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INTRODUCTION

Diabetes mellitus ranked among the leading causes of death in
developed countries and is one the most prevalent metabolic
disorder in the world [1]. Although several etiologies have
been implicated, defects in insulin secretion, insulin action,
or both are often the primary characteristic of the discase [2].
Long-term complications of diabetes include coronary heart
diseases, retinopathy, nephropathy, and foot ulceration [3].
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ABSTRACT

Background: Croton lobatus contains a high amount of antioxidant phytochemicals that probably account for its
wide use as food and medicine in the traditional communities of West Africa. Methods: The study evaluated
the modulatory role of methanol extract of Croton lobatus leaf on alloxan-induced diabetes and associated
cardiovascular complications. Male rats were randomly selected and assigned to one of six groups (A to F) of
eight animals each: A (distilled water); B (corn oil); C (Alloxan); D (Alloxan + 100 mg kg-1 Croton lobatus); E:
(Alloxan + 200 mg kg-1 C. lobatus); and F (Alloxan + 100 mg kg-1 glibenclamide). Results: Acute toxicity
studies revealed no mortality of rats at the administration of different doses of extract up to the 5,000 mg kg-1
dose. Histology of the pancreas showed focal area of necrosis, and fatty infiltration in diabetic untreated rats,
but these lesions were absent in pancreas of rats treated with C. lobatus extract. Conclusion: Methanol leaf
extract of C. lobatus reduced arteriogenic risk factors, improved antioxidant status, restored the observable
pathological lesions associated with experimental diabetes in rats, and thus offers a new therapeutic window
as herbal therapy for the treatment of diabetes mellitus and associated cardiovascular complications.
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Oxidative stress, which reflects an imbalance between the
systemic manifestation of reactive oxygen species (ROS) and
a biological system’s ability to readily detoxify the reactive
intermediates [5], has been implicated in the pathogenesis
of diabetes via the apoptosis of pancreatic B-cells, and insulin
resistance respectively [6]. Hyperglycemia generates ROS which
in turn cause damage to the cells in many ways [7]. The resulting
oxidative stress mediated damage to the cells ultimately results
in sccondary complications associated with diabetes [§].

Alloxan (2,4,5,6-tetraoxypyrimidine; 5,6-dioxyuracil), one of

the commonly used drugs for the induction of experimental
diabetes in rats, is a diabetogenic agent that selectively destroys

pancreatic B-cells [4].
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Many of the currently available therapeutic options for
the management of diabetes mellitus have serious adverse
effects including hypoglycemia, gastrointestinal disturbances,
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liver toxicity, and heart failure [9]. Consequently, natural
compounds, in recent time, have been exploited as feasible
alternatives for the treatment of diabetes, and its complications,
because they are generally considered to be less expensive and
safe [10]. Croton lobatus (family Euphorbiaceae) is an erect,
annual, herbaceous plant, often harvested from the wild for local
use as food and medicine [11]. Phenolic substances including
lignoids, proanthocyanidins, and flavonoids with highly potent
antioxidant properties have been reported as the predominating
phytochemicals of C. lobatus leaves [12]. Since cellular
oxidative stress has been reported to play cardinal roles in the
development of hyperglycemia-related tissue damage [13],
this study was designed to evaluate the ameliorative effects
of C. lobatus on alloxan-induced diabetes and associated
cardiovascular derangements by determining the effects of
the leaf extract on blood glucose level, blood pressure changes,
electrocardiographic (ECG) abnormalities, lipid profile, and
anti-oxidant status of alloxan-induced diabetic rats.

MATERIALS AND METHODS
Collection and Identification of Plant Material

Fresh mature leaves of C. lobatus were collected from Orogun area,
Ibadan, and were identified and authenticated by a taxonomist at
the herbarium in the Department of Botany, University of Ibadan,
Ibadan. The voucher number UIH-22482 was assigned.

Chemicals and Drugs

Alloxan was obtained from Sigma Chemical Co. (St. Louis,
M.O., USA). Daonil® (glibenclamide) manufactured by Aventis
Pharma Ltd. was purchased from Diadem pharmacy in Ojoo,
Ibadan-Nigeria. Randox kits (Randox Laboratories Limited) for
the determination of triglyceride (TG), cholesterol, and high-
density lipoprotein (HDL) were purchased from Long Global
Health Ltd., Lagos, Nigeria.

Preparation of Methanol Leaf Extract of C. lobatus

The extraction of C. lobatus was carried out according to the
method described by Iweala and Okeke [14]. The fresh leaves of
the plant were air dried for 30 days and milled to powder using
an electrical blender. 1 kg of the powdered leaves was macerated
in 6 L of distilled methanol for 72 h with occasional stirring.
The liquid extract obtained was filtered through a cotton wool
and finally with Whatmann no.1 filter paper. The filtrate was
passed through a pressure pump to ensure that no particles or
residues were left in the filtrate. The filtrate was concentrated in
arotary evaporator (Stuart model RE300D) at a temperature of
45°C. The concentrated extracts were subsequently evaporated
to dryness on a water bath at 50°C to obtain a sticky, dark green
mass weighing 37.18 g which represents 3.72% yield, and kept

refrigerated at 4°C until use.

