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1. Introduction

  Hyperlipidemia and oxidative stress are major risk factors for 
atherosclerosis, and all three are among the most important risk 

factors for cardiovascular diseases and conditions[1,2]. Strategies 

used to prevent and treat atherosclerosis, and to reduce the incidence 

and severity of associated cardiovascular diseases, mainly include 

fighting against hyperlipidemia using dietary approaches such 

as diet rich in fibers[3,4], and/or anti-dyslipidemic drugs like 

atorvastatin[5-7]. 

  A huge body of population based and experimental evidence shows 

that high levels of plasma low density lipoprotein (LDL) cholesterol 

and total cholesterol considerably increase the risk for developing 

atherosclerosis and associated arterial hypertension[1,2,8-10]. Other 

changes in lipid parameters associated with atherosclerosis include 

decreases in high density lipoprotein (HDL) cholesterol and 

increases in triglycerides. 

  A number of anti-dyslipidemic drugs was developed to slow 

Objective: To evaluate anti-dyslipidemic, antioxidant and anti-atherosclerogenic properties of 
this extract in diet-induced hypercholesterolemic rat, a model of metabolic syndrome-induced 
atherosclerosis and associated cardiovascular diseases. Methods: Normocholesterolemic 
(NC) male rats were divided into six groups (n=10) and fed a high-cholesterol (HC) diet for 
30 days (5 groups), or normal rat chow (normal control group). Rats given a HC diet also 
received distilled water (disease control), the potent hypocholesterolemic agent with anti-
atherosclerotic activity atorvastatin (2 mg/kg, positive control), or one of the three doses of 
Zanthoxylum heitzii stem bark aqueous extract tested (225, 300 and 375 mg/kg) concomitantly 
for four months. Signs of general toxicity, body temperature and weight, and water and food 
intake were monitored in live animals. After sacrifice, lipid profiles and oxidative stress 
markers were assessed in the blood and liver, aorta, and feces, and histopathological analysis of 
aorta was performed. Results: Plant extract prevented the elevation of aortic total cholesterol 
and triglycerides, and hepatic low density lipoprotein, very low density lipoprotein, and total 
cholesterol. Lipid peroxidation (TBARS) was decreased and aortic atherosclerotic plaque 
formation prevented. Conclusions: These observations strongly suggest that stem bark aqueous 
extract of Zanthoxylum heitzii has anti-atherosclerogenic properties, at least partly mediated by 
antioxidant and hypolipidemic effects. 
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or prevent atherogenesis, and eventually treat atherosclerosis. 

Unfortunately, these drugs may have serious undesired effects[11,12], 

and thus, new therapeutics against atherosclerosis are needed in the 

field.

  Traditional healers have used different species of the Zanthoxylum 
for treatment of a wide range of disorders. Among Zanthoxylum 
species, aqueous extracts of the shrub of humid rain forest 

Zanthoxylum heitzii (Z. heitzii) (Rutaceae) is used against syphilis 

and other urogenital infections, malaria, cancer, cardiopathies, and 

hypertension[13,14]. The chemical fractions have been determined 

with insecticidal activity in bark extract of Z. heitzii against 

Anopheles gambiae adults. dihydronitidine and trans-pellitorine have 

been elucided as identified compounds in this plant. Dihydronitidine 

has antiplasmodial, antileishmanial and anti-cancer activity, but 

first time reported as insecticidal. Sesamin and trans-pellitorine 

has insecticidal activities[15]. Two new natural lignans, meso-2,3-

bis(3,4,5-trimethoxybenzyl)-1,4-butanediol and 4-acetoxy-2,3-

bis(3,4,5-trimethoxybenzyl)-1-butanol, four known lignans, two 

alkaloids and triterpenes were isolated from the bark of Z. heitzii and 

identified on the basis of their spectral data[16,17].

  Although extracts of stem bark[15] and fruits[18] of Z. heitzii were 

reported antioxidant effects, no data on the effect of this medicinal 

plant on cardiovascular diseases and conditions are available. 

