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The worldwide prevalence of the metabolic syndrome is largely attributable to excessive consumption of 
high-energy food sweeteners and lifestyle practices that encourage physical inactivity. This study was 
designed to evaluate the potential benefits of garlic and/or turmeric in down-regulating the risk factors 
associated with metabolic syndrome. Twenty-four male Wistar rats were divided into 8 groups of 3 rats per 
group. Group 1 received standard rat chow, Group 2 received a high-fructose diet only, while Group 3 
received a 2% turmeric-supplemented high-fructose diet. Groups 4 and 5 were fed a standard diet 
supplemented with 2% each of garlic and turmeric:garlic (50% w/w), respectively. Groups 6, 7, and 8 were 
respectively fed a high-fructose diet supplemented with 2% garlic, a standard diet supplemented with 2% 
turmeric, and a high-fructose diet supplemented with 2% turmeric:garlic (50% w/w). Feed intake and 
changes in body weight were monitored weekly and after 56 days, the rats were sacrificed. Activities of 
serum antioxidant enzymes, lipid profile, and atherogenic indices were determined. Homeostasis Model 
Assessment of Insulin Resistance (HOMA-IR) was computed from the measured blood glucose and insulin 
levels. The positive control (Group 2) gained weight significantly (p < 0.05) when compared with groups that 
received diet supplementation. Total cholesterol, triglycerides, low-density lipoprotein, and atherogenic 
indices of diet-supplemented groups were significantly low (p < 0.05) when compared with the positive 
control. Interestingly, while no differences (p > 0.05) were observed in the catalase and glutathione 
peroxidase enzyme activities in the high-fat diet group supplemented with 2% mixed turmeric:garlic when 
compared with the normal control, activities of these enzymes in the garlic and/or turmeric supplemented 
high-fructose diet groups were significantly elevated (p < 0.05) when compared with the positive control. 
The HOMA-IR and atherogenic indices results revealed the inclusion of turmeric and garlic in a high-fat diet 
had anti-dyslipidemic effects, decreased oxidative stress, and reduced coronary risk factors. Our findings 
strongly suggest supplementation of high-calorie diets with garlic and/or turmeric powder has potential 
long-term health benefits in individuals exposed to the risks of developing metabolic syndrome. 
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1. Introduction 
 
Unhealthy lifestyles such as smoking, alcoholism, and overconsumption of sweetened 
beverages are increasing the prevalence of metabolic syndrome (MetS); a cluster of risk factors 
for the development of cardiovascular-related diseases. The clustering abnormalities often 
include hyperglycemia, dyslipidemia, central obesity, insulin resistance, and high blood pressure 
(Alberti et al., 2009) which individually or synergistically increase the risk of cardiovascular 
complications (Sperling et al., 2015; Tune et al., 2017). 
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Although the global prevalence of the syndrome is about 25% and 
19% in the populations of adults and children respectively (do Vale 
Moreira et al., 2020), it is feared that the prevalence could hit 53% 
by the year 2035 (Gierach et al., 2014). Despite the varied 
definitions of MetS, the disease prevalence notwithstanding 
correlates positively with increasing body mass index (Engin, 2017; 
Nguyen et al., 2008). Central obesity (visceral adiposity) usually 
caused by overfeeding and excessive consumption of sweetened 
beverages triggers inflammation and oxidative stress (Huang et al., 
2015; Rehman & Akash, 2016). These two conditions can 
individually and collectively cause cardiovascular damage directly or 
activate pathways that result in the development of the syndrome 
(Pekgor et al., 2019). 
 
Since unhealthy lifestyle such as overfeeding and consumption of 
alcohol and sweetened drinks predisposes to metabolic syndrome, 
lifestyle modifications including the consumption of antioxidant-rich 
functional foods could be helpful in the management of MetS 
(Rodriguez-Cano et al., 2015; Tian et al., 2018). Existing literature on 
garlic and turmeric suggests these spices possess remarkable 

antioxidant properties (Anand et al., 2007; Coban et al., 2012; 
Panyod & Sheen, 2020). The present study, therefore, explores the 
potential benefits of garlic and turmeric both singly and in 
combination as food supplements in mitigating the effects of high-
fat diet predisposition to MetS. 
 
2. Materials and methods 
 
2.1. Chemicals and feed ingredients 
 
All the chemicals and reagents including methionine, premix 
minerals, and vitamins used were of analytical grades. Commercial 
assay kits for antioxidant enzymes (Cayman Chemical Michigan, 
USA), lipid profile, and insulin ELISA kits (Randox Laboratories Ltd., 
UK) were purchased for biochemical assays. Feed ingredients 
including rice bran, corn starch, bone meal, soybean meal, and 
palmitic acid (16:0) were sourced locally from Dutsin-Ma Central 
Market, Katsina State. 
 

