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Zygophyllum album aqueous extract 
reduces oxidative damage in red blood 
cells and attenuate pro-inflammatory 
plasma markers in 
hypercholesterolemic-diabetic rats

Yasmina BAHLIL, Djamil KROUF* and Nawal TALEB-DIDA

Abstract

Zygophyllum album (Z. album) is used in traditional medicine for a long time for its anti-diabetic activities. Thisstudy had to
assess Z. album extract supplementation effects on redox and inflammatory statuses in hypercholesterolemic-diabetic rats. Male
rats Wistar (n=36), weighing 200±10 g were divided into three groups (n=12). The first group was rendered hypercholesterolemic
(HC) with a high cholesterol diet (1 %). The second group was rendered diabetic (D) by intraperitoneal injection of streptozotocin
(STZ) (35 mg/kg of body weight). The third group was rendered hypercholesterolemic-diabetic (HC-D); each group was divided
into two groups (n=6), untreated groups (HC, D, HC-D) and treated groups with 1 % Z. album extract (HC-Za, D-Za and HC-D-Za).
After 28 days, Z. album treatment lead to a decrease in RBC’s TBARS contents in HC-Za (-44 %), D-Za (-66 %) and HC-D-Za
(-23 %) groups. An increase in the antioxidant enzymes activities (superoxide dismutase, glutathione peroxidase, glutathione
reductase and catalase) was observed in HC-Za, D-Za and HC-D-Za (p <0.05). IL-1 β and IL-6 concentrations were reduced
by -44, -50 and -33 % and -49, 38 and -41 %, respectively in treated groups. A decrease in TNF-α as well as homocysteine
and CRP was observed in Z. album treated groups (p <0,05). In conclusion, Z. album reduces radical attack and improves the
anti-inflammatory proprieties in hypercholesterolemic-diabetic rats.
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Introduction
Cardiovascular diseases (CVD) are considered the leading cause

of morbi-mortality worldwide and refer to various medical con-

ditions [1]. Various risk factors predisposing to CVD, such as

hypercholesterolemia, diabetes, obesity, high blood pressure and
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aging, lead to vascular dysfunction and CVD, partly due to ox-

idative and inflammatory stress [2, 3].

Reactive oxygen species (ROS) and other oxidative stress fac-

tors are associated with cardiovascular and inflammatory dis-

eases [4, 5]. ROS play a key role in the inflammatory compo-

nent of CVD, where they induce the formation of inflamma-

somes, which in turn support the secretion and transformation of

pro-inflammatory cytokines such as interleukin IL-1 β and IL-

8 by activation of caspase-1 [3, 6]. In addition, recent research

has shown that ROS have the power to trigger secretion of pro-
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inflammatory cytokines, and they can also induce the production

of ROS [1]. Thus, several studies have reported that oxidative

stress plays a central role in mediating the production and secre-

tion of pro-inflammatory cytokines, which can also be triggered

by mitochondrial ROS [7, 8], connecting ROS with inflamma-

tion [1]. Various chronic conditions associated with inflamma-

tion, including diabetes mellitus and CVD, are characterized by

excessive production of ROS [1, 9].

Furthermore, oxidative stress is a major feature of CVD, al-

though a causal link has not, to date, been established by large-

scale clinical trials. However, there is a strong link between ox-

idative stress, inflammation and the onset and progression of

CVD, which may be the missing link between oxidative stress

and cardiovascular mortality [10].

Several authors have shown that overproduction of ROS is

causally related to diabetes and diabetic complications [11, 12].

Also, a large number of studies suggest that oxidative stress

plays an important role in the pathogenesis of diabetes [13]. In

diabetes, oxidative stress causes glucotoxicity and lipotoxicity

of β cells, resulting in increased β cell destruction by a primary

process of diabetes: hyperglycemia and hyperlipidemia. In vitro

and in vivo studies have suggested that high concentrations of

glucose and lipids are indeed harmful to β cells [14]. On the

other hand, inflammation plays a causal and potentially crucial

role in the development and installation of diabetes [15, 16]. In

addition, high concentrations of inflammation biomarkers such

as fibrinogen, C-reactive protein (CRP) and IL-6 have been as-

sociated with the atherogenic lipid profile of diabetes [17].

