Y. Fatty acid profile of fast fo-
ods, traditional snacks and sweetmeats of Bangladesh. KU
Studies. 2008;29:85-90. doi 10.53808/KUS.2008.9.1.0820-L



Biochemical and cellular (liver and kidney) restorative properties of garlic (Allium sativum) aqueous extract in cow brain-induced. ..

457

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kundu SK, Khan MA, Das SK. Beneficial Role of Mushro-
om in Recovering Complications of Hypercholesterolemia.
IDJPCR. 2021;4(2):1-4. doi: 10.32734/idjpcr.v4i2.6467
Serviddio G, Bellanti F, Villani R, et al. Effects of dietary
fatty acids and cholesterol excess on liver injury: A lipido-
mic approach. Redox Biol. 2016;9:296-305. doi: 10.1016/j.
redox.2016.09.002

Altunkaynak ME, Ozbek E, Altunkaynak BZ, Can i,
Unal D, Unal B. The effects of high-fat diet on the renal
structure and morphometric parametric of kidneys in
rats. J Anat. 2008;212(6):845-852. doi: 10.1111/j.1469-
-7580.2008.00902.x

Ried K, Frank OR, Stocks NP. Aged garlic extract reduces
blood pressure in hypertensives: a dose-response trial. Eur
J Clin Nutr. 2013;67(1):64-70. doi: 10.1038/ejcn.2012.178
Shiju TM, Rajesh NG, Viswanathan P. Renoprotective
effect of aged garlic extract in streptozotocin-induced
diabetic rats. Indian ] Pharmacol. 2013;45(1):18. doi:
10.4103/0253-7613.106429

Nani D, Proverawati A, Taufik A. Black solo garlic pro-
tects hepatic and renal cell function in streptozotocin-in-
duced rats. Front Nutr. 2022;9:962993. doi.org/10.3389/
fnut.2022.962993

Naji KM, Al-Shaibani ES, Alhadi FA, Al-Soudi SA, D’so-
uza MR. Hepatoprotective and antioxidant effects of sin-
gle clove garlic against CCl4-induced hepatic damage in
rabbits. BMC Complement Altern Med. 2017;17(1):1-2. doi:
10.1186/512906-017-1916-8

Shang A, Cao SY, Xu XY, et al. Bioactive compounds and
biological functions of garlic (Allium sativum L.). Foods.
2019;8(7):246. doi: 10.3390/foods8070246

Sun YE, Wang W, Qin J. Anti-hyperlipidemia of garlic by
reducing the level of total cholesterol and low-density li-
poprotein: A meta-analysis. Medicine. 2018;97(18):e0255.
doi: 10.1097/MD.0000000000010255

Korish AA, Arafah MM. Camel milk ameliorates steatohe-
patitis, insulin resistance and lipid peroxidation in experi-
mental non-alcoholic fatty liver disease. BMC Complement
Altern Med. 2013;13(1):1-2. doi: 10.1186/1472-6882-13-
264

Zhang CL, Zeng T, Zhao XL, Yu LH, Zhu ZP, Xie KQ. Pro-
tective effects of garlic oil on hepatocarcinoma induced by
N-nitrosodiethylamine in rats. Int ] Biol Sci. 2012;8(3):363.
doi: 10.7150/ijbs.3796

Tran GB, Dam SM, Le NT. Amelioration of single clove
black garlic aqueous extract on dyslipidemia and hepa-
titis in chronic carbon tetrachloride intoxicated Swiss
Albino mice. Int ] Hepatol. 2018;2018:9383950. doi:
10.1155/2018/9383950

Salim HM, Kurnia LF, Bintarti TW. The effects of high-
-fat diet on histological changes of kidneys in rats. BHS].
2018;1(2):109-112. doi: 10.20473/bhsj.v1i2.9675
Curthoys NP, Moe OW. Proximal tubule function and
response to acidosis. CJASN. 2014;9(9):1627-1638. doi:
10.2215/CJN.10391012

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Alansari AK, ALmohaimeed HM, Baradea SM, Ali SS.
Reno-protective effects of fresh garlic against high fat
diet induced damage. J Health Sci. 2020;2(2):85-67. doi:
10.4103/1658-8312.347586

El-Shenawy SM, Hassan NS. Comparative evaluation of
the protective effect of selenium and garlic against liver
and kidney damage induced by mercury chloride in the
rats. Pharmacol Rep. 2008;60(2):199.

Ali M, Thomson M. Consumption of a garlic clove a day
could be beneficial in preventing thrombosis. Prostaglan-
dins Leukot Essent Fatty Acids. 1995;53(3):211-212. doi:
10.1016/0952-3278(95)90118-3

Sher A, Fakhar-ul-Mahmood M, Shah SN, Bukhsh S, Mur-
taza G. Effect of garlic extract on blood glucose level and
lipid profile in normal and alloxan diabetic rabbits. Adv
Clin Exp Med. 2012;21(6):705-711.

Adler AJ, Holub BJ. Effect of garlic and fish-oil supple-
mentation on serum lipid and lipoprotein concentrations
in hypercholesterolemic men. AJCN. 1997;65(2):445-450.
doi: 10.1093/ajcn/65.2.445

Durak I, Kavutcu M, Aytag¢ B, et al. Effects of garlic
extract consumption on blood lipid and oxidant/antioxi-
dant parameters in humans with high blood cholesterol.
J. Nutr Biochem. 2004;15(6):373-377. doi: 10.1016/j.jnut-
bi0.2004.01.005

Rahman K, Lowe GM. Significance of garlic and its con-
stituents in cancer and cardiovascular disease. J Nutr.
2006;136(3):736-740.

Gorinstein S, Leontowicz H, Leontowicz M, et al. Raw and
boiled garlic enhances plasma antioxidant activity and im-
proves plasma lipid metabolism in cholesterol-fed rats. Life
Sci. 2006;78(6):655-663. doi: 10.1016/}.1f5.2005.05.069
Merat A, Fallahzadeh M. Effect of garlic on some blood
lipids and HMG-CoA reductase activity. Iran | Med Sci.
1996;21:141-146.

Aslani N, Entezari MH, Askari G, Maghsoudi Z, Maracy
MR. Effect of Garlic and Lemon Juice Mixture on Lipid
Profile and Some Cardiovascular Risk Factors in People
30-60 Years Old with Moderate Hyperlipidaemia: A Ran-
domized Clinical Trial. Int J Prev Med. 2016;7:95. doi:
10.4103/2008-7802.187248

Yeh YY, Yeh SM. Garlic reduces plasma lipids by inhibiting
hepatic cholesterol and triacylglycerol synthesis. Lipids.
1994;29(3):189-193. doi:10.1007/BF02536728

Aouadi R, Aouidet A, Elkadhi A, et al. Effect of fresh gar-
lic (Allium sativum) on lipid metabolism in male rats.
Nutr Res. 2000;20(2):273-280. doi.org/10.1016/S0271-
5317(99)00159-1

Amagase H. Significance of garlic and its constituents in
cancer and cardiovascular disease. ] Nutr. 2006;136(3):716-
725. doi: 10.1093/jn/136.3.v

Gardner CD, Chatterjee LM, Carlson JJ. The effect of a gar-
lic preparation on plasma lipid levels in moderately hyper-
cholesterolemic adults. Atherosclerosis. 2001;154(1):213-
220. doi: 10.1016/50021-9150(00)00466-4



