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Globally recognized antihypertensive phytomedicine Rauwolfia serpentina Benth is also well-known for its
diversified ethno-medicinal usefulness. The objective of present study is to evaluate the effect of methanolic root
extract (MREt) of R. serpentina on atherogenic dyslipidemia, arteriosclerosis and glycosylation indices in
alloxan-induced type 1 diabetic mice. After the single intraperitoneal injection of alloxan monohydrate (150
mg/kg), forty two mice were allocated into diabetic control (1 ml distilled water), negative control (0.05% DMSO
1 mi/kg), positive control (5 mg/kg glibencalmide) and three test dose groups (MREt 10, 30 & 60 mg/kg).
Normal control (1ml distilled water) was also used. After 14 days of respective treatments, fasting blood glucose,
insulin, haemoglobin (Hb), glycosylated haemoglobin (HbA), triglyceride (TG), total cholesterol (T-CHOL),
low density lipoprotein cholesterol (LDL-c), very low density lipoprotein cholesterol (VLDL-c), and high density
lipoprotein cholesterol (HDL-c) levels were determined. Wet organ weight, relative weight, percent change in
glycosylation and non-HDL-c level was also determined. MREt maintained the wet organ and relative weight, as
did not produce any harmful changes in kidney, liver, spleen and heart. Significant reduction in percent
glycosylation was observed from -37.35 to -48% in all test groups. Upto two fold significant (p< 0.0001)
decrease in atherogenic (Al) and arteriosclerotic (Anl) indices, while improvements in atherogenic dyslipidemia
ratio (ADR) were also observed in all test groups. Significantly (p< 0.0001) lowered level of non-HDL-c and
glucose to lipid profile ratios were estimated in all test groups. The obtained results indicated the therapeutic
potential of MREt in lowering the risk of atherogenic dyslipidemia, arteriosclerosis and glycosylation in alloxan-
induced diabetic mice.

INTRODUCTION

dyslipidemia is majorly distinguished by elevated concentration of
serum triglycerides (TG), total cholesterol, low density lipoprotein

Diabetes is a group of metabolic disorders characterized
by persistent hyperglycemia, due to defect in secretion of insulin
or its action or both, which results in more than 5% annual deaths
all over the globe (Mahato et al., 2011). Its chronic existence
linked with severe dysfunction and damage of various body
organs like eyes, kidneys, nerves, heart, blood vessels etc (Clark
et al., 2007). One of the frightening complications of diabetes is
the promotion of atherogenic risk, as diabetic dyslipidemia is a
prominent underlying contributor for the development of
cardiovascular diseases (Manjunath et al., 2013). Atherogenic
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cholesterol (LDL-c), small dense low density lipoprotein (sdLDL)
particles with low level of high density lipoprotein cholesterol
(HDL-c) (Manjunath et al., 2013). Similarly, atherosclerosis is the
foremost foundation of arteriosclerosis, which is characterized by
hardening and diminishing of arterial wall’s elasticity due to the
accumulation of atheromatous plaque (Thuong et al., 2009). These
circumstances are associated with the over production of free
radicals/reactive oxygen species (ROS) in the cellular vicinity
leads to the generation of advanced glycated end products (AGEs),
which serve as initiating factor for the generation and
strengthening of atherogenesis (Rabbani et al., 2011).

Researches elaborated two to three fold greater risk
regarding the development of atherosclerosis in patients with
diabetes than general population (Kwon et al., 2006).
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Whereas, another study designated diabetes as coronary
disease equivalent condition, due to its and silent advancement in
cardiovascular disease (Kumar and Singh, 2010). Similarly, 50%
of mortalities in diabetic patients are reported due to different
cardiovascular diseases (Mahato et al., 2011). Because of the
extraordinary impact, widespread suffering and high mortality
ratio due to atherogenic dyslipidemic consequences, demands a
new therapeutic strategy.

