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Abstract. We investigated the antidiabetic effect of 
Moringa olifeira Lam. in a diet-induced obesity (DIO) 
mouse model. Six mice were randomly selected as 
normal controls. Moringa olifeira Lam. leaf extract 
at a dose of 200, 400 or 600 mg/kg body weight, glib-
enclamide (Glib) at the dose of 10 mg/kg (positive 
control) and distilled water at 10 ml/kg (control 
group) were administered orally by gastric intuba-
tion, and each group consisted of six mice. Insulin-
sensitive tissues (liver, skeletal muscle) were collected 
to investigate antidiabetic effects and examine the 
plant’s molecular mechanisms. Moringa olifeira Lam. 
leaf extract prevented weight gain. It also reduced 
blood glucose in DIO mice. Glib and Moringa olifeira 
Lam. leaf extract, 400 mg/kg, treatments restored in-
sulin levels towards normal values (P < 0.05 versus 
diabetic control group). Western immunoblot analy-
sis of different tissues, collected at the end of the 
study, demonstrated that Moringa olifeira Lam. sti-
mulated activation of the insulin-dependent Akt 
pathway and increased the protein content of Glut 4 
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in skeletal muscle. The improvement of hepatic stea-
tosis observed in DIO-treated mice was associated 
with a decrease in the hepatic content of SREBP-1, a 
transcription factor involved in de novo lipogenesis. 
The hepatic PPARα protein content in the plant ex-
tract-treated mice remained significantly higher 
than those of the control group (P < 0.05). In conclu-
sion, this study provides the first evidence for direct 
action of Moringa olifeira Lam. on pancreatic β-cells, 
enhancing glucose-stimulated insulin secretion. This 
correlated with hypoglycaemic effects in diabetic 
mice associated with restored levels of plasma insu-
lin. 

Introduction
Obesity is indeed a major risk factor for insulin resist-

ance and type 2 diabetes. Worldwide, the number of 
people with diabetes and pre-diabetes is exponentially 
increasing mainly due to aging, urbanization, unhealthy 
eating habits, increasing prevalence of obesity and lack 
of physical activity (Wild et al., 2004). Diabetes melli-
tus is a leading cause of morbidity and mortality world-
wide. 

Because of the high cost of conventional treatments 
with synthetic drugs, traditional treatment with plants 
becomes an alternative option for financially poor popu-
lations who may have problems of accessibility to mod-
ern drugs. For these reasons, the development of new 
therapies from plants that are able to control diabetes 
mellitus is of great interest. 

The medicinal properties of this plant depend on the 
part of the plant concerned (root, leaf stalk and pulp or 
fruit) and the extract used (ethanolic, butanolic, aqueous 
extract, etc.). Moringa olifeira Lam. (Moringaceae) is a 
highly valued plant, distributed in many countries of the 
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tropics and subtropics. It has an impressive range of me-
dicinal uses with high nutritional value. Different parts 
of this plant contain a profile of important minerals, and 
are a good source of protein, vitamins, β-carotene, ami-
no acids and various phenolics. The Moringa plant pro-
vides a rich and rare combination of zeatin, quercetin, 
β-sitosterol, caffeoylquinic acid and kaempferol. In ad-
dition to its compelling water-purifying powers and 
high nutritional value, Moringa olifeira Lam. is very im-
portant for its medicinal value. Various parts of this plant 
such as the leaves, roots, seed, bark, fruit, flowers and 
immature pods act as cardiac and circulatory stimulants, 
possess anti-tumour, antipyretic, antiepileptic, anti-in-
flammatory, antiulcer, antispasmodic, diuretic, antihyper-
tensive, cholesterol-lowering, antioxidant, antidiabetic, 
hepatoprotective, antibacterial and antifungal activities, 
and are being employed for the treatment of different 
ailments in the indigenous system of medicine, particu-
larly in South Asia. This review focuses on the detailed 
phytochemical composition, medicinal uses, along with 
pharmacological properties of different parts of this 
multipurpose tree.