  The present study was aimed at evaluating the anti-dyslipidemic, 

antioxidant, and anti-atherogenic effects of the stem bark aqueous 

extract of Z. heitzii as potential mechanisms driving the putative 

protective and therapeutic effects of these extracts. 

2. Materials and methods

2.1. Biological material

2.1.1. Animals
  Sixty normocholesterolemic (NC) male Wistar rats [(220±10) g] 

were purchased from Yaounde (Cameroon) Pasteur Institute and 

acclimated to the Laboratory of Medicinal Plants, Health and Galenic 

Formulation of the Department of Biological Sciences, University 

of Ngaoundere (Cameroon). Animals were housed under controlled 

room temperature [(24±2) 曟] and had ad libitum access to food 

[National Veterinary Laboratory (LANAVET), Garoua, Cameroon] 

and tap water. Animals were monitored for signs of general toxicity, 

under the supervision of a veterinary. All experimental procedures 

were approved by the institutional ethics committee.

2.1.2. Plant material processing
  Z. heitzii bark samples were collected during flowering period 

(January) in a rice zone of Tandjilé (North Cameroon) and 

authenticated by both the laboratory of Botany, Department of 

Biological Sciences, University of Ngaoundere andthe National 

Herbarium of Cameroon (specimen Nº 60695/HNC).

  To prepare the aqueous extract, Z. heitzii bark samples were dried 

and crushed, andthe powder obtained was macerated in distilled 

water for 12-h (1 kg/1 L).The macerate was filtered using Whatman 

filter paper (No 3), and the filtrate was concentrated using a rotary 

evaporator (40 曟, 24-h). After various repetitions of this process 

10.04 g of concentrated crude extract (oily paste) was obtained. The 

extract was stored at -20 曟 until use.

2.1.3. Phytochemical study
  Preliminary phytochemical tests were performed at the Institute 

of Medicinal Plants for Medicinal research (IMPM, Yaounde, 

Cameroon) to unravel the gross chemical composition of the plant 

extract studied.  

2.2. Experimental procedures

  NC rats were randomly divided in 6 groups. For four weeks, five of 

these groups were fed a hypercholesterolemic (HC) diet (normal rat 

chow +1% cholesterol)[19,20], whereas normal control rats (destined 

to remain NC) were receiving normal rat chow. Groups exposed 

to HC diet were also given distilled water (disease control group), 

the hypocholesterolemic agent with anti-atherosclerotic activity 

atorvastatin (2 mg/kg, positive control)[21], or one of three doses of 

the aqueous extract of the stem bark of Z. heitzii (225, 300 and 375 

mg/kg), once daily at 0.5 mL/100 g body weight. Five rats over 10 

were sacrificed at the end of the four weeks of treatment, and the 

remaining five, four additional weeks after last day of treatment. 

Blood samples, aorta, liver, and fresh feces were collected and 

processed for biochemical tests and H&E histopathological studies. 

2.2.1. Body temperature monitoring
  Body temperature was monitored, with daily measurement 5 h after 

treatment. To measure body temperature, a rat rectal thermometer 

was placed at a distance of approximately 2 mm from the anus. 

2.2.2. Blood and homogenate processing
  Blood freshly collected in heparinized tubes was centrifuged (3 000 

rev/min for 10 min), and the supernatant (plasma) was used for 

the enzymatic determination of total cholesterol, HDL cholesterol, 

triglycerides and malondialdehyde. Catalase, hydroperoxide, and 

protein levels were determined in hemolysates obtained from blood 

pellets, and from liver homogenates. 

2.2.3. Histopathological studies
  Aorta samples were fixed in 10% formal calcium, paraffin 

embedded, serially cut with a microtome (5 µm), processed for 

hematoxylin and eosin staining. Planimetry studies of cross sections 

of aorta were made at 暳20 magnification using camera lucida 

drawings. 

2.2.4. Statistical analysis
  Data obtained from the different experimental groups were 

compared by one-way ANOVA followed by LSD test for post hoc 

analysis, using Origin software (OriginLab, Northampton, MA, 

USA). Test groups were compared to normal, disease, and positive 

control groups. Differences with P<0.05 were considered significant. 

