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Abstract 

Background: Cardiovascular disease is one of the main causes of 

mortality in the world and is primarily caused by high blood lipids. 

This study aimed to compare the effect of garlic and lemon mixture 

with mucilage of the okra pods in preventing the increase of plasma 

lipids in male Ratus. 

Methods: This study was performed on 34 Ratus norvegicus alluvia. 

The Ratus were randomly divided into two classes, which were further 

subdivided in three groups each. A class of Ratus received food mixed 

with market oils for 60 days. Moreover, the Ratus in the treatment 

group received 10% okra mucilage and the mixture of garlic and lemon 

as gavage for 3 weeks. Data were analyzed by SPSS-21 software. The 

Mann–Whitney nonparametric test was used to compare each pair of 

groups. P-value less than 0.05 was considered as statistically significant.  

Results: Comparing the control group and the group receiving oil, we 

observed that that lipid intake was effective and significantly increased 

the blood cholesterol in the oil group (P<0.01). In Ratus receiving fatty 

foods, it was observed that treatment regimens reduced blood lipids. 

Moreover, a significant difference was observed between the two 

treatment groups, indicating a 10% mucilage advantage in reducing 

blood lipids compared with other treatment groups. 

Conclusions: The results indicate that both treatments reduce blood 

lipids, but 10% mucilage in Ratus with high blood lipids has better 

efficacy than garlic and lemon mixture in reducing blood lipids. 
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Introduction 

Cardiovascular disease is one of the leading causes of 

mortality worldwide and according to ATP III guidelines the 

first outcome is a metabolic syndrome.1 Metabolic syndrome is 

a branch of metabolic disorders, including disorders of glucose 

and insulin, lipid abnormality, obesity (especially abdominal 

obesity), and hypertension, all of which have been proven to be 

risk factors for cardiovascular disease.2,3 One of the most 

important interventions for the treating dyslipidemia is the use 

of lipid-lowering drugs.4 One issue of modern medicine is the 

increasing use of chemical drugs, which has numerous 

consequences, including the following: 

- The gradual occurrence of an autoimmune 

phenomenon, which requires increased use of strong drugs with 

dangerous side effects. 

- Undesirable side effects, which are sometimes more 

dangerous than the disease.5 

Therefore, plant treatments without medication were 

provided. Herbal medicine is also one of the oldest treatments 

that have been considered in the last two decades.6 The use of 

medicinal herbs and the history of traditional medicine or 

experimental medicine can be correlated with human life and 

civilization, since diseases are born with the advent of 

mankind. Therefore, today, all academic and industrial centers 

and WHO present extensive plans for the use of medicinal 

plants.7 The use of food for treating diseases and promoting 

good health (prevention) is one of the most important strategies 

of traditional medicine in Iran.8 Mixture of garlic, lemon, and 

okra mucilage are among the foods that can affect our desired 

index. 

Garlic is of great nutritional importance. It has been 

cultivated since ancient times as one of the medicinal herbs and 

condiments, and nowadays, it is used worldwide in famous 

medicinal herbs.9 The effects of garlic on the treatment of 

meningitis; parasitic diseases such as hymenolepiasis, 

trypanosomiasis, and leishmaniasis; platelet aggregation; 

thrombosis; lipid profiles; and blood pressure have been 

confirmed.10 

The lime tree (lemon; scientific name: citrus aurantifolia) 