Furthermore, vascular dysfunction and CVD risk factors

such as high blood pressure, hypercholesterolemia and coro-

nary artery diseases are clearly related to inflammatory pro-

cesses [10]. Oxidative stress and inflammatory processes involve

several biochemical intermediates in the development of hyper-

cholesterolemia and atherosclerosis. Increased ROS production

may play a key role in chronic inflammatory responses [18].

The increase in cholesterol levels in arterial lumen is found to be

involved in the increase of inflammatory lesions through the for-

mation of pro-oxidant mediators in arterial wall cells and the de-

velopment of atherosclerosis [19]. Excessive production of ROS

supports convert LDL-C (low-density lipoprotein cholesterol)

to LDL-C-Ox (LDL oxidized), recognized by macrophages.

LDL-C-Ox-activated macrophages induce increased oxidative

stress, which in turn contributes to the inflammatory response

by secreting pro-inflammatory cytokines [20].

Throughout the world, traditional medicine is either the pri-

mary mode of health care delivery or a complement to it. This

medicine is an important and often underestimated part of health

care. It exists in almost every country in the world and the re-

quest for services in this area is increasing.

For millions of people, herbal medicines are the main, if not

the only, source of health care. These cares are easy to access

and inexpensive. They are also culturally acceptable and many

people believe in their therapeutic virtues [21]. The use of plants

for their medicinal properties is a very olden practice. It takes its

origins in the oldest civilizations and has been well preserved for

centuries throughout the world [22]. The World Health Organi-

zation has promoted the use of alternative therapies integrated

with medicinal plants since 1976. About 80% of the world’s

population uses medicinal plants for therapeutic purposes [23].

Herbal medicine, in Algeria, is an integral part of the local cul-

ture, the population has an important indigenous knowledge, ac-

quired empirically through the generations. Many patients use

medicinal plants as a treatment for many serious conditions and

diseases, such as diabetes, high blood pressure and dyslipidemia,

for several reasons: historical, cultural and economic [22, 24].

For a very long time, diabetes has been treated with medici-

nal plants based on information from traditional medicine. There

are several medicinal plants species, popularly used in the treat-

ment of diabetes mellitus. Ethnopharmacological surveys indi-

cate that more than 1200 plants are used worldwide, in tra-

ditional medicine, for their hypothetical hypoglycemic activ-

ity [25, 26].

According to Azzi et al., [24] out of 470 diabetics, 28% pa-

tients use only medicinal plants as a treatment, or in combination

with a conventional treatment for diabetes such as metformin.

On the other hand, different parts of several plants have medici-

nal properties such as ginger, nuts, pumpkin, red fruits and yel-

low onion that have a beneficial effect on hyperlipemia by re-

ducing plasma levels of total lipids, triglycerides and choles-

terol [27].

However, few studies take interest to diabetes mellitus asso-

ciated to hypercholesterolemia; in addition, there is no research

on the effects of aqueous extract from the Zygophyllum album

(Z. album) on these two associated cardiovascular risk factors:

hypercholesterolemia and diabetes.

For its anti-diabetic power, Zygophyllum album known as its

vernacular name "Aggaya" has long been used by natives who

consume mainly its leaves in infusion [24]. Antibacterial and

antioxidant activities of Z. album leaves were also noted [28]. In

addition, El Ghoul et al., [29] reported a vasorelaxant and anti-

hyperglycemic effect of the aqueous extract of Z. album leaves

in mice rendered diabetic by streptozotocin injection (STZ).

In this study, our aim is to evaluate the effects of Z. album

lyophilized aqueous extract supplementation (1% in diet) in the
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redox and inflammatory status in hypercholesterolemic-diabetic

rats.

Materials & Methods
Album lyophilized aqueous extract preparation

Preparation of the lyophilized aqueous extract of Z. album leaves

was realized from plant material, as previously described [30].

The crude yield of the lyophilized extract was approximately 30

% (wt/wt). It was stored at ambient temperature until further use.

Animals and dietary treatments

The experiments were approved by the Ethical Committee of

the Faculty of Natural and Life Sciences, University of Oran 1

Ahmed Benbella (Algeria). These guidelines were in accordance

with the European Council Legislation 86/609/EEC for the pro-

tection of experimental animals [31].

In total, 36 male Wistar rats (Iffa Credo, l’Arbresle, Lyon,

France) weighing 200±10 g were fed an upkeep diet (ONAB)

containing 18 % protein and were housed in stainless steel cages

under standard environmental conditions (23±1◦ C, 55±5 % hu-

midity and 12-hour light cycle (day/night).

