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ABSTRACT 

 

 Hypercholesterolemia was induced by feeding 

of rats on a high cholesterol diet (HCD) that con-

tains cholesterol (1%), bile salts (0.25%) and co-

conut butter (15%) to evaluate the protective effect 

of steroidal saponins extracted from fenugreek and 

asparagus, and triterpenoidal saponins extracted 

from soapwort and licorice. The rats were divided 

into 6 groups, and the first one was fed on a basal 

diet and served as a negative control group. The 

second group of rats received HCD without any 

plant extract and served as a positive control 

group. The other four groups of rats were fed on 

HCD plus the plant extracts separately at a dose of 

250 mg/kg/day during the experiment period (6 

weeks). The protective effect of various saponin 

extracts were monitored through assays of total 

cholesterol (TC) and triglycerides (TG) in blood, 

liver tissues and feces of the rats as well as other 

blood analyses and histological examinations of 

liver tissues. The data indicated a significant 

(P<0.05) increase in the levels of TC, TG, low den-

sity lipoprotein (LDL), very low density lipoprotein 

(VLDL), creatine phosphokinase (CPK), lactate 

dehydrogenase (LDH), alanine aminotransferase 

(ALT), aspartate aminotransferase (AST), alkaline 

phosphatase (ALP), gamma glutamyltransferase 

(GGT) and glucose, and a significant (P<0.05) 

decrease in the level of high density lipoprotein 

(HDL) in addition to insignificant (P<0.05) differ-

ences in the levels of total bilirubin (TB), total pro-

tein (TP), urea, creatinine and uric acid in serum of 

hypercholesterolemic rats (the positive control) 

compared to the negative control. The protective 

effect of various saponin extracts were established 

by lowering the levels of TC and TG, and obtaining 

the other biochemical parameters near to their 

normal values in serum of rats fed on these plant 

extracts. The data also indicate that TC and TG 

decreased significantly (P<0.05) in liver tissues of 

the rats treated with various saponin extracts com-

pared to the positive control. Conversely, the levels 

of TC and TG increased significantly (P<0.05) in 

feces of the rats treated with various saponin ex-

tracts compared to the negative and positive con-

trols. Histological examinations showed lower con-

tent of fats in liver tissues of the rats treated with 

various saponin extracts compared to the positive 

control. Both of steroidal and triterpenoidal sapo-

nins exhibited approximately the same efficiency in 

their protective effects against hypercholesterole-

mia. The hypocholesterolemic effect of saponin 

extracts may be due to the inhibition of cholesterol 

absorption in the intestine which led to increase of 

cholesterol excretion in the feces.                                      

 

Keywords: Asparagus, Fenugreek, Hypercholes-

terolemia, Licorice, Saponins, Soapwort, Steroidal, 

Triterpenoidal.   

 

INTRODUCTION 

 

 Hypercholesterolemia, elevated low-density 

lipoprotein (LDL) cholesterol concentration and 

hypertriglyceridemia are major risk factors for the 

development of atherosclerosis and cardiovascular 

disease. Persistent hypercholesterolemia results 

from an increase in the production and secretion of 

LDL that prolongs its period of circulation, which 

increases oxidative stress and leads to the oxida-

tive modification of LDL to oxidized LDL (Vázquez-

Castilla et al 2013). 

 Synthetic drugs like statins and fibrates, which 

reduce the levels of lipids and cholesterol pos-

sesses potentially toxic side effects. Viable alterna-
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tives to the synthetic drugs are natural products 

which exhibit high lipid lowering potential with min-

imal or no side effects. Earlier studies reveal that 

the consumption of medicinal plants containing 

saponins reduces the risk of hypercholesterolemia 

(Marrelli et al 2016). 

 Saponins are compounds that occur naturally 

in many plants and possess detergent-like proper-

ties (the name saponin is derived from the word 

"soap"). Saponins vary in their chemical structures 

and a large amount of research has been conduct-

ed in the last decade to attempt to isolate and 

identify saponins found in plants. A saponin con-

sists of a hydrophobic nucleus (steroidal or 

triterpenoid) attached to hydrophilic groups (carbo-

hydrate side chains) (Hostettmann and Marston, 

1995). Saponins are generally classified by the 

chemical structure of their nucleus (aglycone). 

Thus, there are steroidal saponins and triterpenoid 

saponins. Although saponins have diverse chemi-

cal structures, they possess some common char-

acteristics. Examples of common traits are bitter 

taste (associated with reduced palatability to some 

animals), formation of stable foams in aqueous 

solutions (detergent-like properties), toxicity to mol-

lusks and fish (piscicidal and molluscicidal uses), 

ability to form complexes with bile acids and cho-

lesterol (Sidhu and Oakenfull, 1986), and interac-

tion with cell membranes (red blood cell hemoly-

sis). Within a plant, high concentrations of sapo-

nins tend to be found in the roots and among grow-

ing shoots. However, this trend is variable depend-

ing on the species of plant. For example, Quillaja 

saponaria contains high levels of saponins in its 

bark, while alfalfa in its roots. Saponins have been 

shown to influence nutrient digestion and absorp-

tion in a variety of ways. Mechanisms of action 

involved in these effects are not clearly defined. It 

has been determined that saponins form insoluble 

complexes with cholesterol and inhibit the availa-

bility of bile salts (Oakenfull, 1986). These interac-

tions may exert effects on micelle formation and 

thus, impair the absorption off at and fat-soluble 

compounds (Jenkins and Atwal, 1994). Saponins 

possess a wide range of biological activities, one 

of them being the ability to inhibit cholesterol ab-

sorption and to decrease serum and liver choles-

terol. The latter effect has important implications 

for human health, as it could help the battle against 

hypercholesterolemia and the cardiovascular prob-

lems, associated with it (Vinarova et al 2015). 