belongs to citrus family.11 Lemon is clinically considered to 

have antitumor, anti-inflammatory, antitetracyclic, 

antiosteoporotic, antithrombotic, and antiviral properties. The 

mechanism of action of flavonoids is through their effect on 

nitrite; the direct removal of oxidative radicals; and their effect 

on the accumulation of leukocytes, oxides and reactions with 

other enzymatic systems. Flavonoids in Citrus also have a 

positive effect on the immune system.12 

Okra (Hibiscus esculentus) belongs to the family of 

Malvaceae and is one of the tropical and semitropical plants 

distributed in the Middle East (Iran). This plant is rich in 

carbohydrates; phytosterols, tannins, and flavonoids.13 

Flavonoids have many pharmacological effects, such as LDL 

protection from oxidation, anticancer, anti-inflammatory and 

liver protection, antidiabetes, antiallergic, antitumor effects.10 

The slimy property of okra is due to the thick and slimy matter 

found in fruit pods, called mucilage. Mucilage has 

hypocholesterolemic and hypolipidemic properties and 

includes polysaccharides; proteins; minerals; natural sugars 

comprising rhamnose, galactose, galacturonic acid, and 

glucose; and palmitic acid, oleic acid, and linoleic acid.14,15 
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Fewer side effects and availability of the natural substances 

facilitate their use, and considering the studies on the effects of 

garlic and lemon, and that a high number of studies have been 

conducted on the relationship between separate use of garlic 

and lemon and their effects on the reduction of inflammatory 

bioindicators, lipid profiles and insulin resistance in 

cardiovascular patients, it is noteworthy to say that no study 

has compared the effects of the mixture of garlic, lemon and 

mucilage in okra pod. As a result, the present study aimed to 

investigate and compare the effect of garlic and lemon mixture 

with mucilage in okra pods in order to prevent the increase of 

lipids in Ratus Norvegicus alluvia. 

Materials and Methods  

This study was performed on 34 R. Norvegicus alluvia’s 

weighing 180–200 g. Blood was directly extracted from the 

Ratus heart. This action increases blood volume and mortality; 

hence, it was conducted only at the end of the blood sampling. 

Basic information is needed for analysis so that the effect of the 

treatment can be measured. Therefore, Ratus were randomly 

divided into two classes, and then each class was further 

divided into three subgroups; First class (control group): 

1. Control: Ratus receiving routine foods (N=8) 

2. Control + garlic and lemon: Ratus receiving routine 

foods + garlic and lemon (N=4) 

3. Control + okra mucilage: Ratus receiving routine 

foods + okra mucilage (N=4) 

The second class (case group): Ratus that received food 

with market oil in order to increase their blood lipids and then 

received;  

1. Oil: Ratus receiving the same diet containing oil with 

no other additives (N=4) 

2. Oil + garlic and lemon: Ratus receiving food 

containing oil + garlic and lemon (N=7) 

3. Oil + okra mucilage: Ratus receiving food containing 

oil + okra mucilage (N=7) 

The diet was administered by initially crushing the food 

plates with the mill, followed by addition of the oil and mixing 

it with the crushed plate in order to make a paste. The Ratus in 

the case group received this diet for 60 days, and then, the 

Ratus in both case and control groups were subjected to the 

above treatment regimen for 3 weeks. 

10% okra mucilage was prepared as follows: 1 kg of okra 

skin was mixed with 1 kg of water and boiled after 5–6 h for 30 

min; after 5–6 hours, when mucilage was removed, it was 

filtered to obtain the aqueous extract of 10% okra mucilage and 

kept in the refrigerator (all of the aforementioned steps were 

performed under sterile conditions).16 

To prepare garlic and lemon mixture, initially, 30 garlic 

were peeled and poured into the mixer with 5 (Shirazi) lemons 

with skin that had already been separated from their nuclei, and 

when all the contents were crushed in the mixer, they were 

mixed and boiled with 1 L of water (only once boiled). After 

cooling down, the mixture was filtered and the contents were 

kept in a glass and preserved in the refrigerator.17 

Ratus were placed in different cages based on their 

treatment class and subgroups. For example, the Ratus in the 

first class that received routine food and lemon garlic extract 

were kept in one cage and the Ratus that received routine food 

and mucilage were kept in another cage. Food packages were 

prepared as previously described. There were two types of 

packaging: (with and without oil) and nine cages. To prevent 

information bias, a bar code was used on each envelope. The 

second digit on the right of this barcode represents the type of 

treatment and the second digit on the left of the barcode 

represents the cage number of the Ratus. Three types of vials 

were also coded (1: distilled water; 2: okra mucilage; and 3: 

garlic and lemon), as aforementioned. Ratus received the 

prepared solutions for 3 weeks as gavages (10% of their weight 

per day). The person analyzing the information was blinded to 

the study. Data were analyzed using SPSS-21 software. 

