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ABSTRACT
Objective: In the present study, we examined the antioxidant effect of Marrubium vulgare L. infusion (MVI) on renal and
liver function in alloxan diabetic rats. Materiel and methods: Animals were divided into 4 groups: the control, treated
rats with MVI (MVI), diabetic (Diab) and diabetic treated rats with MVI (Diab + MVI), for 30 days. Thereafter, blood
samples were collected for the dosage of glucose, creatinine (Cr) and insulin level. The Kidney and liver were removed
for the determination of oxidative stress markers [malondialdehyde (MDA), glutathione peroxidase (GPx), superoxide
dismutase (SOD), catalase (Cat), reduced glutathione (GSH) and vitamins (E ant C)] and histopathology examination.
Results: Diabetic rats exhibited hyperglycemia, elevated of plasma Cr and insulin, oxidative stress markers impairment
and renal and hepatic histological alteration. The treatment with MVI attenuates blood glucose, Cr and insulin level;
reduced oxidative stress damage and improves histopathological alterations. Conclusion: The hypoglycemic effect and
hepatorenal damage improvement of M. vulgare extract may be in part due to its antioxidant properties.
Keywords: Diabetes, hepatotoxicity, nephrotoxicity, Marrubium vulgare L., antioxidants.
INTRODUCTION
Diabetes mellitus (DM) is a chronic metabolic
disorder, which not only impacts on human
health and well-being, but also results in
significant social and economic consequences.
The incidence of DM throughout the world is
increasing at an exponential rate such that the
World Health Organization predicts that DM will
be the seventh leading cause of death by the
1
year 2030 .
Diabetic subjects also exhibit oxidative stress.
Hyperglycemia has been found to play a key role
in reactive oxygen species (ROS) generated
2, 3
damage
. Oxygen free radicals, formed
disproportionately in diabetes by glucose
oxidation, non-enzymatic protein glycation and
the subsequent oxidative degradation of
3
glycated proteins , may lead to several kinds of
diabetic complications including nephropathy,

hepatotoxicity, neuropathy, cardiopathy and
many others diseases.
The interest in plants with hypoglycemic
properties has been renewed because of their
perceived effectiveness, with minimal side
effects and relatively low costs. Marrubium
vulgare Lamiaceae (M. vulgare L.) is a perennial
herb of the Labiatae family which is commonly
known as “horehound” in Europe or “Marrubia” in
Tunisia. The leaves and young flowering stems
are
used
as
antidiabetic,
antiseptic,
4
antispasmodic, diuretic, expectorant and tonic .
Several pharmacological properties traditionally
ascribed to M. vulgare have been confirmed in
5
laboratory studies such as: hypoglycemic ,
6
4
antioxidant ,
antihypertensive
and
anti7
inflammatory . The hypoglycemic effect was
8, 9
demonstrated in alloxan-induced diabetic rats .
However, there is no information available on
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protective effect of M. vulgare against
hepatotoxicity and nephropathy in diabetic rats.
Therefore, this paper was designed to
investigate whether the M. vulgare aqueous
infusion could protect the liver and kidney from
alloxan
induced
oxidative
stress
and
histopathological alterations. Several studies
have reported that there is a possibility of
protective effect with M. vulgare treatment.
However, no study is known about the
nephro/hepato-protective effect of M. vulgare in
either animals or humans.
MATERIAL AND METHODS
Plant preparation
M. vulgare L. was collected in June 2014 from
the region of Sfax-Tunisia. The leaves were
washed, dried at room temperature in the dark
and then finely ground to a powder. The
aqueous extract was prepared as follow: 6 g of
the grounded M. vulgare were dissolved in 25 ml
of boiling distilled water; the hot infusion was
then left to reach room temperature (ca. 15 min)
9
and filtered. The filtrate was given to rats .
Animals
Male wistar rats weighing 250 ± 10 g were
purchased from the breeding centre of the
Central Pharmacy (SIPHAT). All animal
procedures were conducted in strict conformity
with the local Institute Ethical Committee
Guidelines for the Care and Use of laboratory
animals of our institution: they were kept in an
environmentally controlled breeding room
(temperature: 22 ± 2 °C, humidity: 60 ± 5%, 12 h
dark/light cycle). All rats had free access to tap
water and food.
Experimental design
Experimental type 1 diabetes was induced in
rats by a single intraperitoneal injection of freshly
prepared alloxan solution in normal saline at 120
10
mg/kg b.wt . As alloxan is capable of producing
fatal hypoglycemia as a result of massive
pancreatic insulin release, rats were orally
treated with 20% glucose solution (5–10 ml)
after 6 h. The rats were then kept for the next 24
h on 5% glucose water solution to prevent
hypoglycemia. Rats with moderate diabetes that
exhibited glycosuria and hyperglycemia (blood
glucose concentration 200– 300 mg/dl) were
taken for the experimental tests.
The rats were divided into three groups of 8 rats
each as follows;
Group 1: Normal control rats received distilled
water;
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Group 2: Normal rats received 300 mg/kg b.w.
of MVI;
Group 3: Diabetic rats received distilled water;
Group 4: Diabetic rats treated with 300 mg/kg
b.w. of MVI.
The plant infusion was given to animal by oral
9
gavage in twice daily for one month .
Preparation of blood, liver and kidney
samples
At the end of treatment period, animals were
anesthetized, sacrificed and blood samples were
collected from the heart in heparin tubes and
11, 12
centrifuged at 2500 g for 15 min
. The
plasma was aliquoted into eppendorf tubes for
determination of Cr level.
The kidneys and livers were removed, 500 mg of
each organ were homogenized in 5 ml of lysis
buffer (50 Mm Tris, 150 mM NaCl adjusted to pH
13, 14
7.4) and centrifuged at 8000 g for 10 min
.
The supernatant was collected for the
determination of MDA, SOD, CAT, GPx, GSH
and vitamins (E and C) levels.
Biochemical assays
Estimation of uric acid and creatinine levels
in plasma
The levels of uric acid and creatinine in plasma
were estimated spectrophotometrically using
commercial diagnostic kits, respectively (Refs.
20143 and 20091) purchased from Biomagreb
(Ariana, Tunisia).
Estimation of glucose and insulin levels in
plasma
Glucose level in plasma was assayed by
enzymatic methods, using the enzymatic
colorimetric (GOD-PAP) glucose assay kit
(Biomaghreb, Tunisia) according to the
manufacturer instruction. Plasma insulin was
determined using rat insulin enzyme-linked
immunosorbent assay (ELISA) kit Ref. RIT-461
No. AKRIN-010T (Shibayagi Co., Ltd., Japan).
Protein quantification
Protein contents in the kidney and liver were
15
assayed by the method of Bradford (1976) .
Determination of Lipid peroxidation marker
The MDA levels in renal and hepatic tissues
were
determined
spectrophotometrically
16
according to Draper and Hadley (1990) .
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RESULTS
Variation of plasma creatinine level
Diabetic rats had significant elevated level (p <
0.001) of plasma creatinine when compared with
normal rats. Treatment with M. vulgare aqueous
extract showed reversal of this parameter to
near normalcy (table 1).

