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INTRODUCTION 

 

Foods, imported from the west, influenced the diet of our society allowing the 

emergence of diseases characterized by metabolic disorders namely 
hyperglycemia and hyperlipidemia (Cho et al., 2010). Cardiovascular disease, 

type 2 diabetes, hypertension and obesity have a common risk factor that is a diet 

rich in calories (Bastaki, 2005). The long-term use of drugs, to prevent defects, 
could be a source of toxicity adding to the heavy burden of these pathologies. 

The case of vitamin C often used against colds, flu and headaches that is not 

highly toxic but is known for its side effects such as nausea, diarrhea and 
digestive noises (Institute of Medicine, 2000). The use of medicinal plants is 

only a relief and natural remedy for the patient who became a prey to synthetic 

and toxic molecules produced by a lucrative wild pharmacological industry. It is 
reasonable to substitute drugs and chemicals by plants with natural and 

therapeutic interests. Among  the plants grown in Algeria, this report was focused 

on  Cynara cardunculus (Artichok). This plant, cultivated in the Mediteranean 
areas, belongs to the Asteraceae family (Lombardo et al., 2010). Algeria is a big 

producer of artichokes in North Africa with 40000 tons harvested in the year 

2005 (INRA, 2006). It  has an invaluable dietary value. It’s  highly consumed 
and healthy product with easy digestion. In addition to iron, calcium and 

vitamins, Cynara cardunculus contains polyphenolic compounds, mainly 

caffeoylquinic acids and flavonoids (Lombardo et al.,2010; Pandino et al., 2011 

). It also contains triterpenes and sesquiterpenes (Ramos et al., 2013). Amounts 

of these bioactive compounds depend on climatic, environmental and genetic 

factors and particularly on plant parts of Artichoke. Caffeic  acids derivatives, 
namely hydroxycinnamic acids, are found at higher amounts in leaves and stems 

(Pandino et al., 2011). These molecules have biological effects such as inhibition 

of lipoxygenase and acting as antioxidants scavenging reactive oxygenated 
species (ROS) or free radicals resulting from oxidative stress (Fritsche et al., 

2002). Cynarin, major compound of caffeoylquinic acid derivatives class, showed 

hepato-protective effects (Perez-Garcıa et al., 2000). This category of molecules 
has also antibacterial activities against some pathogens like Staphylococcus 

aureus and Escherichia coli. These preventive effects are due mainly to the high 

level of phenolic components in the leaves (Yuan et al., 2014). Cynarosides, 
important molecules of flavonoid class, showed hypolipidemic activity (Fritsche 

et al., 2002). Other antioxidant compounds, as apigenin, have a potential 
antimicrobial activity (Rossoni et al., 2005). To day, there is few data on the 

preventive and curative effects of artichokes cultivated in Algeria. The objective 

of our study was to assess the effects of Cynara cardunculus stems and leaves 
(CCS and CCL respectively) decoctions on biochemical parameters in rats fed 

with high-fat-diet and vitamin C-supplement.  

 

MATERIAL AND METHODS 

 

Chemicals  

 

Vitamin C, or ascorbic acid (1000 g) used as drug, was purchased from a local 

pharmacy. This chemical contains some excipients as follow; sodium 
bicarbonates, anhydride citric acid, sucrose, sodium saccharin, macrogol 6000, 

sodium benzoate, orangey yellow S (E110) and orange aroma. 

 

Plant (Cynara cardunculus) 

 

The artichoke (Cynara cardunculus) was purchased from a local market and 
stored at 4 °C until used. The plant was identified by botanist affiliated to biology 

department, faculty of science, Saida University. 

 

Preparation of plant aqueous extracts (decoction) 

 

Amounts of 125 g Cynara cardunculus leaves (CCL) and 125 g   Cynara 
cardunculus stems (CCS)  were dried, powdered, dissolved in 1000 mL of 

distilled water, heated for 30 min and decanted for 15 hours. The aqueous 

extracts were filtrated with Whatmann paper N° 11 then stored at 4 °C until use 
(Fig 1 and Fig 2). 

