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Abstract

Objective: Phytochemicals which are derived from medicinal plants having properties to cure the early stage of diabetes
and its complications according to various preliminary studies. Mangiferin, Camphene and Citral are a major chemical
component of Mangifera indica (mango), Zingiber officinale (ginger) and Cymbopogon citratus (lemongrass), respectively
has been reported multiple biological activities like antioxidant, anti-inflammatory, antidiabetic antidyslipidemic,
antimicrobial, antitumor etc. Aim of this study was to compare the antidyslipidemic, antidiabetic as well as antioxidant
effects of Mangiferin, Camphene and Citral on streptozotocin (STZ) + high-fat diet (HFD) induced diabetic dyslipidemic
rats.
Material & Methods: Diabetes was induced by through an STZ at a dose of 35 mg/kg/b.w injected intraperitoneally (i.p.).
Plasma insulin and Glycosylated Haemoglobin (HbAlc) were estimated by kits. Free Fatty Acids (FFA), Triglycerides
(TG), Phospholipids, Small dense lipoproteins (s-LDL) and total cholesterol (TC) were also estimated in blood serum by
using kits. Other biochemical parameters like Thiobarbituric acid reactive substances (TBARS), Superoxide dismutase
(SOD), Catalase (CAT), Glutathione peroxidase (GPx), Glutathione Reductase (GR) and reduced Glutathione (GSH) were
estimated in the pancreas, skeletal muscles and adipose tissue homogenates spectrophotometrically.
Results: Citral has shown more degree of anti-hyperglycemic activity and antioxidant activity than Mangiferin and
Camphene do. But, all three have produced a similar degree of hypolipidemic activity.
Conclusion: Current study shows that Mangiferin, Camphene and Citral possess significant antidiabetic, antidyslipidemic
and antioxidant properties thus it will provide new direction in the herbal treatment of diabetic dyslipidemia and related
cardiovascular complications.
Keywords: Diabetes; Dyslipidemia; Mangiferin; Citral; Camphene; Oxidatives-Stress.
1. Introduction Diabetes mellitus, is a major global problem,
Medicinal plants are a rich source of bioactive — Millions of people suffers from diabetes in the whole world.
phytochemicals which have the potential for preventing It is characterized by chronic hyperglycaemia (high blood
chronic disease such as cancer, Alzheimer, diabetes, —Sugar) with disturbances of carbohydrate, fat and protein
cardiovascular disease etc.  Several phytochemicals ~Metabolism [1]. Hyperglycemia is known to produce
including alkaloids, flavonoids, glycosides, glycolipid, reactive oxygen species (ROS) which react with lipids,
polysaccharides, peptidoglycans, carbohydrates, amino  initiating their peroxidation leading to abnormalities in lipid
acids and saponin obtained from plant sources have been ~ Metabolism and dyslipidemia in diabetes mellitus [2]. Thus
reported to possess antioxidant, anti-inflammatory, ~OXidative load lipotoxicity as well as hyperglycemia-

hepatoprotective, antidiabetic, antidyslipidemic activities ~Mediated glucotoxicity in diabetic dyslipidemia may causes
etc. complications in diabetes [3].
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The association of dyslipidemia and oxidative
stress may accelerate the dysfunctions in beta cells and thus
diabetic complications like retinopathy, nephropathy,
neuropathy, cardiopathy and many more [4]. The key
feature of diabetic dyslipidemia is the elevation of serum
total cholesterol (TCh), triglycerides (TG) and low-density
lipoprotein (LDL) levels associated with a reduced high
density lipoprotein (HDL) cholesterol [5].

Treatment of patients with diabetes includes
balanced diet, exercise, oral hypoglycemic agents, and / or
insulin [6,7]. Hypoglycemic agents which are currently
being used are expensive and also have side effects.
Therefore, herbal medicines recommended for treatment of
diabetes because of their effectiveness, less side effects and
relatively low cost [8, 9].

