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Abstract The present study was carried out to investigate the effectiveness of Catharanthus roseus extracts in
modulating the hyperglycemia and oxidative stress (OS) of alloxan-induced diabetic rats. Treatment of rats with
alloxan caused a significant (p<0.05) increased in serum glucose concentration by the ratio of 273.61% compared to
normal control group. Supplementation of the rat diets with 300, 400 and 500 mg/kg of ethanolic Catharanthus
roseus stems extract (CRSE) and ethanolic Catharanthus roseus leaves extract (CRLE) decreased this value which
recorded 184.72, 113.47 and 76.39%, and 139.86, 112.91 and 57.36%, respectively. The rate of attenuation
exhibited a dose dependent increase with both extracts consumption. Also, CRLE is more effective in the attenuation
process than CRSE. The same behavior was recorded for the biomarkers of OS levels in serum i.e. malonaldehyde
(MDA). In contrary, significant (P<0.05) improving in different antioxidant defense systems in both serum
(glutathione fractions, GSH), and RBC's (antioxidant enzymes including glutathione peroxidase, GSH-Px,
glutathione reductase, GSH-Rd and catalases, CAT) were recorded. Such biochemical changes observed in the
present study were confirmed by the histopathological examination results. In conclusion, Catharanthus roseus
possess a variety of beneficial activities and have the potential to impart therapeutic effect holistically in complicated
disorders like diabetes and its complications.
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1. Introduction

Diabetes is defined as a state in which homeostasis of
carbohydrate and lipid metabolism is improperly regulated
by insulin. This results, decrease in both insulin secretion
and insulin action, primarily in elevated fasting and
postprandial blood glucose levels. If this imbalanced
homeostasis does not return to normalcy and continues for
a protracted period of time, it leads to hyperglycemia that
in due course turns into a syndrome called diabetes

mellitus (DM) [1,2]. There are two main categories of DM.

Type 1 diabetes mellitus (TIDM) also called insulin-
dependent diabetes mellitus (IDDM), the body does not
produce insulin, and daily insulin injections are required.
Type 1 diabetes is usually diagnosed during childhood or
early adolescence [3]. Type 2 (T2DM), the noninsulin-
dependent diabetes mellitus (NIDDM) is the result of
failure to produce sufficient insulin and insulin resistance.
Early phenomenon of T2DM is insulin insensitivity,
which not only has negative metabolic consequences but
also contributes subsequent pancreas B-cell exhaustion,

resulting in the onset of clinical hyperglycemia [4]. Thus,
understanding the regulation of the insulin response and
identifying the related mechanisms are important to early
treatment and prevention of T2DM.

DM is widely distributed all over the world including
Egypt, and nearly one of each 10 person is diabetic. About
415 million people in the world diagnosed with DM and
majority of them are due to T2DM. DM incidence
predicted to increase 642 million people by the year 2040
[5]. Therefore, the human population worldwide appears
to be in the midst of an epidemic of diabetes. Reports from
the World Health Organization (WHO) indicate that DM
is one of the major killers of our time, with people in
Southeast Asia and Western Pacific as well as Middle East
being most at risks [1]. DM is one of the world’s most
common chronic diseases as changing lifestyles lead to
reduced physical activity and increased obesity [6]. Also,
disease complications, such as cardiovascular symptoms,
eye impairment or kidney failure are even fatal for some
of patients [7]. Additionally, diabetes induces oxidative
stress (OS) and its complications in different experimental
animal's models and human patients. OS was initially
defined as a serious imbalance between oxidation and
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antioxidants leading to potential damage [8]. Reactive
species of oxygen, nitrogen and chlorine atoms are
represent the most free radicals/oxidants producing by
living organisms as a result of normal cellular metabolism
[9]. At high concentrations i.e. OS, such oxidants produce
adverse modifications to cell components, such as lipids,
proteins, and DNA [10]. Therefore, OS is thought to be
involved in the development of in several diseases including
cancer, diabetes, obesity, atherosclerosis, hypertension,
chronic obstructive pulmonary disease, acute respiratory
distress syndrome, ischemia/perfusion, idiopathic pulmonary
fibrosis, anemia, asthma and neurological disorders
[11,12]. Also, it is contributing to tissue injury following
irradiation and hyperoxia as well as in diabetes and is
likely to be involved in age-related development of cancer.
Furthermore, associations between diabetes and markers
of OS including lipid oxidative modification have been
observed in humans [13]. For example, lipid peroxidation
contributes to the development of atherosclerosis
Steinberg et al [14], Esterbauer et al [15] a process known
to be accelerated in diabetic patients [16]. Lipid peroxidation
process end products such peroxides, malonaldehyde
(MDA) etc may be toxic to vascular endothelium in
diabetics [17]. Also, free radicals including such end
products of lipid peroxidation attack can generate protein
peroxides in diabetes, which may decompose to generate
other free radicals [18]. Additionally, glycol-oxidation
seems to play an important role in the vascular endothelial
dysfunction detected in diabetic patients and perhaps in
the nephropathy [19]. Hyperglycemia may cause increased
generation of reactive oxygen species (ROS) such 0 by
endothelium, antagonizing the action of nitrous oxide (NO)
and perhaps forming peroxynitrite, ONOO- [20,21,22].
Several strategies have been proposed to improve the
all DM complications, because early treatment and
prevention play a pivotal role in reducing the population
burden of diabetes. Pharmaceutical factors/drugs to treat
the disease aggressively early have been recommended,
but almost of medications used may have undesirable side
effects. Also, the cost of administrating modern antidiabetic
drugs is beyond the reach of most people in the low
income group and those living in the rural areas [23].

