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The antidiabetic activity of two low doses of Moringa seed powder (50 and 100mg/kg body weight, in the diet) on streptozotocin
(STZ) induced diabetes male rats was investigated. Forty rats were divided into four groups. The diabetic positive control (STZ
treated) group showed increased lipid peroxide, increased IL-6, and decreased antioxidant enzyme in the serum and kidney tissue
homogenate compared with that of the negative control group. Immunoglobulins (IgA, IgG), fasting blood sugar, and glycosylated
hemoglobin (HbA

1c) were also increased as a result of diabetes in G2 rats. Moreover albumin was decreased, and liver enzymes
and 𝛼-amylase were not affected. In addition, the renal functions and potassium and sodium levels in G2 were increased as a
sign of diabetic nephropathy. Urine analysis showed also glucosuria and increased potassium, sodium, creatinine, uric acid, and
albumin levels. Kidney and pancreas tissues showed also pathological alteration compared to the negative control group. Treating
the diabetic rats with 50 or 100mgMoringa seeds powder/kg body weight in G3 and G4, respectively, ameliorated the levels of all
these parameters approaching the negative control values and restored the normal histology of both kidney and pancreas compared
with that of the diabetic positive control group.

1. Introduction

Diabetes mellitus (DM) is a metabolic disorder that threatens
the life ofWorld populations leading to hyperglycemia which
is themajor cause of diabetic complications, such as retinopa-
thy, nephropathy, and neuropathy [1, 2]. Diabetic nephropa-
thy (DN) is structural abnormalities revealing hypertrophy of
both glomerular and tubular elements; increase in the thick-
ness of glomerular basement membranes, progressive accu-
mulation of extracellular matrix components, early increase
in the glomerular filtration rate with intraglomerular hyper-
tension, subsequent proteinuria, systemic hypertension, and
eventual loss of renal function are also signs of diabetic
nephropathy [3].

Moringa oleifera Lamarck (Moringa) is the cultivated
species of the genus Moringa of the family Moringaceae.
Several health benefits were reported as a result of supple-
mentationwithMoringa leaves or seeds or their extract [4–6].

M. oleifera is described as the miracle tree, tree of life, and
God’s Gift to man [7].

Moringa root wood reduced the elevated urinary oxalate
and lowered the deposition of stone forming constituents
in the kidneys of calculogenic rats as a result of ethylene
glycol treatment [8]. Moringa improved nutrition, boosted
food security, fostered rural development support sustainable
land care, and foraged for livestock [9].Moringa ameliorated
liver fibrosis in rats and reduces liver damage and symptoms
of liver fibrosis, decreased the CCl

4
-induced elevation of

serum aminotransferase activities and globulin level, and
reduced the elevated hepatic hydroxyproline content and
myeloperoxidase activity [5].

The antioxidant and antidiabetic activity of aqueous
extract of Moringa leaves indicated potential benefits as a
potent antidiabetic in streptozotocin induced diabetic albino
rats [6]. Moringa crude extract was also a good scavenger
for nitric oxide radicals and has a potential source of natural
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antioxidant [10]. Moringa has also nutraceutical uses and
is used in treatment of hypercholesterolemia and hyper-
glycemia, and also, as a nutritional supplementation, it can
be prescribed as food appendage for coronary artery disease
patients along with their regular medicines [11]. Moringa
also increased wound healing of normal and dexamethasone
suppressed wound in rats [12].

In spite of the medical benefits of Moringa, the high
concentrations had toxologic effects in mice and rats [10, 13].

This study aimed at testing the ameliorative effect of two
low doses of Moringa seeds powder (50 and 100mg/kg body
weight) on type I diabetes and treating diabetic nephropathy
of streptozotocin induced diabetic male rats.

2. Materials and Methods

2.1. Animals and Diet. Forty adult male Albino rats weighing
180 to 200 g were used in this study.The animals were kept for
twoweeks as an acclimatization period prior to the start of the
experiment. They were housed 5/cage and received normal
basal diet and tap water ad libitum in a constant environment
(room temperature 28 ± 2∘C, room humidity 60 ± 5%) with a
12 h light and 12 h dark cycle.

The conventional animal basal diet was obtained from
a grain mill in Jeddah. Each 100 gm consists of the follow-
ing: 12% protein (17.14 g 70% casein), 4 g corn oil (4% fat),
0.3 gmethionine (0.3%), 0.2 g choline chloride (00.2%), 4 g
minerals (4%minerals), 1 g vitaminmixture (1% vitamin), 4 g
cellulose (4% fiber), and 69.36 g corn starch (69.36%). The
basal diet was stored in a dry place out of direct sunlight.

2.2. Experiment Design. All animal experiments were carried
out under protocols approved by the Institutional Animal
House of the University of King Abdulaziz, Jeddah, Saudi
Arabia. The animals were divided into 4 groups each con-
sisting of 10 rats. The first group (G1) received a single
tail vein injection of 0.1mol/L citrate buffer only. The other
30 rats were intravenously injected with freshly prepared
streptozotocin (60mg/kg body weight) in a 0.1mol/L citrate
buffer (pH 4.5), after fasting for 12 h [14]. After five days
of injection, rats with blood glucose higher than 200mg/dL
were considered as being diabetic in the fasting state. Rats
with blood glucose lower than 200mg/dLwere excluded from
the study.The study was started one week after STZ injection.
The 30 diabetic rats were randomly divided into 3 groups: the
second group (G2) received only STZ and was fed normal
basal diet. The third group was treated with low dose of
Moringa seed powder (50mg/kg b.w.) in the diet. The fourth
group (G4) was treated with 100mg/kg b.w. Moringa seeds
powder in the diet. Treatment was continued for 4 weeks.

At the end of the experiment, animals were sacrificed
using ether anaesthesia. Kidneys and pancreas were dissected
and rinsed in saline buffer (0.9%NaCl).

