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Abstract 
Objectives: Diabetes mellitus is associated with biochemical, physiological and pathological 
alterations in the liver. The aim of this study was to investigate the effects of hydroalcoholic extract of 
Prangos ferulacea (L.) Lindle (P.f) on changes in rats´ liver structure and serum activities of alanin 
and aspartate aminotransferases after alloxan injection. 
Materials and Methods: In this study, forty female Wistar rats with body weight of 200±20 g were 
randomly divided into 5 groups with 8 rats per group. Diabetes was induced in rats by alloxan 
monohydrate at dose of 120 mg/kg body weight (BW) injected intraperitoneally. Root and leaves with 
stems hydroalcoholic extract of P.f at dose of 100 mg/kg BW were given orally in diabetic rats daily 
for a month. 
Results: In diabetic rats (D) the serum allanin aminotransferases (ALT) and aspartate 
aminotransferases (AST) were significantly increased (p<0.05) in comparison with the other groups. 
Moreover, in this group, necrosis of hepatocytes, cytoplasmic vacuolations, and lymphocytic 
inflammation were observed. Diabetic rats treated by root extract of P.f compared with diabetic group 
showed a significant decrease in these enzymes. In addition, in this group all of previous signs were 
improved. 
Conclusion: Root hydroalcoholic extract of P.f found to influence changes of aminotransferases and 
prevent the histopathological changes of liver associated with alloxan diabetes in rats. 
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Introduction 
Diabetes mellitus is a chronic metabolic 

disorder that continues to present a major 
worldwide health problem. It is 
characterized by absolute or relative 
deficiencies in insulin secretion and/or 
insulin action associated with chronic 
hyperglycemia and disturbances of 
carbohydrate, lipid, and protein metabolism 
(Duckworth, 2001). It is accepted that 
oxidative stress results from an imbalance 
between the generation of oxygen derived 
radicals and the organism antioxidant 
potential (Abdollahi et al., 2004). Various 
studies have shown that diabetes mellitus is 
associated with increased formation of free 
radicals and decrease in antioxidant 
potential due to these events (Nazirogilu et 
al., 2005). There are multiple changes in 
diabetic patients that are associated with 
oxidative stress such as: glycation of some 
products (Diabetes Care, 2010) and 
hypoxia resulting from hyperglycemia 
(Kaneto et al., 2007) that can make an 
imbalance in cellular oxidation and 
reduction, especially in liver tissue (Gallou 
et al., 2007). 

Liver is a big organ that its main 
function is managing and controlling 
carbohydrates, lipids, and proteins 
metabolism. Maintaining normal blood 
glucose levels by taking and storing 
glucose in form of glycogen (glycogenesis), 
cleavage of glycogen into glucose 
(glycogenolysis), and forming glucose from 
non-carbohydrate sources such as amino 
acids (gluconeogenesis) are some other 
functions of liver (Worbozet, 2003). 
Various studies have shown that alloxan 
has deleterious effects on liver and kidney 
(Giannini et al.,2005). Disruption in livers 
function that is demonstrated with 
increasing in allanin and aspartate 
aminotransferases (ALT & AST) have been 
reported one week after alloxan injection 
(Yamatani et al., 1994; Zafar et al., 2009). 
These enzymes, gamma-glutamil 
transferases (γGT) and billirubin are 
measured for investigating livers function 
(Zafar et al., 2009). Aminotransferases are 

the markers of the healthy hepatocytes 
(Pratt et al., 2009). ALT is mainly found in 
the liver but AST is found in the liver and 
some other organs, so it is a less-specific 
marker for liver (Pratt et al., 2009). Liver 
has a major role for maintaining post-
prandial normal glucose concentration and 
it is the main site of insulin clearance (Pratt 
et al., 2009). Many studies have shown an 
association between specific diabetic 
complications and disturbances in various 
tissues, such as diabetic nephropathy and 
peripheral neuropathy, but only limited data 
is available on the possible association 
between diabetic complication and liver 
functions. 