Therefore, the attention of scientists in different countries
of the world turned to alternative treatment systems, which
are more comprehensive, such as traditional medicinal
systems. The medicinal preparations in traditional medicines
contain a variety of herbal and non-herbal ingredients that
are thought to act on a variety of targets by various modes
and mechanisms [1,24-30]. Although a lot of studies
established in this medicinal systems the fundamental
mechanisms of those are still unexplainable using modern
tools. Thus, there has been a growing interest in herbal
remedies that can be but have been difficult to maintain
over a long term introduced into the general population
with the least side effects and the maximal preventive
outcome [24]. In this direction, many phytochemicals
naturally occurring in plant pats would be desirable
options. Amongst all of these bioactive compounds, phenolic
compounds, anthocyanins, flavonoids, polysaccharides,
alkaloids, and organosulfur compounds are represent the
central position. Such compounds have been reported to
improve diabetic status by decreasing OS or by reducing
the disturbance of hepatic gene expressions [21,31,32,33].

Vinca (Catharanthus roseus) is known as Madagascar
periwinkle. It is a perennial herb of the Apocynaceae
family originally native to Madagascar [34]. It measures
about two feet in height and has dark green glossy leaves
and pale pink or white flowers. C. roseus (seeds, stems,
leaves and flowers) contains several categories of bioactive
compounds including phenolic compounds, flavonoids,
saponins, terpenes, alkaloids antocyanines, flavonols,
glucosides and steroids [35,36,37]. Also, the extracts of
the sprouts of C. roseus are used as a potential source of
natural available antioxidants and with excellent
pharmaceutical applications [38]. Furthermore, the plant
contains about seventy alkaloids, some of which include
catharanthine, lochnenine, vindoline vindolinening, vincristine,
vinblastine, tetrahydroalstonine, reserpine, serpentine, etc.
[39]. Catharanthus roseus has very powerful medicinal
properties which are due to the bioactive compounds
present in it. The organic extracts of Catharanthus roseus
is used in the folklore treatment of diabetes, malaria,
leukemia, wasp stings, sore throat, eye irritation,

astringent, diuretic and expectorant infections [40,41,42].
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Figure 1. Vinca (Catharanthus roseus)
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All of the previous studies with others confirmed the
use of Catharanthus roseus for the treatment of common
diseases such as diabetes is very common. In line with the
WHO [43] expert committee on diabetes which recommends
that traditional methods of management of diabetes should
be further investigated. Also considering the economic
resource constraints and cheapness of this phyto-product,
this present study was designed to investigate the
potentials effects of Catharanthus roseus extracts on
attenuation of the alloxan-induced hyperglycemia and
oxidative stress in rats.

2. Materials and Methods

2.1. Materials

2.1.1. Vinca

Vinca (Catharanthus roseus) plant was obtained from
Nurseries of the Agricultural Plant Department, Faculty of
Agriculture, Kafrelsheikh University, Kafrelsheikh, Egypt.
The plant was verified by the Faculty Stuff of Plant
Taxonomy in the same Department.

2.1.2. Chemicals

Alloxan, used for induction of DM among rats, and
reduced glutathione (GSH) and thiobarbituric acid (TBA)
were obtained from Sigma Chemical Co., St. Louis, Mo.
Casein, as main source of protein was purchased from
Morgan Company for Chemicals. Cairo, Egypt. Vitamins
and salts mixtures, organic solvents and other chemicals in
analytical grade were purchased from EI-Ghomhorya
Company for Trading Drugs, Chemicals and Medical
instruments, Cairo, Egypt.

2.2. Methods

2.2.1. Preparation of Catharanthus roseus
Parts Powder

Vinca parts, stems and leaves, were separated manually
and washed with water. The resulted stems and leaves
were collected and dried in a hot air oven (Horizontal
Forced Air Drier, Proctor and Schwartz Inc., Philadelphia,
PA) at 55°C until arriving by the moisture in the final
product to about 10%. The dried parts were ground into a
fine powder in high mixer speed (Moulinex Egypt, Al-
Araby Co., Egypt). The material that passed through an 80
mesh sieve was retained for use.

2.2.2. Preparation of Catharanthus roseus
Parts Extracts

Stems and leaves of Vinca powders were used for the
preparation of ethanol extract as follow: A 20 g from dried
plant powder plus 180 ml ethanol (80%, v/v) were
homogenized and transferred to a beaker and stirred at
200 rpm in an orbital shaker (Unimax 1010, Heidolph
Instruments GmbH Co. Germany) for 1 h at room
temperature. The extract was then separated from the
residue by filtration through Whatman No. 1 filter paper.
The remaining residue was re-extracted twice, and then
the two extracts were combined. The residual solvent of
was removed under reduced pressure at 45°C using a

rotary evaporator (Laborata 4000; Heidolph Instruments
GmbH Co., Germany) and the extract stored at -18°C for
the further experiments.

2.2.3. Biological Experiments

2.2.3.1. Ethical Approval

Biological experiments for this study were ethically
approved by the Scientific Research Ethics Committee
(Animal Care and Use), Faculty of Home Economics,
Menoufia University, Shebin EI-Kom, Egypt (Approval
no. 06- SREC- 011-2019).