Data are presented as mean ± SEM. 
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3. Results

3.1. General observations

3.1.1. Plant extract tolerance
  No sign of general toxicity was observed in animals at the dose 

used either in preliminary studies in few animals or in this study. 

Notably, animal fur was normal, no massive porphyrin deposit was 

observed around the nose or eye, and normal exploratory behavior 

components were maintained (including grooming, rearing, and 

sniffing activities), with apparently normal defecation and no sign of 

increased aggressiveness (eg. No increase in vocalization, biting, or 

metal cage bar chewing). 

  Average daily water and food intake are shown in Figure 1A, B. 

Unlike all the three test groups (plant extract-treated) and positive 

controls (atorvastatin-treated), HC rats did not show a fast increase 

in water intake (y = 0.73x + 37.8, R2 = 0.61). Water intake displayed 

a dose-dependent faster increase in test groups [225 mg/kg (y = 

5.19x + 34.7, R2= 0.97), 300 mg/kg (y = 5.63x + 38.5, R2= 0.99), 375 

mg/kg (y = 7.2x + 44.6, R2= 0.88)] compared to positive controls 

(y = 1.25x + 35.3, R2= 0.52); and this parameter was significantly 

increased in all these groups at fourth week of treatment (P<0.05 

compared to first) (Figure 1A). On the other hand, food intake 

increased comparably in all groups [HC rats (y = 2.44x + 18.4,R2= 

0.99), extract doses 225mg/kg (y = 3.23x + 14.43, R2= 0.99), 300 

mg/kg (y = 2.04x + 17.65, R2= 0.99), 375 mg/kg (y = 2.36x + 16.94, 

R2= 0.97), and atorvastatin (y = 1.66x + 19.13, R2= 0.93)] (Figure 

1B).

  During the four weeks of treatment extract-treated animals showed 

a dose-dependent loss of body weight [extract doses 225 mg/kg (y = 

-3.14x + 264.6, R2= 0.98), 300 mg/kg (y = -4.37x + 256.2, R2= 0.95), 

and 375 mg/kg (y = -8.62x + 271.1, R2= 0.99)] (Figure 1C). Test 

groups resumed gaining weight after the end of the treatment, with 

an increase of 11.7% four weeks after the last treatment (data not 

shown). 
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Figure 1. Body weight, food and water intake.

A: Water intake progression during four weeks of daily treatment of 

hypercholesterolemic (HC) rats with Z. heitzii extract (test groups), distilled 

water and atorvastatin (negative and positive control groups). Note the faster 

increase in test groups with increasing dose. 

B: Food intake progression in HC rats’ from test groups, negative and positive 

control groups. Note the comparable increase in all groups.

C: Body weight progression in HC rats’ from test groups, negative and 

positive control groups. Note the increase in control groups and the decrease 

in test groups compared to baseline values. * P< 0.05. 

  In addition, no significant change was observed in organ weight, 

including the liver, kidney, heart and the testis (Table 1).

  Effects of the stem bark extract of Z. heitzii on body temperature 

(as mentioned above, measured daily 5-h after treatment) are 

presented in Table 2. No significant change was observed in the 

body temperature of any experimental group compared to baseline 

values (pre-treatment) or after inter-group comparisons, during 

the treatment period (Table 2) and 4 weeks after (data not shown), 

although a slight decrease was observed at the end of treatment with 

the higher doses of plant extract tested and atorvastatin.

3.1.2. Phytochemical study
  Phytochemical screening performed on crude stem bark extract of 

Z. heitzii revealed the presence of various families of primary and 

secondary metabolites with potential biological activity, mainly fatty 

acids, flavonoids, alkaloids, sterols, triterpenes, saponins, tannins, 

coumarins and phenolic compounds. 

3.2. Effect of Z. heitzii extract on blood lipid parameters 

  The effects of Z. heitzii extract on blood lipid parameters are shown 

in Table 3 and Figure 2A. Compared to those given normal rat chow 

(NC rats), animals given a diet enriched in cholesterol four weeks 

and only distilled water (HC rats) showed significant (P<0.05) 

increases in total cholesterol (69.55%), in triglycerides (59.18%), in 

very low density lipoprotein (VLDL) cholesterol (71.89%), in LDL 

cholesterol (45.36%), and a decrease in HDL cholesterol (43.24%). 