2.3. Kidney Homogenate Preparation. All steps were achieved
at 4∘C. Kidney tissue was cut into small pieces and washed
with phosphate-buffered saline and then grinded in a homog-
enization buffer consisting of 0.05MTris-HCl pH 7.9, 25%

glycerol, 0.1mMEDTA, and 0.32M (NH4)
2
SO
4
and contain-

ing a protease inhibitor tablet (Roche, Germany). The lysates
were homogenized on ice using a Polytron homogenizer.The
solution was sonicated in an ice bath to prevent overheat-
ing for 15 seconds followed by 5-minute centrifugation at
12000 rpmand4∘C.The supernatantwas aliquoted and stored
at −80∘C.The homogenate was used for determination of the
activity of antioxidant enzymes, level of lipid peroxidation,
and level of IL-6.The other kidney from each group was used
for histopathological examination.

2.4. Blood Sampling and Biochemical Analysis. Blood samples
of rats were centrifuged at 2,000 g for 10 minutes at 4∘C and
aliquoted for the respective analytical determinations.

2.5. Determination of Lipid Peroxide andAntioxidant Enzymes
Activity. Lipid peroxide was estimated by measuring mal-
ondialdehyde (MDA) and the activity of catalase, reduced
glutathione (GSH), and superoxide dismutase (SOD) in
the serum and in the kidney tissue homogenate using the
specified kits fromBiodiagnosticChemical Company (Egypt)
according to the instructions of the supplier.

2.6. Immunoglobulins (IgG, IgA). The IgG immunoglobulins
were estimated using Rat IgG kit, Immunoperoxidase Assay
for Determination of IgG in Rat Samples from Genway
Biotech (USA) according to the instruction of the supplier.

The IgA immunoglobulins were estimated using Rat IgA
kit, Immunoperoxidase Assay for Determination of IgA in
Rat Samples from Genway Biotech (USA) according to the
instructions of the supplier.

2.7. Determination of IL-6. IL-6 concentration in the serum
and in the kidney homogenate was determined using Rat IL-
6 Immunoassay kit from R&D Systems Inc. (USA) according
to the instructions of the supplier.

2.8. Glycosylated Hemoglobin. Glycosylated hemoglobin
(HbA

1c) was estimated using Glycohemoglobin Reagent Set
from Pointe Scientific Inc. (USA) according to the instruc-
tions of the suppliers.

2.9. Liver Enzymes. Serum alanine aminotransferase (ALT)
activity was estimated using the modified kinetic method of
Srivastava et al. [15] using a kit supplied byHuman, Germany,
according to the instructions of the supplier. Serum aspartate
aminotransferase (AST) activity was estimated using the
modified kinetic method of Schumann and Klauke [16] using
a kit supplied by Human, Germany, according to the instruc-
tions of the supplier. Serum alkaline phosphatase (ALP)
activity was estimated using the modified kinetic method
of Tietz and Shuey [17] using a kit supplied by Human,
Germany, according to the instructions of the supplier.

2.10. Serum 𝛼-Amylase Determination. Serum 𝛼-amylase ac-
tivity was estimated using a kit from Human (Germany)
according to the instructions of the supplier.
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2.11. Fasting Blood Sugar Determination. Fasting blood sugar
was estimated using glucose kit from Human (Germany)
according to the instructions of the supplier.

2.12. Serum Albumin Determination. Serum albumin con-
centration was estimated using Albumin Assay Kit from
Sigma-Aldrich (USA) according to the instructions of the
supplier.

2.13. Renal Functions. Serum uric acid, serum creatinine,
and serum urea nitrogen were estimated using Human Kits
(Germany) according to the instructions of the supplier.

2.14. Serum Electrolytes. Sodium and potassium ions were
estimated in serum using the specified kit from Human
(Germany) according to the instructions of the supplier.

2.15. Analysis of Urine Parameters. Urine samples were col-
lected in individual metabolic cages for 24 h, the day before
the end of treatment. Sugar, albumin, creatinine, urea, potas-
sium, and sodium levels were estimated using the specified
kits according to the instructions of the supplier.

2.16. Physiological Parameters. The following biological
parameters were estimated.

(i) Food intake and water consumption were calculated
every week.

(ii) Total body weight: rats were weighed every week.
(iii) Food intake (FI) body weight gain (BWG) and food

efficiency ratio (FER) were calculated.
(iv) Organ weight and relative organ weight: heart, liver,

right kidney, left kidney, left testis, and right testis
were weighed after dissection and the relative organ
weight was calculated by dividing the organweight on
the total body weight of each rat and then multiplied
by 100.

2.17. Histopathological Examination. Renal and pancreatic
tissues were collected after animal sacrifice, fixed in 10% for-
malin, processed routinely, and embedded in paraffin. 5 𝜇m
thick sections were prepared and stained with hematoxylin
and eosin (H&E) dye for microscopic investigation [18]. The
stained sections were examined and photographed under a
light microscope.

2.18. Statistical Analysis. Values were analyzed using SPSS
program to calculate the 𝑡-test and the mean ± SD (standard
error) and then analyzed using one way analysis of variance
(ANOVA) using Duncan’sMultiple Range Test [19] to test the
significance at 𝑃 < 0.05 and to identify the best treatment
group.

3. Results

3.1. Lipid Peroxide. Table 1 shows the effect of treating dia-
betic rats with Moringa for 4 weeks on lipid peroxidation in
the serum and kidney tissue homogenate. The mean value of

lipid peroxide in the diabetic positive control (STZ treated)
groupwas high, that is, significantly increased comparedwith
that of the negative control group in both plasma and kidney
tissue homogenate. Treating these diabetic rats with 50 or
100mg Moringa seeds powder/kg body weight significantly
reduced the lipid peroxide comparedwith the positive control
group. Treating diabetic rats with lower dose of Moringa
seeds powder in G3 (50mg/kg body weight) decreased lipid
peroxide in the serum more than the 100mg Moringa seeds
powder treated group in G4. In contrast, the MDA in kidney
tissue homogenate in G4 was decreased compared to that in
the G3.

3.2. Antioxidants Enzymes. The result of treating diabetic
rats with Moringa for 4 weeks on antioxidant enzymes in
the serum and kidney tissue homogenate is given in Table 1.
The mean values of catalase, superoxide dismutase, and
glutathione reduced in the positive control group were high,
that is, significantly (at 𝑃 < 0.001) decreased compared with
that of the negative control group in both plasma and kidney
tissue homogenate. Treating diabetic rats with 50 or 100mg
Moringa seeds powder/kg body weight significantly (at 𝑃 <
0.001) increased all antioxidant enzymes in the serum and
kidney tissue homogenate. In G4, the mean value of the three
antioxidant enzymes was higher than that of the G3.