Experimental Animals

A total of 48 healthy male albino rats of the Wistar strain
weighing between 100 and 160 g, obtained from the central
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animal house of the University of Ibadan, Ibadan, Nigeria, were
used for the study. The animals were kept in groups of § per
white plastic cage within the animal house to acclimatize for
2 weeks before the experiments with conditions of the animal
housing facility, ambient temperature, standard environmental
conditions of 12 hlight and 12 h dark and adequate ventilation
for 2 weeks. The rats were fed with standard rat diet (Ladokun
Feeds, Ltd.) and clean water was provided ad libitum. All
experimental protocols were conducted in compliance with
the National Institute of Iealth Guide for Care and Use of
Laboratory Animals.

Acute Toxicity Test

Acute oral toxicity was carried out using the procedure
described by the Organisation for Economic Cooperation
and Development [15]. The test was performed using healthy
albino rats of Wistar strain weighing between 83 and 118 g.
The animals were divided into six groups of three rats each
and administered 0, 50, 100, 200, 3000, 5000 mg/kg orally.
Animals were observed after dosing at least once during the first
30 min, periodically during the first 24 h with special attention
given during the first 4 h, and daily thereafter for a total of
14 consecutive days.

Experimental Design

The animals were randomly selected and assigned into one
of the six groups (A to F) of eight animals each: A (distilled
water), B (corn oil), C (Alloxan), D (Alloxan + 100 mg/kg
C. lobatus), E:: (Alloxan + 200 mg/kg C. lobatus), and F (Alloxan
+ 100 mg/kg glibenclamide). Diabetes was induced in
Groups C, D, E, and F by a single intraperitoneal injection of
aqueous alloxan monohydrate at a dose of 100 mg/kg, after the
rats were subjected to overnight fast, and fasting blood glucose
was determined. 96 h after alloxan administration, blood glucose
levels of the rats were determined with the aid of an Accu Chek®
active digital glucometer using test strips. Animals with blood
glucose level greater than or equal to 200 mg/dl were considered
diabetic and selected for the study.

Blood Pressure Measurement

Indirect blood pressure parameters (systolic, diastolic, and mean
blood pressure) were determined in unanesthetized rats by tail
plethysmography using an electrosphygnomanometer (CODA,
Kent Scientific, USA). The average of at least nine readings,
taken in the quiescent state, following acclimatization, was
taken per animal.

ECG

Standard lead I ECG was recorded in conscious rats using a 7-lead
ECG machine (EDAN VE-1010, Shanghai, China) 24 h after the
last administration of the extract. The machine was calibrated
at 20 mm/mV paper speed and 50 mmy/s paper speed. From the
recorded ECGs, parameters such as heart rate (HR), P-wave
duration, PR-interval, ORS duration, R-amplitude, OT segment,
and Bazett’s correction of the QT interval were determined.
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Blood Sample Collection and Preparation

At the end of the treatment period, blood was collected
by retro—orbital venous puncture using micro-hematocrit
capillary tubes into lithium heparinized bottles and taken to
the laboratory for plasma preparation. Plasma was scparated
by centrifugation (G+M; Great Medical England centrifuge
model 80-2) at 4000 revolutions per minutes for 15 min. The
plasma obtained was collected by pipetting into a plain bottle
using Pasteur pipette and refrigerated at 4°C until required for
biochemical assays.

Sacrifice of Animals and Relative Organ Weight
Determination

At the end of the experimental period, 5 rats from each group
were sacrificed by cervical dislocation. The abdomen was
dissected using dissecting tools; the kidney, pancreas, liver, and
heart were removed and weighed to determine their weight in
relation to the total body weight of the animals [16].

Histopathology of the Pancreas

The pancreas from each rat was removed immediately and
preserved in a sample bottle containing 10% formalin solution.
The pancreas was processed by the paraffin technique. Sections
of 5 um thickness were cut and stained by hematoxylin and
eosin for histological examination.

Assay for Plasma Lipid Profile

Cholesterol, TGs, and HDL tests were carried out using Randox
kits. Very low-density lipoprotein cholesterol (VLDL-C) and
LDL-C were estimated as described by Friedwald et al. [17].

Determination of Markers of Oxidative Stress and
Antioxidant in Plasma

Superoxide dismutase (SOD) was determined by measuring the
inhibition of auto-oxidation of epinephrine at pH 10.2 at 30°C
as described by Misra and Fridovich [18] with modification
from Oyagbemi et al. [19]. Glutathione (GSH) Level was

determined using Ellman’s reagent. Lipid peroxidation was
determined by measuring the formation of thiobarbituric
acid reactive substances according to the method of Varshney
and Kale [20]. The MDA level was calculated according to
the method of Adams and Sergi [21]. Hydrogen peroxide was
generated by the method described by Wolff [22]. Nitric oxide
(NO) was determined using standard protocol [23].

Statistical Analysis

Analysis of variance was performed using the Minitab
16.0 statistical software program. Duncan Multiple Range Test
and Fischer’s pairwise comparison test were used for separation
of statistically significant means. All the data were expressed as a
mean = standard deviation. P < 0.05 was considered significant.