Herbal remedies are extracted from 
various plants and used for treating 
different disease such as inflammatory 
diseases, diabetes mellitus, and various 
hepatic and gastrointestinal diseases 
(Vozarova et al., 2006; Silva et al., 2008). 
Recently, there has been a considerable 
interest in finding natural antioxidant from 
plant materials to replace synthetic ones. 
Data from both scientific reports and 
laboratory studies show that plants contain 
a large variety of substances that possess 
antioxidant activity (Shanmugasundaram et 
al., 2008). Phytomedicals with antioxidant 
effects include cinnamic acids, coumarins, 
diterpenes, flavonoides, monoterpenes, 
phenylpropanpides, and triterpenes 
(Srivastava et al., 2003). In this aspect, 
Prangos ferulacea (L.) Lindle (P.f) is a 
plant native to the mountains of southern 
Iran (Fars province). In French it is called 
Oppoponax and in Persian Jashir. Its green 
sticks and leaves are used in different ways, 
e.g., boiled in churned sour milk and 
yoghurt or processed vinegar. The leaf is 
used for gastrointestinal disorders and lacks 
toxicity (Chanwitheesuck et al., 2005). To 
the best of our knowledge, this is the first 
report about anti-diabetic effects of this 
plant. 

 
 

Material and Methods 
Chemicals and drugs 
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Alloxan monohydrate and chloroform were 
purchased from Sigma Chemicals, 
Germany. Insulin NPH from Exir 
pharmaceutical company, normal saline 
from Iran Daroupakhsh company, ethanol 
from Pakdis company, Iran and other 
materials were purchased from Merk 
company, Germany. 
 
Plant material 

Fresh, green P.f plants were collected 
from the Shahidan Mountains of West 
Azerbaijan in northwest of Iran in frontier 
localities between Iran and Turkey in May 
2010 and authenticated by a professor from 
the Department of Biology at Urmia 
University. The samples (roots separately, 
and green leaf and stems had weight rate of 
1:1) were dried in shadow for 7 days. 
 
Preparation of extracts 

Collected samples were dried and 
ground by an electrical mill. 100 grams of 
both powder samples were added to 1000 
ml of alcohol. First, ethanol 96% was used 
and after 24 h both solutions were filtered 
and in the second step ethanol 70% was 
added to the remained dry materials. After 
24 h, solutions were filtered and then both 
filtered solutions were mixed together and 
then evaporated repeatedly to half the first 
volume by rotary evaporator in 50º C and 
70 rpm. Concentrated extracts were dried 
on water bath at 40º C temperature to yield 
6% w/w dry extract. For the preparation of 
injected extract, this powder was solved in 
specific volume of normal saline (Larkins 
et al., 2004). 
 
Preparation of diabetic rats 

Alloxan monohydrate dissolved in 
saline was injected to rats intra peritoneally 
at dose of 120 mg/kg body weight. After a 
fortnight, rats with marked hyperglycemia 
(serum glucose more than 200 mg/dl) were 
selected and used for the study (Kazerooni 
et al., 2006). 

 
Experimental design 

Forty female Wistar rats with BW of 
200±20 g were purchased from Pasteur 
Institute, Iran and were kept in animal 
houses of Urmia University. They were 
kept at 20±5º C, relative humidity of 
30±5% and light/dark cycle for 12h. All 
animals were fed with rodent pellet diet and 
water was allowed ad-labium under strict 
hygienic conditions. These rats were 
randomly divided into 5 groups with 8 rats 
per group, as follows: group 1 (C: 
controlled group) were administrated 0.5 
ml saline, group 2 (D: untreated diabetic 
rats), group 3 (D+S1) diabetic rats 
receiving roots hydro-alcoholic extract of 
P.f at 100 mg/kg B.W in saline, group 4 
(D+S2) diabetic rats received leaves and 
stems hydro-alcoholic extract of P.f at 100 
mg/kg B.W in saline, group 5 (D+S3) 
diabetic rats received insulin NPH at 1 
I.U./kg. Treatments periods were 4 weeks 
and all extract were given orally in rats by 
intra-gastric tube. 
 
Tissue preparation and biochemical 
estimation 

At the end of the experiment, the rats 
were weighed, anesthetized by diethyl ether 
and their livers were taken out and fixed in 
10% natural buffer formalin. After tissue 
processing, the samples were blocked in 
cylindrical paraffin blockers and then 
stained by Hematoxilin- eosin (Dhandapani 
et al., 2002) (each sample's diameter was 5-
6 microns).  At first, WBC count was 
measured from rats' blood collected from 
left ventricle of the heart. Serum samples 
were collected for estimation of 
biochemical parameters from all the 
experimental rats including serum glucose, 
ALT and AST. 
 