Cynara cardunculus (CC), belonging to the family of artichokes, is rich in polyphenols and flavonoids. This medicinal plant has shown 

its preventive effects against metabolic disorders. This study aimed to assess the effects of CC stems (CCS) and CC leaves (CCL) 

decoctions on metabolic parameters in rats fed with High-Fat-Diet and Vitamin C-supplement. This study underwent on 30 male adult 

rats divided into 5 groups; Controls, HFD, HFD-VC, HFD-CCS and HFD-CCL. Body weight and biochemical parameters such as blood 

glucose, cholesterol, triglycerides and hepatic transaminases (GOT & GPT) were measured by spectrophotometric analysis methods 

during an experimental period (30 days). Decreased body weights were observed in HFD-CCS (176.93 g) and HFD-CCL (173.2 g) 

compared to HFD-VC (216.63 g). Significant changes were observed regarding blood glucose, total cholesterol, cholesterol-HDL and 

triglycerides in HFD-CCS (0.84±0.03, 1.01±0.07, 1.21±0.05 and 0.64±0.03 g / L respectively) and HFD-CCL (0.85±0.02, 0.89±0.03, 

1.42±0.05 and 0.52±0.02 g / L) compared to HFD-VC (1.32±0.02, 1.3±0.05, 0.76±0.02 and 0.86±0.08 g / L). Liver function was 

characterized by decreased transaminase activities of GOT and GPT in HFD-CCS (22.6 and 19.6 IU / L) and HFD-CCL (12.6 and 10.3 

IU / L) compared to HFD-VC (112 and 73.6 IU / L). Cynara cardunculus showed beneficial effects against biochemical disorders 

induced by high-fat-diet better than vitamin C supplement. Stem and leave decoctions showed complementary activities respectively 

hypoglycemic and hypocholesterolemic. 
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Figure 1 Steps of the preparation Cynara cardunculus leaves aqueous extract. 

A: Cynara cardunculus (CC) dried leaves,  B: CC powdered leaves, C: obtained CC leaves aqueous extract, D: Filtration, E: Filtrate stored. 
 

 
Figure 2 Steps of the preparation Cynara cardunculus stems aqueous extract. 

A: Cynara cardunculus (CC) fresh stems,  B: CC stems cut in pieces, C: obtained CC leaves aqueous extract, D: Filtration, E: Filtrate stored. 

 

Experimental design 
 
Thirty adult male rats, weighting 150 – 190 g, were housed in plastic cages in the 

animal of biology department, under controlled conditions (25 °C, 12 hours 

light/dark cycle) and had access to food and water ad libitum. Animals were 

divided into five groups (6 rats / group); Controls: received standard diet (100 g 

/day) and tap water, HFD:  fed with high fat diet (200 g / day), HFD-VC: vitamin  

 

 

C (200 mg) added to high fat diet, HFD-CCS: orally administered with 2 mL CC 

stems aqueous extract ( 125 mg/mL/day) for 30 days, HFD-CCL: orally 
administered with 2 mL CC leaves aqueous extract ( 125 mg/mL) in the same 

conditions (Fig 3). LD50 of vitamin C, orally administered to rats, is about 11900 

mg / kg (Uzun et al., 2009; Animal toxins, website accessed July 16, 2018). 

The high-fat-diet (or cafeteria diet)  consisted of standard diet (50 %)  and a 

mixture (50 %) of sausage, biscuits, cheese, chips, peanut, chocolate in 

proportions 2: 2: 2: 1: 1: 1 (Pouteau et al., 2008).
 

 

 
 
Figure 3 Design of experiments on rats fed with high-fat-diet and treated with vitamin C, Cynara cardunculus stem and leave aqueous extracts (decoction). 

 

Anthropometrical and biochemical studies 

 

Body weight mean of animals and blood glucose were recorded every 6 days. 

Food and water intake were monitored daily. Blood samples were taken from the 
tail tip of animals to measure glycaemia. Blood glucose levels (g/L) were 

determined by means of Accu-Chek glucometer. Blood glucose reactive test 

based on enzymatic reaction namely glucose oxidase method. Other biochemical 
parameters such as serum triglycerides, total-cholesterol, high-density 

lipoprotein-cholesterol (HDL-C) and transaminase activities were estimated  

 

every 10 days during the experiment duration (30 days) using an automate-
analyzer “mini-VIDAS” (Bio Merieux Laboratories, Lyon, France). 

 

Statistical analysis 

 

Data were performed with SigmaPlot (version 11.0) software. Results were  

presented as a mean value ± standard error of the mean (SEM) by using analysis 
of variance (ANOVA) followed with Tuckey's test to assess significant 

differences of results, with p < 0.05 as the criterion of significance. 
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RESULTS AND DISCUSSION 

 

The effects of vitamin C and Cyrana cardunculus stem and leave decoctions on 

body weight and biochemical parameters were summarized in table 1. Body 
weight, blood glucose, triglycerides, total cholesterol and cholesterol-HDL were 

different and extremely significant between all groups of animals ( p < 0.01) (Fig 

6,7,8 and 9). Results revealed, in HFD-CCS and HFD-CCL groups, decreased 
body weight mean (176.9 ± 1.6 and 173.2 ± 2.0 g) compared to HFD-VC group 

