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Abstract 

With the various side effects associated with synthetic medicines for treating diabetes, there is a need to develop herbal 
remedies as an alternative. Although Spinacia oleracea L. leaves are used to treat various health conditions, including 
diabetes, there is little research to validate its antidiabetic properties. This study aimed to investigate the hypoglycemic 
and hypolipidemic effect of methanolic and ethanolic extracts of Spinacia oleracea L. leaves against alloxan-induced 
hyperglycemia in mice. Hyperglycemia was induced by an injection of alloxan monohydrate 80mg/kg bw. (i.p.). After 
72 hours, mice with Blood Glucose Levels above 11.0 mmol/L were selected for the investigation. Both methanolic and 
ethanolic extracts at 200 mg/kg bw. doses were observed to have antidiabetic effect for 21 consecutive days. Blood 
Glucose Level was monitored after 3, 6, 9, 12, 15, 18, and 21 days and compared with Glibenclamide (0.5 mg/kg b.wt.). 
Serum lipid profile [total cholesterol, triglycerides, low-density lipoprotein, and high-density lipoprotein] and liver 
enzymes such as SGPT, and SGOT were also determined. Oral administration of both extracts showed significant (P < 
0.05) antihyperglycemic activity in alloxan-induced diabetic mice. The diabetic mice had significant (P < 0.01) reduction 
in blood glucose; serum liver enzyme level (SGPT and SGOT) and lipid profile were compared with normal mice. 
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1. Introduction

Diabetes mellitus is a serious and complex metabolic disorder that has proved to be a non-curable but controllable 
chronic burden, with its prevalence increasing worldwide. It is characterized by periods of hyperglycemia and glucose 
intolerance that impair the cell's ability to secrete insulin or cause the tissues to become very less sensitive to insulin. 
[1–3]. Lack of Insulin causes the illness to show signs and symptoms of osmotic diuresis, such as polydipsia, polyuria, 
calorie loss, weight loss, generalized weakness, and polyphagia [4,5]. Over long-term diabetes progresses to micro- and 
macrovascular complications, which damage both small and large blood vessels, respectively [6]. According to the 
American Diabetes Association, Type 1, Type 2, gestational and specific types of diabetes resulting from other causes 
are the four different types of diabetes mellitus [7]. According to the International Diabetes Federation (IDF), 415 
million cases of diabetes were among individuals aged 20 to 79 in 220 countries in 2015. By the year 2045, the number 
of cases is predicted to rise to 693 million, from 642 million in 2040 G.C [8,9]. Dietary supplements are considered to be 
the main modifiable factor among the various risk factors that contribute to the incidence and progression of diabetes. 
Both experimental and epidemiological evidence suggest that consuming vegetables rich in phenolic compounds and 
having high antioxidant capacity may potentially have an inverse relationship with the incidence and prevalence of 
diabetes. [10]. 

Researchers are constantly searching for complementary and alternative medicine therapies to treat diabetes [11], 
including herbs and biologically based practices such as Allium sativum (garlic), Coccinia cordifolia (ivy gourd), 
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Momordica charantia (bitter melon), Opuntia streptacantha (prickly pear cactus), Panex ginseng (ginseng) and 
Trigonella foenum graecum (fenugreek) used for diabetes [11]. Vitex Nigundo leaf [12], Tamarindus indica [13], Vigna 
unguiculata [14], Artemisia herba alba [15], Aegle marmellos leaf [16], Moringa oleifera [17], Carissa carandas [18], 
Morus alba fruit [19] and Ortosiphon stamineus leaf [20] were proven scientifically in diminution of fasting blood sugar 
level of diabetic animals. 

Spinach (Spinacia oleracea L.) belongs to the family, Chenopodiaceae and is an annual plant (rarely biennial), which 
grows to a height of up to 30 cm. Spinach may survive over winter in temperate regions. The leaves are alternate, simple, 
and ovate to triangular-based, very variable in size from about 2–30 cm long and 1–15 cm broad, with larger leaves at 
the base of the plant and small leaves higher on the flowering stem. The flowers are inconspicuous, yellow-green, 3–4 
mm in diameter, maturing into a small, hard, dry, lumpy fruit cluster 5–10 mm across containing several seeds. 