 
Table 1. Composition of formulated rat diet 
 

Feed ingredient Control diet g/100 g High-fructose g/100 g 

Corn starch 55.45 - 
Fructose - 55.45 
Soybean meal 32 32 
Cellulose 4.50 4.50 
Palm oil 6 6 
Bone meal 1.25 1.25 
Salt mix 0.30 0.30 
Vitamin/mineral mix 0.25 0.25 
Methionine 0.25 0.25 
Total 100 100 

Mineral mix (g/kg): CaCO3 (15.258), COCl2.6H2O (0.001), ZnCl2 (0.001), CuSO4.5H2O (0.019), FeSO4.7H2O (1.078), MgSO4 (2.929), MnSO4.2H2O (0.178), KI (0.032), KH2PO4 (15.559), and 
NaCl (5.573), Vitamin mix (g/kg diets): thiamine (0.02), riboflavin (0.03), pyridoxine (0.01), p-aminobenzoic acid (0.20), myo-inositol (2.00), biotin (0.001), menadione (0.01), 
ergocalciferol (0.4), choline-HCl (2.0), and cellulose (3.31), α–tocopherol acetate (50), retinal palmitate (0.4), calcium pantothenate (0.0016), and folic acid (0.0002) 

 
2.2. Spice supplements 
 
Turmeric and garlic were bought from Dutsin-Ma Central Market in 
the Katsina State of Nigeria and were identified as Curcuma longa 
(FUDMA/PSB/00143) and Allium sativum (FUDMA/PSB/0019) in the 
Herbarium of the Department of Biological Sciences, Federal 
University Dutsin-Ma (FUDMA) The spices were carefully screened, 
washed, air dried then pulverized using electronic blender and 
finally sieved through a 0.05 mm sieve. Equal amounts (w/w) of the 
processed spices were mixed and stored in air-tight containers. 
 
2.3. Formulation of the standard rat diet 
 
Standard rat chow was formulated following the methods of Idoko 
et al. (2022) and Imam et al. (2022). Briefly, corn starch, cellulose, 
soybean meal (SBM), vitamin, and mineral mix, were mixed as 
summarized in Table 1. 
 
2.4. Supplementation of formulated diet 
 
The formulated standard diet was mixed with garlic, turmeric, and 
garlic:turmeric powders in the ratio 98:2 (w/w) to obtain a 2% spice-
supplemented diet. 
 
2.5. Experimental design 
 
Male Wistar rats (24) with an average weight of 120 ± 5.20 g were 
purchased from National Veterinary Research Institute, Vom, 
Plateau State, Nigeria. The animals were housed in plastic cages and 

were maintained according to the guidelines of the National 
Research Council (2011) for experimental animals. As previously 
described (Idoko et al., 2022), the rats were divided into 8 groups of 
3 rats per group and the formulated diets were randomly assigned 
as follows: 
 
Group 1 = Standard diet (normal control) 
Group 2 = High-fructose diet (positive control) 
Group 3 = High-fructose diet + 2% turmeric 
Group 4 = Standard diet + 2% garlic 
Group 5 = Standard diet + 2% mixed turmeric:garlic (50% w/w) 
Group 6 = High-fructose diet + 2% garlic 
Group 7 = Standard diet + 2% turmeric 
Group 8 = High-fructose diet + 2% mixed turmeric:garlic (50% w/w) 
 
Feeding was ad libitum for a period of eight (8) weeks. 
 
2.6. Determination of feed intake and change in body weight 
 
The rats were fed three times daily and feed was withdrawn two 
hours after access. The weekly feed intake was estimated by 
subtracting the leftover amount from the total amount served. The 
rats were also weighed weekly to estimate the change in body 
weights. 
 
2.7. Blood sample collection 
 
On the 56th day of the experiment, the rats were weighed, 
anesthetized, and sacrificed by cutting the jugular vein after a 12-
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hour fasting period. Blood was collected in plain sample containers 
and then centrifuged at 1500 g for 15 minutes to obtain serum for 
further biochemical analyses. 
 