Hypercholesterolemia i nduction

Among the 36 rats, 24 were rendered hypercholesterolemic by

consuming a standard diet containing 20 % casein enriched with

1 % dietary cholesterol and 0.5 % cholic acid (Sigma-Aldrich

Chemie, Germany). To check hypercholesterolemia installation

fixed in rats from 4.92±0.91 mmol/L [32], blood samples were

taken from the caudal vein. The collected blood was centrifuged

at 1000 x g for 20 minutes at 4◦ C (Sigma, 4K10 Bioblock Sci-

entific, Germany) then total cholesterol was measured on the

serum according to a color enzyme method. After 5 weeks of

high cholesterol-enriched diet consumption, rats became hyper-

cholesterolemic (HC) with an average total cholesterol about

5.25±0.43 mmol/L compared to the obtained value at the ex-

periment time zero, which was < 3.90 mmol/L.

Diabetes i nduction

After a fasting night, hyperglycemia was induced in normo-

glycemic rats (5.25±0.43 mmol/L) (n=12) by intraperitoneal

injection of a single dose of streptozotocin (STZ) (Sigma, St

Louis, USA) at a dose of 35 mg/kg of body weight. STZ was dis-

solved in freshly prepared citrate buffer (0.05 M, pH=4.5) [33].

Hyperglycemia was confirmed 48 hours after STZ injection, on

a blood sample taken from caudal vein using a glucometer (One

Call Extra, ACON Laboratories, San Diego, USA). The 12 rats

rendered diabetic (D) had hyperglycemia ≥ 7.82 mmol/L [34].

Diabetes induction in hypercholesterolemic animals

Rats (n=12) with previously installed hypercholesterolemia

(HC) were then rendered diabetic (HC-D) by intraoperative

injection of a single dose of STZ under the same conditions

described above.

Zygophyllum album lyophilized aqueous extract treatment

Experimental animals were divided into six groups of 6 rats

each: three untreated groups consumed a standard enriched diet

with 1 % cholesterol (HC and HC-D) or not (D) and three treated

groups consumed the same diet supplemented with 1 g/kg of Zy-

gophyllum album lyophilized aqueous extract enriched with 1 %

cholesterol (HC-Za, HC-D-Za) or not (D-Za), for 28 days (Ta-

ble 1). Rats received water and food adlibitum renewed once a

day.

Blood samples

After 4 weeks of the experimentation, animals were fasted

overnight and anesthetized with chloral hydrate 10 % (3 mL/kg

body weight) and euthanized with an overdose. Blood was ob-

tained from abdominal aorta of rats and collected into tubes con-

taining ethylene-diaminetetra acetic acid-Na2 (Sigma, St Louis,

Mo). Blood plasma was prepared by low speed centrifugation at

1000 g for 20 min at 4 ◦C.

The plasma supernatant was removed for inflammation mark-

ers assessments. While blood pellet containing the red blood

cells (RBC) was washed and then treated differently, depending

on the specificity of each biochemical assay carried out later.

Red blood cells (RBC) washing and obtaining

The blood pellet was washed and then centrifuged at 4000 g for

10 min at 4 ◦C in PBS buffer (Na2HPO4: 1,44 g/L, NaCl: 8 g/L,

KCl: 0,2 g/L, distilled water qsp 50 mL), (pH=7,4). The process

was repeated 3 times until the supernatant will be clear. After

supernatant removal, the resulting pellet containing the RBC was

conserved for the several assay below.

Rats were randomly divided into three groups (n=12). The

first group was rendered hypercholesterolemic with an enriched

cholesterol diet (1 %) (HC). The second group was rendered di-

abetic by intraperitoneal injection of streptozotocin (STZ) (35

mg/kg of body weight) (DM). The third group was hypercholes-

terolemic and diabetic (HC-D); each group was divided into

two groups (n=6), untreated groups (HC, D, HC-D) and treated

groups with 1 % Z. album extract (HC-Za, D-Za and HC-D-Za)

for 4 weeks.
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Table 1 Composition of the experimental diet(g/100g dieta )

