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Abstract

Effects of ethanolic extract of Ocimum gratissimum leaves (O. gratissimum) on the kidneys in
Streptozotocin-induced diabetic rats were  studied. Thirty-six adult rats were assigned into six groups
(A, B, C, D, E and F) of six rats each. Diabetes was induced with a single intraperitoneal injection of
Streptozotocin. Group A (non diabetic control) and F (diabetic control) received normal saline orally,
group B received a Metformin at 25 mg/kg while groups C, D and E had O. gratissimum at 400, 600 and
800 mg/kg. Body weight and fasting blood glucose levels were monitored weekly; blood levels of
Creatinine (Cr) and Urea (U) were measured on day twenty eight. Animals were sacrificed and kidney
sections processed for histological study. Statistical analysis was carried out using a one way ANOVA
followed by a post-hoc test. Results showed significant reduction in body weight and blood glucose
levels in the groups that received either metformin or O.gratissimum as well as dose dependent increase
in blood urea and creatinine levels, histopathology revealed varying degrees of renal injury. The study
concluded that O. gratissimum worsens diabetes induced renal injury.
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Introduction
Herbal medicines are naturally occurring plant-

derived substances with minimal or no industrial
processing that have been used to treat illness within
local or regional healing practices [1]. For a long time,
herbal medicines or their extracts have been used to
cure various diseases [1]. Ocimum gratissimum an
herbaceous plant belonging to the Labiatae family [2]  is
indigenous to tropical areas especially India and it is also
found in West Africa. In Nigeria, it is found in the

savannah and coastal areas. It is known by various
names in different parts of the country, in the southern
part of Nigeria, the plant is called “effinrin-nla” by the
Yoruba speaking tribe. It is called “Ahuji” by the Igbos in
the eastern part, while in the Northern part of Nigeria; the
Hausas call it “Daidoya” [2]. O. gratissimum has been
used extensively in the traditional system of medicine in
many countries. In the coastal areas of Nigeria, the plant
is used in the treatment of epilepsy, high fever and
diarrhea [3]. In the Savannah areas, decoctions of the
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leaves are used to treat mental illness while
O.gratissimum is used by the Ibos of Southeastern
Nigeria in the management of the baby’s cord, to keep
the wound surfaces sterile, it is also used in the treatment
of fungal infections, fever, cold and catarrh [4].

Diabetic nephropathy (DN) is one of the most
severe diabetic microangiopathies and has become a
worldwide epidemic, accounting for approximately one-
third of all cases of end-stage renal disease [5]. Increased
thickness of glomerular basement membrane and
augmentation of glomerular extracellular matrix (ECM)
are recognized as pathological hallmarks of DN [6]. At
present, diabetic kidney disease affects about 15%–
25% of type I diabetes patients [7] and 30%–40% of
patients with type II diabetes [8]. Diabetic nephropathy is
characterized by specific renal morphological and
functional alterations.

Research on the various potential scientific uses
of O.gratissimum is well documented and ongoing. In a
previous publication we described the hepatotoxic
potential of this extract in Wistar rats [9], however there
is very little information on the effects of this herb on the
kidney in the diabetic state; our intention here was to
study the effects of O.gratissimum on kidney biochemistry
and microanatomy in diabetic Wistar rats.

Materials and Methods

Plant material
Fresh leaves of Ocimum gratissimum Linn were

collected from Ogbomoso, Oyo state, Nigeria in August
2010. The plant was identified by Dr Ogunkunle of the
Department of Biology, Ladoke Akintola University of
Technology, Ogbomoso and a voucher specimen was
deposited in the herbarium of the department (LAU2396).

Chemicals and drugs
Normal saline, 5% ethanol, Streptozotocin (STZ

(Sigma St. Louis, USA)), 0.1 M citrate buffer pH 4.5,
Metformin (Bristol-Myers Squibb.). All chemicals and
drugs used were of analytical grade.

Preliminary phytochemical screening of
plant fraction
Preliminary screening of the extract was

performed for the presence of secondary metabolites,
using the following reagents and chemicals: alkaloids
with Mayer’s and Dragendorff’s reagents [10, 11];

flavonoids with the use of Mg and HCl [12, 13]; tannins
with 1% gelatin and 10% NaCl solutions and saponins
with ability to produce suds [13].

Preparation of extract of ocimum
gratissimum
O. gratissimum leaves were first separated from

the stalk, rinsed with water to remove dirt; air dried at
room temperature and ground to fine powder using an
electric blender (Christy and Norris - 47362, England) at
the Department of Pharmacognosy of the Obafemi
Awolowo University, Ile – Ife. Extraction was performed
by adding 800 mg of ground powdered in 5 liters of
ethanol in a sterile flask, mixture was swirled to ensure
effective mixing and a stopper used to avoid loss of
volatile liquid at ambient temperature (28 ± 2°C).