2.8. Determination of insulin and HOMA-IR 
 
The blood glucose levels were determined using a glucometer (Acuu 
chek) according to the manufacturer`s protocol. ELISA kit was used 
to determine serum insulin levels while the index for Homeostasis 
Model Assessment of Insulin Resistance (HOMA-IR) was calculated 
as follows (Yin et al., 2013): 
 

𝐻𝑂𝑀𝐴 − 𝐼𝑅 =
𝑓𝑎𝑠𝑡𝑖𝑛𝑔 𝑖𝑛𝑠𝑢𝑙𝑖𝑛 (𝑚𝑈 𝑙⁄ )𝑥 𝑓𝑎𝑠𝑡𝑖𝑛𝑔 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 (𝑚𝑚𝑜𝑙 𝑙⁄ )

22.5
𝑥 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 

 
2.9. Determination of lipid profile parameters 
 
2.9.1. Determination of total cholesterol (TC) 
 
Serum total cholesterol was estimated spectrophotometrically using 
Randox kits following methods described by the manufacturer. 
Briefly, 10 µl of serum was added to 1000 µl of the reagent (4-
aminoantipyrine, phenol, peroxidase, cholesterol esterase, 
cholesterol oxidase, and PIPES buffer) in a tube. A standard was 
similarly prepared by adding 10 µl of the standard reagent to 1000 
µl of the reagent. Finally, the blank solution for instrument 
calibration was equally constituted by replacing serum with 10 µl 
distilled water. Prepared solutions were incubated at 37 °C for 5 
minutes after which absorbance was taken at 546 nm. Total 
cholesterol (mg/dl) was calculated using the relationship: 
 

𝑇𝑜𝑡𝑎𝑙 𝐶ℎ𝑜𝑙𝑒𝑠𝑡𝑒𝑟𝑜𝑙 (
𝑚𝑔

𝑑𝑙
) =

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

A𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
𝑥 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 

 
2.9.2. Determination of serum triglycerides (TG) 
 
Serum triglyceride concentration was determined based on an 
enzymatic hydrolysis procedure using Randox kits as described by 
the manufacturer. To 10 µl of a serum sample, 1000 µl of reagent 
(4-amonophenazone, ATP, lipases, glycerol-kinase, glycerol-3-
phosphate oxidase, and peroxidase, PIPES buffer, 4-chloro-phenol, 
and magnesium-ions) was added. Similar preparations were done 
for the standard solution (1000 µl of the reagent + 10 µl of the 
standard reagent) and blank (1000 µl + 10 µl distilled water). These 
were mixed properly and the absorbance of the sample was read 
against the blank at 546 nm. Triglyceride concentration was 
calculated as follows: 
 

𝑇𝑟𝑖𝑔𝑙𝑦𝑐𝑒𝑟𝑖𝑑𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑚𝑔

𝑑𝑙
) =

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
𝑥 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 

 
2.9.3. Determination of HDL-cholesterol (HDL-C) 
 
High-density lipoprotein-cholesterol (HDL-cholesterol) was 
determined based on first-stage quantitative precipitation of low-
density lipoprotein (LDL), very low-density lipoprotein (VLDL), and 
chylomicron fractions by the addition of phosphotungstic acid in the 
presence of magnesium ions. The second stage involves the CHOP-
PAP assay as described by the manufacturer. Two separate tubes 
containing 200 µl each of serum sample and standard were mixed 
with 500 µl of Randox kit reagent (phosphotungstic acid and 
magnesium chloride), incubated at 28 °C for 10 minutes then 
centrifuged at 4000 rpm for 10 minutes. For the second stage 
estimation of HDL-cholesterol, exactly 100 µl of recovered 
supernatants were mixed with 1000 µl of working reagent. A blank 
solution was similarly prepared using 10 µl of distilled water. The 
reaction constituents in each tube were thoroughly mixed and 

incubated at 37 °C for 5 minutes. The absorbance was read at 546 
nm and HDL-cholesterol was estimated using the relationship: 
 

𝐻𝐷𝐿 − 𝐶 (
𝑚𝑔

𝑑𝑙
) =

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

A𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
𝑥 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 

 
2.9.4. Determination of LDL-Cholesterol (LDL-C) 
 
Low-density lipoprotein-cholesterol (LDL-cholesterol) was calculated 
from estimated values obtained from TC, TG, and HDL assays 
(Friedewald et al., 1972): 
 

𝐿𝐷𝐿 − 𝐶 (
𝑚𝑔

𝑑𝑙
) = TC −

𝑇𝐺

5
−  𝐻𝐷𝐿 − 𝐶 

 
The method of Kazemi et al. (2018) was used to calculate the 
atherogenic index (AI) and coronary risk index (CRI) as follows: 
 

𝐴𝑡ℎ𝑒𝑟𝑜𝑔𝑒𝑛𝑖𝑐 𝐼𝑛𝑑𝑒𝑥 (𝐴𝐼) =
𝐿𝐷𝐿 − 𝐶

𝐻𝐷𝐿 − 𝐶
 

 