These alterations were prevented in HC rats treated with atorvastatin, 

as expected, but also by the three doses of extract in a dose-

dependent fashion (Table 3). The ratios of LDL to HDL cholesterol 

and of total cholesterol to HDL cholesterol were significantly 

increased in HC rats (P<0.05) compared to NC rats (Figure 2). Such 

alteration in these ratios was prevented in HC rats by atorvastatin 

treatment, but also by treatments with extracts of Z. heitzii, in a dose-

dependent fashion (Figure 2A).

  Four weeks after replacement of HC diet with normal rat chow 

and concomitant end of treatments, physiological levels of blood 

lipid parameters were still observed in animals treated with either 

atorvastatin or a dose of extract (Table 3, Figure 2A).

3.3. Effect of Z. heitzii extract on lipid parameters in liver, 
aorta, and/or feces

  The effect of Z. heitzii extract on levels of total cholesterol, 

triglycerides and lipid peroxidation byproducts thiobarbituric 

acid reactive substances (TBARS) in liver, aorta, and/or feces 

homogenates are shown in Table 4. Compared with NC rats, these 

markers of dyslipidemia were significantly increased in HC rats 

(P<0.01) as follows: total cholesterol (liver 37.33%; aorta 33.02%; 

feces 54.9%), triglycerides (liver 39.17%, aorta 41.42%), and 

TBARs (liver 30.85%, aorta 35.64%). For all these parameters, 

values observed were comparable with NC rats (not significantly 

different from NC group) and significantly different (P<0.05) from 

HC rats (Table 4).
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3.4. Effect of the aqueous extract of Z. heitzii on oxidative 
stress markers in liver homogenates and blood

  The effect of the aqueous extract of Z. heitzii on various markers 
of oxidative stress markers in liver homogenates, hemolysates, and 
plasma was dose-dependent as shown in Figures 2B-E. Protein level 
was decreased in liver homogenates (y = -7.86x + 67.6, R2= 0.93) 

and increased in hemolysates (y = 3.02x + 43.8, R2= 0.96) of HC rats 

treated with the extract (Figure 2B). Changes in liver homogenates 
were significant at all doses tested (P<0.01 at higher doses of 
extract), whereas hemolysate changes were significant only at higher 
doses of extract (P<0.05) (Figure 2B).
  Catalase level was increased in the liver (y = 0.05x - 0.05, R2= 

0.856 2) of HC rats treated with the extract (Figure 2C). Such 
increase was significant at the highest dose tested (P<0.05). Catalase 
level was also increased in hemolysates of these animals (y = 0.04x - 
0.005, R2= 0.81). However, this increase was significant at all doses 

of extract tested (P<0.001 at highest dose) (Figure 2C).
  Malondialdehyde (MDA) level was decreased in the liver (y = 
-0.77x + 11.19, R2= 0.94) and in blood plasma (y = -4.57x + 26.9, 

R2= 0.97) of HC rats treated with the extract (Figure 2D). These 

decreased were significant at higher doses tested (P<0.05) and at all 
doses of extract (P<0.001), respectively (Figure 2D).
  Hydroperoxide (ROOH) level was increased in the liver (y = 
0.01x + 0.02, R2= 0.99, with P<0.05 at the highest dose tested), and 

in plasma (y = -0.28x + 1.8, R2= 0.80) (significant at all doses of 

extract, with P<0.001 at the highest dose) (Figure 2E). 

3.5. Effect of Z. heitzii extract on rat aorta morphometric 
parameters 

  The observation of H&E sections of HC rats revealed more marked 
atherosclerotic plaque formation in negative control animals than in 
animals receiving Z. heitzii extract (Figure 3). 
  Aorta morphometric parameters studied were thickness and 
surface area. A four-fold (respectively five) increase in thickness 
(respectively surface area) was observed in HC rats compared 
with NC rats (Figure 2F). Although Z. heitzii significantly slowed 
the aorta thickness increase (P<0.05 against HC rats, and not 
significantly different from NC rats), plant extract only displayed a 

Table 1
Effect of Z. heitzii extract administration for four weeks on organ weight.