Insulin resistance is characterized by a decrease in the 
ability of target tissues, especially muscle, liver and adi-
pose tissue, to respond to insulin effects. Therefore, at 
normal concentrations, insulin is unable to produce an 
adequate biological response. To compensate, insulin-
secreting β pancreatic cells increase their release of the 
hormone, thus resulting in a state of hyperinsulinaemia. 
Eventually, β-cell dysfunction leads to impaired insulin 
secretion, which accentuates deregulation of glucose 
and lipid metabolism in insulin-sensitive tissues such as 
skeletal muscle, adipose tissue and liver. The muscle is 
the main site of glucose disposal in human, and approx-
imately 80 % of total body glucose uptake occurs in 
skeletal muscle (Pan et al., 1997) through insulin- and 
exercise-sensitive glucose transporters, Glut4. Follow-
ing exercise or insulin stimulation, Glut4 transporters 
translocate from intracellular vesicles (basal state) to the 
cell surface of muscle cells (and, to a lesser extent, of 
adipose cells) to mediate glucose uptake from the blood-
stream, without necessarily altering expression levels of 
the transport protein. The insulin-dependent Akt path-
way (Brassard et al., 1993) can modulate Glut4 translo-
cation. In addition, manipulation of Glut4 levels in 
transgenic mice revealed that glucose homeostasis is 
also highly sensitive to Glut4 expression levels. In fact, 
specific elevation in the level of Glut4 expression in the 
muscle prevents insulin resistance (Spoor et al., 2006). 

In the present study, we tested these key components 
of muscle glucose homeostasis, Akt, and Glut4, in skel-
etal tissues of obese and insulin-resistant mice treated 
with Moringa olifeira Lam., a promising antidiabetic. 
Adipose tissue is a major site of fatty acid synthesis and 
storage. White adipose tissue (WAT) also plays an im-
portant role in regulating systemic insulin sensitivity by 
secreting adipokines such as adiponectin and leptin, 
which influence whole body metabolism (Jiang et al., 
2003). 

In the present study, we therefore paid attention to 
peroxisome-proliferator-activated receptor α (PPARα), 
C/EBP, adiponectin and leptin parameters. The liver 
plays a crucial role in the homeostasis of glucose by its 
ability to control the blood sugar level through glucose 
production or storage, notably in the form of glycogen. 
This organ also regulates lipid homeostasis through a 
process implicating key lipogenic enzymes such as ace-
tyl-CoA carboxylase (ACC) and fatty acid synthase 
(FAS), as well as transcription factor sterol response el-
ement-binding protein-1 (SREBP-1) (Wallberg-Hen-
riksson et al., 2001). The latter controls synthesis of 
cholesterol, fatty acids and triglycerides (Aledo et al., 
1997) and may be involved in the pathogenesis of he-
patic insulin resistance (Karlsson et al., 2005) through 
enhancement of lipogenenic enzymes. This leads to in-
tracellular accumulation of triglycerides and hence hep-
atosteatosis (Wallberg-Henriksson et al., 2001). The in-
crease of SREBP-1 expression is usually caused by 
hyperinsulinaemia and inflammatory cytokines such as 
inhibitor of κB kinase (IKK) (Ploug et al., 1984; Nesher 
et al., 1985). SREBP1c controls transcription of lipo-
genic genes. Hence, SREBP-1 and PPARα have been 
assessed in this study to determine the effects of Moringa 
oleifera on the liver in vivo. PPARα is principally ex-
pressed in organs with a high capacity for fatty acid oxi-
dation, e.g., heart, skeletal muscle, liver, and kidney 
(Wahli et al., 2002; Zambon et al., 2006). The chemical 
constituents of Moringa oleifera Lam. consist mainly of 
flavonoids and phenolic compounds that participate in 
the plant’s medicinal proprieties (Baumann et al., 2000). 
We therefore sought to confirm the plant’s antidiabetic 
potential in vivo and to further investigate the mecha-
nisms by which this plant can improve systemic glucose 
and lipid homeostasis. For this purpose, we chose the 
diet-induced obesity (DIO) mouse model. Indeed, mice 
fed chronically with a high-fat diet develop obesity, hy-
perglycaemia and hyperlipidaemia (Cano et al., 2007). 
The diet-induced-obesity (DIO) model thus adequately 
reflects the fact that a high-fat diet is the major environ-
mental factor causing overweight and participating in 
the metabolic syndrome to type 2 diabetes continuum in 
humans (Kersten et al., 2001). 

