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Abstract

Hibiscus noldea leaves-stems aqueous extract is used in Cameroonian traditional medecine to
manage diabetes. To investigate the preventive effect of Hibiscus noldea aqueous extract on
dexamethasone-induced insulin resistance, the animals received one of the following
treatments: distilled water (10 mL/kg), metformine (200 mg/kg), or H. noldea (100 or 200
mg/kg) concomitantly with dexamethasone (0.5 mg/kg, ip) for ten days. Body weight was
evaluated daily and blood glucose levels were measured. At the end of experiment, insulin
sensitivity test was performed and lipid profile, transaminases Aspartate amino transferase,
Alan in amino transferase, malondialdehyde, superoxide dismutase, catalase, and reduced
glutathione were evaluated. Histological analysis of the liver was investigated to estimate
glycogen content using Periodic Acid Schiff coloration and histomorphometry of pancreatic
islets area was performed.

The administration of dexamethasone during ten days induced body weight loss,
hyperglycaemia, insulin resistance, an imbalance in lipid profile, an increase in transaminases
and oxidative stress. Dexamethasone treatment also induced an increase in the pancreatic
islets area and depletion in the levels of hepatic glycogen. Concomitant administration of
dexamethasone and the aqueous plant extract prevented the rise in blood glucose levels,
reduced insulin resistance, improved lipid profile and oxidative status. The aqueous extract of
H. noldea prevented the use of glycogen storage and the increase in pancreatic islet area in
dose dependent manner.

Conclusion: The stem leaves aqueous extract from Hibiscus noldea have the ability to reduce
insulinresistance via its antihyperglycaemic, hypolipidemic and antioxidant activities. These
results justify the use of this extract in the management of diabetic state.
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Introduction

Insulin resistance is a pathology characterized by hyperinsulinemia,
hyperglycaemia or both which can be associated with visceral
obesity, dislipidemia and high blood pressure. Many factors can
induce insulin resistance among which glucocorticoids as
dexamethasone. Dexamethasone is currently used in some
inflammatory pathology and auto-immune diseases [1]. It is well
known that, excess glucocorticoid induces insulin resistance which
is related to the developpement of type 2 diabetes [2,3]. The
mechanism by which glucocorticoid induces hyperglycaemia is the
stimulation of some key enzymes involved in gluconeogenesis.
Moreover recently, high doses of dexamethasone have shown to

induce B cell proliferation in pancreatic islets [4] contributing to
hyperinsulinemia. Although severals works have been done in the
management of diabetes mellitus using medicinal plants,
researches still going on around the world to, find new drugs with
minor adverse effects. Hibiscus noldea is used against abortion
and headache in Cameroonian traditional medicine [5,6]. In
addition, the mixture of leaves and stem of this plant in the form of
decoction is used by “Bamileké” peoples to manage diabetes
mellitus [7]. Considering that insulin resistance is one of the factors
involved in the diabetes physiopathology, thus the reduction of
insulin resistance could contribute to the management of diabetes.
Therefore, the present study aims to reveal the possible role of
Hibiscus noldea extracts in the prevention of dexamethasone-
induced insulin resistance.
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Material and Methods

The fresh stem leaves of H. noldeae were harvested at ODJA
(Centre Region of Cameroon) in May 2015 and authentication was
done by comparing the sample N° 9977 of the National Herbarium
of Cameroon. The samples were dried in the shade at room
temperature and were crushed into fine powder. The powder
(500g) was boiled in 7.5 L of tap water for 10 minutes according to
the protocol of traditional healer. After filtration of the mixture, the
filtrate collected was lyophilized at the Institute of Medicinal and
Medical Plants (IMMP). The yield of the extract was 6.43% (W/W).

Experimental animals

The experiments were performed on male albinos Wistar rats aged
approximately of three months and weighting between 250g-270g.
The animals were raised in the animal house of the Faculty of
Science, University of Yaoundé I. They were housed together (5
rats per cage), maintained at room temperature (22 + 2 C) with
adequate ventilation and free access to tap water and food. These
studies were conducted with the approval of the Cameroon
National Ethical Committee (Ref n°.FW-IRB00001954).