 Fenugreek (Trigonella foenum graecum) seed 

contains alkaloids, flavonoids and saponins but out 

of all these, saponins are found to be in maximum 

concentration in the fenugreek (Jani et al 2009; 

Uemura et al 2011; Kumar et al 2012). Fenu-

greek seed contains 3.5% alkaloids, primarily 

trigonelline, whereas saponin was found to be 

4.8% (Rao et al 1996; Faeste et al 2009; Jani et 

al 2009). Alkaloids, flavonoids and saponins of 

fenugreek have pharmacological effects. They act 

as antilipidemic, hypoglycaemic and cholagogic 

agent and their use should be promoted to man-

age diabetes mellitus, hypercholesterolemia be-

cause clinical evidence shows promising results in 

reducing serum cholesterol level (Izzo et al 2005; 

Murlidhar and Goswami, 2012). Fenugreek 

seeds have lowered serum cholesterol, triglyceride 

and low-density lipoprotein in hypercholesterole-

mia suffering patients and experimental models. 

Fenugreek consumption in diet reduced triglycer-

ide accumulation in the liver but do not interfered 

with the plasma insulin or glucose levels obesity 

suffering rats (Basch et al 2003; Murlidhar and 

Goswami, 2012). 

Asparagus (Asparagus officinalis) shoot con-

tains bioactive constituents such as dietary fiber, 

polyphenols, saponins, sterols, oligosaccharides, 

carotenoids and amino acids, all of which may con-

tribute to the functional properties of this vegeta-

ble. Among the compounds with antioxidant activi-

ty, asparagus contains a large amount of polyphe-

nols, mainly flavonoids. The flavonoid rutin consti-

tutes 60%–80% of the total phenolic content of 

purple and green asparagus extracts, and rutin 

could be directly related to the antioxidant proper-

ties of asparagus (Vázquez-Castilla et al 2013). 

Licorice (Glycyrrhiza glabra) root extract con-

tains saponin, triterpenes (glycyrrhizin, glycyr-

rhetinic acid and liquirtic acid), flavoniods (liquirtin, 

isoflavonoids and formononetin) and other constit-

uents such as coumarins, simple sugar and poly-

saccharide like starch, pectin, amino acids, tan-

nins, choline, phytosterols, mineral salts and vari-

ous other substance (Fukai et al 1998). The most 

important compounds are glycyrrhizin and glycyr-

rhizic acid, which are believed to be partly respon-

sible for anti-ulcer, anti-inflammatory, anti-diuretic, 

anti-epileptic, anti-hepatotoxic, anti-viral activities, 

anti-allergic and antioxidant property of the plant 

as well as their ability to fight low blood pressure 

(Ross, 2001; Arystanova et al 2001; Al Qarawi 

et al 2001). The other important compound is 

glabridin, it is the major flavonoid, present specifi-

cally in licorice; it has various physiological activi-

ties such as cytotoxic, anti-tumor promoting, anti-

microbial, estrogenic and anti-proliferative activity 

against human breast cancer cells. It also affects 
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melanogensis, inflammation, low density lipopro-

tein (LDL) oxidation and protection of mitochondria 

functions from oxidative stresses (Khatta and 

Simpson, 2010). 

 Soapwort (Saponaria officinalis) extract is ob-

tained by boiling the roots of the soapwort. Sapo-

nins (active substance of soapwort extract) are 

found in the diet, phytochemical saponins have a 

wide spectrum of activity as antifungal and antibac-

terial agents, lowering of blood cholesterol and 

inhibition of cancer cell growth. However, many 

saponins show haemolytic activity, and have a 

bitter taste (Ceyhun-Sezgin and Artik, 2010). The 

cholesterol-lowering activity of saponaria has been 

demonstrated both in animal studies and in clinical 

trials with humans. It was proposed that the sapo-

nin action must be inside the intestine, because 

the saponins are not absorbed in the gut. Some 

saponins (soya, soapwort) inhibit intestinal bile salt 

(BS) reabsorption via formation of large saponin + 

BS aggregates, which enhances BS synthesis 

from cholesterol in the liver and, thus, leads to cho-

lesterol depletion (Vinarova et al 2015). 

 Therefore, the present study was carried out to 

evaluate the protective effects of steroidal sapo-

nins extracted from fenugreek seeds and aspara-

gus shoots, and triterpenoidal saponins extracted 

from soapwort and licorice rhizomes against hy-

percholesterolemia induced by feeding of rats on a 

high cholesterol diet. The present study was also 

aimed to compare between the efficacies of both 

types of saponins (steroidal and triterpenoidal) 

from these plant extracts against hypercholesterol-

emia in the rats. 

 

MATERIALS AND METHODS 

 

Materials 

 

 Fenugreek (Trigonella foenum-graecum) seeds 

and asparagus shoots (Asparagus officinalis) were 

obtained from a local market, Cairo, Egypt.  Lico-

rice (Glycyrrhiza glabra) and soapwort (Saponaria 

officinalis) rhizomes were purchased from Agricul-

tural Seeds, Spices and Medicinal Plants Co., Al-

Azhar St., Cairo, Egypt. All chemicals used in this 

work were of analytical grade. 

 

Reagent kits 

 

 Triglycerides (TG), total cholesterol (TC), high 

density lipoprotein (HDL), aspartate aminotransfer-

ase (AST), alanine aminotransferase (ALT), gam-

ma glutamyl transferase (GGT), alkaline phospha-

tase (ALP), total bilirubin (TB), total protein (TP), 

urea, creatinine, uric acid, glucose, creatine phos-

phokinase (CPK) and lactate dehydrogenase 

(LDH) kits were obtained from Egyptian company 

for Biotechnology, Obour city, Industrial area, block 

20008 pieces 19A. Cairo, Egypt. 