Mangiferin (CigH15011y a glucoxanthone, is a
major chemical component of Mangifera indica has been
reported multiple biological activities [10]. A major
component of Cymbopogan citratus is a Citral, which is a
mixture of two terpenoids geranial and neral with the
molecular formula CyoH;gO [11]. Camphene is bicyclic
monoterpens and present in essential oil of ginger (Zingiber
officinale), tulsi (Ocimum sanctum) etc [12]. There are
some preliminary reports on Mangiferin from mango
(Mangifera indica L), Citral from lemongrass
(Cymbopogon citratus (DC.) Stapf), to possess antioxidant,
antitumor, chemopreventive, antimicrobial, anti-
inflammatory, antidiabetic, antidyslipidemic etc, but no in
depth study has been done so far. Here, the present work is
design to compare the antidyslipidemic, antioxidant and
antidiabetic effects of Mangiferin, Camphene and Citral on
high fat diet (HFD) and low dose streptozotocin (STZ)
induced diabetes dyslipidemia on wistar rats.

2. Materials and Methods
2.1 Chemicals and reagents:

Trichloroacetic acid (TCA), Glutathione reduced
(GSH), 5, 5’-dithiobis-(2-nitrobenzoic acid) (DTNB),
thiobarbituric acid (TBA), ethylene diamine tetra acetic
acid (EDTA) and 2, 4-dinitrophenyhydrazine (DNPH),
streptozotocin (STZ), Citral were purchased from Sigma—
Aldrich, Chemicals Pvt. Ltd., India. All other chemicals and
solvents used were of analytical grade available
commercially.
2.2 Animals

Male albino Sprague—Dawley rats weighing 200-
250 gm were used in this study. All rats were kept at room
temperature of 20°C in the central Animal house of the
Medical College. They were maintained on Standard diet-
pellets (Ashirvad Industries, Chandigarh) and water ad
libitum. AIll experiments were performed as per the
directives of the institutional Animal Ethics Committee
(40/1AEC/2013).
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2.3Experimental design and development of HFD/STZ
model of type 2 diabetes:

In this study we induced diabetes mellitus by
administration of low dose of streptozotocin in HFD fed
rats according to the method of Srinivasan et al [13]. Male
Sprague—Dawley rats (200-250 g) were fed with HFD for 2
weeks. After 2 weeks of dietary manipulation, they were
injected intraperitoneally a single dose of streptozotocin (35
mg /kg) dissolved in 50m M cold citrate buffer (pH
4.5).The feeding with HFD were continue till the end of
experiment. The blood glucose values above 180mg/dl on
the third day after STZ injection were considered as
diabetic rats.

2.4 Treatment Schedule

Mangiferin, Camphene Citral, as well as
Fenofibrate and Glibenclamide were macerated with in
tripled distilled water containing 2% gum acacia and fed
orally once daily by gastric tube at the doses mentioned
below. The study was comprised of the following groups

Group-I Normal rats fed on saline (control)

Group-11 HFD/STZ treated rats fed on saline
(Diabetic Control)

Group-1II HFD/STZ treated rats fed on Mangiferin
(45mg/kg b.w./daily)

Group-1V HFD/STZ treated rats fed on Camphene
(45mg/kg b.w./ daily)

Group-V Diabetic rats fed on Citral (45 mg/kg
b.w./day)

Group-VI Diabetic rats fed on Glibenclamide
(600ug/ kg b.w.)

Group-VII Diabetic rats fed on Fenofibrate once daily

(500mg/kg b.w.)

2.5 Oral glucose tolerance test (OGTT)

Two days before termination of experiment, the
OGTT was performed to assess the glucose tolerance. For
this purpose, overnight fasted rats were fed orally 2 gm/kg
body wt glucose. Blood was collected at 0, 30, 60 and 120
min intervals from orbital sinus for glucose estimation.
Animals were not anesthetized for this procedure.
2.6 Tissue preparation

