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Abstract 
The present study evaluated the ameliorative potentials of saponins from Helianthus annuus roots on 
hepatoproductive and some kidney function indices on alloxan-induced diabetes model of rats. Diabetes was 
induced in rats by a single intraperitoneal injection of alloxan (65 mg/kg body weight) and the animals were 
orally treated with 100, 200, 300 and 150 mg/kg body weight (bw) of saponins from Helianthus annuus roots 
once daily for three weeks. At the end of the intervention, diabetic untreated animals showed significantly 
higher alkaline phosphatase (ALP), alanine aminotransferase (ALT), and aspartate aminotransferase (AST), 
serum urea, direct bilirubin and creatinine and lower serum total protein, albumin compared to the normal 
animals. Histopathological examination of their pancreas revealed corresponding pathological changes in the 
islets and β-cells. These alterations were reverted to near-normal after the treatment of saponins from 
Helianthus annuus roots at 100, 200, 300 and 500 mg/kg bw when, the effects were more pronounced at 
500 mg/kg bw compared to the 100 mg/kg bw treated group. It can be concluded that administration of 
saponins from Helianthus annuus root to diabetic rats did not have any adverse effect on the liver and 
kidney functions indices in rats, instead it ameliorates the adverse effects of diabetes complications.  
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Introduction  
Diabetes mellitus (DM) is a major global health 
problem and is recognized as one of the leading 
causes of death worldwide, where the high 
prevalence of the disease could be attributed to 
improved nutritional status (1, 2). DM is defined as 
a metabolic disorder characterized by an elevation 
of the blood glucose concentration due to absolute 
or relative lack of insulin leading to hyperglycemia. 
It is associated with abnormal metabolism of 
carbohydrates, fat and protein (3, 4, 5). In diabetes, 
the causes and sites of intervention in biochemical 
process are diverse and high serum total 
triglyceride level, high level of transaminase; 
creatinine and urea have been implicated (6). 
Helianthus annuus L. is a folk remedy for 
bronchiectasis, bronchitis, carbuncles, catarrh, cold, 
colic, cough, diarrhoea, dysentery, dysuria, 
epistaxis, eyes, fever, flu, fractures, inflammations, 
laryngitis, lungs, malaria, menorrhagia, pleuritis, 
rheumatism, scorpion stings, snakebite, splenitis, 
urogenital ailments, whitlow, and wounds (7). Anti-
hyperglycaemic effects of these plants are due to 
their capability to improve the function of 
pancreatic tissues by causing an increase in insulin 
output or inhibit the intestinal absorption of glucose 
or the facilitation of metabolites in insulin 
dependent processes (8). Helianthus annuus leaves 
are extensively used for whooping cough, asthma, 
anti- malaria, insect bites, snake bites, fevers and 
lung problems. Ojo et al (9) reported the inhibitory 
ability of H. annuus leaf on enzymes linked to 
diabetes mellitus (α-amylase and α-glucosidase). 
Despite the wide usage of Helianthus annuus in the 
management of diabetes mellitus, there is no 
scientific report on the antidiabetic activity of 
saponins from Helianthus annuus roots on 
hepatoproductive and kidney function in alloxan-
induced diabetic rats. 
  
Methods 
Chemicals 
Alloxan was purchased from Sigma (Sigma-Aldrich, 
Germany), while thiobarbituric acid was purchased 
from Fluka (Buchs, Switzerland). Randox kits were 
purchased from Randox Laboratories Limited, UK. 
The other reagents used for the execution of the 
experiment were of analytical grade. 
 
Plant Material 
Roots of Helianthus annuus were collected at a farm 
in the suburbs of Ado Ekiti, Nigeria. The plant was 
identified and authenticated by a plant scientist in 
the Department of Plant Science, Ekiti State 

University, Ado-Ekiti, Nigeria and a voucher specimen 
number was deposited accordingly at the herbarium 
of the Department of Plant Science, Ekiti State 
University, Ado-Ekiti, Nigeria. 
  
