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Abstract

Purpose: To evaluate the possible hypoglycaemic, hypolipidemic, and antioxidant activities of Ardisia
compressa (AC) on a rat model of type 2 diabetes.

Methods: Diabetes was induced in female Wistar rats by intraperitoneal (i.p.) administration of
streptozotocin (65 mg/kg) and nicotinamide (120 mg/kg). The diabetic animals were orally administered
water with or without metformin 150 mg/kg (D+Met) or 100, 200, or 400 mg/kg AC (D+100, 200 or 400),
daily for 21 days. Normoglycaemic animals were given water with or without 400 mg/kg AC. Glycaemia,
urinary protein excretion, lipid profiles, and antioxidant activity were determined.

Results: AC decreased hyperglycaemia in diabetic animals (150.67 + 13.41 mg/dL, AC vs. 346.33 +
51.21 mg/dL, Diabetes), but not hyperlipidemia. An antioxidant effect was also observed in the 400-
mg/kg AC extract group, which exhibited significantly decreased lipid peroxidation (2.597 + 0.284, AC
vs. 3.623 + 0.280 uM malondialdehyde [MDA]/g, Diabetes) and reactive oxygen species (ROS)
production (1.633 = 0.207, AC vs. 5.281 + 0.457 ug DCF/mg, Diabetes) in liver. In addition, lipid
peroxidation, ROS, and oxidised proteins levels were decreased in the kidneys and pancreas of AC
treated diabetic animals.

Conclusion: AC leaves exert hypoglycaemic and antioxidant effects in type 2 diabetic rats, and has the
potential to delay or prevent the onset of diabetes-induced complications.
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INTRODUCTION diabetes worldwide, and type 2 diabetes (T2D) is

the most common form [1].
Modern lifestyle changes have led to increases in

overweight and obesity prevalence rates among
populations; therefore, there is an associated rise
in the incidence of diabetes that is currently
considered a worldwide health problem. The
World Health Organization (WHO) estimates that
there are more than 347 million people with

It has been reported that in the diabetic state,
increases in the oxidative damage of lipids, DNA,
and proteins are due to greater levels of reactive
oxygen species (ROS), which leads to cellular
injury related to the onset of many diabetic
complications [2]. The first line of treatment is
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lifestyle modification; oral hypoglycaemic drugs
are indicated when diet and exercise are not able
to achieve acceptable glycaemic control [3].

Pharmacologic therapy has disadvantages, and
patients can exhibit resistance or decreased
treatment response or experience adverse
effects. Thus, herbal alternatives are being
explored for their ability to provide symptomatic
relief prevent diabetic complications [3]. It is
estimated that Mexico has approximately 306
native species of plants with hypoglycaemic
activity that belong to 235 genera and 93 families
[4]; one of these potential T2D treatments is
Ardisia compressa (chagalapoli). Different
metabolites of pharmacological interest have
been isolated from several Ardisia species [5].
Specifically, Ardisia compressa (AC) has been
shown to exert different biological activities, such
as anticarcinogenicity on human colon cells [5]
and rat liver [6], and anticytotoxic and
antigenotoxic effects on rat hepatocytes exposed
to benomyl and 1-nitropyrene [7,8].

These biological activities are thought to be due
to AC’s antioxidant properties. Because the
hypoglycaemic activity of AC has not been
proven scientifically and diabetes and its
complications are related to oxidative stress, the
purpose of the present work was to investigate
the possible hypoglycaemic, hypolipidemic, and
antioxidant effects of AC on T2D rats.

EXPERIMENTAL

Plant material

AC leaves were obtained from Sontecomoapan,
Los Tuxtlas Veracruz, Mexico in August 2011.
The plant material was authenticated by Biol.
Laura Doval-Ugalde of the National School of
Biological Sciences (ENCB), IPN, Ciudad de
Mexico, Mexico. A voucher specimen (no.
85033) was deposited in the Herbarium of
National School of Biological Sciences, IPN.

Phytochemical screening

Aqueous and ethanol extracts were prepared for
phytochemical screening to identify several
constituents by colorimetric and gravimetric
methods using reagents or reactions described
elsewhere [9].