RESULTS

The median lethal dose for the C. lobatus extract was estimated
to be greater than 5000 mg/kg, since visible adverse effects and
mortality were not recorded at this dose. The body weight of
the diabetic untreated rats decreased significantly (P < 0.05)
compared with the control and treated groups of rats [Table 1],
significant differences were not recorded in the relative organ
weight of rats [Table 2]. The blood glucose level of diabetic
untreated rats significantly increased (P < 0.05) when compared
with control rats, but administration of 100 mg/kg and 200 mg/kg
C. lobatus extract, significantly decreased (P < 0.05) the blood
glucose level from hyperglycemic to normoglycemic levels,
similar to those of the glibenclamide-treated rats [Table 3].

There was no significant difference (P > 0.05) in the diastolic
and mean arterial blood pressures of the diabetic untreated
groups of rats when compared with the control group, but
the systolic blood pressure significantly increased (P < 0.05)
compared with the control [Table 4]. The extract at 100 mg/
kg caused a significant decrease (P < 0.05) in the systolic,
mean arterial blood pressure, and pulse pressure of rats when
compared with those of the diabetic untreated group of rats.
There was no significant difference in the HR, P-wave duration
(P-Dur), PR interval (PR-Int), ORS, OTe and Ramp of diabetic
untreated rats (Group C) when compared with the control, but
there was a significant difference in QT duration of diabetic

Table 1. Percentage body weight gain of alloxan-induced diabetic rats

Groups weeks A B C D E F
Week 0 123.70+7.09 124.30+3.21 108.50+2.12 107.50+3.54 100.00+11.31 113.00+4.24
Week 2 151.00+10.58 144.00+10.58 95.00+4.04 104.00+3.21 118.50+4.95 136.50+6.36
%age weight gain (%) 18.1 13.88 -14.2 -3.4 15.61 17.2
Table 2. Relative organ weight of alloxan-induced diabetic rats

Groups organ A B D E F
Kidney 0.65+0.19 0.72+0.09 1.05+0.11 0.94+0.06 0.85+0.08 0.79+0.08
Liver 4.17+0.52 4.00+0.99 5.00+0.39 3.34+2.61 3.94+0.55 5.51+2.32
Pancreas 0.23+0.12 0.29+0.09 0.32+0.03 0.27+0.10 0.19+0.06 0.23+0.09
Heart 0.22+0.06 0.37+0.07 0.38+0.01 0.37+0.09 0.41+0.06 0.38+0.16

Superscript (a) indicate significant increase compared with groups A or B at P<0.05
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Figure 1: Effect of Croton lobatus leaf extract on pancreas in alloxan—induced diabetic rats. Histology of the pancreas following induction of
diabetes mellitus and treatment with C. lobatus leaf extract in rats. (a and b) normal controls with normal Islet; (c) Untreated diabetic group with
congestion of vessels, and focal area of necrosis, and fatty infiltration; (d) Diabetic treated with 100 mg/kg C. lobatus with moderate congestion
of vessels, islets appear normal but few and small in size; (e) Diabetic treated with 200 mg/kg with mild congestion of vessels and normal islets,
and normal exocrine acini containing zymogen granules; (f) Diabetic treated with gilbenclamide shows congestion of vessels, normal islets, and
normal exocrine acini containing zymogen granules. Histologic slides were stained with Hematoxylin and Eosin (x400)

Table 3. Effect of Croton lobatus leaf extract on blood glucose of alloxan-induced diabetic rats

Groups days A B C D E F

Day 1 45.60+8.85 44.60+5.81 231.50+11.397 156.20+7.50° 165.00+4.90° 170.00+4.26"
Day 2 65.80+10.06 62.00+7.07 242.00+1.81° 140.50+3.67° 171.60+2.75° 126.80+1.63°
Day 3 69.40+7.50 81.69+11.30 255.00+2.05° 134.00+1.89° 70.50+3.10 " 121.50+9.04°
Day 4 72.20+11.40 70.80+11.80 253.00*2.00% 89.50+5.06"° 129.80+4.78° 79.80+10.90°
Day 5 63.80+4.87 61.40+4.39 255.05+2.00° 145.00+10.48° 147.80+4.69" 62.00+12.52°
Day 6 58.00+5.61 57.60+8.02 250.00+2.05° 177.50+5.37° 131.00+1.25° 60.80+1.73

Day 7 68.00+11.20 62.20+15.40 256.00+2.232 169.80+4.56" 142.00+4.32% 11.30+4.38"
Day 9 56.80+7.95 66.40+9.32 270.50+17.542 173.30+10.79° 130.30+2.90° 84.3+5.50°

Day 11 102.60+14.86 94.00+15.43 279.30+4.81° 179.80+4.58 " 124.00+7.54° 95.30+4.37°

Day 12 70.40+17.23 60.80*=16.65 284.00+8.372 210.80+5.49° 115.00+5.47° 93.80+4.90°"
Day 14 63.00+14.14 59.40+18.63 297.80+7.622¢ 204.30+4.22°¢ 119.80+2.25°¢ 112.80+6.54"¢

Superscript (a) indicate significant increase compared with groups A or B at P<0.05, Superscript (b) indicate significant decrease compared with
group C at P<0.05, Superscript (c) indicate significant decrease compared with day 1 of treatment at P<0.05, Superscript (d) indicate significant
increase compared with day 1 of treatment at P<0.05

Table 4. Effect of Croton lobatus leaf methanol extract on blood pressure of alloxan-induced diabetic rats