Considering the low volume of the sample and non-normality 

of data, the Mann–Whitney nonparametric test was used to 

compare each pair of groups. A value of 5% was considered as 

statistically significant. 

Results 

The studied Ratus were divided into six groups, and their 

descriptive information is presented in table 1 (considering the 

small sample size and nonnormality of data, the mean and first 

and third quartiles were displayed). 

Comparison of the control group with the group receiving 

oil using the Mann–Whitney test revealed that lipid was 

effective and significantly increased the blood cholesterol 

(P<0.01). 

Comparison of the first class revealed that both treatments 

led to a reduction in blood lipids; however, no significant 

difference was found between the two groups using the Mann–

Whitney test (table 2). 

Comparison of the second class revealed that the two 

treatments led to a decrease in blood lipids and a significant 

difference was observed while comparing the two groups using 

the Mann–Whitney test (table 3). 

Table 1. Descriptive statistics (Mean (1st-3rd quartiles)) of studied variables 

 Cholesterol (mg/dl) Tri glyceride (mg/dl) Glucose (mg/dl) HDL (mg/dl) LDL (mg/dl) 
Control 123.5 (121.50-126.0) 103.5 (85.25-171.0) 92.5 (77.0-108.0) 59.5 (46.75-64.50) 52.5 (43.50-56.75) 
Oil 146 (131.75-164.75) 102 (95.75-117.25) 113.5 (103.50-118.25) 56 (44.75-62.0) 64.5 (58.0-69.5) 
Control + garlic and lemon 111 (105.75-117.0) 92.5 (68.0-129.75) 94.5 (77.50-108.50) 72.5 (65.0-77.0) 28.5 (24.0-30.75) 
Control + okra mucilage 103.5 (78.75-109.50) 105.5 (71.75-117.50) 75.0 (70.50-80.25) 53.0 (46.75-63.75) 33.5 (28.50-47.50) 
Oil + garlic and lemon 102.5 (100.25-120.0) 82.0 (70.50-115.25) 91.0 (70.75-104.0) 65.0 (59.0-75.50) 34.0 (27.0-38.50) 
Oil + okra mucilage 124 (115.0-128.0) 77 (57.0-112.0) 88 (85.0-91.0) 61 (56.0-65.0) 45 (38.0-50.0) 
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Discussion 

The results of this study revealed that blood lipids of the 

Ratus that received routine food with market oil for 60 days 

were significantly higher than the group that did not receive the 

lipid. After 3 weeks of treatment, the Ratus group with high 

blood lipids revealed a significant decrease in cholesterol and 

LDL as the result of the given treatment; however, in the group 

with normal blood lipids, it was observed that okra mucilage 

reduced cholesterol and LDL, but the mixture of lemon and 

garlic only significantly decreased the level of LDL in the 

blood of the Ratus. 

Essence in sour lemon peel significantly reduces 

cholesterol and triglyceride levels. Garlic is also effective in 

reducing cholesterol and triglycerides, and in lowering blood 

pressure and preventing atherosclerosis,18 which is consistent 

with the results of our study. Bok et al. reported lower levels of 

liver and plasma cholesterol in the blood of Ratus receiving 

lemon peel and concluded that this reduction was related to the 

flavonoids.19 Hertog proved that the flavonoids in the sour 

lemon reacted with active oxygen due to its antioxidant 

properties and prevented the oxidizing of LDL.20 

A study that investigated the effect of allicin in garlic 

powder and its effects on blood lipids, triglycerides, and blood 

pressure, reported that allicin in garlic reduces the content of 

blood lipid in Ratus.21 Animal studies have reported that garlic 

decreases the blood lipid parameters in rabbits. Another study 

on rabbits revealed that garlic reduced blood lipids in rabbits 

with high cholesterol,22 which is consistent with the results of 

the present study. 