At the end of experiment, rats were anesthetized
by ether inhalation and blood was collected from the dorsal
aorta. Rats were then sacrificed and their liver, adipose
tissues, and pancreas were excised immediately and
perfused with ice-cold saline. For biochemical estimations,
all the tissues were homogenized at 4°C with 10 times (w/v)
0.1 M phosphate-buffer (pH 7.4) containing protease
inhibitors in a tissue homogenizer (Kinematica A.G.). The
homogenate was centrifuged at 800 x g for 5 min at 4°C to
separate the nuclear debris and was used for estimation of
thiobarbituric reactive substances (TBARS).
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The supernatant was further centrifuged at 10,000
X g for 20 min at 4°C to get the post-mitochondrial
supernatant (PMS), which was used for various biochemical
assays. Samples were stored at -80°C before analysis [14].
2.7 Estimation of Plasma glucose and insulin level:

To estimate blood glucose level by the method of
Trinder [15]. Fasting plasma insulin level was measured by
ELISA Kkit. [16]. The level of glycosylated proteins O,
haemoglobin was estimated by thiobarburic acid reaction
according to method of Goldstein et al [17] and protein was
estimated by Lowry et al [18]

2.8 Assessment of Dyslipidemic Parameters.

Quantitation of small dense LDL was measured by
Okada et al [19]. Free Fatty Acid estimation was
determined by the method Mosinger [20], Total cholesterol
was measured by the method of Deeg & Ziegenborn [21].
Phospholipids measured by Kallner) [22] and triglycerides
were measured by Buccolo & David [23].

2.9 Assessment of Oxidative-Antioxidative Status in
Pancreas, Skeletal muscles and Adipose tissues

Lipid peroxidation level was determined according
to the method Ohkhawa and Ohishi [24] and Xanthine
Oxidase activity was determined by [25] Haideri et al in all
the tissues. Protein carbonyl groups were measure by
spectrophotometric method with the use of the carbonyl
specific reagent dinitrophenylhydrazine (DNPH). The
optical density of which was read in UV range at 280 hm on
spectrophotometer [26].

SOD assay was assayed by the McCord and
Fridovich [27]. The absorbance will be read at 560 nm
against blank. Catalase was assayed by following the
method Aebi [28]. GPx was determined by the method
Pagilia and Valentine [29]. Enzyme unit was defined as
nmole of NADPH oxidized per minute per mg protein. GR
was estimated by follow the method of Hazelton and Lang
[30]; results were expressed as unit/min/mg protein.
Reduced glutathione was estimated by the method of
Ellman [31] in all tissues.

2.10 Statistical analysis

Data are expressed as mean = SE. Data was
analyzed on Graph pad Prism 5 software using student’s t-
test and one-way ANOVA (Analysis of variance). *P <
0.05, **P < 0.01, ***P < 0.001 were used as the criterion
for significance.

3. Results

3.1 Effect of all three phytochemicals on diabetic
parameters
Blood glucose levels of all the groups at different

time points (0, 30, 60, 90 and 120 mins) after the oral
administration of glucose (2gm/kg) have shown in table 1.

IJBAR (2018) 09 (08)

In the diabetic control (Group-Il) rats the significant
increase in blood glucose level was observed after 60 mins
and remained high to next 60 mins. Among all the three
phytochemicals Citral (Group-V) administered group
showed significant decrease (p<0.01) in blood glucose
levels at 90, and 120 mins as equal to Glibenclamide
(Group-VI) administered group. Table 2 showed a serum
glucose and HbA1C level of the diabetic group were higher
and insulin level was lower than in the non-diabetic group,
indicating a sustained hyperglycemic state in the STZ-
induced diabetic rats. Administration of Mangiferin
(Group-I11), Camphene (Group-1V) were significant (p<
0.05), whereas Citral (Group-V) was highly significant
(p<0.001) reduced blood glucose and HbALC level as
compared to diabetic control rats. It has been observed that
all the phytochemicals were significantly improve insulin
level like Glibenclamide (Group-VI) does. Fenofibrate
(Group-VII) treated group did not show any significant
changes in all the parameters.