Worldwide recognized antihypertensive phytomedicine
Rauwolfia serpentina Benth (family Apocynaceae) is also well-
known for its diversified ethno-medicinal usefulness which
include the cure of snake (venom) bite, gastrointestinal tract
disorders, breast cancer, skin problems, etc (Qureshi and Udhani,
2009; Dey and De, 2011). In recent years, its short and long-term
antidiabetic activities have been reported in alloxan-induced
diabetic mice where it was found to improve the cardioprotective
indices (Qureshi et al., 2009; Azmi and Qureshi, 2012a; Azmi and
Qureshi, 2012b). Similarly, the use of methanolic root extract of R.
serpentina also proved its antioxidant and heamatinic potential in
alloxan-induced diabetic mice (Azmi and Qureshi, 2013).
Therefore, in continuation of past concepts, the present study
aimed for the exploration of MREt’s preventive role in atherogenic
dyslipidemia and arteriosclerotic condition in alloxan-induced type
1 diabetic mice, that has not been reported so far.

MATERIALS AND METHODS

Plant material and study protocol

Roots of Rauwolfia serpentina were obtained from
authentic dealer of Karachi and identified by specialist of Botany
Department, University of Karachi, Karachi-75270, Pakistan. The
voucher specimen has been kept in our department
(KU/BCH/SAQ/02). Methanolic root extract (MREt) of Rauwolfia
serpentina was prepared according to the standardized method, as
reported earlier by Azmi and Qureshi in 2012 (Azmi and
Qureshi, 2012a). Similarly, experimental albino Wister mice
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(25-35 g) of male gender were purchased from the Laboratory
Animal House of Dow University of Health Sciences (DUHS),
Karachi. Mice were maintained individually in their cages. Room
environment for experimental subject was air conditioned to
maintain temperature range carefully between 23 + 2°C with
relative humidity in range of about 55%. All experimental mice
were provided laboratory standard diet with free access to water ad
libitum. In June 2010, Institutional Ethical Review Board (IERB)
of DUHS permitted the present study protocol (Authority letter
Reference Number: IRB-186/DUHS-10).

Type 1 diabetes induction in experimental mice

Type 1 diabetes was induced in experimental subjects
through single injection (intra-peritoneal) of alloxan monohydrate
(150 mg/kg). After 3 days (72 hours approximately) of injection,
fasting blood glucose (FBG) levels were monitored through
glucometer (Optium Xceed, Diabetes Monitoring system by
Abbott) by pricking the tail vein of mice, those showed FBG
greater than 190 mg/dL were included for present study (Azmi and
Qureshi, 2012b).

Grouping of experimental mice

Mice that were overnight (approximately 12 - 14 hours)
fasted assigned into total seven (07) groups as described in Figure
1 below. In Positive control group, commercially available
antidiabetic medicine ‘Glibenclamide’ (Doanil) was used which
has been purchased from Sanofi-aventis Pakistan Ltd. It was used
in concentration of 5mg/kg. Dimethyl sulphoxide (DMSO) of
analytical grade were procured from the distributor of Fisher
Scientific (UK). For the purpose of administration of the three test
doses of MREt in test animals, its concentration of 0.05% was
used as vehicle. Above treatments were given to their particular
groups orally once a day for 14 days consecutively. After the
completion of present protocol mice were sacrificed. Whole blood,
serum and visceral organs (kidney, liver, spleen and heart) were
collected for analytical purpose.

Animal G—rou‘Tng (n=6/zroup)

v

v

Alloxan monchydrate (150msks) 1.p.

After 72hrs, Mice havirg blood ghicose level > 190ms/dl were included in study

Groupl Group IT 7
Control Diabetic Control Sergggge]?j:::mtml Gm;&g-e Control
(Distilled water 1m1'kg) (Distilled water Im1kg) Test Groups (0.05%DMSO 1m1kg) (Glibenclamide
imgkg)
Group V Group VI Group VII
(MREt10m g'kg) (MEEt30mgkg) (MREt60mgks)

Fig. 1: Grouping of experimental animal.
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Determination of wet organs weight and their relative weights
(percent body weight)

On final day (14" day) of animal trial, after sacrificing
mice, body organs including heart, kidneys, liver and spleen were
dissected out carefully, tabbed on filter paper and their weights
were recorded in grams (g) by using digital weighing balance and
finally their relative weights (percent body weight) were calculated
with the help of following formula (Adaramoye et al., 2012).