2.2.3.2. Experimental Animals and Basal Diet

Normal male albino rats (150+10g) were obtained from
Research Institute of Ophthalmology (RIO), Medical
Analysis Department, Giza, Egypt. The basic diet
prepared according to the formula as mentioned by AIN
[44] the used vitamins and minerals mixtures were
formulated according to [45].

2.2.3.3. Induction of Diabetes

Diabetes was induced in thirty six normal healthy rats
by injection into operationally with freshly prepared
alloxan monohydrate in saline at a dose level of 150 mg/
kg body weight [46]. Immediately after injection animals
were received 5% glucose solution over night to overcome
drug induced hypoglycemia [47,48]. After five days fast
blood glucose (FBG) was analyzed using a specific kit
(AlGomhoryia Company for Trading Drugs, Chemicals
and Medical Instruments, Cairo, Egypt) by a drop of blood
was obtained from tail vein and subjected to a strip of
haemogluco test. All rats with FBG >126 mg/dl were
considered to be diabetics and included in the study.

2.2.3.4. Experimental Design

Total of 48 rats were divided in two main groups. Main
group (1), six rats, served as normal controls were
administered with saline intraperitoneally (IP), which was
used as a vehicle for the treatment of animals, in alloxan
(diabetic) group and fed basal diet (BD). Main Group (2),
42 rats were given alloxan to induce diabetes and divided
into equal seven subgroups as follow: group (2), fed on
BD and served as positive control; groups (3, 4 and 5) fed
on BD containing 300, 400 and 500 (mg/kg, w/w) CRSE,
and groups (6, 7 and 8), fed on BD containing 300, 400
and 500 (mg/kg, w/w) CRLE. The treatment with plant
parts extracts to the animal belonging to groups (3) to (8)
was started 14 days prior to diabetes induction. All the rats
had free access to the diet and water as well as the
treatments continued for a total duration of 8 weeks.

2.2.3.5. Biological Evaluation

During the experimental period (28 days), the diet
consumed was recorded every day and body weight was
recorded every week. The body weight gain (BWG, %),
feed intake (FI, g/day/rat) and food efficiency ratio (FER)
were determined according to Chapman et al., (1959)
using the following equations: BWG (%) = (Final weight
— Initial weight)/ Initial weight x100 and FER = Grams
gain in body weight (g/28 day)/Grams feed intake
(9/28 day).
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2.2.3.6. Blood Sampling

At the end of experiment period, 4 weeks, blood
samples were collected after 12 hours fasting using the
abdominal aorta and rats were scarified under ether
anesthetized. Blood samples were received into glass
centrifuge tubes, containing oxalate solution (1.34%) as
anticoagulant. After centrifugation at 3000 rpm for 10
min., serum was with drown and used for the analysis of
blood parameters. The erythrocyte residue was washed
with three successive portions of sodium chloride solution
(0.9 %) and then haemolysed with deionized water for
30 min. Haemolysate was then centrifuged at 30,000 rpm
for 30 min and the supernatant fractions was transferred to

a clean test tube and analyzed of antioxidant enzymes [49].

2.2.3.7. Hematological Analysis

Serum glucose

Enzymatic determination of serum glucose was carried
out colorimetrically according to [50].
Glutathione fractions

Reduced (GSH) and oxidized (GSSG) glutathione in
serum were determined according to the method of [51].
Samples were prepared, extracted, purified, derivatized
and injected onto HPLC system (SP Thermo Separation
Products Liquid Chromatograph (Thermo Separation
products, San Jose, CA).
Antioxidant enzymes

GSH-Px and CAT activities were measured as
described by Splittgerber and Tappel [52] and Aebi [53]
respectively. GSH-Rd activity was determined according
to the method recommended by the International
Committee for Standardization in Haematology [54].
Activities of GSH-Px enzyme was expressed in
international unit per milliliter erythrocyte sediment.
MDA determination

MDA was measured as described by [55]. Half milliliter
of plasma were added to 1.0 ml of thiobarbituric acid
reagent, consisting of 15% TCA, 0.375% thiobarbituric
acid (TBA) and 0.01% butylated hydroxytoluene in 0.25 N
HCI. Twenty-five microliters of 0.1 M FeSO,.7H,O was
added and the mixture was heated for 20 min in boiling
water. The samples were centrifuged at 1000 xg for 10
min and the absorbance was read at 535 nm using Labo-
med. Inc., spectrophotometer against a reagent blank. The
absorbance of the samples was compared to a standard
curve of known concentrations of malondialdehyde.

2.2.3.8. Histopathological Examination

Specimens of the internal organ (pancreas) were taken
immediately after sacrificing rats and immersed in 10%
neutral buffered formalin. The fixed specimens were then
trimmed and dehydrated in ascending grades of alcohol,
cleared in xylene, embedded in paraffin, sectioned
(4-6 um thickness), stained with hematoxylin and eosin
and examined microscopically [56].

2.2.3.9. Statistical Analysis

All measurements were done in triplicate and recorded
as meant standard deviation (SD). Statistical analyses
were performed using Student t-test and MINITAB 12
computer program statistical software (Minitab Inc., State
College, PA). P values < 0.05 were considered significant.

