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ABSTRACT 

PROTECTIVE EFFECTS OF URTICA DIOICA AND TAURINE 

ON CARBON TETRA CHLORIDE INDUCED 

HEPATOTOXICITY IN RATS 
Liver and kidneys are essential in metabolism and elimination of waste products from 

body and likewise susceptible to damage induced by toxins, chemicals and therapeutic 

drugs during their metabolic degradation and removal. Herbal therapies have gained a 

lot of attention during these days due to least reported side effects, similarly 

supplementation of various nutrients have also been shown to minimize hepatic and 

renal toxicities induced by xenobiotics. The present study therefore was aimed to 

explore the protective properties of a medicinal plant “Urtica dioica” & an amino 

acid “Taurine” against hepatic and renal toxicities persuaded by carbon tetra chloride 

in male wistar rats. Carbon tetrachloride administration in rats is one of the oldest 

methods for experimental induction of liver fibrosis, cirrhosis and nephrotoxicity 

chiefly via formation of reactive free oxygen radicals, lipid peroxidation and 

oxidation of proteins that further lead to damage of membrane and reduction in the 

activity of antioxidant enzymes. Urtica dioica (UD) belongs to family Urticaceae, 

used as herbal medicine since ancient times for the treatment of illnesses including 

liver cirrhosis, benign prostatic hyperplasia (BPH), rheumatoid arthritis, Type 1 

Diabetes Mellitus, hypertension and colitis. Different parts of the plant contain 

steroids, terpenoids, lectins and flavanol glycosides that exhibit potent anti-

inflammatory, anti-allergic, anti-carcinogenic, immunostimulatory and antioxidant 

activities. Taurine is one of the few known naturally occurring sulfonic acids widely 

distributed in animal tissues and primarily synthesized in liver and CNS. It plays 

fundamental roles in cellular development and differentiation, membrane 

stabilization, osmoregulation and antioxidation.  

In this study 36 male albino wistar rats were distributed in to six groups (n=6).  

Control group remained untreated healthy rats, CCl₄ group received CCl₄ (0.8 ml/Kg 

b.w, s.c, for 8 weeks, twice a week), CCl₄+UD group received CCl₄ (0.8 ml/Kg body 

weight , subcutaneously for 8 weeks, two times per week) together with UD (2 ml/kg 

UD extract intra-peritoneal (i.p) daily for 8 weeks), UD group was given  UD (2 

ml/kg UD extract i.p daily for 8 weeks),  group CC4+Taurine obtained CCl₄ (0.8 

ml/Kg b.w, s.c, for 8 weeks, twice a week) together with taurine (1% w/v with 

drinking water daily for 8 weeks); Turine group was given taurine (1% w/v through 

drinking water daily for 8 weeks). Biochemical analysis included total bilirubin, liver 

enzymes (ALT, AST, ALP), urea, creatinine, BUN, hepatic and renal antioxidant 

enzymes (catalase, SOD & GSH), MDA, PON-1, CP & SDH. Histopathological 

features were investigated in liver and kidney tissues. The 8 weeks treatment of rats 

with CCl₄ created hepatotoxicity as indicated by elevated bilirubin, ALT, AST, SDH, 

ALP and MDA levels and reduced activity of catalase, GSH & SOD PON-1 & CP in 

CCl₄ treated group. CCl₄ treatment resulted in renal impairments exhibited via 

increased urea, creatinine, BUN and MDA levels whereas decreased antioxidant 

enzymes catalase, SOD & GSH levels in CCl₄ treated group. Urtica dioica and 

taurine treatments along with CCl₄ in groups (CCl₄+UD) & (CC4+Taurine) for sixty 

days have been shown to minimize hepatotoxic effects of CCl₄ by significantly 

reducing the elevated liver enzyme, lipid peroxidation and raised the decreased 

antioxidant levels. On the other hand the nephrotoxic effects of CCl₄ were reverted by 

UD and taurine treatment as indicated by reduced urea, creatinine, BUN & MDA and 

enhanced catalase, SOD & GSH levels. 



 

The hepatic histologic findings indicated portal and periportal fibrosis in CCl₄ treated 

rats with 40% degenerative hepatocytes. UD treatment together with CCl₄ indicated 

slight periportal fibrosis, fatty changes with no degenerative hepatocytes whereas 

slight periportal fibrosis with apparently no degenerative hepatocytes were seen in 

rats treated with taurine along with CCl₄. The renal histologic findings indicated 

tubulointerstitial fibrosis with no mesengial proliferation in CCl₄ treated rats. UD & 

taurine treatments along with CCl₄ have been shown to prevent tubule-interstitial 

fibrosis in rats of groups (CCl₄+UD) & (CC4+Taurine).  

ROS induced oxidative stress plays a crucial part in mechanism of hepatotoxicity and 

an approach that may reduce the burden of reactive free radicals may overcome the 

toxic effects induced by those free radicals. The experimental results indicated that 

Urtica dioica and Taurine have shown anti-inflammation and anti-fibrotic effects 

against hepatotoxicity and nephrotoxicity induced by CCl₄ principally via scavenging 

ROS, reducing lipid peroxidation and enhancing antioxidant enzyme activities thus 

reducing oxidative burden which is the foundation of various pathophysiological 

progressions including cirrhosis associated with increased indisposition and death.  

In conclusion, our experimental results suggest that Urtica dioica and taurine have 

successfully resumed liver and renal functions after acute episodes of toxicity induced 

by CCl₄.The study therefore can be advantageous to scientists, health experts, 

pharmacologists and researchers in developing evidence-based alternative medicine 

beneficial in the prevention and treatment of hepatotoxicity and nephrotoxicity and 

improve hepatic and renal functions without any side effects.  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

1. INTRODUCTION 

 

 

1.1. Hepatotoxicity 

Liver is responsible for various fundamental body functions including bile production, 

storage of glucose and vitamins, detoxification of chemicals, synthesis of clotting 

proteins and many more. Liver serves as a detoxification center and site of 

metabolism for both exogenous and endogenous chemicals and hence susceptible to 

toxicity created by chemicals. Types of injuries caused by hepatotoxins include 

cytotoxic, cholestatic, or combined injuries, steatosis, phospholipidosis, tumours, 

vascular lesions, sub-acute hepatic necrosis, chronic hepatitis, even non-specific 

changes and more importantly cirrhosis.  (Kshirsagar et al., 2009). 

1.1.1. Cirrhosis 

Liver cirrhosis is a toxic terminal fibrotic scarred liver containing nodules mostly 

caused by alcohol, viral infections, inflammation, fatty liver disease long-standing 

exposure to toxins or drugs resulting in shrinkage and hardening of liver with 

significant hepatic functional loss.  

1.1.1.1. Incidence of Cirrhosis 

1.1.1.1.1. International Statistics  

Data related to prevalence and incidence of cirrhosis is limited yet findings suggest 

that in Europe about 0.1% population is affected by cirrhosis,  that is equivalent to 14-

26 new cases per 100,000 populations per year with mortality rate of 170,000 deaths 

per year (Zantonski et al., 2010). A striking high mortality rate was observed in late 



 

20
th

 century especially in Hungary, Moldova, Slovakia, Slovenia, Romania and in 

northeastern European countries (Zatonski et al., 2000 & 2010). However during the 

last ten years liver cirrhosis was accompained with great indisposition and death in 

United Kingdom, Ireland and other Western European countries and is the 12
th

 

principle cause of death in America (Martin et al., 2013). 

1.1.1.1.2. Statistics in Pakistan 

The prevalence and incidence of liver cirrhosis in Pakistan are extremely increased 

especially due to currently increase in prevalence of Hepatitis in Pakistan and it is 

estimated that 74 % patients with HBV or HCV or co-infection have cirrhosis (Neeff 

et al., 2009).  

1.1.1.2. Pathophysiology of  Cirrhosis 

Under normal circumstances liver has got potential to regenerate damaged cells 

however cirrhosis develops under sustained influence of destructive factors like 

chronic alcoholism or chronic infections. Cirrhosis is confirmed by the presence of 

intrahepatic: 

 Fibrosis  

 Regenerative nodules  

1.1.1.2.1. Fibrosis 

It may be a reactive, benign, or pathological condition induced by damage due to 

excessive formation and deposition of fibrous connective tissue during repair process 

(Birbrair et al., 2013). The initial phases of repair are useful but under uncontrolled 



 

conditions and prolonged injury there is considerable accumulation and deposition of 

extracellular matrix resulting in replacement of hepatocytes with perpetual scar tissue 

(Schuppan et al., 2001). Damage to liver tissue results in activation of hepatic 

perivascular stellate cells (HSCs) that are chiefly involved in ECM production in 

damaged liver tissue (Gabele et al., 2003). HSCs are present in perisinusoidal 

space and store vitamin A in normal conditions. The activation of HSCs occur after 

chronic liver injury when they acquire contractile, fibrogenic and proinflammatory 

properties and transform in to myofibroblasts (Milani, 1990) (Marra, 1999) that 

excessively produce abnormal matrix including collagen (I, II & IV), glycoproteins, 

glycans, fibronectin, undulin, elastin and hyaluronan eventually resulting in 

development of fibrosis and obstruction of hepatic portal circulation (Hammer et al., 

2010) (Figure 1.1 & 1.2). Furthermore there is aggregation of Kupffer cells, 

necrotized hepatocytes, platelets and leukocytes with subsequent release of pro-

inflammatory factors like ROS, connective tissue growth factor and PDGF that result 

in abnormal accumulation of extracellular matrix with subsequent hepatic functional 

impairments. The excess ECM results from increased synthesis as well as decreased 

degradation (Arthur, 2000). Matrix metalloproteinases (MMPs) are effective in 

removal of excessive ECM but activated hepatic stellate cells cause overexpression of 

TIMPs (1 & 2) which are specific inhibitors of MMPs thereby accelerating deposition 

of ECM. Stellate cell further accelerates fibrosis via secretion of Transforming growth 

factor (TGF-β1) which is a dominant stimulus for proliferation and production of 

ECM.  HSCs exhibit fibrogenic potency in pericentral areas of liver but besides HSCs 

portal myofibroblasts may have fibrogenic potential especially when liver damage 

arises around portal tracts as in cholestasis-induced liver fibrosis during which portal 

myofibroblasts proliferate around biliary tracts (Figure 1.2 & 1.3). Hence the cirrhotic 



 

liver isprimarily characterized by linked connective tissue septa that distinguish 

parenchymal nodules from hepatocytes where fibrosis typically surrounds the nodules 

but in well-established cirrhosis the structural instabilities make the form 

unnoticeable. 