Extract preparation

The aqueous extract was prepared by adding 50
g finely ground AC leaves to 1000 mL boiling
distilled water. The aqueous extract was then
filtered, freeze-dried, and stored at -15 °C.

Animals

Adult female Wistar rats weighing 220 + 20 g
obtained from the Animal House of the
Autonomous University of State of Hidalgo were
conditioned for 7 days in polypropylene cages,
under light-dark cycles of 12 h and fed with
standard feed and water ad libitum. The
experimental protocols were approved by the
Bioethical Committee of the National School of
Biological Sciences of National Polytechnic
Institute. International guidelines [10] and the
Mexican Official Standard (NOM-062-ZO0-1999)
concerning technical specifications for
production, care, and use of laboratory animals
were followed.

Induction of T2D

T2D was induced by a single intraperitoneal
injection of 65 mg/kg body weight (b.w.)
streptozotocin (STZ) (Sigma Chem. Co., St.
Louis Missouri, USA) dissolved in 0.1 M citrate
buffer (pH 4.5) followed by intraperitoneal (i.p.)
injection of 120 mg/kg b.w. nicotinamide (NA)
dissolved in isotonic saline solution [11]. On day
seven, after a 6-h fasting period, diabetic state
was confirmed by measuring glucose levels on a
blood sample obtained from the caudal vein
(glucometer  Accu-Chek Performa, Roche
Diagnostics). Rats with blood glucose levels
greater than 130 mg/dL were considered as
diabetic.

AC’s effect on hypoglycaemia

Animals were randomised into seven groups of
six rats. The first and second groups were
comprised of normoglycaemic animals that
received water and 400 mg/kg b.w. lyophilised
AC extract, respectively. The other five groups
were diabetic rats: untreated, metformin (150
mg/kg b.w.) or the lyophilised AC extract (100,
200, and 400 mg/kg b.w.). All treatments were
orally administered daily for 21 days. Each week,
b.w. and blood glucose were measured.

Oral glucose tolerance test

Basal blood glucose was measured on day 18,
after a 6 h fasting period. The respective
treatment was then administered, and 30
minutes later, animals received an oral glucose
load of 2 g/kg b.w. Glycaemic values were
measured on tail vein by using a glucometer
Accu-Chek Performa (Roche Diagnostics) at 0,
30, 60, and 120 min after glucose administration.
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Biochemical assays

Lipid profiles including total cholesterol,
triglycerides and high-density lipoprotein (HDL)
were determined at 21 days with a Wiener
Laboratory Selectra 2 automatic analyser
(Spankeren, the Netherlands). Rat urine was
collected by using metabolic cages for 5-6 h.
Urine protein concentrations were measured
according to the Bradford method [12]; urinary
flow and urinary protein excretion were also
calculated.

At the end of the experiment, the animals were
sacrificed by decapitation following the
administration of ethyl ether anaesthesia. Liver,
kidney, and pancreas samples were immediately
obtained, and each tissue was homogenised
individually ~with  phosphate-buffered saline
(PBS). Oxidative stress biomarkers were
determined as follows: ROS were measured with
a sensitive fluorescent probe DCFH-DA (2°,7°-
dichlorodihydrofluorescein diacetate) [13], lipid
peroxidation was quantified by measuring
thiobarbituric acid reactive substances (TBARS)
[14], and oxidised proteins were assessed their
formation of complexes with DNPH (2,4-
dinitrophenylhydrazine) [15].

Statistical analysis

Data are expressed as the mean = SEM
(standard error of the mean). Results were

analysed for statistical significance by one-way
analysis of variance (ANOVA) followed by the
Student-Newman-Keuls method using SigmaPlot
ver. 11 software, with p < 0.05 considered
significant.

RESULTS
Phytochemical profile of plant extract

Aqueous AC extract was found to contain
reducing  sugars, coumarins, triterpenoid
saponins, and tannins (polyphenolic compounds
and gallic acid derivatives).