Experimental design

Thirty rats were divided into five groups of six rats each as follow:
Normal control rats receiving distilled water and NaCl (0.9%);
negative control group receiving dexamethasone 0.5 mg/kg and
distilled water (Dexa 0.5 + DW), three groups receiving
dexamethasone 0.5 mg/kg and metformin 200 mg/kg per os or AH.
noldeae (Dexamethasone 0.5 mg/kg and extract 100 mg/kg or 200
mg/kg)

Animals received these daily treatments during 10 days. At the end
of the experimental period, all animals were subjected to insulin
sensitivity test following our previous protocol [8]. Briefly, after 12
hours of fasting, the glycaemia was evaluated (0 h) and animals
received 2 Ul/kg of insulin and blood was obtained from tail at 10,
20, 30 and 60 min after insulin injection, then serum glucose was
measured.

Blood analysis

Animals were sacrificed under anaesthesia and arterial blood was
collected and centrifuged at 3000 g at 4 C for 10 min to obtain
serum (stored at 20 C until analysis) for biochemical analysis
(glucose, ALAT, ASAT, creatinine, triglycerides, total cholesterol,
HDL chlolesterol, LDL chlolesterol and atherogen index determined
by the ratio of total cholesterol/HDLcholesterol) [9]. These
parameters were quantified spectrophotometrically according to the
commercial instructions for the kits.

Homogenate analysis

Homogenates (20%) of liver, heart and kidney samples were
prepared in Tris-KCI buffer (pH 7.4). Organs were crushed and
then the mixture was centrifuged at 3000 g at 4°C for 20 min. The
supernatant was collected and stored at 20 C until tissue analysis
of SOD, malondialdehyde, glutathione and catalase.
Histomorphometry of pancreatic islets

Histomorphometry of pancreatic islet size was performed after
heamatoxylin-eosin staining. The area of pancreatic islet was
measured using software of area measurement (ImageJ, version
1.49)

Determination of glycogen content

Liver samples were fixed in 10% buffered par formaldehyde,
dehydrated in graded alcohol series. They were embedded in
paraffin and a thickness of 5 pym sections was made using a
microtome (Reichert-Jung 2030). Glycogen analysis was assessed
by periodic acid Schiff (PAS) staining method. Photograph of the
sections were taken using a digital camera for microscope (DCM
35:350 K Pixels, USB 2.0) aided with appropriate filters.

Statistic analysis

All data are expressed as mean + standard error mean. Statistical
significance was determined by one way analysis of variance
followed by the Tukey post-test using Graph pad Prism version
5.03.0. Differences were considered significant at p < 0.05.

Results

Effects of Hibiscus noldea on body weight

Daily administration of dexamethasone during 10 days induced a
significant decrease (p< 0.01) of body weight as compared to
normal control. However the plant extract at the dose of 200 mg/kg
significantly prevented the decrease of body weight as compared to
negative control; even if the body weight was still low as compared
to the normal control. The extract at the dose of 100 mg/kg failed to
prevent dexamethasose-induced body weight loss.

Effects of Hlibiscus noldea on insulin sensitivity

Animal receiving dexamethasone showed a significant reduction
(p< 0.01) in insulin sensitivity 20 minutes following the injection of
insulin. However,insulin significantly failed to reduce blood glucose
levels of these animals (Figure-2) 60 min later as compared to
normal control. Simultaneous administration of the plant extract or
metformine with dexamethasone decreased blood glucose levels
as compared to their initial value. Only the plant extract at the dose
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of 200 mg/kg prevented the decrease in insulin sensitivity illustrated
by a significant decrease in glycaemia when compared to the
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Figure-2: Effects of the aqueous extract of Hibiscus noldea on Dexamethasone induced-hyperglycaemia. Each bar represents Mean +SEM,
n=6. **p<0.01, ***p<0.001, significantly different from normal control at each time.**#p<0.001 significantly different from group Dex 0.5 +
DW.$88p<0.001, significantly different from day 1.