Ingredients HC D HC-D HC- Za D- Za HC-D- Za

Casein b 20 20 20 20 20 20
Cornstarch c 59.5 61 59.5 58.5 60 58.5
Sucrose d 4 4 4 4 4 4
Sunflower oil e 5 5 5 5 5 5
Cellulose b 5 5 5 5 5 5
Mineral mix f 4 4 4 4 4 4
Vitamin mix g 1 1 1 1 1 1
Cholesterol b 1 - 1 1 - 1
Cholic acid b 0.5 - 0.5 0.5 - 0.5
Z. album lyophilized extract h - - - 1 1 1

aDiets were isocaloric (17780 J/kg diet) and given in powdered form.
bSigma-Aldrich Chemie.
cONAB, Sidi Bel Abbès, Algeria.
dENASUCRE, Sfisef, Algeria.
eCEVITAL SPA, BéjaÑŮa, Algeria.
fUAR 205B (Villemoisson, 1360, Epinay/S/Orge, France). Mineral mixture provided the
following amounts (mg/kg diet): CaHPO4, 17 200; KCl, 4000; NaCl, 4000; MgO2, 420;
MgSO4, 2000; Fe2O3, 120; FeSO4,7H2O, 200; MnSO4, H2SO4, H2O, 98; CuSO4, 5H2O,
20; ZnSO4, 80; CuSO4, 80; CuSO4, 7H2O; and KI, 0,32.
gUAR 200 (Villemoisson, 91360). Vitamin mixture provided the following amounts (mg/kg
diet): vitamin A, 39 600 UI; vitamin D3, 5000UI; vitamin B1, 40; vitamin B2, 30; vitamin
B3, 140; vitamin B6, 20;vitamin B7, 300; vitamin B12, 0.1; vitamin C, 1600; vitamin E, 340;
vitamin K, 3.80; vitamin PP, 200; choline, 2720; folic acid, 10; paraaminobenzoic acid, 180;
biotin, 0.6; and cellulose, qsp, 20 g;
hZygophyllum album (Z. album), prepared in our laboratory as previously described.

RBCs lipid peroxidation assay

As a marker of lipid peroxidation, thiobarbituric acid reactive

substances (TBARS) of RBC were measured according to Quin-

tanilha method [35] using malondialdehyde (Sigma–Aldrich,

l’Isle d’Abeau, France) as a standard. 100 µL of freshly washed

RBC, were diluted in 900 µL of PBS tampon containing 2

mmol/L of sodium azide then incubated in the presence of 100

µL of H2O2 (1.15%), for 1 hour to 37 ◦C [36]. This reaction was

inhibited with 1 mL of 20% trichloroacetic acid (TCA). After

centrifuging to 4000 x g for 10 minutes, the supernatant corre-

sponding to the RBC lysate was collected. 100 µL of BHT (2%

in ethanol) (Sigma-Aldrich Chemie, Germany) and 1 mL (TBA)

(Sigma-Aldrich Chemie, Germany) (TBA 0.37% in HCL at 0.5

N in final TCA concentration at 15%) were added to the super-

natant. After incubation at 85 ◦C for 30 minutes and cooling

in ice, the samples were centrifuged to 2000 x g for 10 min to

4 ◦C. After cooling and centrifugation, supernatant absorbance

was measured at 535 nm.

Reduced glutathione (GSH) determination in RBC

GSH concentration was determined with the method of Sed-

lak and Lindsay [37] , based on color complex formation of

non-protein sulfhydryl groups, which were separated by de-

proteinization with trichloroacetic acid (Carlo Erba, Rodano,

Italy), with Ellmann reagent (5.5’-dithiobis-2 nitrobenzoic acid;

Sigma, St Louis, USA). To 1 mL of freshly washed RBC were

added 800 µL of iced distilled water and 200 µL of TCA (50%).

The mixture was agitated for 10 minutes and centrifuged to 1200

x g for 15 minutes. After centrifugation, 400 µL of supernatant

corresponding to RBC lysate were mixed with 800 µL of tris

buffer (0.4 mol/L, pH=8.9) and 20 µL of DTNB (0.01 mol/L).

After 5 minutes of incubation, the absorption was measured at

412 nm.

Antioxidant RBCs enzymes activities assay

To 2 mL of freshly washed RBC was added ice deionized water

(1/4; V/V) then centrifuged to 10,000 x g for 15 minutes at 4 ◦C.

The collected supernatant is the RBC lysate that will be used for

antioxidant enzymes determinations.

Superoxide dismutase (SOD, EC. 1.15.1.1) was assayed us-

ing a tetrazolium salt for detection of superoxide radicals gener-

ated by xanthine oxidase and hypoxanthine (kit; Cayman).

Glutathione peroxidase assay measures (GSH-Px, EC.