Hypoglycaemic effect of AC extract

Over the course of 21 days, the blood glucose
levels of rats treated with metformin or 100, 200,
and 400 mg/kg b.w. AC extract were significantly
and gradually decreased (Table 1) with respect
to the diabetic control group, but they did not
achieve the blood glucose levels of the
normoglycaemic groups.

Oral glucose tolerance

In the oral glucose tolerance test, a significant
difference was only found between the
normoglycaemic and diabetic groups (Table 2),
but there were no differences among the treated
groups.

Table 1: Hypoglycaemic effect of lyophilized aqueous AC extract

Blood glucose (mg/dL)

Group

0 day 7" day 14" day 21" day
N 89.17 £2.82 87.00 + 4.99 90.33+ 3.94 90.83 + 4.47
N+400 84.00 + 3.33° 87.83+3.85° 82.00 + 3.88° 85.17 + 2.93°
D 376.00 + 38.06° 367.33 + 44.87° 393.17 + 52.32° 346.33 + 51.21°
D+MET  262.50 + 33.16° 187.33 + 39.32° 152.33 + 22.74%" 193.83 + 41.012°
D+100 209.50 + 34.29%° 213.50 + 57.32° 204.83 + 56.98%° 168.17 £ 29.612°
D+200 241.67 + 40.90%° 298.83 + 34.43° 215.33 £ 51.69%° 208.33 + 45.70*°
D+400 216.17 + 38.12%° 234,17 + 52.79° 154.83 + 34.612° 150.67 + 13.412°

N = normal control; N+400 = N given 400 mg/kg AC extract; D = Diabetic control; D+MET = D given 150 mg/kg
metformin; D+100, D+200, and D+400 = D given 100, 200 or 400 mg/kg AC extract. ¥ p<0.05 vs. N; b p <0.05vs.
D; n =6, mean £+ SEM

Table 2: Oral glucose tolerance of rats

Blood glucose (mg/dL)

Group  —5rhin 30 min 60 min 120 min

N 88.50 + 2.11 122.00 + 6.44 92.17 £5.49 79.00 + 3.67
N+400 85.50 + 4.29 110.50 + 3.42 107.67 £5.12 94.17 £6.80

D 299.50 + 63.45° 396.50 + 68.78° 380.00 + 56.95° 347.50 + 34.61°
D+MET 209.17 + 46.93° 214.67 + 50.69%° 203.33 + 45.35*° 137.50 + 25.67°°
D+100 192.66 + 48.85° 256.17 + 53.79%° 280.00 + 68.34° 202.17 + 55.71?
D+200 281.50 + 51.87° 398.83 + 56.57° 387.33 + 50.39° 292.00 + 44.25°
D+400 209.67 + 42.30° 250.67 + 48.28%° 279.17 + 57.72° 235.33 + 48.81°

N = normal control; N+400 = N given 400 mg/kg AC extract; D = Diabetic control; D+MET = D given 150 mg/kg
metformin; D+100, D+200, and D+400= D given 100, 200, and 400 mg/kg AC extract. . ¥ p < 0.05 vs. N; b p <

0.05vs. D; n = 6, mean + SEM
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Biochemical assays

Lipid profiles were not affected by diabetes;
metformin; or AC extract at 100, 200, or 400
mg/kg b.w. (data not shown). Urinary protein
excretion (Fig 1) in diabetic controls was
significantly  increased compared to the
normoglycaemic group (0.308 + 0.02 and 0.035 +
0.01 pg/min, respectively).
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Fig 1: Urinary protein excretion of diabetic rats treated
with lyophilized AC extract for 21 days (n = 6, mean *
SEM). N = normal control; N+400 = N given 400 mg/kg
AC extract; D= Diabetic control; D+MET = D given 150
mg/kg metformin; D+100, D+200, and D+400

given 100 200, and 400 mg/kg AC extract; 2 p < 0. 05
vs. N, p<005vs D, and ® p < 0.05 vs. D+MET

Metformin (0.035 + 0.01 pg/min) or AC extract
(100, 200, and 400 mg/kg b.w.) produced a
significant decrease in urinary protein excretion
with respect to that of the diabetic control group,
and treatment with AC at 400 mg/kg (0.028 %

pM MDA / g protein
ug DCF / mg protein

: I I
14
0

0.013 pg/min) resulted in values closest to those
of the normoglycaemic and metformin groups.