Experimental group Liver Heart Kidney Testis
Hypercholesterolemic rats +dH2O           3.26±0.32 0.31±1.09 0.32±0.14 0.54±0.16
Z. heitzii-treated 225 mg/kg 3.05±0.03 0.30±0.11 0.30±0.11 0.52±0.14

300 mg/kg 3.09±0.17 0.31±0.12 0.31±0.14 0.52±0.09
375 mg/kg 3.12±0.40 0.31±0.13 0.31±0.13 0.53±0.12

Atorvastatin           3.15±0.18 0.29±0.10 0.31±0.11 0.51±0.06
Normocholesterolemic rats           3.10±0.16 0.30±0.11 0.30±0.12 0.52±0.08

Values are mean ± SEM. n = 5. No significant change was observed.

Table 2
Effect of Z. heitzii extract administration for four weeks on body temperature.

Time (days)
Extract of Z. heitzii (mg/kg)

Atorvastatin(2 mg/kg)
Control 225 300 375

  1 37.20 ± 0.23 37.20 ± 0.12 36.50 ± 0.11 35.40 ± 0.15 36.30 ± 0.16
  2 37.40 ± 0.17 37.30 ± 0.15 37.40 ± 0.13 36.50 ± 0.14 37.20 ± 0.23
  3 36.40 ± 0.18 37.50 ± 0.21 35.50 ± 0.15 35.50 ± 0.16 37.40 ± 0.17
  4 36.20 ± 0.15 36.40 ± 0.18 37.50 ± 0.17 36.60 ± 0.22 36.40 ± 0.18
  5 37.40 ± 0.11 37.50 ± 0.14 36.40 ± 0.13 36.20 ± 0.15 36.20 ± 0.15
  6 36.40 ± 0.14 36.40 ± 0.16 35.50 ± 0.18 37.30 ± 0.11 37.30 ± 0.11
  7 36.40 ± 0.15 37.40 ± 0.14 35.30 ± 0.17 37.20 ± 0.17 37.20 ± 0.17
30 37.40 ± 0.17 37.40 ± 0.11 36.40 ± 0.14 36.20 ± 0.21 36.20 ± 0.21

dH2O: distilled water. Values are mean ± SEM., n = 5. No significant change was observed.

Table 3
Effect of aqueous extract of Z. heitzii on blood lipid parameters. 

Experimental groups Lipid parameters (mg/dL)
TC TG VLDL-c     HDL-c     LDL-c

HC rats +dH2O            266±9   196±13  217±6   32±2     194±11
HC +4 weeks treatment 225 mg/kg   213±13*  175±4*     169±12*    60±2*     130±11

300 mg/kg   183±11*  169±4*     140±11*    61±2*       90±12*

375 mg/kg   174±16*  156±1*     135±15*    66±2*       83±16*

HC 4weeks after treatment 225 mg/kg   212±12*  174±2*   168±3*       61±1.5*  130±9
300 mg/kg   182±10*  160±3*   142±1*       62±1.2*       85±7.6*

375 mg/kg   172±15*  155±1*   133±2*       65±1.3*       84±7.4*

HC +Atorvastatin            172±16*  146±4*   136±9*     66±4*      76±10*

NC rats   185±17*    116±18*   156±8*       74±2*     88±14*

Data are mean ± SEM, n=5. One-way ANOVA+LSD test against hypercholesterolemic (HC) rats: *P<0.05, HDL-c: high density lipoprotein cholesterol. 

LDL-c: low density lipoprotein cholesterol. NC: normocholesterolemic. T: treatment. TC: total cholesterol. TG: triglyceride. VLDL-c: very low density 

lipoprotein cholesterol.
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slight mitigation of HC treatment-induced surface area increase (not 
significantly different from HC and significantly different from NC 
rats), at all doses tested (Figure 2F).
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Figure 2. Lipid parameters and oxidative stress.