 

Methods 

 

Preparation of saponin extracts 

 

 Two hundred grams of ground asparagus 

shoots, licorice, soapwort rhizomes or defatted 

fenugreek seeds were extracted twice with 2:1 of 

ethanol (70%) for 24 hours at room temperature 

(25
o
C), and the samples were filtered after each 

extraction. Solvent was removed from the com-

bined extracts with a vacuum rotary evaporator at 

40
o
C to obtain crude plant extracts. The dried ex-

tracts were weighed and stored at –20
o
C until use 

(Senapaty et al 2014).  
 

Biological evaluation 
 

Experimental animals 

 

 Thirty six male Albino rats of Wistar strain 

weighing about 100g each were obtained from the 

farm of experimental animals in Helwan, Cairo, 

Egypt. The rats were housed under normal labora-

tory conditions. The rats had free access food and 

water ad libitum during the experiment period. 

 

Experimental design 

 

 Rats were randomly divided into 6 groups (n = 

6), and the first one was fed on a basal diet and 

served as a negative control group. The basal diet 

was formulated from corn starch (70%), casein 

(10%), corn oil (10%), cellulose (5%), vitamins and 

minerals (5%) according to Reeves et al (1993). 

The other groups of rats were fed on a high cho-

lesterol diet formulated from cholesterol (1%), bile 

salts (0.25%) and coconut butter (15%) instead of 

equal percentages of corn starch in the basal diet 

(Zulet et al 1999). The second group of rats re-

ceived the high cholesterol diet without any plant 

extract and served as a positive control group. The 

other four groups of rats were fed on the high cho-

lesterol diet plus various plant extracts during the 

experiment period (6 weeks). The various plant 

extracts (fenugreek, asparagus, soapwort and lico-

rice) were administered orally for the rats by using 

a stomach tube every day at a dose of 250 mg/kg 

body weight.  
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Blood sampling and biochemical assays 

 

 Blood samples were collected in clean centri-

fuge tubes from retro-orbital venous plexus of all 

animals by using capillary tubes. After that, serum 

was separated from the collected blood samples 

by centrifugation and kept in a refrigerator at 4
o
C 

until analysis. Biochemical measurements of AST, 

ALT (Young, 1990), ALP, CPK (IFCC, 1989), GGT 

(Persjn and Van der Slik, 1976), LDH (Dito, 

1979), Urea (Tietz, 1990), Creatinine (Bowers and 

Wong, 1980), uric acid (Jung and Parekh, 1970), 

Total bilirubin (Malloy and Evelyn, 1937), Total 

protein (Gornall et al 1949), Triglycerides (TG) 

(Mgowan et al 1983), total cholesterol (TC) 

(Roeschlau et al 1974), HDL (NCEPR, 1995), LDL 

(Makni et al 2008), VLDL (Vejtorp et al 1986) and 

Glucose (Tietz, 1995) were applied. 

 

Determination of cholesterol and triglycerides 

in liver 

 

 At the end of experiment, the rats were sacri-

ficed and the liver was removed.  Total cholesterol 

and triglycerides were determined in liver accord-

ing to the method described by Hostmark et al 

(2010).  

 

Determination of cholesterol and triglycerides 

in feces 

 

 Rat feces were collected throughout the exper-

iment period to estimate their content of total cho-

lesterol and triglycerides according to the method 

described by Folch et al (1957).  

 

Histological examination of liver tissues 

 

 At the end of experiment, the rats were sacri-

ficed and the liver was removed and stored in 10% 

formalin for histological evaluation according to the 

method described by Srivastava and Shivanan-

dappa (2006). 

 

Statistical analysis 

 

 The data are presented as means ± SE of 

three replicates. The recorded data were treated 

statistically using the one way analysis of variance 

(ANOVA). The means were compared by Least 

Significant Difference test (LSD) at P<0.05. Statis-

tical analyses were performed using SPSS statisti-

cal software (IBM SPSS Statistics, version 20) 

(Snedecor and Cochran, 1980).  

RESULTS AND DISCUSSION 

 

 Hypocholesterolemic effect of steroidal sapo-

nins (C27) extracted from fenugreek and aspara-

gus, and triterpenoidal saponins (C30) extracted 

from soapwort and licorice were monitored through 

assays of total cholesterol (TC) and triglycerides 

(TG) in blood, liver tissues and feces of the rats as 

well as other blood biochemical analyses and his-

tological examinations of liver tissues. The ob-

tained data were classified into the following items: 

 

1. Effect of saponin extracts on the lipid profile 

in serum of rats affected with hypercholester-

olemia 

 

 Table (1) shows the protective effects of ste-

roidal saponins extracted from fenugreek and as-

paragus, and triterpenoidal saponins extracted 

from soapwort and licorice on the lipid profile (se-

rum triglycerides and cholesterol fractions) ana-

lyzed at the end of experiment (6 weeks) in the 

rats affected with hypercholesterolemia induced by 

feeding on high cholesterol diet (HCD). The results 

showed a significant (P<0.05) increase in the lev-

els of total cholesterol (TC), triglycerides (TG), low 

density lipoprotein cholesterol (LDL), very low den-

sity lipoprotein cholesterol (VLDL), and a signifi-

cant (P<0.05) decrease in the level of high density 

lipoprotein cholesterol (HDL) in serum of rats treat-

ed with HCD only in positive control group com-

pared to negative control group. This may be due 

to feeding of rats in the positive control group on 

HCD that also contains high saturated fat, coconut 

butter (15%) besides corn oil (10%) compared to 

feeding of rats in the negative control group on a 

basal diet that contains corn oil (10%) only. The 

protective effects of various saponin extracts were 

proved by decreasing the levels of TC, TG, LDL 

and VLDL, and increasing the level of HDL to ap-

proach their normal values in serum of rats admin-

istered these plant extracts. The lowering effect of 

saponin extracts against hypertriglyceridemia may 

be due to their inhibition effect of pancreatic lipase 

enzyme (Han et al 2002). The lowering effect of 

saponin extracts against hypercholesterolemia 

may be due to their inhibition effect of cholesterol 

absorption from the intestine (Satoskar et al 2003; 

