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Hypercholesterolemia represents the most essential dangerous 

factor for cardiovascular diseases, which continue to be a wide-

spread problem worldwide. The current study aimed to evaluate 

the therapeutic effects of costus (Saussurea lappa) in hyper-

cholesterolemic rats. Five groups (n=7) of male albino rats 

(Rattus norvegicus) were randomly allotted as follows: the 

control group, coconut oil group (coconut oil for 4 weeks + 

water for other 4 weeks), cholesterol group (450 mg cholesterol 

powder/kg body weight dissolved in coconut oil for 4 weeks + 

water for other 4 weeks), costus group (water for 4 weeks +     

50 mg costus roots powder/kg body weight suspended in water 

for other 4 weeks), the cholesterol+costus group (cholesterol for 

4 weeks + costus for other 4 weeks). All treatments were given 

in 0.5 mL by gavage. The hypercholesterolemic rats showed 

marked dyslipidemia and significant increases in the serum 

levels of the atherogenic index, malondialdehyde, nitric oxide, 

and vascular endothelium growth factor, as well as the  

activities of serum alanine aminotransferase, aspartate amino-

transferase, and alkaline phosphatase, in comparison with the 

other groups. Additionally, hypercholesterolemic rats had 

significant decreases in the serum high-density lipoprotein 

cholesterol level and the activities of serum superoxide 

dismutase and catalase, and impairment in the kidney  

functions, in comparison with the other groups. Costus 

administration modulated significantly all the changes in the 

serum of the hypercholesterolemic rats. In conclusion, dietary 

supplementation of costus has a potential/effective role in 

alleviating the biochemical disturbances resulting from hyper-

cholesterolemia. 

 

INTRODUCTION 

Hypercholesterolemia is defined as having 

high cholesterol levels in the blood and      

an elevation in the percentage of low and 

very low density lipoproteins, which is 

considered a major danger factor for cardio-

vascular illness
[1]

. Using medicinal herbs 

may be an innovative method for treating 

different diseases and preventing the bad 

effects of pharmaceuticals. Many studies are 

focused on the herbal therapy to prevent the 

adverse effects of pharmaceuticals and to be 

utilized as an anti-hypercholesterolemia
[2-4]

. 

Costus (Saussurea lappa) is a plant in the 
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Asteraceae family that is extensively used as 

a natural herbal drug in traditional Indian 

medicine for treating different diseases. It is 

rich in antioxidants that defend against          

a variety of pathophysiological conditions  

as gastritis, liver diseases, inflammation, 

respiratory diseases, tumor, parasites, 

bacterial infections, and others
[5,6]

. Various 

chemical components are separated from  

the plant body, primarily the roots, and 

considered as bioactive components like 

flavonoids, polyphenols, dehydrocostus 

lactone, costunolide, and steroids that 

improve antioxidant defenses and are 

responsible for the beneficial effects of 

costus
[6]

. An extract of Costus speciosus, 

which is another species of costus was  

found to have antiatherogenic properties in 

hyperlipidemic rabbits
[3]

. In conduction with 

the previous literature, the present study  

was designed to evaluate the therapeutic 

impact of costus roots on the biochemical 

alterations in serum of a hypercholesterol-

emic rat model. 

 

MATERIAL AND METHODS 

Cholesterol 

Cholesterol white powder (C27H46O; 

molecular weight: 386.65 g/mol; purity: 

>99%, easily dissolved in coconut oil)     

was obtained from the Middle East 

Company for Medical and Scientific 

Apparatus (Cairo, Egypt). Coconut oil 

(100% virgin coconut oil, 0% trans fatty 

acids) was purchased from a Pyramid 

Company for a New Industry (Cairo, Egypt) 

for dissolving cholesterol. 
 
Plant material  

Costus (Saussurea lappa) was purchased 

from Indian Herbal and Spices store         

(El-Azhar street, Cairo, Egypt). The plant 

root was identified at the Botany Department, 

Faculty of Science, Benha University by    

Dr. Heba S. Essawy. The roots were dried 

under shade, mechanically powdered, and 

stored in an air-tight container for further  

use. The dried root has a slightly bitter taste 

and a distinctive odor. It is grey to yellow in 

color, wrinkled, ridged, and rigid. 

