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ABSTRACT: Zygophyllum gaetulum is one of several traditional remedies used
for diabetes treatment in Algeria. The purpose of this study is to investigate the
effects of this plant on hyperglycemia, insulin sensitivity indexes, lipid profiles,
lecithin: cholesterol acyltransferase (LCAT) and paraoxonase (PON1) activities
and liver and kidney antioxidant status, in streptozotocin-induced diabetic rat.
Diabetes was induced intraperitoneally by a single injection of streptozotocin
(STZ) (55mg/kg bw). Diabetic rats (n=12), weighing 263±5g, were randomly
divided into two groups fed a casein diet supplemented or not with Zg extract
(1g/kg bw), for 4 weeks. The control group (n=6) received 0.23-0.25 ml of
citrate buffer and was fed a standard diet during the experiment. Phytochemical
analyses of Zg revealed the presence of tannins and flavonoids. At d28, in Zgtreated vs untreated diabetic rats, glycemia and HOMA-IR were decreased by 58
and 57%, respectively. Inversely, the QUICKI index was increased (+10%). The
levels of serum total cholesterol, LDL-HDL1-cholesterol, triacylglycerols,
VLDL-triacylglycerols, and phospholipids were decreased significantly
(p<0.05). PON1 and LCAT activities were increased by 43%. Thiobarbituric
acid reactive substances (TBARS) levels in the liver and kidney were
respectively 1.8- and 1.6-fold lower, while the activities of superoxide
dismutases (SOD), glutathione peroxidase (GSH-Px), glutathione reductase
(GSSH-Red) and catalase (CAT) in Zg-treated rat were enhanced. In conclusion,
in streptozotocin-induced diabetic rats, treatment with Zygophyllum gaetulum
extract reduces glycemia, serum lipids and stimulates PON1 and LCAT
activities. In addition, it reduces oxidative stress in the liver and kidney by
decreasing TBARS levels and increasing antioxidant enzyme activities.