Statistical analysis 

All values are expressed as 
Mean±SEM. The differences were 
compared using one way analysis of 
variance (ANOVA) followed by Tukey's 
multiple comparison tests. p-values <0.05 
were considered statistically significant. 
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Results 
In untreated diabetic rats, glucose, 

WBC, ALT and AST values were 
significantly elevated during the study 
whereas their body weight decreased. 

Chronic treatment with roots hydro-
alcoholic extract of P.f at 100 mg/kg 
significantly (p<0.05) decreased WBC, 
serum glucose, ALT and AST as shown in 
Table1 and Figure 1, 2, 3 and 4. 

 
 
Table 1. Body weight of experimental groups at the begining and the end of the experiment. 
 

D+S3 D+S2 D+S1 Diabetic Control Treatment Time 

205.6±15.3 213.1±10.8 210±13.2 204±10.5 207.4±11.3 At the start of exp. 

211.4±23.4** 143.2±17.2 200.1±26.4** 139.9±19.2  254.6±21.4** At the end of exp. 

  
(**) Significant at p<0.05 as compared to diabetic group. D+S1:diabetic rats treated with roots hydroalcoholic 
extract of P.f (100 mg/kg), D+S2: diabetic rats treated with stems & leaves hydroalcoholic extract of P.f (100 
mg/kg), D+S3:diabetic rats treated with insulin NPH (1 IU/kg) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Effect of hydroalcoholic extract of P.f on 
serum glucose level in experimental groups on 0, 14 
and 28 days. All values are expressed as 
Mean±SEM (n=8). Statistical comparisons between 
each group were carried out by one way ANOVA 
followed by Tukey´s multiple comparison tests.  
*p<0.05 in comparison with diabetic values. 
C: control group, D: diabetic group, D+S1: diabetic 
rats treated with roots hydroalcoholic extract of P.f 
(100 mg/kg), D+S2: diabetic rats treated with stems 
& leaves hydroalcoholic extract of P.f (100 mg/kg) 
D+S3: diabetic rats treated with insulin NPH (1 
IU/kg) 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Effect of hydroalcoholic extract of P.f on 
WBC level in experimental groups on 28 days. All 
values are expressed as Mean±SEM (n=8). 
Statistical comparisons between each group were 
carried out by one way ANOVA followed by 
Tukey´s multiple comparison tests. *p<0.05 in 
comparison with diabetic values. 
C: control group, D: diabetic group, D+S1: diabetic 
rats treated with roots hydroalcoholic extract of P.f 
(100 mg/kg), D+S2: diabetic rats treated with stems 
& leaves hydroalcoholic extract of P.f (100 mg/kg) 
D+S3: diabetic rats treated with insulin NPH(1 
IU/kg) 
  



Preventive effects of Prangos ferulacea (L.) Lindle on liver damage 

67    AJP, Vol. 2, No. 2, Spring 2012                                                        

 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Effect of hydroalcoholic extract of P.f on 
serum ALT level in experimental groups on 28 days. 
All values are expressed as Mean± SEM (n=8). 
Statistical comparisons between each group were 
carried out by one way ANOVA followed by 
Tukey´s multiple comparison tests.  
*p<0.05 in comparison with diabetic values. 
C: control group, D: diabetic group, D+S1: diabetic 
rats treated with roots hydroalcoholic extract of P.f 
(100 mg/kg), D+S2: diabetic rats treated with stems 
& leaves hydroalcoholic extract of P.f (100 mg/kg) 
D+S3: diabetic rats treated with insulin NPH(1 
IU/kg) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Effect of hydroalcoholic extract of P.f on 
serum AST level in experimental groups on 28 days. 
All values are expressed as Mean±SEM (n=8). 
Statistical comparisons between each group were 
carried out by one way ANOVA followed by 
Tukey´s multiple comparison tests.   
*p<0.05 in comparison with diabetic values. 
C: control group, D: diabetic group, D+S1: diabetic 
rats treated with roots hydroalcoholic extract of P.f 
(100 mg/kg), D+S2: diabetic rats treated with stems 
& leaves hydroalcoholic extract of P.f (100 mg/kg) 
D+S3: diabetic rats treated with insulin NPH(1 
IU/kg) 
 
Livers histo-pathological result 

In the current study, in diabetic livers, 
an important fatty change was not 

observed. Normal liver of the rat is 
essentially formed of hepatic lobules. Each 
lobule is made up of radiating plates, 
strands of cells forming a network around a 
central vein with narrow sinusoids (Figure 
5). 