Groups parameters B C D E F
Systolic (mmHg) 128.50+22.61 131.30+3.01 146.80+18.10° 100.00+13.80° 129.00+13.67° 122.70+13.80°
Diastolic (mmHg) 109.70+23.89 105.00+4.43 109.60+26.93 88.80+8.41° 116.80+11.86% 111.70+14.43*
MAP (mmHg) 115.50+22.40 113.50+3.73 121.60+24.03° 92.00+5.10° 120.50+10.41 86.70+19.30°
Pulse Pressure (mmHg) 7.30*0.58 26.30+3.83 37.20+9.31° 2.50+1.00° 10.00+1.00° 11.00+2.65°

Superscript (a) indicate significant increase compared with groups A or B at P<0.05, Superscript (b) indicate significant decrease compared with

group C at P<0.05

untreated rats when compared with when compared with the

control [Table 5].

untreated counterparts, but the levels of these parameters in

the extract treated groups were similar to those of the control

and glibenclamide treatment group [Table 6].

There was a significant increase (P < 0.05) in the levels of total

cholesterol (TC), TG and VLDL-C, but low HDL-C in diabetic
untreated rats when compared with the control rats. Rats treated
with C. lobatus extract showed a significant decrease (P < 0.05)
in TC, TG, and VLDL-C when compared with the diabetic
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The extract of C. lobatus significantly increased (P < 0.05)
the level of SOD in a dose-dependent manner, compared with
the diabetic untreated group of rats [Table 7]. There was a
significant decrease (P < 0.05) in serum NO level of diabetic
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Table 5. Effect of Croton lobatus leaf extract on electrocardiographic parameters of alloxan-induced diabetic rats

Groups parameters A B C D E F

H/R (/min) 269.0+60.3 256.0+19.92 220.3+12.012 205.0+20.88* 219.3+14.47* 246.7+40.67
P-Dur (ms) 20.7+1.53° 25.0+3.61 24.7+3.21 26.7+3.51 25.0+3.61 24.7+3.21

PR-Int (ms) 46.0+9.54 44.0+4.00 50.7+4.16° 53.0+4.36" 50.0+5.29" 52.0+1.73
QRS (ms) 17.0+3.46 14.3+1.15 12.7+0.58 15.3+1.53 16.3+7.77 16.0+3.61

QT-Dur (ms) 58.7+11.7 62.0+4.58 82.0+5.57° 79.0£12.8¢ 103.0+24.5¢ 88.3+7.57

QTc (ms) 125.0£37.5 128.0+6.43 157.0+15.1° 146.0+26.6° 196.0+42.1° 177.0£8.02°¢
Ramp (mV) 0.4+0.24 0.4+0.08 0.6+0.15 0.4+0.09 0.5+0.15 0.4+0.12

Superscript (a) indicate significant decrease compared with groups A or B at P<0.05, Superscript (b) indicate significant increase compared with
groups A or B at P<0.05, Superscript (c) indicate significant increase compared with group C at P<0.05, Superscript (d) indicate significant decrease
compared with group C at P<0.05

Table 6. Effect of Croton lobatus leaf extract on lipid profile in alloxan-induced diabetic rats
Groups parameters A B C D E F

TC (mg/dL) 28.00+2.45 21.90+11.70 52.30+13.50% 23.10+7.28° 11.00%3.60° 27.40+9.48°
TG (mg/dL) 39.60+23.60 48.40+24.00¢ 128.00+34.70° 55.6029.70° 80.50+19.60° 74.10+25.80°
HDL (mg/dL) 32.60£9.19 42.00+11.30 16.20+13.10° 31.60+8.53¢ 34.90+10.10° 26.20+1.07¢
VLDL (mg/dL) 7.90+4.72 9.70+4.79 25.50+6.95° 11.10+5.93° 16.10+3.91° 14.80+5.15°
LDL (mg/dL) 12.50*+10.51 29.70+19.98 14.10+16.68 19.60+10.09 39.90+10.73¢ 13.60+12.71°

Superscript (a) indicate significant increase compared with groups A or B at P<0.05, Superscript (b) indicate significant decrease compared with
group C at P<0.05, Superscript (c) indicate significant decrease compared with groups A or B at P<0.05, Superscript (d) indicate significant increase
compared with group C at P<0.05

Table 7. Effect of Croton lobatus leaf extract on oxidative stress markers in alloxan-induced diabetic rats

Groups parameters A B C D E F

SOD units/mg protein 107.00+4.24 82.70+15.50 96.90%:9.47¢ 89.70+0.99 122.00+2.53% 112.00+5.18°
Nitric Oxide umole/L 1.04+0.04 0.70%0.26 0.40%0.02¢ 0.40%0.17°¢ 0.80+0.23¢ 0.80+0.03¢

GSH umole/mg protein 64.00+0.35 63.50%+0.35 13.10+2.30% 63.90+2.30° 64.10+0.18° 66.10+0.88°¢
H,0, umole/mg protein 12.00+0.71 10.50+0.35 12.50+0.35 11.90+0.18 11.90+0.53 10.80+0.35

MDA umole/mg protein® 0.50%0.01 1.40+0.27 13.90+£2.97% 0.60+0.30° 0.50+0.07"° 0.60+0.15"