A: Effect of Z. heitzii extract on the ratios of LDL to HDL cholesterol and 

of total cholesterol to HDL cholesterol. Note the significant increase in 

hypercholesterolemic (HC) rats compared to normocholesterolemic (NC) 

rats, and the protective effects of the extract at all doses tested. 

B-D: Effect of Z. heitzii extract on various oxidative stress markers in 

liver homogenates and blood. Levels of proteins were decreased in liver 

homogenates and increased in hemolysates (B), whereas catalase (CAT) 

level was significantly increased in the liver and in hemolysates (C) of HC 

rats treated with the extract. Malondialdehyde (MDA) level was significantly 

decreased (D), while hydroperoxide (ROOH) level was significantly 

increased (E), in the liver and in blood plasma of HC rats treated with the 

extract. Note that all these effects are dose-dependent. ANOVA+LSD test 

against hypercholesterolemic (HC) rats: *P<0.05, **P<0.01, ***P< 0.001.

E: Morphometric analysis of aorta. Note the decrease in thickness and surface 

area in HC rats treated with the extract. (i) against HC rats, a P < 0.05; (ii) 

against NC rats b P<0.05.

Figure 3. Aortic intima cross-sections of representative cases.

A: Hypercholesterolemic (HC) rat receiving distilled water (negative control 

rat, magnification:暳400). B: HC rat treated with Z. heitzii extract at dose 

300 mg/kg (magnification:暳400). C: HC rat treated with Z. heitzii extract at 

dose 375 mg/kg (magnification: 暳100). D: Normocholesterolemic (NC) rat 

(magnification: 暳100). Arrows indicate atherosclerotic plaque formations. 

Note the extensive atherosclerotic plaques covering almost the whole upper 

part of the excised aorta in negative control rat (A), and the less important 

extent of plaques in the animal receiving the extract at dose 300 mg/kg (B). 

Note also that the comparable extent of plaques in HC rat treated with Z. 
heitzii extract at dose 375 mg/kg (C) and in NC rat (D).

4. Discussion

  In the present study, crude stem bark extract of Z. heitzii 
significantly improved various risk factors of atherogenesis in rats 

chronically exposed to hypercholesterolemic (HC) diet (HC rats), 

including blood, aorta, liver and feces lipid profiles, blood and liver 

levels of markers of oxidative stress. The histopathological study 

of cross-sections of aortic intima revealed extensive atherosclerotic 

plaques covering almost the whole upper part of the excised aorta 

in negative control HC rats, whose formation was mitigated in HC 

rats given the extract, suggesting that the plant may possess anti-

Table 4
Effect of Z. heitzii extract on levels of total cholesterol, triglycerides, and TBARS in the liver, aorta, and/or feces.

Experimental groups Samples Total cholesterol(mg/g) Triglycerides(mg/g) TBARs(nmol/g)
HC rats+dH2O Liver   21.43±1.24 18.46±1.21 36.47±3.11

Aorta   18.87±1.15 16.32±1.44 34.15±3.44
Fecal   78.12±4.26 n/a n/a

HC +Z. heitzii (mg/kg) 225 Liver   11.42±1.25** 12.32±1.33 ** 21.18±1.22**

Aorta   12.32±0.23** 12.43±1.17* 19.28±2.47**

Fecal 104.33±3.73** n/a n/a
300 Liver   12.33±1.11** 13.22±0.89 ** 22.69±1.46**

Aorta   12.12±0.16** 11.67±1.14* 19.26±2.12**

Fecal 101.77±3.34** n/a n/a
375 Liver   13.41±1.31** 14.32±1.32** 21.39±1.67**

Aorta   12.11±0.67** 13.32±1.24* 20.39±2.21**

Fecal 102.33±3.61** n/a n/a
NC rats Liver     8.00±0.16**   7.23±0.63** 11.25±1.13**

Aorta     6.23±0.27**   6.76±0.67** 12.17±1.17**

Fecal   42.89±2.23 n/a n/a

Data are mean±SEM, n=5. One-way ANOVA+LSD test against hypercholesterolemic (HC) rats: *P<0.05, ** P<0.01. n/a: not analyzed. 
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atherosclerogenic properties. This hypothesis was also sustained by 

the observation of less marked changes in morphometric parameters 

of aortas of animals given the extract concomitantly with HC diet 

exposure.