Determination of enzymatic antioxidants
The activities of SOD, CAT and GPx in renal and
hepatic tissue were estimated according to
17
Beauchamp and Fridovich (1971) , Flohe and
18
19
Gunzler (1984) and Aebi (1984) , respectively.
Determination of non-enzymatic antioxidants
Glutathione (GSH) in tissue was determined by
20
the method of Ellman (1959)
modified by
21
Jollow et al. (1974) . Ascorbic acid in the
tissues was estimated by the method of
22
Jacques-Silva (2001) . Vitamin E was
determined by the method of Baker et al.
23
(1980) .

Table 1: Variation of plasma Cr level in the
control, MVI, Diab and Diab + MVI experimental
rats

Histopathological examination
For light microscopic examination, kidney and
liver removed from animals were cleaned and
fixed in 10% buffered formalin solution. Then
they were embedded in paraffin and stained with
hematoxylin–eosin for histopathological studies.
All sections were evaluated for the degree of
tubular and glomerular injury and necrosis.

Plasma Glucose level (g/l)

Cr (µmol/l)

Control

112.76 ± 7.65

MVI

110.50 ± 6.58

Diab

175.85 ± 9.56***
130.45 ± 8.47##

Values are expressed as mean ± SD of six rats. ***p < 0.001 vs.
control; ##p < 0.01 vs. Diab group. Cr: creatinine, MVI: Marrubium
vulgare infusion, Diab: diabetic

Variation of blood glucose and insulin levels
We showed a significant increase (p < 0.01) in
the level of blood glucose and a significant
decrease (p < 0.01) in plasma insulin of alloxandiabetic rats, compared to normal group. Oral
administration of M. vulgare aqueous extract to
diabetic rats significantly decreased (p < 0.01)
the level of blood glucose and significantly
increased (p < 0.01) the level of plasma insulin,
compared to diabetic rats (figure 1).
Control
MVI
Diab
Diab+MVI

***

3
2.5
2

##

1.5
1
0.5
0
Control

A

Group

Diab + MVI

Statistical analysis
Data are expressed as mean ± SD (standard
deviation). The statistical significance between
experimental groups was assessed by one-way
analysis of variance (ANOVA) followed by Tukey
post-hoc test. Statistical significance was set at
p < 0.05.