Superscript (a) indicate significant increase compared with groups A at P<0.05, Superscript (°) indicate significant decrease compared with group C at
P<0.05, Superscript (c) indicate significant decrease compared with groups A or B at P<0.05, Superscript (d) indicate significant increase compared

with group C at P<0.05

untreated animals when compared with the control, but
C. lobatus extract at 200 mg/kg significantly increased the level
of this parameter in rats. Similarly, the reduced GSH level in the
diabetic untreated rats significantly decreased when compared
the control group, but rats treated with the 100 and 200 mg/kg
dose of C. lobatus had a significantly clevated level of GSII
compared with the diabetic untreated group [Table 7]. There
was no significant difference (P > 0.05) in IO, of the diabetic
group of rats when compared with the control, and with the rats
treated with C. lobatus extract and glibenclamide. However, the
diabetic untreated rats showed a significant increase (P < 0.05)
in the level of malondialdehyde (MDA) compared with control
rats. Administration of the extract of C. lobatus at 100 and
200 mg/kg significantly decreased (P < 0.05) the MDA level

compared with the diabetic untreated rats.
Histology of the pancreas showed focal area of necrosis, and fatty

infiltration in diabetic untreated rats, but these lesions were absent
in pancreas of rats treated with C. lobatus extract (Figure 1).

DISCUSSION

In general, medicinal plants are believed to be safe, but a
number of these therapeutic agents have been reported to
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cause specific organ damage in man and animals [24]. For
instance, hepatotoxicity, nephrotoxicity, thrombocytopenia, and
genotoxicity have been associated with the use of a number of
medicinal plants [25]. The non-observance of mortality in rats
even at the extremely high dose of 5000 mg/kg suggests a wide
safety margin for the extract of C. lobatus used in this study.

In this study, the induction of diabetes mellitus in rats by alloxan
was manifested by the significant reduction (P < 0.05) in the
blood glucose level of rats administered 100 mg/kg alloxan
monohydrate alone compared with those of the control group
of rats [Table 3]. Further, the hyperglycemic state observed in
rats became increasingly severe with increasing number of days
as depicted by the significant elevation in the blood glucose
level on the 14™ day following induction of diabetes compared
with the first day of therapy [Table 3]. However, the extract of
C. lobatus showed a significant inhibition of alloxan-induced
diabetes mellitus and exerts a potent anti-hyperglycemic effect
as demonstrated by the significant decrease (P < 0.05) in blood
glucose with the 100 and 200 mg/kg C. lobatus leaf extract
treated groups, similar to those treated with the sulfonylurea
glibenclamide, albeit, the 200 mg/kg dose showed higher effect
over the 2-week treatment period. Observations in this study
are similar to the reports of Okokon et al. [26] who reported
e 2016 e Vol5 e
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significant hypoglycemic activity for Croton zambesicus in
alloxan-induced diabetes mellitus.

The antidiabetic activities of medicinal plants have been
ascribed to their phytochemical constituents [27] that may
delay the development of diabetic complications and regulate
the associated metabolic abnormalities through a variety of
mechanisms [28]. For instance, different polysaccharides of
Ganoderma lucidum have been reported to increase plasma
insulin levels in both normal and glucose-loaded mice, with
accompanying decreased hepatic glycogen content due to a
modulation of glucose metabolizing enzymes in the liver [29].
Moreover, the naturally occurring phenolic compounds,
flavonoids, and alkaloids are reported to inhibit the activities of
glucosidase, a key enzyme in the metabolism of glucose [30]. It
is probable that the anti-diabetic effects of C. lobatus observed
in this study is due to a stimulation of insulin secretion or
improvement in digestion along with a reduction in blood sugar
level, and inhibition of the breakdown of starch to glucose by
inhibiting alpha-glucosidase activity [31]. Diabetes mellitus has
been known to be associated with weight loss [32]. The weight
loss in diabetic untreated rats, as observed in this study, may be
due to dehydration and ineffective metabolism of carbohydrate,
protein and fat [33]. However, the increase in body weight
of diabetic rats treated with plant extract suggests a potent
inhibition of diabetes by C. lobatus leaf extract.

Observation of a significantly elevated blood pressure in the
untreated diabetic group of rats relative to the control and
C. lobatus treated group [Table 4] probably is a manifestation
of one of the complications of a persistent hyperglycemic
state. Hyperglycemia causes changes in vascular structure and
function by decreasing NO bioavailability and increasing the
production of hydrogen peroxide in vascular endothelium [34].
From the result of this study, there was a significant decrease
(P < 0.05) in NO levels in diabetic untreated rats, whereas the
administration of C. lobatus extracts to diabetic rats increased
the level of NO and in a dose-dependent manner [Table 7].
Since NO is a potent vasodilator, decreased bioavailability or
biosynthesis of NO may potentiate the development of the
hypertensive state [35].