3. Results and Discussions

3.1. Effect of Catharanthus roseus Ethanolic
Extracts on Body Weight Gain (BWG),
Feed Intake (FI) and Feed Efficiency
Ratio (FER) of Diabetic Rats

BWG, FI and FER of rats injected by alloxan and
consumed CRSE and CRLE were shown in Table 1. From
such data it could be noticed that the alloxan-treated rats
exhibited significantly (p<0.05) decreased in BWG
(-49.75%) and FER (-50.57%) compared to the normal
group. The opposite direction was recorded in FI which
increased by the rate of 9.19%. However, supplementation
of the rat diets with 300, 400 and 500 mg/kg of CRSE and
CRLE for 28 days significantly (p<0.05) increased the
levels BWG, FI and FER with the positive control group
by different rates. The rate of increasing in all those
parameters exhibited a dose dependent increase with
Catharanthus roseus extracts consumption. Furthermore,
CRLE is more effective in rasing the BWG, FI and FER
level than CRSE.

Such data are in agreement with that observed by
Hasani- Ranjbar et al [57], Ajuru et al [58] who found
that the body weight of the treated animals with leaf
extracts of cathaeanthus roseus were observed to increase
significantly (p<0.05) in comparison with the natural
control group after 30 days of treatment. Also,
Hamzawy et al [59], Elhassaneen et al [60] reported that
liver rat's disorders probably induced by diabetes reveal
significant reduction of the body weight and feed intake.
Furthermore, several studies showed that diabetes and
liver disorders can lead to malnutrition and the major
causes of malnutrition in patients with diabetes and liver
disease are poor dietary/feed intake, maldigestion,
malabsorption and abnormalities in the metabolism and
storage of macro and micro nutrients [22,60,61,62].
Additionally, Elhassaneen et al [63] found that the
decreasing in both FER and BWG in experimental animals
was improved by consumption plant parts contains
bioactive compounds such as found in cathaeanthus
roseus extracts.

3.2. Effect of Catharanthus roseus Ethanolic
Extracts on Serum Glucose
Concentration of Diabetic rats

Data in Table 2 were shown the serum glucose
concentration of alloxan-induced diabetic rats consumed
CRSE and CRLE. From such data it could be noticed that
treatment of animals with alloxan caused a significant
increased (p<0.05) in serum glucose concentration by the
ratio 273.61% compared to normal animals (negative
control group). Supplementation of the rat diets with 300,
400 and 500 mg/kg of CRSE and CRLE decreased this
value which recorded 184.72, 113.47 and 76.39%, and
139.86, 112.91and 57.36%, respectively. Also, in both
extracts, the rate of attenuation was raised with the
increasing of the extract consumption concentration.
Furthermore, CRLE is more effective in lowering the
serum glucose level than CRSE. Such data in accordance
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with Ahmed et al [64] who found that the methanolic
whole Catharanthus roseus extract at high dose (500
mg/kg) exhibited significant antihyperglycemic activity
than whole plant extract at low dose (300 mg/kg) in
diabetic rats. In similar study, Vega-Avila et al [65] found
that the aqueous extracts from C. roseus reduced the blood
glucose of both healthy and diabetic mice. The aqueous
stem extract (250 mg/Kg) and its alkaloid-free fraction
(300 mg/Kg) significantly (P < 0.05) reduced blood
glucose in diabetic mice by 52.90 and 51.21%. The best
hypoglycemic activity was presented for the aqueous
extracts and by alkaloid-free stem aqueous fraction. This
fraction is formed by three polyphenols compounds. Also,
Islam et al [66] found that the ethanolic extract of the
Catharanthus roseus lowered blood glucose levels in oral
glucose tolerance tests in glucose induced hyperglycemic
rats. Furthermore, the antihyperglycemic activity has been
reported following administration of Catharanthus roseus
leaf powder in STZ-diabetic rats [67]. Additionally, the
aqueous extracts have the capacity to decrease the blood
glucose in 20 % in trials with diabetic rats, while the
reductions of the levels of glucose in the blood with
dichloromethane and methanol extracts are of 49 and
58 %, respectively [68].

In line with the results of the present study, several
researches have been done on the effect of plant parts
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extract including Catharanthus roseus consumption on
diabetic conditions. Such activity may be related to diverse
bioactive compounds present in Catharanthus roseus
including phenolics, flavonoids, lycopene, polysaccharides,
terpenoids, tannins and alkaloids [69,70]. These
compounds are known for their properties in scavenging
free radicals, inhibiting lipid oxidation; improve glucose
response, alleviating metabolic dysregulation of free fatty
acids and insulin resistance associated with type 2 diabetes
[21,22,29,71,72]. Also, such bioactive compounds have
been reported to improve damages/complications caused
by many diseases including DM [31,32]. Furthermore,
Tiwari and Madhusudana [1] reviewed that bioactive
compounds determined in Catharanthus roseus such
polyphenolics, apart from their much-cited antioxidant
activities, also have been reported to inhibit a-amylase and
sucrase, and have been shown to be the principle
substance for suppressing postprandial hyperglycemia
(PPHG). Additionally, these compounds inhibit glucose
transport across the intestine by inhibiting sodium glucose
co-transporter-1 (S-GLUT-1). Another mechanism for the
effect of Catharanthus roseus on serum glucose
attenuation have been proposed by Ahmed et al [64]
which could be due to the possibility that some g-cells are
still surviving to act upon by such plant extract to exert its
insulin releasing effect i.e. g cell regeneration.