 

Figure 1.1. : Interaction between apoptosis and inflammation in different cell 

types during liver fibrosis (Hiromitsu &Takaoet al., 2011) 

 

 



 

 

HFigure 1.2. : Role of Hepatic Myofibroblast in fibrogenesis (Ariane et al., 2013)

 

Figure 1.3. : Role of Hepatic Stellate cells in fibrogenesis (Ramon et al., 2001) 

 

 

 

 



 

1.1.1.2.2. Regenerative hepatic nodules (RNs)  

RNs are non-neoplastic nodules originate in liver cirrhosis. Liver injury results in 

local hepatocytic stromal proliferation due to extracellular matrix deposition with 

formation of hepatocellular nodules (International Working Party, 1995). During 

hepatocellular injury several factors regulate the growth of hepatocytes and may 

induce either hepatocellular hyperplasia that take the form of regenerating nodules 

or arterial growth that results in angiogenesis which creates new vessels within the 

fibrous cover surrounding nodules. The most active growth regulators include 

cytokines and liver growth factors like EGF, TNF & TGF-α,.Most nodules are 

benign regenerative nodules but may be differentiated and undergo dysplastic 

modifications to transform in to dysplastic or carcinogenic in nature (Coleman et 

al., 2003) (Figure 1.4 & 1.5).  



 

 

Figure 1.4 :    Normal and Cirrhotic liver  

(Medical Surgical Nursing Student Reviewer, 2009) 

 



 

 

Figure 1.5. : Regenerative nodules in liver cirrhosis  

(Gastrointestinal blueprint notes,  2014) 

 

1.1.1.3. Causes of Liver Cirrhosis 

The epidemiologic studies have revealed chronic hepatitis and chronic alcohol 

abuse as thecommonest etiological factors for cirrhosis across Europe. Moreover 

there are other potential causes and risk factors of cirrhosis among which drugs 

intoxication, obesity, Non-alcoholic steatohepatitis (NASH) are important.  

Hepatitis B & C viral infections are lethal forms of hepatitis that spread primarily 

through infected blood transfusions, sexual contact with infected persons, vertical 

transmissions and use of contaminated devices for performing invasive procedures.  

Chronic hepatitis B & C infections may lead to cirrhosis over a period of several years 

or may terminate in to hepatocellular carcinoma. Over 50% of hepatocellular 

carcinomas are caused by hepatitis B and C viral infections across Europe (El-Serag, 

2011).  During the course of HBV infection the adaptive immune response 



 

particularly cytotoxic T lymphocytes (CTLs) causes removal of infected cells and 

production of antiviral cytokines that eliminate HBV from viable hepatocytes thus 

initiate and mediate  hepatocellular damage (Iannacone et al., 2007).  DNA of HBV & 

HBC persist after infection in body and occasionally reactivate especially in 

alcoholics or immune-compromised individuals through cycles of replication and 

non-replication and about 50% of overt carriers exhibit  acute reactivation. Over a 

period of time the inflammatory changes lead to cirrhosis in approximately 20-30% 

patients due to which HCV is the chief source of liver cirrhosis and cancer that 

require liver transplant (Dan, 2012).  

Alcohol abuse is strongly associated with cirrhosis and develops in 10–20% of 

individuals who drink excessively over a period of time which may be a decade or 

more (Alcohol-Induced Liver Disease) About 2/5 of cirrhosis linked deaths are due to 

alcohol consumption in the United States (Dan, 2012). Hepatic metabolism of 

alcohol yield a toxic and reactive acetaldehyde metabolite causes alterations in 

carbohydrate, proteins and fats metabolism, accumulation of products in liver , 

production of ROS, triggering of native immunity via Kupffer cells activation , 

activation of complement system and production of inflammatory mediators such as  

TNF-α  leading to inflammation and development of fatty liver disease (Breitkopf et 

al., 2009; Rao, 2009; Arteel, 2003;  Nagy, 2003; Hoek & Pastorino, 2002; Tsukamoto 

and Lu, 2001) (Figure 1.6).  



 

 
Figure 1.6. : Alcohol induced hepatotoxicity (Samuel et al., 1997) 

Non-Alcoholic Steatohepatitis (NASH) represent synchronized fat accumulation 

followed by scar formation in association with obesity (40%), dyslipidemia, insulin 

resistance, coronary artery disease, corticosteroid medications and protein 

malnutrition. Primary Biliary Cirrhosis (PBC) is another form characterized by slow 

and progressive autoimmnune destruction of bile ducts resulting in secondary liver 

damage via cholestasis and fibrosis that may eventually ended at cirrhosis (Saxena et 

al., 2004). Primary Scelerosing Cholangitis (PSC) is another cause of cirrhosis due to 

inflammation and blockage of bile ducts resulting in obstruction of bile flow, bile 

stasis, back pressure that induces local destruction of liver parenchyma, formation of 

bile lakes and portal tract fibrosis that ultimately may progress to liver cirrhosis. 



 

Autoimmune Hepatitis is the immunologically mediated acute or chronic 

inflammation of liver may result in fibrosis and cirrhosis of liver.  

 

Figure 1.7. : Clinical consequences of liver cirrhosis (Wang et al., 2013) 

1.1.1.4. Complications of Cirrhosis 

Cirrhosis enhances resistance to blood flow through liver thereby increasing pressure 

in the portal venous drainage causing portal hypertension. Furthermore, portal 

hypertension results in splenomegaly, formation of esophageal varices due to port 

caval anastomosis and dilation of peri-umbilical collateral veins (Caput medosa) 

(Friedman et al., 2014 & Dan, 2012). Edema is the most common finding of cirrhosis 

due to accumulation of fluids in legs and abdomen secondary to portal hypertension 

as well as due to failure of liver to produce blood proteins specifically albumin. 

Portal hypertension and edema further leads to ascites (Arroyo et al., 1996 & Salerno 



 

et al., 1999), bacterial peritonitis (Runyon, 1998), alteration in renal functions, 

arterial circulation and vasoactive systems (Gines et al., 2003), hepatic hydrothorax, 

esophageal varices, hepatic encephalopathy, splenomegally and hepatocellular 

carcinoma (Fattovich et al., 2004) (Figure 1.7).  

1.2.   CCl₄ Induced Hepatotoxicity 

1.2.1. CCl₄ 

Carbon tetrachloride is a chlorinated hydrocarbon widely used in numerous 

manufacturing as a solvent and clinically for the treatment of hookworm disease 

(Rajat et al., 2007). It is a halomethane as having same structure as methane and 

soluble in other non-polar compounds such as lipids and volatile in nature.  

1.2.2. Structure  

In a carbon tetrachloride molecule, four atoms of chlorine are located proportionally 

in a tetrahedral conformation and linked with a central carbon atom through covalent 

bonds making it non-polar in configuration (Figure 1.8).                                                                                                                                                                              

 

Figure 1.8. : Structure of  CCl₄ 

1.2.3. Properties of CCl₄ 

Physical properties clear, nonflammable liquid , almost 

insoluble in water, sweet characteristic 



 

odor 

Chemical   Formula CCl₄ 

Compound Carbon tetrachloride  

Molecular Weight: 

 

153.823 g/mol. 

Chemical   Structure 

 

Reactivity  At low temperature it is non-flammable  

at high temperature it forms poisonous 

phosgene 

Exposure of CCl₄ 

 

through accidental spillage from 

production plants, its disposal in 

landfills where it may evaporate into 

the air or leach into groundwater 

Table 1.1. : Properties of CCl₄ (EPA, 1987; DHHS, 1993) 

1.2.4. Effects of CCl₄ on body systems  

CCl₄ is a potent xenobiotic recognized to induce acute and chronic tissue damages 

(Ogeturk et al., 2005 & Jaramillo-Juarez et al., 2008). CNS, liver and kidneys are 

particularly more sensitive to CCl₄ exposure. Acute exposure to CCl₄ immediately 

creates a narcotic effect on the CNS and instantaneous deaths may result from 

respiratory despair due to direct brain possessions or from cardiac impairments. 

Inhalation of CCl₄ in increased quantities can cause pulmonary edema primarily due 

to kidney damage (Toxicological Profile for CCl₄, 1994). Acute CCl₄ intoxication can 

http://www.nist.gov/nist-exit-script.cfm?url=http://goldbook.iupac.org/R05271.html


 

damage liver and kidneys as manifested by swollen and tender liver, enzymatic 

alterations, jaundice, nephritis, nephrosis and proteinurea.  