Effects of Hlibiscus noldea on blood glucose levels

Figure-3 depicts the effect of the aqueous extract of Hibiscus
noldea on blood glucose variation in dexamethasone-induced
hyperglycemia. The administration of dexamethasone for 10 days
induced a significant increase in blood glucose levels when
compared to the initial value. Concomittant administration of
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dexamethasone and the plant extract during ten days prevented
the increase of blood glucose levels. The decrease (p< 0.01) was
35.20% and 44.61% respectively at the doses of 100m/kg and 200
mg/kg in comparison to negative control. Metformine in the same
conditions prevented the increase in glycaemia by 54.07%. The
plant extract and metformin at the dose of 200 mg/kg maintained
blood glucose levels around normal value.
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Figure-3: Effects of the aqueous extract of Hibiscus noldea on insulin sensitivity. Each point represents Mean + SEM, n=6, ***p<0.001,
significantly different from normal control, #p<0.05, #p<0.01, ##p<0.001 significantly different from group Dex 0.5 + DW, $p<0.05, $%p<0.01,
significantly different from initial value.
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Effects of AHlbiscus noldea on lipid profile and hepatic
function

Table 1 represents the effects of aqueous extract of Hibiscus
noldea on lipid profile and hepatic function after ten days of co-
administration of dexamethasone with different treatments. The
administration of dexamethasone for 10 days induced a significant
increase in the level of total cholesterol, triglycerides, LDL-
cholesterol and atherogenic index, while HDL cholesterol levels
significantly decrease. Co-administration of dexamethasone with
the H. noldea aqueous extract prevented the increase in total
cholesterol, LDL cholesterol and atherogenic index respectively at

the dose of 100 mg/kg (p< 0.01) and 200 mg/kg (p< 0.001). The
plant extract at all doses failed to affect triglycerides and HDL
cholesterol levels. Dexamethasone administration for ten days
induced a significant increase in the ALT and AST activities as
compared to the normal control. Concomitant administration of the
plant extract with dexamethasone produced a significant decrease
(p< 0.01) in ALT activities at all doses. This treatment also
prevented the increase in AST activity at the dose of 200 mg/kg but
failed at the dose of 100 mg/kg. Metformine used as reference drug
exhibited a significant decrease in ALT and AST activities when
compared to the control.

Table-1 ; Effects of the aqueous extract of Hibiscus noldea on lipid profile and some parameters of hepatic function.

Parameters Normal control Dex 0.5+ DW Dex0.5+Met200 | Dex0.5+H.n100 | Dex0.5+H.n200
Total cholesterol (mg/dL) 96.96+13.23 195.02+10.88™ 110.98+10.95= 121.86+16.38% 112.55+£10.33%
Triglycerides (mg/dL) 39.66+2.18 88.19+11.26" 4284+ 8.31% 61.70+9.48 7393+ 8.65
LDL Cholesterol (mg/dL) 38.13+15.66 140.73+£11.90™ 37.66+13.65¢ 53.35+12.07# 48.89+15.7 26
HDL Cholesterol (mg/dL) 50.89+3.59 36.64+4.28 64.74 + 7.56% 56.1747.53 48.86+6.09
Atherogenic index 2.02+0.40 572+0.74™ 1.8240. 29+ 2.19+0.17 #=# 2.5310.42 ==
ALT (UIJ/L) 38.82+7.82 126 £ 2.99*** 58.8349.34 ## 39.3243.73 = 47.87+4.63*
AST (UIIL) 115.12£11.43 | 170.00 £ 1517* 10543 £ 7.12¢ 119.94+15.51 94.76113.49

Each value represents Mean +SEM, n=6. *p<0.05, **p<0.01, ***p<0.001, significantly different from normal control,#p<0.05, #p<0.01, ##p<0.001

significantly different from Dex 0.5 + DW group.