3.3. Immunoglobulins. The mean values of IgG and IgA
immunoglobulins were significantly (at 𝑃 < 0.001) increased
in the diabetic rats (G2) compared with that of the negative
control group. Treating diabetic rats withMoringa for 4weeks
significantly (at 𝑃 < 0.001) decreased IgG and IgA in the
serum as shown in Table 2. The higher dose in G4 was more
effective than that of the G3.

3.4. Interleukin-6 (IL-6). Table 2 shows also the effect of treat-
ing diabetic rats with Moringa for 4 weeks on interleukin-
6 (IL-6) in the serum and kidney tissue homogenate. The
mean value of IL-6 in the positive control group was high,
that is, significantly (at 𝑃 < 0.001) increased compared with
that of the negative control group in both plasma and kidney
tissue homogenate. Treating these diabetic rats with 50 or
100mgMoringa seeds powder/kg body weight in G3 and G4,
respectively, significantly (at𝑃 < 0.001) decreased IL-6 values
compared with the positive control group. Treating diabetic
rats with the higher dose ofMoringa seeds powder in G4 was
more effective than that of G3.

3.5. Glycosylated Hemoglobin. To test the degree of success
in controlling blood sugar withMoringa, the hemoglobin A

1c
test was achieved. The percentage of HbA

1c was significantly
(at 𝑃 < 0.001) increased in the diabetic rats of the positive
control group compared with that of the negative control
group (Table 2). When the diabetic rats were treated with
Moringa, the hemoglobin A

1c was significantly (at 𝑃 < 0.001)
decreased compared with the positive control in G2. Treating
rats with 100mg/kg body weight Moringa seed powder dose
in G4 was more efficient than treating with the lower dose in
G3.
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Table 1: Effect of treating diabetic rats with Moringa seeds powder for 4 weeks on lipid peroxide and antioxidants enzymes in serum and
kidney tissue homogenate.

Parameters Statistics G1
−ve control

G2
+ve control

G3
50mg
Moringa

G4
100mg
Moringa

SerumMDA
nmol/mL

Mean ± SE
LSD 0.05 = 0.180 2.19 ± 0.05a 6.14 ± 0.08d 3.50 ± 0.04c 4.36 ± 0.05b

𝑡-test −32.16∗∗∗ 25.24∗∗∗ 24.18∗∗∗

Tissue MDA
nmol/g
kidney tissue

Mean ± SE
LSD 0.05 = 0.450 3.375 ± 0.11a 11.18 ± 0.26d 7.60 ± 0.02b 6.18 ± 0.05c

𝑡-test −27.39∗∗∗ 12.74∗∗∗ 19.37∗∗∗

Serum catalase
U/L

Mean ± SE
LSD 0.05 = 0.119 2.66 ± 0.05a 0.24 ± 0.01c 1.40 ± 0.03d 1.82 ± 0.02b

𝑡-test 44.18∗∗∗ −30.49∗∗∗ −54.30∗∗∗

Tissue catalase
U/g
kidney tissue

Mean ± SE
LSD 0.05 = 0.178 4.13 ± 0.11a 0.44 ± 0.00c 1.89 ± 0.02d 2.72 ± 0.02b

𝑡-test 32.29∗∗∗ 62.28∗∗∗ −88.30∗∗∗

Serum SOD
U/mL

Mean ± SE
LSD 0.05 = 14.698 664.20 ± 4.06a 352.00 ± 5.15c 446.55 ± 5.20d 577.15 ± 4.76b

𝑡-test 44.87∗∗∗ −11.29∗∗∗ −26.52∗∗∗

Tissue SOD
U/g
kidney tissue

Mean ± SE
LSD 0.05 = 10.575 1124.7 ± 4.79a 421.63 ± 1.95d 624.30 ± 2.34c 819.33 ± 3.86b

𝑡-test 109.45∗∗∗ −69.70∗∗∗ −93.80∗∗∗

GSH
U/mL

Mean ± SE
LSD 0.05 = 1.369 26.11 ± 0.63a 9.80 ± 0.30c 15.50 ± 0.24d 18.88 ± 0.45b

𝑡-test 18.24∗∗∗ −15.18∗∗∗ −14.99∗∗∗

GSH U/g
kidney tissue

Mean ± SE
LSD 0.05 = 3.215 64.30 ± 1.24a 27.50 ± 0.77d 36.63 ± 0.88c 50.01 ± 1.45b

𝑡-test 32.72∗∗∗ −10.68∗∗∗ −12.02∗∗∗

Data are represented asmean± SE. 𝑡-test values; ∗∗∗𝑃 < 0.001. ANOVA analysis: within each row,means with different superscript (a, b, c, or d) are significantly
different at 𝑃 < 0.05, whereas means superscripts with the same letters mean that there is no significant difference at 𝑃 < 0.05. LSD: least significant difference.

Table 2: Effect of treating diabetic rats withMoringa seeds powder for 4 weeks on immunoglobulins, IL-6, and HbA1c.

Parameters
mg/dL

Treatments
statistics

G1
−ve control

G2
+ve control

G3
50mg
Moringa

G4
100mg
Moringa

IgGmg/dL
Mean ± SE

LSD 0.05 = 8.048 534.00 ± 2.12a 753.00 ± 3.24d 636.17 ± 3.45b 579.83 ± 2.16c

𝑡-test −52.40∗∗∗ 23.38∗∗∗ 36.29∗∗∗

IgAmg/dL
Mean ± SE

LSD 0.05 = 10.305 102.83 ± 3.47a 358.17 ± 2.57d 231.33 ± 3.14b 175.17 ± 4.26c

𝑡-test −47.59∗∗∗ 29.23∗∗∗ 35.93∗∗∗

Serum
IL-6
pg/mL

Mean ± SE
LSD 0.05 = 1.989 3.400 ± 0.44a 21.58 ± 1.07d 13.91 ± 0.60b 8.35 ± 0.29c

𝑡-test −16.32∗∗∗ 5.46∗∗∗ 14.14∗∗∗

Tissue IL-6
pg/g kidney tissue

Mean ± SE
LSD 0.05 = 4.074 57.30 ± 2.04a 88.70 ± 1.67d 78.08 ± 0.46b 69.95 ± 0.37c