  Dyslipidemia, the most important risk factor for atherosclerosis, 

is marked by an increase in the plasmatic levels of total cholesterol, 

LDL cholesterol and triglycerides, together with a reduction in HDL 

cholesterol[22,23]. In our study, plasmatic levels of these markers 

in rats concomitantly exposed to HC diet and Z. heitzii extract for 

four weeks were comparable with NC rats (normal control group) 

and atorvastatin-treated (positive control group) levels, suggesting 

that Z. heitzii extract significantly prevented dyslipidemia in rats 

exposed to HC diet, indicating suggesting hypotriglyceridemic and 

hypocholesterolemic effects. Considering that abnormal lipid profiles 

constituting the hallmark of HC-induced metabolic syndrome were 

also prevented in the liver by the extract concomitantly with a 

marked increase in total cholesterol excreted, we hypothesize that 

hypolipidemic activity of the extract may be mediated by reducing/

inhibiting cholesterol intestinal absorption and increasing reverse 

cholesterol transport, as observed with agents inducing comparable 

hypolipidemic effects together with antioxidant effects such as 

ezetimibe[24,25] and bile acid sequestrant cholestyramine[26,27]. The 

extract decreased total cholesterol levels in the liver, aorta and feces, 

but unlike the mentioned classical anti-dyslipidemic agents[9,10], at 

the doses tested the extract failed to keep plasma total cholesterol 

at control levels. Considering that the extract significantly slowed 

the increase in this parameter compared with HC rats, it can be 

hypothesized that active principles of the extract may use different 

mechanisms of action than ezetimibe to induce their hypolipidemic 

effects, explaining differences in anti-dyslipidemic potential. Thus, 

further studies addressing mechanisms of action of the extract may 

prove useful for developing new classes of hypolipidemic and anti-

dyslipidemic drugs with less cardiovascular side effects associated 

with total cholesterol drastic decrease[1,2,28]. 

  In addition, and notably, Z. heitzii extract prevented HC diet-

associated pathological changes in various oxidative stress 

markers[29,30] in the liver and blood, and mitigated lipid peroxidation. 

Notably, catalase level increase in the liver and in hemolysates, 

hydroperoxide increase and malondialdehyde decrease in the liver 

and in blood plasma, and increases in liver and aorta levels of TBARs 

were prevented in HC-diet exposed rats treated with the extract, in a 

dose-dependent fashion. These findings corroborate a recent in vitro 
study reporting antioxidant effects of fruit extract of Z. heitzii[15]. 

Oxidative stress being a major risk factor for atherogenesis[31,32], 

it appears that besides the aforementioned hypolipidemic effects, 

oxidative stress mitigation may represent another mechanism by 

which Z. heitzii extract may mediate anti-atherogenic effects. Also 

considering that oxidative stress, dyslipidemia, and atherosclerosis 

are three of the most important risk factors for cardiovascular 

diseases and conditions[1,2], the findings of this study suggest that

Z. heitzii extract may have preventive and therapeutic effects in these 

pathologies. Furthermore, Z. heitzii fruit extract was also reported 

antisickling[15] and antifilarial effects[33]. The lack of major signs 

of toxicity following administration of the extract for four weeks 

suggests that it was well-tolerated[34-36], further encouraging 

characterizing the medicinal properties of Z. heitzii.
  The present study assessed hypolipidemic, antioxidant, and anti-

atherosclerogenic properties in aqueous extract of Z. heitzii bark, 

used in African traditional medicine against arterial hypertension. 

Findings suggested hypocholesterolemic effects probably mediated 

by inhibition of intestinal absorption of cholesterol and increase 

of fecal excretion of sterols, as well as hypotriglyceridemic 

and antioxidant effects, which explain at least partly the anti-

atherosclerogenic effects also observed in the study. However, 

plasma total cholesterol was not markedly affected, suggesting that 

future studies addressing active principles of this plant may lead 

to the development of hypolipidemic and anti-dyslipidemic agents 

with less marked side effects associated with drastic decrease in total 

blood cholesterol.
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