Table 1. Effect of Catharanthus roseus ethanolic extracts on body weight gain (BWG), feed intake (FI) and feed efficiency ratio (FER) of

diabetic rats

CRSE Conc. CRLE Conc.

value Contro_l ) Cor_1tr0| _(+) (wiw, mg/kg) (wiw, mg/kg)
Std diet Diabetic 300 400 500 300 400 500
BWG (%)

Range 28.96-55.21 8.09-33.49 20.32-40.11 43.75-71.88 7.07-61.62 | 21.91-91.53 29.61-98.86 20.00-84.24
Mean” 40.8* 20.5° 29.2° 52.4° 34.9° 42.8° 449 59.4%
SD 10.80 10.26 9.98 11.31 20.56 28.28 30.73 25.15
%ofchange | - -49.75 -28.43 28.43 -14.46 4.90 10.05 4559

FI (g/day/rat)
Range 14-16 16-18 14-16 15-16 15-17 13-14 13-17 12-15
Mean” 15.4° 16.8° 15® 15.6° 15.6° 13.4° 15® 13.4°
SD 0.89 0.84 1.00 0.55 0.89 0.55 1.58 1.14
%of change | = -------- 9.19 -2.60 1.30 1.30 -12.99 -2.60 -12.99

FER

Range 3.75-7.07 1.06-4.25 2.25-5.21 5.60-9.20 0.88-7.60 3.00-12.46 2.93-12.36 2.54-10.69
Mean” 5.26° 2.6° 3.9° 6.7° 43 5.8° 5.7 6.7°
SD 1.327 1.30 1.33 1.46 2.53 3.88 3.82 2.98
%of change | = -------- -50.57 -25.86 27.38 -18.25 10.27 8.37 27.38

* CRSE, Catharanthus roseus stems extract, CRLE, Catharanthus roseus leaves extract. Means in the same row with different superscript letters are
significantly different at p< 0.05.

Table 2. Effect of Catharanthus roseus ethanolic extracts on serum glucose concentration (mg/dL) of diabetic rats

CRSE Conc. CRLE Conc.
Value COﬂtl’O'l (-) Cor}trol (+) (W/W, mg/kg) (W/W, mg/kg)
Std diet Diabetic 300 400 500 300 400 500
Range 69-74 259-284 198-209 149-157 118-134 164-179 131-148 111-117
Mean” 72 269* 205° 153.7¢ 127¢f 172.7° 153.3 % 113.3
SD 2.65 13.23 6.18 4.16 8.19 7.77 8.50 3.21
% ofchange | -mmmmmeee- 273.61 184.72 113.47 76.39 139.86 112.91 57.36

* CRSE, Catharanthus roseus stems extract, CRLE, Catharanthus roseus leaves extract.

significantly different at p< 0.05.

Means in the same row with different superscript letters are
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3.3. Effect of Catharanthus roseus Ethanolic
Extracts on Serum Oxidant
Concentration (Malonaldehyde, MDA) of
Diabetic Rats

Oxidants concentration (i.e. oxidative stress) in diabetic
rats serum feeding some selected CRSE and CRLE was
assessed by measuring lipid peroxidation (malonaldehyde,
MDA) (Table 3). From such data it could be noticed that
diabetes induced a significant increased (p<0.05) in MDA
concentration in serum by 31.41% compared to normal
rats. Supplementation of the rat diets with 300, 400 and
500 mg/kg of CRSE and CRLE decreased this value
which recorded 184.72, 113.47 and 76.39%, and 139.86,
112.91and 57.36%, respectively. Also, in both extracts,
the rate of attenuation was raised with the increasing of
the extract consumption concentration. Furthermore,
CRLE is more effective in lowering the serum MDA level
than CRSE.

In similar studies, clinical evidences for diabetes-associated
oxidative stress have been provided by measurement of
either biomarkers or end-products of free radical-mediated
oxidative processes [21,22,61]. For instance, lipid
peroxidation markers such as MDA one of the most major
products of the oxidation of polyunsaturated fatty acids,
lipid hydroperoxides and conjugated dienes are found to
be increased in plasma from diabetic subjects in many
clinical studies [22,61]. Such data are in accordance with
that observed by Zheng and Wang [73] who reported that
here was far more increase in lipid peroxidation i.e. MDA
in the negative control group than in the group treated
with C. roseus extract. This shows that C. roseus has
antioxidant activity, an attribute required in the treatment
of diseases. Also, Rzaeizadeh et al [74] in a study of MDA
inhibition methanol extract of Momodia charantia fruit
reported that this extract inhibited 32.5 % of MDA by the
end of experiment (8" day). But, C. roseus ethanol extract
had stronger performance than this plant. On the other side,
interest in the possible significance of MDA, has been
stimulated by reports that are mutagenic and carcinogenic
compound [75]. The observed positive effects of C. roseus
extracts on oxidants formation/concentration of diabetic
rats could be attributed to several mechanisms induced by
their bioactive components content. In this context, Coskun
et al [32] found that phenolic compounds such as found in
C. roseus have antioxidative and anti-inflammatory
activities. Such dietary phenolics found in C. roseus are
metabolized in liver, inhibiting liver injury induced by
diabetes i.e. enhancing lipid metabolism, reducing OS
may be particularly effective, consequently.