Effects of Hlibiscus noldea on pancreatic islets area

After ten days administration of different treatments,
histomorphometry of pancreatic islets of the various groups was
performed (representative image in Figure.4A).The quantification of
pancreatic islets area shows that, daily administration of
dexamethasone (0.5 mg/kg) for ten days resulted in a significant
increase (45.52%, p<0.05) in pancreatic islets area as compared to

the normal control (Figure.4B). Simultaneous administration of the
plant extract at the dose of 100 mg/kg and 200 mg/kg with
dexamethasone prevented the increase in pancreatic islets area
respectively by 28.30% (p< 0.05) and 37.75% (p< 0.01) in
comparison with Dexa 0.5 + Dw group. Metformin administered in
the same conditior as the plant extract significantly prevented the
increase in pancreatic islets area by 33.54% (p< 0.05).
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Figure-4 :Effects of the aqueous extract of Hibiscus noldea on islet pancreatic area (H-E X400).Each bar represents Mean +SEM, *p<0.05,
significantly different from normal control, ##p<0.01, ###p<0.001 significantly different from group Dex 0.5 + DW. Ac: acinus, IL: islet
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Effects of Hibiscus noldea on some oxidative stress
markers

The effect of the aqueous extract of Hibiscus noldea on
dexamethasone-induced hyperglycaemia associated to oxidative
stress is represented in Figure-5. It was observed that
administration of dexamethasone during ten days provoked an
increase in MDA levels in the liver (p> 0.05) kidney (p< 0.01) and
heart (p< 0.001) (Figure-5A). Dexamethasone administration
induced a non-significant reduction of GSH levels in these organs
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(Figure- 5B). However the catalase activity was significant reduced
in the heart (Fig 5C) and SOD activity was decrease (p< 0.05) in
the liver and kidney (Figure-5D). It was observed a reduction of
catalase activity in the liver, kidney and a decrease of SOD activity
in the kidney whenever non significant. Simultaneous

administration of dexamethasone and the plant extract at different
doses significantly reduced MDA levels and prevented the
decrease in both catalase and SOD activities in such organs as
compared to the control.
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Figure-5 :Effects of the aqueous extract of Hibiscus noldea on MDA (A) GSH (B) catalase (C) and SOD(D).*p<0.05, **p<0.01, ***p<0.001,
significantly different from normal control, #p<0.05, #p<0.01, ###p<0.001 significantly different from group Dex 0.5 + DW.$%p<0.01, significantly
different from group Dex 0.5 + Met200

Effects of Hlibiscus noldea on hepatic glycogen content

Hepatic glycogen content was evaluated using Periodic Acid Schiff
coloration. The liver glycogen was declined in dexamethasone
induced-hyperglycemic rats (Figure-6). Micrography A (normal
control) shows the presence of glycogen indicating the high intense
staining as compared to micrography B (Normal control +salivary
amylase) where the staining disappear with the presence of

salivary amylase. As compared to normal control, there was a slight
staining in the liver of animals treated with dexamethasone
(Micrography C). However the plant extract at the doses of 100
mg/kg (Micrography E) and 200 mg/kg (Micrography F) and even
the metformine (Micrography D) prevented the depletion in the liver
glycogen characterized by the intense staining. Animal treated with
the dose of 200 mg/kg expressed strong staining as compared to
negative control.
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Dex 0.3 + Met 200

Dex 0.5+ H. n100

Dex 0.3 + H. n 200

Figure-6: Effects of the aqueous extract of Hibiscus noldea on liver glycogen (Periodic Acid Schiff staining X400). (A): Normal control (B):Normal
control +salivary amylase; (C):Dex 0.5 + DW; (D):Dexa 0.5 + Met 200 mg/kg, (E): Dexa 0.5 + H. n 100mg/kg; Dexa 0.5 + H. n 200 mg/kg. He:
hepatocyte, Cv: centro-lobular vein, Hs: hair sinusoid.