Destructive changes were more obvious 
in the animals of group D and D+E2. There 
was loss of usual concentric arrangement of 
hepatocytes and portal vessels and the 
sinusoids were congested. In group D, 
obvious leukocyte infiltration (Figure 6a) 
was observed. Further in this group, the 
hepatocytes appeared to suffer from certain 
degree of cloudy swelling with marked 
cytoplasmic vacuolations (Figure 6b), and 
nuclei of some cells revealed clear signs of 
pycnosis (Figure, 6b). Treatment with root 
hydroalcoholic extract of P.f (Figure 7) and 
insulin (Figure 9) showed improvement in 
histological structure of liver sections of 
diabetic rats, pronounced normalized 
appearance of liver lobules with strains of 
hepatocytes compared with the diabetic rat 
livers. In these groups, the hepatocytes 
exhibited some degree of histological 
regeneration, less sinusoids congestion with 
absence of leukocyte infiltration and less 
necrotic cells. In D+S2 group, most of the 
signs were similar to the D group and 
treating with plant extract has no significant 
effect on histopathological changes induced 
by alloxan injection (Figure 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Normal rat liver (H&E×400 ) showing 
normal hepatocytes, sinusoides and central vein.  
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Figure 6 (a). Diabetic control rats (H&E×100) 
showing remarkable lymphoctytic infiltration.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 (b). Diabetic control rats (H&E×400) 
showing marked sytoplasmic vacuolations, 
dispersed necrosis of hepatosytes with dilated 
sinusoids.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Diabetic+roots hydroalcoholic extract of 
P,f (100 mg/kg) treated rat liver (H&E×400) 
showing hypertrophic hepatocytes with normal 
central vein. Lymphocytic infiltrations were not 
observed. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Diabetic+stems & leaves (100 mg/kg) 
hydroalcoholic extract of P.f treated rat liver 
(H&E×400) showing lymphocytic infiltration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Diabetic+Insulin (1 IU/kg) treated rat liver 
(H&E×400) showing normal structure with 
hypertrophic hepatocytes and narrowed sinusoids. 
Lymphocytic infiltrations were not observed.  
 

 

Discussion 
In this study, we investigated the effect 

of hydro-alcoholic extract of P.f on hepatic 
enzyme changes and livers histopathology 
during the diabetes mellitus (D.M) 
conditions and observed that alloxan 
injection caused increased serum activities 
of ALT and AST. In addition, in 
histological study of liver, obvious 
lymphocytic inflammation in portal areas, 
dilated sinusoids, and necrosis of 
hepatocytes were the most common hepatic 
injuries in D group in comparison with 
other groups. 
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D+S1 group showed a significant decrease 
in serum ALT and AST, and activities of 
both enzymes came back to the normal 
level in comparison with D group. In the 
D+S2 group, all of the signs were similar to 
the D group and treatment with plant 
extract didn’t have any significant effect on 
liver and hepatic enzymes. In most of the 
other studies, DM condition was associated 
with biochemical, histopathological, and 
physiological changes of liver (Worbozet., 
2003; Pratt et al., 2009). Most importantly, 
recent studies showed dramatic changes of 
liver such as fatty liver or glycogenesis and 
liver structural changes in short time (Zafar 
et al., 2009).  

Mostly, infectious disease has been 
treated with herbal remedies through the 
history of mankind. Even today, plant 
materials play a major role in primary 
health care as therapeutic remedies in many 
countries. The ethno botanical information 
reports about 800 plants that may possess 
anti diabetic potential (Jones et al., 2004). 

The genus of Prangos with the common 
Persian name of Jashir includes 15 species 
which are growing widely in many regions 
of Iran. Some species are distributed in 
Anatolia, central Asia, and Caucasian 
(Alarcon et al., 2008). Prangos ferulacea 
(L.) Lindle is a plant native to the 
mountains of southern Iran (Fars province) 
(Coruh et al., 2007). Previous 
phytochemical studies of this plant have 
indicated the presence of coumarines, 
alkaloids, flavenoides, and terpenoids. It is 
more important that some components such 
as umbelliferone, frundenole, fruliden, 
prangon, and penthyl coumarins were 
detected in the root of this plant (Alarcon et 
al., 2008). Plant-derived phenol coumarins 
might play a role as dietary antioxidants 
because of their consumption in the human 
diet especially in fruits and vegetables 
(Jones et al., 2004). Umbelliferon (7-
hydroxy coumarin), an excellent natural 
antioxidant, benzopyrone in nature, is an 
abundant compound in roots of P.f (Coruh 
et al., 2007). The parent compound –
coumarin- has been reported to reduce 