Induction of hypercholesterolemia 

Hypercholesterolemia was induced in rat    

as described by Nwichi et al.
[7] 

with       

some modifications. Briefly, 450 mg 

cholesterol/kg body weight was dissolved in 

0.5 mL coconut oil and orally administered 

to rats daily for four weeks via oral gavage. 

 

Animals and experimental design  

Thirty-five healthy adult male albino rats 

(Rattus norvegicus), aged 6-8 weeks and 

weighing 100-120 g, were purchased from 

Helwan Farm of the Egyptian Organization 

for Vaccine and Biological Preparations 

(Cairo, Egypt), Experimental rats were given 

free access to the daily diet and water and 

they were acclimatized on the laboratory 

conditions for two weeks before the starting 

time of the experiment. 

Rats were allotted into 5 groups              

(7 animals each) as follows: 

- Group I: normal healthy rats received   

0.5 mL water orally/daily (by gavage) for 

8 weeks. 

- Group II: received orally/daily 0.5 mL 

coconut oil for 4 weeks then received   

0.5 mL water orally/daily for other          

4 weeks. 

- Group III: received orally/daily 450 mg 

cholesterol/kg body weight dissolved in 

0.5 mL coconut oil for 4 weeks then 

received 0.5 mL water orally/daily for 

other 4 weeks. 

- Group IV: received orally/daily 0.5 mL 

water for four weeks then received costus 

(50 mg/kg body weight)
[5] 

suspended in 

0.5 mL water orally/daily for other four 

weeks. 

- Group V: received orally/daily 450 mg 

cholesterol/kg body weight dissolved in 

0.5 mL coconut oil for 4 weeks then 

received costus (50 mg/kg body weight) 

suspended in 0.5 mL water orally/daily 

for other four weeks. 

 

Sampling of blood  

Rats were starved overnight after finishing 

the experiment and anesthetized by mild 

inhalation of diethyl ether. The blood 

samples were taken from vena cava, allowed 
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to coagulate, and centrifuged at 1500 g for 

15 minutes, then sera were isolated and 

preserved at ‒20°C until used. 

 

The biochemical analysis 

Triacylglycerol (TG) was measured 

according to the method of Bucolo and 

David
[8]

, total cholesterol (TC) was 

measured according to the method of 

Meiattini et al.
[9]

, and high-density 

lipoprotein cholesterol (HDL-C) was 

determined according to the method of 

Friedewald et al.
[10]

 by using Spinreact 

Company kits (Girona, Spain). The low-

density lipoprotein cholesterol (LDL-C) and 

very low-density lipoprotein cholesterol 

(VLDL-C) were calculated by Friedewald   

et al.
[10] 

equations: 

- LDL-C = Total C – [HDL-C + 

(Triacylglycerol/5)]. 

- VLDL-C = Triacylglycerol/5   

Atherogenic index was calculated according 

to Hostmark et al. 
[11]

 as follow:  

Atherogenic index = (TC ‒ HDL-C)/HDL-C  

The activity of serum superoxide 

dismutase (SOD) was evaluated according  

to Goldstein and Czapski
[12]

, the catalase 

(CAT) activity was determined according   

to Aebi
[13]

, and the level of malondi-

aldehyde (MDA) was determined by using 

BioVision kits (Milpitas, CA, USA). Urea, 

uric acid, and creatinine were determined 

spectrophotometrically in serum according 

to Fawcett and Scott
[14]

, Kageyama
[15]

, and 

Mazzachi et al.
[16]

 methods, respectively,   

by using Roche Diagnostics Egypt kits  

(Giza, Egypt). Alanine aminotransferase 

(ALT), aspartate aminotransferase (AST), 

and alkaline phosphatase (ALP) activities 

are estimated according to Klauke et al.
[17]

 

by using Roche Diagnostics Egypt kits. 

Serum nitric oxide (NO) concentration was 

determined according to Ridnour et al.
[18] 

using QuantiChrom™ nitric oxide assay    

kit (BioAssay Systems, Hayward, CA,  

USA). Vascular endothelium growth factor 

(VEGF) concentration was determined by  

rat ELISA kit purchased from the Cloud 

Clone Corporation (Katy, TX, USA) 

according to Zhu and Segura
[19]

 method. 