1.2.5. Hepatotoxity Induction by CCl₄ 

1.2.5.1. Mechanism  

CCl₄ is extremely harmful for living organisms and produces toxic effects on different 

body organs especially central nervous system, heart, liver, kidneys and testis (Tirkey 

et al., 2005; Preethi & Kuttan, 2009; Khan et al., 2010 & Seifert et al., 1994) and 

chronic contact may lead to induction of cancer, coma and death (Recknagel et al., 

1989). Carbon tetrachloride as a toxin has been used by researchers for developing in 

vitro and in vivo toxic models. Liver is the target of toxicity and malignancy created 

by CCl₄ through cellular necrosis, fatty degeneration, fibrosis and cirrhosis. CCl₄ is a 

potent hepatotoxin widely used to establish experimental models of hepatotoxicity 

(Singh et al., 2008) and to assess hepatoprotective agents in scientific research (Seifert 

et al., 1994). CCl₄ induces hepatic damage by causing histological, biochemical and 

molecular alterations (Giada et al., 2011) generation of ROS, lipid and protein 

oxidation, macromolecular covalent binding, calcium imbalance, DNA improper 

methylation and release of cytokines crucial in causing inflammation (Manibusan et 

al., 2007; Weber et al., 2003 & Recknagel et al., 1989).  

1.2.5.2. There are at least five key events in the development of hepatotoxicity 

created by CCl₄: 

1.2.5.2.1. Metabolism of CCl₄ in to trichloromethyl radical by CYP2E1 and 

consequent trichloromethyl peroxyradical synthesis 

CCl₄ is enzymatically metabolized through reductive halogenation in hepatocytic 

microsomes via  cytochrome P450/CYP2E1, and marginally by other CYP2B and 

CYP3A  yielding a highly reactive trichloromethyl and its derived trichloromethyl 



 

(CCl3˙) andtrichloromethyl peroxy radical radical (CCl3 OO•) (Singh et al., 2008 ) 

that may alter megamolecules to form nucleic acid, proteinaceous and fatty adducts 

via covalent binding with them (Manibusan et al., 2007; Weber et al., 2003 & 

Recknagel et al., 1989) resulting in abstraction of the  polyunsaturated fatty acid dual 

allylic hydrogen bonds (Weber et al., 2003 & Miyazaki et al., 2009) giving rise to  

successive peroxidation of lipid in  resulting in liver fibrosis , steatosis, and 

inflammation (Fang et al., 2008; Weber et al., 2003; Bahceioglu et al., 1990; Aleynik 

et al., 1997 & Halliwell & Gutteridge, 1998) . 

1.2.5.2.2. Membrane degradation and autocatalytic lipid peroxidation induced  

by the trichloromethyl peroxy radical 

The CCl3 OO• radical can target cell membrane PUFA thereby producing  reactive 

free radicals that initiate successive self-induced lipid peroxidation via a series of 

reactions (Slater et al., 1981). The consequences of lipid peroxidation are due to 

interruption of cellular membranes, resulting in membrane disintegration. 

Furthermore CCl3OO radical knock out a hydrogen atom in the locale of a PUFA 

binary bond thereby initiating lipid peroxidation which progressively propagate to 

degrade lipids in to smaller reactive aldehydes molecules malondialdehyde (MDA) or 

4-hydroxynonenal (HNE) capable to produce protein and DNA adducts(Levy & 

Brabec,  1984) (Kadiiska et al., 2005). Researchers have endorsed the phenomena of 

lipid peroxidation following  CCl₄ exposure via detection of typical lipid peroxidation 

markers such as  conjugated dienes in hepatic lipids (Recknagel  et al., 1973), 

increased exhaled ethane as end degradative product of ω-3 polyunsaturated fatty 

acids,  petane exhalation  as terminal  degradation product of ω-6 polyunsaturated 

fatty acids (Younes  et al., 1985) and presence of MDA and 4-HNE that are cytotoxic 

and can induce promutagenic abrasions (Comporti et al., 1984 & 1985) . Research 



 

data indicates that these end products of lipid peroxidation have tendency to cause 

alterations in DNA repair mechanisms and may lead to spontaneous mutations and 

eventually cancer (Curren et al., 1988 & Krokan et al., 1985) (Figure 1.9). 

 

 

Figure 1.9. : Schematic representation CCl₄ induced toxicity (Knockaert et al., 

2011) 

 

 

1.2.5.2.3.  Generation of Oxidative stress 

Additionally trichloromethyl and trichloromethyl peroxy radicals cause oxidative 

modification of antioxidant enzymatic proteins thereby reducing tissue antioxidants 

like catalase, SOD & GSH activities (Augustyniak et al., 2005) and creating a state of 

oxidative stress. It has long been recognized that free radicals like superoxide anion 



 

and hydrogen peroxide are produced as  metabolites during mitochondrial aerobic 

respiration, metal-dependent oxidation of metabolites  or through several oxido-

reductases (Nazia et al., 2011). Prolonged administration of CCl₄ via either route can 

generate reactive oxygen species (ROS)  with resultant stimulation of immune cells 

that infiltrate injured liver resulting in  secretion of inflammatory mediators such as 

cytokines, COX-2, interleukins and chemokines (Nazia et al., 2011). Several 

antioxidant enzymes such as GSH, catalase, SOD & and antioxidants like vitamin E, 

ascorbic acid, bilirubin and uric acid are known to   maintain cellular reductive 

potential via metabolism, dismutation and detoxification of reactive radicals (Ragip et 

al., 2008) to a certain extent.  However CCl₄ mediated oxidative strain is triggered by 

either extreme creation of reactive free radicals that cause acute and chronic injuries 

in various organs such as kidneys, liver, heart, gonads,  brain, lung and blood 

(McGregor et al., 1996) through major interconnected cellular metabolism imbalances 

such as alteration in amount, structure and function of protein, DNA, intracellular 

calcium, ion-transport across membrane and lipid peroxidation or by depleting  

antioxidants that otherwise can provide defense against those ROS (Figure 1.10). 

1.2.5.2.4. Loss of calcium balance with subsequent activation of proteolytic  

enzymes and cytotoxicity 

Carbon tetrachloride affects calcium balance through two mechanisms: 

a. It stimulates intracellular calcium influx through lipid peroxidation induced 

degraded membrane or calcium transport channels.  

b. It prevents calcium outflux via inhibiting its active transport.  

Research studies have indicated that the effect of CCl₄ on calcium imbalance is 

secondary to lipid peroxidation that damages microsomal ionic appropriation of 

calcium via enhancing its permeability and altering enzymatic calcium pump activity. 



 

Thus the altered cellular calcium level causes hyper-stimulation of calcium dependent 

cytosolic and lysosomal degradative enzymes such as proteases, phospholipases and 

caplain that degrade macromolecules, cytoskeletal and membrane proteins (Lowrey et 

al., 1981) thereby initiating a chain of reactions resulting in irretrievable cell damage 

that may lead to cell death (Long et al., 1986).  

 

Figure 1.10. : ROS mediated cytotoxicity (Jose et al., 1999) 

 

1.2.5.3. Genotoxicity and Mutagenecity of CCl₄ 

The cellular repair mechanism tends to repair the damage induced by CCl₄ through 

sustained hepatic regeneration and proliferation in response to hepatotoxicity. Though 

CCl₄ does not induce direct mutagenic alterations but can produce toxic effects to 

genome during episodes of intense toxicity created by oxidative stress and lipid 

peroxidation. It stimulates rapid cell proliferation and growth that may accompany 

genetic mutations and alteration in DNA-repair mechanisms to correct damages 



 

resulting in uncontrolled cell cycle with dysplastic and neoplastic changes that 

ultimately lead to mutations and cancer (Glende & Recknagel, 1992). 

The genotoxic and mutagenic effects of CCl₄ have been comprehensively studied and 

researchers have concluded that the mutagenic effects of CCl₄ are generated indirectly 

through oxidative and lipid peroxidative necrotic or apoptotic damage rather thru 

direct mutagenic effects. The extreme cytotoxic effects of CCl₄ cause genotoxic 

effects which may be mild or moderate and may result in DNA breakages, 

chromosomal loss or even aneuploidy. Studies have documented that highly reactive 

carbon tetrachloride affects chromosomal segregation and cause aneuploidy and even 

reach the nucleus of the target cell (Manibusan et al., 2007). 

1.2.5.4. Effects of CCl₄ on Liver Stellate cells (HSCs) 

HSCs are present in the perisinusiodal area between liver cells and sinusoidal cell 

linings and project their dendrites to adjacent endothelial and liver cells. During 

episodes of injury they become stimulated and transform in to myofibroblast-like cells 

and produce extracellular matrix (ECM) composed of hyaluronic acid, collagens, 

proteoglycans and fibronectins (Arthur, 1994) thereby performing  a key role in liver 

fibrosis and renewal (Friedman, 2000). Activated HSCs release PDGF and EGF that 

stimulates mitosis of HSCs whereas TGF-β1 is a profibrogenic factor released by 

Kupffer cells that stimulates fibrosis (Friedman et al., 2003, Bataller et al., 2005). 

Studies have indicated that release of intra-hepatic PDGF and TGF-β is triggered in 

rats injected with CCl₄ (Yumei et al., 2007) suggesting a major role of CCl₄ in 

inducing fibrosis via activation of HSCs.  