plasma glucose. Recently, Ramesh et al. 
reported the effect of umbliferon on 
glycemic control and lipids and antioxidant, 
glycoprotein components and hepatic 
marker enzymes in STZ-diabetic rats 
(Ramesh et al., 2005). Liver is the main 
organ for maintaining plasma glucose 
levels within narrow limits (Yamatani et 
al., 1994). The increase of free radical 
mediated toxicity is well documented in 
clinical diabetes and STZ or Alloxan-
diabetic rats. Hyperglycemia can generate a 
redox imbalance inside the cells, especially 
in the liver (Zafar et al., 2009). Free 
radicals result in the consumption of 
antioxidant defenses which may lead to 
disruption of cellular function. In an 
experimental study in rats, a marked 
decrease in liver weight was observed in 
diabetic rats that could be due to an 
increased breakdown of glycogen and 
protein degradation and increased 
gluconeogenesis. In that research, treatment 
with umbelliferone elevated liver weight, 
glycogen content, and plasma proteins 
which can be due to increased plasma 
insulin level (Coruh et al., 2007). Further 
antioxidant property of umbelliferone may 
also contribute by reducing tissue damage. 
Enzymes directly associated with the 
conversion of amino acids to ketoacids are 
ALT and AST (Parmar et al., 1982; Khaki 
et al., 2009). ALT and AST activities are 
used as the indicators of hepatocytes 
damage. In earlier stage of livers damage, 
these cytoplasmic enzymes of hepatocytes 
penetrate the cells and enter the blood 
stream (Parmar et al., 1982; Ramesh et al., 
2006). These enzymes have increased 
activities in diabetic rats which are due to 
hepatic damage and treatment while roots 
hydro alcoholic extract of P.f decreased the 
activities of these enzymes, most likely due 
to its antioxidant properties. 

In summary, our study showed that 
roots hydro-alcoholic extract of P.f  affects 
changes of aminotransferases and prevents 
the histopathological changes of liver in 
association with alloxan induced diabetes 
in rats and this effect can be due to the 
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flavenoides, umbelliferone, and their 
antioxidant features. 
 
Acknowledgment 

The authors would like to thank Mr. 
Jafari for his valuable assistance in the 
laboratory work. 
 
 
References 
Abdollahi M,Ranjbar A,Shadnia S,Nikfar 

S,Rezaiee A. 2004. Pesticides and oxidative 
stress: a review. Med Sci Monit, 10: 144-
147. 

Alarcon Aguilara FJ, Roman Ramos R, Perez 
Gutierrez S, Aguilar Contreras A, Contreras 
Weber CC, Flores Saenz JL. 2008. Study of 
the antihyperglycaemic effect of plants used 
as antidiabetics. J Ethnopharmacol, 61, 101-
110. 

Chanwitheesuk A, Teerawutgulrag A, 
Rakariyatham N. 2005. Screening of 
antioxidant activity and antioxidant 
compounds of some edible plants of 
Thailand. Food Chem, 92: 491-497. 

Coruh N, Sagdicoglu Celep AG, Ozgokce F. 
2007. Antioxidant properties of Prangos 
ferulacea (L.) Lindle, Charophyllum 
macropodum Boiss and Heracleum 
persicum Desf. from Apiacea family used as 
food in Eastern Anatolia and their inhibitpry 
effects on glutathione-S-transferase. Food 
chemistry, 100: 1237-1242. 

Dhandapani S, Subramanian V, Rajagopal 
Namasivayam N. 2002. Hypolipidemic 
effect of Cuminum cyminum L . on alloxan– 
induced diabetic rats. Pharmacologial 
research, 46: 251-255. 

Duckworth WC. Hyperglycemia and 
cardiovascular disease. Curr Atheroscler 
2001; 2: 383-391 

Excecutive Summary: Standards of medical 
care in diabetes. Diabetes Care 2010; 33: 
S4-S10. 

Gallou G, Ruelland A, Legras B, Maugendre D, 
Allanic H, Cloarec L. 1993. Plasma MDA in 
type 1 and type 2 diabetes. Clin Chim Acta, 
214: 227-234. 

Giannini EG, Testa R, Savarino V. 2005. Liver 
enzyme alteration: a guide for clinicians. 
CMAJ, 172: 367-379. 

