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Implication for health policy/practice/research/medical education:
Hydroethanolic garlic extract improved the antioxidant defense system in metabolic deranged Drosophila melanogaster by 
scavenging of free radicals and modulation of antioxidant enzymes. The garlic extract also promoted lipolysis and glycogenesis, 
thereby ameliorating obesity. This indicates that garlic or its compo-nents might be used for obesity.
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Introduction: Metabolic syndrome is multifaceted health condition associated with 
metabolism, which leads to the accumulation of oxidation products and impairment of the 
antioxidant system. Medicinal, edible plant alternatives are being sought to prevent the 
predisposing factors of metabolic syndrome, one of which is obesity. We studied the effects of 
hydroethanolic garlic extract (HGE) on oxidative stress, lipolysis, and glycogenesis in high-fat 
diet-fed Drosophila melanogaster.
Methods: The HGE was processed and antioxidant assays (in vitro and in vivo) coupled with 
metabolic biomarkers were assayed following standard procedures. 
Results: HGE inhibited ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), 
hydroxyl, and hydrogen peroxide radicals in high-fat-fed D. melanogaster. The HGE also 
reduced the activity of superoxide dismutase and increased catalase activity significantly. 
The HGE promoted lipolysis and glycogenesis by reducing cholesterol, triglycerides, and total 
sugar concentrations while glycogen content was increased.
Conclusion: Our results revealed that HGE improved the antioxidant defense system and 
promoted lipolysis and glycogenesis in metabolic deranged D. melanogaster. This suggests the 
therapeutic usefulness of garlic in the management of metabolic diseases.
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A B S T R A C T

Introduction
Metabolic syndrome is a cluster of conditions that co-
occur and increase the risk of developing heart disease, 
stroke, and type 2 diabetes. This condition includes a 
variety of risk factors, such as increased blood pressure, 
high blood sugar, excess body fat around the waist, and 
abnormal cholesterol or triglyceride levels (1,2). The 
prevalence of metabolic syndrome is increasing globally, 
affecting approximately 20%-30% of adults worldwide 

(3). Chronic inflammatory conditions in the event of 
metabolic syndrome give rise to oxidative stress, which 
in turn links to associated diseases. The formation of 
oxidizing species is known to increase the incidences of 
metabolic syndrome, and this is considered a primary 
mechanism behind mitochondrial dysfunction, as well as 
the accumulation of oxidation products of proteins and 
lipids and impairment of antioxidant systems (4,5).

Oxidative stress is an imbalance between the oxidative 
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and anti-oxidative systems of the cells and tissues, resulting 
in the overproduction of free radicals and reactive oxygen 
species (ROS) (6). Stress as a result of ROS has been 
reported to be linked to different diseases, such as cancer, 
diabetes mellitus, and other cardiometabolic diseases (7). 
Metabolic diseases that are mediated by oxidative stress 
can be promoted by nutritional stress, such as that caused 
by excessive high-fat and/or carbohydrate diets (8). 
Antioxidants help scavenge these free radicals/ROS before 
damaging vital molecules in the body.

One such plant with a high profile of antioxidants is Allium 
sativum (garlic), which is a plant with a bulb belonging to 
the family of the Amaryllidaceae. Garlic has a long history 
of traditional medicine in different cultures worldwide 
(9). The phytoconstituents in garlic are primarily grouped 
into polyphenols, fructan carbohydrates e.g., inulin and 
organo-sulphur compounds e.g., allicin and alliin. It 
possesses antimicrobial, antithrombotic, anticoagulant, 
antihypertensive, immunomodulation, antidiabetic, 
and antioxidant activities (10). These phytoconstituents 
regulate energy metabolism and homeostasis, with the 
metabolites of the fructan polysaccharides, allicin, and 
polyphenols eliciting these effects (11).

Majorly, the polyphenolic content of garlic is responsible 
for its medicinal properties. Some of the phenolic 
compounds present in garlic are phenolic acids (12) and 
anthocyanins (13). Polyphenols have been shown to be 
effective antioxidants in various biological systems, as 
they can scavenge reactive oxygen or nitrogen species 
such as hydroxyl, peroxyl, superoxide, hydrogen peroxide 
(H2O2), or singlet oxygen (14,15).