3.2 Effect of Phytochemicals on Lipid profiles of
diabetic dyslipidemic rats

Table 3 showed effect of Mangiferin, Camphene
and Citral on lipid profile of diabetic rats. The diabetic
control group showed a significant (p < 0.01) increment in
serum TC, TG, FFAs, s LDL, phospholipids levels (p <
0.05) compared to the control group (Table 3). Treatment of
Mangiferin, Camphene and Citral group significantly (p <
0.05) restored all the changes in lipid profile and FFAs
compared to the HFD/STZ group. Fenofibrate treated group
showed highly significant (p<0.001) decrease in TC, TG,
FFA’s, sLDL and phospholipids level.

3.3 Effect of phytochemicals on oxidative Stress

Effect of Mangiferin, Camphene and Citral on
lipid peroxidation, Xanthine oxidase and protein carbonyl
was measured in the pancreas, skeletal muscles and adipose
tissue in the HFD/STZ induced diabetic dyslipidemic rats.
MDA, XO and PC (Figure 1) level were significantly (P<
0.05) increased in all selected tissues of diabetic
dyslipidemic rats as compared to normal control rats
(Group-1).

However, among the all three phytochemicals, a
significant reduction in the level of MDA, XO and PC were
observed in the Citral treated groups as equal to
Glibenclamide does. Streptozotocin injection significantly
(P<0.001) decreased the activity of SOD, Catalase, GPx,
GR and GSH in all selected tissues of diabetic rats as
compared to control rats. Supplementation of Mangiferin,
Camphene improved significant (0.05) and Citral also
improved highly significant enzyme activity in diabetic
dyslipidemic rats (Figure 2 and Figure 3)
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Table 1: Effect of phytochemicals on Oral Glucose Tolerance

Group Glucose (mg/dl) at different time intervals
0 min 30 min 60 min 90 min 120 min

Group-I 94453.2 110+36.41 | 115+21.69 110+51.51 86+49.32
Group-11 | 402+48.6" | 415+94.21% | 425+86.317 | 435+86.95° | 430+95.36"
Group-11l | 175+74.36 | 180+86.47 | 198+74.21 187+87.14 180+74.26
Group-1V | 180+86.21 | 189+56.87 | 205+72.68 195+74.58 192+54.39
Group-V | 150+65.34 | 155+36.47 | 170+64.75 | 160+56.47** | 145+86.14**
Group-VI | 140+81.23 | 150+75.6 | 162+56.25 | 145+56.28** | 130+88.24**
Group-VII | 210+97.21 | 224+84.25 | 230+86.2 232+74.36 210+87.25

289

Values are expressed as mean S.D. # denotes significant difference compared with control rats; * P < 0.05; ** P < 0.01; *** P < 0.001 denotes significant
difference compared with diabetic control

Table 2: Effect of Mangiferin, Citral and Camphene on blood glucose, HbA1C and insulin

Groups Blood glucose level Insulin Glycosylated haemoglobin
(mg/dI) (uU/ml) (%Hb)

Group-I 110.6+£26.96 17.54+5.42 4.2+2.74
Group-11 320.8+81.66" 6.45+3.68" 13.70+3.34"
Group-I11 158.8+47.27* 12.77£4.27* 8.24+2.74*
Group-1V 169.8+37.61* 10.8546.74 8.93+2.41*
Group-V 143+26.59*** 13.12+7.78** 7.1942.83**
Group-VI 132+26.83*** 16.10+4.06** 5.94+1 58**
Group-VII 206+59.41 8.92+4.01 10.55+4.20

Values are expressed as mean+ S.D. # denotes significant difference compared with control rats; * P < 0.05; ** P < 0.01; *** P < 0.001 denotes significant
difference compared with diabetic control
Table 3: Effect of Mangiferin, Citral and Campene on lipid profiles and Free Fatty acid

Group Total Cholesterol Triglycerides Free fatty acids Phospholipids _ Low _Dense
(mg/dl) (mg/dl) (mg/dl) (mg/dl) lipoproteins (mg/dl)