Extraction of saponins from H. annuus root 
A hundred gram (100 g) ground sample was 
extracted with 500 ml of petroleum ether (40–60 °C) 
in a soxhlet extractor for 12 h. The air-dried, defatted 
sample was extracted with methanol (500 ml) for 12 
h. The methanol extract was partitioned with n-
butanol and water (1:1, v/v). After a thorough 
shaking, the mixture was allowed to stand overnight 
and the n-butanol layer was separated in the next 
day. The aqueous layer was washed five times with 
aliquots of n-butanol until it became colorless. The 
pooled butanol layer was evaporated under reduce 
pressure to give a residue which was dissolved in 100 
ml methanol and precipitated by adding a large 
amount of diethyl ether to obtain a solid crystalline 
dark brown compound (10). 
  
Ethical considerations 
All the experimental protocols will be conducted 
according to the guidelines for the care and use of 
experimental animals. A total of 30 Wister rats of 
150 ± 39 g will be procured from the Biochemistry 
Animal House at Ekiti State University, Ekiti State, 
Nigeria. All animals will receive humane care 
according to the principles of Laboratory Animal Care 
of the National Society of Medical Research and in 
accordance with the principles of laboratory animal 
care (NIH Publication; Guide for the care and use of 
laboratory animals, No. 85–23, revised 1985). The 
animals will be maintained according to the rules and 
regulations of the Ekiti State University, Animal Ethics 
Committee.  
 
Animals 
Thirty albino rats with an average weight of 150 ± 39 
g were obtained from Animal Unit Afe Babalola 
University, Ado-Ekiti, Ekiti State, Nigeria. They were 
divided into six groups of five animals each and 
allowed to acclimatize to experimental condition for 
two weeks. They were housed in clean cages and 
maintained under standard laboratory conditions 
(temperature 25 ± 2 °C with dark/light cycle 12/12 
h). They were fed ad libitum on rat pellets (Top 
Feeds, Nigeria) and water. The principles of 
Laboratory Animal Care (Public Health Services, 
1986) were followed throughout the duration of the 
experiment.  

_______________________________________ 

http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

PhOL   Ojo, et al 74 (73-79)  
  



Experimental protocol 
Diabetes was induced through a single 
intraperitoneal injection of a freshly prepared 
alloxan (Sigma-Aldrich, Germany) solution in normal 
saline at a dose of 150 mg/kg body weight. Seventy-
two hours later, the rats with moderate diabetes 
having glycosuria and hyperglycemia (i.e. with blood 
glucose levels of 200–300 mg/dl) were chosen for 
the experiments. The rats (n = 30) were divided 
equally into 6 groups. Group I served as normal 
control, and were given 2 ml saline by gavage, 
group II served as diabetic control, groups A–D 
were diabetic rats treated with saponin at doses of 
100, 200, 300 and 500 mg/kg body weight 
respectively for 21 days. After 21 days of treatment, 
the rats were weighed and sacrificed by 
decapitation and the blood collected into clean dry 
beakers for serum preparation and the liver, kidney 
and pancreas was used for the determination of 
alanine transaminase (ALT), aspartate transaminase 
(AST) and alkaline phosphatase (ALP). The tissues 
(liver and kidney) were removed into 0.25 M ice 
cold sucrose solution in a ratio of 1:5 w/v. 
 
Biochemical parameters 
Alkaline phosphatase (ALP) (EC. 3.1.3.1) activity (in 
the serum, liver and kidney) was determined using 
Para- Nitrophenyl phosphate (PNPP) (11). Alanine 
aminotransferase (ALT) (EC. 2.6.1.2) and aspartate 
aminotransferase (AST) (EC. 2.6.1.1) (in the serum, 
liver and kidney) were assayed as described by (12). 
Serum albumin, bilirubin, globulin, protein, 
creatinine and urea were measured using an 
Automated Chemistry Analyzer (Labmax Plenno, 
Labtest Co. Ltd., Lagoa Santa, Brazil).  
 