(216.6 ± 2.2 g ) (Tab 1). The results showed, in animals fed high-fat-diet and 

treated with CCS and CCL aqueous extracts at the dose of 125 mg / L, 
a decreased blood glucose  (0.84±0.03 and 0.85±0.02 g / L respectively) 

comparetively to HFD and HFD-VC groups (1.43 ± 0.08 and 1.32 ± 0.02 g / L 
respectively) (Fig 6). In animals, fed with high-fat-diet and treated with vitamin 

C at dose of 200 mg, it was recorded a significantly increased blood triglycerides 

and total cholesterol (0.86 ± 0.08 and 1.3 ± 0.05  g / L respectively) whereas in 
animals treated with Cyrana cardunculus part plant, namely CC stems and 

leaves, it was observed lowering blood levels of the same parameters (0.64 ± 0.03 

and 1.01 ± 0.07  g / L) for CCS group and (0.52 ± 0.02 and 089 ± 0.03  g / L) for 
CCL group (Tab 1) (Fig 7 and 8). Results reported that blood cholesterol-HDL 

were statistically higher in CCS and CCL groups (1.21 ± 0.05 and 1.42 ± 0.05 g / 

L) compared to HFD and HFD-VC groups (0.46 ± 0.06 and 0.76 ± 0.02 g / L) 

(Fig 9). The serum hepatic markers presented in table 1 showed  extremely 

significant increase in transaminase serum activities in HFD and HFD-VC groups 

as follow (68.6 ± 2.9 and 112.2 ± 1.7 IU / L respectively) for GOT and (34.6 ± 
2,0  and 73.6 ± 3.3 IU / L) for GPT markers unlike CCS and CCL groups which 

displayed decreased values as follows GOT (22.6 ± 0.5 and 12.6 ± 0.7 IU / L 

respectively) and GPT (19.6 ± 0.5 and  10.3 ± 0.6 IU / L respectively ) (Tab 1). 
Many studies have already shown that feeding animals with high fat diet exposed 

them to develop obesity associated with type 2 diabetes and this could be 

observed through increased blood glucose, triglycerides and cholesterol serum 
(Berroukche et al., 2016). High fat diet is source of oxidative stress which  

induced metabolic disorders (Berroukche et al., 2015). The most important thing 

in this study is to know whether or not vitamin C and Cyrana cardunculus, as 
medicinal plant,  have  different preventive effects against metabolic alterations 

caused by a diet rich in carbohydrates, fats and calories (or cafateria diet). 

Treatment of animals, exposed to high-fat-diet, with a lower dose of vitamin C 
(200 mg/mL) showed a slightly increase in blood glucose, triglycerides and total 

cholestrol serum. These experiments are similar to study conducted by Magdy et 

al. (2016). Hepatic damage was  revealed in the current study, through a rising of 

the liver enzyme activities namely GOT and GPT.  

In agreement, vitamin C induced hepatotoxicity has been documented by Naidu 

(2001) and Zervos et al. (2011). In the present study, it was found that GOT and 
GPT serum increased significantly in rats treated with vitamin C, this finding is 

in agreement with that of Hsu et al. (2001) who suggested higher levels of 

hepatic transaminases. Vitamin C is widely used as an analgesic and antipyretic 
agent. It is safe at recommended doses. However, vitamin C overdose can trigger 

liver tissue damage (Blieden et al., 2014). Intake of vitamin C, or ascorbic acid, 
for maintenance and stability of normal health was a subject of controversy since 

5 decades (Nandi et al, 1973). Vitamin C Toxicity caused by high concentrations 

has been widely reported in animal cells (Margis-Pinheiro and Silveira , 2018). 
Excess vitamin C is excreted from the body as oxalate, a waste product. A high 

vitamin C intake increases the amount of oxalate in urine, thus increasing the risk 

of developing kidney stones (Assimos, 2004). To date in the litterature, no 
association has been found between vitamin C consumption and hyperglycaemia 

or hypercholesterolemia (Gillani et al, 2017). 

This study revealed that CCS and CCL aqueous extracts, orally administered to 
animals at dose 125 mg/L, reduced significantly blood glucose, triglycerides, 

total cholesterol and liver enzymatic activities of transaminases. According to the 
nutritionists, artichoke has a chemical composition characterized by high level of 

phenolic compounds (Caffeoylquinic acids) and flavonoids (anthocyanins) (De 

Falco et al, 2015). Artichoke composition revealed 7 % of carbohydrates, 3 % of 
proteins and 0.3 % of lipids. The artichoke’s high content of fiber (5.5 %) makes 

this plant a potential functional food and a traditional medicine (Lattanzio et al, 

2009; De Falco et al, 2015). 
Previous animal studies suggested preventive effects of Cynara cardunculus 

leaves aqueous extract against oxidative stress (Rezazadeh et al., 2017). 