Vinarova et al 2015). No significant (P<0.05) dif-

ferences were noticed among the protective effects 

of all investigated plant extracts against hypercho-

lesterolemia in rats. It means that both types of 

saponins (steroidal and triterpenoidal) exhibited 

approximately the same efficiency in their protec-

tive effects against hypercholesterolemia. These 

results are in agreement with those obtained by 

Afrose et al (2010); Marrelli et al (2016). 
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Table 1. Effect of saponin extracts of Trigonella (TRI), Asparagus (ASP), Saponaria (SAP) and 

Glycyrrhiza (GLY) on the levels of triglycerides and cholesterol fractions in serum of rats treated 

with high cholesterol diet (HCD) 

 

Treatment Control HCD only 
HCD  HCD  HCD  HCD  

+ TRI + ASP + SAP + GLY 

Triglycerides 98.6 129.3 92.4 88.6 92.2 95.6 

(mg/dl) ± 5.9 
b
 ± 2.0 

a
 ± 2.6 

b
 ± 3.1 

b
 ± 7.0 

b
 ± 4.8 

b
 

 

    

 

    

 Total 64.3 148.7 58.3 59.6 64.6 67.6 

 cholesterol ± 4.9 
b
 ± 1.4 

a
 ± 2.9 

b
 ± 3.4 

b
 ± 3.1 

b
 ± 0.8 

b
 

(mg/dl)     

 

    

 

 

    

 

    

 HDL 36.8 13.5 37.1 35.8 37.1 38.1 

(mg/dl) ± 3.8 
a
 ± 1.5 

b
 ± 3.5 

a
 ± 3.9 

a
 ± 3.9 

a
 ± 3.7 

a
 

 

    

 

    

 LDL 8.3 115.3 6 7.8 9.12 10.4 

(mg/dl) ± 2.1 
b
 ± 1.8 

a
 ± 0.8 

b
 ± 0.3 

b
 ± 3.1 

b
 ± 2.0 

b
 

 

    

 

    

 VLDL 19.7 25.8 18.4 17.7 18.4 19.1 

(mg/dl) ± 1.1 
b
 ± 0.4 

a
 ± 0.5 

b
 ± 0.6 

b
 ± 1.4 

b
 ± 0.9 

b
 

The data are presented as means ± SE calculated from three replicates. 

Different letters refer to significant differences at (P<0.05). 

 

 

 

 

 

 

2. Effect of saponin extracts on the lipid profile 

in liver of rats affected with hypercholesterol-

emia  

 

 Table (2) reveals the protective effects of ste-

roidal saponins extracted from fenugreek and as-

paragus, and triterpenoidal saponins extracted 

from soapwort and licorice on the lipid profile (total 

cholesterol and triglycerides) in liver of rats affect-

ed with hypercholesterolemia induced by feeding 

on high cholesterol diet (HCD). The results re-

vealed a significant (P<0.05) increase in the levels 

of total cholesterol (TC) and triglycerides (TG) in 

liver of rats treated with HCD only in positive con-

trol group compared to negative control group. 

This may be ascribed to feeding of rats in the posi-

tive control group on HCD that also contains high 

saturated fat (coconut butter) compared to feeding 

of rats in the negative control group on a normal 

diet containing corn oil. The protective effects of 

various saponin extracts were established by ob-

taining the levels of TC and TG near to their nor-

mal values in liver of rats administered these plant 

extracts. These results are in agreement with those 

obtained by Shi et al (2014) who found that admin-

istration of alfalfa saponin extract to hyperlipidemic 

rats significantly reduced liver TC and increased 

liver total bile acids (TBA) level. This may be as-

cribed to the decrease of absorbed cholesterol and 

fats from the intestine into blood circulation and 

liver because saponins can form insoluble com-

plexes with dietary cholesterol and inhibit pancre-

atic lipase, respectively (Vinarova et al 2015). It 

can be observed that saponins extracted from fen-

ugreek and licorice were effective than those ex-

tracted from asparagus and soapwort in lowering 

triglycerides level in liver of rats administered these 

plant extracts. 
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Table (2) Effect of saponin extracts of Trigonella (TRI), Asparagus (ASP), Saponaria (SAP) 

and Glycyrrhiza (GLY) on the levels of total cholesterol and triglycerides in liver of rats treated 

with high cholesterol diet (HCD). 

 

Treatment Control HCD only 
HCD  HCD  HCD  HCD  

+ TRI + ASP + SAP + GLY 

Total 3 11.8 3.7 4.1 4.4 4.9 

 cholesterol ± 0.5 
b
 ± 0.5 

a
 ± 0.6 

b
 ± 0.2 

b
 ± 0.3 

b
 ± 0.4 

b
 

(mg/g)   

 

  

 

  

 

 

  

 

  

 

  

 Triglycerides 17.3 33.4 17.2 19.4 20 16.1 

(mg/g) ± 1.9 
c
 ± 1.5 

a
 ± 1.1 

c
 ± 0.4 

b
 ± 0.2 

b
 ± 0.6 

c
 

The data are presented as means ± SE calculated from three replicates. 

Different letters refer to significant differences at (P<0.05). 