Statistical analysis 
The data are expressed as mean ± S.E.M. (standard 
error of mean). The differences among groups were 
analyzed by the one-way analysis of variance 
(ANOVA). Inter-group comparisons were done using 
Duncan's Multiple Range Test (DMRT) with 95% 
confidence intervals. The SPSS 20.0 (SPSS Inc., 
Chicago, USA), was used for this analysis. For fasting 
blood glucose, repeated measures ANOVA followed 
by Duncan Multiple Range Test was used. Statistical 
different is expressed at p ˂ 0.05.  
  
Results 
Table 1 showed that the effect of the saponin 
extract from Helianthus annuus roots on the 
concentration of total protein, albumin and bilirubin 
in the serum of the experimental animals. The 
results showed that serum bilirubin of diabetic rats 

increased when compared with normal rats and 
extract treated rats. However, treatment with 
saponin extract from Helianthus annuus roots lowers 
significantly the serum bilirubin concentration 
compared to the diabetic control (p < 0.05). 
Compared with the normal control group, the levels 
of serum albumin and total protein were significantly 
(p < 0.05) reduced in the untreated diabetic rats. 
However, the reductions were attenuated towards to 
control values in the saponin extract treated animals. 
The data for serum urea and creatinine are 
presented in Table 2.  At the end of the experimental 
period, the concentrations of the above-mentioned 
serum parameters were increased in the diabetic 
control group compared to the normal control group. 
On the other hand, oral administration of saponin 
extract from H. annuus roots to diabetic animals 
significantly (p < 0.05) ameliorated these alterations 
in 100 mg/kg, 200 mg/kg, 300 mg/kg and 500 mg/kg 
groups respectively. 
Table 3 showed that the effect of the saponin extract 
from Helianthus annuus roots on the alanine 
transaminase (ALT) in the liver, kidney and serum of 
the experimental animals. There was significant (p < 
0.05) increase in the liver and serum of diabetic 
control group compared to the normal control group, 
while significantly (p < 0.05) reduced values in the 
kidney of diabetic control group compared to normal 
control group. Oral administration of saponin extract 
from H. annuus roots to diabetic animals significantly 
(p < 0.05) ameliorated these alterations in 100 
mg/kg, 200 mg/kg, 300 mg/kg and 500 mg/kg groups 
respectively.  
Table 4 showed that the effect of the saponin extract 
from Helianthus annuus roots on the aspartate 
transaminase (AST) in the liver, kidney and serum of 
the experimental animals. There was significant (p < 
0.05) increase in the liver, kidney and serum of 
diabetic control group compared to the normal 
control group. Oral administration of saponin extract 
from H. annuus roots to diabetic animals significantly 
(p < 0.05) reduced these alterations in doses 
administered. 
Table 5 showed that the effect of the saponin extract 
from Helianthus annuus roots on the alkaline 
transaminase (AST) in the liver, kidney, pancreas and 
serum of the experimental animals. There was 
significant (p < 0.05) increase in the liver, kidney, 
pancreas and serum of diabetic control group 
compared to the normal control group. Oral 
administration of saponin extract from H. annuus 
roots to diabetic animals significantly (p < 0.05) 
reduced these alterations in doses administered. 
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Discussion 
Plants have always been an exemplary source of 
drugs and mainly currently available drugs have 
been directly or indirectly obtained from botanicals 
(13). In the present study, saponin extract from H. 
annuus roots considerably lowers the total and 
direct bilirubin levels in alloxan-induced diabetic 
rats in addition to attenuated the reduced values of 
total protein and serum albumin in diabetic rats. 
However, these attenuations further indicate that 
saponin extract from H. annuus root might aid in 
the recovery of animals from some metabolic 
disorders associated with diabetes mellitus. 
Alloxan a toxic glucose analog widely used to induce 
experimental diabetes in animals. It selectively 
destroys insulin-producing cells in the pancreas in 
animals, and has been shown to establish a redox 
cycle with the formation of superoxide radicals and 
undergoes dismutation to hydrogen peroxide with 
the formation of hydroxyl radicals (14, 15, 16). 
Hyperureamia and hypercreatininemia have been 
reported to occur in alloxanized diabetic rats (17), 
and such elevated levels of biomolecules (Table 2) 
in the present study did not only suggest 
disturbance in the metabolism of these substances, 
but also agrees with previously published reports. 
The levels of the molecules in the serum of the 
animals were normalized by the saponin extract 
from H. annuus roots to the control group. 
Enzyme activities in the tissues are usually used as a 
‘marker’ to ascertain early toxic effects of 
administered foreign compounds to experimental 
animals (18, 19, 20, 21, 22). ALP is a membrane 
bound enzyme while ALT and AST are cytosolic 
enzymes. These enzymes are highly concentrated in 
the liver and kidney and are found only in the 
serum in significant quantities when the cell 
membrane becomes leaky and completely ruptured 
(20). (21) has documented that rise in serum level 
with corresponding decrease in tissue level of these 
intracellular enzymes is an index of damage to liver 
and kidney cells. In this present study, increase in 
serum enzymes activities without concomitant 
alteration in the tissue levels of the enzymes may 
implied that the serum elevation in the diabetic 
groups might be from single intraperitoneal 
administration of alloxan at a dose of 65 mg/kg 
body weight has been reported to cause oxidative 
damage to pancreatic beta cells in rats (23), which 
was gradually reversed in saponin extract from H. 
annuus roots administration (Table 3 and Table 4).  
Furthermore, in comparison with ALT, AST is less 
specific for the detection of hepatic injury (24). This 
is due to the fact that; the half-life of ALT is much 

