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Abstract

Background: Moringa oleifera, a widely cultivated species in India, is an

exceptionally nutritious vegetable with a variety of potential uses in treat-

ing rheumatism, venomous bites, and microbial infections. In the present

study, we investigated the antidiabetic and antioxidant effects of methanol

extracts of M. oleifera pods (MOMtE) in streptozotocin (STZ)-induced dia-

betic albino rats.

Methods: Diabetic rats were treated with 150 or 300 mg ⁄kg MOMtE for

21 days and the antidiabetic effects of the extract were evaluated by mea-

suring changes in biochemical parameters in the serum and pancreatic

tissue. Two phytoconstituents, namely quercetin and kaempferol, were

isolated from the MOMtE extract and their structures were determined

using nuclear magnetic resonance and infrared spectroscopy.

Results: The progression of diabetes was significantly reduced after MOM-

tE treatment. In treated rats, both doses of MOMtE induced a significant

reduction in serum glucose and nitric oxide, with concomitant increases

in serum insulin and protein levels. Furthermore, MOMtE treatment

increased antioxidant levels in pancreatic tissue, with concomitant decreases

in levels of thiobarbituric acid-reactive substances. Histologic examination

of the pancreas from diabetic rats showed degenerative changes in b-cells;
MOMtE treatment significantly reversed the histoarchitectural damage to

the islets cells.

Conclusion: In conclusion, M. oleifera exerts protective effects against STZ-

induced diabetes. The MOMtE exhibited significant antidiabetic and anti-

oxidant activity and active constituents may be isolated from the extract

for evaluation in future clinical studies.
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Significant findings of the study: Moringa oleifera has promising antidiabetic and antioxidant effects. Phyto-

chemical analysis revealed many active phytoconstituents that could be isolated and examined in future

studies to develop potent antidiabetic agents.

What this study adds: To best of our knowledge there has been no previous comprehensive study to evaluate

antidiabetic activity of pods from M. oleifera and present study adds the protective effect of M. oleifera

pods as effective antidiabetic and antioxidant agent.
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Introduction

The incidence of diabetes is increasing in the develop-

ing world, with an increase in the number of diabetes

patients in younger age groups.1 The therapeutic man-

agement of diabetes without any side effects remains a

challenge. In response, there is a growing interest in

evaluating herbal remedies, which are seen to be less

toxic and to have negligible side effects. Moringa oleif-

era is indigenous to the Indian subcontinent and is

widely used in Ayurvedic medicine for the treatment of

cardiac and circulation problems. Phytochemical inves-

tigations of M. oleifera have revealed the presence of

4-(4¢-o-acetyl-a-l-rhamnopyranosyloxy) benzyl isothio-

cyanate, 4-(-l-rhamnopyranosyloxy)benzyl isothiocya-

nate, niazimicin, pterygospermin, benzyl isothiocyanate,

and 4-(a-l-rhamnopyranosyloxy)benzyl glucosinolates.2

The mechanisms by which M. oleifera decreases

hyperglycemic conditions remain uncertain. Therefore,

the aim of present study was to evaluate the antidia-

betic and antioxidant potential of a methanolic extract

of M. oleifera (MOMtE) in diabetic rats with a view to

providing information about active phytoconstituents

for the clinical treatment of diabetes.

Methods

Plant material

Moringa oleifera pods were selectively collected fresh

from a local market, washed with distilled water to

remove any traces of dust, shade dried, and then pow-

dered in an electric grinder. The plant at the fruiting

stage was identified by Professor N.J. Sarna, Depart-

ment of Botany, University of Rajasthan, and a vou-

cher specimen has been deposited at the herbarium of

the Department of Botany, University of Rajasthan,

Jaipur, India (specimen no. RUBL-20393).

Extraction

Dried powdered pods (3 kg) were percolated with

100% methanol under reduced pressure for 72 h. The

methanol was removed under vacuum at 35 ± 2�C for

48 h and a thick residue was obtained (yield 25.7 g

w ⁄w), which was stored at )4�C until use.