1.2.6. Nephrotoxicity induced by CCl₄ 



 

CCl₄ induces kidney damage through ROS induced lipid peroxidation with 

subsequent membrane damage resulting in acute and chronic renal injuries. The 

metabolic activation of CCl₄ in to CCl3 , Cl3COO- and H2O2- occur in liver and 

renal mesangial cells via cytochrome P450 contained in the cortical tubular cells 

(Knight et al., 1989) that further generates oxidative stress and regulate ROS mediated 

inflammation, lipid peroxidation and also alter renal mitochondrial function like 

calcium transport across mitochondrial membranes (Natarajan  et al., 2006). CCl₄ 

intoxication can lead to renal impairments, inflammatory changes and even  kidney 

failure within hours after clinical hepatic injury.  Pulmonary congestion and edema 

occur due to fluid overload and changes in blood pressure and cardiac rate occur 

primarily due to toxic renal effects on fluid, ions, brain, heart and vessels that may 

terminate at renal failure (Hoehme & Drasdo, 2010).  

1.3. Taurine  

Taurine (2-amino-ethanesulfonic acid) is a sulfur holding amino acid excessively 

found in mammals (Jacobsen et al., 1968). It is among rare amino acids not used in 

protein synthesis, (Wu et al., 1998) hence referred as “nonessential” or “conditionally 

essential” amino acid. Taurine constitute for about 0.1% of total body weight (Gupta 

et al., 2005). Taurine was first identified in the Ox’s bile (Bos Taurus) from which it 

originates its name (Tiedemann et al., 1827 & Demarcay et al., 1838) 

1.3.1. Structure of Taurine 

Taurine is the mostabundant intracellular sulphur containing (Wright et al., 1986 & 

Boucknooghe et al., 2006) β amino acid (Sturmann, 1993). It contains thiol group 

(Wright et al., 1986) and lacks carboxyl group in structure typical of other amino 

acids and due to presence of a sulfonate group it is termed as sulfonic acid (Harris & 

Wen, 2012).The sulfonate group in structure is a strong acid that makes it completely 



 

zwitter-ionic over the physiological pH range (Huxtable et al., 1992). The amino point 

of the molecule exists as NH3
+
 and the other end as SO3

- 
making the ends polar and 

center non-polar at carbon chain thus capable of multiple binding interactions (Figure 

1.11) 

 

 

 

Figure 1.11. : Structure of Taurine  

 

 

 

 

1.3.2. Characteristic features of  Taurine 

Kingdom Organic Compounds  

Super Class Amino Acids and Polypeptides  

Class Amino Acids  

Sub Class Amino Sulfonic Acids  

Common name Taurine 

Scientific Name 2 -Aminoethanesulfonic Acid 

Molecular Formula NH2CH2CH2SO3H 

 

Structure 

 



 

Molecular Weight 125.15 

Physical State Large Monoclinic Prismatic Rod Shaped Crystals. 

Color White Crystals 

Odor Odorless 

Solubility Soluble In Water And Insoluble In Absolute Alcohol. 

Melting Point 3000 C 

Ph (0.5m In Water, 250c) 4.5-6 

Optical Rotation Nil 

Commercial uses In preparing cosmetic compositions (due to 

antifibrotic properties), some contact lens 

solutions(because maintainskin hydration (Janeke et 

al., 2003), energy drink “Red bull”(as helps to 

'vitalise body and mind) (Kim  et al., 2003). 

 

 

Table 1.2. : Features of Taurine (Herrgard et al., 2008 & Hogan et  al., 1999) 

 

1.3.3. Dietary Sources of Taurine 

The principal dietary sources of taurine include eggs, meat and seafood (Birdsall et 

al., 1998) with highest amounts found in shellfish, scallops, mussels, clams and lesser 

amounts in cow’s milk. High amounts are obtained through animal sources whereas 

undetectable in vegetables .The levels have not been adversely affected by cooking 

(Stapleton et al., 1997).  

1.3.4.  Concentrations of Taurine in body tissues 

Highest amounts of taurine are present in the heart, liver and retina while lesser 

amounts are found in the brain, kidneys, intestine and skeletal muscle (Birdsallet al., 

1998). Minute quantities are also synthesized from the precursor methionine and 

cysteine in the liver endogenously and delivered in other target tissue via circulation 

(Huxtable et al., 2008).  The distribution of taurine differ markedly with type of 



 

tissues exhibiting high levels in bile, skeletal muscle, intestine brain, heart, nerve, 

liver, retina and leukocyts & kidney (Huxtable et al., 1992 & Hanson et al .,1997) 

1.3.5. Hepatic biosynthesis of Taurine  

Taurine is synthesized primarily in liver and CNS. (Hayes., 1988) however extra-

hepatic tissues such as central nervous system, ocular tissues, epididymis, perirenal 

white adipose tissues, and brown adipose tissue can also synthesize taurine in lesser 

amounts (Tappaz et al., 1998; Heinamaki, 1988 & Ide et al., 2002).  

Taurine is synthesized from the precursor methionine and cysteine via trans-

sulphuration pathway, however there is variation in synthetic abilities amongst 

species (Stapleton et al., 1997). The maximum rate of production in human is 

unknown rather the average daily adult synthesis without stress ranges between0.4-1.0 

mmol or 50-125 mg (Jacobsen et al., 1968).  The intrahepatic synthesis occurs via 

oxidation and decarboxylation of cysteine (Moss et al., 1992) through a set of 

enzymes including cystathioninesynthase, cystathionase and cysteinesulphinic acid 

decarboxylase all of which require vitamin B6 as a cofactor (Figure 1.12). 



 

 

Figure 1.12. : Biosynthesis of Taurine (Ueki et al., 2012) 

1.3.6. Metabolism & Excretion of Taurine  

Data related to taurine metabolism is insufficient (Strecker, 1849) it has been shown 

by numerous studies that taurine may be converted to isethionic acid by bacteria or 

enzymes (Read et al., 1962; Goodman et al., 1980; Huxtable et al., 1972 & Sturman, 

1975).  Various studies have indicated that in man or rat it is degraded to sulfate by 



 

intestinal bacteria CO2, water, and ammonia after conversion in to urea which 

afterwards absorbed from intestine and excreted in the urine (Sturman, 1973 & 1975) 

(Figure 1.13). 

 

Figure 1.13. : Metabolism of Taurine (Huxtable, 1972 & Hepner  et al., 1973) 

 

 

 

1.3.7. Physiological Effects of Taurine  

According to studies it is established that taurine is involved in many diverse 

biological and physiological functions (Boucknooghe et al., 2006 and Warskulat et 

al., 2007). 

1.3.7.1. Cellular effects 



 

Taurine is involve in cytoprotection and regulate growth, differentiation (Jacobsen et 

al., 1968& Stapleton et al., 1997), development, nutrition, and survival of cells (Harris 

& Wen, 2012 & Sturman, 1975 & 1980).  It is an organic osmolyte that regulates cell 

volume, stabilize cellular membranes (Huxtable et al., 1992) and modulate 

intracellular calcium ion (Harris et al., 2012).  

1.3.7.2. Anti- apoptotic activity 

Various research studies have documented the protective effects of taurine against 

ROS mediated apoptosis in various experimental models (Rosemberg et al., 2010; 

Chang et al., 2004; Suzuki et al., 2002; Chen et al., 2008; Ghosh et al., 2009; Men et 

al., 2010; Pan et al., 2010 & Das et al., 2011) by stopping the creation of Apaf-

1/caspase 9 apoptosome which is a principal phase of cell death through 

mitochondrial pathway. 

1.3.7.3. Calcium homeostasis 

Calcium overload is responsible for cellular necrosis and the first recognized 

cytoprotective action of taurine was to prevent calcium overloading (Kramer et al., 

1981). Taurine has been shown to modulate ionic calcium mobilization during 

depolarization thereby stabilizing membranes and regulate threshold for excitation 

(Van, 1983) and facilitate Ca2+ efflux through the Na+/Ca2+ exchanger thereby 

improving Ca2+ homeostasis (Schaffer et al., 1995). 

1.3.7.4. Anti-oxidant effects 

Oxidative strain plays key roles in a broad range of human diseases. The presence of 

high amounts of taurine in tissues exposed to elevated levels of oxidants suggests its 

significant part in the diminution of oxidative strain (Green et al., 1991; Jeon et al., 

2009 & Oliveira et al., 2010). Various studies have documented that taurine  



 

supplementation  causes prevention of oxidative stress induced by  alcohol (Chen et 

al., 2009), exercise (Silva et al., 2011) ischemic reperfusion (Guz et al., 2007) and 

mechanical injury (Murakami et al., 2010).The antioxidant effects of taurine are 

mediated via enhancing  antioxidant enzyme  expression and activities such as 

catalase, GSH & SOD (Jang et al., 2009) neutralizing oxidants such as extremely 

toxic hypochlorous acid (HOCl) in to more stable and less toxic anti-inflammatory 

mediator taurine chloramines (TauCl) (Weiss et al., 1982 & Thomas, 1979) and 

improving mitochondrial functions through stabilizing the mitochondrial electron 

transport chain with subsequent buffering mitochondrial matrix (Schaffer et al., 2009, 

Jong et al., 2012 & Hansen et al., 2010). It has been demonstrated that taurine 

prevents lipid peroxidation via restricting lipids available for lipid peroxidation. 

Phosphatidyl ethanolamine is one of the hexagonal formers that disrupt cellular 

membranes thru its transformation to phosphatidyl choline which serves as a 

membrane former however taurine inhibits the conversion of Phosphatidyl 

ethanolamine to phosphatidyl choline via inhibiting the enzyme phospholipid N-

methyltransferase required for the reaction (Hamaguchi et al., 1991).  