INTRODUCTION: Diabetes mellitus (DM) is one
of the major global health and economic problem,
characterized by high levels of blood glucose
resulting from defects in insulin production, insulin
action, or both 1.
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DM is associated with an elevated level of
oxidative stress, alteration of antioxidant enzymes
and lipid peroxides production, increased
susceptibility to coronary heart disease and
reductions in lecithin: cholesterol acyltransferase
(LCAT) 2 and paraoxonase activities (PON) 3.
LCAT and PON are two of the major enzymes that
contribute to the continuous remodeling process of
plasma lipoproteins. The LCAT reaction is the
source of the majority of cholesteryl ester (CE) in
plasma 4 and plays a central role in the reverse
cholesterol transport (RCT) process 5.
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PON is closely associated with high-density
lipoprotein (HDL)-containing apolipoprotein A-I
(apo A-I) 6 and confer antioxidant properties to
HDL. Altered carbohydrate metabolism during
diabetes is also accompanied by disordered fat and
plasma lipoprotein metabolism 7, results in nonenzymatic glycation of plasma proteins, including
apo A-I, the most abundant; the in HDL. Glycation
affects the structure of apoA-I and its ability to
activate LCAT, the key enzyme in the reverse
cholesterol transport 8. Moreover, LCAT is
glycated and oxidized as a result of chronic
hyperglycemia, the mechanism of paraoxonase
reduction in oxidative stress status is not clearly
known. However, it is suspected that ROS
overproduction leads to increased deactivation of
paraoxonase 9.
Herbal medicines have a good curative effect on
certain diseases, especially for diabetes mellitus
which needs continuous medication throughout the
life 10. In the present day, allopathic medicines are
costlier and have more side effects which could
cause severe damages to the vital organs. Hence,
finding a suitable herbal medicine for diabetes is
very important in the current situation. In the
course of our research program on medicinal
plants, we investigated Zygophyllum gaetulum;
locally named ‘‘Agaya’’ is a succulent plant
belonging to the Zygophyllaceae family 11 and it is
a, growing in the South of Algeria in the basin of
Adrar. Folk medicine uses a variety of species of
Zygophyllum for therapeutic treatment. It was
reported that different parts of Zygophyllum are
used against diabetes, and as a drug active against
rheumatism, gout, asthma and hypertension 12.
Moreover, this plant has several antioxidative
components, including flavonoids, which exhibit
antioxidant properties 13. The aqueous extracts of
Zygophyllum gaetulum (Zg) show no cytotoxicity
or genotoxicity and has been used as a condiment
in food 14. Hence, the present study was designed to
assess the effects of the Zg lyophilized aqueous
extract on glycemia, lipid profiles, LCAThaveand
PON1 activities, liver and kidney oxidative stress,
in streptozotocin-induced diabetic rat.
MATERIAL AND METHODS:
Plant Material and Preparation of Extract:
Zygophyllum gaetulum was collected in Southern
of Algeria (Adrar), between March and April 2012,
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identified taxonomically and authenticated by the
Botanical Research Institute of Oran University
(voucher specimen number Zg 1965). The plant
material was stored at room temperature in a dry
place before use. Fresh aerial parts (leaves) of the
plant were dried at ambient temperature (24 °C) for
7 days and ground to a powder. The Zg extract was
prepared as follows: 50 g of the powdered aerial
parts was refluxed at 60-70 °C in 500 ml distillate
water for 30 minutes, and the decoction was
filtered with cotton wool. The filtrate was
concentrated at 65°C by a rotavapor (Buchi
Labortechnink AG, Postfach, Switzerland) under
reduced pressure and frozen at -70 °C before
lyophilization (Christ, alpha 1-2 LD). The crude
yield of the lyophilized extract was approximately
30% (wt/wt). It was stored at ambient temperature
until further use.
Determination of Total Phenol Compounds:
Total polyphénols content from the extract was
quantiﬁed using Folin-Ciocalteu’s method 15. Plant
extract (200 µl) was mixed with 1 ml of FolinCiocalteu reagent (diluted 10%) and incubated at
room temperature. After 4 min, 800 µl of sodium
carbonate (7.5%) was added. All tests were
performed six times. The absorbance was measured
after 2 h at 760 nm. The total phenol content was
expressed as gallic acid equivalent (GAE) in
mg/100 g of dry weight (dw).
Total Flavonoids Contents: Total flavonoids
contents were determined using the method
described by Djeridane et al 16. 1 ml of sample was
mixed with 1 ml of 2% Aluminum chloride and it
was kept at room temperature for 10 min. All tests
were performed six times. The absorbance of the
reaction mixture was measured at 430 nm and the
total flavonoid content was expressed as Quercetin
equivalent (QE) in mg/100 g dw.
Estimation of Tannin Concentrations: The
protein precipitation method was used for the
determination of tannin concentration as described
by Hagerman and Butler 17. 20 µl of the sample
extract was diluted with distilled water (2%) and
250 mg bovine serum albumin (BSA) was added,
mixed and incubated for 30 min at 4 °C. Then, the
sample was centrifuged for 15 min at 2000g and
the supernatant was retained. Tannins contents
determination of the supernatant sample was
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carried out according to the same procedure
described previously 15. All tests were performed
six times. The tannin content was subtracted from
the total phenol values and was expressed as gallic
acid equivalent (GAE) in mg/100 g dw.
Diphenyl-picryl-hydrazyl Radical Scavenging
(DPPH) Assay: The value of the lowest IC50 of
extract expresses the strongest activity of this
extract. The free radical scavenging capacity of the
aqueous extract of Z. gaetulum was tested by its
ability to bleach the stable 2, 2-diphenyl 2-picrylhydrazyl (DPPH) radical 18. A stock solution of
DPPH (1.5 mg/ml of methanol) was prepared such
that 75 μl of it in 3 ml methanol gave initial
absorbance of 0.9. This stock solution was used to
measure the antiradical activity.
The decrease in absorbance in the presence of
aqueous extract of Z. gaetulum at different
concentrations (concentrations of stock solutions
were 4 to 25 g/L) was measured after 30 min. IC 50
was calculated from percentage inhibition.
Ascorbic acid was used as reference standard. The
percentage inhibition of the DPPH radical by the
samples was calculated according to the formula of
Yen and Duh 19:
PI = absorbance of control - absorbance of sample × 100 /
absorbance of control