)x100

Wet organ wight

Relative weight (% body weight) = (BO Ty weight on final day
Determination of glycosylation indices

The glycosylation indices were computed through the
following formulae with the help of (FBG), total hemoglobin (Hb)
and glycosylated hemoglobin (HbAc) levels on 14" day (Azmi
and Qureshi, 2013). Hb and HbA;c were evaluated by Automated
Analyzer, Sysmex (XS-1000i) and commercially available Kit
(Nycocard Kit, USA) respectively. While, the serum fasting
insulin (SFI) levels were determined by cobas e41l1 analyzer,
Hitachi (Roche Diagnostics GmbH, Mannheim, Germany)

FBG( )
Glucose to Hb ratio = “Hb (%) (%)
FBG ()
] HbAlcratio = ————"
Glucose to HbA1c ratio = HbALc (%)
- SFI (2U/ml)
tio = ————~—
nsulin to Hb ratio Hb (%)
e o ot atio = SFLCBU/mD)
nsulin to cratio = - (%)
P tgl lation ch (%) = T Eae 100
ercent glycosylation change (%) = HbA1c (Y)

Where, HbAlc (X) = glycosylated haemoglobin of Groups I, 1V,
V, VI & VII and

HbAlc (Y) = glycosylated haemoglobin of Il, & IIl groups,
compared gradually.

Determination of glucose to lipid markers ratios and non
HDL-c

Glucose to lipid ratios were computed through below
mentioned formulae after estimating total cholesterol (T-CHOL),
triglycerides (TG), high density lipoprotein-cholesterol (HDL-c)
level by commercially available enzymatic assay kits (Randox,
United Kingdom). Whereas low density lipoprotein-cholesterol
(LDL-c), very low density lipoprotein-cholesterol (VLDL-c) and
Non-HDL-c were calculated by authentic formulae (Friedewald et
al., 1972; Virani, 2011).

Gl to T — CHOL ratio = FBG
ucose to ratio = ——mor
Gl to TG rati _ FBG
ucose to TGratio = —~
Gl to LDL tio = FBG
ucose to cratio=r——
Gl to VLDL tio = FBG
ucose to cratio = v

Non-HDL-C (mg/dL) = T-CHOL — HDL-c

Determination of Atherogenic Index (Al), Atherogenic
Dyslipidemia Ratio (ADR) and Arteriosclerosis Index (A1)

Atherogenic Index (Al), Atherogenic Dyslipidemia ratio
(ADR) and Arteriosclerosis Index (An 1) were calculated as
described by Adeneye and Olagunju, 2009, Hermans et al., 2012,
and Zargar et al., 2014 respectively.

LDL —c
Al =
HDL —c

ArtI=T—CHOL—(

ADR = [log (TG)/HDL-C]
HDL — ¢
HDL — c)

Statistical analysis

Results of the present study are expressed as Mean + SD
(Standard deviation). The data were analyzed with statistical
package for social science (SPSS version 18) by using one-way
ANOVA followed by LSD (least significant difference) test at p<
0.05. The differences were considered significant at p< 0.05, p<
0.01, p< 0.001 and p< 0.0001 when compared with respective
controls.

RESULTS

Effect of MREt on relative organ body weights

Consecutive long-term administration of MREt in
alloxan-induced diabetic mice didn’t produce any lethal change
i.e., increment or decrement in relative organ body weights. All the
three dose group of MREt (10, 30 & 60 mg/kg) were found safe
for kidney, liver, spleen and heart tissues when compared with
normal control group (Table 1).

Effect of MREt treatment on glycosylation indices of alloxan-
induced diabetic mice

All three doses of MREt (10, 30 & 60 mg/kg) produce
significant (***p < 0.0001) decrement in glucose to Hb (Glu/Hb)
ratio which depicts the increment in Hb levels and decrement in
glucose quantity after the repeated administration of MREt.
However, the reverse was observed in diabetic and negative
control groups.