Statistical analysis 

Data were analyzed by the one-way   

analysis of variance (ANOVA) followed    

by Duncan´s test
[22]

 using the Statistical 

Package for Social Science SPSS      

(version 20) program produced by IBM 

Software, Inc. (Chicago, IL, USA) and 

expressed as the mean of 7 individual  

values ± the standard deviation “SD”. 

Similar letters in the same raw indicate         

a non-significant difference at P0.05,  

while different letters indicate a significant 

difference at P<0.05.  

 

RESULTS 

The impact of costus on serum lipid 

profile of hypercholesterolemic rats  

The data presented in Table “1”        

revealed significant-increases (P<0.05) in 

levels of TG, TC, LDL-C, VLDL-C, and 

atherogenic index in the cholesterol-treated 

group when compared with all other    

groups. However, HDL-C level decreased 

significantly (P<0.05) in the same group 

compared with all other groups. On the  

other hand, administration of costus 

modulated significantly (P<0.05) the 

obtained dyslipidemia in the hyper-

cholesterolemic rats (Table 1). 
 

The impact of costus on oxidative stress 

markers of hypercholesterolemic rats  

Table ʻʻ2ʼʼ revealed a significant decrease 

(P<0.05) in the activities of SOD and     

CAT and a significant increase (P<0.05) in 

lipid peroxidation marker (MDA) in the 

cholesterol-treated group when compared 

with all other groups. Treatment with costus 

increased significantly (P<0.05) the anti-

oxidant enzyme activities and lowered 

significantly (P<0.05) the MDA level in the 

hypercholesterolemic rats (Table 2).  
 
Costus normalized serum kidney 

functions in hypercholesterolemic rats  

The data presented in Table “3” indicated 

that the levels of urea, uric acid, and 

creatinine were significantly increased 

(P<0.05) in the cholesterol-treated group    

in comparison with all other groups.
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Table 1: Impact of costus (Saussurea lappa) on the serum lipid profile of the 

hypercholesterolemic rats. 
 

 

Data are presented as means ± standard deviations (n = 7). Group I: control group, group II: 

coconut oil group, group III: cholesterol group, group IV: costus group, group V: 

cholesterol+costus group, TG: triacylglycerol, TC: total cholesterol, HDL-C: high-density 

lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, VLDL-C: very low-

density lipoprotein cholesterol. In the same raw, values with similar letters mean a non-

significant difference, and values with different letters mean a significant difference. 

 

 

Table 2: Impact of costus (Saussurea lappa) treatments on the activities of antioxidant 

enzymes and malondialdehyde (MDA) level in serum of the hypercholesterolemic rats. 
 

 Group I Group II Group III Group IV Group V 

SOD (U/mg protein) 3.60±0.32
b
 3.40±0.01

b
 1.40±0.39

e
 4.10±0.01

a
 2.10±0.08

d
 

CAT (nmol/mg protein ) 2.60±0.04
b
 2.50±0.04

b
 0.90±0.18

e
 3.40±1.66

a
 1.70±0.04

d
 

MDA (nmol/mg protein) 0.91±0.02
c
 0.97±0.04

c
 2.64±0.11

a
 0.71±0.03

d
 1.22±0.17

b
 

 

Data are presented as means ± standard deviations (n = 7). Group I: control group, group II: 

coconut oil group, group III: cholesterol group, group IV: costus group, group V: 

cholesterol+costus group, SOD: superoxide dismutase, CAT: catalase. In the same raw, 

values with similar letters mean a non-significant difference, and values with different letters 

mean a significant difference. 

 

 

Table 3: Impact of costus (Saussurea lappa) treatments on kidney functions of the 

hypercholesterolemic rats. 
 

 Group I Group II Group III Group IV Group V 

Urea (mg/dL) 40.4±0.9
b
 40.2±0.2

b
 57.3±0.5

a
 30.4±0.6

c
 40.9±0.4

b
 

Uric acid (mg/dL)   1.3±0.2
b
   1.3±0.1

b
   2.3±0.4

a
   0.8±0.1

c
   1.4±0.3

b
 

Creatinine (mg/dL)   0.3±0.09
b
 0.33±0.05

b
 1.08±0.09

a
 0.15±0.06

c
 0.37±0.09

b
 

 

Data are presented as means ± standard deviations (n = 7). Group I: control group, group II: 

coconut oil group, group III: cholesterol group, group IV: costus group, group V: 

cholesterol+costus group. In the same raw, values with similar letters mean a non-significant 

difference, and values with different letters mean were significantly different. 