Parastooei et al. conducted a study on the effect of garlic 

pork on blood glucose and lipid of the diabetic people and 

concluded that garlic consumption reduced cholesterol and 

LDL in diabetic individuals. Garlic and thyme mixture 

decreased the lipid indices in Guinea pigs.23 In animal models; 

the consumption of garlic powder reduces the accumulation of 

lipids in the liver and increases bile acid secretion.24 

The fiber-rich diet reduces triglyceride levels by inhibiting 

lipogenesis in the liver. Fiber reduces lipid parameters and 

LDL-cholesterol levels by preventing the absorption of bile 

acids and cholesterol and increasing LDL receptor activity.25 

Mucilage inhibits the absorption of harmful cholesterol and 

decreases serum and tissue lipids; in cells isolated from the rat 

liver, it was observed that mucilage reduces the synthesis of 

VLDL and ApoB. Moreover, the polysaccharides in the fruit of 

the okra plant are bound to bile acid and prevent its continuous 

flow.26,27 The secretion of pectin in this fruit increases the bile 

acid removal, and thereby, increases the synthesis of bile acids 

from cholesterol, reducing the cholesterol and the risk of 

cardiovascular disease.28 

Gum and mucilage in plants increase lipoprotein lipase 

(LPL) activity in the heart and fat tissues. As a result, the 

adsorption of triglyceride-rich lipoproteins increases in the 

non-liver tissue, which leads to a decrease in glyceride, and 

considering that the highest amount of cholesterol is present in 

LDL, reducing the cholesterol levels leads to reduction in 

LDL.29 

Comparing the two groups revealed that only in groups 

with high blood lipids, a difference between the two groups 

was observed, indicating that 10% mucilage had a better effect 

on the Ratus with high blood lipid. The results of the study 

indicate that both treatments reduce blood lipids; however, 

10% mucilage in Ratus with high blood lipids has better 

efficacy than the mixture of garlic and lemon in reducing blood 

lipids. 

Acknowledgement 

This project (No. 9566 and 9567, Ethic No. 

IR.SHMU.REC.1395.108 andIR.SHMU.REC.1395.109) was 

ratified by the Research Council of Student Research 

Committee and sponsored by the Department of Science and 

Technology of Shahroud University of Medical Sciences.  

Conflict of Interest 

The authors declared that they have no conflict of interest. 

References  

1. Grundy SM, Brewer HB, Cleeman JI, Smith SC, Lenfant C. Definition of 

metabolic syndrome report of the national heart, lung, and blood 

institute/American heart association conference on scientific issues related to 
definition. Circulation 2004;109:433-8. doi:10.1161/01.CIR.0000111245.75752.C6 

2. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. The Lancet 
2005;365:1415-28. doi:10.1016/S0140-6736(05)66378-7 

3. Isomaa B. A major health hazard: the metabolic syndrome. Life Sci 
2003;73:2395-411. 

4. Dringen R. Metabolism and functions of glutathione in brain. Prog Neurobiol 
2000;62:649-71. 

5. Kong W, Wei J, Abidi P, Lin M, Inaba S, Li C, et al. Berberine is a novel 

cholesterol-lowering drug working through a unique mechanism distinct from 
statins. Nat Med 2004;10:1344-51. doi:10.1038/nm1135 