 

 

3. Effect of saponin extracts on the lipid profile 

in feces of rats affected with hypercholesterol-

emia 

 

 Data presented in Table (3) indicate the protec-

tive effects of steroidal saponins extracted from 

fenugreek and asparagus, and triterpenoidal sapo-

nins extracted from soapwort and licorice on the 

lipid profile (total cholesterol and triglycerides) in 

feces of rats affected with hypercholesterolemia 

induced by feeding on high cholesterol diet (HCD). 

The data indicated a significant (P<0.05) increase 

in the levels of total cholesterol (TC) and triglycer-

ides (TG) in feces of rats treated with HCD plus 

various plant extracts compared to negative and 

positive controls. The inhibition of cholesterol ab-

sorption from the intestine, and the inhibition of 

pancreatic lipase induced by saponin extracts led 

to decrease of absorbed cholesterol and fats from 

the intestine into blood circulation and liver, and 

increase the excretion of cholesterol and fats in 

feces of rats fed on these plant extracts. These 

results are in accordance with those obtained by 

Rashmi and Kaushik (2011) who found that fecal 

bile acids and cholesterol excretion are increased 

by fenugreek administration. Shi et al (2014) also 

reported that total cholesterol and total bile acids 

(TBA) levels in feces of hyperlipidemic rats were 

remarkably elevated by alfalfa saponin extract ad-

ministration. Data presented in the same table il-

lustrate that total cholesterol contents in feces of 

rats that received steroidal saponins extracted from 

fenugreek and asparagus were significantly higher 

than those in feces of rats that received triterpe-

noidal saponins extracted from soapwort and lico-

rice. Conversely, triglycerides contents in feces of 

rats that received steroidal saponins extracted from 

fenugreek and asparagus were significantly lower 

than those in feces of rats that received triterpe-

noidal saponins extracted from soapwort and lico-

rice. 

 

 

 

Table (3) Effect of saponin extracts of Trigonella (TRI), Asparagus (ASP), Saponaria (SAP) 

and Glycyrrhiza (GLY) on the levels of total cholesterol and triglycerides in feces of rats treat-

ed with high cholesterol diet 

 

Treatment Control HCD only 
HCD  HCD  HCD  HCD  

+ TRI + ASP + SAP + GLY 

Total 6.5 9.8 51.3 46.3 40.4 41.1 

 cholesterol ± 1.0 
c
 ± 1.8 

c
 ± 6.4 

a
 ± 6.0 

a
 ± 6.1 

b
 ± 6.4 

b
 

(mg/g)       

 

  

 

 

      

 

  

 Triglycerides 30.6 34.9 58.9 51.9 77.9 68 

(mg/g) ± 0.4 
c
 ± 1.9 

c
 ± 2.4 

b
 ± 4.5 

b
 ± 3.2 

a
 ± 9.1 

a
 

The data are presented as means ± SE calculated from three replicates.  

Different letters refer to significant differences at (P<0.05). 
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4. Effect of saponin extracts on the liver profile 

of rats affected with hypercholesterolemia 

 

 Regarding the protective effects of steroidal 

saponins extracted from fenugreek and asparagus, 

and triterpenoidal saponins extracted from soap-

wort and licorice on the liver profile (AST, ALT, 

ALP, GGT enzymes) in serum of rats affected with 

hypercholesterolemia induced by feeding on high 

cholesterol diet (HCD), data are shown in Table 

(4). The data showed a significant (P<0.05) in-

crease in the levels of all liver enzymes (AST, ALT, 

ALP and GGT) of rats treated with HCD only in 

positive control group compared to negative con-

trol group. This may be attributed to that feeding of 

rats in the positive control group on HCD that also 

contains high saturated fat (coconut butter) led to 

accumulation of cholesterol and fats in the liver 

causing fatty liver. This accumulation of fats in the 

liver can induce inflammation and necrosis and 

damage in the liver cells and consequently in-

crease releasing of liver enzymes into blood circu-

lation. The protective effects of various saponin 

extracts were established by occurring the levels of 

these enzymes near to their normal values in se-

rum of rats administered these plant extracts. Data 

presented in the same table demonstrate that the 

activities of ALP enzyme in serum of rats that re-

ceived steroidal saponins extracted from fenugreek 

and asparagus were comparable to those in serum 

of rats of control group, and frequently lower than 

those in serum of rats that received triterpenoidal 

saponins extracted from soapwort and licorice. 

 Concerning the protective effects of steroidal 

saponins extracted from fenugreek and asparagus, 

and triterpenoidal saponins extracted from soap-

wort and licorice on the liver profile (total bilirubin, 

TB and total protein, TP) in serum of rats affected 

with hypercholesterolemia induced by feeding on 

high cholesterol diet (HCD), data are presented in 

Table (5). There were no significant (P<0.05) dif-

ferences in the levels of TB and TP in serum of 

rats of all treatments compared to negative and 

positive control groups during the experiment peri-

od. Obviously, increasing the levels of various liver 

enzymes (AST, ALT, ALP and GGT) without 

change in the levels of other liver function tests 

such as TB and TP in serum of rats affected with 

hypercholesterolemia indicate early stage of liver 

damage whereas liver enzymes as liver function 

markers are more sensitive parameters than others 

such as TB and TP for occurrence of inflammation 

and necrosis in the liver cells owing to accumula-

tion of cholesterol and fats in these cells. 