Oxidative stress

Liver lipid peroxidation (Fig 2A) was significantly
increased in diabetic controls (3.62 + 0.28 yM
MDA/g) compared to that of the normal control
group (2.26 + 0.26 yM MDA/g). Administration of
400 mg/kg AC extract significantly decreased
MDA levels (2.60 + 0.28 yM MDA/g) with respect
to the diabetic control group, reaching values
similar to normoglycaemic animals.

ROS levels in the liver (Fig 2B) were significantly
increased in the diabetic group (5.28 + 0.46 ug
DCF/mg) with respect to normal control animals
(2.32 = 0.17 pg DCF/mg); however, this
biomarker was significantly diminished in the
groups treated with metformin and 100, 200, or
400 mg/kg b.w. AC (2.95 + 0.49, 2.38 + 0.21,
201 £ 0.27, and 1.53 + 0.21 pg DCF/mg,
respectively) in a dose-dependent manner. The
highest decrease was achieved with the highest
dose, values in the 400 mg/kg b.w. group were
below those of the normoglycaemic group, and a
significant decrease was observed from D+400
with respect to D+100. Protein carbonyls (CO)
levels were not affected, and there were no
significant differences among groups. (data not
shown).

Lipid peroxidation levels in the kidneys (Fig 3A)
of diabetic control animals were significantly
elevated with respect to normal controls (1183.50
+ 2533 and 32950 + 43.85 yM MDA/g,
respectively). The administration of metformin
(362.78 £ 59.54 yM MDA/g) and lyophilized AC

I |
i I |L‘ 708%s]

B

a,b,c,d

N+ 400 D D+MET D+ 100 D+ 200 D+ 400

N+ 400 D+MET D+ 100 D+ 200 D+ 400

Fig 2: Levels of A) lipoperoxidation and B) ROS in the liver of normoglycaemic and diabetic rats treated with
lyophilized AC extract; (n = 6, error bars denote SEM). N= normal control; N+400 = N given 400 mg/kg AC
extract; D = Diabetic control; D+MET = D given 150 mg/kg metformin; D+100, D+200, and D+400 = D given 100,

200, and 400 mg/kg AC extract. ®
D+100

p <0.05vs. N, b p < 0.05 vs. D, ° p < 0.05 vs. D+MET, and d p < 0.05 vs.
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extract at doses of 100, 200, and 400 mg/kg b.w.
(890.51 + 21.50, 768.16 + 37.16, and 456.70 +
27.39 pM MDA/g, respectively) significantly
diminished (p<0.05) lipid peroxidation in the
kidney compared to diabetic control; however,
AC treatment was not as effective as metformin.
Levels of oxidized proteins (Fig 3B) were also
increased in the diabetic control group with
respect to normal control (873.32 + 30.33 and
367.47 £ 20.39 uM COl/g, respectively);
metformin and 200 or 400 mg/kg b.w. lyophilized
AC extract (469.21 + 26.67, 748.85 + 15.87, and
462.78 + 27.24 uM CO/g, respectively)
decreased protein carbonyl levels compared to
diabetic group. The values between the group
treated with the highest dose of AC extract and
those that received metformin were not
significantly different. Kidney ROS levels (Fig 3C)
in the diabetic control group were significantly
higher than in normal control (4.74 £ 0.31 and
2.80 + 0.33 pg DCF/mg, respectively). ROS
values were significantly decreased by metformin
and lyophilized AC extract administered at doses
of 200 and 400 mg/kg (3.76 + 0.14, 3.27 + 0.32,
and 2.78 + 0.24 ug DCF/mg, respectively); the
highest AC dose was able to reduce levels even
more than the reference drug, and treatment with
400 mg/kg b.w. achieved values similar to those
of the normoglycaemic group.
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On the other hand, lipid peroxidation in the
pancreas tissue (Fig 4A) of the diabetic control
group was significantly increased with respect to
the normal control group (14.48 £ 0.96 and 3.69
+ 0.52 yM MDA/g, respectively). Administration
of metformin and different doses of AC extract
significantly decreased lipid peroxidation levels
(4.08 £ 0.45,7.07 £ 0.47,7.44 £ 0.65, and 5.83
0.38 uM MDA/g, respectively) with respect to
diabetic control; however, the groups treated with
AC extract did not reach the low values
measured in the metformin and normal control
groups. Oxidized protein levels in the pancreas
(Fig 4B) of diabetic controls were higher than
those in the normal control group (861.72 %
31.35 and 41191 + 1813 puM CO/g,
respectively); it was only reduced by
administering metformin or 400 mg/kg b.w. AC
extract (621.44 + 19.60 and 631.42 + 25.21 yM
COlg, respectively) with respect to diabetic
control, but values observed in the
normoglycaemic group were not achieved with
either treatment. Fig. 4C shows that ROS levels
in the pancreas of diabetic control animals was
higher than in normal control (4.70 £ 0.38 and
1.44 + 0.25 pyg DCF/mg, respectively). Similar to
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Fig 3: Levels of A) lipid peroxidation, B) protein carbonyls, and C) ROS in the kidney of diabetic rats treated with