Diabetes mellitus has been associated with cardiovascular
complications of tachycardia, shortening of QT intervals
and ORS as well as shortened activation time of ventricular
myocardium [36]. Lee et al. [37] reported a prolongation of
OT interval with hypoglycemia, and this was associated with
increased risk of ventricular arrhythmias. Increased free radical
(superoxide anion) activity can potentially elevate blood
pressure by inactivating NO and consequently increase systemic
vascular resistance [38]. Conversely, enhanced activity of NO
has been found to play a key role in the reduction of vascular
resistance and blood pressure that are elevated in hypertensive
subjects [39]. Observations of this study on blood pressure
changes of rats are similar to the findings of Paez et al. [40]
who reported a prevention of the development of hypertensive
state following the administration 200 mg/kgethanol leaf extract
of Croton schiedeanus in NO deficit-induced hypertension,
and attributed the effect to the flavonoid, diterpenoid, and

J Intercult Ethnopharmacol e 2016 e Vol5 e Issue4

Fasola, et al.: Croton lobatus mitigates alloxan-induced diabetic

fenibutanoid metabolites of Croton species that exert a
vasodilatory effect by modulating the NO/cyclic guanosine
monophosphate pathway. The blood pressure lowering effects
of C. lobatus extracts, as observed in this study, may be due
to direct or indirect action of constituent polyphenols that
have been reported to decrease blood pressure by increasing
endothelial NO bioavailability via their antioxidant action, and
their capacity to activate vascular endothelial NO synthase [41].

The significantly elevated (P < 0.05) levels of TC, TG,
VLDL-C, and low high HDL-cholesterol (HDL-C) observed
in the diabetic untreated rats compared with those treated
with C. lobatus suggest positive modulatory role of extract
in lipid metabolism probably due to a rapid mobilization
of TG and consequent increased plasma free fatty acids
levels. Hypercholesterolemia is a common complication of
diabetes mellitus and elevated VLDL-C TG reduces levels
of cardioprotective IIDL-C, with attending consequence of a
reduction in antioxidant activities [42]. The results of this study
corroborate earlier reports that most hypoglycemic plants have
potentials of ameliorating diabetes-associated abnormalities
of lipid metabolism in vivo [43]. The high level of HDL-C
in diabetic rats treated with extract is advantageous because
HDL-C transports fat molecules (such as cholesterol and TGs)
out of arterial vasculature, and thus prevents cardiovascular

diseases [44].

Furthermore, in this study, a significant decrease (P < 0.05)
was observed in the activity of SOD of the diabetic untreated
group of rats, compared with those of the control. The
decreased SOD activity may be due to high level of free radicals
with decreased antioxidant defense mechanisms [45]. The
significantly increased SOD level in diabetic rats following
the administration of C. lobatus extract suggests a positive
modulatory role for the extract in the amelioration of the
induced oxidative stress. Reduced GSH normally plays the
role of a direct intracellular free-radical scavenger through
interactions with free radicals [46]. The observed reduction
in GSH level in diabetic untreated rats may be a result of
the increased utilization of GSH due to oxidative stress [47].
MDA has been documented as a primary biomarker of free
radical mediated lipid damage and oxidative stress [48]. The
MDA level in diabetic rats treated with C. lobatus extract
significantly decreased when compared with diabetic untreated
rats [Table 7]. Medicinal plants with high flavonoid content
have been reported to decrease MDA level in plasma, and thus
provide protection against many chronic diseases by virtue of
their free radical scavenging properties [49].

Pancreatic Islets are especially vulnerable to oxidative stress-
mediated injuries because the antioxidant defense system of the
pancreas is considerably weaker than those of other tissues [50].
In this study, histopathological evaluation revealed focal area
of necrosis of islet cells in untreated diabetic rats. However,
pancreatic islet cells of diabetic rats treated with C. lobatus leaf
methanol extracts appear normal. This suggests an inhibition
of the toxic mechanisms involved in the alloxan-induced,
oxidative stress-mediated destruction of pancreatic Islet
cells by the antioxidant rich, flavonoid-containing C. lobatus
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extract inducing increased antioxidant enzyme activity, and
consequently preserving Islet cells integrity [51].

CONCLUSION

This study shows that C. lobatus possesses blood glucose
lowering effects, antihypertensive effect, as well as antioxidant
and free radical scavenging properties. Therefore, further
investigation on the different phytochemical constituents may
be beneficial for the treatment and management of diabetes
mellitus and its complications, and provide a safer and cheaper
alternative to the currently available anti-diabetic drugs.

ACKNOWLEDGMENT

The authors wish to acknowledge Dr. O. ]. Olawuyi of the
Department of Botany, University of Ibadan and Dr. Ebunoluwa
R. Asenuga of the Department of Veterinary Physiology, and
Biochemistry, University of Benin for their technical support.

REFERENCES

370

Seidell JC. Obesity, insulin resistance and diabetes: A worldwide
epidemics. Br J Nutr. 2000;83 Suppl 1:S5-8.

Bastaki A. Diabetes mellitus and its treatment. Int J Diabetes Metab
2005;13:111-34.

Economic consequences of diabetes mellitus in the U.S. in. American
Diabetes Association. Diabetes Care 1998;21:296-309.

Danilova |G, Sarapultsev PA, Medvedeva SU, Gette IF, Bulavintceva TS,
Sarapultsev AP Morphological restructuring of myocardium during
the early phase of experimental diabetes mellitus. Anat Rec
(Hoboken). 2015;298:396-407.

Kala C, Ali SS, Abid M, Rajpoot S, Khan NA. Protection against FCA
induced oxidative stress induced DNA damage as a model of arthritis
and in vitro anti-arthritic potential of Costus specious rhizome extract.
Int J Pharmacog Phytochem Res 2015;7:383-9.