 

 

 

Table 4. Effect of saponin extracts of Trigonella (TRI), Asparagus (ASP), Saponaria (SAP) and 

Glycyrrhiza (GLY) on the levels of AST, ALT, ALP and GGT enzymes in serum of rats treated with 

high cholesterol diet (HCD) 

 

Treatment Control 
HCD  

only 

HCD  HCD  HCD  HCD  

+ TRI + ASP + SAP + GLY 

AST 94.6 140 86.2 83.3 89.6 84.2 

(U/L) ± 4.8 
b
 ± 4.9 

a
 ± 5.1 

b
 ± 1.4 

b
 ± 2.3 

b
 ± 2.9 

b
 

            

 ALT 38.3 94.1 31.3 33.9 35.5 33.7 

 (U/L) ± 1.5 
b
 ± 2.5 

a
 ± 3.0 

b
 ± 2.6 

b
 ± 2.1 

b
 ± 3.7 

b
 

            

 ALP 109.7 316.1 104.2 112.8 136.1 129.7 

(U/L) ± 5.7 
c
 ± 9.8 

a
 ± 2.6 

c
 ± 3.4 

c
 ± 2.0 

b
 ± 5.7 

b
 

            

 GGT 7.3 11.3 6.9 6.8 8.1 6.5 

(U/L) ± 0.3 
b
 ± 0.3 

a
 ± 0.3 

b
 ± 0.4 

b
 ± 0.4 

b
 ± 0.1 

b
 

The data are presented as means ± SE calculated from three replicates. 

Different letters refer to significant differences at (P<0.05). 
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Table 5. Effect of saponin extracts of Trigonella (TRI), Asparagus (ASP), Saponaria (SAP) and 

Glycyrrhiza (GLY) on the levels of total protein and total bilirubin in serum of rats treated with high 

cholesterol diet (HCD) 

 

Treatment Control HCD only 
HCD  HCD  HCD  HCD  

+ TRI + ASP + SAP + GLY 

Total 6.48 6.43 6.38 6.81 6.25 6.67 

 protein ± 0.5 
a
 ± 0.3 

a
 ± 0.3 

a
 ± 0.2 

a
 ± 0.4 

a
 ± 0.6 

a
 

(g/dl)             

              

Total 0.14 0.32 0.13 0.12 0.11 0.13 

bilirubin ± 0.01 
a
 ± 0.06 

a
 ± 0.01 

a
 ± 0.02 

a
 ± 0.02 

a
 ± 0.02 

a
 

(mg/dl)             

The data are presented as means ± SE calculated from three replicates. 

Different letters refer to significant differences at (P<0.05). 

 

5. Effect of saponin extracts on the heart profile 

of rats affected with hypercholesterolemia 

 

 The protective effects of steroidal saponins 

extracted from fenugreek and asparagus, and 

triterpenoidal saponins extracted from soapwort 

and licorice on the cardiac profile (CPK and LDH 

enzymes) in serum of rats affected with hypercho-

lesterolemia induced by feeding on high cholester-

ol diet (HCD) are illustrated in Table (6). The re-

sults demonstrated a significant (P<0.05) increase 

in the levels of CPK and LDH in serum of rats 

treated with HCD only in positive control group 

compared to negative control group. This may be 

ascribed to feeding of rats in the positive control 

group on HCD that also contains high saturated fat 

(coconut butter) compared to feeding of rats in the 

negative control group on a normal diet containing 

corn oil. This feeding led to accumulation of cho-

lesterol and fats in form of LDL in coronary arteries 

and caused myocardial infarction. The latter can 

induce necrosis and damage in the heart cells and 

consequently increase releasing of cardiac en-

zymes (CPK and LDH) into blood circulation. The 

protective effects of various saponin extracts were 

evidenced by appearance the levels of CPK and 

LDH enzymes near to their normal values in serum 

of rats administered these plant extracts. 

 

 

Table 6. Effect of saponin extracts of Trigonella (TRI), Asparagus (ASP), Saponaria (SAP) and 

Glycyrrhiza (GLY) on the levels of CPK and LDH enzymes  in serum of rats treated with high choles-

terol diet (HCD) 

 

Treatment Control HCD only 
HCD  HCD  HCD  HCD  

+ TRI + ASP + SAP + GLY 

CPK 650.3 1010 660 594.6 674 619.6 

 (U/L) ± 46.1 
b
 ± 25.1 

a
 ± 30.3 

b
 ± 36.7 

b
 ± 24.1 

b
 ± 48.1 

b
 

  

 

    

 

    

LDH 850 1456.6 757.6 817.3 802.3 841 

(U/L) ± 28.0 
b
 ± 35.2 

a
 ± 37.0 

b
 ± 21.3 

b
 ± 15.3 

b
 ± 51.0 

b
 

The data are presented as means ± SE calculated from three replicates. 

Different letters refer to significant differences at (P<0.05). 

 

6. Effect of saponin extracts on the blood sugar 

level of rats affected with hypercholesterolemia 

 

 Dealing with the protective effects of steroidal 

saponins extracted from fenugreek and asparagus, 

and triterpenoidal saponins extracted from soap-

wort and licorice on the blood sugar of rats affect-

ed with hypercholesterolemia induced by feeding 

on high cholesterol diet (HCD), data are shown in 

Table (7). The data showed a significant (P<0.05) 

increase in the levels of serum glucose of rats 

treated with HCD only in positive control group 

(161.3 ± 7.3 mg/dl) compared to negative control 

group (110.6 ± 9.2 mg/dl). This may be attributed 

to that feeding of rats in the positive control group 

on HCD that also contains high saturated fat  
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(coconut butter) led to accumulation of cholesterol 

and fats in the liver causing fatty liver. This accu-

mulation of fats in the liver may increase insulin 

resistance in the liver cells and consequently in-

crease the level of blood sugar in the positive con-

trol group. These results are in agreement with 

those obtained by Sil et al (2013). The protective 

effects of various saponin extracts were estab-

lished by occurrence the glucose levels near to 

their normal values in serum of rats administered 

these plant extracts. 