𝑡-test −11.47∗∗∗ 6.05∗∗∗ 10.08∗∗∗

HbA1c
DCCT%

Mean ± SE
LSD 0.05 = 0.280 5.01 ± 0.07a 7.81 ± 0.13d 6.81 ± 0.07b 6.15 ± 0.04c

𝑡-test −15.33∗∗∗ 5.42∗∗∗ 12.74∗∗∗

Data are represented asmean± SE. 𝑡-test values; ∗∗∗𝑃 < 0.001. ANOVA analysis: within each row,means with different superscript (a, b, c, or d) are significantly
different at 𝑃 < 0.05, whereas means superscripts with the same letters mean that there is no significant difference at 𝑃 < 0.05. LSD: least significant difference.
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Table 3: Effect of treating diabetic rats with Moringa seeds powder for 4 weeks on liver enzymes (ALT, AST, and ALP), 𝛼-amylase, fasting
blood sugar, albumin, renal functions, and serum electrolytes.

Parameters Statistics G1
−ve control

G2
+ve control

G3
50mg
Moringa

G4
100mg
Moringa

ALT
U/L

Mean ± SE
LSD 0.05 = 4.199 26.33 ± 1.45a 27.50 ± 1.80a 25.83 ± 1.70a 26.66 ± 1.62a

𝑡-test −0.44NS 1.74NS 0.46NS

AST
U/L

Mean ± SE
LSD 0.05 = 9.452 27.00 ± 1.15a 25.83 ± 1.301a 25.66 ± 1.05a 26.50 ± 0.95a

𝑡-test 0.97NS 0.09NS −0.37NS

ALP
U/L

Mean ± SE
LSD 0.05 = 29.741 114.17 ± 5.35a 109.50 ± 4.21a 111.83 ± 5.14a 92.00 ± 16.57a

𝑡-test 0.58NS −0.40NS 0.91NS

𝛼-Amylase
U/L

Mean ± SE
LSD 0.05 = 12.986 47.16 ± 4.52a 50.00 ± 3.58a 48.00 ± 5.26a 47.66 ± 3.77a

𝑡-test −0.62NS 0.35NS 0.33NS

Fasting blood sugar
(FBS)
mg/dL

Mean ± SE
LSD 0.05 = 7.375 87.66 ± 2.76a 266.50 ± 2.17d 174.17 ± 1.86b 148.83 ± 2.44c

𝑡-test −39.06∗∗∗ 45.53∗∗∗ 29.01∗∗∗

Albumin
g/dL

Mean ± SE
LSD 0.05 = 0.311 3.950 ± 0.13a 1.400 ± 0.09d 2.133 ± 0.06c 2.76 ± 0.07b

𝑡-test −13.47∗∗∗ 10.11∗∗∗ 14.20∗∗∗

Data are represented asmean± SE. 𝑡-test values; ∗∗∗𝑃 < 0.001. ANOVA analysis: within each row,means with different superscript (a, b, c, or d) are significantly
different at 𝑃 < 0.05, whereas means superscripts with the same letters mean that there is no significant difference at 𝑃 < 0.05. LSD: least significant difference.

3.6. Liver Enzymes. Table 3 shows the effect of treating dia-
betic rats withMoringa for four weeks on liver enzymes. The
mean values of ALT, AST, and ALP were not significantly
affected by diabetes. Treating diabetic rats in G3 and G4
with the two doses ofMoringa under study did not affect the
studied liver enzymes.

3.7. 𝛼-Amylase. Table 3 shows also that the mean value of 𝛼-
amylase was not significantly increased due to STZ induced
diabetes in the positive control group (G2). Treating these rats
with different doses ofMoringa inG3 andG4nonsignificantly
reduced the 𝛼-amylase.

3.8. Fasting Blood Sugar (FBS). Table 3 shows also that the
mean value of serum fasting blood sugar (FBS) was high, that
is, significantly (at 𝑃 < 0.001) increased in the STZ diabetic
rats in the positive control group (G2). However, treating
these rats with different doses of Moringa seeds powder for
4 weeks significantly (at 𝑃 < 0.001) decreased the fasting
blood sugar in the serum of G3 and G4 groups, although
being higher than the negative control values.

3.9. Kidney Functions. Themean value of blood urea nitrogen
(BUN), uric acid, and creatinine in the serum of G2 was
significantly (at 𝑃 < 0.001) increased compared with that
of the negative control group (G1) as shown in Table 4.
Treating these diabetic rats with 50 or 100mg Moringa
seeds powder/kg body weight in G3 and G4, respectively,
significantly (at 𝑃 < 0.001) increased and ameliorated all
kidney functions parameters under study comparedwith that

of the positive control group. The higher dose of Moringa
seeds powder in G4 was more effective than that of G3.

3.10. Serum Electrolytes. Table 4 shows also that the mean
value of sodium and potassium in the serum of G2 was
significantly (at 𝑃 < 0.001) increased compared with that
of the negative control group (G1). Treating these diabetic
rats with 50 or 100mgMoringa seeds powder/kg body weight
in G3 and G4, respectively, significantly (at 𝑃 < 0.001)
ameliorated both sodium and potassium levels compared
with those of the positive control group. The lower dose of
Moringa seeds powder in G3 was more effective than that of
the higher dose in G4.

3.11. Urine Analysis. Table 5 shows that all mean values of
glucose, urea nitrogen, creatinine, albumin, sodium, and
potassium in urine of G2 were significantly (at 𝑃 < 0.001)
increased compared with that of the negative control group
(G1). Treating these diabetic rats with 50 or 100mg Moringa
seeds powder/kg body weight in G3 and G4, respectively,
significantly (at 𝑃 < 0.001) ameliorated levels of all these
parameters compared with that of the positive control group.
Except urea nitrogen which was highly ameliorated with
the lower dose of Moringa seeds powder in G3 than that
of the higher dose in G4, the other parameters were more
ameliorated by treating with the higher dose in G4 than that
of G3.