1.11.1.9) activity indirectly by a coupled reaction with glu-

tathione reductase (kit; Cayman).

Glutathione reductase (GSSH-Red, EC. 1.6.4.2) activity was

estimated by measuring the rate of NADPH oxidation (kit; Cay-

man).

Catalase (CAT, EC. 1.11.1.6) method is based on the reac-

tion of the enzyme with methanol in the presence of an optimal

concentration of H2O2 (kit; Cayman).
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Plasma inflammatory status evaluation

Tumor necrosis factor (TNF- α), interleukins (IL-1β and

IL-6), C-reactive protein (CRP) and homocysteine

determination

Plasma TNF-α, IL-1 β, IL-6 and CRP assessments was based

on immuno-enzymatic techniques, Elisa (RayBio kit, Norcross

GA, USA) based on the use of 2 antigenic-specific polyclonal

antibodies present in rat plasma. The coloration was directly pro-

portional to the concentration of the antigen in the sample or the

standard. The reaction was stopped after the addition of H2SO4

and the absorption was measured at a wavelength of 450 nm.

Homocysteine was evaluated using the same technique cited

above by kit method (LifeSpan’s, Biosciences, Seattle, WA

98121, USA).

TNF- α, IL-1 β, IL-6, CRP and homocysteine plasma con-

centrations were determined using standard ranges based on

mother solutions of TNF-α (500 pg/mL), IL-1 β (500 pg/mL),

IL-6 (1000 pg/mL), CRP (200 mg/mL) and homocysteine (50

µmol/L).

Statistical analyses

All values were expressed as the means ± standard deviations

(SDs) of six rats per group. Statistical analysis was carried out

by STATISTICA (version 4.1; Statsoft, Tulska, Okla). The sig-

nificance of differences in response to Z. album supplementa-

tion was analyzed by two-way analysis of variance followed

by Tukey honestly significant difference test. Statistical signifi-

cance was set at p < 0.05. Album effect: *CH-Za vs C; 6=DM-Za

vs; $CH-DM-Za vs CH-DM

Results
TBARS and GSH RBCs assessment

Our results indicate a decrease in RBC’s TBARS concentrations

in HC-Za vs HC (-44%), D-Za vs D (-66%) and HC-D-Za vs

HC-D (-23%), groups. In addition, GSH RBC’s content was in-

creased in the same groups, HC-Za vs HC (+37%), D-Za vs D

(+33%) and HC-D-Za vs HC-D (+46%) (Table 2).

RBC antioxidant enzymes activity

Compared to the untreated groups, an increase in SOD activity

was noted in all Z. album treated groups, HC-Za, D-Za and HC-

D-Za, this increase was by +34, +37 and +59%, respectively.

Similarly, GSH-Px activity was increased in HC-Za vs HC

(+17%), D-Za vs D (+28%) and HC-D-Za vs HC-D (+20%)

groups.

GSSH-Red activity was reduced in D-Za compared to D

group (-28%), conversely, a significant activity was observed in

HC-Za vs HC (+32%) and HC-D-Za vs HC-D (+15%) groups.

CAT activity was increased in all Z. album extract treated

groups, by +29% in HC-Za, +38% in D-Za and +28% in HC-

D-Za groups.

Rats were randomly divided into three groups (n=12). The

first group was rendered hypercholesterolemic with an enriched

cholesterol diet (1 %) (HC). The second group was rendered di-

abetic by intraperitoneal injection of streptozotocin (STZ) (35

mg/kg of body weight) (DM). The third group was hypercholes-

terolemic and diabetic (HC-D); each group was divided into

two groups (n=6), untreated groups (HC, D, HC-D) and treated

groups with 1 % Z. album extract (HC-Za, D-Za and HC-D-Za)

for 4 weeks.

Note: Abbreviations: HC: Hypercholesterolemic rats group;

HC-Za: Hypercholesterolemic rats group treated with Zygo-

phyllum album (Z. album) aqueous extract (1%); D: Diabetic

rats group; D-Za: Diabetic rats group treated with Z. album

aqueous extract (1%); HC-D: Hypercholesterolemic-diabetic

rats group; HC-D-Za: Hypercholesterolemic-diabetic rats group

treated with Z. album aqueous extract (1%); TBARS : Thio-

barbituric acid reactive species; GSH: Reduced glutathione;

SOD: Superoxide dismutase; GSH-Px: Glutathione peroxidise;

GSSH-Red: Glutathione reductase; CAT: Catalase.