Table 2. Comparison of under treatment groups in the first class 

 
Cholesterol 

P.V 
Tri glyceride 

P.V 
Glucose 

P.V 
HDL 
P.V 

LDL 
P.V 

Control + garlic and lemon 0.01 0.44 1.00 0.02 0.01 
Control + okra mucilage 0.23 0.73 0.73 0.23 0.03 
P-value Comparison of two groups 1.00 0.69 1.00 0.11 0.06 

Table 3. Comparison of under treatment groups in the second class 

 
Cholesterol 

P.V 
Tri glyceride 

P.V 
Glucose 

P.V 
HDL 
P.V 

LDL 
P.V 

Oil + garlic and lemon 0.02 0.13 0.01 0.30 0.01 
Oil + okra mucilage 0.01 0.20 0.03 0.09 0.01 
P-value Comparison of two groups 0.04 0.53 0.80 0.16 0.01 

http://circ.ahajournals.org/content/109/3/433.short
http://www.sciencedirect.com/science/article/pii/S0140673605663787
https://www.ncbi.nlm.nih.gov/pubmed/15531889


Abolhassani et al 

International Journal of Health Studies 2017;3(2)      |        28 

6. Aslani N, Entezari MH, Maghsoudi Z, Askari G. Effect of garlic and lemon 
juice mixture on fasting blood sugar, diastolic and systolic blood pressure and 
body mass index in people with hyperlipidemia. J Isfahan Med 2015;32:2491-
500. [Persian]. 

7. Fukuda K, Hibiya Y, Mutoh M, Koshiji M, Akao S, Fujiwara H. Inhibition by 
berberine of cyclooxygenase-2 transcriptional activity in human colon cancer 
cells. J Ethnopharmacol 1999;66:227-33. 

8. Rahman K, Lowe GM. Garlic and cardiovascular disease: a critical review. J 
Nutr 2006;136:736S-40S. 

9. Baghalian K, Ziaei SA, Naghavi MR, Naghdiabadi H. Evalution of pre-cuture 
of Iranian garlic echotypes from the allicin amounts point of view and their 
botanic characteristics. J Herb Med 2004;13:50-9. 

10. Mahan LK, Escott-Stump S. Krause's food, nutrition, & diet therapy. 11th ed 
Philadelphia: Saunders; 2004. 

11. Peterson JJ, Beecher GR, Bhagwat SA, Dwyer JT, Gebhardt SE, Haytowitz 
DB, et al. Flavanones in grapefruit, lemons, and limes: A compilation and 
review of the data from the analytical literature. J food composition and 
analysis 2006;19:S74-S80. doi:10.1016/j.jfca.2005.12.009 

12. Nijveldt RJ, Van Nood E, Van Hoorn DE, Boelens PG, Van Norren K, Van 
Leeuwen PA. Flavonoids: a review of probable mechanisms of action and 
potential applications. Am J Clin Nutr 2001;74:418-25. 

13. Shahrani M, Rafieian M, Shirzad H, Hashemzadeh M, Yousefi H, Khadivi R, 
et al. Effect of Allium sativum L. extract on acid and pepsin secretion in basal 
condition and stimulated with vag stimulate in rat. J Med Plants 2007;4:28-37. 
[Persian]. 

14. Steinmetz KA, Kushi LH, Bostick RM, Folsom AR, Potter JD. Vegetables, 
fruit, and colon cancer in the lowa women's health study. Am J Epidemiol 
1994;139:1-15. 

15. Agarwal KC. Therapeutic actions of garlic constituents. Med Res Rev 
1996;16:111-24. doi:10.1002/(SICI)1098-1128(199601)16:1<111::AID-
MED4>3.0.CO;2-5 

16. Rafieian-Kopaei M, Asgary S, Hajian S, Roozbehani S. Effect of mucilage 
extracted from the fruit of Hibiscus esculentus on preventive of increasing 
glucose and lipid profile of diabetic Rats by streptozotocin. J Shahrekord Uni 
Med 2013;15:48-55. [Persian]. 