In order to induce insulin resistance, most of the in-
vestigators have adopted a strategy in which they feed 
the rodents with the high-fat (HF) diets (Pagliassoti et 
al., 1994; Buettner et al., 2007).

Material and Methods

Plant material 

Moringa olifeira Lam. was collected from the south-
eastern part of Benin (Abomey-Calavi, in Department 
of Atlantic) between mid-July and mid-August 2015 
during the short dry season when the mean temperature 
equals to 28 ± 2 °C. This period is preceded by the great 
rain season (mid-March to mid-July). The plant was rec-
ognized by the Principal Botanist of the National Herba-
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The control diet was a standard laboratory chow 
(Teklad 8604, Teklad, Madison, WI), containing 4.7 % 
fat by weight and 14 % kcal from fat, 32 % kcal from 
protein, and 54 % kcal from carbohydrate. The high-fat 
diet was Teklad TD.07011, containing 29 % fat by 
weight and 54 % kcal from fat (comprised of hydrogen-
ated vegetable shortening and corn oil), 21 % kcal from 
protein, and 24 % kcal from carbohydrate. Diets were 
prepared freshly every week and stored at 4 °C. The 
food and water were provided ad libitum and replen-
ished every 3–4 days. During the study, body weight, 
food intake, water intake and blood glucose levels were 
measured two or three times a week, at the same time in 
the morning. 

The blood glucose levels were determined by the glu-
cose oxidase method. At the end of the treatment study, 
the mice were anaesthetized (intraperitoneal sodium 
pentobarbital, 45 mg/kg), sacrificed by exsanguination, 
and organs such as the liver, skeletal muscle, were im-
mediately collected, weighed and stored at –80 °C for 
further analysis. The experiments complied with the lo-
cal institutional ethical guidelines.

Effect of Moringa olifeira Lam. leaf extract 
treatment assessed by the glucose tolerance test 
in DIO mice 

Moringa olifeira Lam. leaf extract at a dose of 200, 
400 or 600 mg/kg body weight, glibenclamide (Glib) at 
the dose of 10 mg/kg (positive control) and distilled wa-
ter at 10 ml/kg (control group) were administered orally 
by gastric intubation, and each group consisted of six 
mice. Doses of the Moringa olifeira Lam. leaf extract 
were selected based on previous animal studies (Ojewole 
et al., 2003; Dimo et al., 2007) and used by traditional 
practitioners. Chronic treatment was conducted by daily 
administration of the test compounds for 14 consecutive 
days with measurements of body weight and fasting gly-
caemia at the indicated times. Acute effects were evalu-
ated in fasted animals during a glucose tolerance test. 
Immediately after oral glucose (5 g/kg) administration, 
the test compounds were administered as described 
above, and glycaemia was recorded over a 5-h period. 

Biochemical assays
On the last day of the study, animals in each group 

were anesthetized with pentobarbital (60 mg/kg body 
weight). The abdominal cavity was opened, and whole 
blood was drawn from the abdominal aorta. Serum was 
obtained by low-speed centrifugation (1000 g × 20 min) 
and immediately used for glucose testing. Some aliquots 
were stored at –80° C for insulin determination. 

The determination of insulin was performed in sam-
ples that were stored at -80 °C. Serum insulin was deter-
mined using an ELISA kit (LINCO Research Inc, St. 
Charles, MO), according to the manufacturer’s instruc-
tions. Serum glucose was determined by the glucose 
oxidase method using a glucose analyser (Beckman 
Instruments, Brea, CA). Adiponectin and leptin (Millipo-
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rium of Benin of the University of Abomey-Calavi, 
which contained the voucher specimen (AP-2078-HNB). 

Preparation of plant material extract
Powdered leaves (1.2 kg) were extracted by percola-

tion using 70% (v/v) ethanol, and the mixture was then 
filtered using Whatmann filter paper No. 1. The extract 
was dried by evaporation using rotary vaporizers under 
reduced pressure at a temperature of 40–45 °C. The res-
idue filtrate obtained was then dried by steam bath at 
40 °C and kept in a refrigerator at 8 °C for experimental 
usage. The yield of the aqueous ethanol extract was 
20.1 % by weight (w/w).