The value of the lowest IC50 of extract expresses
the strongest activity of this extract.
Ferric Reducing Antioxidant Power (FRAP)
Assay: The FRAP assay measures the change in
absorbance at 593 nm due to the formation of a
blue colored complex of ferrous ion (Fe2+) and
2,4,6-tripyridiyl-striazine (TPTZ). Prior to this,
colorless ferric ion (Fe3+) was oxidized to ferrous
ion (Fe2+) by the action of the electron-donating
antioxidants. This assay has been described by
Katalinic et al. 20 In fact, freshly prepared FRAP
reagent was warmed at 37 °C in a water bath. This
reagent was prepared by mixing 10 mM of TPTZ in
40 mM HCl, 20 mM FeCl3 and 0.3 M acetate
buffer (pH 3.6) in the ratio of (1:1:10). An aliquot
of 25 µl of the extract was added to 475 µl of
FRAP reagent. After 30 min of incubation at 37 °C,
the absorbance of the reaction mixture was
measured. All tests were performed six times.
Gallic acid was used as a reference to produce a
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standard curve and all results were expressed as
milligram gallic acid equivalent (GAE) in mg/100
g dw.
Experimental
Animals
and
Drug
Administration: Male Wistar rats (Iffa Credo, l'
Arbresle, Lyon, France), weighing 263 ± 5g were
housed under standard environmental conditions
(23 ± 1 °C, 55 ± 5% humidity and a 12 h light/dark
cycle) and maintained with free access to water and
a standard diet ad libitum. The ingredient
composition of the diet (expressed in g/kg) was:
casein, 200 (95% purity, Prolabo, Paris, France),
sunflower oil, 50; sucrose, 40; cellulose, 50;
cornstarch, 590; minerals 40; vitamins, 20. Food
and tap water were provided ad libitum. The
General Guidelines on the Use of Living Animals
in Scientific Investigations 21 were followed, and
the protocol and use of rats were approved by our
institutional committee for animal care and use.
After one week of acclimatization, rats were
subjected to a 12 h fasting. Diabetes was induced
by a single intraperitoneal injection of freshly STZ
(Sigma, St. Louis, MO, USA) dissolved in citrate
buffer (0.01M, pH 4.5), at a dose of 55 mg/kg body
weight. Forty-eight hours after STZ administration,
the diabetic state was assessed by measuring
glycemia using a one-touch glucometer (AccuChek Active, Germany). Only rats in which fasting
blood glucose levels greater than 16 mmol/L within
3 days after STZ injection were considered
diabetic. STZ-diabetic rats were randomly divided
into two groups (n=12) and received diet
containing 20% casein supplemented (Zg-treated)
or not (untreated diabetic) with Zg extract (1 g/kg
BW), for 28 days. The control group (n=6) received
0.23-0.25 ml of citrate buffer and was fed a
standard diet during the experiment.
Preparation of Blood and Tissue Samples: After
the 4 weeks of the experiment, the rats were fasted
overnight and anesthetized with chloral hydrate
10% (3 ml/kg bw) and euthanized with an
overdose. Blood was obtained from the abdominal
aorta of rats and collected into tubes containing
ethylenediaminetetraacetic acid-Na2 (Sigma, St
Louis, Mo). Blood plasma was prepared by lowspeed centrifugation at 1000g for 20 minutes at 4
°C. Liver and kidney were removed immediately,
rinsed with cold saline, and weighed. Aliquots of
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plasma and 50 to 100 mg of each tissue were stored
at -70 °C until analyzed.
Lipoprotein Separation: Serum VLDLs and LDLHDL1 were isolated by precipitation using MgCl2