 

 

Table 7. Effect of saponin extracts of Trigonella (TRI), Asparagus (ASP), Saponaria (SAP) and 

Glycyrrhiza (GLY) on the levels of glucose in serum of rats treated with high cholesterol diet 

(HCD) 

 

Treatment Control HCD only 
HCD  HCD  HCD  HCD  

+ TRI + ASP + SAP + GLY 

Glucose 110.6 161.3 119.6 124.3 111.6 125 

 (mg/dl) ± 9.2 
b
 ± 7.3 

a
 ± 3.4 

b
 ± 6.1 

b
 ± 12.4 

b
 ± 1.1 

b
 

The data are presented as means ± SE calculated from three replicates. 

Different letters refer to significant differences at (P<0.05). 

 

7. Effect of saponin extracts on the kidney  

profile of rats affected with hypercholesterole-

mia 

 

 Data presented in Table (8) elucidate the pro-

tective effects of steroidal saponins extracted from 

fenugreek and asparagus, and triterpenoidal sapo-

nins extracted from soapwort and licorice on the 

renal profile (urea, creatinine and uric acid) in  

serum of rats affected with hypercholesterolemia 

induced by feeding on high cholesterol diet (HCD). 

The data elucidated non significant (P<0.05) differ-

ences in the levels of these parameters in serum of 

rats for all treatments compared to negative and 

positive controls. It means that hypercholesterole-

mia induced by feeding on HCD did not cause any 

adverse effects on kidney tissues during the exper-

iment period (6 weeks). 

 

 

Table 8. Effect of saponin extracts of Trigonella (TRI), Asparagus (ASP), Saponaria (SAP) and 

Glycyrrhiza (GLY) on the levels of urea, creatinine and uric acid in serum of rats treated with 

high cholesterol diet 

 

Treatment Control HCD only 
HCD  HCD  HCD  HCD  

+ TRI + ASP + SAP + GLY 

Urea 61.6 76.9 61.4 68.1 64.1 58.7 

(mg/dl) ± 5.8 
a
 ± 12.5 

a
 ± 2.4 

a
 ± 5.5 

a
 ± 1.3 

a
 ± 3.1 

a
 

 

  

 

      

 Creatinine 0.74 0.95 0.69 0.79 0.7 0.72 

 (mg/dl) ± 0.05 
a
 ± 0.03 

a
 ± 0.01 

a
 ± 0.02 

a
 ± 0.01 

a
 ± 0.07 

a
 

Uric acid 1.16 1.88 1.37 1.41 1.44 1.39 

(mg/dl) ± 0.04 
a
 ± 0.06 

a
 ± 0.01 

a
 ± 0.2 

a
 ± 0.03 

a
 ± 0.01 

a
 

The data are presented as means ± SE calculated from three replicates. 

Different letters refer to significant differences at (P<0.05). 

 

 

8. Effect of saponin extracts on the liver histol-

ogy of rats affected with hypercholesterolemia 

 

 The protective effects of steroidal saponins 

extracted from fenugreek and asparagus, and 

triterpenoidal saponins extracted from soapwort 

and licorice on the liver histology of rats affected 

with hypercholesterolemia induced by feeding on 

high cholesterol diet (HCD) are illustrated in Fig-

ures (1-12). Liver of rats from negative control 

group showed the normal histological structure of 

hepatic lobule (Fig. 1). However, liver of rats from 

positive control group which affected with hyper-

cholesterolemia revealed fatty pattern change of 

hepatocytes (Fig. 2) and sinusoidal leukocytosis 

(Fig. 3). Liver of rats treated with asparagus 
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showed slight activation of kupffer cells (Fig. 4), 

whereas most examined sections from this group 

revealed no histopathological changes (Fig. 5). 

Moreover, liver of rats treated with licorice showed 

no histopathological changes (Fig. 6) except cyto-

plasmic vacuolization of centrilobular hepatocytes 

in few examined sections (Fig. 7). Liver of rats 

treated with soapwort showed binucleation of 

hepatocytes (Fig. 8), whereas most cases from 

this revealed no histopathological changes (Fig. 

9). Some examined sections from rats treated with 

fenugreek revealed cytoplasmic vacuolization of 

hepatocytes (Fig. 10) and slight activation of kup-

ffer cells (Fig. 11) whereas other sections showed 

no histopathological changes (Fig. 12). 

 Finally, steroidal saponins (C27) extracted from 

fenugreek and asparagus, and triterpenoidal sapo-

nins (C30) extracted from soapwort and licorice 

exhibited great protective effects against hypercho-

lesterolemia induced by feeding of rats on HCD. 

The protective effects of various saponin extracts 

were established by occurring the levels of TC, TG, 

HDL, LDL, VLDL, CPK, LDH, ALT, AST, ALP, GGT 

and glucose near to their normal values in serum 

of rats administered these plant extracts compared 

to negative and positive controls. The protective 

effects of various saponin extracts were also es-

tablished by obtaining the levels of TC and TG 

near to their normal values in liver of rats adminis-

tered these plant extracts. The lowering effect of 

saponin extracts against hypercholesterolemia 

may be due to the inhibition of cholesterol absorp-

tion from the intestine owing to formation of insolu-

ble complexes between cholesterol and saponins 

which was proved in this study through increase 

the excretion of cholesterol and fats in feces of rats 

fed on these plant extracts compared to the posi-

tive control group. Histological examinations 

showed lower contents of fats in liver tissues of the 

rats treated with various saponin extracts com-

pared to the positive control group. Both of steroi-

dal and triterpenoidal saponins exhibited approxi-

mately the same efficiency in their protective ef-

fects against hypercholesterolemia. 