Interestingly, the high ratios of glucose to HbAlc in
diabetic and negative control groups witness the glycosylation
after the administration of alloxan in mice. Whereas, all the three
doses of MREt (10, 30 & 60 mg/kg) significantly (*p < 0.05, **p
< 0.01 & ***p < 0.0001) showed the lowering of glucose to
HbAlc ratio that reflects the betterment in glucose linked
glycosylation pattern after MREt used (Table 2).

Contrary, insulin to Hb ratio in MREt treated (10, 30 &
60 mg/kg) test groups also confirm the improvement (***p <
0.0001) in both of these markers, whereas a good and similar
impact of same index was also observed in positive control groups.
Beside this, significant (***p < 0.0001) improvement in insulin to
HbAlc ratio, further validates the lowering of (HbAlc) and
improvement in insulin level after the consecutive administration
of MREt in test groups. Interestingly both of these indices of
diabetic control groups witness the decrease in glycosylation
pattern (Table 2).
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Table 1: Effect of MREt on Wet and Relative Organ Body Weights of Alloxan-Induced Diabetic Mice.

Groups Wet organ weight (g) Relative Weight (% body weight)
Kidney Liver Spleen Heart Kidney Liver Spleen Heart

Group | 0.40 £0.04 1.44 + .05 0.11+0.02 0.10+0.01 1.29+0.14 452+0.28 0.35+0.07 0.32+0.04
Group Il 0.40 £ 0.05 1.44 +0.07 0.11+0.03 0.11+0.02 1.56+0.31 5.58 +0.76 0.42+0.13 0.40 + 0.05
Group Il 0.39+ 0.03 1.46 +0.08 0.11+0.04 0.10+0.01 1.45+0.15 5.46 +0.52 0.39+0.13 0.35+0.03
Group IV 0.40 £ 0.05 1.41+£0.07 0.10 £0.02 0.10 £0.02 1.25+0.15™ 441+012™® 0.31+0.07 0.32+0.05™
Group V 0.40 £0.03 1.40+0.12 0.10 £0.02 0.11+£0.02 1.38+£0.13 4.84+0.41 0.35+0.10 0.37£0.03
Group VI 0.38 £0.02 1.47 £0.04 0.12 £0.02 0.10 £0.03 144 +0.17 5.56 £0.77 0.44+£0.12 0.36 £0.09
Group VII 0.40 +£0.03 1.43 £0.07 0.10 £0.02 0.11+0.01 1.52 £0.27 5.42 +£0.61 0.38 £0.09 0.40 +£0.03

Values are expressed as mean = SD (n = 6). *p < 0.05 when compared with respective group Il (a) and 111 (b)

Table 2: Effect of MREt on Glycosylation Indices of Alloxan-Induced Diabetic Mice.

Groups FBG to Hb ratio FBG to HbAlc ratio SFI to Hb ratio SFI to HbAlc ratio
] 7.22+0.66 16.14 + 255 0.03 +0.002 0.07 +0.008
It 23.99+3.72 20.84 +3.32 0.02 +0.005 0.02 +0.00
" 25.12 £3.92 2374+271 0.02 +0.005 0.02 +0.005
v 9.61+2.317"%® 17.80 +6.22 0.05 +0.00™"% 0.09 +0.02""%
\Y; 7.42+£0.907"%® 13.53 £0.767"™ 0.02 +0.00 0.05 +0.006™"®
\i| 8.08 +1.86™% 14.24 +3.62°% 0.04 +0.005™"® 0.08 +0.00™"%
Wil 7.70£1.0477% 15.47 +2.66™™ 0.03 +0.005™"® 0.08 +0.005™"®

Results are expressed as mean + SD (n=6). *p < 0.05, **p < 0.01, and ***p < 0.0001, when compared with respective group Il (a) and 11 (b).

Table 3: Effect of MREt on Al, ADR and Art | in Alloxan-Induced Diabetic Mice.