and phosphotungstate (Sigma Chemical Company,
France) by the method of Burstein et al. 22
Biochemical Estimations: Blood glucose levels
were determined as described above. Insulin was
measured using an enzyme immunoassay kit based
on the competition between unlabeled rat insulin
and acetylcholinesterase linked to rat insulin
(tracer) for limited specific Guinea-pig anti-rat
insulin antiserum sites (enzyme immunoassay kit;
Spi-Bio, Le Bretonneux, France). The color
intensity was determined by spectrophotometer at
405nm. Glycosylated hemoglobin (HbA1C) was
estimated by ion-exchange chromatography method
(Kit Biocon, Germany). Serum apo A-I
concentrations were determined by immunoturbidimetric method (kit Orion Diagnostica,
Spain). Total cholesterol (TC), triacylglycerol (TG)
and phospholipids (PL) of serum and each fraction
were determined with the enzymatic method (Kits
Spinreact, Girona Spain) Uric acid and albumin
levels were measured by enzymatic colorimetric
methods (Kits Spinreact, Girona Spain). Alanin
aminotransferase (ALT; EC 2.6.1.1) and aspartate
aminotransferase (AST; EC 2.6.1.2) were
determined by kinetic colorimetric assay (Kits
Biocon, Germany).
Insulin Resistance Markers: The quantitative
insulin sensitivity check index (QUICKI) was
calculated as previously defined from fasting
glucose and insulin values 23. QUICKI as 1/(log
fasting glucose [mg/dL] + log fasting insulin
[µU/mL]). The Homeostasis Model Assessment
Insulin Resistance Index (Homa-IR) was calculated
using the following formula: Homa-IR = [fasting
insulin (µU/mL) × glucose (mmol/L)]/22.5. The
Homa-β index, which defines the function of the
beta cell, was calculated by the formula Homaβ=20 x insulin (µU/mL)/ (glucose (mmol/L) 24.
Lecithin: Cholesterol Acyltransferase (LCAT)
Activity Assay: Serum LCAT activity was assayed
according to the method of Glomset and Wright 25
modified by Knipping 26. Cholesterol and egg
phosphatidylcholines (PC) were used for the
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preparation of liposomes. Specifically, 2 mg
cholesterol and 16 mg egg PC in chloroformmethanol (2:1, v/v) were evaporated to dryness
under nitrogen stream. After adding 1.0 ml of (10
mM Tris-HCl, 150 mM NaCl and 1.0 mM EDTA,
pH 7.4), the solution was sonicated for 30 min at
100 W and 25 °C. LCAT activity was determined
using liposomes as a substrate. The cholesterol
esterifying activity was expressed as nanomoles of
esterified cholesterol/h/ml of serum.
Paraoxonase (PON1) Activity Assay: Serum
PON1
activity
was
estimated
spectrophotometrically by the method of Schiavon
et al. 27 Briefly, the assay mixture consisted of 500
μl of 2.2 mmol/l paraoxone substrate in 0.1 mol/l
Tris-HCl buffer, pH 8, containing 2mmol/L CaCl2
and 50 μl of fresh serum. The absorbance was
monitored at 405 nm, at 25 °C. The PON1 activity
was expressed in international units (IU). One IU
was defined as 1 μmol of p-nitrophenol which was
formed/min/L.
Measurement of the Lipid Peroxidation and
Antioxidant Enzyme Activities: The Lipid
peroxidation in tissues was assessed by the
complex formed between malondialdehyde (MDA)
and thiobarbituric acid (TBA) 28. Briefly, the liver
and kidney (0.5 g) were homogenized with 4.5 ml
of KCl (1.15%). The homogenate (100 μl) was
mixed with 0.1 ml of sodium dodecyl sulfate
(8.1%), 750 μl of acetic acid (20%), and 750 µl of
TBA reagent (0.8%). The reaction mixture was