The mixture was extracted by agitation on a
rotary shaker. After 48 hrs, the mixture was decanted.
The filtrate was then poured into stainless trays and the
extract was allowed to evaporate to dryness at room
temperature (28 ± 2°C) for 2-3 days by using a vacuum
evaporator (RE 100B Bibby Sterilin, United Kingdom).The
dry residue was stored until ready to use. The percentage
yield of extract was 10.33%w/w.

Animals
Thirty-six healthy adult male Wistar rats

purchased from the Empire Animal Farms in Osogbo,
Osun State, Nigeria were used with weight in the range
of 180 to 200 g. The animals were randomly allocated
into six groups. The animals were housed in metallic
cages measuring 64” x 36” x 32” (6 rats in each cage).
All animals had free access to food and water ad libitum.

They were maintained under standard laboratory
conditions i.e. a well aerated room with alternating light
and dark cycles of 12 hours each and at room temperature
of 25°C. The experimental protocol was approved by the
Institutional Animal Ethics Committee of the Ladoke
Akintola University of Technology, Ogbomoso. All rules
applying to animal safety and care were observed.

Acute toxicity test
The 50% lethal dose determination for each of the
fractions was conducted separately using modified
method of Lorke [14]. Details as previously published [9].

Induction of diabetes mellitus
Diabetes mellitus was experimentally induced

in 36 rats by a single intraperitoneal injection of [15] of
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Streptozotocin (STZ) (Sigma St. Louis, USA) dissolved
in 0.1M sodium citrate buffer pH 4.5 [16]. An equivalent
volume of citrate buffer instead of Streptozotocin was
administered to a group of six animals which served as
control. Seventy-two hours post induction of diabetes,
blood glucose was determined from the tail vein after an
overnight fast. Rats with blood glucose levels of ≥ 18
mmol/L were considered diabetic and used.

Experimental method
The animals were assigned into six groups A, B,

C, D, E and F of six rats each. Group A, the non diabetic
control received normal saline orally. Animals in group F
served as the diabetic control and were also administered
normal saline orally. Animals in group B received
Metformin daily at a dose of 25 mg/kg body weight [17].
Groups C, D and E received daily oral doses of ethanolic
extracts of Ocimum gratissimum leaves at 400, 600 and
800 mg/kg [3,  15]. All treatments were administered for
a period of 28 days. Samples for blood glucose estimation
were determined weekly using the glucose oxidase
method [18]. Creatinine and Urea (Cr, U) levels were
measured on the 28th day. Furthermore, sections of the
right kidney were obtained, processed, sectioned and
stained with Hematoxylin & Eosin (H&E). An Olympus
BX50 digital light microscope was used to examine the
slides and acquire photomicrographs.

All the data for all biochemical parameters were
analyzed by analysis of variance (ANOVA), and post-
hoc tests (Student Newman Keuls) were used to
determine the source of a significant effect. Results are
expressed as Mean ± S.E.M., p<0.05 is taken as accepted
level of significant difference from control.

Collection and analysis of blood samples
for kidney biochemistry
Blood was collected from each diabetic and non

diabetic rat on the 29th day by intracardiac puncture; rats
were fasted for 8 hours before samples were collected.
Samples were collected into lithium heparinised bottles,
blood was allowed to clot and plasma separated by
centrifugation at 3500 rpm for 10 minutes using a
hematocrit centrifuge (JICA, Japan). The supernatant
was assayed either immediately or stored at –20oC.
Blood creatinine was determined by a colometric reaction
(Jaffe’s Method), [19, 20], using an autoanalyser (Astra
8 autoanalyzer; Beckman Instruments, Fullerton, CA),
and urea was measured using a colometric reaction
(DAM Method) [21, 22].

Results

Preliminary phytochemical screening
Freshly prepared extracts subjected to

preliminary phytochemical screening test revealed the
presence of carbohydrates, reducing sugars, lipids,
flavonoids, alkaloids, steroids, tannins, cardiac glycosides
and resin.

Physical examination of the animals
The animals in group A appeared healthy, active

and gained weight. The animals in groups B, C, D and E
appeared ill looking, were polyuric evidenced by
increased micturition and the soiling of their animal coat.
They also exhibited poor grooming and were lethargic,
however all these symptoms abated by the end of the
second week of the study (day 14). Food consumption
was noticed to have increased despite continued
reduction in body weight. Animals in groups D and E
were noticed to have developed total haematuria, first
noticed on day 16 and persisted till sacrifice. The animals
in group F appeared ill looking, were polyuric as evidenced
by increased micturition and also the soiling of their
animal coat. They also exhibited poor grooming and as
the weeks progressed there was loss of hair and
worsening lethargy.

