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Abstract
Introduction: Many traditional treatments have been recommended in the alternative system of medicine 
for treatment of diabetes mellitus; however, the mechanism of most of the herbals used has not been 
defined. Objective: The present study was designed to evaluate the potential beneficial effects of grape 
seed extracts (GSE)in streptozotocin induced diabetic albino rats through assessment of the Blood sugar, 
serum insulin ,C‐peptide , α-amylase , α-Glucosidase and lipase. 

Materials & Methods: This experimental study was conducted in 2018 at college of veterinary medicine 
/ Tikrit University. Sixty rats were randomly divided to ten equal groups: non diabetic control, diabetic 
control, experimental groups received grape seed extract (GSE) at doses100 mg/kg and 300 mg/kg of body 
weight in a period of 7 weeks . Blood sugar, serum insulin ,C‐peptide , alpha amylase , and lipase activity 
were measured. The data were analyzed by one way analysis of variance, ANOVA, followed by Turkey, s 
test with SPSS software.

Results: Compared to normal control, the diabetic control rats showed significant increase in serum glucose, 
α-Glucosidase , and lipase levels and decrease in serum insulin and C‐peptide, and α-amylase levels were 
observed. Concurrently, administration of GSE decreased the serum glucose, α-Glucosidase , and lipase 
levels meanwhile, significant increase in serum insulin and C‐peptide, and α-amylase activities when 
compared with untreated induced diabetic group.

In conclusion, these results suggest that the GS Extract” may possess anti-hyperglycemic potential in 
diabetes.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder 
manifested by elevated levels of glucose in the blood 

due to derangement in carbohydrate, fat, and protein 
metabolism that have a severe impact on public health. 
The pancreatic β-cell destruction or dysfunction 
occur in type I diabetes which leads to full or almost 
full deficiency of insulin(1-4).Several drugs are used to 
control diabetes, however, perfect glucose control is 
rarely achieved. Moreover, plants have been used as an 
alternative therapy for the diabetes treatment(5).
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Grape seed (Vitisvinifera Linn.) is one of the most 
commonly consumed fruits in the world. Grapes can be 
categorized into grapes with edible seeds, seedless, wine 
grapes, table grapes, and raisin grapes(6).It has various 
biological functions, due to its rich vitamin E,  linoleic 
acid and  polyphenol ingredients contain including the 
stilbene resveratrol, the flavanol quercetin, catechins 
and anthocyanins(7,8). GSPE have been reported to 
possess a variety of potent properties, including anti-
non enzymatic glycation, antiinflammation, anti-
atherosclerosis, anti-tumor, and so on immune function 
modulator, antithrombotic agent, and LDL oxidation 
inhibitor(9).

Alpha amylase is a digestive enzyme(α-1,4-glucan-
4-glucanohydrolase, EC 3.2.1.1) It is synthesized in the 
acinar cells of the salivary glands and stored in secretory 
granules in these cells(10), it catalyzes the hydrolysis of 
α-1,4-glycosidic linkages in starch, glycogen, and other 
oligo- and polysaccharides. Inhibitors of this enzyme 
could be of use in the treatment of diabetes(11).

Insulin acts by binding to its own receptor on acinar 
cells, leading to the stimulation and potentiation of 
amylase secretion through multiple signaling pathways, 
including regulation of amylase gene transcription and 
stimulation of the synthesis of the corresponding protein 
in acinar cell(12).

On that perspective the present study was designed to 
investigate the therapeutic potentiality of the GS extract 
of leaves on  the blood glucose  level, serum amylase, 
lipase activity, normal and STP- induced diabetic albino 
Wister rats.

Keywords: Diabetic rats, α-Glucosidase, α-amylase, 
lipase, biochemical parameters. 

Materials and Methods

Wistar Albino rats weighing 150-200g were used 
for the research. They were obtained from the animal 
house of the Department of Pharmacology, college of 
veterinary medicine / Tikrit University . The rats were 
kept in properly ventilated cages where bedding was 
replaced daily, at a room temperature of about 27°C and 
12 hours light/dark cycle.

Induction of diabetes: Diabetes was induced by a 
single intraperitoneal injection of freshly prepared STZ 

(65 mg/kg) dissolved in cold 0.1 M citrate buffer, pH 
4.5. Citrate buffer alone was injected in control rats as a 
vehicle. The blood glucose levels were measured after 2 
days, then was started the experiment period (11).