𝐶𝑜𝑟𝑜𝑛𝑎𝑟𝑦 𝑟𝑖𝑠𝑘 𝑖𝑛𝑑𝑒𝑥 (𝐶𝑅𝐼) =
𝑇𝐶

𝐻𝐷𝐿 − 𝐶
 

 
2.10. Determination of the serum antioxidant enzymes 
 
2.10.1. Superoxide dismutase (SOD) assay 
 
The determination was based on using tetrazolium salt to detect 
superoxide radicals produced by the action of xanthine oxidase on 
hypoxanthine. Exactly 200 µl of the appropriately diluted radical 
detector was pipetted into well-labeled microtitre plate wells after 
which 10 µl each of the prepared standard and serum samples were 
added in separate wells. The reaction in each well was initiated by 
dispensing 20 µl diluted xanthine oxidase. The wells were then 
covered and incubated on a shaker at room temperature for 20 
minutes. The absorbance was read at 450 nm using Rayto (RT 6000) 
plate reader. 
 
2.10.2. Determination of serum catalase activity 
 
The 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole (Purpald) 
spectrophotometric method was used to determine catalase 
activity. Into three microtiter wells labeled sample, standard, and 
control, 100 µl of assay buffer and 30 µl of methanol were added. 
Twenty microliters of each of the prepared standard and serum 
samples were added into appropriate wells, then 20 µl H2O2 was 
added to each well to initiate the reaction. The plate was covered 
and incubated on a shaker for 20 minutes at room temperature 
after which KOH (30 µl) was added to each well to terminate the 
reaction. This was followed by the addition of 30 µl of purpald 
chromogen. The plate was incubated on a shaker for 10 minutes at 
room temperature. Potassium periodate (10 µl) was pipetted into 
each well and incubated on a shaker for another 5 minutes and the 
absorbance was read at 540 nm using Rayto (RT 6000) plate reader. 
 
2.10.3. Determination of glutathione peroxidase activity 
 
Glutathione peroxidase activity was determined by a coupling 
reaction with glutathione reductase. Oxidized glutathione is 
produced when hydroperoxide is reduced by glutathione 
peroxidase. The oxidized glutathione is recycled to its reduced form 
by the action of glutathione reductase in the presence of NADPH. 
This decreases the absorbance at 340 nm. Briefly, a microtitre plate 
was prepared by adding 20 µl serum sample, 100 µl of assay buffer, 
and 50 µl of the co-substrate mixture. A non-enzymatic well was 
similarly prepared to contain 50 µl of the co-substrate mixture and 
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120 µl of assay buffer. The positive control well contained 100 µl of 
assay buffer, 20 µl of diluted GPx, and 50 µl of the co-substrate 
mixture. The reaction was initiated by dispensing 20 µl of 
cumenehydroperoxide to each well. The plates were shaken for a 
few seconds. The decrease in absorbance was read at 340 nm using 
Rayto (RT-2100C) plate reader once every 3 minutes. 
 
2.11. Statistical analysis 
 
The results are presented as means ± standard error of the mean 
(SEM) for triplicate determinations. SPSS statistical software 
package for windows version 16 (IBM Corp.) was used for one-way 
analysis of variance (ANOVA) while means were compared for 
significance using posthoc Ducan’s new multiple range test at 95% 
confidence interval. 
 
3. Results and discussion 
 
3.1. Feed intake, change in body weight, and HOMA-IR of 
experimental rats fed garlic and turmeric-supplemented diet 
 
Table 2 presents the results of feed intake and body weight changes 
of experimental rats fed the high-fructose diet supplemented with 
garlic and turmeric. The positive control group (G2) consumed 

significantly more feed when compared with all other groups (p < 
0.05) with a commensurate increased gain in body weight (p < 0.05). 
Feed consumed by groups fed high-fructose diets supplemented 
with 2% turmeric (G3), 2% mixed turmeric:garlic (G5), and standard 
diet + 2% mixed turmeric:garlic compared favorably (p > 0.05) with 
the standard diet normal control group (G1) while feed consumed 
by G4 (standard diet + 2% garlic), G6 (high-fructose diet + 2% garlic) 
and G7 (standard diet + 2% turmeric) in the range 328.54 ± 2.05 - 
330.00 ± 1.10 g was significantly higher (p < 0.05) when compared 
to feed consumed by G1 (normal control). However, no differences 
in body weight changes (p > 0.05) were observed between groups 
G1, G4, G5, and G7 while the group with the least gain in body 
weights include G3 and G6 both of which received a high-fructose 
diet supplemented with 2% turmeric and 2% garlic respectively. 
 
The values of blood glucose, insulin, and HOMA-IR were significantly 
(p < 0.05) lower in the groups fed supplemented diets when 
compared with the positive group (G2) as shown in Table 3. No 
differences were observed in the HOMA-IR values for groups that 
received standard diets with or without supplementation. 
Interestingly, circulating insulin and HOMA-IR values were observed 
for a high-fructose diet + 2% mixed turmeric:garlic (G8) compared (p 
> 0.05) with that observed for normal control (G1). 
 