lyophilized AC extract for 21 days; (n=6, error bars SEM). N

= normal control; N+400 = N given 400 mg/kg AC

extract; D = Diabetic control; D+MET— D given 150 mg/kg metformin; D+100, D+200, and D+400= D given 100,
200, and 400 mg/kg AC extract; °p < 0.05 vs. N; ° p < 0.05vs. D, and °p < 0.05 vs. D+MET.
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Fig 4: Levels of A) lipoperoxidation, B) protein carbonyls, and C) ROS in the pancreas of diabetic rats treated

with lyophilized AC extract; (n = 6, error bars denote SEM). N

= normal control; N+400 = N given 400 mg/kg AC

extract; D= Diabetic control; D+MET— D given 150 mg/kg metformin; D+100, D+200, and D+400 = D given 100,
200, and 400 mg/kg AC extract; °p < 0.05 vs. N; p <0.05vs. D; and °p < 0.05 vs. D+MET

the other results, administration of metformin or
200 or 400 mg/kg lyophilized AC extract (2.91 £
0.53, 2.53 £ 0.51, and 3.15 + 0.61 yg DCF/mg,
respectively) decreased ROS levels with respect
to the diabetic control group.

DISCUSSION

Medicinal plants have begun to gain scientific
importance as a source of hypoglycaemic agents
because they are rich in phenolic compounds,
flavonoids, terpenoids, coumarins, and other
constituents capable of reducing blood glucose
levels [3]. AC has been used in traditional
medicine in Veracruz, Mexico for the treatment of
T2D; the present results demonstrate that AC
contains reducing sugars, triterpenoid saponins,
coumarins, and tannins (polyphenolic
compounds and gallic acid derivatives).
Moreover, we found the plant extract exerted a
good hypoglycaemic effect in diabetic rats,
possibly due to the presence of metabolites
identified in the phytochemical screening.

Oxidative stress is an important factor in the
development and progression of diabetes and
subsequent complications that contribute to
morbidity and mortality [2]. Hyperglycaemia

increases oxidative stress, and free radicals
might react with organic compounds to cause
lipid peroxidation, fragmentation of proteins, and
deamination of guanine and adenine in DNA,
ultimately leading to gene mutation and cell
damage [2]. Antioxidative compounds have been
shown to demonstrate several beneficial effects
in the prevention and treatment of diabetic
complications. The kidney, liver, and pancreas
are affected during a diabetic state [16,17], so we
measured several oxidative stress biomarkers to
determine if AC extract protected these organs.

Hyperglycaemia can lead to complications
though five mechanisms: (1) the formation and
activity of advanced glycated end products; (2)
increased polyol pathway activity; (3) greater
hexosamine pathway activity; (4) enhanced
activity of protein kinase C; and (5) elevated
oxidative  stress [18] through  glucose
autoxidation or glycoxidation-forming
intermediate oxidants, such as superoxide
anions, hydroxyl radicals, and hydrogen
peroxide, which may damage lipids, proteins,
and DNA [19].