Phytochemical analysis

Pods were dried, powdered, and extracted (60–80�C)
successively with petroleum ether, benzene, chloro-

form, alcohol, and water for 24–36 h. Extracts were fil-

tered, dried in vacuo, and evaluated for the presence of

carbohydrates, proteins, flavonoids, tannins, and alka-

loids using standard procedures.3 Two phytoconstitu-

ents were separated and identified through thin layer

chromatography (TLC) and preparative thin layer

chromatography (PTLC). The nuclear magnetic reso-

nance (NMR) and infrared (IR) spectra of these com-

pounds were identical in every respect with a reference

sample of quercetin.

Test animals

Experiments were performed using colony bred, sexu-

ally mature albino Wistar rats of both sexes (170–

230 g). Rats were provided standard laboratory chow

(Aashirwad Food Industries, Chandigarh, India) and

water was available ad libitum. All animal procedures

were approved by the Ethics Committee of the Centre

for Advanced Studies, Department of Zoology (Uni-

versity of Rajasthan, Jaipur, India) and were in accor-

dance with Indian National Science Academy (INSA),

New Delhi guidelines for the maintenance and use of

animals.

Toxicity study

The acute toxicity of MOMtE was evaluated using an

established protocol that has been described in detail

elsewhere.4 Briefly, rats were administered different

concentrations of extract and were examined for any

signs of behavioral changes and ⁄or mortality for the

following 21 days. On the basis of these experiments,

an LD50 1300 mg ⁄kg was established for MOMtE and

two doses (150 and 300 mg ⁄kg per day) were used in

all further experiments.

Study design and doses

Streptozotocin (STZ) was injected at a dose of

50 mg ⁄kg, i.p., to overnight-fasted rats.5 Rats were

considered diabetic when fasting glucose levels were

>250 mg ⁄dL. Control rats were injected with

0.1 mmol ⁄L sodium citrate buffer alone. Diabetic rats

were allowed to drink 2% glucose solution overnight

to overcome the drug-induced hypoglycemia.

Rats were randomized into seven groups of seven

rats each as follows: (i) an untreated control group;

(ii) an untreated diabetic group; (iii) two treated con-

trol groups, in which normal rats were treated with

either 150 or 300 mg ⁄kg per day, p.o., MOMtE for

21 days; (iv) two treated diabetic groups, in which

STZ-diabetic rats were treated with either 150 or

300 mg ⁄kg per day, p.o., MOMtE for 21 days; and

(v) a glibenclamide-treated group, in which diabetic

rats were treated with 0.3 mg ⁄kg per day, p.o.,
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glibenclamide (dissolved in 0.5 mL distilled water)

for 21 days.

Estimation of serum biochemical parameters

After 21 days, rats were killed by mild ether anesthe-

sia and tissues were collected for the subsequent

biochemical analysis of specific parameters in the pan-

creas and other vital organs. After autopsy under mild

ether anesthesia, serum was separated and analyzed

for insulin (RIA), total protein (Lowry et al.6) and

albumin.7

Estimation of pancreatic biochemical parameters

After rats had been killed, the pancreas removed and

stored at )4�C until biochemical analyses for protein,6

lipid peroxidation,8 superoxide dismutase (SOD),9

reduced glutathione (GSH),10 catalase,11 and glyco-

gen12 using established methods.

A small portion of the pancreas from each rat was

fixed in 10% formalin solution for sectioning (5 lm)

and staining with hematoxylin and eosin to enable

histological examination.

Statistical analysis

Data are given as the mean ± SEM and statistical

analyses were performed using anova. Results

obtained at the end of experiment were compared with

those of the control and diabetic groups using Stu-

dent’s t-test. Differences were considered significant at

P < 0.001.

Results

Nuclear magnetic resonance of quercetin and

kaempferol

The 1H-NMR spectrum of the compound isolated

from the extract revealed H-6¢-H-6¢ ortho-coupling

(8.4 Hz) at 7.4 and 6.8 p.p.m., and H-6¢-H-2¢ meta-

coupling (2 Hz) at 7.4 and 7.6 p.p.m. Another meta-

coupling occurs between H-6 and H-8 (1.9 Hz) at 6.3

and 6.5 p.p.m. These results are identical in every

respect with those obtained for the reference sample of

quercetin.