Solvent fractionation of the total ethanol extract
The procedure for solvent-solvent separation was 

adopted from Ranjan et al. (2002) with minor modifica-
tions. Ten percent (w/v) of ethanol extract of the plant 
was prepared with mildly hot distilled water. The dis-
solved aqueous ethanol extract was separated in a sepa-
ratory funnel with 50 ml of n-hexane (3 times), and ex-
tracted in 50 ml of dichloromethane (3 times) and 50 ml 
of n-butanol (3 times) successively, until the extracting 
solvent became colourless. After completing the separa-
tion process, the solvents were removed by a rotary 
evaporator. The separated n-butanol fraction was dried 
by steam bath at 40 °C and kept in the refrigerator for 
the experiments. The percentage yield of n-butanol was 
7.8 (w/w). 

Animals
Four-week-old male C57BL/6 mice were purchased 

from Charles River (Les Oncins, France), housed in sep-
arate cages and kept in a temperature and humidity con-
trolled room with a 12h light-dark cycle. They were fed 
with commercial chow diet for two days to stabilize 
their metabolic condition and allow them to adjust to the 
new environment.

DIO mouse model 
Four-week-old male C57BL/6 mice (Charles River) 

were housed in separate cages and kept in a temperature 
and humidity controlled room with a 12h light-dark cy-
cle. They were fed with commercial chow diet for two 
days to stabilize their metabolic condition and allow 
them to adjust to the new environment. Then, the mice 
were randomly divided into five groups (N = 6/group):
– One group received standard chow diet (Charles 

River) throughout the 16-week study (CHOW control 
group). 

– One group received a high-fat diet (HFD) throughout 
the 16-week study (DIO-control group). 

– The other three groups received HFD for 8 weeks un-
til they became obese and insulin resistant. The treat-
ment protocol was then initiated by adding the 
Moringa olifeira Lam. leaf extract into the HFD at 
three different doses (200, 400, 600 mg/kg) for ano-
ther 8 weeks. Diets were prepared freshly every week 
and stored at 4 °C. 
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re, St. Charles, MO) were determined using radioimmu-
noassay kits according to manufacturer’s specifications. 

Western blot analysis 
Frozen tissue (muscle, liver) samples were homoge-

nized in RIPA lysis buffer (50 mM Hepes, 150 mM NaCl, 
5 mM EGTA, 2 mM MgCl2, 5% glycerol, 1% Triton-X 
100, 0.1% SDS, pH 7.4) containing protease and phos-
phatase inhibitors (2 mM PMSF, 10 Mm NaF, 100 μM 
Na-orthovanadate, 1 mM Na-pyrophosphate). After ho-
mogenization, samples were centrifuged at 12,000 g for 
12 min at 4 °C and supernatant was then removed and 
stored at –80 °C until analysis. The total protein content 
of each sample was quantified using the Bradford meth-
od. Equal amounts of protein (50 μg) were subjected to 
electrophoresis in 10% SDS-polyacrylamide gels and 
transferred to nitrocellulose membrane (Millipore, Bed-
ford, MA). Membranes were first blocked for 2 h at 
room temperature in 5% non-fat dry milk in TBST 
(20 mM Tris; pH 7.6, 137 mM NaCl, 0.1% Tween-20), 
then incubated with primary antibodies overnight at 
4 °C. The membranes were washed three times with 
TBST and then incubated with the secondary antibody 
for 1 h at room temperature. The signal was revealed by 
the ECL Plus Western blotting detection system (Perkin 
Elmer, Woodbridge, Canada). Membranes were probed 
with the following antibodies; p-Akt (Ser 473), protein 
kinase B (Akt), ß-actin (1 : 1000 dilution, 5% BSA, Cell 
Signaling Technology, Danvers, MA); GLut4, PPARα, 
SREBP-1 (1 : 200 dilution; 5% milk, Santa Cruz Bio-
technology, Inc., Santa Cruz, CA). The anti-rabbit IgG 
HRP-conjugated secondary antibodies or anti-mouse 
IgG HRP-conjugated secondary antibodies were used at 
1 : 4000 dilutions in 5% milk in TBST (Cell Signaling 
Technology).