Drosophila melanogaster (Fruit fly) belongs to the family 
“Drosophilidae”, and its life cycle lasts approximately 10 
days at 25 °C. More than 75% of human disease-causing 
genes have their homologs in D. melanogaster (16). When 
fed with high-fat or high-sugar diets, Drosophila stores 
lipids in its fat body, which might reveal a phenotypic 
model for diabetes and obesity (17). Drosophila fed with 
high fat diet (HFD; 30% coconut oil-enriched food) for 
many days showed symptoms of obesity, such as increased 
levels of triglyceride, glucose, and insulin, a hallmark of 
insulin resistance (18). The HFD-induced elevation of 
triglyceride levels was accompanied by increased signaling 
via the target of rapamycin (TOR) pathway, as well as 
reduction in the expression of adipose triglyceride lipase 
and a corresponding rise in fatty acid synthase expression 
(18). The current study investigated how a hydroethanolic 
garlic extract (HGE) affects oxidative stress, lipolysis, and 
glycogenesis in HFD-fed Drosophila melanogaster.

Materials and Methods
Material
Hydrogen peroxide (Roche), 5, 5’-dithiobis (2-nitro-
benzoic acid) (Ellman’s reagent), sulfuric acid (Sigma-
Aldrich), N-(1-naphthyl) ethylenediamine dihydrochloride 

(Sigma-Aldrich), sulfanilamide (Sigma-Aldrich), 
phosphoric acid (Sigma-Aldrich), Trichloroacetic acid 
(Sigma-Aldrich), thiobarbituric acid (Sigma-Aldrich), 
hydrochloric acid (BGI), Potassium chloride (Roche), tris 
base (Sigma-Aldrich), dinitrophenyl hydrazine (Sigma-
Aldrich), quercetin (Sigma-Aldrich), trehalose (Swanson) 
used, including the commercially available Randox kits for 
lipid profile procured from a local supplier in Osun State, 
Nigeria, were of analytical grade

Plant materials and extract preparation
The garlic bulb (purchased at Oje-Olobi Market in Ede, 
Nigeria) was peeled, washed, chopped, air dried, and 
pulverized using a sterile procedure. 200 g of the pulverized 
sample was added to 50:50 (v/v) ethanol: distilled 
water and left for 72 hours extraction time, and filtered 
thereafter. The hydroethanolic solvent was considered for 
better extraction and the solubility of the plant bioactive 
compounds in water (polar) and ethanol (non-polar) 
(19). The HGE was concentrated from the filtrate using 
rotary evaporator and freeze drier to remove the aqueous 
portion of the extract, with percentage yield of 22.8%. 
The sample of garlic was identified and confirmed with 
voucher number 21/17735 at the Herbarium, Department 
of Botany, Obafemi Awolowo University, Ile-Ife. Nigeria.

In vitro assay
Total phenolic content
Folin-Ciocalteu reagent (20) was employed where the 
extracted plant sample (0.5 mL of 1 mg/mL concentration) 
was added to10% Folin-Ciocalteu reagent (2.5 mL) 
together with Na2CO3 (2% w/v) (2 mL) in triplicate. 
This was followed by incubation at 45 °C with shaking 
for 15 minutes. The optical density of resulting solution 
was measured at a wavelength of 765 nm with the use of 
spectrophotometer. The amount of Gallic acid present in 
the solution was expressed as micrograms per milliliter 
following the varied gallic acid concentrations (0–0.2 mg/
mL).

Total flavonoid content
This was measured as reported by AsokKumar et al (21). 
To determine the flavonoid content, the colorimetric 
method involving aluminum chloride was utilized, 
dissolving the extracted plant sample (1 mL of 1 mg/
mL  concentration) in methanol (3 mL), 10% aluminum 
chloride (0.2 mL), 1 M potassium acetate (0.2 mL), and 
distilled water (5.6 mL). The reaction mixture was left at 25 
°C for 30 minutes. The resulting solution’s optical density 
was measured at a wavelength of 420 nm with the use of a 
spectrophotometer. The content of flavonoid content was 
calculated by extrapolating the calibration curve obtained 
by a varied quercetin concentration (0–0.2 mg/mL). The 
flavonoid content was adjusted as µg/mL QE equivalent.
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Percentage inhibition of hydroxy radical
This was determined according to the procedure described 
by Ozyürek  et al (22). The prepared sample solution (1-4 
mg/mL) was achieved by dissolving the plant sample in 
absolute ethanol. Then, an aliquot of the sample solution 
was mixed with 400 µL of phosphate buffer (0.2 M, pH 
7.4). This was followed by the addition of 50 µL each of 
deoxyribose (50 mM), Na2EDTA (1 mM), FeCl3 (3.2 mM), 
and H2O2 (50 mM). To initiate the reaction, 50 µL volume 
of 1.8 mM vitamin A was mixed in buffer to adjust the total 
volume of the mixture to 800 µL. This was followed by 20 
minutes incubation at 50 °C. 250 µL of 10% trichloroacetic 
acid was added to the mixture to stop the reaction. The 
resulting mixture passed through oven heating at 105 
°C for 15 minutes which was followed by the addition of 
150 µL of TBA (5%, in 1.25% NaOH aqueous solution) 
to develop color. After cooling, the absorbance of plant 
extract was measured at a wavelength of 530 nm against 
the buffer (as blank). The percentage hydroxyl (OH) 
radical scavenging of the plant extract was compared with 
quercetin, used as standard. The plant extract percentage 
scavenging value was calculated by:

where Abs stands for absorption.
 
Percentage inhibition of 2,2′-azino-bis-(3-ethylbenzothiazoline-
6-sulfonic) acid (ABTS) radical
Re et al (23) procedure was followed to perform the 
experiment. Two stock solutions of 7 mM ABTS and 2.4 
mM potassium persulfate in equal amounts were mixed 
to prepare the working solution. The mixture was left 
to react for 12 hours at room temperature in the dark. 
The resulting solution was diluted by combining 1 mL 
of freshly prepared ABTS+ solution, and 7 minutes after, 
the measurement of absorbance was performed at a 
wavelength of 734 nm. Butylated hydroxytoluene (BHT) 
was employed as control. The measured absorbance of the 
HGE and control was used to calculate the percentage of 
scavenging capacity of ABTS+ of the plant extract, using 
equation below. Quercetin, a known antioxidant, was used 
as standard to compare ABTS scavenging activity of the 
plant extract.

(%)

100control sample

control

Percentage ABTS radical scavenging
Abs Abs

Abs

=
−

×

where Abs stands for absorption.

Percentage inhibition of hydrogen peroxide radical
The procedure described by Ruch et al (24) and Oktay et 
al (25) with little adjustment was followed to carry out this 
experiment. The plant extract at different concentrations 
was added to H2O2 solution (0.6 mL of 4 mM) and 
phosphate buffer (0.1 M, pH 7.4) followed by 10 minutes 

incubation. The resulting mixture’s absorbance was 
determined at 230 nm wavelength alongside plant extract 
without H2O2 (as blank). Ascorbic acid was employed as 
control. The absorbance of HGE and control was used to 
calculate the percentage inhibition of H2O2 of the plant 
extract, using equation below. Percentage scavenging 
of H2O2 for both HGE and quercetin (standard) was 
calculated.

2 2 (%)

100control sample

control

Percentage H O radical scavenging
Abs Abs

Abs

=
−

×

where Abs stands for absorption.

In vivo assay
Drosophila melanogaster (Harwich strain) new breeds 
were collected and acclimatized for 2 days in an incubator 
20-23 °C following standard procedures (26). The flies 
were fed with standard corn diet ad libitum.

Treatment grouping
Doses of coconut oil and plant extract were selected 
following preliminary investigations in our laboratory 
using some biophysical assays.
• Group A: Normal diet (ND) (normal control)
• Group B: ND + HFD (70% Coconut oil for 3 days)
• Group C: ND + HGE (1 mg/5 g diet for 3 days)
• Group D: ND + HFD (70% Coconut oil for 3 days) + 

1 mg/5 g HGE (for the next 3 days)
A total of 250 flies were assigned per treatment group. 

Ten flies each were homogenized independently for each 
assay and conducted in triplicate (n=3).

Hydrogen peroxide stress 
This was performed according to a previously described 
method (27). The flies were allowed to age for 3 days then 
moved into 5% sucrose-containing vials. They were kept 
on the sucrose diet for 24 hours before being exposed 
to H2O2. For pretreatment (to initiate adaptation), flies 
were placed for 8 hours in vials without H2O2 or in vials 
that contained 10µM or 100µM H2O2. After the 8-hour 
pretreatment period, the flies were moved to vials 
containing different concentrations of H2O2 (ranging 
from 0M to 8M). The flies were monitored for survival, 
and they were considered dead when they were completely 
immobile. The purpose of measuring survival was to 
evaluate their adaptation to the toxic doses of H2O2.