Matough FA, Budin SB, Hamid ZA, Alwahaibi N, Mohamed J. The
role of oxidative stress and antioxidants in diabetic complications.
Sultan Qaboos Univ Med J 2012;12:5-18.

Busik JV, Mohr S, Grant MB. Hyperglycemia-induced reactive oxygen
species toxicity to endothelial cells is dependent on paracrine
mediators. Diabetes 2008;57:1952-65.

Ramachandran A, Das AK, Joshi SR, Yajnik CS, Shah S, Kumar KM.
Current status of diabetes in India and need for novel therapeutic
agents. J Assoc Physicians Indian 2010;58:7-9.

Gale EA. A missing link in the hygiene hypothesis? Diabetologia
2001;357:1870-5.

Si-Yuan P Shu-Feng Z, Si-Hua G. New Perspectives on how to discover
drugs from herbal medicines: CAM's outstanding contribution
to modern therapeutics. Evid Based Complement Alternat Med
2013;2013:627375.

Burkill HM. The useful plants of West Tropical Africa: Families E-I.
United Kingdom: Richmond, Royal Botanic Gardens; 2004. p. 636.
Salatino A, Salatino MLF, Negri G. Traditional uses, chemistry and
pharmacology of Croton species (Euphorbiaceae). J Braz Chem Soc
2007;18:11-33.

Lucchesi AN, Freitas NT, Cassettari LL, Marques SF, Spadella CT.
Diabetes mellitus triggers oxidative stress in the liver of alloxan-
treated rats: A mechanism for diabetic chronic liver disease. Acta
Cir Bras 2013;28:502-8.

Iweala EJ, Okeke CU. Comparative study of the hypoglycemic and
biochemical effects of Catharanthus roseus (Linn) apocynaceae
(Madagascar periwinkle) and chlorpropamide (diabenese) on alloxan-
induced diabetic rats. Biokemistri 2005;17:149-56.

OECD. Harmonized Integrated Hazard Classification System for
Human Health and Environmental Effects of Chemical Substances.
Paris, France: Organization for Economic Co-operation and

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Development; 1998.

Olurishe CO, Salawu OA, Zezi AU, Olurishe TO, Bisalla M. Metformin-
Cefixime Co-administration affects glucose regulation and reno-
pancreatic histology in alloxan-induced hyperglycemic rats. J Pharma
Sci Tech 2013;3:43-50.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem
1972;18:499-502.

Misra HPR, Fridovich |. The role of superoxide anion in the autoxidation
of epinephrine and a simple assay for superoxide dismutase. J Biol
Chem 1972;247:3170-5.

Oyagbemi AA, Omobowale TO, Akinrinde AS, Saba AB, Ogunpolu BS,
Daramola O. Lack of reversal of oxidative damage in renal tissues of
lead acetate-treated rats. Environ Toxicol 2015;30:1235-43.
Varshney R, Kale RK. Effects of calmodulin antagonists on
radiation-induced lipid peroxidation in microsomes. Int J Radiat Biol
1990;58:733-43.

Adam-Vizi V, Seregi M. Receptor dependent stimulatory effect of
noradrenaline on Na*/K* ATPase in rat brain homogenate: Role of
lipid peroxidation. Biochem Pharma 1982;31:2231-6.

Wolff SP. Ferrous ion oxidation in presence of ferric iron indicator
xylenol orange for measurement of hydroperoxide. Methods in
Enzymolog 1994;233:182-9.

Fennell CW, Lindsey KL, McGaw LJ, Sparg SG, Stafford GI,
Elgorashi EE, et al. Assessing African medicinal plants for efficacy and
safety: Pharmacological screening and toxicology. J Ethnopharmacol
2004;94:205-17.

Koleva V., Dragoeva A, Stoyanova Z, Koynova T. A study on current
status of herbal utilization in Bulgaria. Part 2: Safety concerns.
J Ethnopharmacol 2016;183:123-7.

Okokon JE, Bassey AL, Obot J. Antidiabetic activity of ethanolic
leaf extract of Croton zambesicus Muell. (Thunder plant) in alloxan
diabetic rats. Afr J Trad 2006;3:21-6.

Switi BG, Krishna GM, Rani SM. Phytochemicals for diabetes
management. Pharma Crops 2014;5:11-28.

Mukherjee PK, Maiti K, Mukherjee K, Houghton PJ. Leads from Indian
medicinal plants with hypoglycemic potentials. J Ethnopharmacol
2006;106:1-28.

Hikino H, Ishiyama M, Suzuki Y, Konno C. Mechanisms of
hypoglycemic activity of ganoderan B: A glycan of Ganoderma
lucidum fruit bodies. Planta Med 1989;55:423-8.

Cazarolli LH, Zanatta L, Alberton EH, Figueiredo MS, Folador P,
Damazio RG, et al. Flavonoids: Prospective drug candidates. Mini
Rev Med Chem 2008;8:1429-40.

Dwivedi C, Daspaul S. Antidiabetic herbal drugs and polyherbal
formulation used for diabetes: A Review. J Phytopharmacol
2013;2:1-7.