3.5
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MVI

Diab
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Plasma Insulin level (ng/l)

1.5

##

1

100

Control
MVI
Diab
Diab+MVI

**

0.5

0
Control

B

MVI

Diab

Diab+MVI

Group of rats

Fig. 1: Plasma glucose (mg/dl) (A) and insulin (B) levels in control rats (C), treated rats with M. vulgare
infusion (MVI), diabetic rats (diab) and diabetic treated rats with M. vulgare infusion (Diab + MVI). Each
#
value represents the mean ± SE of six rats per group. *p < 0.05 and **p < 0.01 vs. control; p < 0.05 vs.
CMS group.

Variation of lipid peroxidative marker in the
kidney and liver
The renal and hepatic tissues level of MDA
increased significantly (p < 0.01) in the diabetic
group, compared to the control. The treatment
with MVI attenuated tissular lipid peroxidation (p
< 0.01), compared to the diabetic group (Table
2).

Variation of enzymatic and non-enzymatic
antioxidants activities in the kidney and liver
A significant decrease (p < 0.01) in SOD, CAT
and GPx activities was observed in the liver and
kidney tissues of diabetic rats, compared with
normal rats. Diabetic rats with MVI treatment
showed a significant restoration of these
antioxidant enzymes to near-normal values
(Table 2). Similar results were found in nonenzymatic antioxidants; vit C, vit E and reduced
glutathione (GSH) (Table 2).

Table 2: Variation of MDA level, enzymatic antioxidants (SOD, CAT and GPx) and non-enzymatic
antioxidant (GSH, Vit E and Vit C) activities in the kidney and liver of the control, MVI, diab and diab +
MVI experimental rats
Control

MVI

5.94 ± 0.79
7.84 ± 1.05

5.60 ± 0.45
6.90 ± 0.45

2.50 ± 0.15**
14.75 ± 2.65***

4.29 ± 0.36##
9.29 ± 1.12##

SOD (U/mg protein)
Kidney
8.94 ± 1.12
Liver
13.94 ± 1.21

7.80 ± 1.05
12.32 ± 1.45

3.57 ± 0.55**
6.60 ± 0.63**

5.29 ±0.35##
10.29 ±1.16##

MDA (nmoles/g)
Kidney
Liver

Diab

Diab+ MVI
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CAT (mmoles H2O2/mg protein)
Kidney
4.54 ± 0.29
Liver
6.84 ± 0.75

4.60 ± 0.45
5.80 ± 0.58

2.32 ± 0.25**
3.80 ± 0.25**

3.29 ±0.18##
4.89 ± 0.56##

GPx (nmol GSH/min/mg protein)
Kidney
6.94 ± 0.89
Liver
9.85 ± 1.57

6.65 ± 0.45
9.50 ± 1.25

3.67 ± 0.65**
4.54 ± 0.65***

5.19±0.84##
7.29 ± 1.06##

GSH (mg/g)
Kidney
Liver

5.60 ± 1.05
7.60 ± 1.05+

2.58 ± 0.23**
3.35± 0.65**

4.29 ±0.26###
6.09 ±0.71##

Vit E (mg/mg protein)
Kidney
3.84 ± 0.29
Liver
6.94 ± 0.34

3.70 ± 0.1
6.60 ± 0.45

1.65± 0.15**
3.25 ± 0.27***

2.89 ±0.16##
4.59 ± 0.26##

Vit C (mg/g tissue)
Kidney
185.94 ±8.79
Liver
225.24 ± 13.13

179.60 ± 8.45
221.60 ± 12.45

119.35 ± 6.70**
171.65 ± 9.65**

164.25 ± 7.16##
199.29 ± 9.16##

5.83 ± 0.895
7.83 ± 1.09
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Values are expressed as mean ± SD of six rats. *p < 0.05, **p < 0.01 and ***p < 0.001 vs. control; #p < 0.05, ##p < 0.01 and ###p < 0.001 vs. Diab group.
MDA = Malonedialdehyde, SOD = superoxide dismutase; Cat = catalase; GPx = glutathione peroxidase; GSH = reduced glutathione; Diab = diabetic;
Vit = vitamin.

Histopathological observations of Kidney
and liver
The histological examination of liver tissue of
control and treated rats with M. vulgare showed
normal hepatocyte arrangement. However, the
hepatic tissues of diabetic rats exhibited
extensive damage with cells vacuolization and
necrosis. The diabetic treated rats with M.
vulgare infusion presenting normal hepatocyte
arrangement (Fig. 3A–C).