Jones TC, Hunt RD, King NW. Veterinary 
pathology. 6th ED, Williams and Wilkins, 
Baltimore, USA, 2004: 1252-1259. 

Kaneto H, Katakami N, Kawamori D et al. 
2007. Involvement of oxidative stress in the 
pathogenesis of diabetes. Antioxide Redox 
Signal, 9: 355-366. 

Khaki AA, Khaki A, Nouri M, Ahmadi-
Ashtiani HR, Rastegar H, Rezazadeh SH, 
Fathiazad F, Ghanbari M. 2009. Evaluation 
Effects of Quercetin on Liver Apoptosis in 
Streptozotocin induced Diabetic Rats, 8: 70-
78. 

Larkins, Nikolas,Wynn S. 2004. 
Pharmacognosy, Phytomedicines and their 
mechanisms. Vet Clin North Am Small 
Anim Pract, 34 :291-327. 

Kazerooni T, Mousavizade K, Abdollahee A, 
Sarkarian M, Sattar A. 2006. Aborifacient 
effect of Prangos ferulacea on pregnant 
rats.Contraception,73: 554-556. 

Nazirogilu M, Butterworth P. 2005. Protective 
effects of moderate exercise with dietary 
vitamin C and E on blood antioxidative 
defense mechanism in rats with STZ-
induced diabetes.Can J Appl Physiol, 30: 
172-185. 

Parmar C, Kaushal MK. Aeglemarmelos Wild 
Fruits. Kalyani Publishers, Parmar C, 
Kaushal MK. Aeglemarmelos. Wild Fruits. 
Kalyani Publishers, 1982. 

Pratt DS, Kaplan MM. 2009. Evaluation of 
abnormal liver enzyme results in 
asymptomatic patients. N Engl J Med, 342: 
1266-1271. 

Ramesh B, Pugalendi, KV. 2005. 
Antihyperlipidemic and antidiabetic effects 
of Umbelliferone in streptozotocin diabetic 
rats. Yale J BiolMed, 78: 189-196. 

Ramesh B, Pugalendi KV. 2006. Impact of 
Umbelliferone (7- hydroxycoumarin) on 
hepatic marker enzymes in streptozotocin 
diabetic rats. Ind J Pharmacol, 38: 209-210. 

Shanmugasundaram ER, Rajeswari G, 
Baskaran K, et al. 2008. Use of Gymnema 
sylvestre leaf extract in the control of blood 
glucose in insulin-dependent diabetes 
mellitus. J Ethnopharmacol, 30: 281-294. 

Silva Filho AA, Crottiand AEM, Araújo ARB. 
2008. Hypoglicemic effect of Leandra 
lacunosa innormal and alloxan-induced 
diabetic rats. J of Fitoterapia, 79: 356 - 360. 

Srivastava Y, Venkatakrishnan-Bhatt H, Verma 
Y. 2003. Antidiabetic and adaptogenic 
properties of Momordica charantia extract: 
an experimental and clinical evaluation. 
Phytother Res, 7: 285-289. 



Preventive effects of Prangos ferulacea (L.) Lindle on liver damage 

71    AJP, Vol. 2, No. 2, Spring 2012                                                        

Vozarova B, Stefan N, Lindsay RS, Saremi A, 
Pratley R E, Bogardus C, et al. 2006. High 
Alanine Aminotransferase Is Associated 
With Decreased Hepatic Insulin Sensitivity 
and Predicts the Development of Type 2 
Diabetes. Diabetes Predicts the 
Development of Type 2 Diabetes. Diabetes, 
51: 1889-1895. 

Worobetz L, Hilsden R, Shaffer E, Simon J 
Pare P, Scully L, et al. 2003. In Thomson 
BR, Shaffer EA editors. First Principles of 
Gastroenterology. 2nd ed. editors. First 

Principles of Gastroenterology, The liver: 
2nd ed. 

Yamatani K, Marubashi S, Wakasugi K, Saito 
K, Sato N, Takahashai K, et al. 1994. 
Catecholamine-Induced cAMP Response in 
Streptozotocin- Induced Diabetic Rat Liver. 
Tohoku J Exp Med, 173: 311-320. 

Zafar M, Naqvi S, Kaimkhani M&A. 2009. 
Altered Liver Morphology and Enzymes in 
Streptozotocin Induced Diabetic Rats.Int J 
Morphol, 27: 719-725. 

 
 
 
 
 
 
 
 
 
 
 
 