Superoxide dismutase (SOD) activity
As reported by Misra and Fridovich (28), the prepared 
0.1 mL homogenized flies were made up to 1:10 dilution 
with distilled water. This was followed by adding 0.2 mL 
of homogenate initially diluted to carbonate buffer (2.5 
mL of 0.05 M pH 10.2) in a cuvette, which was left to 
equilibrate. Reaction initiation was achieved by adding 
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adrenaline (0.3 mL of 0.3 M), which was followed by 
addition of carbonate buffer (2.5 mL), adrenaline (0.3 
mL), and distilled water (0.2 mL) into same cuvette. The 
absorbance was determined at a 480 nm wavelength every 
30 seconds for 150 seconds to monitor the increase in 
absorbance.

Catalase activity 
According to Claiborne (29), with a little modification, 50 
µL homogenate of the flies was added to 500 µL of 59mM 
H2O2 and 950 µL of 50mM phosphate buffer (pH 7.0) to 
develop a reaction mixture at 25 oC. The absorbance was 
determined at 570 nm wavelength at 0, 60 and 120 seconds. 
Enzyme activity was measured in units, which expresses 
enzyme amount needed to catalyze decomposition of 1 
µmol of H2O2/minute at 25 oC and pH of 7.0 under the 
specified conditions.

Glycogen and total sugar concentrations 
According to Van Handel’s (30) method, 10 D. melanogaster 
were homogenized in 2% sodium sulfate solution. The 
homogenate was then mixed with 1 mL of methanol and 
centrifuged at 90 G for 1 minute. The supernatant was 
separated by decanting into another test tube and followed 
by air drying to reduce it to a volume of 100-200 µL. The 
separated residue contained the glycogen and fly tissue 
as precipitate. The two samples were made into mixture 
with anthrone reagent to give a final 5 mL reaction volume 
each. After thoroughly mixing, the reaction mixtures were 
incubated at 90 °C for 17 minutes. The absorbances were 
measured at a dual optical densities of 625 and 555 nm, 
followed by extrapolating the concentrations of glycogen 
and total sugar as triplicate using glucose standard curve.

Total carbohydrate concentration 
Van Handel’s (30) methods were utilized to determine 
carbohydrate concentrations. Initially, 25% ethanol was 
used to prepared various concentrations of glucose (25 
to 200 µg/mL). This was used to create calibration curve 
for glucose. The reaction volume was made up of H2O, 
conc H2SO4, dissolved anthrone reagent, and heated 
in water bath at 90 °C for 17 minutes before cooling to 
room temperature. The absorbance of each standard was 
measured at a dual wavelength of 625 and 555 nm using 
a microplate, and subsequently the concentrations were 
used to plot the glucose standard curve.
Carbohydrate concentration was measured by 
homogenizing 10 D. melanogaster in 1 mL of anthrone 
reagent as described by Van Handel (30). Thereafter, 
anthrone reagent was added to make up 5 mL total 
reaction volume. This was followed by heating the reaction 
mixture in regulated water-bath at 90 °C for 17 minutes 
before cooling, and optical density was checked at dual 
wavelengths of 625 and 555 nm using a microplate reader. 
Carbohydrate concentrations for each of the triplicate 

were determined by extrapolating measured absorbance 
using the standard curve of glucose.

Trehalose concentrations 
To determine trehalose concentrations, the method 
described by Van Handel (30) was employed. Briefly, 2% 
sodium sulfate was used to homogenize ten flies, which 
was followed by centrifugation at 90 G for 1 minute to 
collect the supernatant and resuspend the pellet in 300 
µL H2O and 1 mL methanol. The resuspended pellet was 
centrifuged for 1 minute. The two supernatants were 
pulled together, and the sugar fraction was concentrated 
to 500 µL. The sugar fraction (100 µL) was mixed with 
HCl (50 µL of 1 N) and heated at 90 °C in water bath for 
7 minutes; after cooling NaOH (150 µL) was added to the 
reaction mixture and again heated at 90 °C in water bath 
for another 7 minutes. Anthrone reagent was added to 
make a 5 mL mixture volume and heated at 90 °C in water 
bath for 17 minutes. The measurement of absorbance 
was performed at dual wavelengths of 555 and 625 nm 
in triplicate using a microplate reader. The concentration 
of trehalose was calculated using the standard curve of 
trehalose.