Inflammatory status assessment

Interleukin 1β (IL-1β) and Interleukin 6 (IL-6)

IL-1 β and IL-6 levels were decreased in Z. album treated groups

(Table 2). In fact, IL-1 β concentrations were reduced by -44, -

50 and -33%, respectively in HC-Za, D-Za and HC-D-Za groups;

similarly, there was a decrease in IL-6 levels by -49, -38 and -

41% in these same groups.

Alpha tumor necrosis factor (TNF-α , Homocysteine and

C-reactive protein (CRP)

Based on the results, TNF-α plasma concentrations were re-

duced in HC-Za vs HC (-48%), D-Za vs D (-44%) and HC-D-Za

vs HC-D (-48%) groups.

In addition, a reduction in homocysteine levels by -45, -32

and -52% was observed in HC-Za vs CH, D-Za vs D and HC-D-

Za vs HC-D groups, respectively; similarly, CRP concentrations

were reduced by -37, -25 and -38% in the same groups.

Rats were randomly divided into three groups (n=12). The

first group was rendered hypercholesterolemic with an enriched

cholesterol diet (1 %) (HC). The second group was rendered di-

abetic by intraperitoneal injection of streptozotocin (STZ) (35
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Table 2 Erythrocytes TBARS (µmol/mL Hb), GSH (µmol/mLHb) concentrations and antioxidant enzyme activities (U/g proteins).

Groups

Parameters HC D HC-D HC- Za D- Za HC-D- Za

TBARS 142.5±3.2 166.1±3.5 109.2±6.4 80.06±1.7∗ 54.6±3.46= 86.3±3.1$

GSH 8.3±1.5 11.4±2.2 6.4±1.5 13.4±2.2∗ 18.5±1.76= 12.2±2.4$

SOD 180.2±4.2 225.3±3.9 105.5±3.6 275.2±2.3∗ 355.4±6.56= 265.4±4.2$

GSH-Px 171.6±6.2 195.4±4.1 166.2±4.3 211.5±3.4∗ 271.6±5.16= 208.5±3.5$

GSSH-Red 111.4±4.1 122.1±5.3 133.1±3.6 166.1±4.5∗ 88.1±3.46= 155.2±5.01$

CAT 54.5±5.7 64.2±3.2 61.2±3.2 82.2±2.6∗ 105.2±4.16= 85.2±4.1$

Data are shown as the mean ± SD for six values per group. In response to Z. album supplementation
effects, comparisons between the six groups were performed by analysis of variance followed by Tukey
honestly test. Differences with P<0.05 were considered statistically significant.
*HC-Za vs HC; Z. album effect, 6=D-Za vs D; Z. album effect,$HC-D-Za vs HC-D; Z. album effect

Table 3 Plasma inflammation marker concentrations.

Groups

Parameters HC D HC-D HC-

Za

D- Za

HC-D- Za

IL-1 (pg/mL) 16.2±0.1 18.3±0.4 17.3±0.1 8.7±0.4* 9.06±0.2 6=11.06±0.7$

IL-6 (pg/mL) 34.4±2.2 32.1±3.4 36.1±2.1 16.1±2.5* 18.7±3.3 6=20.2±2.1$

TNF- (pg/mL) 10.1±0.1 12.1±0.1 14.5±0.2 5.06±0.2* 6.6±0.2 6=7.3±0.2$

Homocystein (�mol/L) 13.3±0.1 12.3±0.1 18.1±0.1 7.1±0.1* 8.2±0.2 6=8.6±0.1$

CRP (mg/L) 32.2±1.2 30.5±1.8 43.2±1.3 20.1±0.9* 23.1±1.2 6=26.1±1.3$

Data are shown as the mean ± SD for six values per group. In response to Z. album supplementation effects,
comparisons between the six groups were performed by analysis of variance followed by Tukey honestly test.
Differences with P<0.05 were considered statistically significant.
*HC-Za vs HC; Z. album effect. 6=D-Za vs D; Z. album effect. $HC-D-Za vs HC-D; Z. album effect.

mg/kg of body weight) (D). The third group was hypercholes-

terolemic and diabetic (HC-D); each group was divided into two

groups (n=6), untreated groups (HC, D, H C -D) and treated

groups with 1 % Z. album extract (HC-Za, D-Za and HC-D-Za)

for 4 weeks.