 GROUP I GROUP II GROUP III GROUP IV GROUP V 

TG (MG/DL) 104.8±0.6
d
 105.3±0.6

d
 131.3±0.4

a
 90.1±0.9

e
 115.4±0.5

b
 

TC (MG/DL)   70.6±0.6
d
   70.8±0.3

d
 100.6±0.8

a
 68.5±0.8

e
   77.9±0.1

b
 

HDL-C (MG/DL)   41.6±0.5
b
   40.2±0.2

b
   23.3±0.4

e
 45.9±0.6

a
   39.1±1.3

c
 

LDL-C (MG/DL)   30.0±0.7
d
   30.9±0.4

d
   51.2±1.1

a
 28.3±0.5

e
   40.2±1.4

b
 

VLDL-C (MG/DL)   21.2±0.1
c
   21.5±0.1

c
   27.1±0.1

a
 19.3±0.5

d
   22.9±0.1

b
 

ATHEROGENIC INDEX   1.76±0.29
d
   1.72±0.18

d
   3.32±0.83

a
 1.20±0.28

e
   1.98±0.01

b
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On the other hand, there were no significant 

differences (P0.05) in the kidney functions 

between the control group and the 

cholesterol+costus group. 

 

The impact of costus on tissue-injury 

markers in hypercholesterolemic rats  

Serum ALT, AST, and ALP activities     

were significantly elevated (P<0.05) in the 

cholesterol-treated group in comparison  

with all other groups (Table 4). Treatment of 

costus resulted in significant decreases in  

the  activities  of  these  enzymes  in  the  hyper- 

 

cholesterolemic rats (Table 4). 

 

The impact of costus on serum NO and 

VEGF of hypercholesterolemic rats  

Figures “1 and 2” showed that the NO      

and VEGF levels increased significantly 

(P<0.05) in the cholesterol-treated group    

in comparison with all other groups. On the 

other hand, the hypercholesterolemic rats 

treated with costus showed a significant 

decrease (P<0.05) in NO and VEGF levels 

in comparison with the cholesterol-treated 

group. 

Table 4: Impact of costus (Saussurea lappa) treatments on tissue injury markers in serum of 

the hypercholesterolemic rats. 
 

 Group I Group II Group III Group IV Group V 

ALT (U/L) 24.6±3.7
c
 25.1±5.8

c
 42.0±2.5

a
 20.6±0.8

d
   26.6±1.4

b
 

AST (U/L) 74.3±6.2
c
 74.4±7.7

c
 103.0±10.9

a
 62.6±2.7

d
 77.95±5.0

b
 

ALP (U/L) 13.0±1.4
c
 13.3±2.8

c
 16.0±1.4

a
 11.0±0.8

d
 14.90±1.8

b
 

 

Data are presented as means ± standard deviations (n = 7). Group I: control group, group II: 

coconut oil group, group III: cholesterol group, group IV: costus group, group V: 

cholesterol+costus group, ALT: alanine aminotransferase, AST: aspartate aminotransferase, 

ALP: alkaline phosphatase. In the same raw, values with similar letters mean a non-

significant difference, and values with different letters were significantly different. 

 

 Group I Group II Group III Group IV Group V  
 

Figure 1: Impact of costus (Saussurea lappa) treatments on serum nitric oxide level in the 

hypercholesterolemic rats. Data are presented as means ± standard deviations (n = 7). Group I: 

control group, group II: coconut oil group, group III: cholesterol group, group IV: costus 

group, group V: cholesterol+costus group. Values with different letters on the columns were 

significantly different. 
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 Group I Group II Group III Group IV Group V  
 

Figure 2: Impact of costus (Saussurea lappa) treatments on serum vascular endothelium 

growth factor (VEGF) of the hypercholesterolemic rats. Data are presented as means ± 

standard deviations (n = 7). Group I: control group, group II: coconut oil group, group III: 

cholesterol group, group IV: costus group, group V: cholesterol+costus group. Values with 

different letters on the columns were significantly different. 