The proton NMR spectrum (d p.p.m.) revealed the

following results: 6.08 (1H, d, J = 2.0 Hz, H-6), 6.44

(1H, d, J = 2.0 Hz, H-8), 8.10 (2H, d, J = 10 Hz,

H-2¢, 6¢), 6.87 (2H, d, J = 10 Hz, H-3¢, 5¢); 13C-NMR

(d p.p.m.): 145.5 (C-2), 136.2 (C-3), 177.1 (C-4), 157.1

(C-5), 98.6 (C-6), 164.2 (C-7), 93.8 (C-8), 162.0 (C-9),

103.7 (C-10), 120.4 (C-1¢), 129.1 (C-2¢, 6¢), 115.4 (C-3¢,
5¢), 159.7 (C-4¢). From the 1H- and 13C-NMR data,

the compound was identified as kaempferol (Figs 1–4).

Effect of MOMtE on serum glucose and insulin

Serum glucose levels in control rats and in rats in the

different experimental groups are summarized in

Table 1. Serum glucose levels were significantly

increased in untreated diabetic rats (P < 0.001). How-

ever, after treatment of diabetic rats with both 150 and

300 mg ⁄kg MOMtE, glucose levels decreased signifi-

cantly. Furthermore, serum insulin levels were signifi-

cantly lower in untreated diabetic rats compared with

control rats (P < 0.001). Treatment of diabetic rats

with both 150 and 300 mg ⁄kg MOMtE for 21 days

significantly increased serum insulin levels compared

with levels in untreated diabetic rats.

Effect of MOMtE on biochemical parameters

Serum protein and albumin levels in control and

MOMtE-treated normal rats were unchanged through-

out the experimental period. However, in untreated

diabetic rats, serum protein and albumin levels

decreased significantly compared with the control

group (P < 0.001). Treatment of diabetic rats with

MOMtE at both doses restored biochemical parame-

ters to normal levels (Table 1).

Table 2 summarizes total protein, SOD, GSH, cata-

lase, and lipid peroxidation levels in the different
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Figure 1 Chemical structure of quercetin.
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Figure 2 Chemical structure of kaempferol.
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groups. Treatment of normal rats with both doses of

MOMtE resulted in non-significant changes in protein,

SOD, GSH, catalase, and lipid peroxidation. In

MOMtE-treated diabetic rats, there were increases in

protein levels, SOD, GSH and catalase activity, but a

significant decrease in lipid peroxidation (P < 0.01).
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Figure 4 Infrared spectra of isolated and standard Kaempferol.

Figure 3 Infrared spectra of isolated and standard quercetin.

Table 1 Effect of the methanolic extract of Moringa oleifera on serum biochemical parameters in normal and streptozotocin-diabetic rats

Group

Serum glucose

(mg ⁄ dL)

Total protein

(mg ⁄ dL)

Albumin

(mg ⁄ dL)

Serum insulin

(lU ⁄ mL)

Serum NO

(mg ⁄ dL)

Control rats

Untreated 81.78 ± 12.84 6.84 ± 0.32 3.53 ± 0.19 19.07 ± 0.83 7.76 ± 0.87

150 mg ⁄ kg MOMtE 80.23 ± 11.71 7.12 ± 0.26 3.81 ± 0.22 19.31 ± 0.56 6.18 ± 0.13

300 mg ⁄ kg MOMtE 82.56 ± 21.71 7.47 ± 0.37 4.21 ± 0.09 20.43 ± 0.17 7.87 ± 0.25

Diabetic rats

Untreated 261.28 ± 13.20** 3.77 ± 0.17** 2.11 ± 0.10** 9.14 ± 1.11** 4.89 ± 0.15**

150 mg ⁄ kg MOMtE 213.37 ± 28.36*� 4.64 ± 0.19*� 2.363 ± 0.07� 12.21 ± 0.35� 5.13 ± 0.16*�

300 mg ⁄ kg MOMtE 162.37 ± 22.78*� 5.21 ± 0.21*� 2.73 ± 0.08� 13.31 ± 0.78� 6.21 ± 0.22*�

0.3 mg ⁄ kg glibenclamide 141.54 ± 14.61� 5.43 ± 0.24*� 3.11 ± 0.24� 16.84 ± 0.56� 5.89 ± 0.21*�

Values are the mean ± SEM (n = 7 rats in each group). *P < 0.05; **P < 0.001 compared with the untreated control group; �P < 0. 001

compared with the untreated diabetic group.