longer compared to AST in experimental animals. 
Therefore, in a condition of acute liver injury, there 
will be an increase in both serum ALT and AST levels. 
However, the serum AST level may likely return to 
normal more rapidly compared to the level of serum 
ALT, which make ALT more sensitive in assessing 
hepatic damage in disease conditions (25, 26, 27). 
Hence, the hepatoproductive ability of saponin 
extract from H. annuus roots is supported by the 
reduced serum ALT, ALP and urea levels in the 
diabetes treated groups of 100 mg/kg, 200 mg.kg, 
300 mg/kg and 500 mg/kg respectively compared to 
the diabetic control group (Table 4 and Table 5). The 
excellent performance of saponin extract from H. 
annuus roots in reversing the negative effects of 
alloxan on diabetic rats may due to the present of 
the antioxidant effect of saponin. Furthermore, 
saponin extract from H. annuus roots may have exert 
its action through insulinomimetic. 
 
Conclusion 
In conclusion, various doses of saponin extract from 
H. annuus roots possess strong antidiabetic activity 
via improving a number of organ specific diabetic-
complications related parameters in diabetic rats 
which might be due to the antioxidant effect of the 
saponin in H. annuus roots. Hence, saponin extract 
from H. annuus roots may be a potential anti-
diabetic natural product with no considerable side 
effects.  
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Parameter Control 
Diabetes  

untreated 

Group A  

(100mg/kg) 

Group B  

(200mg/kg) 

Group C  

(300 mg/kg) 

Group D  

(500mg/kg) 

Total bilirubin 

(mg/dl) 
0.91±0.30a 7.18±0.84c 1.32±0.13ab 1.64±0.35ab 1.87±0.15ab 2.30±0.17b 

Direct bilirubin 

(mg/dl) 
1.62±0.17a 7.04±0.75c 1.93±0.07ab 2.92±0.25b 2.52±0.33ab 2.70±0.11ab 

Albumin 

(g/l) 
13.71±0.83e 2.80±0.60a 15.17±0.15d 11.65±0.75c 11.47±0.86c 7.34±0.38b 

Total protein 

(g/l) 
16.39±0.63c 3.53±0.10a 16.25±0.15c 12.71±0.21b 11.67±0.34d 10.51±0.01e 

Table 1. Some Liver function indices of rats administered with Saponin extract from Helianthus annuus 
Roots in alloxanized diabetic rats  