Effects of ocimum gratissimum on body
weight
The mean body weight monitored weekly for a

period of 28 days in all groups are presented in Fig 1.
There was a statistically significant (F (5, 35) =11.63,
p<0.05) reduction in body weight in the groups that

Figure 1: The effect of O.gratissimum on Body Weight. Each bar
represents Mean ± S.E.M *p<0.05 group by group comparison, n = 6.
Groups A- non diabetic control, B- Metformin, C- 400 mg, D- 600 mg,
E-800  mg, F- Diabetic control.
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received O. gratissimum compared with the non- diabetic
control (Group A). Administration of the extract caused
a 65.6%, 64.4% and 63.62% reduction in body weight in
groups C, D and E respectively at day 28 compared with
their initial body weight. Metformin administration also
resulted in a significant reduction in body weight when
compared to non- diabetic control; its administration
resulted in a 72% reduction in body weight between days
0 and 28. Compared to Ocimum gratissimum, metformin
caused more reduction in body weight although the
effect was not statistically significant.

Effects of ocimum gratissimum on blood
glucose
The mean blood glucose levels monitored weekly

for a period of 28 days in all experimental groups are
presented in Fig. 2. There was a statistically significant
(F (5, 35) = 42.23, p<0.05) reduction in blood glucose
following administration of O. gratissimum (C, D and E)
compared to the diabetic control (group F). Administration
of extract caused a 17.2%, 17.06%, 15.87% reduction in

creatinine in experimentally induced diabetic animals
following an experimental period of 28 days. There was
a statistically significant (F (5, 35) = 7.43, p<0.05) increase
in blood creatinine in the diabetic control (group F) when
compared to the non diabetic control (group A). The
diabetic state resulted in a 300 % increase in the creatinine

Figure 2: The effect of O.gratissimum on Blood Glucose. Each bar
represents Mean ± *S.E.M p<0.05 group by group comparison, n = 6.
Groups A- non diabetic control, B- Metformin, C- 400 mg, D- 600 mg,
E-800 mg, F Diabetic control.

Figure 3: The effects of O.gratissimum on blood creatinine levels. Each
bar represents, Mean ± S.E.M, *p<0.05 group by group comparison, n
= 6. Groups A- non diabetic control, B- Metformin, C- 400 mg, D- 600
mg, E-800 mg, F Diabetic control.

level (190 μmol/L vs.63.83 μm/L). Administration of O.
gratissimum caused dose dependent increases in
creatinine levels and this increments ranged from 100 -
260% (66.17 μmol/L, 137 μmol/L, 167 μmol/L) in groups
C, D and E respectively compared to the non diabetic
control (63.83 μmol/L), however only the increments
seen in groups D and E were statistically significant.
Administration of Metformin caused a mild increase in
blood creatinine compared to non diabetic control (66.17
μmol/L vs.63.83 μmol/L).

The effect of ocimum gratissimum on
blood urea levels
Figure 4 shows the mean levels of blood urea in

experimentally induced diabetic animals following an
experimental period of 28 days. There was a significant
(F (5, 35) = 16.51,  p<0.05) increase in blood urea level
in the diabetic control group (F) compared to the non
diabetic control. The diabetic state resulted in over 650
% increase (34.17 vs. 3.967 mmol/L). O. gratissimum
caused dose dependent increase in levels of serum urea
with increments of between 250 - 300% (7.63, 15 and
19.07 mmol/L) in groups C, D and E respectively
compared to the non diabetic control  (3.967 mmol/L),
however only the increments seen in groups D and E
were statistically significant. The Metformin group showed
a slight reduction in urea level compared to non diabetic

blood glucose levels in groups C, D and E respectively
at day 28 compared to initial blood glucose levels.
Metformin administration also resulted in a significant
drop in the blood glucose level as seen by a 28%
reduction in blood glucose between days 0 and 28.
Compared to Ocimum gratissimum, metformin caused
more reduction in blood glucose although the effect was
not statistically significant.

Effects of ocimum gratissimum on blood
creatinine
Figure 3 shows the mean levels of blood
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control although this difference was only visual (3.25
vs.3.967 mmol/L).

The effect of ocimum gratissimum on
relative weight of the kidney
Tables 1 shows the mean relative weights of the

kidney in all experimental groups. Kidney weight was
significantly (F (5, 35) = 9.08, p < 0.05) higher in the rats
in the diabetic control group compared to non diabetic
control (3.72 ± 0.22 vs. 2.30 ± 0.21). There was also a
statistically significant (F (5, 35) = 9.08, p < 0.05) dose
dependent increase in kidney weight in rats in groups C,
D and E that received O. gratissimum compared to the

from animals in groups C and F were enlarged.
Examination of kidneys taken from group D and E
showed pethechial haemorrhages under the Glisson’s
capsule.