Results

Diet-induced-obesity (DIO) 

The DIO group was fed with the high-fat diet for a 
period of 16 weeks to induce obesity and a pre-diabetic 
state. In the DIO group animals, we observed that this 
resulted in a significant weight gain as compared to the 
standard diet-fed group (50.8 ± 0.4 g vs 38.5 ± 0.2 g, 
respectively; P < 0.05). Serum glucose concentration 
was significantly higher in the DIO mice in comparison 
with their corresponding controls.

In parallel, a state of insulin resistance was established 
as evidenced by mild hyperglycaemia and major hyper-
insulinaemia in DIO mice (9-fold increases, 5.20 ng/ml 
± 0.75 vs 46.80 ng/ml ± 17.26, respectively; P < 0.05). 
Finally, the circulating leptin/adiponectin ratio, also in-
dicative of insulin resistance, significantly increased 
from 1.21 ± 0.1 in the controls to 2.52 ± 0.21 in DIO 
animals (P < 0.05).

Effect of Moringa olifeira Lam. leaf extract 
treatment assessed by the glucose tolerance test 
in DIO mice 

Fasted untreated mice with stabilized diabetes re-
ceived one single acute treatment immediately after oral 
glucose load, and glycaemia was monitored over 5 h 
(Fig. 1). Animals received the glucose load and the 
treatment simultaneously, both by gavage. Glib rapidly 
lowered plasma glucose close to non-diabetic levels 
(171 ± 9 mg/dl at 60 min), an effect maintained over the 
5-h recording period. Moringa olifeira Lam. leaf extract 
at 200 mg/kg also reduced glycaemia towards non-dia-
betic levels, although the effects were slightly delayed 
compared with Glib. At 400 mg/kg, the Moringa olifeira 
Lam. leaf extract treatment significantly reduced plasma 
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Fig. 1. Effect of Moringa olifeira Lam. leaf extract treatment on glucose tolerance test in DIO mice
DIO group animals were fed with high-fat diet for a period of 16 weeks to induce obesity and a pre-diabetic state. Fasted 
untreated mice with stabilized diabetes received one single acute treatment immediately after oral glucose load and gly-
caemia was monitored over 5 h. P < 0.05 versus diabetic control, N = 6
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glucose levels at all time points, resulting in glycaemia 
of 180 ± 10 mg/dl at 5 h (–45 % versus diabetic controls, 
P < 0.05). Moringa olifeira Lam. leaf extract effects 
were not statistically different between 400 mg/kg and 
600 mg/kg.

Effect of Moringa olifeira Lam leaf extract 
treatment on insulin levels in DIO mice

At the end of the 2-week treatment period, plasma 
insulin concentrations in diabetic controls were reduced 
to 6.0 ± 1.3 compared with 12.0 ± 0.9 mU/ml in non-
diabetic animals (P < 0.05), see Fig. 2. Both Glib and 
Moringa olifeira Lam. leaf extract, 400 mg/kg, treat-
ments restored insulin levels towards normal values (P < 

0.05 versus diabetic control group). These data show ef-
ficient hypoglycaemic effects of chronic Moringa olif-
eira Lam. leaf extract treatment correlating with in-
creased circulating insulin. 

Effect of Moringa olifeira Lam. leaf extract 
treatment on glycaemia in diabetic mice