3.12. Total Body Weight. Table 6 shows that there is no sig-
nificant difference between the initial body weights, whereas
the mean values of body weight in G2 after the first week,
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Table 4: Effect of treating diabetic rats withMoringa seeds powder for 4 weeks on kidney functions and serum electrolytes.

Parameters
mg/dL Statistics G1

−ve control
G2

+ve control

G3
50mg
Moringa

G4
100mg
Moringa

Blood urea nitrogen
mg/dL

Mean ± SE
LSD 0.05 = 4.479 23.83 ± 1.13a 68.33 ± 1.40d 52.50 ± 1.60b 34.16 ± 1.04c

𝑡-test −20.49∗∗∗ 7.46∗∗∗ 14.31∗∗∗

Creatinine
mg/dL

Mean ± SE
LSD 0.05 = 0.264 0.65 ± 0.04a 2.78 ± 0.15d 2.08 ± 0.06b 1.53 ± 0.04c

𝑡-test −13.46∗∗∗ 4.18∗∗∗ 7.87∗∗∗

Uric acid
mg/dL

Mean ± SE
LSD 0.05 = 0.196 3.33 ± 0.06c 6.20 ± 0.10a 4.35 ± 0.04b 4.16 ± 0.04b

𝑡-test −26.41∗∗∗ — 25.73∗∗∗ 16.18∗∗∗

Sodium
mmol/L

Mean ± SE
LSD 0.05 = 2.402 121.83 ± 0.65a 141.00 ± 0.81d 128.00 ± 0.68c 136.17 ± 0.70b

𝑡-test 18.90∗∗∗ −5.04∗∗∗ −13.59∗∗∗

Potassium
mmol/L

Mean ± SE
LSD 0.05 = 0.158 3.40 ± 0.03a 4.76 ± 0.05d 3.80 ± 0.05c 4.18 ± 0.06b

𝑡-test 14.87∗∗∗ −4.67∗∗∗ −11.14∗∗∗

Data are represented asmean± SE. 𝑡-test values; ∗∗∗𝑃 < 0.001. ANOVA analysis: within each row,means with different superscript (a, b, c, or d) are significantly
different at 𝑃 < 0.05, whereas means superscripts with the same letters mean that there is no significant difference at 𝑃 < 0.05. LSD: least significant difference.

Table 5: Effect of treating diabetic rats withMoringa seeds powder for 4 weeks on urine analysis.

Parameters Statistics G1
−ve control

G2
+ve control

G3
50mg
Moringa

G4
100mg
Moringa

U. glucose
mg/d

Mean ± SE
LSD 0.05 = 8.085 20.91 ± 1.46a 219.72 ± 4.22d 113.78 ± 0.68b 81.70 ± 2.29c

𝑡-test −41.04∗∗∗ 28.86∗∗∗ 23.04∗∗∗

U. creatinine
mg/d

Mean ± SE
LSD 0.05 = 3.268 26.33 ± 0.61a 80.50 ± 0.61d 58.33 ± 1.22b 38.50 ± 1.54c

𝑡-test 68.36∗∗∗ −27.04∗∗∗ −6.21∗∗∗

U. urea nitrogen
mg/d

Mean ± SE
LSD 0.05 = 36.846 123.00 ± 3.39a 627.00 ± 24.13d 217.83 ± 1.07c 417.50 ± 3.63b

𝑡-test 21.38∗∗∗ −31.33∗∗∗ −50.61∗∗∗

U. albumin
mg/dL

Mean ± SE
LSD 0.05 = 15.750 40.97 ± 9.98a 193.30 ± 0.33d 181.67 ± 5.86b 117.50 ± 2.87c

𝑡-test −39.36∗∗∗ 15.03∗∗∗ 30.91∗∗∗

U. sodium
mEq/L/day

Mean ± SE
LSD 0.05 = 2.891 36.00 ± 0.51a 62.83 ± 1.07d 51.16 ± 0.94b 42.16 ± 1.13c

𝑡-test −20.61∗∗∗ 7.67∗∗∗ 10.72∗∗∗

U. potassium
mEq/L/day

Mean ± SE
LSD 0.05 = 2.075 71.16 ± 0.70a 98.00 ± 0.89d 88.83 ± 0.90b 81.66 ± 0.66c

𝑡-test −33.86∗∗∗ 7.04∗∗∗ 22.84∗∗∗

Data are represented asmean± SE. 𝑡-test values; ∗∗∗𝑃 < 0.001. ANOVA analysis: within each row,means with different superscript (a, b, c, or d) are significantly
different at 𝑃 < 0.05, whereas means superscripts with the same letters mean that there is no significant difference at 𝑃 < 0.05. LSD: least significant difference.

the second week, the third week, and the fourth week were
significantly (at 𝑃 < 0.001) decreased compared with that of
the negative control group (G1). Treating these diabetic rats
with 50 or 100mg Moringa seeds powder/kg body weight in
G3 andG4, respectively, significantly (at𝑃 < 0.001) increased
the body weight approaching that of the negative control
group.

3.13. Water Consumption. Table 7 shows that the mean value
of water consumption was high, that is, significantly (at 𝑃 <
0.001) increased in the first, second, third, and fourth weeks
as a result of STZ induced diabetes in G2 compared with
that of the negative control group (G1). Treating diabetic rats
with 50 or 100mg Moringa seeds powder/kg body weight
in G3 and G4, respectively, significantly (at 𝑃 < 0.001)
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Table 6: Effect of treating diabetic rats withMoringa seeds powder for 4 weeks on total body weight.