Triglyceride concentration 
The principle was based on the hydrolysis with lipase 
coupled with reaction, which produced quinone-
imine (an indicator) formed from hydrogen-peroxide, 
4-aminophenazone, and 4-chlorophenol as catalyzed 
by peroxidase (31). Firstly, 10 µL distilled water and 1 
mL reagent (reagent blank), 10 µL standard, 1000 µL 
reagent (standard solution), 10 µL sample, and 1 mL 
reagent (sample solution) were pipetted into the cuvette. 
They were stirred together, followed by incubation for 10 
minutes at 25 °C or 5 minutes at 37 °C. The measurement 
of absorbance was performed at a wavelength of 500 nm 
relative to the blank.

sample

standard

Triglyceride concentration=
Abs

×concentration of standard (743mg/dL)
A

where Abs stands for absorption.

Cholesterol concentration 
This was determined after enzymatic hydrolysis and 
oxidation. The indicator quinone-imine is formed from 
H2O2 and 4-aminoantipyrine in the presence of phenol 
and peroxidase. Firstly, 10 µL distilled water and 1000 
µL reagent (reagent blank), 10 µL standard, 1000 µL 
reagent (standard solution), 10 µL sample, and 1000 µL 
reagent (sample solution) were pipetted into the cuvette. 
They were stirred together, followed by incubation for 10 
minutes at 25 °C or 5 minutes at 37 °C. The measurement 
of absorbance was performed at a wavelength of 500 nm 
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relative to the blank.

sample

standard

concentration=
Abs

×concentration of standard (553mg/dL)

Total Cho

A

lesterol

  
where Abs stands for absorption.

Statistical analysis
Data were presented as means ± SEM (n=3) and analyzed 
using GraphPad Prism 6.0 software and Microsoft Excel 
2016. One-way ANOVA followed by Tukey’s post hoc test 
was used to compare the groups. Significant differences 
were considered significant at P < 0.05.

Results
Total flavonoid and total phenolic contents of hydroethanolic 
garlic extract
HGE contained phenols (49.36 µg GAE/mg) and flavonoid 
(15.54 µg QE/mg) extrapolating from the gallic acid 
(GAE) and quercetin (QE) standard curve.

Hydroxyl radical inhibition of hydroethanolic garlic extract
HGE and quercetin inhibited hydroxyl radical in an 
increasing order. There was no significant difference in 
the quercetin and HGE percentage in hydroxyl radical 
inhibition. Quercetin and HGE at 500 µg/mL inhibited 
100% and 93.24% of the hydroxyl radicals, respectively, 
while at 15 µg/mL, quercetin and HGE inhibited 7.64% 
and 11.26 % of the hydroxyl radical (Figure 1A).

ABTS inhibition of hydroethanolic garlic extract
The inhibitory power of HGE and quercetin against ABTS 
radical was revealed in an increasing order. There was no 
significant difference in the quercetin and HGE percentage 
in ABTS radical scavenging activity. Quercetin and HGE 
scavenged 93.5% and 95.34% ABTS radicals, respectively 
at 250 µg/mL. 31.62 and 38.98% of ABTS radicals were 
scavenged by quercetin and HGE, respectively at 15 µg/
mL concentration (Figure 1B). The calculated ABTS IC50 
for the quercetin and HGE were 26.15 µg/mL and 25.35 
µg/mL, respectively.

Hydrogen peroxide radical inhibition of hydroethanolic 
garlic extract
Figure 1C shows the in vitro percentage H2O2 radical 
scavenging of HGE. The scavenging power of HGE 
and quercetin against H2O2 radical was revealed in an 
increasing order. There was no significant difference in 
the quercetin and the HGE percentage in H2O2 radical 
scavenging activity. Quercetin and HGE scavenged 
97.37% and 87.36% H2O2 radicals, respectively at 500 µg/
mL, while at 15 µg/mL concentration quercetin and HGE 
scavenged 4.59% and 5.04% of H2O2 radicals, respectively 
(Figure 1C). The calculated H2O2 IC50 for the quercetin 
and HGE were 65.49 µg/mL and 67.39 µg/mL, respectively.

Hydroethanolic garlic extract effects on hydrogen peroxide 
resistance
The flies fed with HFD had 20% survival after 96 hours 
of exposure to H2O2 stress. There was hundred percent 
(100%) improved survival rate in the HFD-fed flies that 
were treated with HGE after 96 hours exposure to H2O2 
stress (Figure 2).