Group-I 86+36.64 44.4+15.26 64+20.73 105+25.49 77%£29.70
Group-I| 266+74.36 104+51.28 7 203+75.13" 216459.417 240+87.10"
Group-III 187.6+73.86 85+19.03 143.8+22.77 178+79.34 195+65.09
Group-1V 199+78.05 90.4+30.18 146+36.29 189+91.45 193.4463.24
Group-V 136.06+25.01* 82.6+25.00* 130.4+35.99* 128.6+32.01* 122.6+37.55
Group-VI 188.6+68.64 81.6+22.14 126.8+28.7 168+88.84 120.75+86.14
Group-VII 126.8451.22*** 70.2421.74*** 106+25.59*** 124.6+41.19*** 106.2+56.50***

Values are expressed as mean+ S.D. # denotes significant difference compared with control rats; * P < 0.05; ** P < 0.01; *** P < 0.001 denotes significant
difference compared with diabetic control
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Figure 1: Effect of Mangiferin (45mg/kg), Camphene (45mg/kg) and Citral (45mg/kg b.w.) supplementation on MDA level [Figure 1
(a)], protein carbonyl content [Figure 1 (b)] and Xanthine Oxidase activity [Figure 1 (c)] of STZ + HFD induced diabetic dyslipidemic
rats. (No. of rats per group=6). # denotes significant difference compared with control rats; * P < 0.05; ** P < 0.01; *** P < 0.001
denotes significant difference compared with diabetic control. Group I-control; Group 11- diabetic control, Group I11- Mangiferin
treated rats; Group 1V- Camphene treated rats; Group V- Citral treated rats; Group VI -Glibenclamide treated rats; Group VII-

Fenofibrate treated rats
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Figure 2: Effect of Mangiferin (45mg/kg), Camphene (45mg/kg) and Citral (45mg/kg b.w.) supplementation on SOD mimetic activity
[Figure 2 (a)] and Catalase activity [Figure 2 (b)] of STZ + HFD induced diabetic dyslipidemic rats. (No of rats per group=6) # denotes
significant difference compared with control rats; * P < 0.05; ** P < 0.01; *** P < 0.001 denotes significant difference compared with
diabetic control. Group I-control; Group I1- diabetic control, Group I11- Mangiferin treated rats; Group 1VV- Camphene treated rats;
Group V- Citral treated rats; Group VI- Glibenclamide treated rats; Group VII- Fenofibrate treated rats
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Figure 3: Effect of Mangiferin (45mg/kg), Camphene (45mg/kg) and Citral (45mg/kg b.w.) on GPx activity [Figure 3 (a)], GR activity
[Figure 3 (b)] and GSH activity [Figure 3 (c)] of STZ + HFD induced diabetic dyslipidemic rats. (No of rats per group=6) # denotes
significant difference compared with control rats; * P < 0.05; ** P < 0.01; *** P < 0.001 denotes significant difference compared with
diabetic control. Group I-control; Group I1- diabetic control, Group I11- Mangiferin treated rats; Group 1\VV- Camphene treated rats;
Group V- Citral treated rats; Group VI -Glibenclamide treated rats; Group VII- Fenofibrate treated rats

4. Discussion

Dyslipidemia is common characteristic feature of
Type 2 diabetes with elevated triglyceride (TG), total
cholesterol, low-density lipoprotein cholesterol (LDL-c),
and decreased high-density lipoprotein cholesterol, which
are partly responsible for the contribution to insulin
resistance and the development of type 2 diabetes and also a
risk factor for cardiovascular disease (CVD) [32-34].
Therefore, intensive lipid-lowering therapy should be used
for primary and secondary preventive therapy against
macrovascular complications in Type 2 diabetic patients
[35]. Several reports indicate that herbal medicines possess
hypoglycemic and hypolipidemic property [36-38]. Hence

IJBAR (2018) 09 (08)

in the present study, we compare Lipid and Glycemic
Effects of Mangiferin, Citral and Camphene on high-fat diet
and low-dose streptozotocin-induced diabetic dyslipidemia
on rats.