Total body weight (g) Statistics G1
−ve control

G2
+ve control

G3
50mg
Moringa

G4
100mg
Moringa

Initial weight
Mean ± SE

LSD 0.05 = 11.484 191.83 ± 1.68a 194.50 ± 1.78a 197.83 ± 2.02a 198.83 ± 2.32a

𝑡-test −0.94NS −1.28NS −1.69NS

1st week
Mean ± SE

LSD 0.05 = 9.690 195.00 ± 1.03b 170.83 ± 2.07c 194.50 ± 0.88b 206.50 ± 0.71a

𝑡-test 15.30∗∗∗ −14.93∗∗∗ −21.66∗∗∗

2nd week
Mean ± SE

LSD 0.05 = 3.000 202.67 ± 0.95b 173.83 ± 1.32c 202.50 ± 0.76b 210.67 ± 0.42a

𝑡-test 13.50∗∗∗ −20.04∗∗∗ −26.76∗∗∗

3rd week
Mean ± SE

LSD 0.05 = 3.107 207.83 ± 0.70b 163.33 ± 1.40c 210.17 ± 0.54b 215.00 ± 0.77a

𝑡-test 23.73∗∗∗ −26.341∗∗∗ −30.635∗∗∗

4th week
Mean ± SE

LSD 0.05 = 6.041 213.67 ± 1.58a 148.33 ± 2.85b 218.17 ± 0.94b 225.17 ± 1.13b

𝑡-test 14.893∗∗∗ −22.053∗∗∗ −24.592∗∗∗

Data are represented asmean± SE. 𝑡-test values; ∗∗∗𝑃 < 0.001. ANOVA analysis: within each row,means with different superscript (a, b, c, or d) are significantly
different at 𝑃 < 0.05, whereas means superscripts with the same letters mean that there is no significant difference at 𝑃 < 0.05. LSD: least significant difference.

Table 7: Effect of treating diabetic rats withMoringa seeds powder for 4 weeks on water consumption.

Water consumed
mL/day Statistics G1

−ve control
G2

+ve control

G3
50mg
Moringa

G4
100mg
Moringa

1st week
Mean ± SE

LSD 0.05 = 3.257 33.33 ± 1.05a 42.50 ± 1.11b 36.33 ± 0.88b 36.33 ± 0.88b

𝑡-test −4.56∗∗∗ 7.40∗∗∗ 4.01∗∗∗

2nd week
Mean ± SE

LSD 0.05 = 2.308 33.66 ± 0.88c 42.50 ± 1.11a 34.83 ± 0.90c 37.16 ± 0.79b

𝑡-test −10.60∗∗∗ 5.56∗∗∗ 4.54∗∗∗

3rd week
Mean ± SE

LSD 0.05 = 3.431 29.16 ± 1.53b 42.50 ± 1.11a 26.66 ± 1.66c 26.66 ± 1.05c

𝑡-test −8.00∗∗∗ 7.88∗∗∗ 19.00∗∗∗

4th week
Mean ± SE

LSD 0.05 = 3.832 27.50 ± 1.11b 41.33 ± 1.17a 28.00 ± 1.00b 27.50 ± 1.11b

𝑡-test −6.43∗∗∗ 10.39∗∗∗ 6.67∗∗∗

Data are represented asmean± SE. 𝑡-test values; ∗∗∗𝑃 < 0.001. ANOVA analysis: within each row,means with different superscript (a, b, c, or d) are significantly
different at 𝑃 < 0.05, whereas means superscripts with the same letters mean that there is no significant difference at 𝑃 < 0.05. LSD: least significant difference.

decreased water consumption in all weeks approaching the
normal consumption of G1.

3.14. Physiological Parameters. Table 8 shows that the mean
value of food intake (IF), body weight gain (BWG), body
weight gain percentage (BWG%), food efficiency ratio (FER),
and food efficiency ratio percentage (FER%) was significantly
(at 𝑃 < 0.001) increased, a result of STZ induced diabetes
in G2 compared with that of the negative control group
(G1). Treating these diabetic rats with 50 or 100mg Moringa
seeds powder/kg body weight in G3 and G4, respectively,
significantly (at 𝑃 < 0.001) decreased the mean values of
these parameters approaching the normal values of G1.

3.15. Organs Weight. Table 9 shows that the mean value of
heart, liver, right kidney, left kidney, right testis, and left testis
weight was nonsignificantly increased or decreased as a result
of STZ induced diabetes in G2 compared with that of the
negative control group (G1). Treating these diabetic rats with
50 or 100mg Moringa seeds powder/kg body weight in G3
and G4, respectively, also nonsignificantly ameliorated the
weight of these organs approaching the normal weights of G1.

3.16. Relative Organs Weight. Table 9 shows also that the
mean value of the relative heart, liver, right kidney, left kidney,
right testis, and left testis weight was high, that is, significantly
(at 𝑃 < 0.001) increased as a result of STZ induced diabetes
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Table 8: Effect of treating diabetic rats with Moringa seeds powder for 4 weeks on food intake (FI) body weight gain (BWG) and food
efficiency ratio (FER).

Biological evaluation
parameters Statistics G1

−ve control
G2

+ve control

G3
50 mg
Moringa

G4
100 mg
Moringa

FI
g/day

Mean ± SE
LSD 0.05 = 0.387 16.83 ± 0.38a 16.20 ± 0.30b 15.95 ± 0.23b 15.95 ± 0.25b

𝑡-test 3.71∗∗∗ 1.29∗∗∗ 1.54∗∗∗

BWG
g/4 weeks

Mean ± SE
LSD 0.05 = 6.031 28.66 ± 1.58a −41.66 ± 2.85c 17.83 ± 0.94b 13.16 ± 1.13b

𝑡-test 16.03∗∗∗ −19.92∗∗∗ −17.55∗∗∗

BWG %
Mean ± SE

LSD 0.05 = 3.157 15.49 ± 0.85a −21.92 ± 1.50c 8.90 ± 0.47b 6.20 ± 0.53b

𝑡-test 16.06∗∗∗ −19.80∗∗∗ −17.36∗∗∗

FER
g/day

Mean ± SE
LSD 0.05 = 0.013 0.056 ± 0.003a 0.057 ± 0.029c 0.036 ± 0.001b 0.026 ± 0.002b

𝑡-test 3.80∗∗ −3.09∗∗ −2.85∗∗∗

FER %
Mean ± SE

LSD 0.05 = 1.433 5.61 ± 0.31a −8.66 ± 0.66c 3.66 ± 0.18b 2.66 ± 0.24b

𝑡-test 14.97∗∗∗ −17.63∗∗∗ −15.79∗∗∗

Data are represented as mean ± SE. 𝑡-test values; ∗∗∗𝑃 < 0.001 and ∗∗𝑃 < 0.01. ANOVA analysis: within each row, means with different superscript (a, b, c, or
d) are significantly different at 𝑃 < 0.05, whereas means superscripts with the same letters mean that there is no significant difference at 𝑃 < 0.05. LSD: least
significant difference.

in G2 compared with that of the negative control group
(G1). Treating these diabetic rats with 50 or 100mg Moringa
seeds powder/kg body weight in G3 and G4, respectively,
significantly (at 𝑃 < 0.05 or 𝑃 < 0.01 or 𝑃 < 0.001) decreased
the relative weight of these organs approaching the normal
relative weight of G1.