Hydroethanolic garlic extract effect on superoxide dismutase 
and catalase activities
HFD significantly (P < 0.05) increased SOD activity in 
D. melanogaster when matched with the control. There 
was a significantly reduced SOD activity in the HFD-
fed flies treated with HGE when compared with the flies 
that received only HFD. HFD significantly increased 

Figure 1. Percentage inhibition of hydroxyl (A), ABTS (2,2′-azino-bis-
(3-ethylbenzothiazoline-6-sulfonic) acid (B), and hydrogen peroxide (C) 
radicals by hydroethanolic garlic extract (HGE).

(A)

(B)

(C)
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catalase activity in D. melanogaster, when compared to the 
control group. Also, HFD-fed flies that received HGE had 
significantly increased catalase activity (Table 1).

Hydroethanolic garlic extract effects on carbohydrate 
metabolism
Drosophila melanogaster exposed to HFD significantly 
(P < 0.05) increased total sugar, glycogen, trehalose, and 
total carbohydrate concentrations (Table 2). Furthermore, 
HFD-fed flies that received HGE had significantly 
reduced total sugar and total carbohydrate concentrations. 
However, the glycogen and trehalose concentrations were 

Figure 2. Hydrogen peroxide stress resistance in high fat diet (HFD)-fed Drosophila melanogaster supplemented with hydroethanolic garlic extract (HGE). 
ND: Normal diet.

Table 1. Effect of hydroethanolic extract on the activities of superoxide 
dismutase and catalase

 Groups SOD (µmol/min/mg 
protein)

CAT (µmol/min/mg 
protein)

ND 13.33 ± 0.00 1.10 ± 0.22

ND + HFD 36.67 ± 1.67a 9.70 ± 1.47a

ND + HGE 16.67 ± 1.67b 7.43 ± 0.69a,b

ND + HFD + HGE 26.67 ± 0.00a,b,c 11.42 ± 4.10a,c

Data are represented as mean ± SEM, n=3, a,b, and c P < 0.05 as compared 
with control diet (ND), ND + HGE, and ND + HFD + HGE groups.
SOD: Superoxide dismutase; CAT: Catalase; HFD: High fat diet; HGE: 
Hydroethanolic garlic extract; ND: Normal diet.

Table 2. Effect of hydroethanolic garlic extract on the concentrations of carbohydrate parameters

 Groups Total sugar (µg/mL) Glycogen (µg/mL) Trehalose (µg/mL) Total carbohydrate (µg/mL)

ND 5.62 ± 0.32 11.40 ± 0.37 11.18 ± 0.68 17.02 ± 3.29

ND + HFD 9.76 ± 0.91a 16.77 ± 1.25a 14.11 ± 0.09a 26.53 ± 4.86a

ND + HGE 15.04 ± 0.10a,b 15.45 ± 0.42a 10.45 ± 0.12b 30.49 ± 5.08a

ND + HFD + HGE 5.99 ± 0.52b.c 18.28 ± 0.12a,b,c 17.17 ± 0.54a,b,c 24.27 ± 5.38a,c

Data are represented as mean ± SEM, n=3, a,b, and c P < 0.05 as compared with control diet (ND), ND + HGE, and ND + HFD + HGE groups.
HFD: High fat diet; HGE: Hydroethanolic garlic extract; ND: Normal diet.

increased in the HFD-fed flies that received HGE.

Hydroethanolic garlic extract effects on cholesterol and 
triglyceride metabolism
Drosophila melanogaster exposed to HFD significantly 
increased the concentration of total cholesterol when 
compared to the control group (Table 3). Supplementation 
of HFD-fed flies with HGE significantly decreased the 
concentration of total cholesterol when compared to the 
HFD and control groups. Triglyceride concentration in 
the HFD group was significantly increased as compared 
to the control group. Upon supplementation of HFD-
fed flies with HGE, triglyceride concentration decreased 
significantly compared with the HFD-fed flies.

Discussion
High fat diet intake predominates westernized diet 
with increasing predisposition to a metabolic disorder 
like obesity with established complications, including 
movement disorder, diabetes and dyslipidemia (32,33). 
Complementing or total replacement of this HFD with 
medicinal food plants, rich in beneficial phytocompounds 
can help reduce the severity or prevent the incidence of the 
risk factors and complications of obesity. Allium sativum 
is an example of these medicinal food herbs with proven 
biological activities against dyslipidemia, hyperglycemia, 
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oxidative stress, and the ability to reduce body mass index 
and waist circumference in clinical research (34-36). This 
study addresses how HGE impacts oxidative stress and 
lipolysis and glycogenesis in HFD-fed D. melanogaster.