Phenolic extraction of grape seeds (500 g) of the dry 
powder wall nuts were defatted by washing five times 
with n-hexane(1L) at (60°C), then it was macerated 
with (800mL) of acetic acid (2% v/v), the mixture were 
placed in conical flask volume (2000mL) and put in 
water bath (60°C) for 8 hrs, then the extraction process 
done by reflex condenser. The mixture was heated 
at 50°C (water bath) for 15 min and left to cool. The 
suspension was filtered by Buchner funnel by What man 
No.1 filter paper and by the use of vacuum pump. The 
precipitate was canceled and the filtrate volume was 
measured. npropanol was added in to filtrate with the 
same volume of filtrate. Then sodium chloride was added 
until to become solution super saturated. Then, it was 
evaporator by using rotary evaporator until drying(14,15).

Experimental design

Five groups of rats six in each groups received the 
following treatment schedule for 14 days.

Group I - Normal control (normal saline 10 ml/kg, 
p.o.).

Group II - Streptozocin treated control (65 mg/kg, 
i.p.) .

Group III - Streptozocin (65 mg/kg, i.p.)+ GSE (100 
mg/kg )

Group IV - Streptozocin (25 mg/kg, i.p.)+GSE (300 
mg/kg orally three times per week for 7 weeks. 

Biochemical Analysis

Blood glucose levels were measured immediately 
after sampling with a glucose test meter (Glutest Ace; 
Sanwa Kagaku Kenkyusyo, Nagoya, Japan). Serum 
insulin levels were determined using a supersensitive 
rat insulin ELISA kit (Morinaga Institute of Biological 
Science, Yokohama, Japan).C-peptide level was assayed 
by radioimmuno assay kit, Missouri, USA. Measurement 
of serum pancreatic amylase was carried out by the 
method of Landt et al(16).
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Statistical Analysis

The differences were examined by the one way 
analysis of variance (ANOVA) followed by the Test 
of Mann-Whitney using the SPSS 15 program (SPSS 
Inc., Chicago, IL, USA). A difference at p < 0.05 has 
considered statistically significant.

Results 

STZ-induced diabetic rats showed significant 
increase in the serum levels of glucose, α-Glucosidase, 
and lipase (340.43±117.67 vs 87.40 ± 4.39 mg/dl), (14. 
64 ± 1.648 vs2. 72 ± 0.648 U/mg protein), and (438.33 ± 
13.3 vs 160 ± 5.249U/L)respectively, accompanied with 
marked decrease in α-amylase , Insulin , and C-Peptide 
(13.6 ± 1.442 vs15.85 ± 1.19 U/dL), (8.42  ±  0.03b 

vs16.62 ± 0.5 µU/ml), and (1.848 ± 0.51 vs 6. 613 ± 0.99a 
ng/ml) respectively.

Regarding GSE treated – diabetic rats, the obtained 
results showed significant reduction in the serum glucose, 
α-Glucosidase, and lipase concentration (187.57 ± 151.30 
mg/dl), (10. 181 ± 1.274U/mg protein), (270.46 ± 5.48) 
at dose100 mg/kg respectively and (118.50 ± 61.14mg/
dl), (14.09 ± 0.699U/mg protein), lipase (241.95 ± 
68.8) at dose300 mg/kg, accompanied with significant 
elevation in serum values of α-amylase , Insulin , and 
C-Peptide (14.04 ± 0.594U/dL), (12.61  ±  0.12µU/ml), 
and (3. 580 ± 0.24d ng/ml) respectively at dose100 mg/
kg and (14.09 ± 0.699U/dL), (12.61 ± 0.12µU/ml), and 
(3. 580 ± 0.24 ng/ml) respectively at dose300 mg/kg.

Table (1): Effect of phenolic extract of grape seeds on biochemical parameters in alloxan induced diabetic 
rats.

Glucose
mg/dl

α-Glucosidase (U/mg 
protein)

α-amylase
(U/dL)

Lipase
(U/L)

Insulin
(µU/ml)

C-Peptide
(ng/ml)

NC
87.40

±
4.39

2. 72
±

0.648

15.85
±

1.19

160
±

5.249

16.62
±

0.5

6. 613
±

0.99a

DC
340.43

±
117.67**

14. 64
±

1.648

13.6
±

1.442

438.33
±

13.3

8.42
±

0.03b

1.848
±

0.51b

D+ GSE (100 
mg/kg)

187.57
±

151.30

10. 181
±

1.274

14.04
±

0.594

270.46
±

5.48

11.52
±

0.64c

2.208
±

0.58c

D+GSE
(300 mg/kg)

118.50
±

61.14**

9. 25
±

1.523

14.09
±

0.699

241.95
±

68.8

12.61
±

0.12d

3. 580
±

0.24

Data are expressed as means ± S.E. of six rats. ANOVA: P = probability Tukey test: a = significant difference as 
compared to control group. b = significant difference as compared to STZ-diabetic group after 2 wk.