Fasting plasma glucose levels were dramatically in-
creased two weeks after diabetes induction by DIO, 
reaching values of 252 ± 13 mg/dl in diabetic controls 
(Fig. 3). After 7 days of daily treatment, both Glib and 
Moringa olifeira Lam. leaf extract, 400 mg/kg, markedly 
reduced glycaemia. Moringa olifeira Lam. leaf extract 
at the dose of 200 mg/kg was also efficient in correcting 
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Fig. 2. Effect of Moringa olifeira Lam. leaf extract treatment on insulin levels in DIO mice
DIO group animals were fed with high-fat diet for a period of 16 weeks to induce obesity and a pre-diabetic state. After 
14 days of indicated daily treatments, fasted rats were killed, and plasma insulin levels were determined. P < 0.05 versus 
diabetic control, N = 6
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Fig. 3. Treatment of diabetic mice with Moringa olifeira Lam. leaf extract
Effects of chronic Moringa olifeira Lam. leaf extract treatment on glycaemia in diabetic rats: the diet-induced-obesity 
(DIO) mouse model, which is based on feeding the high-fat diet at pre-diabetic time; initiation of treatments (day 1). 
Daily oral administration of water (non-diabetic and diabetic control), of Moringa olifeira Lam. leaf extract (200, 400 and 
600 mg/kg) and of glibenclamide (10 mg/kg, Glib) was continued for 14 days. Fasting glycaemia was recorded. P < 0.05 
versus diabetic control, N = 6
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plasma glucose when compared with diabetic controls 
(150 ± 9 vs 250 ± 10 mg/dl, P < 0.05). After 15 days of 
treatment, both Glib and Moringa olifeira Lam. leaf ex-
tract groups exhibited glycaemia similar to non-diabetic 
mice compared with diabetic controls (P < 0.05). 

Moringa olifeira Lam. stimulates the Akt 
pathway in the muscle

The insulin-dependent Akt pathway known to be in-
volved in hepatic glucose and lipid homeostasis was 
also assessed. As illustrated in Fig. 4, Moringa olifeira 
Lam. treatment was found to activate the insulin-de-
pendent Akt pathway. Densitometric analysis of Western 
blots revealed that, when compared to control DIO 
mice, Moringa oleifera Lam. extract dose-dependently 
increased the protein level of Akt. 

Moringa olifeira Lam. upregulates glucose 
transporter Glut4 expression through an  
Akt-dependent pathway in the muscle 

To begin elucidating the mechanisms of action of 
Moringa olifeira Lam. responsible for the observed sys-
temic metabolic effects in the DIO mouse model, we 
analysed the signalling pathways involved in glucose 
uptake in the muscle. Figure 5 shows that Moringa olif-
eira Lam. increased the muscle Glut4 protein levels in 
mice (P < 0.05). 

Moringa olifeira Lam. stimulates PPARα and 
SREBP-1 in the liver 

The liver PPARα content was significantly increased 
in DIO-control animals as compared to the controls (P < 
0.05; Fig. 6), suggesting compensatory mechanisms in 
the face of enhanced fatty acid intake. Moringa olifeira 
Lam. treatment upregulated hepatic PPARα levels be-
yond those of the DIO-control animals. Nevertheless, 
the hepatic PPARα protein content in the plant extract-
treated mice remained significantly higher than those of 
the control group (P < 0.05). In the case of SREBP-1, 
the levels of the 68 kDa active fragments increased in 
the DIO-control animals (P < 0.05; Fig. 7). Interestingly, 
Moringa olifeira Lam. treatment decreased p68 SREBP-1 
levels as compared to the DIO-control group (P < 0.05).

Discussion 
In the present study, the antidiabetic activity was in-

vestigated in the DIO mouse model. Treatment with 
Moringa olifeira Lam. was administered for 8 weeks, 
after obesity and mild hyperglycaemia were established 
by an initial 8 weeks of HFD feeding. Diabetes mellitus 
is a metabolic disorder that usually affects carbohydrate, 
fat, and protein metabolism, followed by multi-organ 
dysfunction in the later period, and hyperlipidaemia as-
sociated with hyperglycaemia (Upendra et al., 2010). 
Effective novel compounds with pan-target antidiabetic 