The section of kidney tissue of control and M.
vulgare
groups
showed
normal
cells’
architecture. However, the renal of diab rats
elicited a significant morphological changes with
severe injury of tubular and glomeruli. The
diabetic treated rats with M. vulgare showed a
glomeruli and tubules with no significant
pathology (Fig. 4A–C).

A
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B

C
Fig. 2: Liver histological sections of the control (A), diabetic (B) and diabetic treated with
M. vulgare (C). Original magnification was H.E (X 200). Arrows indicate: (
) Hepatic necrosis.

A
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B

C
Fig. 3: Kidney histological sections of the control (A), diabetic (B) and diabetic treated with M. vulgare (C).
Original magnification was H.E (X 200) for panels A and C, and H.E (X 400) for panel B. Arrows indicate:
( ) Glomerular space reduction; ( ) Tubular Necrosis.
DISCUSSION
In the present study, diabetes mellitus was
induced in rats through alloxan injection that
causes the destruction of β-cells of islets of
24, 25
Langerhans, as proposed by many authors
.
This effect was represented in the current study
through the increase of blood glucose and a
decrease of insulin levels in diabetic control rats.
The elevated plasma glucose levels in diabetic
rats were lowered through the administration of
M. vulgare extract, which showed an elevated
plasma insulin level compared to diabetic control
rats. These findings are in agreement with that
5
of Herrera-Arellano et al. (2004) who reported
that M. vulgare’s extract decreases the elevated

blood glucose and insulin levels in diabetic rats.
Earlier phytochemical investigation of M. vulgare
led to the characterization of several flavonoids
26
that possess hypoglycemic property . The
richness of the aqueous extract of M. vulgare in
flavonoids and verbascoside derivatives, known
in the literature as antidiabetic agents, could be
the origin of the observed effects. Some
flavonoids have hypoglycemic properties
because they improve altered glucose of the
27
diabetic states .
In addition, a significant increase in lipid
peroxidation (LPO) contents, as measured by
TBARS formation, was detected in the renal and
hepatic tissue homogenate of diabetic rats.
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These results are in line with several studies that
have reported an increase in TBARS levels in
kidney and liver of animal with experimental
28,
29
diabetes
. Free radical-induced lipid
peroxidation has been associated with a number
of disease processes including diabetes
30
mellitus . The free radical produced may react
with polyunsaturated fatty acids in cell
membrane leading to lipid peroxidation.
Increased lipid peroxidation impairs membrane
functions by decreasing membrane fluidity and
changing the activity of membrane-bound
enzymes. As a consequence, it provokes
damage in structural and functional integrity of
hepatic and renal tissues. In addition, the
increased lipid peroxidation under diabetic
conditions could be due to increased oxidative
stress in the cell as a result of the depletion of
31
antioxidant defense systems , like evidenced in
our study by the decrease of enzymatic (SOD,
CAT and GPx) and non-enzymatic (vit C, vit E
and GSH) antioxidants activities in the renal and
hepatic tissue homogenate of diabetic rats.
On the other hand, we observed that the
treatment with MVAE (300 mg/kg) reduced the
oxidative stress damage in the liver and kidney
of M. vulgare treated diabetic rats. This
significant improvement may in part be attributed
to its antioxidant activities. M. vulgare leaves
have been reported to be rich in flavonoid and
phenolic compounds. The naturally occurring
flavonoids and phenolics are believed to have
the ideal chemical structure for scavenging free
32,
33
radicals
.
Particularly,
marrubiin
is
considered the molecule responsible for the
majority of the biological properties ascribed to
M. vulgare. Apigenin and luteolin are definitely
the most common flavonoids present in this
26
plant extracts . Therefore, strong antioxidant
activity of M. vulgare could be attributed to its
high total phenolics and flavonoids, suggesting
their role in attenuating the renal and hepatic
oxidative stress damage due to diabetes.
The histopathological examinations of renal and
hepatic sections supported these biochemical
results. In fact, diabetic liver revealed dilated
sinusoids, hepatocytes with fatty change and
mild periportal inflammatory cell infiltrate.
Likewise, diabetic kidney shows fatty infiltration
and mild inflammatory cell infiltrate. These
damages might be due probably to the
generation of reactive radicals and to
subsequent lipid peroxidation induced by
alloxan. While, the general morphology of
hepatocyte, glomeruli and tubular lesions of the
diabetic rats with the extract of M. vulgare was
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much improved and seemed quite normal in
appearance compared with that of diabetic rats.
On the basis of the above evidences it is
possible that the presence of flavonoids and
phenolics are responsible for the observed
antidiabetic activity.
We concluded that the hypoglycemic effect and
the hepatorenal damage improvement of M.
vulgare infusion on allloxan-diabetic rats may in
part be due to its antioxidant activity. Further
studies will be focused on a more rational use in
traditional medicine of this plant.
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