 
Table 2. Weight gain and feed intake by rats fed garlic and/or turmeric supplemented high-fructose diets 
 

Group Weight (g) Feed intake (g) 

G1 8.97 ± 1.70b 324.66 ± 2.18a 
G2  17.86 ± 2.12c 500.96 ± 2.17c 
G3 3.72 ± 1.13a 321.58 ± 1.66a 
G4 10.44 ± 0.84b 328.54 ± 2.05b 
G5 10.16 ± 3.09b 313.36 ± 3.01a 
G6 2.68 ± 1.36a 334.70 ± 1.32b 
G7 10.57 ± 2.89b 330.00 ± 1.10b 
G8 8.55 ± 2.27b 324.66 ± 3.01a 

Values are presented as mean ± SEM for 8 determinations. Values with different superscripts along the same column are significantly different (p < 0.05). Group 1 = Standard diet 
(normal control), Group 2 = High-fructose diet (positive control), Group 3 = High-fructose diet + 2% turmeric, Group 4 = Standard diet + 2% garlic, Group 5 = Standard diet + 2% 
mixed turmeric:garlic (50% w/w), Group 6 = High-fructose diet + 2% garlic, Group 7 = Standard diet + 2% turmeric; Group 8 = High-fructose diet +2% mixed turmeric:garlic (50% w/w) 

 
Table 3. Glucose, insulin and homeostasis model assessment (HOMA-IR) 
 

Group Glucose (mmol/l) Insulin (μU/l) HOMA-IR 

G1  4.59 ± 0.40d 9.33 ± 0.33ab 1.92 ± 0.24a 
G2  6.19 ± 0.67e 26.67 ± 0.33e 7.33 ± 0.07d 
G3 3.85 ± 0.81c 15.33 ± 0.33c 2.62 ± 0.76b 
G4 4.00 ± 0.24c 9.67 ± 0.33ab 1.71 ± 0.54a 
G5 4.31 ± 0.49c 17.33 ± 0.33d 3.32 ± 0.80c 
G6 3.94 ± 0.64c 17.00 ± 0.58d 2.98 ± 0.13c 
G7 4.46 ± 0.11d 10.33 ± 0.33b 2.05 ± 0.80a 
G8 4.93 ± 0.13d 8.67 ± 0.33a 1.90 ± 0.08a 

Values are presented as mean ± SEM for 3 determinations. Values with different superscripts along the same column are significantly different (p < 0.05). Group 1 = Standard diet 
(normal control), Group 2 = High-fructose diet (positive control), Group 3 = High-fructose diet + 2% turmeric, Group 4 = Standard diet + 2% garlic, Group 5 = Standard diet + 2% 
mixed turmeric:garlic (50% w/w), Group 6 = High-fructose diet + 2% garlic, Group 7 = Standard diet + 2% turmeric; Group 8 = High-fructose diet +2% mixed turmeric:garlic (50% w/w) 

 
Palatability plays important role in the rate at which sweetened 
diets such as high-fructose diet is consumed thereby altering the 
hunger and satiety homeostasis (Lindqvist et al., 2008). Two 
important diet regulatory hormones insulin and leptin necessary for 
the metabolism of energy molecules are not elicited following the 
intake of fructose-rich diets (Arslan & Şanlıer, 2016; Lustig, 2010). 
Instead, ghrelin, a hormone that promotes overfeeding is increased 
following fructose consumption (Teff et al., 2004). Furthermore, 
fructose is a source of unregulated production of acetyl-CoA used in 
hepatic de novo lipogenesis (Samuel, 2011; Taskinen et al., 2017). 
High-fructose consumption has also been associated with obesity 
and other metabolic diseases (Hannou et al., 2018; Malik et al., 
2019) which are mainly due to an uncontrolled supply of acetyl-CoA 
intermediates. Moreover, fructose has also been shown to induce 
the synthesis of enzymes required for the synthesis of fatty acids 

(Softic et al., 2017) and stimulate sterol regulatory element–binding 
protein 1c (SREBP1c) and carbohydrate-responsive element–binding 
protein (ChREBP) (Herman & Samuel, 2016) even in the absence of 
insulin which are both regulators of de novo lipogenesis (Ramos et 
al., 2017). ChREBP is activated by glucose while SREBP-1c is 
activated by insulin and both respectively upregulate gene 
expressions of glycolytic and lipogenic enzymes particularly in the 
liver (Linden et al., 2018). 
 