Garlic phytoconstituents include nutritional and 
non-nutritional constituents. The constituents with 
medicinal potentials include the polyphenols, alkaloids, 
tannins, saponins, cardiac glycosides etc. Polyphenols are 
compounds with aromatic ring that bears one or more 
hydroxyl groups, of which flavonoids are a subclass of 
the polyphenols. In the present study, A. sativum total 
phenolics and total flavonoids were quantified in gallic 
acid and quercetin equivalents, respectively. Phenolics 
have been established to be of medicinal importance as 
they possess antioxidant, anticancer, anti-inflammatory, 
neuroprotective, and cardio-protective potentials (37). 
Some of the quantified polyphenols in A. sativum include 
gallic acid, catechin, protocatechuic acid, isovanillic acid, 
vitexin, kaempferol, rutin, isoorientin, orientin, quercetin, 
and catechin.

The redox imbalance can be consequential on various 
diseases, like metabolic syndrome, obesity, diabetes, 
cancer, etc (38,39). The potency of exogenous antioxidants 
is assessed biochemically by measuring the reducing power 
and percentage inhibition of oxidative stressors (i.e., free 
radicals). The percentage inhibition of radicals also shows 
the antioxidant activities of medicinal plants. In this study, 
the percentage inhibition of ABTS, hydroxyl, and H2O2 
radicals showed that HGE inhibited these radicals in a 
dose-dependent manner. The 250 µg/mL concentration 
had the highest percentage inhibition, closely related to 
the percentage inhibition of the quercetin standard that 
was employed. The IC50 of the extract (25.35 µg/mL) was 
close to the standard, quercetin (26.15 µg/mL) IC50. This 
shows that HGE is a potent antioxidant in vitro. This 
supports Jang et al (40) report that garlic extract had 
greater scavenging activities for ABTS (40,41). HGE also 
scavenged H2O2, which was similar to the study reported 
by Ide et al (42) who evaluated the H2O2 scavenging 
activity of s-allyl cysteine and other polyphenols. The 
high H2O2 and hydroxyl radical scavenging activities offer 

Table 3. Effect of hydroethanolic garlic extract on total cholesterol and 
triglyceride concentrations

 Groups Total cholesterol  
(mg/dL)

Triglyceride  
(mg/dL)

ND 16.31 ± 0.49 13.54 ± 0.52

ND + HFD 25.76 ± 8.58a 16.65 ± 0.92a

ND + HGE 12.95 ± 1.20b 8.42 ± 0.07a,b

ND + HFD + HGE 10.87 ± 0.33a,b 13.78 ± 0.67b,c

Data are represented as mean ± SEM, n=3, a,b, and c P < 0.05 as compared 
with control diet (ND), ND + HGE, and ND + HFD + HGE groups.
SOD: Superoxide dismutase; CAT: Catalase; HFD: High fat diet; HGE: 
Hydroethanolic garlic extract; ND: Normal diet.

protection against oxidative stress. 
Antioxidant enzymes can protect the biological 

system from radical generating cellular activities. 
Antioxidant enzymes like catalase and superoxide 
dismutase defend cellular component against oxidative 
damage during metabolic conditions. In this study, 
HFD-fed flies significantly increased the SOD activity 
of the D. melanogaster, and treatment with garlic extract 
significantly decreased the SOD activity. This showed 
that exposure to HFD triggered a state of oxidative stress 
which was ameliorated by the treatment of the HGE. 
Kayode et al (43) reported a significant increase in SOD 
activity in sucrose-induced insulin resistant drosophila 
exposed to garlic. This agrees with the results of present 
study, where garlic extract reduced the increasing activity 
of SOD when compared with the control, and in contrast 
with a study by Sohal et al (44) who reported a decrease in 
SOD activity in ageing drosophila, stating that antioxidant 
defenses are selective and are quite variable in different 
species and tissues. The reduction of H2O2 is catalyzed 
by the enzyme catalase, which then nullify the damaging 
effects of H2O2 radicals. In this study, exposure of D. 
melanogaster to HFD-fed flies significantly increased the 
catalase activity, which is a reflective of an overburden of 
ROS. This supports Kayode et al (43,45),  who reported 
a significant decrease in catalase activity in drosophila 
exposed to a high sucrose diet. However, garlic extract 
supplementation of the HFD-fed flies modulated catalase 
activity, which could result from an overburden of the 
flies’ peroxide stress. Catalase enzyme metabolizes H2O2 
into water and oxygen. Albeit increased catalase activity is 
directly linked to an elevated H2O2 production. Hydrogen 
peroxide radicals cause oxidative damage and stress the 
antioxidant-defense system. In this study, HFD-fed flies 
had the least percentage survival in post-exposure to 
H2O2. This was ameliorated post-treatment with HGE, 
which showed 100% survival and resistance to H2O2 stress, 
which agrees with Niedzwiecki et al (46), who reported an 
increase in prooxidant burden with an increase in H2O2 
concentration and mortality in D. melanogaster.