Polyphenolic  compounds have important
antioxidant activities, and they can help to
prevent or avoid the progression of several

Trop J Pharm Res, June 2014; 13(6): 918



Alonso-Gonzalez et al

diseases and associated complications, including
diabetes [16]. We found that lyophilized AC
extract administered to diabetic rats at different
doses decreased oxidative stress levels in the
liver, kidney, and pancreas, with the greatest
effects achieved at the highest dose.

The combination of oxidative stress and
hyperglycaemia may play an important role in the
pathogenesis of glomerular and tubular
dysfunction and structural kidney abnormalities.
Persistent hyperglycaemia-induced ROS
production has been implicated in early
glomerular podocyte injury, which contributes to
early proteinuria, and experimental studies
suggest that decreasing oxidative stress burden
may prevent glomerular damage in diabetic
nephropathy [20]. The decreases in urinary
protein excretion and urinary flow in AC-treated
groups may be explained by decreased ROS
levels in the kidney, which could prevent or
reduce the damage to podocytes and other
kidney cells.

AC extract decreased lipid peroxidation and ROS
levels in diabetic rat liver; however, oxidized
protein levels were not affected by diabetes or by
the different treatments, which may be due to
organ-specific differences. Because the liver is
the focal organ for oxidative and detoxifying
processes, its antioxidant system is more
efficient than those of other organs [16].

It has been reported that the pancreas is very
susceptible to oxidative damage due to its low
antioxidant levels making it more susceptible to
glucotoxicity [17]. Lipid peroxidation was
significantly diminished in the kidney and
pancreas of animals treated with all doses of AC
(100, 200, and 400 mg/kg). Oxidized proteins
and ROS levels were also decreased, but only at
doses of 200 and 400 mg/kg AC.

The findings described in the present study
indicate that AC can attenuate damage to the
liver, kidney, and pancreas caused by
hyperglycaemia-generated oxidative stress.

CONCLUSION

The lyophilized aqueous extract of AC leaves
exerts both  hypoglycaemic activity and
antioxidant effects on the liver, kidney, and
pancreas of type 2 diabetic rats. Although more
research is needed to explore other desirable
effects, our results indicate that AC has the
potential to delay or to prevent the onset of
diabetes-induced complications.

ACKNOWLEDGEMENT

This study was supported in part by Secretaria
de Investigacién y Posgrado-IPN funds (Project
nos. 20130027, 20130736, 20144409 and
20140838). S.A.A.G. is funded by the PhD grant
number 211263 of CONACyT. E.C.E,
M.R.E.O.B and E.M.G. are fellows of the EDI
and COFAA/IPN Programs. M.E.M.C is a fellow
of the EDD and COFAA/IPN Programs. The
authors are grateful to Biol. Laura Dova Ugalde
for performing the botanical identification of the
plant, to Armando Castro who carried out
ethnobotanical study and to the students of
Pharmacology, Teratogenesis and Neurobiology
of ENCB-IPN for their assistance during this
study.

REFERENCES

1. Goodarz D, Finucane MM, Lu Y, Singh GM, Cowan MJ,
Paciorek CJ, Lin JK, Farzadfar F, Young-Ho K,
Stevens GA, et al. National, regional, and global
trends in fasting plasma glucose and diabetes
prevalence since 1980: systematic analysis of the
health examination surveys and epidemiological
studies with 370 country-years and 2.7 million
participants. Lancet 2011; 378: 31-40.

2. WeiW, LiuQ, Tan Y, Liu L, Li X, Cai L. Oxidative stress,
diabetes, and diabetic complications. Hemoglobin
2009; 33(5): 370-377.

3. Jarald E, Balakrishnan J S, Chandra J D. Diabetes and
herbal medicines. Iran J Pharmacol Ther 2008; 7: 97-
106.

4. Revilla-Monsalve MC, Andrade-Cefto A, Palomino-
Garibay M, Wiedenfeld H, Islas-Andrade S.
Hypoglycemic effect of Cecropia obtusifolia Bertol
aqueous extracts on type 2 diabetic patients. J
Ethnopharmacol 2007; 111: 636-640.