Slides taken from sections of the kidney of
animals in group A (Figure 5a) showed normal kidneys
with well demarcated cortex and medulla. Glomeruli,
renal tubules, collecting ducts and blood vessels all
appeared normal. Sections from group B (Figure 5b)
showed normal kidney architecture with some increase
in inflammatory cells within the glomerulus. Groups C
(Figure 5c), D (Figure 5d) and E (Figure 5e) showed loss
of normal renal architecture and varying degrees of
inflammatory cell infiltration within the glomerula and
interstitium. Some of the glomeruli were distorted and
slightly expanded with venous congestion. Slides of
animals in group F (Figure 5f) revealed distortion of the
normal renal architecture, hyperthrophied glomeruli and
dilated renal tubules.

Discussion
Diabetic nephropathy is the largest single cause

of end-stage renal failure worldwide. Despite the available
modern therapies of glycaemic and blood pressure
control, many patients continue to show progressive
renal damage. Nephropathy is defined as partial loss of
function of kidney associated with nephrotic syndrome,
glomerulosclerosis, persistent albuminuria, declining
glomerular filtration rate (GFR), elevated arterial blood
pressure and fluid retention [23]. The intention of this
study was to evaluate the ability of Ocimum gratissimum
to protect against changes that occur in the kidney as a
result of diabetes mellitus, however, we observed that
Ocimum gratissimum is not protective against STZ
induced morphological and biochemical changes in the
kidney but rather worsens it.

Ocimum gratissimum treatment caused a
significant dose dependent reduction in body weight,
elevation of renal function indices and loss of normal
kidney architecture compared to non diabetic rats. This
study also showed that Metformin causes a significant
reduction in body weight. Metformin effects on body
weight make it the drug of choice for obese diabetes.
Several studies have shown that it also helps non-
diabetics lose weight by reducing hunger [24]. The
mechanisms responsible for weight loss following
Metformin use are still subject to investigation. Recent
studies however postulate that a decrease in
carbohydrate metabolism and an increase in that fat

Figure 4: Effect of O.gratissimum on blood Urea levels. Each bar
represents, Mean ± S.E.M, *p<0.05 group by group comparison, n = 6.
Groups A- non diabetic control, B- Metformin, C- 400 mg, D- 600 mg,
E-800 mg, F Diabetic control.

Table 1: Showing of weights of animals and weights of kidney at
time of sacrifice Each value represents, Mean ± S.E.M, *p<0.05
group by group comparison, n = 6. Groups A- non diabetic
control, B- Metformin, C- 400 mg, D- 600 mg, E-800 mg, F -
Diabetic control.

animals in non diabetic control group (3.77 ± 0.31, 4.02
± 0.21, 4.23 ± 0.33 vs. 2.30 ± 0.21). Comparing animals
in group B that received Metformin to the non diabetic
control revealed an increase in kidney weight (2.91 ±
0.13 vs. 2.30 ± 0.21) that was however not statistically
significant.

Result of kidney histopathology
Examination of the kidneys of groups A and B

animals revealed grossly normal kidneys. Kidneys taken
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metabolism may be responsible [25]. Reduction in body
weight in the STZ diabetic rats in comparison to normal
rats indicate excessive break down of tissue proteins
[26]. O. gratissimum in this study caused more weight
reduction in comparison to diabetic control.

The results of kidney biochemistry showed that
STZ diabetic rats had a significant elevation in urea and
creatinine levels indicative of renal cell injury. The
metformin group showed a reduction in the levels of
these substances, indicating protection against renal
injury or possible recovery.  Effects of O. gratissimum on
urea and creatinine mirrored its effect on the liver
transaminases documented in a prior study [9]. There
was a dose related increase in urea and creatinine which
would indicate renal injury worse with increasing doses.
Histopathology of diabetic rats showed hyperthrophied
and granular glomeruli with pycnotic nuclei, dilated renal
tubules, numerous mononuclear cells infiltrates and
cellular debris seen within renal parenchyma. The diabetic
rats that received, metformin showed normal glomeruli
with prominent nuclei, some renal tubule dilation and
increased mononuclear cell infiltration. The kidneys
showed mild to moderate signs of renal injury at increasing
doses of O. gratissimum.

Accumulation of glycogen in the kidney tubules
as a result of the ensuing hyperglycaemia is thought to
be responsible for the progression of disease in diabetic
nephropathy [27]. O. gratissimum at the doses of 600
and 800 mg/kg showed worse features of toxicities
compared to that seen with the diabetic control. The
results of this study show that O. gratissimum in its crude
state should be used with immense caution if at all in the
treatment of diabetes

Conclusion: The study concluded that O.
gratissimum reduces body weight and blood glucose
parameters at all doses but worsens Streptozotocin-
induced renal injury at increasing doses.
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