1.3.7.5. Growth & development 

The concentration of taurine is highest during early postnatal life and declines with 

proceeding age (Sanya et al., 2012). Taurine along its transporter Taut is essential for 

the development of brain, retina, and kidney in fetus (Han et al., 2000 & Heller-Stilb 

et al., 2002).  

1.3.7.6. Effects on Nervous System  

Taurine is excessively present in the mammalian brain (Guidotti et al., 1972) 

including pineal (Klein et al., 1983 & Omura et al., 1997), pons medulla (Agrawal et 

al., 1971), hypothalamus (Junyent et al., 2011), striatum (Fordahl et al., 2010), 



 

cerebellum (Chan et al., 1982 & Taranukhin et al., 2010) neurons and glial cells (Oja 

et al., 2007). It regulates several brain functions including osmoregulation, 

neuroprotection against excitotoxic agents and oxidative stress (Kang et al., 2002), 

neurotransmission, calcium influx and cell excitability. It resembles with 

neurotransmitters glycine and GABA structurally (Simon et al., 2009) therefore may 

contribute in neuromodulation and neurotransmission.  

1.3.7.7. Cardiovascular system  

Taurine represents 50% of total cardiac free amino acids (Jacobsen et al., 1968). It 

exhibits positive inotropic action on cardiac tissue (Huxtable et al., 1983) and reported 

to lower blood pressure (Nara et al., 1978 & Bousquet et al., 1981).  The cardiac 

electro-physiological actions are exerted via modulation of ion channels and calcium 

homeostasis required for stable myocardial contractions (Satoh et al., 1998).  

1.3.7.8. Effects on Lipids  

The hypolipidemic effects of taurine exerted via stimulation of   bile acid synthesis 

and activity of cholesterol 7α-hydroxylase enzyme that determines the rate of 

catabolism of cholesterol into bile acids (Russell et al., 2003). Researchers have been 

shown that taurine enhances bile acid secretion and storage whereas reduces 

cholesterol output from the liver lead to the drop in cholesterol levels (Bellentani et 

al., 1987). Additionally, according to some studies taurine enhances levels of 

antiatherogenic HDL as compared with atherogenic LDL and VLDL   thereby 

preventing atherosclerosis in experimental animal models (Murakami et al., 1999; 

Yokogoshi et al., 1999; Park et al., 1998 & Yany et al., 2002). 

1.3.7.9. Effects on liver 

The antioxidant effects of taurine contribute to lessen liver damage via inhibition of 

inflammatory response, apoptosis, fibrosis (Chen et al., 2004, Kato et al., 2004, 



 

Miyazaki et al., 2005, Refik et al., 2004), hepatotoxicities, oxidative stress, and 

hepatocarcinogenesis (Balkan et al., 2001 & 2002; Miyazaki et al., 2005 & 

Pushpakiran et al., 2004). Moreover, it scavenges ROS directly and inhibits lipid 

peroxidation and regulates hepatocytic membrane permeability affected by oxidative 

stress (Koch et al., 2004). It also reduces deposition of ECM during hepatic 

fibrogenesis via inhibiting activation and proliferation of HSCs (Chen et al., 2004, 

Miyazaki et al., 2005). Furthermore taurine treatment has been shown to improve 

symptoms of liver diseases such as jaundice in acute hepatitis (Matsuyama et al., 

1983), hepatic encephalopathy (Butterworth, 1996) and muscle cramps (Matsuzaki et 

al., 1993 & Yamamoto 1994) in cirrhotic patients.  

1.3.7.10. Effects on eye  

All neural and non-neural ocular tissues including retina, vitreous, lens, cornea, iris, 

and ciliary body contain plenty of taurine. Many studies have demonstrated the 

functional and anatomical inference of taurine in the neuroretinal homeostasis and 

protective effect on neuroretina and RPE with unknown mechanisms (Udawatte et al., 

2008; Militante et al., 2002 & Louzada et al., 2004).   

 

 

1.3.7.11. Effects on Immune system  

Taurine is excessively found in pro-inflammatory polymorphonuclear phagocytes 

(Droge et al., 1999) and inflammatory neutrophils (Learn et al., 1990) indicating its 

role in innate immunity (Schuller et al., 2004).  However the precise role remains 

unclear rather it is commonly accepted that it acts as an anti-oxidant to shield WBCs 

from ROS induced oxidative damage (Schaffer et al., 2009 & Wang et al., 2009).  

1.3.7.12. Anti-diabetic effects 



 

Taurine is known to exert hypoglycemic actions via enhancing insulin secretion and 

sensitivity (Oliveira et al., 2011 & Nakaya et al., 2000), overcoming insulin resistance 

and potential risk factors and prevent development of complications such as diabetic 

nephropathy, retinopathy and neuropathy (Takashi et al., 2011). 

 

1.3.7.13. Renal effects  

Taurine is found throughout kidney (Amiry et al., 1994) and  influence several renal 

functions such as  renal blood flow, glomerular filtration, osmoregulation, ionic 

homeostasis via reabsorption and secretion and urine composition (Chesney et al., 

2011). Researchers have demonstrated that taurine acts as an osmolyte in renal 

medulla and regulate body fluid volume through an arginine vasopressin (AVP) - 

dependent mechanism (Mozaffari et al., 2001). Experimental chronic taurine 

supplementation appeared to improve blood pressure (Dawson et al., 2000) and 

stabilize the renal vascular system (Moloney et al., 2010).  Taurine and its transporter 

TauT protein have found to be  involved in  controlling the cell cycle and 

programmed cell death of kidney cells (Han et al., 2009).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

1.3.7.14. Anti-cancer effects 

Taurolidine and taurochloramin being derivatives of taurine exhibit anti-neoplastic 

effect through  suppressing cell proliferation and enhancing tumor cell apoptosis 

(Daigeler et al., 2008 ; Jacobi et al., 2005 ; Sadszuka et al., 2009 & Duffy et al., 2006)  

and anti-angiogenic effects (Jacobi et al., 2005 & Rodak et al., 2005). The calcium 

homeostatic mechanism of taurine is the key anti-cancer effect of taurine (Finnegan et 

al., 1998).  

1.4. Urtica dioica 



 

 

Figure 1.14. : Urtica dioica plant (Thomé, 1885) 

 

1.4.1.  General Characteristics of Urtica dioica 

Urtica dioica (UD) or commonly called nettle is a perpetual plant with herbaceous 

properties belongs to family Urticaceae. It is known as Bichu Butti  in Hindi, Urdu 

and Punjabi languages (Khare et al., 2007 & Chopra et al., 1956).  While native to 

Asia, North America and   Africa &Europe, it is extensively distributed in temperate 

and tropical areas around the world (Krystofova et al., 2010). It is found at altitude 

2,100-3,200 m across Himaliyas from Kashmir to Kumaon (CSIR, 1998). The general 

characteristics are listed in Table 1.3.  

Table 1.3. : Properties of Urtica dioica 

Kingdom 
Plantae 



 

Class 
Equisetopsida 

Sub-class 
Magnoliidae 

Super order 
Rosanae 

Order Rosales 

Family Urticaceae 

Genus  Urtica  

Species  U. dioica 

Binomial name Urtica dioica 

Plant average height 1 to 2 m (3 to 7 ft) 

Stem and leaves  Covered with stinging trichomes. Leaves and 

stems are covered with erect and bristly glandular 

hairs that contain acetylcholine, formic acid, 5-

hydroxytryptamine and histamine that is the 

reason plant causes skin irritation if touched 

(Jinous&Razieh, 2012) 

Rhizomes and stolons bright yellow  

1.4.2. Taxonomy 

At least six sub-species of Urtica dioica have been reported separately. However 

other species were formerly reported separately by some authors but now observed 

as alternatives of one or other subspecies (Table 1.4) 

Table 1.4. : Sub-Species of Urtica dioica (Chen et al., 2004) 

 

Sub-species 

of Urtica  

Common name Description  Existence 

dioica  European stinging 

nettle 

 

 

Possess stinging hairs Europe, Asia, 

northern Africa 

galeopsifolia fen nettle or stingless 

nettle 

Does not have 

stinging hairs. 

 

Europe 

afghanica nettle Sometimes has 

stinging hairs and 

sometimes hairless 

South western and 

central Asia 

gansuensis Nettle Has stinging hairs Eastern Asia 



 

 

 

(China) 

gracilis Selander (American 

stinging nettle) 

 

Has stinging hairs North America 

holosericea hoary stinging nettle 

 

 

Have stinging hairs. 