5. Gonzalez ME, Chandra S, Ramirez-Mares MV, Wang W.
Catalytic inhibition of human DNA topoisomerase by
phenolic compounds in Ardisia compressa extracts
and their effect on human colon cancer cells. Food
Chem Toxicol 2006; 44: 1191-1203.

6. Gonzalez ME, Ramirez-Mares MV, Arce-Popoca E,
Walling M, Villa-Trevifio S.
carcinogenesis in Wistar rats by consumption of an

Inhibition of liver

aqueous extract from leaves of Ardisia compressa,
Food Chem Toxicol 2004; 42: 509-516.

7. Ramirez-Mares MV, Fatell S, Villa-Trevifio S, Gonzalez
ME. Protection of extract from leaves of Ardisia
compressa against benomyl-induced cytotoxicity and
genotoxicity in cultured rat hepatocytes. Toxicol in
Vitro 1999; 13: 889-896.

8. Gonzalez ME, Ramires-Mares MV. Leaf extract from
Ardisia compressa protects against 1-nitropyrene-
induced cytotoxicity and its antioxidant defense

Trop J Pharm Res, June 2014; 13(6): 919



10.

11.

12.

13.

14.

15.

Alonso-Gonzalez et al

disruption in cultured rat hepatocytes. Toxicology
2002; 179: 151-162.

Dominguez X A. Métodos de investigacion fitoquimica.
Meéxico: Limusa; 1985. 84, 97,113, 153, 165, 198,
199, 217, 218 p.

National Institute of Health, USA. Public health service
policy on humane care and use of laboratory animals;
2002.

Masiello P, Broca C, Gross R, Roye M, Manteghetti M,
Hillaire-Buys D, Novelli M., Ribes G. Experimental
NIDDM: development of a new model in adult rats
administered  estreptozotocin and nicotinamide.
Diabetes 1998, 47: 224-229.

Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal
Biochem 2011; 72: 248-254.

Cano-Europa E, Lépez-Galindo GE, Hernandez-Garcia
A, Blas-Valdivia V, Gallardo-Casas C A, Vargas-
Lascari M, Ortiz-Butrén R. Lidocaine affects the redox
environment and the antioxidant enzymatic system
causing oxidative stress in the hippocampus and
amygdale of adult rats. Life Sci 2008; 83: 681-685.

Buege, AJ and Aust, DS. Microsomal Lipid Peroxidation.
Methods Enzymol 1978; 52:302—-310.

Parvez S and Raisuddin S. Protein carbonyls: novel
biomarkers of exposure to oxidative stress-inducing

pesticides in freshwater fish Channa punctate
(Bloch). Environ Toxicol Pharmacol 2005; 20: 112—
117.

16. Schmatz R, Perreira BL, Stefanello N, Mazzanti C,
Spanevello R, Gutierres J, Bagatini M, Curry MC,
Husein AF, da Silva SJD, et al. Effects of resveratrol
on biomarkers on oxidative stress and on the activity
of delta aminolevulinic acid dehydratase in liver and
kidney of streptozotocin-induced diabetic rats.
Biochimie 2012; 94: 374-383.

17. Rmachandran B, Ravi K, Narayanan V, Kandaswamy M,
Subramanian S. Protective effect of macrocyclic
binuclear oxovanadium complex on oxidative stress
in pancreas of streptozotocin induced diabetic rats.
Chem Biol Interact 2004; 149: 9-21.

18. Diaz-Flores M, Baiza-Gutman LA, Ibanez-Hernandez
MA, Pascoe-Lira D, Guzman-Greenfel AM, Kumate-
Rodriguez J. Aspectos moleculares del dafio tisular
inducido por hiperglucemia crénica. Gac Méd Méx
2004, 140(4): 437-447.

19. Paolisso G, Giugliano D. Oxidative stress and insulin
action: Is there a relationship? Diabetologia 1996; 39:
357-363.

20. Krishan P, Chakkarwar VA. Diabetic nephropathy:
Aggressive involvement of oxidative stress. J Pharm
Educ Res 2011; 2(1): 35-41.

Trop J Pharm Res, June 2014; 13(6): 920