Artichoke is a rich source of  caffeoylquinic acids and hydroxycinnamic acids 

(phenolic acids)  and its preventive indication can be associated to several 

bioactive compounds that together trigger off  synergic pharmacologic effects 

(Garbetta et al., 2014).  
The edible parts of artichoke also contain sesquiterpenes, which help to protect 

the liver, decrease blood  glucose and cholesterol levels, have antitumor effects, 

and increase the bile secretion from liver during digestive process (Jacociunas et 

al, 2013). Artichoke, or Cynara cardunculus, has a potential antioxidant activity 

and its bioactive molecules have a scavenging power and stabilize reactive 

oxygene species (ROS) or free radicals generated through the lipid peroxidation 
of cell membrane (Impellizzeri et al, 2012). 

Our results confirmed that artichoke extracts (CCS and CCL) have antioxidant 

activities. Results, obtained in this study, are in agreement with those showed by 
El-Boshy et al. (2017). Authors revealed the hypoglycemic, hypolipidemic and 

hepatoprotective effects of CCS and CCL decoctions at a concentration of 125 

mg / L. Previous studies on preventive activities, conducted on different aerial 
plant parts of artichoke, showed various polyphenol profiles with differences of 

concentrations and composition (Mahmoudi et al., 2007). Protective effects of 

CCS and CCL are due to the richness of Artichoke in phenolic compounds, 

flavonoids and sesquiterpenes which are mainly associated to their potential 

synergetic molecular actions. The oxidative stress, induced by high-fat-diet, 

generates reactive oxygenated species (ROS), or free radicals, responsible of cell 
membrane lipid peroxidation. Therefore, CCS and CCL aqueous extracts 

improve antioxidant process and inhibit free radical generation and the lipid 

peroxidation.     
 

 

Table 1 Effects of vitamin C and Cyrana cardunculus plant parts (stems and leaves) on biochemical parameters in rats fed with high-fat-diet 

 

 

    Parameters                              Controls              HFD                HFD-VC            HFD-CCS               HFD-CCL                   P-value 

   (Mean ± SEM) 

 

Body weight (g)                           141 ± 2.5            172.3 ± 3.4           216.6 ± 2.2              176.9 ± 1.6        173.2 ± 2.0                 < 0.01 
Blood glucose (g/L)                    1.02 ± 0.05         1.43 ± 0.08            1.32 ± 0.02              0.84 ± 0.03        0.85 ± 0.02                 < 0.01 

Triglycerides (g/L)                      0.64 ± 0.08         0.94 ± 0.09            0.86 ± 0.08              0.64 ± 0.03        0.52 ± 0.02                   0.009 

Total cholesterol (g/L)                1.17 ± 0.2             1.7 ± 0.05              1.3 ± 0.05              1.01 ± 0.07        0.89 ± 0.03                   0.004 

Cholesterol-HDL (g/L)               0.6 3± 0.03         0.46 ± 0.06            0.76 ± 0.02              1.21 ± 0.05        1.42 ± 0.05                 < 0.01 

GOT (IU/L)                                 47.3 ± 3.7           68.6 ± 2.9             112.2 ± 1.7              22.6 ± 0.5           12.6 ± 0.7                   < 0.001 

GPT (IU/L)                                  12 ± 0.4             34.6 ± 2.0               73.6 ± 3.3              19.6 ± 0.5            10.3 ± 0.6                   < 0.01 

SEM: standard error of mean – HFD: high fat diet – VC: vitamin C – CCS: Cyrana cardunculus stems – CCL: Cyrana cardunculus leaves – HDL: high density 
lipoproteins  – GOT: glutamic oxaloacetic transaminase – GPT: Glutamic pyruvic transaminase – IU: international unity. 
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Figure  6 Variation of blood glucose in rats fed with high-fat-diet and treated 

with vitamin C and Cyrana cardunculus 
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Figure  7 Variation of  triglycerides serum in rats fed with high-fat-diet and 

treated with vitamin C and Cyrana cardunculus 
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Figure  8 Variation of  total cholesterol serum in rats fed with high-fat-diet and 
treated with vitamin C and Cyrana cardunculus 
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Figure  9 Variation of  cholesterol-HDL serum in rats fed with high-fat-diet and 

treated with vitamin C and Cyrana cardunculus 

 

CONCLUSION 

 

High-fat-diet induces an oxidative stress and metabolic disorders as obesity, type 
2 diabetes and cardiovascular diseases. Treatment with Artichoke aqueous 

extract, in our study, shows protective effects. Cynara cardunculus shows 

beneficial effects against biochemical disorders induced by high-fat-diet better 
than vitamin C supplement. Stem and leave decoctions indicate complementary 

activities respectively hypoglycemic and hypocholesterolemic. Therefore, 
artichoke as food supplementation could be a potential tool to enhance the 

prevention against chronic metabolic diseases.  
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