The present study demonstrates that the effect of
phytochemicals on high-fat diet for 4 weeks combined with
low-dose streptozotocin induced diabetes dyslipidemia.
Type 2 diabetic control rats showed significant
hyperglycemia after 3 days of STZ treatment. Development
of glucose intolerance in HFD combined with low-dose
STZ-induced diabetic rats was found in the literature
[39,40]. Here, in the present study, we investigate the anti-
hyperglycemic effect of all the three phytochemicals
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through the oral glucose tolerance test. The OGT test
showed that the Citral decreases the glucose and increase
the body weight more effectively than Mangiferin and
Camphene treated groups and significantly improve glucose
tolerance, because of Citral may enhance glucose utilization
compare to other two phytochemicals. These results were
similar to earlier studies on medicinal plants extract or
phytochemicals [41,42]. Insulin levels were significantly
increased in both Mangiferin and Camphene treated group
but highly significant increased level of insulin in Citral
treated group were found. This results indicated that Citral
stimulate insulin secretion from beta cells or regenerate beta
cells. Glycosylated hemoglobin was found to increase in the
diabetic rats and the amount of increase is directly
proportional to the fasting blood glucose level [43,44].
Administration of Citral, Camphene and Mangiferin
prevents a significant elevation in Glycosylated hemoglobin
thereby increasing the level of total hemoglobin in diabetic
rats as reported by earlier findings [45].

As we know that dyslipidemia is linked with
diabetes mellitus. It has been demonstrated that during DM
a variety of derangements in metabolic and regulatory
processes occurs, which in turn leads to hyperlipidemic
condition in diabetic people [46]. The plasma levels of TC,
LDL and TG increase while HDL level decrease
contributing the diabetic dyslipidemic condition. In diabetes
shortage of insulin initially causes an increase in free fatty
acid mobilization from adipose tissue [47]. Increased level
of free fatty acid might induce lipotoxicity in obesity and
this has been shown to be manifested by several tissues like
pancreas, adipose, liver etc [48]. This study show that the
decrease in plasma glucose, triglycerides, total cholesterol,
and LDL with a associated increase in plasma HDL in
HFD/STZ induced diabetic rats in treatment of the diabetic
rats with Mangiferin, and Camphene and marked decrease
in Citral treated group. Similar effects of Mangiferin in
improving dyslipidemia were previously reported in
streptozotocin diabetic rats and similar results of this model
have been explained earlier by many reports [49,50]. The
presently observed decline in plasma lipid profiles in all the
three phytochemicals administered diabetic rats suggests
that it is possibly due to the elevation of insulin level.

Reactive oxygen species and their role in the
generation and progression of diabetes have been reported
by many researchers. In the current investigation we also
estimated the levels of antioxidant enzymes and lipid
peroxidation in STZ and HFD diet induced diabetes
dyslipidemia in rats.

The results of this study showed a marked
reduction in antioxidant enzymes including SOD, GPx and
CAT in diabetic animals with decreased GSH and increased
MDA and XO levels indicating oxidative stress. Free
radicals generated due to different glucose metabolizing
pathways can be well nullified by phytochemicals having
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good antioxidant property [51,52]. All the three
phytochemicals were able to restore the modulation seen in
SOD, Catalase, GPx activity and redox ratio due to diabetes
induction. Moreover, Citral showed significant reduction of
lipid peroxidation, XO and protein carbonyl content in
diabetic rats. Our results on the disturbed antioxidant status
due to diabetes are support the earlier findings reporting the
use of phytochemicals in effective treatment of tissue
damage during diabetes [53-55]. The curative and
preventive property of Citral in diabetic rats may be due to
its improvement in glucose tolerance and antioxidant

property.

5. Conclusion

The data of our study shows that Citral possesses
significant antidiabetic as well as antidyslipidemic property
than Camphene and Mangiferin. Results of this study also
indicate that the protective effect of Citral in hyperglycemic
conditions may be associated with an increase of glucose
uptake by peripheral tissues. In conclusion, since Citral
possesses significant hypoglycemic potentiality, it may be
used for the development of antidyslipidemic drug in
diabetes. However, depth studies will be needed to explain
more fully mechanism(s) of antidiabetic as well as
antidyslipidemic effects of Citral.
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