It is the source of essential nutrients such as carotene (a precursor of vitamin A), ascorbic acid, and several types of 
minerals. According to the Agricultural Research Service (ARS) of the U.S. Department of Agriculture, 100 g of fresh 
spinach provides at least 20% or more of the recommended dietary intake of folate (vitamin B9), β-carotene 
(provitamin A), lutein, ascorbic acid (vitamin C) and α-tocopherol (vitamin E). Moreover, spinach leaves contain 
flavonoids [21] and phenolic acids such as ortho-coumaric, ferulic acid, and para-coumaric acids [22]. In 2009, a mixture 
of antioxidants defined NAO (natural antioxidant) isolated from spinach leaves that contain aromatic polyphenols, 
including the phenolic acids and the derivatives of glucuronic acid [23]. NAO can effectively counteract free radicals 
[24,25] resulting in an anti-inflammatory and antiproliferative potential, in vivo and in vitro [26]. The present study 
was conducted to evaluate the antidiabetic and hypolipidemic effects of Spinacia oleracea L. leaves on alloxan-mediated 
diabetes in mice. 

2. Materials and methods 

2.1.  Chemicals and kits  

Alloxan monohydrate, (Germany) methanol, ethanol (Merck, India), Glibenclamide (USV Ltd., India), Glucose, Plasma 
concentrations of triglyceride (TG), total cholesterol (TC), HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C), VLDL, 
SGPT and SGOT were measured using a quantification kit (Linear chemicals, Barcelona, Spain). All the chemicals used 
in this study were of analytical grade. 

2.2. Collection and Sample Preparation 

Spinach plants (Spinacia oleracea L.) were collected from Binodpur, Rajshahi, Bangladesh, in January 2017. Plant 
specimen was authenticated by Professor Dr. A.H.M. Mahbubur Rahman, Department of Botany, University of Rajshahi, 
Bangladesh. A voucher specimen number # 126 was deposited to the herbarium in the Department of Botany, University 
of Rajshahi. The plants were dried by sunlight. The dried samples were ground into coarse powder by a grinding 
machine. The powder of Spinacia oleracea L. leaves (200gm) was mixed with ethanol and methanol (95%) separately 
in a 1000 mL flask with mild shaking. The flask was closed with a cotton plug and aluminum foil at 48 hours at room 
temperature for 14 days. The extract was filtered through Whatman filter paper (No.1), and concentrated using a rotary 
evaporator at low temperatures (40-50°C). The extract was preserved in an airtight container and kept at 4°C until 
further use. 

2.3. Test animal 

Albino mice were selected as experimental animals to carry out this study. Mice weighing about 25-30g were collected 
from the Animal Resource Division of ICDDR’B Mohakhali, Dhaka.  

2.4. Methods 

2.4.1.  Animals care 

Test animals were collected from the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B). 
Albino mice of both sexes weighting 25-30g were used for the study. They were individually housed in polypropylene 
cages in well-ventilated rooms under hygienic conditions. Feeding of animals was done and libitum, along with drinking 
water, and maintained at the natural day-night cycle. The institutional Animal Ethics Committee had approved this 
study. 
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2.4.2.  Induction of diabetes 

Diabetes was induced in overnight fasted mice by a single intraperitoneal injection of Alloxan (80 mg/kg body weight) 
in a 0.1M sodium citrate buffer (pH-4.5). The age-matched control mice received an equivalent amount of citrate buffer. 
Food and water intake were closely monitored daily after Alloxan administration. The development of hyperglycemia 
in mice was confirmed by fasting (16 hour) blood glucose measurement in the tail vein blood, 72 hours after Alloxan 
administration, with a Portable glucometer (Accu-Chek, Roche, Germany). The animals with fasting blood glucose 
levels≥ 11.0 mmol/L with other symptoms of diabetes mellitus such as polyphagia, polydipsia, polyuria, and weight loss 
were considered diabetic and included in the study. 