*Significant different at P< 0.05 level. **Significant different at P< 0.01 level
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Discussion 

Blood glucose concentration is known to depend on 
the ability of the liver to absorb or produce glucose. The 
liver performs its glucostatic function owing to its ability 
to synthesize or degrade glycogen according to the needs 
of the organism, as well as via gluconeogenesis (17).

Insulin and C‐peptide are the products of the 
enzymatic cleavage of proinsulin and secreted into the 
circulation in equimolar concentrations. C-peptide, 
initially considered an inactive molecule, has, currently, 
been shown to be a bioactive molecule when it binds 
to the surface of several cell types, and activates the 
calcium-dependent intracellular signaling pathway The 
measurement of both insulin and C‐peptide levels has 
been reported to be a valuable index of insulin secretion 
rather than insulin alone(18,19).

As shown in Table 4, STZ caused a significant 
elevation in the levels of the glucose but serum Insulin 
and C‐peptide levels observed a significant decrease in 
the DM group when compared to the NC group because 
the cytotoxic effect of STZ be closely related to free 
radical generation in pancreatic - cells which interfered 
with the cellular metabolic oxidative mechanisms (20), 
due to the destruction of β‐cells  of  pancreas there  by  
inhibiting  insulin release(21).This result was previously 
obtained by Entedhar R. Sarhat(22), Siham A.Wadee(23).

Interestingly, oral administration of GSE decreased 
BG as well as increased serum insulin and C-peptide 
levels in the diabetic rats to the near normal levels. The 
mechanisms underlying GSE anti diabetic action may be 
attributed to the potentiation of pancreatic secretion of 
insulin by β -cell of islets or due to enhanced transport 
of blood glucose to peripheral tissue. This was clearly 
evidenced by the increased levels of serum insulin 
in diabetic rats treated with plant extract which may 
stimulate insulin secretion from regenerated β-cells or 
caused the release of insulin from the residual β-cells. 

Alpha-amylase catalyzes the hydrolysis of 
starch to smaller oligosaccharides consisting of 
maltose, maltotriose, and a number of α-(1–6)- and 
α-(1–4)-oligoglucans, which are further degraded by 
α-glucosidases to glucose. This process may lead to the 
elevated hyperglycemia occurring in diabetes(24).The 
analysis of serum α-amylase enzyme was suggested 

to provide additional informative parameters for the 
assessment of chronicity and illness as of the response to 
therapy in diabetes(25).

The results from this research work showed a 
significant (P<0.01)increase in α-amylase level in diabetic 
rats compared with control rats, due damage of the acini 
cells through the oxidative stress and inflammatory 
mediators generated by alloxan which lead to leakage 
of amylase and lipase into blood circulation(26,27), a 
condition that were controlled to normal by reversed by 
oral administration of extracts from leaves of MOE due 
to its ability to stabilize acini cell membrane, thereby 
reducing the release of enzymes into circulation. It is 
possible that its anti-diabetic activity may be related to 
increased repair of damaged beta cells and acini cells and 
regeneration of new ones to increase numbers as wells 
as the functioning of b-islets for the improved synthesis 
of insulin, that may improve glucose utilization process.

α-Glucosidase (α-d-glucoside glucohydrolase) 
is an exo-type carbohydrase distributed widely in 
microorganisms, plants, and animal tissues. α-glucosidase 
anchored in the mucosal brush border of the small 
intestine catalyzes the end step digestion of starch and 
sucrose that are abundant carbohydrates in human diet, , 
which works to facilitate the absorption of glucose by the 
small intestine by catalyzing the hydrolytic cleavage of 
oligosaccharides into absorbable monosaccharides(28,30).
Alpha-glucosidase inhibitors act as competitive 
inhibitors of enzymes needed to digest carbohydrates 
which delay the rate of carbohydrate digestion, delay 
the carbohydrate absorption from the digestive tract, 
and diminish the postprandial blood glucose excursion 
in diabetic subjects and thus have a lowering effect on 
postprandial blood glucose and insulin levels (31).