heated at 95°C for 60 min. After heating, the tubes
were cooled, and 2.5 ml of n-butanol-pyridine
(15:1) was added. After mixing and centrifugation
at 4000g for 10 minutes, the upper phase was taken
for measurement at 532 nm.
Superoxide Dismutase (SOD; EC 1.15.1.1): It is a
metalloenzyme that catalyzes the dismutation of the
superoxide anion to molecular oxygen and
hydrogen peroxide. Superoxide dismutase assay
uses a tetrazolium salt for detection of superoxide
radicals generated by xanthine oxidase and
hypoxanthine (kit; Cayman). One unit of SOD was
defined as the amount of enzyme needed to exhibit
50% dismutation of the superoxide radical. One
gram of tissue was homogenized in 5 to 10 ml of
cold 20 mmol/l N-2 hydroxyethyl piperazine-N′-2ethane sulfonic acid buffer, pH 7.2, containing 1
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mmol/l ethylene glycol-bis (2-aminoethoxy)tetraacetic acid, 210 mmol/l mannitol, and 70
mmol/l sucrose. The homogenate was centrifuged
at 1500g for 5 minutes at 4°C, the supernatant was
removed, and SOD activity was measured at 440 to
460 nm using a plate reader.
Glutathione peroxidase (GSH-Px; EC 1.11.1.9):
Catalyzes the reduction of hydroperoxides,
including hydrogen peroxide, by reduced
glutathione and functions to protect the cell from
oxidative damage. Glutathione peroxidase assay
measures GSH-Px activity indirectly by a coupled
reaction with glutathione reductase (kit; Cayman).
The oxidation of NADPH to NADP+ was
accompanied by a decrease in absorbance at 340
nm. One unit of GSH-Px was defined as the
amount of enzyme that catalyzed the oxidation of
1nmol of NADPH per minute at 25 °C. One gram
of tissue was homogenized in cold buffer (50
mmol/l Tris - HCl, pH 7.5, 5 mmol/l ethylenediamine tetra acetic acid, and 1 mmol/l 1, 4dithiothreitol). The homogenate was centrifuged at
10 000g for 15 min at 4 °C. The supernatant
containing GSH-Px was removed and measured at
340 nm using a plate reader.
Glutathione Reductase (GSSH-Red; EC 1.6.4.2):
Activity was evaluated at 340 nm by measuring the
decrease in NADPH absorbance in the presence of
oxidized glutathione 29. One unit of enzyme
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reduces 1 μmol oxidized glutathione per min at pH
7 at 25 °C.
Catalase (CAT; EC 1.11.1.6): Catalyses the
decomposition of hydrogen peroxide to water and
oxygen. Catalase activity was assayed in tissues by
measuring the rate of hydrogen peroxide (H2O2)
decomposition according to the method described
by Aebi 30. Briefly, 250 μl of homogenate (100 mg
of tissue in 0.9 ml KCl), 250 μl H2O2 (30 mmol in
phosphate-buffered saline 50 mmol/l), and 250 μl
of phosphate-buffered saline were added. The
contents were shaken and incubated for 5 minutes,
and then titanium sulfate (TiOSO4) was added. The
absorbance was measured at 240 nm.
Statistical Analysis: All data are presented as
means ± SEM of 6 rats per group. Statistical
analysis was carried out by STATISTICA (version
4.1; Statsoft, Tulska, Okla). The significance of
differences was performed with one-way analysis
of variance at a significance level of P<0.05.
Further specific group differences were determined
with Tukey honestly test.
RESULTS:
Phytochemical Screening and Antioxidant
Activity: Z. gaetulum total polyphenols content
and antioxidant activity were found to be higher
Table 1. The highest antioxidant potential may be
related to phenolics and flavonoids content of this
extract.