3.17. Pathology of Kidney. Kidney of the negative control rats
shows normal renal histological structure of renal parenchy-
ma and glomeruli as shown in Figure 1(a). Figure 1(b) shows
kidney of rat from the positive control group with thickened
glomerular basement membrane, vacuolated endothelial lin-
ing glomerular tuft, and vacuolated epithelial lining renal
tubules. Treating diabetic rats with 50mg/kg b.w. ofMoringa
seeds powder in G3 nearly restored the renal tissues to their
normal histologywith no histopathological changes as shown
in Figure 1(c). In Figure 1(d), kidney tissue of diabetic rats in
G4 treated with a higher dose of Moringa (100mg/kg b.w.)
restored the kidneys of diabetic rats to their normal case with
no histopathological changes.

3.18. Pathology of Pancreas. Pancreas of the negative control
rats shows the normal lobular histological structure of
pancreatic acini and Langerhans islets cells as shown
in Figure 2(a). Langerhans islets are interspersed among
the pancreatic acini, as compact spherical masses with
intact interlobular connective tissue and interlobular ducts.
Figure 2(b) shows pancreatic tissues of rat from the diabetic
positive control group with necrosis and vacuolations of
pancreatic acini and Langerhans islets cells. Treating diabetic
rats with 50mg/kg b.w. ofMoringa seeds powder in G3 nearly
restored the pancreatic tissues to their normal histology with
no histopathological changes as shown in Figure 2(c). In

Figure 2(d), pancreatic tissue of diabetic rats in G4 treated
with a higher dose of Moringa (100mg/kg b.w.) restored its
normal structure and histology with no pathological changes.

4. Discussion

Diabetes mellitus is metabolic disorders leading to hyper-
glycemia which later develops to micro- and macrovascular
complications and becomes a major cause of death. The
mechanism of STZ as diabetogenic agents is mediated by
reactive oxygen species, since enhanced ATP dephosphory-
lation after streptozotocin treatment supplies a substrate for
xanthine oxidase resulting in the formation of superoxide
radicals, hydrogen peroxide, and hydroxyl radicals [20].

In the current study, induction of diabetes using strep-
tozotocin in rats of the positive control group caused severe
health problems illustrated in the increase in serum glucose
and increase in glycosylated hemoglobin which is consistent
with previous findings [20, 21]. STZ diabetes in G2 rats
showed also an increase in lipid peroxidation and IL-6 and
decreased catalase, SOD, and GSH activity in the serum and
the kidney tissue homogenate compared with that of the
negative control group. This result is consistent with previ-
ous investigations [22–24]. The concurrent treatment with
Moringa ameliorated these parameters and nearly restored
them to their normal levels. This curative effect is due to
the active constituents present in Moringa seeds [22, 23].
The antioxidant activity of Moringa seed powder is due to
its content of phenolics and flavonoids that have scavenging
effect on the free radicals [22, 23]. Furthermore, Ghiridhari
et al. [23] reported that medication withM. oleifera gives dia-
betic patients better glucose tolerance by increasing treatment
time. M. oleifera contains three classes of phytochemicals,
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Table 9: Effect of treating diabetic rats withMoringa seeds powder for 4 weeks on organs weight and relative organs weight.

Organ weight
and relative organ weight Statistics G1

−ve control
G2

+ve control

G3
50mg
Moringa

G4
100mg
Moringa

Heart
Mean ± SE

LSD 0.05 = 0.184 0.583 ± 0.060a 0.650 ± 0.071a 0.666 ± 0.066a 0.633 ± 0.033a

𝑡-test −0.698NS −0.155NS 0.191NS

Liver
Mean ± SE

LSD 0.05 = 2.088 7.516 ± 0.245a 8.516 ± 0.305a 6.9167 ± 0.556a 6.583 ± 1.288a

𝑡-test −5.085NS 4.393NS 1.366NS

Right kidney
Mean ± SE

LSD 0.05 = 0.129 0.633 ± 0.055a 0.716 ± 0.016a 0.666 ± 0.046a 0.700 ± 0.044a

𝑡-test −1.536NS 1.168NS 0.349NS

Left kidney
Mean ± SE

LSD 0.05 = 0.121 0.816 ± 0.070a 0.666 ± 0.021a 0.633 ± 0.033a 0.683 ± 0.060a

𝑡-test 2.236NS 1.000NS −0.277NS

Right testis
Mean ± SE

LSD 0.05 = 0.214 1.133 ± 0.076a 1.316 ± 0.060a 1.133 ± 0.061a 1.166 ± 0.071a

𝑡-test −1.437NS 4.568NS 2.423NS

Left testis
Mean ± SE

LSD 0.05 = 0.192 1.166 ± 0.055a 1.266 ± 0.033a 1.133 ± 0.071a 1.250 ± 0.061a

𝑡-test −1.168NS 1.865NS 0.277NS

Relative heart weight %
Mean ± SE

LSD 0.05 = 0.111 0.268 ± 0.028a 0.438 ± 0.058b 0.300 ± 0.035b 0.276 ± 0.013b

𝑡-test −2.584∗∗ 2.046∗ 2.662∗∗

Relative liver weight %
Mean ± SE

LSD 0.05 = .985 3.511 ± 0.115a 5.740 ± 0.196b 3.168 ± 0.113b 2.921 ± 0.573b

𝑡-test −16.042∗∗∗ 11.594∗∗∗ 3.935∗∗

Relative right kidney
weight %

Mean ± SE
LSD 0.05 = 0.067 0.281 ± 0.026a 0.480 ± 0.019b 0.301 ± 0.019b 0.305 ± 0.020b

𝑡-test −6.327∗∗∗ 7.473∗∗∗ 6.220∗∗∗

Relative left kidney
weight %

Mean ± SE
LSD 0.05 = 0.056 0.346 ± 0.018a 0.445 ± 0.016b 0.286 ± 0.014c 0.298 ± 0.027bc