Lipases functions as a lipolytic enzyme that 
hydrolyzes TGs and phospholipids in circulating plasma 
lipoproteins(32).During diabetes, enhanced activity of 
lipase increases lipolysis and releases more fatty acids 
into the circulation(33).In this study we have observed 
an increase in lipase in STZ- induced rats. After the 
treatment the level was reduced, which is another 
indication of improvement in insulin action since insulin 
inhibits the activity of pancreatic lipase(34).The inhibition 
of this enzyme significantly decreases the digestion and 
uptake of lipids, thereby decreasing the level of blood 
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glucose in DM(35,36).

These results indicate that GSE decreased serum 
glucose, lipase and increase serum insulin and C‐peptide, 
and α-amylase were observed in STZ-induced diabetic 
rats and this effect might exert the anti-diabetic effect of 
GSE. Of course, further studies for its long term effect 
for the prevention of diabetes are required.

Conflict of Interests: The authors of this paper 
declare that he has no financial or personal relationships 
with individuals or organizations that would unacceptably 
bias the content of this paper and therefore declare that 
there is no conflict of interests.

Source of Funding: The authors have no sources of 
funding, so it is self-funding research. 

Ethical Approve: We declare that the study does 
not need ethical approval. 

References
1.	 Sayran Sattar Saleh.Entedhar Rifaat Sarhat.

Effects of Ethanolic Moringa Oleifera Extract on 
Melatonin, Liver and Kidney Function Tests in 
Alloxan-Induced Diabetic Rats. Indian Journal of 
Forensic Medicine & Toxicology.2019; 13( 4): 
1015- 1019.

2.	 Sarhat ER, Rmaid ZJ, Jabir TH (2020) Changes 
of salivary interleukine17, Apelin, Omentin and 
Vaspin levels in normal subjects and diabetic 
patients with chronic periodontitis, Ann Trop Med 
& Pub Health; 23:S404. 

3.	 Entedhar R. Sarhat, Buthyna A. Abdullah, 
Siham A. Wadi. Experimental Study of Effect of 
Ginger Ethanolic extract on Oxidative Stress in 
Alloxan Induced-Diabetic Rabbits. 3rd Scientific 
Conference - College of Veterinary Medicine - 
University of Tikrit.2016; 35-38.

4.	 Saleh Maleki, Parisa Falsafi, Farzanizadeh, and 
Firouz Pouralibaba. A Comparison between 
Catalase and Salivary Alpha-Amylase Level in 
Patients with Type I diabetes and non-diabetic 
People. Biomed. & Pharmacol. J.,2016; 9(2): 463-
468.

5.	 Marcelo S. Pinheiro , Luhara S. Rodrigues , Leila 
S. Neto , Rafaianne Q. Moraes-Souza , Thaigra 
S. Soares , Madileine F. Américo , Kleber E. 
Campos , Débora C. Damasceno2 and Gustavo T. 

Volpato. Effect of Bauhinia holophylla treatment 
in Streptozotocin-induced diabetic rats. Anais da 
Academia Brasileira de Ciências.2017;89(1): 263-
272.

6.	 Ma ZF, Zhang H. 2017. Phytochemical Constituents, 
Health Benefits, and Industrial Applications of 
Grape Seeds: A Mini-Review. Antioxidants (Basel). 
6(3):71. 

7.	 Entedhar Rifaat Sarhat , Husamuldeen Salim 
Mohammed Saeed , Siham A. Wadi. 2018. Effects 
of Extracted Phenolic Compounds from Grape 
Seeds on Leptin, Adiponectin and Resistin Levels 
in Rats Fed with High Fat Foods. Tikrit Journal of 
Pure Science. 23 (1).

8.	 Cedó L, Castell-Auví A, Pallarès V, Blay M, 
Ardévol A, Pinent M.2013. Grape Seed Procyanidin 
Extract Improves Insulin Production but Enhances 
Bax Protein Expression in Cafeteria-Treated Male 
Rats. Int J Food Sci. 2013(1):875314.

9.	 Salahuddin A, Katary M. 2017.Effects of Grape 
Seed Proanthocyanidin Extract in Attenuating 
Diabetic Complications in Streptozotocin-Induced 
Diabetic Rats. J Appl Pharm 9:239. 