17. Sahebnazar R, Rezazadeh E, Sadrayi H, Mohammadi MT. Assessment of 
Anti-Diabetic, Anti-Atherosclerotic and Antioxidant Effects of Combined 
Lemon and Garlic Extract in Diabetic Ratus Fed with High Cholesterol Diet. J 
Zanjan Uni Med 2016;24:53-66. [Persian]. 

18. SU CC, CHEN GW, TAN TW, LIN JG, CHUNG JG. Crude extract of garlic 

induced caspase-3 gene expression leading to apoptosis in human colon cancer 

cells. In Vivo 2006;20:85-90. 

19. Bok SH, Lee SH, Park YB, Bae KH, Son KH, Jeong TS, et al. Plasma and 

hepatic cholesterol and hepatic activities of 3-hydroxy-3-methyl-glutaryl-CoA 

reductase and acyl CoA: cholesterol transferase are lower in Ratus fed citrus 

peel extract or a mixture of citrus bioflavonoids. J N 1999;129:1182-5. 

20. Hertog MG, Feskens EJ, Hollman PC, Katan MB, Kromhout D. Dietary 

antioxidant flavonoids and risk of coronary heart disease: the Zutphen Elderly 

Study. Lancet 1993;342:1007-11. 

21. Ali M, Al-Qattan KK, Al-Enezi F, Khanafer RM, Mustafa T. Effect of allicin 

from garlic powder on serum lipids and blood pressure in rats fed with a high 

cholesterol diet. Prostaglandins Leukot Essent Fatty Acids 2000;62:253-9. 

doi:10.1054/plef.2000.0152 

22. Eilat S, Oestraicher Y, Rabinkov A, Ohad D, Mirelman D, Battler A, et al. 

Alteration of lipid profile in hyperlipidemic rabbits by allicin, an active 

constituent of garlic. Coron Artery Dis 1995;6:985-90. 

23. Parastouei K, Ravanshad SH, Mostaphavi H, Setoudehmaram E. Effects of 

garlic tablet on blood sugar, plasma lipids and blood pressure in type 2 diabetic 

patients with hyperlipidemia. JMP 2006;1:48-54. [Persian]. 

24. Amouzmehr A, Dastar B. Effects of alcoholic extract of two herbs (garlic and 

thymus) on the performance and blood lipids of broiler chickens. J Agricultural 

Sci and Nat Resource 2009;16:62-8. 

25. Lecumberri E, Goya L, Mateos R, Alía M, Ramos S, Izquierdo-Pulido M, et 

al. A diet rich in dietary fiber from cocoa improves lipid profile and reduces 

malondialdehyde in hypercholesterolemic rats. Nutrition 2007;23:332-41. 
doi:10.1016/j.nut.2007.01.013 

26. Jarret RL, Wang ML, Levy IJ. Seed oil and fatty acid content in okra 

(Abelmoschus esculentus) and related species. J Agric Food Chem 

2011;59:4019-24. doi:10.1021/jf104590u 

27. Boban PT, Nambisan B, Sudhakaran PR. Hypolipidaemic effect of 

chemically different mucilages in rats: a comparative study. Br J Nutr 

2006;96:1021-9. 

28. Melmed S, Polonsky KS, Larsen PR, Kronenberg HM. Williams textbook of 

endocrinology. 13th ed. Philadelphia: Saunders Elsevier; 2011. 

29. Khogare D. Effect of dietary fiber on blood lipid profile of selected 

respondent. Int Food Res J 2012;19:297-302. 

 

 

http://www.sciencedirect.com/science/article/pii/S0889157505001456
https://www.ncbi.nlm.nih.gov/pubmed/8788216
https://www.ncbi.nlm.nih.gov/pubmed/8788216
https://www.ncbi.nlm.nih.gov/pubmed/10882191
https://www.ncbi.nlm.nih.gov/pubmed/17367998
https://www.ncbi.nlm.nih.gov/pubmed/21413797