𝑡-test −4.709∗∗∗ 8.552∗∗∗ 5.526∗∗∗

Relative right testis
weight %

Mean ± SE
LSD 0.05 = 0.116 0.525 ± 0.035a 0.885 ± 0.047b 0.515 ± 0.028b 0.515 ± 0.035b

𝑡-test −4.666∗∗∗ 10.288∗∗∗ 9.081∗∗∗

Relative left testis weight
%

Mean ± SE
LSD 0.05 = 0.097 0.540 ± 0.026a 0.850 ± 0.029b 0.516 ± 0.031a 0.550 ± 0.030b

𝑡-test −5.901∗∗∗ 9.277∗∗∗ 7.729∗∗∗

Data are represented as mean ± SE. 𝑡-test values; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001. ANOVA analysis: within each row, means with different superscript (a,
b, c, or d) are significantly different at 𝑃 < 0.05, whereas means superscripts with the same letters mean that there is no significant difference at 𝑃 < 0.05. LSD:
least significant difference.

that is, glucosinolates such as glucomoringin, flavonoids such
as quercetin and kaempferol, and phenolic acids such as
chlorogenic acid; all of these classes have medicinal bene-
fits [6, 7]. These three phytochemicals of Moringa possess
antioxidant, hypoglycemic, hypotensive, antidyslipidemic,
anticancer, and anti-inflammatory properties [25–27].

Interleukin-6 is a cytokine involved not only in inflam-
mation and infection responses but also in the regulation of
metabolic, regenerative, and neural processes [28]. However,
the increase of IL-6 in G2 as a result of STZ induced
diabetes and its decrease with the concurrent treatment with

Moringa suggests that Moringa has antidiabetic activity. In
addition, IL-6 has in addition to its immunoregulatory
actions been proposed to affect glucose homeostasis and
metabolism directly and indirectly by action on skeletal
muscle cells, adipocytes, hepatocytes, pancreatic 𝛽-cells, and
neuroendocrine cells [29].

The increase of immunoglobulins (IgA, IgG) and the
increase of glycosylated hemoglobin (HbA

1c) as a result
of diabetes are consistent with the increase in IL-6 and
other findings revealed positive correlation between these
parameters [21, 30]. Moringa treatment ameliorated these
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Figure 1: (a) Kidney of rat from the negative control group showing normal histological structure of renal parenchyma and glomeruli,
(b) kidney of rat from the positive control group showing thickening of glomerular basement membrane and vacuolation of endothelial
lining glomerular tuft (long arrow) and of epithelial lining renal tubules (short arrow), (c) kidney of diabetic rat treated with 50mg/kg b.w.
Moringa (G3) showing no histopathological changes, and (d) kidney of diabetic rat treated with 100mg/kg b.w. Moringa (G4) showing no
histopathological changes (H&E ×400).

parameters and nearly restored them to the normal levels.
This result is consistent with the antidiabetic activity of
Moringa [22, 31]. On the other hand, liver enzymes and 𝛼-
amylase were not affected as a result of diabetes in G2 or
treating withMoringa.

The renal function analytes and potassium and sodium
levels were increased as a result of diabetic nephropathy
which is considered amajor complication of diabetes [27, 32].
This result is supported by earlier studies [3]. Urine analysis
of the STZ induced diabetes rats showed also glucosuria
and increased potassium, sodium, creatinine, uric acid, and
albumin levels in the positive control group as a result of
diabetic nephropathy [6, 32], which is a major complication
of diabetes [6, 27, 32]. Diabetic nephropathy is a clinical syn-
drome characterized by persistent albuminuria, progressive
decline in the glomerular filtration rate (GFR), and elevated
arterial blood pressure [3].

The renal tissues of the positive control diabetic rats
showed also the symptoms of diabetic nephropathy (DN)

illustrated in the hypertrophy of both glomerular and tubu-
lar elements and increase in the thickness of glomerular
basement membranes [3]. Similarly, the pancreatic tissues of
the diabetic rats in G2 showed necrosis and vacuolations of
pancreatic acini and Langerhans islets cells as a result of STZ
injection [6]. These histopathological alterations in the posi-
tive control group rats together with the other tests achieved
to diagnose diabetes and afterwards diabetic nephropathy
emphasized that diabetic nephropathy was grown as one of
the diabetic complications.

Treating the diabetic rats with 50 or 100mg Moringa
seeds powder/kg body weight in G3 and G4, respectively,
ameliorated the levels of all these parameters approaching the
negative control values and restored the normal histology of
both kidney and pancreas compared with that of the diabetic
positive control group in G2. This result agrees with the
findings of Ndong et al. [33] and Parikh et al. [34].

The antidiabetic activity of the higher dose of Moringa
seeds powder (100mg/kg b.w.) was more efficient than that
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Figure 2: (a) Pancreas of rat from the negative control group showing no histopathological changes, (b) pancreas of rat from the diabetic
positive control (G2) group showing necrosis and vacuolations of pancreatic acini and Langerhans islets cells (arrow), (c) pancreas of diabetic
rat treatedwith 50mg/kg b.w.Moringa (G3) showing no histopathological changes, and (d) pancreas of diabetic rat treatedwith 100mg/kg b.w.
Moringa (G4) showing no histopathological changes (H&E ×400).

of the lower dose (50mg/kg b.w.). This result is consistent
with that of Kumbhare et al. [10] who noticed that the radical
scavenging effect was found to be increased with increasing
concentrations.

Treating diabetic rats with 50mg/kg b.w. of Moringa
seeds powder in G3 and 100mg/kg b.w. in G4 restored the
normal renal function and histology of kidney and pancreas
with no pathological changes. This result is consistent with
other findings using Moringa aqueous extract [6]. Moringa
succeeded in controlling diabetic nephropathy such as other
plants, for example, ginger [32], and using different materials
such as ferulsinaic acid [27].

In conclusion, treated STZ induced diabetes male rats
with the low doses of Moringa revealed a safe and an
excellent antidiabetic activity due to its content of antioxidant
compounds such as glucomoringin, phenols, and flavonoids
and almost restored the diabetic rats to the normal healthy
state. In addition, lower doses of Moringa under study may
have greater medical benefits when used as food supplement
for diabetic people’s diet.
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