The metabolic paths of macromolecules like 
carbohydrates and lipids determine the bioaccumulation 
and degradation of their end-products and energy 
homeostasis. The imbalance between energy intake and 
expended results in energy accumulation, which can 
cause obesity or other metabolic derangements. Diet rich 
in carbohydrates and lipids has been linked to metabolic 
diseases, as they cause the accumulation of excessive 
energy from carbohydrate and lipid metabolism (47). 
These carbohydrates in D. melanogaster are of different 
classes (total sugar, glycogen, trehalose, sucrose, and total 
carbohydrate), which their assessment reveals the state 
of metabolic and energy imbalance. From this study, the 
total sugar concentration was significantly increased in 
the HFD-fed flies, which was ameliorated after treatment 
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with HGE. This reveals that HFD causes an increased total 
sugar concentration, which directly results in an excessive 
energy accumulation. The same trend was observed as 
glycogen concentration was increased significantly in 
flies fed with HFD when compared to the control group. 
The treatment with HGE further increased glycogen 
concentration in Drosophila body. The glycogen storage 
in Drosophila muscles serves as a source of energy (48). 

Trehalose, a disaccharide which is a primary energy 
source in drosophila, showed a significantly increased 
concentration in HFD-fed flies. Trehalose concentration 
was also increased when treated with HGE, and this 
explains the report by Tang et al (49) on trehalose, a non-
reducing sugar which becomes elevated in the hemolymph 
and fat body of flies to meet the energy demands of flight 
muscles. Trehalose is synthesized in the fat body by the 
enzyme trehalose-6-phosphate synthase (TPS1) and is 
degraded into glucose in the hemolymph by trehalase 
(50). In this study, total carbohydrate concentration 
in the flies fed with HFD increased significantly and 
treatment with HGE ameliorated the total carbohydrate 
concentration. This agrees with Schwasinger-Schmidt 
et al (51) who reported that starvation had a significant 
effect on carbohydrate metabolism. Total carbohydrates 
affect energy metabolism, which is essential for life with 
profound implications on growth, reproduction, and 
cellular maintenance (52).

Excess energy in D. melanogaster is stored in the lipid 
droplet of the cytoplasm in the form of triglyceride, 
which is a high calorie and hydrophobic metabolite 
(53). D. melanogaster also uses triglyceride as energy 
storage in the lipid droplet of the gut, brain, fat body, 
oocytes, and ovaries (54,55). This study reveals that HFD 
significantly increased the triglyceride concentration 
in D. melanogaster, which agrees with Heinrichsen et 
al (56), who reported that HFD significantly increased 
triglyceride level in D. melanogaster. Lipolysis, which is an 
anabolic process, hydrolyzes triglycerides into fatty acids 
and glycerol. Chauhan et al (57) reported a decreased level 
of triglyceride and lipase activity during the starvation of 
flies. Total cholesterol is also stored in the fat body of the 
fruit flies, which is profiled for a better understanding 
of lipid metabolism in D. melanogaster (58). Cholesterol 
is required as for steroidal hormone synthesis and also 
needed as the cell membrane structural component in 
D. melanogaster (59). This study reported a significant 
increase in the concentration of total cholesterol of flies fed 
with HFD. Also, the treatment of these HFD fed flies with 
HGE significantly reduced total cholesterol. Cholesterol 
overburdens contribute to an increase in the incidence of 
diseases like metabolic dysfunction, cardiovascular, and 
neurodegenerative diseases (59,60).

Conclusion
This study showed that HGE possessed strong 

antioxidative activity by scavenging free radicals and 
modulation of the activities of antioxidant enzymes. 
The hydroethanolic extract also showed both lipolytic 
and glycogenic effects. This suggests that garlic might be 
useful in the management of metabolic disorders, most 
especially obesity.
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