*Values are expressed as mean of five determinations ± SEM 
*Row values with different superscripts are significantly (p<0.05) different 

Parameter Control Diabetes  

untreated 

Group A  

(100mg/kg) 

Group B  

(200mg/kg) 

Group C  

(300 mg/kg) 

Group D  

(500mg/kg) 

Urea  

(mg/dl) 

3.69±0.33a 19.67±2.23c 3.74±0.47a 5.31±0.80b 5.39±0.92b 9.27±0.12d 

Creatinine 

(mg/dl) 

0.30±0.07a 2.07±0.21d 0.36±0.06ab 0.40±0.06ab 0.80±0.18b 1.65±0.19c 

Table 2: Some Kidney function parameters of rats administered with Saponin extract from 
Helianthus annuus Roots in alloxanized diabetic rats  

*Values are expressed as mean of five determinations ± SEM 
*Row values with different superscripts are significantly (p<0.05) different 

Tissues Control Diabetes  

untreated 

Group A  

(100mg/kg) 

Group B  

(200mg/kg) 

Group C  

(300mg/kg) 

Group D  

(500mg/kg) 

Liver 2.69±0.94a 11.67±3.04b 3.69±0.43a 4.12±1.12c 4.42±1.03c 6.23±0.43d 

Kidney 6.36±0.65b 2.73±0.21a 5.18±1.29b 5.89±1.09b 5.59±0.61b 7.51±0.29c 

Serum 2.24±0.60a 3.62±0.16b 1.40±0.16a 1.40±0.16a 1.40±0.16a 2.26±0.12a 

Table 3: ALT Activity (U/L) of Liver, Kidney and Serum of Rats administered with Saponin 
extract from Helianthus annuus Roots in alloxanized diabetic rat  

*Values are expressed as mean of five determinations ± SEM  
*Row values with different superscripts are significantly (p<0.05) different 



_______________________________________ 

http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

PhOL   Ojo, et al  79 (73-79)   
  

Tissues Control Diabetes  

untreated 

Group A 

 (100mg/kg) 

Group B  

(200mg/kg) 

Group C  

(300mg/kg) 

Group D  

(500mg/kg) 

Liver 5.67±1.78a 21.02±2.48b 5.58±1.43a 5.65±1.15a 5.88±0.73a 8.09±1.58c 

Kidney 4.59±1.15a 10.09±0.64b 2.59±0.50a 4.13±0.73a 3.45±0.96a 4.49±1.07a 

Serum 3.96±0.45b 6.92±0.64c 2.06±0.25a 2.27±0.31a 2.57±0.22a 3.99±0.21b 

Table 4: AST Activity (U/L) of Liver, Kidney and Serum of Rats administered with 
Saponin extract from Helianthus annuus Roots in alloxanized diabetic rat  

*Values are expressed as mean of five determinations ± SEM  
*Row values with different superscripts are significantly (p<0.05) different 

Tissues Control Diabetes  

untreated 

Group A  

(100mg/kg) 

Group B  

(200mg/kg) 

Group C  

(300mg/kg) 

Group D  

(500mg/kg) 

Liver 3.81±0.41a 12.44±0.98b 3.52±0.55a 3.94±1.24a 4.02±0.85a 5.31±1.07c 

Kidney 4.60±0.95a 16.27±1.88b 3.94±0.66a 4.52±0.91a 4.32±0.62a 3.91±0.55a 

Pancreas 2.79±0.45a 16.57±2.08b 3.19±0.45a 4.30±1.20a 5.03±1.02c 6.27±0.92c 

Serum 2.19±0.30a 7.39±0.60c 1.93±0.26a 2.43±0.44a 1.93±0.26a 4.29±0.46b 

Table 5: ALP Activity (U/L) of Liver, Kidney Pancreas and Serum of Rats administered 
with Saponin extract from Helianthus annuus Roots in alloxanized diabetic rat  

*Values are expressed as mean of five determinations ± SEM  
*Row values with different superscripts are significantly (p<0.05) different 