10.	 Kashi Raj Bhattarai, Sang-Won Lee, Seung Hyun 
Kim, Hyung-Ryong Kim, Han-Jung Chae.2017. 
Ixeris dentata extract regulates salivary secretion 
through the activation of aquaporin-5 and prevents 
diabetes-induced xerostomia. 2017(1):9;81-91.

11.	 Najafian M.2015. The Effects of Curcumin on 
Alpha Amylase in Diabetics Rats, Zahedan J Res 
Med Sci. 17(12):e5198.

12.	 Zhuang L, Su J-b, Zhang X-l, Huang H-y, Zhao L-h, 
Xu F, et al. 2016.Serum Amylase Levels in Relation 
to Islet β Cell Function in Patients with Early Type 
2 Diabetes. PLoS ONE 11(9): e0162204.

13.	 Najafian M, Jahromi MZ, Nowroznejhad MJ, 
Khajeaian P, Kargar MM, Sadeghi M, et al. 2012. 
Phloridzin reduces blood glucose levels and 
improves lipids metabolism in Streptozotocin-
induced diabetic rats. Mol biol rep.   39(5): 5299-
306.

14.	 Gayon. T.A. 1972. Plant phenolic. Olive and 
Boyed, Edinboura. 254.

15.	 Sapwarobol S, Adisakwattana S, Changpeng S, 
Ratanawachirin W, Tanruttanawong K, Boonyarit 
W.2012. Postprandial blood glucose response to 
grape seed extract in healthy participants: A pilot 
study. Phcog Mag.8:192-6



2534    Indian Journal of Forensic Medicine & Toxicology, July-September 2021, Vol. 15, No. 3

16.	 Landt M, Hortin GL, Smith CH, Pashos G, Vaidya 
HC, Rosenblum JL. 1994.Rapid measurement of 
serum pancreatic amylase. J Clin Lab Anal. 8:10–5.

17.	 Al-Attar, A.M., Shawush, N.A., 2014. 
Physiological investigations on the effect of olive 
and rosemary leaves extracts in male rats exposed to 
thioacetamide. Saudi journal of biological sciences 
21, 473-480.

18.	 Kanchana G, Shyni WJ, Rajadurai M and Periasamy 
R.2011.Evaluation of antihyperglycemic effect 
of sinapic acid in normal and streptozotocin-
induced diabetes in albino rats. Global Journal of 
Pharmacology.5(1)33-39. 

19.	 Entedhar R. Sarhat , Madlen Qassm Abbas. 2018.
Estimation the activity of Copeptin, insulin, and 
C-peptide from patients with polycystic ovary 
syndrome. Tikrit Journal of Pure Science. 23 (4);7-
9.

20.	 Entedhar R. Sarhat, Siham A., Ban.I. Sedeeq1 
, Th.R. Sarhat and N.A. Jasim. Study of 
histopathological and biochemical effect of Punica 
granatum L. extract on streptozotocin -induced 
diabetes in rabbits.Iraqi Journal of Veterinary 
Sciences, 2019;33( 1)189-194.

21.	 Ahangarpoura A,Ramezani Aliakbarif, 
Fathimoghadam H. Effect of C-peptide Alone 
or in Combination with Nicotinamide on 
Glucose and Insulin Levels in Streptozotocin–
Nicotinamide-Induced Type 2 Diabetic Mice. The 
Malaysian Journal of Medical Sciences : MJMS. 
2014;21(4):12-17.

22.	 Entedhar R. Sarhat, Husamuldeen Salim Mohammed 
Saeed. Effects of Lycopene on Paraoxonase and 
Adipokines Parameters in Streptozotocin -Induced 
Diabetic Rabbits. SUST Journal of Natural and 
Medical Sciences. 18 (1) 2017;1-8.

23.	 Siham A.Wadee, Entedar R. Sarhat, Rajaa S. Najim 
.2018. Effect of Moringa oleifera Extract on Serum 
Glucose and Interleukin-1,Interleukin-2 and Tumor 
Necrosis Factor α in Streptozotocin-Induced 
Diabetic Rats. Tikrit Medical Journal 24:(1);61 – 
68.

24.	 Lochocka, K. et al.2015. Green tea extract decreases 
starch digestion and absorption from a test meal 
in humans: a randomized, placebo-controlled 
crossover study. Sci. Rep. 5, 1.