Moringa olifeira Lam. Stimulates Activation of the Insulin-Dependent Akt Pathway

Fig. 4. Moringa olifeira stimulates the Akt pathway in the muscle.
The diet-induced-obesity (DIO) mouse model, which is based on feeding the high-fat diet (at pre-diabetic time). Samples 
of skeletal muscle (50 μg protein) from mice fed control chow, DIO and DIO + Moringa olifeira Lam. leaf extract (200, 
400 and 600 mg/kg) were homogenized and analysed by immunoblotting as described in the Material and Methods sec-
tion. Representative immunoblots and their quantification are shown for samples probed with p-Akt (Ser 473)/Akt.
Values are means ± SEM from 6 animals in each group. P value ≤ 0.05 indicates significant difference. NS – non-signifi-
cant differences
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Fig. 5. Moringa olifeira Lam. upregulates glucose transporter Glut4 expression through an Akt-dependent pathway in the 
muscle.
The diet-induced-obesity (DIO) mouse model, which is based on feeding the high fat diet (at pre-diabetic time). Samples 
of skeletal muscle (50 μg protein) from mice fed control chow, DIO and DIO + Moringa olifeira Lam. leaf extract (200, 
400 and 600 mg/kg) were homogenized and analysed by immunoblotting as described in the Material and Methods sec-
tion. Values are means ± SEM from 6 animals in each group. Representative immunoblots and their quantification are 
shown for samples probed with GLUT4/β-actin. P value ≤ 0.05 indicates significant difference. NS – non-significant dif-
ferences

Fig. 6. Moringa olifeira Lam. stimulates PPARα in the liver.
The diet-induced-obesity (DIO) mouse model, which is based on feeding the high-fat diet (at pre-diabetic time). Samples 
of liver tissue (50 μg protein) from mice fed control chow, DIO and DIO + Moringa olifeira Lam. leaf extract (200, 400 
and 600 mg/kg) were homogenized and analysed by immunoblotting as described in the Material and Methods section. 
Values are means ± SEM from 6 animals in each group. Representative immunoblots and their quantification are shown 
for samples probed with PPARα/β-actin. P value ≤ 0.05 indicates significant difference. NS – non-significant differences
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activity and proven long-term safety should be targeted 
in a clinical setting for patients with coexisting relevant 
lipid and glucose metabolic disorders. These discoveries 
pave the way for the development of drugs for treating 
chronic multigenic metabolic and cardiovascular dis-
eases, for which therapy is presently insufficient or non-
existent (Mukherjee et al., 2006; Toma et al., 2013). 
This is the first study to investigate the effect of aqueous 
ethanol and n-butanol fractions of Moringa oleifera 
Lam. leaves on the mechanisms aimed at attenuation of 
insulin resistance through an Akt-dependent pathway in 
the muscle in the DIO mouse model. The presence of 
phytochemicals in plant products offers a great potential 
for balancing metabolic disturbances.

Several phytomolecules, including flavonoids, total 
phenolic compounds, alkaloids, glycosides, saponins, 
glycolipids, dietary fibres, polysaccharides, peptidogly-
cans, carbohydrates, amino acids and others obtained 
from various plant sources, have been reported as potent 
hypoglycaemic and anti-hyperglycaemic agents. Flavo-
noids are a heterogeneous group of ubiquitous plant 
polyphenols, which exhibit a variety of pharmacologi-
cal activities, including the anti-atherogenic as well as 
anti-hyperglycaemic effects, lipoprotein oxidation, blood 
platelet aggregation and vascular reactivity (Kumar et 
al., 2010; Brahmachari et al., 2011). A high content of 
phytochemicals, especially total polyphenolic com-
pounds and total flavonoids, may contribute to the pleio-
tropic effects of Moringa olifeira Lam. leaves that sup-
port the use of the plant for different metabolic disorders 
in the local community (Toma et al., 2014). A high con-
tent of total phenolic compounds and flavonoids may 
have a significant role in regulating metabolic distur-

bances that are highly related to diabetes mellitus and its 
complications due to its protective effect on the pancre-
as and other essential organs. 

The results clearly demonstrate that such treatment 
improves glucose homeostasis in the face of continued 
HFD feeding and strongly suggest that this is achieved 
by an attenuation of insulin resistance. Indeed, Moringa 
olifeira Lam. treatment significantly countered hyper-
glycaemia.

Plasma insulin levels were increased by the Moringa 
olifeira Lam. leaf extract treatment in vivo, indicating an 
action on pancreatic β-cells. Accordingly, we then in-
vestigated the putative direct effects of Moringa olifeira 
Lam. leaf extract on β-cells. 

Noteworthy, the Moringa olifeira Lam. leaf extract 
efficiently reduced glycaemia at 200 mg/kg, resulting in 
glycaemia of 180 ± 10 mg/dl at 5 h (–45 % versus dia-
betic controls, P < 0.05), although plasma insulin levels 
were similar to diabetic controls. This suggests that tis-
sues other than pancreatic β-cells also contributed to the 
lowering of the blood glucose. 