3.4. Effect of Catharanthus roseus Ethanolic
Extracts on Antioxidative Defense
Systems of Diabetic Rats

3.4.1. Glutathione Fractions Concentration in Plasma

Biological antioxidant macromolecules i.e. glutathione
fractions concentration in serum of diabetic rats consumed
Catharanthus roseus extracts were assessed (Table 4).
From such data it could be noticed that diabetes induced a

significant decreased (p<0.05) in reduced glutathione
(GSH) and oxidized glutathione (GSSG) concentrations in
serum by -39.53 and -24.76% compared to normal
controls, respectively. Supplementation of the rat diets
with 300, 400 and 500 mg/kg of CRSE and CRLE
increased this value which recorded -28.45, -13.59 and
-10.73%; and -25.10, -10.58 and -7.70% for GSH and
-23.02, -18.47 and -15.17; and -19.96, -13.97 and -11.03%
for GSSG, respectively. Also, in both extracts, the rate of
attenuation was raised with the increasing of the extract
consumption concentration. Furthermore, CRLE is more
effective in elevation the serum GSH fractions level than
CRSE. The same behavior was observed for the
GSH/GSSG ratio.

Glutathione (GSH), a tripeptide (L-glutamyl-L-
cysteinyl-glycine) synthesized in the cytoplasm, is the
most abundant intracellular non-protein thiol involved in
antioxidant elimination [76]. The antioxidant function of
GSH includes its role in the activities of GSH enzymes
family including glutathione peroxidase (GSH-Px), glutathione
reductase (GSH-Rd) and peroxiredoxins (PRXSs). In
addition, GSH can apparently serve as a nonenzymatic
scavenger of oxyradicals [25,27,28]. Several oxidative
injuries have been associated with glutathione depletion
[77]. A marked decreased level of GSH is reported in the
serum of diabetic patients [78]. GSH systems may have
the ability to manage OS stress with adaptational changes
in enzymes regulating GSH metabolism. By other
meaning, the link between hyperglycemia and GSH
depletion has been reported [22,60,61,79].

Decreasing in GSH fractions observed in diabetic rats
group generally accompanied by a concomitant decreased
in the ratio of GSH/GSSG. In such direction, Bedard et al
[80] mentioned that a more fundamental effect of
oxyradical-generating compounds as the diabetes
development, however, is their effect on what can be
referred to as the redox status (GSH/GSSG) of cells or
tissues. Few studies have been addressed directly the issue
of effects of pro-oxidants on redox status. For example,
Elhassaneen et al [81] mentioned that increased fluxes of
oxy-radicals might be decreased in the GSH/GSSG ratio,
due either to direct radical scavenging or to increased
peroxidase activity. This effect could also occur indirectly
due to reduced NADPH availability [necessary for
glutathione reductase (GSH-Rd) activity] resulting, for
example, from oxidations in the first step of the redox
cycle [82]. Also, Bedard and Krause [83] reported that
various enzymes inside the cells can also produce ROS.
Particularly, the family of NAPDH oxidases (NOX) is
considered to be an important source of ROS generation.
Such effect could be one of the most important reasons for
reducing the GSH/GSSG ratio in diabetic rats.

The Catharanthus roseus extracts consumption are rich
in different bioactive compounds including phenolics,
flavonoids, lycopene, polysaccharides, terpenoids, tannins
and alkaloids [69,70]. These compounds are known to
exhibit antioxidant effects against oxidants/ROS
formation as the diabetes development through several
mechanisms of action including raising of redox status
(GSH/GSSG ratio) in the living cells, and/or increasing
the GSH synthesis.
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Table 3. Effect of Catharanthus roseus ethanolic extracts on serum oxidant concentration (malonaldehyde, MDA, nmol/mL) of diabetic rats

CRSE Conc. CRLE Conc.
Value CS”JFS-' o Cor-]tLOI & (w/w, mg/kg) (wiw, mg/kg)
td diet Diabetic 300 400 500 300 400 500
Range 216.83-228.61 | 283.50-299.01 | 262.27-278.66 | 255.07-269.22 | 236.98-249.77 | 257.48-270.83 | 250.09-262.61 | 230.14-253.01
Mean” 222.47° 292.342 269.92° 262.76° 244.50° 265.14° 257.22° 239.63°
SD 5.56 7.20 6.95 6.40 6.05 6.38 6.00 9.50
% ofchange |  ------ 31.41 21.33 18.11 9.90 19.18 15.62 7.71

* CRSE, Catharanthus roseus stems extract, CRLE, Catharanthus roseus leaves extract. Means in the same row with different superscript letters are

significantly different at p< 0.05.

Table 4. Effect of Catharanthus roseus ethanolic extracts on serum antioxidant biological molecules (glutathione fractions) of diabetic rats

CRSE Conc. CRLE Conc.
vae | R0 | o (. g (. g
300 400 500 300 400 500
Reduced glutathione concentration (GSH, pumol /L)
Range 9.80-10.33 5.96-6.29 6.99-7.43 8.43-8.90 8.70-9.17 7.31-7.69 8.74-9.18 9.05-9.53
Mean” 10.05° 6.08° 7.19° 8.69° 8.98™ 7.53¢ 8.99™ 9.28°
SD 1.25 1.15 0.99 111 2.01 1.18 154 2.23
% of change |  ------ -39.53 -28.45 -13.59 -10.73 -25.10 -10.58 -7.70
Oxidized glutathione concentration (GSSG, pumol /L)
Range 0.81-0.86 0.61-0.64 0.62-0.66 0.67-0.70 0.69-0.72 0.65-0.68 0.70-0.73 0.72-0.76
Mean” 0.83 0.63° 0.64% 0.68% 0.71% 0.67¢ 0.72" 0.74°
SD 0.08 0.04 0.08 0.03 0.09 0.07 0.06 0.05
% ofchange |  ------ -24.76 -23.02 -18.47 -15.17 -19.96 -13.97 -11.03
GSH/GSSG ratio
Range 10.56-14.88 8.89-14.78 9.04-13.05 11.50-13.99 9.56-14.97 10.56-13.88 10.67-13.67 10.67-14.30
Mean” 12.01 9.65 11.23 12.78 12.65 11.24 12.49 12.54
SD 1.56 2.01 1.34 0.99 2.04 1.59 1.07 1.29

* CRSE, Catharanthus roseus stems extract, CRLE, Catharanthus roseus leaves extract. Means in the same row with different superscript letters are

significantly different at p< 0.05.