Groups Al ADR Art |

| 1.39+0.59 0.04 £0.02 140.45 £ 25.75

I 3.98+2.42 0.04 £0.02 259.48 +20.36

1] 4.32£2.46 0.05+0.02 253.12 +29.85

v 426 £1.95 0.06 £0.02 177.40 £ 31.90***a**h
\ 2.36+0.54 0.05+0.020 145.21 + 20.02***ab
Vi 214+1.81 0.06 £0.02 128.32 + 38.70***ab
Vil 2.04+0.73 0.05+0.02 137.37 + 18.49***ab

Results are expressed as mean = SD (n=6). *p < 0.05, **p < 0.01, and ***p < 0.0001, when compared with respective group Il (a) and Il (b).

Table 4: Effect of MREt on FBG to T-CHOL, TG and lipoproteins (LDL-c & VLDL-c) Indices in Alloxan-Induced Diabetic Mice.

Groups FBG to T-CHOL ratio FBG to TG ratio FBG to LDL-c ratio FBG to VLDL-c ratio
] 0.71 +0.18 0.66 + 0.09 161 + 0.74 329 + 043
It 0.95 + 0.22 1.36 + 0.41 1.46 + 0.46 76 +1.21
i 1.01 + 0.09 1.68 + 0.78 158 + 0.11 7.82 + 2.68
IV 068 + 026" 0.97 + 0.26 0.77 + 0.89 483 + 1.317%®
\Y; 0.63 + 0.19™® 0.73 + 0.05%™ 1.58 + 0.80 3.75 + 0.207™
Vi 0.84 + 0.25 0.73 + 0.27°%™ 2.39 + 1.40 3.67 + 1367
VIl 072 + 0.16™ 0.73 + 0.18"™ 1.42 + 0.46 3.62 + 0.907"™

Results are expressed as mean + SD (n=6). *p < 0.05, **p < 0.01, and ***p < 0.0001, when compared with respective group Il (a) and Il (b).

=——9% change in glycosylation (DC)

=% change in glycosylation (NC)

Control

PC

MREt 10 mg/kg

MREt 30 mg/kg

MREt 60 mg/kg

-40.7
-46.92

Fig. 2: Effect of MREt on percent (%) change in glycosylation in Alloxan-Induced Diabetic Mice
DC= when compared with Diabetic control, NC = when compared with Negative control groups.
Negative sign indicates percent reduction.
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ONon-HDL-c (mg/dL) level

300 -
250 - -|-
200 - I l -
150 - I srgh ***ab **xab
100 - T 1 I I
50 - ]' I.
Control DC NC PC MREt 10 mg/kg MREt 30 mg/kg MREt 60 mg/kg

Fig. 3: Effect of MREt on Non-HDL-c level in Alloxan-Induced Diabetic Mice
Results are expressed as mean + SD (n=6). *p < 0.05 and ***p < 0.0001, when compared with respective group Il (a) and I (b).

Effect of MREt treatments on Non-HDL-c, Atherogenic Index
(Al), Atherogenic Dyslipidemia ratio (ADR) and
Arteriosclerosis Index (A 1) of alloxan-induced diabetic mice

The estimation of non-HDL-c in all groups showed a
very clear picture in this regard as a prominent increment was
observed in diabetic and negative controls. While, the similar
fraction was significantly (***p < 0.0001) decreased in all the test
doses of MREt. Positive control also showed same decrement (Fig.
3).  After the repeated administration of MREt (10, 30 & 60
mg/kg), a gradual decrement in Al was also observed while it’s
almost double magnitude was estimated in diabetic controls.
However, estimated ADR also reflects the same scenario hence it
established the effectiveness of MREt in this regard. Additionally,
A1 was also significantly (***p < 0.0001) decreased in all three
MREt test groups while prominent increment was noticed in
diabetic control groups (Table 3).