2.5. Experimental animals grouping and treatment 

After a one-week acclimatization period, the animals were divided into fiv red in all the groups. After 21 days of 
experiment, all mice were anaesthetized under chloroform vapor and the blood samples were collected directly from 
ventricle of heart. For coagulation, blood was kept about 20 minutes at room temperature. After centrifugation at 3000 
g for 10 minutes at 4ºC, serum was drawn off and stored at -20°C until the experiments e groups with six animals in 
each.: 

 Group-1 (General control): Non-diabetic control mice fed with a standard pellet diet and water. 

 Group-2 (Diabetic control): The mice were made diabetic by an intra-peritoneal injection of a single dose of 80 

mg/kg body weight Alloxan. Animals whose blood glucose level exceeded 11.0 mmol/L at 72 h after treatment 

were considered diabetic. These animals served as untreated diabetic control. 

 Group-3 (Diabetic+MESO): The diabetic mice treated with methanolic extract of Spinacia oleracea L. (MESO) 

at a dose of 200 mg/kg body weight for 21 days. 

 Group-4 (Diabetic+EESO):  The diabetic mice treated with ethanolic extract of Spinacia oleracea L. (EESO) at a 

dose of 200 mg/kg body weight for 21 days 

 Group-5 (Diabetic+ Glibenclamide): Diabetic mice were treated by Glibenclamide at a dose of 0.5 mg/kg b.wt. 

2.6. Blood collection 

Before giving the supplement of Spinacia oleracea L. extract, the basal blood glucose levels were measu were 
performed. 

2.7. Measurement of biochemical parameters 

Blood glucose concentration was estimated according to the glucose oxidase method using a reagent kit (Randox 
Laboratory Ltd., UK). Serum total cholesterol and HDL-cholesterol concentrations were measured according to CHOD-
PAP method using a commercial kit. Serum LDL-cholesterol concentration was also estimated by CHOD-PAP method 
after precipitation with magnesium sulphate and phosphotunstic acid. Levels of SGPT and SGOT activity were estimated 
by using SGPT and SGOT assay kit, respectively. Triglyceride concentration was measured by GPO-PAP method using a 
commercial kit. 

2.8. Statistical analysis 

The assays were carried out in triplicate, and the results were expressed as mean values and standard deviation (SD). 
The statistical differences represented by letters were obtained through a one-way analysis of variance (ANOVA) 
followed by Tukey’s honestly significant difference (HSD) post hoc test (p < 0.05). Correlations were established using 
Pearson’s correlation coefficient (r) in bivariate linear correlations (p < 0.001). These were carried out using Microsoft 
Office Excel 2007 and SPSS version 16.0 program (IBM Corporation, New York, USA). 

3. Result 

The results were obtained with untreated diabetic control mice (Group-2) and diabetic mice treated with MESO (Group-
3) and EESO (Group-4) at the dose of 200mg/kg body wt. on serum glucose, lipid profiles, and enzymes were compared 
with nondiabetic controls (General-control, Group-1), and glibenclamide was used as a reference drug.  

Alloxan-induced diabetes resulted in a significant elevation in blood glucose levels in comparison to the non-diabetic 
control mice (table-1, Fig. 1.). After the administration of MESO and EESO extract to diabetic mice for 21 days, a 
significant reduction in blood glucose level was noticed and EESO administered group blood glucose level was found to 
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be very near to the glibenclamide-administered mice. In the 6th to 21st days, MESO and EESO supplementation groups 
glucose levels maintained 6.42 % - 44.93% and 11.02 % - 50.12% lower than the diabetic control group respectively 
whereas in the case of glibenclamide, it was 15.13% - 59.63% lower than diabetic control group.  