Our results show that the inclusion of garlic and/or turmeric in the 
diets could antagonize the effects of fructose on feed intake and 
weight gain and this probably explains the relative weight decrease 
observed in the groups fed high-fructose diets supplemented with 
garlic and/or ginger. Lai et al. (2014) report that garlic up-regulates 
lipolytic genes and down-regulates sterol regulatory element-
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binding protein-1c (SREBP1c), a lipogenic gene while curcumin, the 
main bioactive component of turmeric was found to inhibit (SREBP) 
expression (Vafaeipour et al., 2022). In another study with mice, 
garlic administration was shown to have stimulatory effects on 
AMP-activated protein kinase (AMPK) and decreased gene 
expressions of adipogenesis leading to decreased body weight gain 
and epididymal fat accumulation (Kim & Kim, 2011). AMPK balances 
nutrient supply with energy demand. Furthermore, Lee et al. (2011) 

reported that dietary supplementation with garlic decreases the 
expression of genes for adipogenesis and stimulates the expression 
of UCP in mice with high-fat diet-induced obesity which resulted in a 
decreased mass of the adipose tissue. Besides the direct weight-
reducing effects of garlic, garlic stimulates the secretion of 
norepinephrine thereby enhancing triglyceride catabolism and 
thermogenesis (Oi et al., 1999). 
 

 
Table 4. Lipid profile and atherogenic indices of rats fed garlic and/or turmeric supplemented high-fructose diets 
 

Group Total cholesterol (mg/dl) Triglycerides (mg/dl) HDL (mg/dl) LDL (mg/dl) 

G1 97.67 ± 0.88bc 52.00 ± 0.73b 20.00 ± 1.15bc 67.27 ± 1.70bc 
G2 132.33 ± 1.45f 82.67 ± 0.67d 15.33 ± 0.88a 100.47 ± 1.39e 
G3 89.00 ± 1.00a 46.00 ± 0.00a 23.00 ± 1.00c 56.80 ± 0.00a 
G4 101.33 ± 2.40c 51.67 ± 2.03b 23.67 ± 0.88c 67.33 ± 1.68bc 
G5 109.00 ± 1.00d 60.50 ± 2.50c 28.50 ± 1.50d 68.40 ± 1.00c 
G6 118.67 ± 0.67e 61.00 ± 1.00c 30.00 ± 1.73d 76.67 ± 2.18d 
G7 114.00 ± 3.06d 81.67 ± 0.88d 16.67 ± 0.67ab 81.00 ± 2.34d 
G8 93.00 ± 3.02ab 54.67 ± 1.33b 20.00 ± 1.15bc 73.37 ± 0.81ab 

Values are presented as mean ± SEM for 3 determinations. Values with different superscripts along the same column are significantly different (p < 0.05). HDL: High-density 
lipoprotein cholesterol, LDL: Low-density lipoprotein cholesterol, Group 1 = Standard diet (normal control), Group 2 = High-fructose diet (positive control), Group 3 = High-fructose 
diet + 2% turmeric, Group 4 = Standard diet + 2% garlic, Group 5 = Standard diet + 2% mixed turmeric:garlic (50% w/w), Group 6 = High-fructose diet + 2% garlic, Group 7 = Standard 
diet + 2% turmeric; Group 8 = High-fructose diet +2% mixed turmeric:garlic (50% w/w) 

 
Table 5. Atherogenic and coronary risk indices of rats fed garlic and/or turmeric supplemented high-fructose diets 
 

Group Atherogenic index Coronary risk index 

G1 3.40 ± 0.28a 4.92 ± 0.31b 
G2  6.60 ± 0.40c 8.68 ± 0.47d 
G3 2.47 ± 0.11a 3.88 ± 0.13a 
G4 2.85 ± 0.09a 4.29 ± 0.09ab 
G5 2.41 ± 0.16a 3.83 ± 0.17a 
G6 2.57 ± 0.22a 3.98 ± 0.25a 
G7 4.86 ± 0.06b 6.85 ± 0.10c 
G8 3.12 ± 0.17a 4.67 ± 0.20ab 

Values are presented as mean ± SEM for 3 determinations. Values with different superscripts along the same column are significantly different (p < 0.05). HDL: High-density 
lipoprotein cholesterol, LDL: Low-density lipoprotein cholesterol, Group 1 = Standard diet (normal control), Group 2 = High-fructose diet (positive control), Group 3 = High-fructose 
diet + 2% turmeric, Group 4 = Standard diet + 2% garlic, Group 5 = Standard diet + 2% mixed turmeric:garlic (50% w/w), Group 6 = High-fructose diet + 2% garlic, Group 7 = Standard 
diet + 2% turmeric; Group 8 = High-fructose diet +2% mixed turmeric:garlic (50% w/w) 