 

DISCUSSION 

Hypercholesterolemia is considered a risk 

factor for cardiovascular ailments such       

as atherosclerosis and its complications, 

acute infarction of the myocardium, 

hypertension, cerebral infarctions, and 

stroke
[21-23]

. Costus (Saussurea lappa) is       

a well-known medicinal plant that is   

utilized in a variety of medications       

around the world. The present study was 

designed to explore additional therapeutic 

effects of costus in a hypercholesterolemic 

rat model. The results of the current study 

revealed that hypercholesterolemic rats 

showed abnormal elevation in serum lipid 

levels with a significant increase in the    

TGs, TC, LDL-C, and VLDL-C levels,       

as well as atherogenic index, and induced     

a significant decrease in HDL-C level 

compared with those in the control and      

all other groups. Interestingly, treatment 

with costus modulated significantly all 

changes in the serum lipid profile                

of the hypercholesterolemic rats, which 

probably due to the antidyslipidemic  

activity of their phytochemicals especially 

costunolide
[6]

.  

The hypercholesterolemic diet caused      

a significant reduction in the activities of 

enzymic antioxidant (SOD and CAT) with   

a marked increase in the level of MDA, 

which is a marker lipid peroxidation since 

the degree of lipid peroxidation can be 

reflected by detecting the amount of MDA. 

The recorded biochemical alterations in the 

hypercholesterolemic rats, especially those 

related to the kidney dysfunctions, were 

significantly changed by treatment with 

costus and may be attributed to the tannins, 

triterpenes, alkaloids, inulin, and essential 

oil present in the costus roots
[5]

. The above-

mentioned chemical components of the 

costus played important roles in the 

alleviation of lipid peroxidation and 

oxidative stress, which caused due to an 

imbalance between ROS (reactive oxygen 

species) production and the free-radical 

scavenging ability of the antioxidant 

enzymes; the excessive ROS production 

causes antioxidant imbalance and anti-

oxidant depletion
[5,6]

.  

The results of the present study revealed 

that serum urea, uric acid, and creatinine 

levels were significantly elevated in 
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hypercholesterolemic rats when compared 

with all other groups indicating kidney 

dysfunctions, which probably due to:          

(a) cellular leakage and a rupture in the 

integrity of the cell membrane of the kidneys 

resulting from oxidative stress caused by 

hypercholesterolemia, (b) an increase the 

production in free radical’s that caused 

severe congestion in the cortical blood 

vessel with swelling and degeneration in   

the epithelial cells lining the tubules of 

kidney
[24]

. Successfully, the kidney functions 

were improved in a significant manner in the 

cholesterol+costus group, where there were 

no significant differences between this  

group and the control group. Thus, the 

nephroprotective activity of costus may be 

attributed to their antioxidant bioactive 

compounds
[5]

. The activities of AST, ALT, 

and ALP (tissue injury markers) increased 

significantly in the cholesterol-treated group 

compared with the control group and all 

other groups. On the other hand, costus 

caused a significant decrease in all tissue 

injury markers of the hypercholesterolemic 

rats, which may be attributed to its free 

radical scavenging activity that can keep the 

integrity of the cell membrane
[25]

.  

In the current study, cholesterol-treated 

rats showed a significant increase in serum 

NO level compared with the control and 

other treated groups causing enhancement of 

the oxidative stress and imbalance in 

oxidant/antioxidant status evidenced by 

increased MDA and decreased the activities 

of enzymatic antioxidants. Successfully, 

costus treatment after cholesterol induction 

caused a significant decrease in NO in 

comparison with the cholesterol-treated 

group, which may be due to dehydrocostus 

lactone that can be separated from costus 

and inhibited the generation of NO via 

suppressing the expression of NO synthase 

enzyme
[6]

. In addition, treatment with 

cholesterol induced a significant increase in 

serum VEGF level compared with the 

control and other treated groups, which 

could consider as a protective response 

against hypoxia and endothelial injury in    

an early atherosclerosis caused by 

hypercholesterolemia. Costunolide of costus 

inhibits the proliferation of endothelial cells-

induced by VEGF by blocking the 

angiogenic factor signaling pathway
[6] 

leading to a significant decrease in VEGF   

in comparison with cholesterol-treated group.  