Effect of MRETt treatments on glucose to cholesterol (Glu/T-
CHOL), Triglycerides (Glu/ TG) and lipoproteins (Glu/ LDL-
¢) and (Glu/ VLDL-c) indices of alloxan-induced diabetic mice

MREt test doses reduces the Glu/T-CHOL ratio upto
significant (*p < 0.05) extent while Glu/TG ratio also confirms the
same impact in significant (*p < 0.05, & **p < 0.01) manner
(Table 4). Glu/LDL-c ratio also verifies the lowering of blood
glucose levels and LDL-c contents in test groups. Significant (**p
< 0.01 & ***p < 0.0001) decrement in gradual manner was also
noticed in MREt dose treated test groups as compared to diabetic
control groups, which showed almost double figures of this index
(Table 4).

Effect of MRELt treatments on percent change in glyocsylation
of alloxan-induced diabetic mice

A prominent reduction in glycosylation pattern
was observed as-33.65%, -36.87%, -46.92, -42.6% & -47.8%

respectively in three MREt treated test, positive control and
normal control groups when compared with diabetic control group.
However, when compared with negative control group, percent
reduction in glycosylation -34.58%, -31.15%, -40.70%, -43.05% &
-37.35% were observed in same groups (Fig 2).

DISCUSSION

Today in spite of the accessibility of pharmaceutical
formulations, science of phytomedines or natural products gaining
importance in providing benefits to mankind. It has been reported
that more than 80% population from developing and developed
world utilizes these benefits in curing various disease (Tiwari,
2008). The productive effects are majorly due to the presence of
various secondary metabolites that enhance the versatile
ethnopharmacological properties of medicinal plants with almost
negligible side effects (Pitchai et al., 2010).

In the similar manner, well-known Rauwolfia serpentina
is popular for its anti-hypertensive property. Beside this, it has also
been reported in the management of many neurological disorders
include schizophrenia, anxiety, insanity, etc (Dey and De, 2011).
This pharmacological action is due to the presence of variety of
indole alkaloids like ajamlicine, ajmaline, reserpine, etc, that have
been reported earlier depletes the level of catecholamines in the
central and peripheral nervous system (Azmi and Qureshi, 2012a).
From 2009 onwards, well established researches reported the use
of methnolic root extracts of R. serpentina in normoglycemic as
well as alloxan-induced diabetic animal models (Qureshi et al.,
2009; Azmi and Qureshi, 2012b). Similarly, studies like acute
toxicity, oral glucose tolerance and phytochemical analysis also
provide a smooth foundation for its modern use (Azmi and
Qureshi, 2012a; Azmi and Qureshi, 2012b). On the other hand,
advanced computational studies on alkaloids of R. serpentina
highlighted their role as insulin receptor activators and aldose
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reductase inhibitors, which also strengthen the antidiabetic activity
of this plant (Ganugapati et al., 2012; Pathania et al., 2013). Now
present effort evaluated the use of MREt of R. serpentina in
reducing the risk of atherogenic dyslipidemia and arteriosclerosis
in alloxan-induced diabetic mice.

Many researches frequently used relative body and organ
weights, due to their helpful role in assessing the situation when
these are disturbed or affected due to chemicals or toxins (Peters
and Boyd, 1966; Pfeiffer, 1968). After the administration of MREt
in alloxan-induced diabetic mice for consecutive 14 days, the wet
organ weight, post treatment body weight and relative weight (%
body weight) were measured. Results showed their weight range
as same as observed in normal control group that indicated the
non-deleterious and non-hazardous impact of MREt (Table 1).
Extraordinary increment or decrements in relative weights have
long been used as an indicator of drug induced effects on visceral
organs (Michael et al., 2007), like liver is the primary organ,
actively involved in the detoxification of almost all types of drugs
and substances (Azmi and Qureshi, 2012b). Therefore, the liver
function should not be affected after taking any orally
administrated medicine or plant extract (Azmi and Qureshi, 2013).
Similarly, kidney weight is also serves as a sensitive tool to assess
its anatomy and excretory property which could be affected either
due to malfunctioning liver cells (due enzyme induction) or
lipidosis or biochemical alteration due to the action of any
chemical or drug (Michael et al., 2007). While, heart weights have
limited inference due to its size and physiologic specificity, but it
was often dependent with any increment or decrement in weight of
body (Michael et al., 2007). Likewise, deleterious change or
increment in relative weight of spleen may refer as sensitive sign
for immune associated toxicities and other cellular damages
(Michael et al., 2007).