  The serum TG and TC increased significantly in diabetic mice as compared to non-diabetic mice (Table 2, Fig. 2).  After 
21 days, consumption EESO extracts at a dose of 200mg/kg body wt.  brought the levels of blood lipids to near-normal 
values. Serum LDL level increased whereas HDL level decreased significantly in diabetic mice but after treatment with 
both extract LDL level decreased whereas HDL level increased significantly. It was seen that both MESO and EESO at the 
dose of 200 mg/kg body wt. the lipid profile was near to the values of both nondiabetic control mice and Glibenclamide 
treated mice. Administration of the MESO, EESO, and Glibenclamide demonstrated significant (P<0.05) reduction of TC 
by 19.02%, 21.99%, and 31.05% and TG by 20.75%, 25.28% and 35.84% (Fig. 2.), respectively. LDL level was also 
significantly reduced (P<0.05) by 21.59%, 24.62%, and 34.06% (Fig. 2.) in diabetic mice after MESO, EESO, and 
Glibenclamide treatment respectively. On the other hand, the HDL level was increased significantly (P<0.05) by 25%, 
28.95%, and 30.77% (Fig. 2.) in diabetic mice after MESO, EESO, and Glibenclamide treatment, respectively.  

Table 1 Effects of MESO and EESO on serum glucose level in Alloxan-induced diabetic mice 

Groups 
Plasma glucose concentration (mmol/L) 

Initial day 3 day 6 day 9 day 12 day 15 day 18 day 21 day 

General control 5.96±0.07 5.91±0.15 5.88±0.15 5.95±0.16 5.80±0.09 5.97±0.12 5.86±0.17 5.92±0.14 

Diabetic Control 21.20±0.13a 22.04±0.16a 22.60±0.34a 22.01±0.21a 23.05±0.19a 23.48±0.13a 24.14±0.19a 24.08±0.21a 

Diabetic+MESO 23.55±0.12b 22.55±0.34 21.15±0.29b 20.53±0.24b 18.36±1.13b 15.66±1.4b 14.01±0.27b 13.26±0.28b 

Diabetic+EESO 23.61±0.07b 22.35±0.17 20.11±0.16b 18.05±1.4b 15.51±0.10b 14.21±0.17b 12.9±0.18b 11.01±0.36b 

Diabetic+Glibencl
amide 

23.70±0.09b 23.15±0.29 19.18±0.28b 16.22±0.14b 13.80±0.10b 11.26±0.12b 10.33±0.17b 9.72±0.15b 

Values were expressed as mean ± SD. In column wise comparison alphabet a indicated that the values are statistically significant from general 
control group at p<0.001. In column wise comparison alphabet b indicated that the values are statistically significant from Diabetic control group at 

p<0.05. 

 

 

Figure 1 Changes in blood glucose level by the treatment of MESO, EESO and Glibenclamide. 
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Table 2 Effects of MESO and EESO on lipid profile in diabetic mice after 21 days treatment 

Groups  Total 
Cholesterol 
(mmol/L) 

Triglycerides 
(mmol/L) 

LDL (mmol/L) VLDL 
(mmol/L) 

HDL  

(mmol/L) 

 Normal (Control) 5.30±0.13 1.65±0.06 4.45±0.16 0.75±0.07 0.39±0.03 

Alloxan 

(Diabetic) control 

6.73±0.24a* 2.65±0.03a* 5.93±0.16a* 1.2±0.06a* 0.27±0.04a* 

Diabetic+ MESO 5.45±0.17b# 2.1±0.03b# 4.65±0.30b# 0.95±0.05b# 0.36±0.03b# 

Diabetic+ EESO 5.25±0.23b# 1.98±0.03b# 4.47±0.23b# 0.9±0.05b# 0.38±0.03b# 

Diabetic+ 
Glibenclamide 

4.64±0.15b* 1.70±0.04b* 3.91±0.18b* 0.77±0.03b* 0.39±0.05b* 

Values were expressed as mean ± SD. In column wise comparison symbol a* indicated that the values are statistically significant from general 
control group at P<0.001. In column wise comparison symbol b# indicated that the values are statistically significant from diabetic control group at 

P< 0.05 and symbol b* indicated the values are statistically significant from diabetic control group at P<0.05 

 

 

Figure 2 Changes in lipid profile by the treatment of the MESO, EESO and Glibenclamide in diabetic mice 

 

Table 3 Effect of MESO and EESO on serum SGPT and SGOT of Alloxan induced diabetic mice 

Group SGPT(U/L) SGOT(U/L) 