25.	 Velmani Gopal  , Vivekananda Mandal  , Sumpam 
Tangjang  , Subhash C. Mandal.2013. Serum 

Biochemical, Histopathology and SEM Analyses 
of the Effects of the Indian Traditional Herb 
Wattakaka Volubilis Leaf Extract on Wistar Male 
Rats. Pharmacologia;4(5), 391-399.

26.	 Akpan HD, Ekaidem IS, Usoh IF, et al.2012.
Effect of aqueous extract of Azadirachta indica 
(Neem) leaves on some indices of pancreatic 
function in alloxan-induced diabetic Wistar rats. 
Pharmacologia. 3: 420–5. 

27.	 Puligilla Shankaraiah , Raju Devdeand Yellu 
Narsimha Reddy.2012. Alpha amylase inhibitory 
activity of flavonoids in diabetic induced rats . 
Journal of Pharmacy Research.5(2),1183-1187

28.	 Wei-Chin Hung,Xue-Hua Ling,Chi-Chang 
Chang,Hsia-Fen Hsu,Shih-Wei Wang,Yi-Chen 
Lee,Ci Luo,Yun-Tzu Lee,Jer-Yiing Houng.2017. 
Inhibitory Effects of Siegesbeckia orientalis 
Extracts on Advanced Glycation End Product 
Formation and Key Enzymes Related to Metabolic 
Syndrome.Molecules. 22(10): 1785.

29.	 Muhammad Ajmal Shah,Ruqaiya Khalil,Zaheer 
Ul-Haq,Pharkphoom Panichayupakaranant.2017. 
α-Glucosidase inhibitory effect of rhinacanthins-
rich extract from Rhinacanthus nasutus leaf and 
synergistic effect in combination with acarbose.
Journal of Functional Foods. 36: 325

30.	 Muhammad Taha,Syahrul Imran,Nor Hadiani 
Ismail,Manikandan Selvaraj,Fazal Rahim,Sridevi 
Chigurupati,Hayat Ullah,Fahad Khan,Uzma 
Salar,Muhammad Tariq Javid,Shantini 
Vijayabalan,Khalid Zaman,Khalid Mohammed 
Kais Rtibi., et al. “In Vitro α-Amylase/α-
Glucosidase Inhibitory Activities and In Vivo 
Improving Glucose Tolerance and Hypoglycemic 
Effect of Ceratonia siliqua Leaves Aqueous 
Extract”. EC Nutrition.2018; 13.(4);171-179.

31.	 Mohamed Sham Shihabudeen et al.: Cinnamon 
extract inhibits a-glucosidase activity and dampens 
postprandial glucose excursion in diabetic rats. 
Nutrition & Metabolism. 2011; 8:46.

32.	 Viswanathaswamy A. H. M., Koti B. C., Aparna 
Gore, A. H. M. Thippeswamy and Kulkarni R. 
V.Antihyperglycemic and Antihyperlipidemic 
Activity of Plectranthus Amboinicus on Normal 
and Alloxan- Induced Diabetic Rats. Indian J 
Pharm Sci. 2011; 73 (2): 139-145.

33.	 Jeyanthi K.A., Mary Violet Christy A. 
Hypolipidemic Effect Of Citrullus Colocynthis 



 Indian Journal of Forensic Medicine & Toxicology, July-September 2021, Vol. 15, No. 3      2535

Seed Powder In Alloxan Induced Diabetic Rats. 
Journal of International Dental And Medical 
Research.2009; 2 (3): 105-109.

34.	 Aloulou A, Hamden K, Elloumi D, Ali MB, 
Hargafi K, Jaouadi B, Ayadi F, Elfeki A, Ammar 
E. Hypoglycemic and antilipidemic properties of 
kombucha tea in alloxan-induced diabetic rats. 
BMC Complement Altern Med. 2012;12:63.

35.	 Chinedum Ogbonnaya Eleazu , Kate Chinedum 
Eleazu , Adanma Ironkwe , Mercy Amarachi 

Iroaganachi. Effect of Livingstone Potato 
(Plectranthus esculenthus N.E.Br) on Diabetes 
and Its Complications in Streptozotocin Induced 
Diabetes in Rats . Diabetes Metab J.2014;38:366-
374

36.	 Sarmad Abdul Razak Abood Alsaadia, Kasim 
Sakran Abass. 	 Benincasa Hispida Is An 
Antioxidant Of Possible Physiological Importance 
: A Comparative Review. Plant Archives, 2020; 
20(2):2833-2838 