 
Curcumin has also been shown to have anti-obesity activities by 
inducing apoptosis of 3T3-L1 adipocytes, inhibiting adipogenesis, 
and activating lipolysis (Wu et al., 2019). According to Kang and Kim 
(2010), curcumin decreases glucose levels by inhibiting glucose-6-
phosphatase and phosphoenolpyruvate carboxykinase and thus 
activates glycolytic and glycogenic pathways while downregulating 
gluconeogenesis. Curcumin has also been reported to stimulate 
insulin production in hyperglycemic individuals to maintain a 
euglycemic state (Na et al., 2011). Also, curcumin increases 
adiponectin release and lowers the levels of pro-inflammatory 
interleukin (IL)-6 IL-1β and tumor necrosis factor-α in patients with 
type 2 diabetes mellitus. 
 
As observed in this study, the improved insulin sensitivity in the 
groups fed high-fructose diets supplemented with garlic and/or 
turmeric (Table 3) could partly be due to the anti-obesity activities 
of the spices. Insulin resistance is usually associated with an increase 
in body weight in several ways including the interference with 
inefficient energy utilization arising from a surplus supply of high-
energy molecules (Samuel & Shulman, 2016), interference with 
insulin signaling by toxic metabolites formed from ectopic deposits 
of lipids (Lee et al., 2011) or triggering of inflammation which could 
inhibit insulin receptor substrate 1 (IRS-1) and insulin receptor (IR) in 
the insulin signal transduction pathway (Ye & Gimble, 2011). 
Therefore, by regulating energy intake and weight gain as discussed, 
the inclusion of these spices could protect against insulin resistance. 
From our results, the inclusion of garlic and/or turmeric powder in 
the diets probably mediates weight control and insulin sensitivities 
in high-fat diet-exposed Wistar rats. 

3.2. Lipid profiles and atherogenic indices of rats fed garlic and/or 
turmeric-supplemented high-fructose diets 
 
Table 4 shows the lipid profile and atherogenic indices of rats fed 
garlic and/or turmeric-supplemented high-fructose diet. Except for 
the high-fructose diet + 2% mixed turmeric:garlic group (G8), the 
lipid profiles of all other groups were elevated (p < 0.05) when 
compared with the normal control group (G1). However, the lipid 
profiles of all the high-fructose diet groups that received 
supplements had significantly (p < 0.05) lower serum total 
cholesterol, triglycerides, and LDL-C and significantly (p < 0.05) 
higher HDL when compared with the positive control (G2). 
Interestingly, total cholesterol, serum triglycerides, HDL, and LDL 
levels of the group fed a 2% turmeric-supplemented normal diet did 
not differ significantly (p > 0.05) from that of the normal control 
group (G1). 
 
As shown in Table 5, there is an elevated coronary risk in the group 
fed a high-fructose diet only (positive control group). The 
atherogenic index of groups that received supplemented high-
fructose diets was comparable to the normal control group (p < 
0.05) but significantly different (p < 0.05) from the positive control 
group (G2). Except for the positive control group (G2), the group fed 
a turmeric-supplemented normal diet (G7) had significantly higher 
AI and CRI compared with the other experimental groups. 
 
As results indicate improvements in weight, blood glucose levels, 
and reduced likelihood for insulin resistance in the groups of rats 
fed garlic and/or turmeric-supplemented diets, the anti-dyslipidemic 
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traits observed in Table 5 for the treatment groups are quite 
expected. Dyslipidemia is an independent risk factor component of 
metabolic syndrome for atherosclerotic patients (Ginsberg et al., 
2006). In insulin resistance, for example, there is poor VLDL 
clearance due to a decrease in lipoprotein lipase (LPL) mRNA 
expression (Rashid et al., 2003). Fructose metabolism supplies 
abundant triose-phosphates which are the precursors of both 
glycerol- and the fatty-acyl moieties of VLDL-triglycerides. 
Furthermore, stimulation of SREBP by fructose activates HMG-CoA 
reductase and fatty acid synthase (FAS) which play important roles 
in cholesterol and fatty acid biosynthesis respectively. The observed 
anti-dyslipidemic effect of turmeric and/or garlic supplementation in 
a high-fructose diet is consistent with reported anti-cardiometabolic 
functions as well as the cardioprotective role of curcuminoids 
(Johnston et al., 2017; Qin et al., 2017). In another study, garlic and 
its bioactive component, allicin have been shown to also decrease 
the HMG-CoA reductase activity and the expression of HMG-CoA 
reductase mRNA in rats with hypercholesterolemia (Gupta & Porter, 
2001; Rai et al., 2009). LXR-α is a lipogenic transcription factor that 