TABLE 1: CONCENTRATION OF THE MAJOR CONSTITUENTS AND ANTIOXIDANT ACTIVITY OF THE
LYOPHILIZED AQUEOUS EXTRACT OF Z. GAETULUM
Total polyphenolsa
Flavonoids b
Tannins a
DPPH scavenging IC50c
FRAPa
90.94 ± 12.73
16.98 ± 2.46
28.38 ± 12.41
25.84 ± 6.44
29.60 ± 3.78
Values are mean ± SEM of 6 tests. aexpressed as gallic acid equivalent (GAE) in mg/100 g dw; bexpressed as Quercetin equivalent
(QE) in mg/100 g dw; cAntioxidant activity expressed as µg/ml

Effect of Z. gaetulum on Diabetic Rats in Acute
Study: Induction of diabetes in the experimental
rats was conﬁrmed by higher fasting blood glucose
level. A signiﬁcant (p<0.05) increase in the level of
blood glucose and glycosylated hemoglobin was
observed in diabetic rat (untreated group) when
compared to the control group. Administration of
the Zg extract to diabetic rats showed reduction in
blood glucose levels (-58%) and induced a
signiﬁcant decrease of glycosylated hemoglobin
levels Table 2.
However, serum insulin concentrations were

similar in both groups. HOMA-IR value was
reduced by 57%. Inversely, the QUICKI index was
increased (+10%). In the diabetic rats, daily
administration of Zg extracts induced a signiﬁcant
increase of plasma albumin levels (+24%) Table 2.
Inversely, uric acid level and aspartate
aminotransferase (AST) activity were decreased by
24% and 30%, respectively. However, there were
no significant changes of alanine aminotransferase
(ALT) activity.
Effect of Z. gaetulum on Serum Lipid
Concentrations and Atherogenicity Ratios: The
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diabetic
animals
showed
several
lipid
abnormalities. Zygophyllum gaetulum treatment
lowered significantly serum TC (-45%), LDLHDL1-C (-57%) and VLDL-TG (-75%), whereas
HDL-C concentrations were similar in both groups
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Table 3. Serum TG and PL levels were increased
by 55% and 57%, respectively, in DZg vs D group.
TC/HDL-C and LDL-HDL1-C/HDL-C ratios were
respectively, 2.1- and 2.5-fold lower, in Zg-treated
than untreated diabetic group.

TABLE 2: BIOCHEMICAL PARAMETERS IN CONTROL, UNTREATED DIABETIC,
DIABETIC RATS
Diabetic
Control
Untreated
Glycemia (mmol/l)
6.16 ± 0.35
27.09 ± 2.29≠
HbA1c (%)
2.17 ± 1.72
10.11 ± 0.38≠
Insulin (pmol/l)
82.41 ± 1.28
64.13 ± 4.10
QUICKI
0.32 ± 0.003
0.27 ± 0.004≠
HOMA-IR
3.23 ± 0.25
11.15 ± 1.62≠
HOMA-B
38.79 ± 7.61
6.82 ± 0.27≠
Albumin (g/l)
37.22 ± 2.94
20.77 ± 1.06
Uric acid (mmol/l)
295.51 ± 1.06
376.12 ± 0.59
AST (IU/l)
51.23 ± 7.27
91.43 ± 3.09
ALT (IU/l)
50.82 ± 3.24
60.01 ± 2.47
Values are mean ± SEM of 6 rats per group. ≠P<0.05 vs. control rats; *P<0.05 vs. diabetic rats

AND Zg-TREATED

Zg-treated
11.28 ± 2.41*
7.29 ± 1.90*
67.31 ± 5.83
0.30 ± 0.006*
4.81 ± 0.67*
17.82 ± 4.56
29.47 ± 0.35*
286.87 ± 0.36*
63.77 ± 3.71*
54.25 ± 2.47