Note: Abbreviations: HC: Hypercholesterolemic rats group;

HC-Za: Hypercholesterolemic rats group treated with Zygo-

phyllum album (Z. album) aqueous extract (1%); D: Diabetic

rats group; D-Za: Diabetic rats group treated with Z. album

aqueous extract (1%); HC-D: Hypercholesterolemic-diabetic

rats group; HC-D-Za: Hypercholesterolemic-diabetic rats group

treated with Z. album aqueous extract (1%); IL-1 β: interleukin

1β ; IL-6 : interleukin 6 ; TNF-α Alpha tumoral necrose factor ;

CRP : C-reactive protein.

Discussion
Oxidative stress is an underlying phenomenon of hypercholes-

terolemia [38]. Indeed, Lassoued et al., [39] reported that hyper-

cholesterolemia is associated with the deterioration of antioxi-

dant state, resulting from increased levels of lipid peroxidation

markers and a decrease of some antioxidant enzymes activity.

In addition, a strong link between oxidative stress and diabetes

is undoubtedly accepted, resulting from radical hyperproduction

associated with hyperglycemia and a decrease in antioxidant de-

fenses [40]. Increased oxidative stress contributes to the devel-

opment and progression of diabetes and its complications. It is

suggested that persistent hyperglycemia leads to increased pro-

duction of ROS, glucose self-oxidation and protein glycation,

which lead to tissue damage [41].

Researches showed that free radical trappers and antioxidant

available in plants are able to neutralize free radicals and there-

fore are useful in preventing complications of experimentally in-

duced diabetes in a rat model [42].

In our study, the consumption of a cholesterol-enriched diet

(1%) and the induction of experimental diabetes by STZ injec-

tion results in rat, an oxidative stress characterized by an in-

crease in lipid peroxidation as well as a decrease in antioxidant

enzymes activity.

Due to their O2 high concentration subsequent to its transport,

several studies have shown the sensitivity of RBC to oxidative

stress [43]. In addition, the high exposure of RBC to ROS leads

to elevated lipoperoxidation, morphological alterations and de-

pletion of the enzyme antioxidant system [43]. Thus, lipid perox-
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idation is directly related to the severity of hypercholesterolemia

and permanent hyperglycemia.

In this study, the assessment of oxidative status in RBC af-

ter Z. album lyophilized aqueous extract supplementation pre-

sented a decrease in lipid peroxidation following the reduction

of TBARS contents; conversely, GSH concentrations were in-

creased. This lipid peroxidation reduction could be explained by

an increased activity of some antioxidant enzymes; moreover,

it could be suggested that Z. album lyophilized aqueous extract

may have antioxidant properties that would probably be due to

an inhibition of free radical production.

GSH, which is known for its powerful antioxidant power [44],

protects not only against free radicals, but also against perox-

ides [45]. Stimulating the increase in GSH could be a response

to the phytochemical content of the Z. album extract that would

play an important role in antioxidant defense.

Authors have reported a reduction in GSH concentrations that

appears to be directly related to GSH-Px activity, as GSH is a

substrate and cofactor of GSH-Px. Diabetes-associated glyca-

tion can inactivate GSH-Px activity by blocking the active site

of the enzyme [46]. Furthermore, treatment with Z. album ex-

tract decreases plasma glucose content [30], which leads to re-

duced glycation, resulting in a significant increase in GSH levels

and GSH-Px activity. Moreover, an improvement in antioxidant

enzymes activity of RBC was noted in this study, with an in-

crease in SOD and CAT activities, as well as those of GSH-Px

and GSSH-Red in all Z. album treated groups (HC-Za, D-Za

and HC-D-Za). Zidan et al., [47] reported a decrease in TBARS

levels and an increase in SOD and CAT activities, in RBC;

however, GSH-Px and GSSH-Red activities remained similar

in a cholesterol-enriched diet fed rats and treated with Portu-

laca oleracea lyophilized aqueous extract. Similarly, Berzou et

al., [48] observed in RBC, that TBARS concentrations tended to

decrease and SOD and CAT activities increased while GSH-Px

and GSSH-Red activities remained similar, after treatment with

the lyophilized aqueous extract of Zygophyllum gaetulum in a

cholesterol-enriched diet fed rats (1%). The protective effect of

Z. album extract could be explained by its ability to reduce the

oxidative stress level with ROS production inhibition.