 

  
 

Fig. 1. Liver of rat from negative control group 

showing the normal histological structure of hepat-

ic lobule.  

 

Fig. 2. Liver of rat from positive control group 

showing fatty change of hepatocytes. 

  
 

Fig. 3. Liver of rat from positive control group 

showing sinusoidal leukocytosis. 

 

 

Fig. 4. Liver of rat treated with asparagus showing 

slight activation of kupffer cells. 
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Fig. 5. Liver of hyperlipidemic rat treated with as-

paragus showing no histopathological changes. 

 

 

 

Fig. 6. Liver of hyperlipidemic rat treated with lico-

rice showing no histopathological changes. 

  
 

Fig. 7. Liver of rat treated with licorice showing cy-

toplasmic vacuolization of hepatocytes. 

 

 

Fig. 8. Liver of rat treated with soapwort showing 

binucleation of hepatocytes.  

  
 

Fig. 9. Liver of hyperlipidemic rat treated with 

soapwort showing no histopathological changes. 

 

 

 

Fig. 10. Liver of rat treated with fenugreek showing 

cytoplasmic vacuolization of hepatocytes. 
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Fig. 11. Liver of rat treated with fenugreek showing 

slight activation of kupffer cells. 

 

 

Fig. 12. Liver of hyperlipidemic rat treated with fen-

ugreek showing no histopathological changes.  
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 زــــــــــــــــالموجـ
  

تم إصابة فئران التجارب بارتفاع الكوليسترول عن  
الكوليسترول يحتوى طريق التغذية عمى غذاء مرتفع 

% وأمالح المرارة بنسبة 1عمى كوليسترول بنسبة 
تقييم % وذلك ل10% وزبدة جوز اليند بنسبة 0.20

التأثير الوقائى لمصابونينات اإلستيرويدية المستخمصة 
من بذور الحمبة ونبات األسبرجس والصابونينات 
المشتقة من التربينات الثالثية المستخمصة من ريزومات 

 8سوس وعرق الحالوة. تم تقسيم الفئران إلى العرق
مجموعات حيث كانت المجموعة األولى التى تتغذى 

 يةالسمب المقارنةعمى عمف عادى ىى مجموعة 
غذاء مرتفع والمجموعة الثانية التى تتغذى عمى 

 مقارنةالكوليسترول بدون مستخمصات نباتية ىى ال
 م تغذيتياتأما المجموعات األربعة المتبقية  يةاإليجاب

عمى غذاء مرتفع الكوليسترول مع المستخمصات النباتية 
المعدة بجرعة  ةاألربعة بصورة منفصمة بواسطة أنبوب

. تم تقييم أسابيع 8مجم/كجم لمدة  200يومية قدرىا 
نتائج التجربة من خالل تحميل الكوليسترول الكمى 
والجميسريدات الثالثية فى كل من الدم والكبد والبراز 
لكل المجموعات باإلضافة إلى تحميالت الدم األخرى 
وفحص أنسجة الكبد. أشارت النتائج إلى وجود زيادة 
معنوية فى مستويات كل من الكوليسترول الكمى 

الثالثية والميبوبروتينات المنخفضة  والجميسريدات

والمنخفضة جدا فى الكثافة ونشاط إنزيمات كرياتين 
فوسفوكينيز والكتيت ديييدروجينيز وأالنين أمينو 
ترانسفيريز وأسبارتيت أمينو ترانسفيريز والفوسفاتيز 
القموى وجاما جموتامايل ترانسفيريز والجموكوز وانخفاض 

نات عالية الكثافة معنوى فى مستوى الميبوبروتي
باإلضافة إلى تغيرات غير معنوية فى مستويات 
البيميروبين الكمى والبروتين الكمى واليوريا والكرياتينين 

بارتفاع وحمض اليوريك فى سيرم دم الفئران المصابة 
وذلك  يةاإليجاب المقارنةالكوليسترول فى مجموعة 

ثير . ثبت التأيةالسمب لمقارنةبالمقارنة مع مجموعة ا
لمستخمصات الصابونين المختمفة من خالل  ىالوقائ

الكوليسترول الكمى كل من  ىاالنخفاض فى مستو 
والجميسريدات الثالثية والحصول عمى التحميالت 
الكيميائية األخرى قريبة من مستوياتيا الطبيعية فى 
سيرم دم الفئران التى تغذت عمى ىذه المستخمصات 

ًا إلى أن مستويات النباتية. أشارت النتائج أيض
الكوليسترول الكمى والجميسريدات الثالثية قد انخفضت 
بصورة معنوية فى أنسجة الكبد لمفئران التى تغذت عمى 

 المقارنةمستخمصات الصابونين المختمفة بالمقارنة مع 
. عمى العكس فإن مستويات الكوليسترول يةاإليجاب

عنوية فى الكمى والجميسريدات الثالثية قد زادت بصورة م
براز الفئران التى تغذت عمى مستخمصات الصابونين 

 يةالسمب المقارنةالمختمفة بالمقارنة مع كل من 
. أظيرت اختبارات فحص األنسجة انخفاض يةواإليجاب
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محتوى الدىون فى أنسجة الكبد لمفئران التى تغذت عمى 
بالمجموعة مستخمصات الصابونين المختمفة بالمقارنة 

ظيرت كل من الصابونينات اإلستيرويدية . أيةاإليجاب
والمشتقة من التربينات الثالثية نفس الكفاءة فى تأثيراتيا 
الوقائية ضد ارتفاع الكوليسترول. ربما يرجع التأثير 
الوقائى المخفض لمكوليسترول لمستخمصات الصابونين 

إلى تثبيط امتصاص الكوليسترول فى األمعاء الذى 
 وليسترول فى البراز.أدى إلى زيادة خروج الك
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