TABLE 3: SERUM LIPID CONCENTRATIONS AND ATHEROGENICITY RATIOS IN CONTROL, UNTREATED
AND Zg-TREATED DIABETIC RATS
Diabetic
Control
Untreated
Zg-treated
TC (mmol/l)
1.21 ± 0.1
2.01 ± 0.21≠
1.10 ± 0.20*
LDL-HDL1-C(mmol/l)
0.41 ± 0.08
0.73 ± 0.04
0.31 ± 0.05*
HDL-C (mmol/l)
0.64 ± 0.06
0.43 ± 0.01≠
0.45 ± 0.06
TG (mmol/l)
0.33 ± 0.07
0.96 ± 0.02≠
0.42 ± 0.04*
VLDL-TG (mmol/l)
0.085 ± 0.003
0.34 ± 0.01≠
0.08 ± 0.01*
PL (mmol/l)
0.47 ± 0.33
1.31 ± 0.07≠
0.55 ± 0.06*
TC/HDL-C
1.81 ± 0.88
4.74 ± 0.09≠
2.22 ± 0.36*
LDL-HDL1-C/ HDL-C
0.64 ± 0.05
1.71 ± 0.14≠
0.69 ± 0.01*
Values are mean ± SEM of 6 rats per group. ≠P<0.05 vs. control rats; *P<0.05 vs. diabetic rats

Effect of Z. gaetulum on Serum apo A-I levels,
LCAT, and PON1 Activities: In the untreated
diabetic group compared with the control, LCAT
and PON1 activities levels were decreased by -61%
and -52%, respectively. However, compared with
the untreated diabetic group, the Zg aqueous extract
supplementation showed increased LCAT and
PON1activities (+43%). In addition, serum apo A-I
concentrations tended to be higher, but not
signiﬁcantly Table 4.
TABLE 4: APO A-1 (g/l), LECITHIN: CHOLESTEROL
ACYLTRANSFERASE
(nmol/ml/h)
AND
PARAOXONASE ACTIVITIES (IU/l).
Diabetic
Control
Untreated
Zg-treated
Apo A-1
2.76±0.41
1.19±0.80
2.02±0.31
LCAT
19.11±1.38
11.60±3.17≠ 18.85±3.95*
PON1
9.05±0.70
4.30±0.62≠
7.52±0.70*
Values are mean ± SEM of 6 rats per group. ≠P<0.05 vs.
control
rats;
*P<0.05
vs.
diabetic
rats

Effect of Z. gaetulum on Liver and Kidney Lipid
Peroxidation: Thiobarbituric acid reactive
substances analysis was conducted to estimate the
lipid oxidation development. In the diabetic group
in comparison with the control, TBARS values
were increased significantly (P<0.05). Inversely,
Zg-treatment normalized TBARS levels and
induced a significant decrease in the liver (-46%)
and kidney (-40%) Fig. 1.

FIG. 1: TBARS LEVELS IN LIVER AND KIDNEY

Values are mean ± SEM of 6 rats per group. ≠P<0.05 vs. control rats; *P<0.05
vs. diabetic rats
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Antioxidant Enzyme Activities: In untreated
diabetic compared with the control rats, the
antioxidant enzyme activities in liver and kidney
declined significantly (P<0.05) Fig. 2. In the liver,
SOD and GSSH-Red activities levels were
decreased by -45% and -47%, respectively.
Inversely, CAT activity was increased (+44%).
However, SOD, GSH-Px and CAT activities were
lower (-54%, -76% and -49%), respectively.
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In Zg-treated vs. untreated diabetic rats, SOD was
increased in the liver (+28%), But this activity
remained unchanged in the kidney Fig. 2.
Furthermore, GSH-Px activities were increased
respectively by +76% and +58%, respectively.
However, GSSH-Red activity was higher (+41%),
only in the kidney. CAT activity was increased in
the kidney (+35%), but the liver was not sensitive.