Discussion

In this study, we found out that, daily administration of
dexamethasone at the dose of 0.5 mg/kg during ten days, induced
body weight loss. Several mechanisms are involved in
corticosteroid-induced body weight loss among which the increase
in protein catabolism and the decrease in the synthesis of proteins
[10] via the reduction of protein kinase B phosphorylation [11].
Concomitant administration of dexamethasone and the plant
extract did not prevent the body weight loss except a slight
slowdown of body weight loss observed at the dose of 200 mg/kg.
These results suggest a slight effect of the plant extract on
dexamethasone-induced body weight loss and let us think that, in
long term treatment, the plant extract could reverse body weight
loss.This assertion needs to be verified. It is well known that insulin
resistant is a preponderant factor in the development of diabetes
[12]. In this study, the administration of dexamethasone induced
hyperglycemia and insulinresistance. Alterations in glucose
regulation could be due to the alteration of the binding of insulin to
its receptor and/or the suppression of insulin receptor substrate or
desactivation of phosphatidylinositol 3-kinase [13] contributing to
the reduction of insulin cellular response [14,15]. In addition
dexamethasone increases hepatic glucose via the stimulation of
the key enzymes of gluconeogenesis and glycogenolysis resulting
to hyperglycaemia. Glycogenolysis is confirmed in this study by the
decrease in the intensity of coloration of liver tissue, attesting the
reduction in glycogen storage. Dexamethasone administration
contributes to hyperinsulinemia due to the increase in secretory

function of pancreatic cells illustrated in this study by the increase
in pancreatic islet size. This phenomenon is an adaptation of
pancreatic cells to insulinresistance. The administration of the
aqueous extract of H. noldea prevented the increase in blood
glucose thus reducing insulin resistance and consequently the
reduction of pancreatic islets area and glycogenolylsis. This finding
suggests that, the extract is able to counteract the effects of
dexamethasone at cellular levels by preventing the
gluconeogenesis  and/or  glycogenolysis, thus  avoiding
hyperglycaemia, insulinresistance and hyperactivity of pancreatic 3
cells. In this study, insulinoresistance observed in dexamethasone
treatment is associated with the imbalance in lipid metabolism
characterized by the increase in total cholesterol, triglycerides, LDL
cholesterol, atherogenic index and a decrease in HDL cholesterol.
The plant extract at all doses prevented the increase in total
cholesterol, LDL cholesterol and atherogenic index as in the case
of Garcinia [16], Cymbopogon cifratus (lemongrass oil) [17] and
Naravelia zeylanica [18] treated rats . This result suggests that the
plant extract may contain some secondary metabolites such as
saponins, flavonoids, phenols and triterpencids which are known to
have hypolipidemic properties [19]. In this study we observed a
significant  increase in  ALT and AST activites in
dexamethasone+Dw treated group. This indicates hepatotoxicity
which is related to glucotoxicity induced production of reactive
oxygen species damaging cell functions and causing the leakage of
these enzymes into the blood stream [8]. H. noldea aqueous
extract improved ALT activities probably due to the improvement of
blood glucose levels toward the normal value.The production of

PAGE|272| |}



Florence ef al International Journal of Phytomedicine 9 (2) 267-274

[2017]

reactive oxygen species (ROS) is confirmed in this study by the
increase in MDA levels and the decrease in the SOD and catalase
activities. It is well known that hyperglycaemia induced ROS
generation which provoked lipoperoxidation, increasing antioxidant
enzyme activities [20]. These antioxidant enzymes could also
decrease due to their inactivation by ROS [21,22]. So the reduction
of MDA levels and the prevention of the decrease of SOD and
catalase activities by the plant extract; suggest the ability of A.
noldea aqueous extract to counteract deleterious effects of
dexamethasone induced hyperglycaemia associated to ROS
generation.

Conclusion

The administration of dexamethasone increases blood glucose
levels, insulin resistance, lipidemia, pancreatic islets area and
depletion in glycogen. Concomitant treatment with dexamethasone
and the aqueous extract of Hibiscus noldea prevented
hyperglycaemia, hyperlipidemia, restored pancreatic islets area and
improved hepatic glycogen content.
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