3.4.2. Antioxidant enzymes Activities in Red Blood
Cells (RBCs)

Antioxidant defense system in RBCs in diabetic rats
consumed Catharanthus roseus extracts were assessed
by measuring antioxidant enzymes activities including
GSH-Px, GSH-Rd and CAT (Table 5). From such data
it could be noticed that diabetes induced a significant
decreased (p<0.05) in GSH-Px, GSH-Rd, and CAT activities
in RBC's by -43.49, -48.24 and -36.436 % compared to
normal controls, respectively. Supplementation of the rat
diets with 300, 400 and 500 mg/kg of CRSE and CRLE
increased those values which recorded -32.07, -25.92 and
-14.09%, and -26.56, -17.65 and -9.06% for GSH-PX,
-31.85, -24.93 and -8.59, and -26.40, -19.70 and -6.93%
for GSH-Rd, and -26.915, -15.685 and-9.653%, and
-18.46, -14.85 and -7.04% for CAT, respectively. Also, in
both extracts, the rate of attenuation was raised with the
increasing of the extract consumption concentration.
Furthermore, CRLE is more effective in elevation the
serum GSH fractions level than CRSE.

Generally, to prevent free radical damages (OS
activities), the organism has developed antioxidant
defense systems largely based on antioxidant enzymes
able to scavenge ROS. Superoxide dismutase (SOD)
enzymes are responsible for the reduction of O, to H,0,
and multiple enzymes will remove H,0O, including

GSH-Px and CAT. Also, the GSH-Rd reduces the Se and
the reduced form of the enzyme then reacts with H,0.,.
The ratio of nine GSH/GSSG in normal cells is kept high.
So there must be a mechanism of reducing GSSG back to
GSH. This is achieved by GSH-Rd enzymes which
catalyze the reaction: GSSG + NADPH + H" — 2GSH +
NADP*. GSH-Rd can also catalyze reduction of certain
mixed disulphides such as that between GSH and
Co-enzyme A [84].

Mammalian RBC's operate the pentose phosphate
pathway in order to provide NADPH for GSH reduction.
Many studies such Galinier et al [85] and Cao [86]
reported that antioxidant enzymes systems are active in
liver cells. Decreasing the activity of the antioxidant
enzymes results in increased ROS production and
mitochondrial dysfunction [87]. The Catharanthus roseus
extracts in the present study consuming are rich in
bioactive compounds such phenolics, flavonoids, lycopene,
polysaccharides, terpenoids, tannins and alkaloids etc
which exhibited antioxidant activities in different
biological systems [13,88]. Such antioxidant properties
are important in manipulation of the diabetes development
through ROS scavenging processes in RBC's. i.e stimulate
GSH related antioxidant enzymes activity i.e. GSH-
peroxidase and GSH-reductase ae well as CAT.
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Table 5. Effect of Catharanthus roseus ethanolic extracts on RBC's antioxidant enzymes of diabetic rats
Control () Control (+) CRSE Conc. CRLE Conc.
Value Std diet Diabetic (wiw, mgrkg) (whw, mg/kg)
300 400 500 300 400 500
Glutathione peroxidase (GSH-Px, U/g Hb)

Range 22.23-23.43 12.64-13.33 15.05-15.99 16.40-17.31 18.99-20.01 16.26-17.11 18.26-19.17 19.87-20.93
Mean" 22.80° 12.89° 15.49° 16.89° 19.59" 16.75° 18.78° 20.74°
SD 247 1.32 2.39 2.71 3.49 241 2.24 3.51
% of change | - -43.49 -32.07 -25.92 -14.09 -26.56 -17.65 -9.06

Glutathione reductase (GSH-Rd, U/g Hb)

Range 13.42-14.15 6.99-7.37 9.12-9.69 10.04-10.59 12.20-12.86 9.84-10.35 10.75-11.29 12.76-13.16
Mean" 13.77° 7.13f 9.38° 10.34° 12,59 10.14° 11.06° 12.82°
SD 2.34 117 1.24 2.25 231 1.24 2.26 3.02
% of change |  --—---- -48.24 -31.85 -24.93 -8.59 -26.40 -19.70 -6.93

Catalase (CAT, U/g Hb)

Range 186.21-196.33 | 117.77-124.21 | 135.67-144.15 | 156.37-165.05 | 167.30-176.33 | 151.28-159.12 | 158.15-166.06 | 173.18-182.41
Mean” 191.05% 121.44° 139.63¢ 161.09° 172.61° 155.78° 162.68° 177.61°
SD 4.77 2.99 3.59 3.92 4.27 3.75 3.41 4.42

% of change |  --—---- -36.436 -26.915 -15.685 -9.653 -18.46 -14.85 -7.04

* CRSE, Catharanthus roseus stems extract, CRLE, Catharanthus roseus leaves extract. Means in the same row with different superscript letters are

significantly different at p< 0.05.