FIG. 2: ANTIOXIDANT ENZYME ACTIVITIES IN LIVER AND KIDNEY
Values are means ± SEM of 6 rats per group. ≠P<0.05 vs. control rats; *P<0.05 vs. diabetic rats

DISCUSSION: Herbs are used in various domains,
including medicine, nutrition, and cosmetics.
Numerous species have been recognized to have
medicinal properties. In our study, experimental
evaluation of the antihyperglycemic potential of Z.
gaetulum has shown that administration of the
extract to diabetic rats reduced fasting blood
glucose, prevents lipid peroxidation by enhancing
PON1, LCAT activities and ameliorates the
antioxidant enzymes activity, especially in liver
and kidney. Diabetes mellitus causes a disturbance
in the uptake of glucose as well as glucose
metabolism. In contrast, the increased levels of
plasma glucose in diabetic rats were lowered by Z.
gaetulum administration. The glucose-lowering
activity of Zg may be related to both Pancreatic
(enhancement
of
insulin
secretion)
and
extrapancreatic (peripheral utilization of glucose)
mechanism. Some studies suggest that the
antihyperglycemic action of traditional antidiabetic
plant extracts may be due in part to decreased
glucose absorption 31.

The increase in the level of glycosylated
hemoglobin (HbA1c) in the diabetic group of rats is
due to the presence of large amounts of blood
glucose which reacts with hemoglobin to form
glycosylated hemoglobin 32. The level of HbA1c
was decreased after the administration of Z.
gaetulum. This result was concomitant with the
hypoglycemic effect induced by Zg extract.
Generally, phenolic compounds such as flavonoids,
phenolic acid and tannins are considered to be a
major contributor to the antioxidant activity in
medicinal plants.
This can explain the important antioxidant potential
of the Z. gaetulum extract. On the other hand, the
increased acid uric level was noted in the diabetic
group. Interestingly, the higher levels of uric acid
in diabetic rats are diminished signiﬁcantly after
the administration of Z gaetulum. ALT and AST
are common intracellular enzymes that increase
liver damage induced by diabetes 33.
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Our
data
showed
that
plasma
alanin
aminotransferase (ALT) and aminotransferase
(AST) activities were significantly increased in
diabetic rats. In contrast, they were diminished in
Zg-treated group, most likely due to its antioxidant
properties.

properties. Several studies also reported that LCAT
and paraoxonase activities lowered in diabetic
patients 39. In the current study, Z. gaetulum
increased LCAT and PON1 activities and holds the
potential role in the management of dyslipidemia,
by virtue of its antioxidant property.

The levels of serum lipids are usually elevated in
diabetes mellitus and such an elevation represents a
risk factor for coronary heart disease 34. Reduction
in serum total cholesterol and triglycerides through
dietary Z. gaetulum therapy has been noted. Thus,
this plant extracts ameliorated diabetes-induced
dyslipidemia by reducing the levels of cholesterol
in LDL-HDL1 and TG in VLDL. It could be
suggested that these effects were explained by the
presence of flavonoids in Zg extract. These
compounds have an antioxidant effect and are
effective to reduce cholesterolemia, inhibit
thrombosis and to dilate the coronary arteries 35.

CONCLUSION: The result of our study showed
that lyophilized aqueous extract of Z. gaetulum
possesses antihyperglycemic and hypolipidemic
activities in STZ induced diabetic rats; these effects
may be due to the antioxidant potential of this
plant. Moreover, Zg extract prevents lipid
peroxidation by enhancing PON1 and LCAT
activities and ameliorates the antioxidant status of
the liver and kidney, thereby protecting diabetic
dyslipidemia. The study is further extended to
identify and characterize the exact active
phytoconstituents which are responsible for the
observed effects.

The previous report of Sinha and al 36 suggests that
the hypolipidemic activity may be attributed to
inhibition of oxidative stress. Recently, it has been
reported that the oxidation of glucose in diabetes
mellitus is the major cause for generating oxidative
stress 37. In addition, our result showed that
TBARS levels in the liver and kidney were
decreased signiﬁcantly in Zg-treated diabetic rats
compared to untreated diabetic rats. These results
indicated that Zg extract might protect the tissues
against the cytotoxic action and oxidative stress of
streptozotocin. Moreover, the reduction in the lipid
peroxidation could be due to the improvement of
the glycemic control and the increased of
antioxidant status, since Zg aqueous extract was
highly antioxidant and had hypoglycemic activity
in STZ-diabetic rats.
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