The increased SOD activity by Z. album extract suggest a

significant elimination of O2•− and, therefore, an inhibition of

hydroxyl radical formation (•OH−), which can protect RBC

from their harmful effects. SOD can also convert O2• − to

H2O2, which is decomposed into H2O by GSH-Px and CAT.

The phytochemical screening of Z. album revealed a flavonoids

presence [28], known for their antioxidant effects and their

roles in the capture of free radicals thus preventing lipid per-

oxidation. The beneficial effect of Z. album against oxidative

stress could be correlated with the presence of these bioac-

tive components. In treated, hypercholesterolemic, diabetic or

hypercholesterolemic-diabetic, rats with Z. album lyophilized

aqueous extract, the antioxidant defense system appears to be ef-

fective in RBC. This extract was therefore able to reduce lipids

peroxidation and therefore prevent damage induced by oxidative

stress.

Inflammation associated with hypercholesterolemia and di-

abetes is becoming progressively interesting because of its in-

volvement in the atherosclerotic process and the development of

CVD [49].

The secretion of cytokines such as TNF-α and-IL-6 by adi-

pose tissue exacerbates insulin resistance and lipolysis that can

increase glucose and VLDL production in the liver and thus

strengthen insulin resistance in muscles. Furthermore, TNF-α

production is increased by liver and adipocytic cells inflamma-

tion [50]. TNF-α derives mainly from adipose tissue and con-

tributes to endothelial dysfunction and insulin resistance in both

humans and rats [51, 52]. TNF-α mechanisms are not yet well

elucidated but it has been suggested a decrease in the ARNm of

GLUT4 and a reduction of the IRS receptor (Insulin Receptor

Substrate) [53].

Our study clearly highlights the negative effect of hyperc-

holesterolemia, diabetes and their association on inflammatory

status in experimental rats since an increase in inflammation

markers with increased circulating levels of CRP, TNF-α, IL-1β,

IL-6 and homocysteine was noted. These abnormalities appear

to be concomitant with increased cholesterol and blood glucose

levels.

Our results were reliable with those obtained by Yadav et

al., [54] who showed that the cholesterol-enriched diet induced,

in Wistar rat, a systemic inflammation via a pro-inflammatory

markers increase. Indeed, this had resulted in an increased syn-

thesis of TNF-α and IL-6, which could be due to increased ox-

idative stress via activated immune cells [54].

It is well established that cholesterol causes inflammation,

and oxidized cholesterol metabolites can be used to stimulate

the inflammation markers expression [55]. In addition, homo-

cysteine acts against cholesterol-induced inflammation in rats

in vivo. This effect could be mediated by a process related to

the tissue plasminogen activator [55]. Furthermore, [56] also

showed that induction of experimental diabetes by deltamethrin

in rats, leads to inflammation with high levels of CRP and TNF-

α.

Our study showed reduced levels of CRP, TNF-α, IL-1β and

IL-6 as well as homocysteine after Z. album treatment. These re-

sults converge with those obtained by Feriani et al., [56] who

reported that Z. album ethanolic extract lead to a reduction of
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inflammation that was shown by a decrease in CRP and TNF-

α levels in diabetic rats. Moreover, Anvillea radiata lyophilized

aqueous extract showed a strong anti-inflammatory activity in

high-fat diet fed mice [57]. This suggests that Z. album extract

polyphenolic compounds intake in diet seems to be useful in

limiting systemic inflammation development. In fact, polyphe-

nolic compounds have been identified in various plant species

that have protective effects against inflammation [58]. Indeed,

recent studies have reported that plant extracts may have dual

use, hypoglycemic and anti-inflammatory [59], or could be used

as hypolipemic treatments possibly acting on cellular pathways

involved in the expression of adipogenesis [60].

Moreover, Kim et al., [61] have shown that flavonoids

possess anti-inflammatory activity both in vitro and in vivo

through the inhibition of IL-1β, IL-6 and TNF-α production.

Crateva nurvala leaf ethanol extract also had a notable anti-

inflammatory effect in rats with renal ischemia/reperfusion le-

sions because of its flavonoid content. Flavonoids express their

anti-inflammatory activity, in part, by modulating the expression

of pro-inflammatory genes such as cyclo-oxygenase-2, nitric

oxides synthases and several cytokines.

Conclusion
In conclusion, it appears that the Z. album lyophilized aqueous

extract has a beneficial effect in the prevention or treatment of

erythrocytes oxidative stress and inflammation caused by hyper-

cholesterolemia and diabetes, two major risk factors for cardio-

vascular disease.
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