 

North America 

 

 

1.4.3. Chemical constituents of Urtica dioica plant 

According to phytochemical studies, the major chemical ingredients of Urtica 

dioica plant are flavonoids, tannins, volatile compounds, fatty acids, polysaccharides, 

isolectins, sterols, terpenes, protein, vitamins and minerals as shown in Table 1.5  

 

 

 

 

 

Table 1.5. : Chemical constituents of Urtica dioica 

Chemical contituents References  

Poly-

saccharides  

Glucans, rhamnogalacturonans, acidic 

arabinogalactan  

Seliya et al., 2014
 

Sterols   β- sitosterol-3-O-β-glucoside  (6'-O-palmitoyl)-

sitosterol-3-O-β- D-glucoside, β –

hydroxysitosterol, 7α-hydroxysitosterol, - β-

sitosterol , β - hydroxysitosterol-β-D-glucoside, 

7α- hydroxysitosterol-β-glucoside, 24R-ethyl- 

5α-cholestane-3β, 6α-diol, stigmasterol, 

campesterol, stigmast-4-en-3-on, hecogenin 

Pourmorad et al., 2006
 

Acids  Carbonic acid, formic acid, silicic acid, citric 

acid, fumaric acid, glyceric acid, malic acid, 

oxalic acid, phosphoric acid, quinic acid, 

succinic acid, threnoic acid and threono-1,4-

lactone caffeic acid esters, caffeoylmalic acid , 

chlorogenic acid , neochlorogenic acid free 

caffeic acid 

HMPC, 2012
 

 Amines  acetylcholine, histamine, 5-hydroxytryptamine, 

leukotrienes and formic acid  

(Fu et al., 2006; Czarnetzki  

et al., 1990 & Collier et al., 

1956) 

Flavinoids kaempferol, isorhamnetin, quercetin, 

isoquercitrin, astragalin, rutin and their 3-

rutinosides and 3-glycosides,  phenylpropanes, 

caffeic acid, chlorogenic acid and caffeoyl 

malic acid 

(Ji et al., 2007; Ellnain-

Wojtaszek et al., 1986 & 

Bucar et al., 2006) 

Essential carvacrol, carvone, naphthalene, E-anethol, (Gul et al., 2012) 



 

oil hexahydrofarnesyl acetone, E-geranyl acetone, 

E-β-ionone  and phytol  

Fatty acids Palmitic, stearitic, oleic and  linolenic acid Rafajilovska et al., 2001 ; 

Guil-Guerrero et al., 2003  

Vitamins C,B & K (Fu et al., 2006 &Lapke et 

al., 1993) 

Minerals Potassium, Sodium, Calcium, Phosphorus, 

Magnesium, Iron 

(Fu et al., 2006 & Lapke et 

al., 1993) 

Carotenes β-carotene, hydroxyl β-carotene, lutoxanthin, 

lutein epoxide, violaxanthin 

(Ellnain-Wojtaszek et al., 

1986; Kavtaradze & 

Alaniya, 2003 ; Bertok, 

1956 & Frank et al., 1998) 

Phenolics Phenylpropanes, caffeic acid, chlorogenic acid 

and caffeoyl malic acid 

Grevsen et al., 2008; 

Fleming & Striet,  2000 & 

Harborne et al., 1999  

Others  Amino acids, glucokinnins and a very high 

chlorophyll content  
 

(Bombardelli & 

Morazzoni, 1997; Harput et 

al., 2005 & Bnouham  et 

al., 2003) 

1.4.4. Traditional uses of Urtica dioica 

 

Urtica dioica has been traditionally used as folk medicine since ancient times for the 

relief of a number of illnesses. Different parts of plants have been used traditionally to 

treat gastric pain in folk Turkish medicine (Sezik et al., 2001) diarrhoea, vaginal 

discharge, internal and external bleeding in Balkan countries (Tucakov et al., 1997) 

and arthritis and lumbago by ancient Egyptians (Harrison et al., 1966). The 

hypoglycemic action of Urtica dioica has been cited in some of the old scripts 

including Avicenna.  However different parts of plant have been used 

Globally in preparing soups, dishes (Wetherilt et al., 2003 & Council of Europe, 

2008), tinctures, tonics, astringents and diuretics. The plant extracts in different forms 

are used to treat feverish gout, bleeding from nose, lungs, or certain internal 

organs ,skin maladies, coughs, palsy, heavy menstrual flow in women, rheumatism 

and lack of muscular energy (Joshi et al., 2014). Folia Urtica alcoholic extract has 

been therapeutically used for chronic hepatitis, cholangitis, cholecystits and habitual 

constipation (CSIR, 1998).  

 



 

1.4.5. Pharmacologic activities of Urtica dioica 

 

According to available data, Urtica dioica plant extract in any form is extensively 

involved in  a number of physiological responses. UD extract has been shown to 

influence allergic rhinitis, perennial allergic rhinitis and chronic rhinosinusitis via 

affecting associated chief enzymes and receptors (Roschek et al., 2009 & Galelli et 

al., 1993). Another study indicated therapeutic significance of UD in benign prostatic 

syndrome (BPS) through inhibiting prostatic adenosine deaminase activity in prostate 

cancer patients (Schneider et al., 2004) which may be beneficial against prostate 

cancer (Durak et al., 2004).   Furthermore UD root extracts contain lignans which 

along its metabolites bind with SHBG affecting its contact with receptors present on 

prostatic cellular membrane (Schottner et al., 1997). UD leaf extract has been shown 

to affect immune system via stimulating proliferation of lymphocytes, secretion of 

cytokines and inhibiting nitric oxide production in blood cells (Bisht et al., 2012). The 

anti-inflammatory activities of UD seed oil have been reported specifically during 

experimental colitis in rats (Genc et al., 2011), osteoarthritis (Rayburn et al., 2009), 

chronic knee pain (Randall et al., 2008) and inhibition of NF-kappa B which is a 

proinflammatory transcription factor in rheumatism (Riehemann et al., 1999).  A more 

recently identified component of nettle extract is hox alpha that influences 

inflammatory response via affecting matrix metalloproteinases in human 

chondrocytes (Schulze-Tanzil et al., 2002). The hypoglycemic activity of UD has 

been found to be associated with a bioactive phenolic compound cholorogenic present 

in UD extract (Kraus et al., 1991). Moreover evidences have shown the antidiabetic 

effects of UD leaf extract in rats present with insulin resistance induced by fructose in 

Streptozocin Induced Type 1 Diabetes Mellitus (Ozkol et al., 2013) or via inhibiting 

alpha-glucosidase and inducing insulin release through perfused pancreatic Islets in 



 

type -2 diabetes patients (Domola et al., 2010; Simões-Pires et al., 2009 & Farzami et 

al., 2003).  

Another study has demonstrated the hypotensive, vasodilatory and negative inotropic 

effects of UD extract mediated by altering nitric oxide (Testai et al., 2002). The 

hepatoprotective effects of UD against injury created by ischemic reperfusion are 

mediated via enhancing activities of hepatic paraoxonase, arylesterase, and catalase 

(Oguz et al., 2013 & Kanter et al., 2005).  Additionally the antioxidant effects of UD 

seed extract are exhibited through drop in lipid hydroperoxide activity, scavenging 

ROS and oxidants such as LOOH (Kandis et al., 2010) and modulation of enzymatic 

biotransformation, antioxidant enzyme activities in mice have been reported (Konrad 

et al., 2000). The protective actions of UD have been widely reported against 

ischemic induced renal and hepatic damage persuaded by biliary obstruction (Oguz et 

al., 2013) and peptic ulcer (Burkova et al., 2011) in various experimental settings. The 

anti-cancer effects of UD roots extract have been documented against proliferation of 

prostatic cancerous cells (Korpe et al., 2013). Urtica dioica has been shown to have 

numerous pharmacologic anti-inflammatory, anti-hyperlipidemic, anti-androgenic, 

antiviral, anti-hyperglycemic, analgesic  and anticancer activities (Seliya et al., 2014).  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

PURPOSE OF STUDY 

Herbal products and alternative medicine have gained lots of attention by researchers 

during these days and have been consumed by approximately one fourth of 

population. The basic reason for discouraging chemotherapeutic approach is the 

prevalence of reported side effects produced by those drugs. Liver being the largest 

organ of human body that perform over 500 dynamic metabolic functions serves to 

metabolize and detoxify drugs, toxins and xenobiotics therefore subsequently prone to 

damage induced by them directly, by producing toxic metabolites via 

biotransformation or creating immunologic responses that further accelerate 

hepatotoxicity. A number of traditional remedies for liver diseases have been opted by 

a huge fraction of population but the scientific evidence of efficiency and safety of 

most herbal extracts and dietary supplements is limited and experimental trials are 

required to prescribe the effectiveness and safety index of any herbal or dietary factor. 

This study therefore was designed to assess the hepato-protective effects of a 

medicinal plant Urtica dioica and an amino-sulfonic acid Taurine against 

hepatotoxicity induced by CCl₄ in rats. The aim of this study was based on the 

following goals: 

1. To develop experimental hepatotoxic rat model through CCl₄ and score the degree 

of hepatotoxicity.  



 

2. To evaluate the hepatoprotective effects of Urtica dioica& Taurine administration 

along with CCl₄ 

3. To assess the protective effects of Urtica dioica and Taurine against renal toxicity 

created during the course of hepatotoxicity persuaded by CCl₄.  

The hepatotoxicity & nephrotoxicity were assessed through the following parameters: 

 The hepatic impairments were estimated through developed and currently 

emerging Liver Functioning Tests including plasma AST, Alanine 

aminotransferase, ALP, Bilirubin, Paraoxonase-1, Ceruloplasmin and Sorbitol 

dehydrogenase in Control, CCl₄ treated, CCl₄+UD treated, CCl₄+Taurine treated, 

UD treated and Taurine treated rats. 

 Renal derangements were analyzed by plasma Urea, Creatinine and BUN in 

Control, CCl₄ treated, CCl₄+UD treated, CCl₄+Taurine treated, UD treated and 

Taurine treated rats. 

 Hepatic and renal lipid peroxidation and oxidative damage were assessed by 

estimation of liver and kidney MDA in Control, CCl₄ treated, CCl₄+UD treated, 

CCl₄+Taurine treated, UD treated and Taurine treated rats. 