MOMtE, methanol extract of Moringa oleifera pods; NO, nitric oxide.
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Histology

Sections of the pancreas from control rats exhibited

prominent cytoplasm with centroacinar cells containing

serous acini. In contrast, pancreatic sections from dia-

betic rats showed degenerated islets with cellular deb-

ris. In addition, centroacinar cells with increased

intercellular spaces were clearly visible. After 21 days

treated of diabetic rats with MOMtE, there was a

marked rejuvenation of pancreatic islets (Figs 5–9).

Discussion

In the present study 100% of rats treated with STZ

developed hyperglycemia. Streptozotocin is a potent

cytotoxin of the islets of Langerhans and causes severe

diabetes.13 In the present study, the diabetic group had

significantly increased serum glucose levels, whereas

regular administration of MOMtE to diabetic rats

reduced serum glucose levels, in addition to increasing

Table 2 Effect of the methanolic extract of Moringa oleifera on tissue biochemical parameters in normal and streptozotocin-diabetic rats

Group Protein (mg ⁄ g)

Superoxide

dismutase

(lmol ⁄ mg

protein)

Reduced

glutathione

(nmol ⁄ g
tissue)

Catalase

(lmol H2O2

consumed ⁄ min

per mg protein)

Lipid peroxidation

(nmol MDA ⁄ mg

protein)

Control rats

Untreated 53.52 ± 3.76 4.37 ± 0.23 2.68 ± 0.13 72.63 ± 6.14 2.51 ± 0.73

150 mg ⁄ kg MOMtE 59.37 ± 4.21 5.61 ± 0.13 2.92 ± 0.11 71.17 ± 4.15 2.18 ± 0.64

300 mg ⁄ kg MOMtE 48.71 ± 4.41 5.84 ± 0.17 2.73 ± 0.13 73.23 ± 5.31 2.83 ± 0.64

Diabetic rats

Untreated 20.14 ± 1.11** 1.83 ± 0.31** 1.26 ± 0.09 32.45 ± 3.17** 9.18 ± 0.61**

150 mg ⁄ kg MOMtE 22.37 ± 3.18*� 2.02 ± 0.11� 1.37 ± 0.15� 41.35 ± 5.76� 6.31 ± 1.34�

300 mg ⁄ kg MOMtE 24.85 ± 1.09*�� 2.17 ± 0.11�� 1.78 ± 0.17� 48.84 ± 4.32�� 5.13 ± 1.21�

0.3 mg ⁄ kg glibenclamide 32.14 ± 1.85*�� 3.68 ± 0.02�� 2.17 ± 0.15�� 52.47 ± 3.14�� 4.56 ± 0.75�

Values are the mean ± SEM (n = 7 rats in each group). *P < 0.05; **P < 0.001 compared with the untreated control group; �P < 0.05; ��

P < 0.001 compared with the untreated diabetic group.

MOMtE, methanol extract of Moringa oleifera pods; MDA, malondialdehyde.

Figure 5 Pancreatic section from a control rat showing prominent

cytoplasm. Islet cells with centroacinar cells containing serous acini

are also visible. (Hematoxylin and eosin stain; original magnification

·400).

Figure 6 Microphotograph of a pancreatic section from a diabetic

rat showing ruptured islets with degenerated cells. Damaged centro-

acinar cells with increased intercellular spaces and cellular debris

are clearly visible. (Hematoxylin and eosin stain; original magnifica-

tion ·400).
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serum insulin levels. Treatment of normal rats with

MOMtE had no adverse effects (Table 1). The pres-

ence of active principle(s) in M. oleifera may potentiate

glucose-induced insulin secretion from existing b-cells
or cause its release from the bound form, thus decreas-

ing serum glucose levels in treated diabetic rats. In this

context, a number of other plants have been screened

for their hypoglycemic effects.5

Flavonoids act as insulin secretagogues or insulin

mimetics, probably by influencing the pleiotropic

mechanisms to attenuate diabetic complications. The

present phytochemical investigation of M. oleifera

(a)

(b)

Figure 7 Photomicrographs of pancreatic sections from (a) a con-

trol rat and (b) a diabetic rat treated with 150 mg ⁄ kg per day meth-

anol extract of Moringa oleifera pods (MOMtE) for 21 days. The

section from the control rat shows normal pancreatic histoarchitec-

ture (a). In the diabetic rat, MOMtE treatment has resulted in

normal pancreatic islets (b). (Hematoxylin and eosin stain; original

magnification ·400).