Abdelmoaty MA, Ibrahim MA, Ahmed NS, Abdelaziz MA. Confirmatory
studies on the antioxidant and antidiabetic effect of quercetin in rats.
Indian J Clin Biochem 2010;25:188-92.

Phillips C, Lopez-Miranda J, Perez-Jimenez F, McManus R, Roche HM.
Genetic and nutrient determinants of the metabolic syndrome. Curr
Opin Cardiol 2006;21:185-93.

Ceriello A. New insights on oxidative stress and diabetic
complications may lead to a “causal” antioxidant therapy. Diabetes
Care 2003;26:1589-96.

Griffith TM. Role of nitric oxide in the regulation of blood flow. In:
Nitric Oxide Biology and Pathobiology. San Diego, CA: Academic
Publishing: 2000. p. 483-503.

Lischer TF. Imbalance of endothelium-derived relaxing and
contracting factors. A new concept in hypertension? Am J Hypertens
1990;3:317-30.

Wu CC, Yen MH. Higher level of plasma nitric oxide in spontaneously
hypertensive rats. Am J Hypertens 1999;12:476-82.

Paez MT, Rodriguez DC, Lopez DF, Castaneda JA, Buitrago DM,
Cuca LE, et al. Croton Schiedeanus schld. prevents experimental
hypertension in rats induced by nitric oxide deficit. Braz J Pharma
Sci 2013;49:865-71.

Galleano M, Pechanova O, Fraga CG. Hypertension, nitric oxide,
oxidants, and dietary plant polyphenols. Curr Pharm Biotechnol
2010;11:837-48.

Solano MP, Goldberg RB. Management of dyslipidemia in diabetes.
Cardiol Rev 2006;14:125-35.

J Intercult Ethnopharmacol e 2016 e Vol5 e Issue4



40.
41.

42.

43.

44.

45.

46.

47.

J Intercult Ethnopharmacol e

Thompson Coon JS, Ernst E. Herbs for serum cholesterol reduction:
A systematic view. J Fam Pract 2003;52:468-78.

Toth PP, Cardiology patient page. The “good cholesterol”: High-density
lipoprotein. Circulation 2005;111:€89-91.

Rodifio-Janeiro BK, Gonzélez-Peteiro M, Ucieda-Somoza R, Gonzalez-
Juanatey JR, Alvarez E. Glycated albumin, a precursor of advanced
glycation end-products, up-regulates NADPH oxidase and enhances
oxidative stress in human endothelial cells: Molecular correlate of
diabetic vasculopathy. Diabetes Metab Res Rev 2010;26:550-8.
Gregus Z, Fekete T, Halészi E, Klaassen CD. Lipoic acid impairs glycine
conjugation of benzoic acid and renal excretion of benzoylglycine.
Drug Metab Dispos 1996;24:682-8.

Sellamuthu PS, Arulselvan P, Kamalraj S, Fakurazi S, Kandasamy M.
Protective nature of mangiferin on oxidative stress and antioxidant
status in tissues of streptozotocin-induced diabetic rats. ISRN
Pharmacol 2013;2013:750109.

Shodehinde SA, Oboh G. Antioxidant properties of aqueous extracts
of unripe Musa paradisiaca on sodium nitroprusside induced lipid
peroxidation in rat pancreas in vitro. Asian Pac J Trop Biomed
2013;3:449-57.

Annadurai T, Muralidharan AR, Joseph T, Hsu MJ, Thomas PA,
Geraldine P Antihyperglycemic and antioxidant effects of a flavanone,
naringenin, in streptozotocin-nicotinamide-induced experimental
diabetic rats. J Physiol Biochem 2012;68:307-18.

Kaneto H, Xu G, Song KH, Suzuma K, Bonner-Weir S, Sharma A,
et al. Activation of the hexosamine pathway leads to deterioration

2016 e Vol5 e Issue4

48.

49.

50.

51.

Fasola, et al.: Croton lobatus mitigates alloxan-induced diabetic

of pancreatic beta-cell function through the induction of oxidative
stress. J Biol Chem 2001;276:31099-104.

Hao HH, Shao ZM, Tang DQ, Lu Q, Chen X, Yin XX, et al. Preventive
effects of rutin on the development of experimental diabetic
nephropathy in rats. Life Sci 2012;91:959-67.

Mousavi SH, Naghizade B, Pourgonabadi S, Ghorbani A. Protective
effect of Viola tricolor and Viola odorata extracts on serum/glucose
deprivation-induced neurotoxicity: Role of reactive oxygen species.
Avicenna J Phytomed. 2016; 6(4):434-41.

Modak MA, Parab PB, Ghaskadbi SS. Control of hyperglycemia
significantly improves oxidative stress profile of pancreatic islets.
Islets. 2011; 3(5):234-40.

Wang W, Xu H, Chen H, Tai K, Liu F Gao Y. In vitro antioxidant,
anti-diabetic and antilipemic potentials of quercetagetin extracted
from marigold (7Tagetes erecta L.) inflorescence residues. J Food Sci
Technol 2016;53(6):2614-24.

© SAGEYA. This is an open access article licensed under the terms
of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted,
noncommercial use, distribution and reproduction in any medium, provided

the work is properly cited.

Source of Support: Nil, Conflict of Interest: None declared.

371




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