 The liver and kidney antioxidant function was evaluated by activity of antioxidant 

enzymes; Catalase, SOD and GSH activities in Control, CCl₄ treated, CCl₄+UD 

treated, CCl₄+Taurine treated, UD treated and Taurine treated rats. 

 The hepatic and renal histopathological analysis were carried out in Control, CCl₄ 

treated, CCl₄+UD treated, CCl₄+Taurine treated, UD treated and Taurine treated 

rats. 

 

 



 

 

 

 

 

 

  

2. GENERAL METHODOLOGY 

2.1. Materials 

2.1.2. Chemicals  

Urease, sodium salicylate,  sodium hypochlorite, sodium nitroprusside, creatinine, 

2,4-dinitrophenyl hydrazine, caffeine, diethanolamine, HCl, L-aspartate, L-alanine, α-

oxoglutarate, p-nitrophenyl-phosphate, sodium benzoate, sodium nitrite, sodium 

hydroxide, sulphanilic acid, tartarate from Randox. BHT, dihydrogen phosphate, 

disodium carbonate, disodium hydrogen phosphate, ethanol, Formalin, hydrogen 

peroxide, Hydroxylamine hydrochloride, methanol, nitro-blue tetrazolium, phosphoric 

acid, potassium chloride, sodium hydroxide, sulphuric  acid,  thiobarbituricacid, 

Triton X-100,β-NADPH, 1,14,4 diethoxy propane from Merck. Carbon tetrachloride, 

Butanol, hexane (Analytical Grade), pyridine, sodium dodecyl sulphate, taurine, 

diethyl ether from BDH.EDTA, Na-tungstate & Picric acid from Fluka A G. Acetic 

acid, diacetylmonoxime, eosin, formaldehyde, hematoxylin, paraffin from Riedel de 

Haen.2,4dinitrophenyle hydrazine from Fisher.Oxidized Glutathione from Jenway. 

ELISA kits for Paraoxonase-1, Ceruloplasmin & Sorbitol dehydrogenase were 

purchased from Shanghai Yehua Biological Technology Co. Ltd.  

2.1.3. Handling of chemical & biological waste and disposal 



 

Chemicals, drugs, biological fluids, tissues and other laboratory equipments were 

handled cautiously according to international safety guidelines. Lab coats, gloves, 

safety masks, head caps & closed foot wear were used in labs.  Hazardous chemicals 

& drugs were labeled and separated according to their ignitability, corrosivity, 

reactivity and toxicity. The chemical and biological wastes were disposed of 

according to Laboratory Chemical Waste Mangement Guidelines stated by 

Environmental Health & Radiation Safety (EHRS revised, 2011). Infectious wastes 

including chemically contaminated needles, syringes and razor blades were disposed 

of inside proper sharps container. Animal containers, bedding, blood and cadavers 

were disposed of in properly labeled waste container.  

2.1.4. Selection of animals 

Healthy age and body weight matched Wistar albino rats (Male) were selected in the 

study. Wistar albino rats having body weight 190-220 g were obtained from the 

animal house of ICCBS (International centre for chemical and biological centre 

Karachi, Pakistan) for the study. 

2.1.5. Identification & collection of plant material  

Urtica dioica (UD) seeds were bought from a native herbal store located in the main 

herbal market in Karachi and voucher was kept preserved for reference. UD seeds 

were identified by the Plant Taxonomy Section, Department of Botany, University of 

Karachi. .  

2.2. Experimental Protocol 

2.2.1. Handling of animals and diet 

Prior to experimental phase, animals were adapted to the lab animal house settings for 

one week. Animals were kept in cages separately in a proper ventilated and 



 

moderately temperature controlled room (24±4
◦
C). Rats had free acess to typical 

prepared diet and water.   

 

 

 

2.2.2. Ethical Guidelines for animal handling 

Animals were handled according to globally acknowledged ethics for lab use and 

caution in animal examination (health research extension act of 1985 & Ethical 

guidelines of Institutional ERB. 

2.2.3. Urtica dioica (UD) extract preparation 

UD seeds were crushed through a food mixer and oil of UD was removed using 

diethyl ether as solvent through rotary evaporator. 

2.2.4. Drugs 

Taurine: A single dose consist of 0.15g of taurine weighed and dissolved in 1.5 ml 

deionized water 

CCl₄: An individual dose consists of 0.8 ml CCl₄ per Kg of body weight.  

2.2.5. Extract Administration 

Urtica dioica (UD) extract: A single dose consist of 2 ml UD extract per Kg of body 

weight.  

2.3. Study protocol 

2.3.1. Experimental groups  

The animals were separated in to six experimental groups. Each group comprised of 

six rats (n=6) and treated as follows: 



 

Group I: Control untreated group, contain healthy rats. They were weighed and 

noted.  

Group II: Hepatotoxic group, received CCl₄ subcutaneously at a dose of 0.8ml/Kg 

b.w twice a week for 60 days. Termed as +ve control or hepatotoxic control. Rats 

were weighed and recorded daily for 60 days.  

Group III: Taurine treated Group, received daily 0.15g taurine dissolved in 1.5 ml 

deionized water orally via gavage for 60 days. Rats were weighed and recorded daily 

for 60 days.  

Group IV: CCl₄ + Taurine treated group received CCl₄ subcutaneously at a dose of 

0.8ml/Kg body weight twice a week for 60 days together with 0.15g taurine dissolved 

in 1.5 ml deionized water orally via gavage for 60 days. They were weighed and 

recorded daily for 60 days.  

Group V: UD treated group, received daily intra-peritoneal injections of 2 mL/kg 

body weight UD extract for 60 days. They were weighed and recorded daily for 60 

days. 

Group VI: CCl₄ + UD treatment group, received CCl₄ subcutaneously at a dose of 

0.8ml/Kg b.w twice a week for 60 days together with daily intra-peritoneal injections 

of 2 mL/kg b.w UD extract for 60 days. Rats were weighed and recorded daily for 60 

days. 

2.3.2. Mortality rate 

CCl₄ showed 62.5% mortality rate. Taurine and UD extract did not show mortality 

during the present study.  

2.4. Collection of Sample 



 

2.4.1. Blood collection and processing 

Blood was collected after 48 hours of the last dose from each treatment group via 

decapitation. Blood was then immediately transferred in different sample tubes coated 

with lithium heparin or containing EDTA and mixed gently. A portion of blood 

remained untreated without anticoagulant for the isolation of serum. Blood samples 

were then taken in clean glass tubes and centrifuged in a centrifuge machine at 5000 

rpm for 5 minutes. The separated plasma was transferred in disposable eppendorf 

tubes and stored at -70
◦
 C till analysis.  

2.4.2. Tissue samples collection and processing 

2.4.2.1. Liver sample 

Liver were removed after dissection and cleaned by removing connective tissues and 

rinsing with saline. Liver lobes then dried by filter paper and weighed. Left lobes of 

liver were separated from each rat and instantly immersed in formalin (10%) for 

histological examination. The right lobes of liver from each rat were kept in freezer at 

-70
◦
 C for biochemical analysis.  

2.4.2.1.1.  Preparation of Liver Homogenate  

Liver were homogenized after perfusing with saline in cool KCl (1.17%) through an 

electric homogenizer and the homogenates thus obtained were centrifuged at 8000g 

for 5 minutes at 4
◦
C to isolate the nuclear fragments. The supernatant so achieved was 

again subjected to centrifugation at 10,500 g for 20 minutes at 4
◦
C to acquire 

supernatant (post mitochondrial) which then utilized to test hepatic enzymes & MDA. 

2.4.2.2. Kidney sample 

Kidney were isolated and separated from connective tissues and washed with isotonic 

saline to remove blood impurities then desiccated filter paper and weighed. The right 

kidney was then reserved in freezer at  -70
◦
 C for biochemical investigations. 



 

 

2.4.2.2.1. Preparation of kidney homogenate 

Kidneys were sliced in to small pieces by a tissue homogenizer at 4
◦
C.  A 100 

mMKCl buffer (pH 7.0) containing 0.3Mm EDTA was used to prepare homogenates 

in (1:10 w/v) ratio. The homogenates were then centrifuged at 600 g for 60 minutes at 

4
◦
C and the supernatant was separated and used for biological assays.  

2.5. Analytical Procedures 

2.5.1. Assessment of hepatotoxicity 

2.5.1.1. Plasma Alanine Transaminase Estimation by Reitman & Frankel 

Method (Reitman & Frankel, 1957). 

In a glass tube 0.1 ml of serum was taken and added 0.5ml buffer (containing 100 

mmol/l phosphate buffers (pH 7.4) with 200 mmol/l L-alanine and 2 mmol/l α-

oxoglutarate). The mixture was incubated for exactly 30 min at 37
◦
 C then added and 

mixed 0.5 ml of 2 mmol/L 2, 4-dinitrophenyl hydrazine and again left for 20 min at 

20-25
◦
 C. Finally, 5 ml of 4 mol/l  NaOH was added to the mixture and left for 5min, 

and then absorbance of the mixture was noted at 546 nm on spectrophotometer 

against reagent blank that was prepared by the same procedure except serum, instead 

of which equal volume of distilled water was added.  Concentration of ALT was 

equivalent to the amount of pyruvate hydrazone formed with 2, 4-dinitrophenyl 

hydrazine via the reaction: 

α-oxoglutarate + L-alanine    →  L-glutamate  +  pyruvate 

 

 



 

 

Figure 2.1. : Summary of sample collection and processing 



 

The quantity of ALT was estimated in U/L. The standardization graph was plotted by 

using sequences of solutions (0.05-0.45 ml) from primary adjusting solution (1.98 

mmol/l pyruvate solution) as shown in Figure 2.2 

 

Figure 2.2. : Calibration curve for ALT 

2.5.1.2. Plasma Aspartate Transaminase Estimation by Reitman and Frankel 

method (Reitman & Frankel, 1957). 