Diabetes is a life-threatening metabolic disorder which
has been characteristically associated with an increase in
glycosylated or glycated hemoglobin (HbAZ1c). In diabetes, excess
blood glucose non-enzymatically reacts with Hb, thereby
converting into HbAy. and increasing its quantity more than 6 %
which severely affects the normal physiologic functions of many
biological proteins in body (Azmi and Qureshi, 2013; Azmi and
Qureshi, 2012b). Prolonged hyperglycemic existence in diabetes
participates in the formation and accumulation of advance glycated
end products (AGES) which correlates with various severities like
generation of free radical or reactive oxygen species (ROS), renal
complications, formation of cataract and development
atherosclerosis etc (Lorenzi, 2007; Rabbani et al., 2011). In
present work, all the set glycosylation indices were significantly
(*p < 0.05, **p < 0.01 & ***p < 0.0001) improved in all treated
groups of MREt as -37.35% to -48% glycosylation reductions
were observed in these groups. It is one of the noteworthy aspects
of root extract of R.serpentina that it prevents the glycosylation of
hemoglobin, which could in turn inhibit the formation of AGES
and protects the body functions. Interestingly it was also validated
by observing the decrease in percent glycosylation change (Fig. 2).
Quantifying non-HDL-c is often used as an indicator of quantity of

cholesterol carried within all lipoproteins and served as an
atherogenic identifying marker (Virani, 2011). Non-HDL-c
actually reflects the presences of atherogenic lipoproteins
including VLDL-c, IDL-c (intermediate density lipoprotein) and
small dense LDL (sdLDL) particles in patients (Virani, 2011). In
the present study, the measurement of non-HDL-c proved the
beneficial effect of MREt, as its treatment significantly (***p <
0.0001) maintained the same fraction in a very ideal range less
than 130 mg/dL (Fig. 3). Contrary, the diabetic controls verified
the presence of atherogenic risk by showing the same parameter
more than 200 mg/dL which is the clear picture of a very high risk.
Atherogenicity is related with the elevated levels of T-CHOL, TG,
LDL-c, VLDL-c and sdLDL particles which are derived from TG
rich VLDL (Manjunath et al., 2013). Both LDL-c and sdLDL acts
as transporting vehicles for cholesterol and TG respectively and
transported them to arteries or peripheral tissues. Of which,
sdLDL-c is the most efficient as it is smaller than other
lipoproteins so it can easily move to the peripheral tissues where
macrophages can engulf them and through oxidative
transformation turn into foam cells which later deposited as plaque
on walls of coronary arteries and referred as atheroma (Qureshi et
al., 2010; Rabbani et al., 2011). Through MREt treatments, almost
double decrement in atherogenic index was noticed in all test
groups as compared to diabetic controls (Table 2). This reflects the
potential of MREt of R.serpentina in lowering the formation of
atheroma plaque in arterial walls. Similarly, the improvement in
arteriosclerosis index also confirmed this beneficial aspect of
MREt in the present study

Atherogenic dyslipidemic ratio (ADR) is another useful
tool to assess the future risk of cardiovascular diseases (Hermans
and Fruchart, 2010) and it is also associated with decreased insulin
secretion with poor glycemic control, dysfunctioning of B-cell, and
greater incidence of microangiopathies (Hermans et al., 2012).
Through improved ADR, the effectiveness of MREt treatment was
also confirmed by observing its reducing effect on TG and
elevating effect on HDL-c (Table 3). Similarly, all estimated
glucose to lipid ratios in MREt treated test groups were found
improved which assured the possible use MREt in treatment of
diabetes and diabetic dyslipidemia.

CONCLUSION

The obtained findings indicated the therapeutic potential
of MREt in lowering the risk of atherogenic dyslipidemia and
arteriosclerosis by improving the glycosylation and glucose to
lipid ratios in alloxan-induced diabetic mice.
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