General Control 60.12±3.6 45.30±4.0 

Diabetic control 74.60±5.6* 97.45±3.4* 

Diabetic+MESO 54.49±3.0** 78.34±5.4** 

Diabetic+EESO 50.25±4.8** 70.12±4.4** 

Diabetic +Glibenclamide 37.80±3.5** 61.33±4.1** 

Serum SGPT and SGOT in the treated mice were significantly different from normal and diabetic control groups at P<0.05; * indicated the difference 
from normal group; whereas ** indicated the difference from Diabetic control group. 
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Figure 3 Changes in SGPT and SGOT levels after treatment of MESO, EESO and Glibenclamide 

The serum enzymes SGPT and SGOT levels of diabetic mice also increased significantly (P<0.05) as compared to non-
diabetic control mice (Table 3, Fig. 3.). After 21 days of MESO and EESO administration, the serum enzyme (SGPT and 
SGOT) levels of diabetic mice at a dose of 200mg/kg body wt. significantly (P<0.05).  reduced as compared to the diabetic 
control group. The reduction of SGPT and SGOT by MESO, EESO, and Glibenclamide was 26.96%, 32.64%, 49.33% and 
19.61%, 28.05% and 37.07%, respectively (Table 3, Fig. 3.). 

4. Discussion 

Alloxan monohydrate is a beta cytotoxin agent which destroys the β-cell of the islet of Langerhans in the pancreas of 
animals resulting in the reduction of the release of insulin which leads to the increase in blood glucose levels [27]. There 
was a significant decrease in blood glucose levels in alloxan-induced diabetic mice treated with Spinacia oleracea L. leaf 
extract for the entire period of the experiment. Both methanolic and ethanolic extracts of the plant were administered 
at a dose of 200 mg/kg bw. After 21 days of treatment with methanolic extract, the Blood Glucose Level (BGL) decreases 
from 23.55 to 13.26 mmol/L. The reduction in BGL by ethanolic extract at the same dose from 23.61 to 11.01 mmol/L 
was observed. The results in a decrease in BGL are comparable with the standard drug glibenclamide which decrease 
BGL from 23.70 to 9.72 mmol/L. However, the blood glucose levels of diabetic mice treated with the ethanol extract 
were similar to or slightly lower than those of the standard treated group mice, suggesting that hypoglycemic 
components in the plant are greater solubility in ethanol. The difference may be attributed to two reasons. One is the 
nature of biologically active components that are stable in ethanol. The second possible reason may be the stronger 
extraction capacity of ethanol which could have produced a greater number of active components responsible for blood 
glucose-lowering activity. In the present study, the methanolic and ethanolic extracts from Spinacia oleracea L leaf 
showed a significant hypoglycemic effect in alloxan-induced diabetic mice. It is possible that the mechanism of action of 
both extracts is insulin-independent. Alloxan monohydrate, which induces diabetes, causes damage to pancreatic cells 
by generating oxygen-free radicals. These radicals primarily target the DNA of pancreatic cells, leading to DNA 
fragmentation [28]. 

 The study showed that when there is a deficiency in insulin or an increase in blood glucose level, it can lead to higher 
levels of cholesterol and triglycerides. This is because fat is stored in the liver in such conditions. The treatment with 
methanolic and ethanolic extract may improve insulin levels to an unknown mechanism which reduces the stored fat in 
the liver. Diabetes can have a significant impact on the liver, which is the major organ affected by this condition. An 
increase in liver enzyme activity can lead to liver damage, which could potentially worsen the overall condition [29]. 
Liver enzymes are known to be useful indicators of liver function. However, in diabetic conditions, the destruction of 
liver cells caused by a change in membrane structure may lead to the secretion and release of these enzymes into the 
blood circulation. This can result in alterations in liver function. [30]. Oral administration of methanolic and ethanolic 
extracts in 200 mg/kg doses significantly reduces the enzyme level in blood. 
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5. Conclusion 

The current study shows that oral administration of S. oleracea L. extract produces significant hypoglycemic and 
hypolipidemic effects which lowers blood glucose as well as TG and TC, and increases HDL-cholesterol to near normal 
range in alloxan-induced diabetic mice.  This investigation reveals that S. oleracea L. extract has potent antidiabetic and 
hypolipidemic effects in alloxan-induced diabetic mice.   
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