causes the induction of SREBP-1c. Garlic and turmeric as reported 
by Mohammadi and Oshaghi (2014) inhibit LXR-α expression in the 
liver but stimulate LXR-α expression in the intestine. Decreasing LXR-
α expression in the liver will decrease SREBP1c and therefore 
decrease the expression of lipogenic enzymes like ACC and FAS as 
earlier discussed. On the other hand, by stimulating LXR-α in the 
intestine, garlic reduces intestinal absorption of cholesterol. 
Sahebkar et al. (2014) also noted that curcumin decreases lipogenic 
gene expressions in diet-induced metabolic syndrome and 
therefore, is a regulator of plasma lipid concentration. Besides 
decreasing the hepatic expression of lipogenic transcription factors 
LXR-α and SREBP1c (Maithilikarpagaselvi et al., 2016), curcumin has 
also been reported to covalently modify FAS by competitively 
binding to malonyl/acetyltransferase domain resulting in decreased 
TAG synthesis. Our results suggest the long-term consumption of 
diets supplemented with turmeric and/or garlic could prevent 
dyslipidemia and thus reduce cardiometabolic risks associated with 
excessive consumption of metabolic syndrome-causing diets. 
 

 

 
 

Figure 1. Serum antioxidant enzymes activities in rats fed high-fructose diets supplemented with garlic and/or turmeric 
Values are presented as mean ± SEM. Columns with different superscripts for a given enzyme are significantly different (p < 0.05). SOD = Superoxide dismutase, CAT = Catalase, GPx = 

Glutathione peroxidase, G1 = Standard diet (normal control), G2 = High-fructose diet (positive control), G3 = High-fructose diet + 2% turmeric, G4 = Standard diet + 2% garlic, G5 = 
Standard diet + 2% mixed turmeric:garlic (50% w/w), G6 = High-fructose diet + 2% garlic, G7 = Standard diet + 2% turmeric; G8 = High-fructose diet +2% mixed turmeric:garlic (50% 

w/w) 

 
3.3. Activities of antioxidant enzymes in rats fed garlic and/or 
turmeric-supplemented high-fructose diets 
 
Figure 1 presents the activities of serum antioxidant enzymes of rats 
fed a high-fructose diet supplemented with garlic and/or turmeric. 
The serum enzyme activities of all the studied antioxidant enzymes 
(SOD, catalase, and glutathione peroxidase) were significantly higher 
in all groups fed garlic and/or turmeric-supplemented diets as 
compared with the positive control group, but mostly lower than 
the activities in the normal control (Figure 1). 
 
Oxidative stress is an important component of metabolic syndrome 
and thus a risk factor for the development of cardiometabolic 
diseases. Imam et al. (2022) noted in their study that intake of high-
fructose diets results in hyperglycemia and insulin resistance - two 
leading causes of oxidative stress. Thus excess energy-rich 
substrates in the metabolic pool especially in obese individuals 
increase the likelihood of excess production of free radicals 
(McMurray et al., 2016). The elevated activities of the antioxidant 
enzymes are consistent with the observed changes in body weight, 
and reduced risks of insulin resistance and dyslipidemia in the 
groups fed a high-fructose diet supplemented with garlic and/or 
turmeric. Oxidative stress is not only a major pathogenesis of these 
conditions, it is further exacerbated by the conditions (Maslov et al., 
2019). In our previous report (Idoko et al., 2022), it was suggested 

that the hepatoprotective and nephroprotective effects of these 
supplements may also have a balancing effect on oxidative redox. 
Earlier reports (Afrin et al., 2017; Coban et al., 2012) demonstrated 
that curcumin lowers the production of free radicals and stimulates 
the synthesis of antioxidant enzymes. Similarly, allicin was found to 
increase concentrations of glutathione in the liver (Panyod & Sheen, 
2020). Therefore findings in this study and earlier reports suggest 
the inclusion of the spices may not only retard conditions that lead 
to oxidative stress but also directly scavenge free radicals. Our 
finding strongly suggests that the inclusion of garlic and/or turmeric 
in high-fructose diets improved the oxidative status exhibited by 
experimental rats that received supplementation. 
 
4. Conclusions 
 
In conclusion, our results reveal that the inclusion of garlic and/or 
turmeric powder in a metabolic syndrome-causing diet was 
beneficial in improving the atherogenic and coronary risk indices, as 
well as the HOMA-IR of experimental rats that received 
supplementation, and this could prevent long-term excess fat 
accumulation, dyslipidemia, and oxidative stress. Thus, the inclusion 
of garlic and/or turmeric powder in the diet may forestall the 
development of the physical and biochemical components of 
metabolic syndrome risk factors which were maintained on a high-
fructose diet for 8 weeks in rats. 
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