The Moringa olifeira Lam. leaf extract effects were 
not statistically different between 400 mg/kg and 
600 mg/kg doses. Indeed, the Moringa olifeira Lam. 
leaf extract treatment was shown previously to increase 
hepatic glycogen storage to a similar extent as metform-
in (Gondwe et al., 2008). Such liver-specific effects 
could possibly explain the blood glucose lowering effect 
observed in mice as soon as 1 h after the first administra-
tion of Moringa olifeira Lam. leaf extract. Among other 
molecules, Moringa olifeira Lam. leaf extract contains 
epicatechin-3-galloyl ester (Galvez Peralta et al., 1992) 
that is also present in green tea and has been shown to 

Fig. 7. Moringa olifeira Lam. stimulates SREBP-1 in the liver of DIO mice.
The diet-induced-obesity (DIO) mouse model, which is based on feeding the high-fat diet (at pre-diabetic time). Samples 
of liver tissue (50 μg protein) from mice fed control chow, DIO and DIO + Moringa olifeira Lam. leaf extract (200, 400 
and 600 mg/kg) were homogenized and analysed by immunoblotting as described in the Material and Methods section. 
Values are means ± SEM from 6 animals in each group. Representative immunoblots and their quantification are shown 
for samples probed with SREBP-1. P value ≤ 0.05 indicates significant difference. NS – non-significant differences
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improve glucose tolerance in diabetic mice and human 
subjects (Tsuneki et al., 2004). 

The major organs involved in the regulation of blood 
glucose levels are the muscle, the liver and the adipose 
tissue. Therefore, activation and expression of the key 
proteins involved in glucose and lipid homeostasis were 
assessed in these insulin-sensitive tissues in order to be-
gin elucidating the molecular mechanisms underlying 
the apparent systemic antidiabetic activity of Moringa 
olifeira Lam.

Firstly, in the muscle, the expression of Glut4 glucose 
transporters increased up to two-fold with Moringa olif-
eira Lam. treatment as compared to DIO-control mice. 
This is consistent with the literature, where specific el-
evation of Glut4 expression in the muscle was described 
to prevent insulin resistance and enhance its sensitivity 
in normal mice (Spoor et al., 2006).

In addition, this increase in muscle Glut4 levels was 
associated with activation of the insulin-dependent Akt 
pathway. It is well documented that ectopic fat accumu-
lation in the liver is a major contributor to the develop-
ment of insulin resistance in this organ and that this is a 
crucial component in diabetes pathogenesis (Samuel et 
al., 2004). Conversely, liver insulin sensitivity is enhan-
ced by stimulating hepatic fatty acid oxidation through 
AMPK/ACC (Winder et al., 1999; Foretz et al., 2006) 
and/or PPARα (Poynter et al., 1998; Fatehi-Hassanabad 
et al., 2005) activities, on the one hand, and by inhibit-
ing cholesterol and triglyceride synthesis through regu-
lation of SREBP-1, on the other (Yahagi et al., 2002; 
Kohjima et al., 2008). Results obtained in the DIO-
control mice were associated with increased SREBP-1. 
On the other hand, the enhanced PPARα levels observed 
in DIO-control animals suggest that compensatory me-
chanisms may have been induced in the face of sustained 
high intake in lipids. The results obtained in Moringa 
olifeira Lam.-treated mice indicate that the plant extract 
can also improve hepatic lipid homeostasis. As men-
tioned, the Moringa olifeira Lam. treatment significantly 
elevated levels of PPARα were maintained and SREBP-1 
levels reduced in Moringa olifeira Lam.-treated mice as 
compared to DIO-control congeners; these data suggest 
that Moringa olifeira Lam. treatment could tip the bal-
ance towards increased oxidation of fatty acids and less 
lipid storage in the liver, thus improving hepatic steato-
sis and hence insulin sensitivity. These results therefore 
support our interpretation that Moringa olifeira Lam. 
probably exerts its antidiabetic activity by acting mainly 
on the liver and muscle.
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