3.5. Effect of Catharanthus roseus Ethanolic
Extracts on Pancreas Histopathological
Disorders of Diabetic Rats

The effect of Catharanthus roseus ethanolic extracts on
pancreas histopathological disorders of diabetic rats.
From such microscopically examination (Figure 2) it
could be noticed that pancreas of rats from group 1
revealed normal pancreatic acini and normal islets of
Langerhan’s (Photos 1 and 2). On the other hand, pancreas
of rats from group 2 showed marked vacuolations of cells
of islets of Langerhan’s and congestion of blood
capillaries (Photos 3 and 4). Examined sections from
group 3 revealed congestion of pancreatic blood vessel
(Photo 5) and vacuolations of some cells of islets of
Langerhan’s (Photo 6). Moreover, pancreas from group 4
exhibited vacuolations of some cells of islets of
Langerhan’s (Photos 7 and 8). However, some sections
from group 5 revealed no histopathological alterations
(Photo 9), whereas, other sections showed vacuolations of
some cells of islets of Langerhan’s (Photo 10). Meanwhile,
pancreas of rats from group 6 showed vacuolations of
some cells of islets of Langerhan’s (Photo 11), congestion
of pancreatic blood vessels (Photo 12) and dilatation of
pancreatic duct (Photo 13). On the other hand, pancreas of
rats from group 7 showed no histopathological alterations
except vacuolations of sporadic cells of islets of
Langerhan’s (Photos 14 and 15). Examination of pancreas
from group 8 exhibited vacuolations of some cells of
islets of Langerhan’s (Photos 16 and 17). Such
histopathological changes observed in the present study
were confirmed by the biochemical results. In general, no
significant lesions were observed in pathological sections
of the control; however, the lesions in diabetic group
showed massive lesions in the islets of Langerhans and
reduced dimensions of islets due to the damage of
beta-cells. Data of the present study are going well with
that showed in similar studies. For example, Eman et al
[89] reported that the damage of pancreas in alloxan-
treated diabetic rats and regeneration of beta-cells by

Catharanthus roseus treatment was observed. Also,
Catharanthus roseus extract at this dose (300 mg/kg bw)
was effective in this direction and showed normal results.
This effect may be due to the possibility that some B-cells
one still surviving to act upon by Catharanthus roseus
extract to exert its insulin releasing effect. Histopathological
studies reinforce the healing of pancreas, by Catharanthus
roseus extracts, as possible mechanism of their antidiabetic
activity. Other study by Ahmed et al [64] found that
histopathological studies reinforce the healing of pancreas,
by Catharanthus roseus extracts with dose response
behavior, as a possible mechanism of their antidiabetic
activity i.e to act by beta- cells regeneration. Furthermore,
Eman et al [90] noticed that histopathological sections of
the pancreas, which treated by ethanolic extracts of
Catharanthus roseus, illustrated increasing number of
beta-cells hypercellularity. Therefore, ethanolic extracts of
Catharanthus roseus could be beneficial for the diabetes.

3.6. Correlation Studies

In the correlation analysis, important differences were
found between OS parameter (MDA) and antioxidant
defense systems (GSH fractions, antioxidant enzymes) in
diabetic rats feeding Catharanthus roseus extracts
(Table 6). From such data it could be noticed that there
was a strong negative significant (p< 0.05) relationship
between GSH concentration in serum (r* = - 0.9213),
GSSG concentration in plasma (r? = - 0.8834), antioxidant
enzymes in RBC's [GSH-Px (r = - 0.9051), GSH-Rd
(r* = - 0.8473), and CAT (r* = - 0.8512)] and MDA
concentration in serum. These correlations confirm
that if there were no change in the antioxidant defense
systems of diabetes rats, it would be difficult to observe
high concentrations of MDA. Such data are confirmed
by several studies those are reported that high levels
of lipid peroxidation i.e. MDA in serum of diabetic rats
were associated with rather low levels of antioxidant
enzymes including GSH-Px, GSH-Rd, SOD and CAT
[22,61].
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Figure 2. Effect of Catharanthus roseus ethanolic extracts on pancreas histopathological disorders of diabetic rats (H and E X 400)

Table 6. Correlation between oxidative stress and antioxidant H
defense systems in diabetes rats consuming Catharanthus roseus 4 COHC'USIOH

Data of the present study has demonstrated the

efficiency of the Catharanthus roseus extracts to

relatively attenuate hyperglycemia and oxidative stress in

diabetic rats. All of these amelioration effects could be

attributed to the high antioxidant activities due to the high

extracts”

Parameters re
MDA/GSH -0.9213
MDA/GSSG -0.8834
MDAJ/GSH-Px -0.9051
MDA/GSH-Rd -0.8473
MDA/CAT -0.8512

levels of many bioactive compounds found in

*P<0.05.

Catharanthus roseus extracts which exhibited antioxidant
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effects against oxidants/ROS formation as the diabetes

development through several

proposed mechanisms

including: 1) increasing the GSH synthesis, 2) raising of
redox status (GSH/GSSG ratio), 3) stimulate antioxidant
enzymes activity i.e. GSH-Px, GSH-Rd, CAT and SOD in
the living cells, and reinforce the histopathological healing
of pancreas. These findings provide a basis for the use of
Catharanthus roseus as a promising plant for the
prevention and/or treatment of type-2 Diabetes mellitus.
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