In conclusion, our results revealed the 

safely potential benefits of costus (Saussurea 

lappa) as an adjuvant in the treatment of 

hypercholesterolemia through potentiating 

the antioxidant defense system. 
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 ضد فرط الكىليسترول " Saussurea lappa" يالتأثيراث العلاجيت للقسط الهند

 المَهقاءرذان ذكىر الج   في

 

 يعزة محمد عبد الرحمه مرع

 جًهىسَح يصش انعشتُح ،انمهُىتُح، جايعح تُها ،كهُح انعهىو ،لسى عهى انحُىاٌ

 

لأيشاض انمهة والأوعُح انذيىَح وانرً لا ذضال يشكهح يُرششج فً جًُع  خطىسج كرشَعُرثش فشط كىنُسرشول انذو انعايم الأ

" فٍ انجِشراٌ Saussurea lappaأَحاء انعانى. هذفد انذساسح انحانُح إنً ذمُُى انرأثُشاخ انعلاجُح نهمسظ انهُذٌ "

( Rattus norvegicusانًهماء )( يٍ ركىس انجِشراٌ 7انًصاتح تفشط كىنُسرشول انذو. ذى ذىصَع خًس يجًىعاخ )ٌ=

أساتُع + ياء نًذج  4، يجًىعح صَد جىص انهُذ )صَد جىص انهُذ نًذج ضاتطحتشكم عشىائٍ عهً انُحى انرانٍ: يجًىعح 

يجى يٍ يسحىق انكىنُسرشول/كجى يٍ وصٌ انجسى "يزاب فٍ صَد جىص  450أساتُع أخشي(، يجًىعح انكىنُسرشول ) 4

 يجى يٍ يسحىق 50أساتُع +  4أساتُع أخشي(، يجًىعح انمسظ انهُذٌ )انًاء نًذج  4نًاء نًذج أساتُع + ا 4انهُذ" نًذج 

أساتُع أخشي(، يجًىعح انكىنُسرشول+انمسظ انهُذٌ  4انمسظ انهُذٌ/كجى يٍ وصٌ انجسى "يعهك فٍ انًاء" نًذج 

يم تانرضلُى. ولذ  0.5انًعايلاخ فٍ أساتُع أخشي(. أعطُد جًُع  4أساتُع + انمسظ انهُذٌ نًذج  4سرشول نًذج ُ)كىن

وصَاداخ يهحىظح إحصائُـاً فٍ يسرىَاخ  ،أظهشخ انجِشراٌ انًصاتح تفشط كىنُسرشول انذو عسشًا كثُشًا فٍ شحًُاخ انذو

الإَضًَاخ  أَشطحنذَهُذ وأكسُذ انُُرشَك وعايم ًَى انثطاَح انىعائُح، وكزنك أَاانًصم نًؤشش ذصهة انششاٍَُ وانًانىَذ

يماسَح يع انًجًىعاخ الأخشي. وكاٌ أَضا نذي انجِشراٌ انًصاتح تفشط  ،انُالهح نًجًىعح الأيٍُ وانفىسفاذاص انمهىٌ

فىق  أَشطحسرُشول وُإحصائُـاً فٍ يسرىي انثشوذٍُ انذهٍُ عانٍ انكرافح انًشذثظ تانكىن ظكىنُسرشول انذو اَخفاض يهحى

ٍ يصم انذو، وخهم فٍ وظائف انكُهً، يماسَح تانًجًىعاخ الأخشي. ولذ أدخ انًعايهح ىذاص وانكاذلاص فُأكسُذ انذَسً

انًكًلاخ  وانخلاصح أٌتانمسظ انهُذٌ إنً ذعذَم جًُع انرغُشاخ فٍ يصم انجِشراٌ انًصاتح تفشط كىنُسرشول انذو. 

 .انُاذجح عٍ فشط كىنُسرشول انذو ُحانغزائُح يٍ انمسظ انهُذٌ نها دوس يحرًم/فعال فٍ ذخفُف الاضطشاتاخ انثُىكًُُائ

 

 