(a)

(b)

Figure 8 Photomicrographs of pancreatic sections from (a) a control

rat and (b) a diabetic rat treated with 300 mg ⁄ kg per day methanol

extract of Moringa oleifera pods (MOMtE) for 21 days. The section

from the control rat shows normal pancreatic histoarchitecture (a).

In the diabetic rat, MOMtE treatment has resulted in marked reju-

venation of the pancreatic islets (b). (Hematoxylin and eosin stain;

original magnification ·400).
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revealed the presence of bioflavonoids that may be

responsible for the stimulation of glucose uptake in

peripheral tissues and regulation of the activity and ⁄or
expression of the rate-limiting enzymes involved in car-

bohydrate metabolism.14

Albumin is necessary for appropriate distribution of

body fluids between body tissues and intravascular

compartments and functions as a plasma carrier by

binding several hydrophobic hormones.15 Albumin

also keeps the blood from leaking out of blood

capillaries.16 Administration of STZ decreases serum

albumin levels due to increased non-enzymatic glyco-

sylation of protein.17 In the present study, MOMtE

treatment significantly elevated serum albumin concen-

trations, which is possibly associated with a decreased

affinity of albumin towards glucose.

Oxygen free radicals have been suggested to contrib-

ute to the development of complications of diabetes

leading to b-cell cytotoxicity. Indeed, many studies

have been performed to evaluate changes in parameters

of oxidative stress in diabetes.5 In present study, an

increase in lipid peroxidation, with concomitant

decreases in SOD, CAT and GSH, was observed in the

pancreas of diabetic rats. Lipid peroxidation is an index

of malondialdehyde production.18 The production of

free radicals increases the peroxidation of lipid mole-

cules. The decrease in SOD activity during the progres-

sion of diabetes could be due to enzyme glycosylation

that occurs in the diabetic state. Decreased SOD activ-

ity could also be due to accumulation of H2O2 in

affected tissues.19 Reduced glutathione is a main factor

in detoxification and antioxidant systems, providing a

defense against free radicals and cytotoxins. An

increase in GSH levels in MOMtE-treated diabetic rats

may be due to decreased production of reactive oxygen

species (ROS). The maintenance of GSH levels depends

on various enzyme activities, such as c-glutamyl trans-

ferase, glutathione S-transferase, glutathione per-

oxidase, glutathione reductase, glucose 6-phosphate

dehydrogenase etc. Although these enzymes were not

investigated in the present study, there is the possibility

that the extract affected these enzymes, thus increasing

the glutathione pool in diabetic rats.

Free radicals and ROS are known to abnormally

alter proteins and to generate protein carbonyl prod-

ucts, which are currently considered markers of oxi-

dative injury to proteins.20 Structural changes are

considered to be among the molecular mechanism

leading to the progression and development of diabetes

and its complications.21 Advanced oxidation protein

products are also considered markers of oxygen-medi-

ated protein damage.22 In present study, we observed a

decrease in the protein content of the pancreas from

diabetic rats. However, MOMtE treatment of diabetic

rats significantly increased protein levels. This clearly

indicates that MOMtE, by decreasing oxidative stress,

may be effective in preventing oxidative protein dam-

age, which is thought to be involved in b-cell damage

in the diabetic condition.

Conclusions

In conclusion, the methanolic extract of pods from

M. oleifera protects b-cells against ROS-mediated

damage by enhancing cellular antioxidant defenses and

minimizing hyperglycemia in STZ-induced diabetes.

The experimental findings clearly indicate an exciting

opportunity to develop a potent antidiabetic drug from

this plant.
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Figure 9 Photomicrograph of a pancreatic section from a gliben-

clamide-treated diabetic rat showing normal histoarchitecture of the

islets with an increased number of islet cells. Centroacinar cells in

the serous acini are completely normal. (Hematoxylin and eosin

stain; original magnification ·400).
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