In a test tube 0.1 ml of serum +0.5ml buffer (containing 100 mmol/l phosphate buffer 

at pH 7.4, 100 mmol/l L-aspartate and 2 mmol/l α-oxoglutarate) were taken and the 

mixture was incubated for exactly 30 min at 37 C then added 0.5 ml of 2 mmol/l 2, 4-

dinitrophenyl-hydrazine stirred and re-incubated for 20 min at 20-25
◦
 C. Finally 5 ml 

of 4 mol/l NaOH was added to the mixture and left for 5min, then absorbance of the 

mixture was noted spectrophotometrically at 546 nm against reagent blank which was 

prepared by the same procedure except serum, instead of which equal volume of 

distilled water was added. The concentration of AST was measured by observing the 

amount of oxaloacetate hydrazone formed with 2, 4-dinitrophenyl-hydrazine by the 

following reaction:  
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α-oxoglutarate + L-alanine    →  L-glutamate  +  pyruvate 

the concentration of AST was calculated in U/L. The calibration curve was prepared 

by using a series of standard solutions (0.05-0.45ml) from main calibrating solution 

(1.98 mmol/l pyruvate solution) as shown in Figure 2.3. 

 

Figure 2.3. : Calibration curve for AST 

2.5.1.3. Estimation of Serum Total Bilirubin by modified method of Jendrassik 

and Grof (Jendrassik and Grof, 1938) 

In a test tube 0.2 ml of serum was taken and added 0.2ml of 29 mmol/l of sulphanilic 

acid (prepared with 0.17 N HCl), 0.05 ml of 38.5 mmol/l sodium nitrite and 1ml of 

reagent composed of 0.26 mol/l caffeine(prepared  with 0.52 mol/l sodium benzoate). 

The mixture was left for 10 min at 20-25 C then 0.5 ml of 0.93 mol/l tartarate solution 

(prepared with 1.9N sodium hydroxide) was added to the mixture and again incubated 

for 10 min at 25
◦
 C. Absorbance (O.D) of the mixture was recorded 

spectrophotometrically at 578 nm against sample blank prepared in the same manner 

mentioned above except sodium nitrite. Total bilirubin was estimated along with 

caffeine that discharges albumin-linked bilirubin, thru the reaction with sulphanilic 
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acid (diazotized). The concentration of serum bilirubin was calculated in mg/dl by 

multiplying absorbance by a calculated factor of 10.8. 

2.5.1.3.1. Calculation of total Bilirubin 

Total Bilirubin in mg/dL  = 10.8 x Absorbance 

2.5.1.4. Plasma Alkaline Phosphatase Estimation by DGKC method (Ree et al., 

1972) 

In a glass tube 0.02 ml of serum was taken and added 1.0ml of reagent (composed of 

1 mol/l diethanolamine buffer of pH 9.8, 0.5mmol/l magnesium chloride and 

10mmol/l p-nitrophenyl-phosphate substrate) at 30
◦
C. Contents were mixed and 

absorbance was recorded immediately after mixing at 405nm, then timer was started 

and absorbance was recorded simultaneously after 1, 2 and 3 min, using 

spectrophotometer. The substrate p-nitrophenyl phosphate was acted upon by alkaline 

phosphataseand activity of ALP was calculated in U/L by multiplying absorbance per 

minute with a calculated factor of 2760. 

2.5.1.4.1. Calculation of ALP  

ALP in U/L = 2760 x ∆ absorbance at 405 nm 

  



 

2.5.2. Assessment of Nephrotoxicity 

2.5.2.1. Estimation of Urea (Fawcett & Scott, 1960; Patton & Crouch, 1977) 

Plasma urea concentration was measured by Urease- Berthelot method. In a clean 

glass tube 10µl plasma sample was taken along with 1 ml Phosphate buffer-Urease 

reagent (120mmol/l at pH 7.0), stirred and left for 5 minutes at 20-25
◦
C or 3 min at 37 

◦
C. Then 200µl sodium hypochlorite was added to the tube and again left at 20-25

◦
C 

for 10 min or 37 
◦
C for 5 min. Reagent blank & standard tube were prepared in the 

same manner mentioned above except plasma instead of which equal volume of 

deionized water was added in reagent blank tube and urea standard (50mg/dl) was 

added to the standard tube. Urea reacts with water catalyzed by urease to form 

ammonium ions that reacts with salicylate and hypochlorite in the phosphate buffer- 

Urease reagent to give green color complex 2, 2-dicarboxylindophenol intensity of 

which is directly proportional to the concentration of urea.  

Urea  +   H2O  → 2NH3   +  CO2 

Absorbance of the sample and standard tubes were recorded at 578 nm on 

spectrophotometer in contrary to reagent blank and concentration of urea in mg/dl was 

calculated by the given formula: 

2.5.2.1.1. Calculation of Urea 

Urea Concentration (mg/dl) = O.D sample       x   Conc. of standard 

                                                 O.D standard 

 

2.5.2.2. Estimation of Plasma Creatinine (Hare, 1950 & Kostir & Sonka, 1952) 

Briefly 100 µl plasma was taken in a clean glass tube along with reagent composed of 

17.5 mmol/l Picric acid solution and 0.29 mmol/l sodium hydroxide solution mixed in 

a ratio 1:1. Let the mixture stand for exactly 30 sec and read absorbance (A1) of the 



 

sample after 30 sec & A2 after 1 min at 492 nm on spectrophotometer against reagent 

blank prepared in the same manner as sample except plasma. Repeat the same 

procedure for Standard tube except plasma instead of which Creatinine standard 

(2mg/dl) was added. The concentration of Creatinine was calculated by the given 

formula: 

2.5.2.2.1. Calculation of Creatinine 

Creatinine Concentration (mg/dl) = (A2-A1) of sample      x   concentration of 

standard 

                                                          (A2-A1) of standard 

2.5.2.3. Calculation of BUN from plasma Urea & Creatinine  

                          BUN (mg/dL) = Urea (mg/dl) ÷ 2.14 

2.5.3. Assessment of Hepatic and Renal Oxidative Stress  

2.5.3.1. Analytical methods for the Estimation of Lipid Peroxidation and 

Antioxidant levels in Liver and Kidney 

2.5.3.1.1. Assessment of Malonyldialdehyde (MDA) by (Okhawa et al., 1979) 

The TBARS was measured by the method of Okhawa et al, 1979. The concentration 

of TBARS is proportional to the amount of MDA in the tissue that in turn is reflective 

of lipid peroxidation. Briefly 0.2 ml sodium dodecyl sulphate (8.1 %) + 1.5 ml  acetic 

acid solution(20%;  preadjusted to pH =3.5 with NaOH)+ 1.5 ml aqueous solution of 

TBA (0.8% ) + 0.2 ml homogenate (10 % w/v) were added to make a reaction mixture 

up to 4 ml with deionized water and heated at approx  95 
◦
C for one hour. After 

heating mixture tubes were cooled and added with 1.0 ml deionized water + 5.0 ml n-

butanol and pyridine mixture (15:1 v/v) and then centrifuged to get organic layer. The 

organic layer was isolated and its O.D was measured at 532 nm thru 

spectrophotometer and related with O.D of MDA standards. The concentration values 



 

were calculated from O.Ds as in nM/g tissue. The standard graph was plotted by using 

a sequence of standard (concentration range 0.00022-0.00176 nM) from main 

standardizing solution (0.02mM/l) as shown in figure2.4 

 

Figure 2.4. : Calibration graph for MDA 

 

2.5.3.2. Estimation of Catalase (Sinha, 1972) 

Activity of Catalase was assessed by the method of Sinha et al, 1972. In a test tube, 

1.96ml of phosphate buffer (0.01 M, pH =7.0),  1.0 ml of H2O2 (0.2M) + 0.04ml 

(10%) of homogenate were added and final volume was made up to 3.0 mL. Then 

added 2 ml of reagent (5 % of 50 ml dichromic acid +150 ml of glacial acetic acid) 

with 1ml of mixture and heated for 10 min at boiling temperatureand then cooled. 

Variations in O.D were noted spectrophotometrically at 570 nm . The concentration 

was calculated in mM/g tissue from the O.Ds. The standardization curve was drawn 

through different solutions (concentration range 0.05-0.3mM) from chief standard 

solution (0.2 mM/ml) (Figure 2.5) 

 



 

 

Figure 2.5. : Calibration curve for Catalase 

2.5.3.3. Estimation of Superoxide dismutase (SOD) (Kono, 1978) 

Activity of SOD in liver  was assayed by the method of Kono et al 1978. In brief 1.3 

ml of solution A+ 0.5 ml solution B+ 1.0 ml solution C + 0.1 ml solution D were 

mixed.  

A = 0.1 nM EDTA containing 50 mM Na2 CO3 pH =10.0 

B = 90 µM NBT nitro-blue tetrazolium dye 

C = 0.6% Triton X-100 in solution A 

D = 20mM hydroxylamine hydrochloride pH=6.0 

 The NBT reduction rate was noted per minute via spectrophotometer at 560 nm. 

Reference reduction value was noted by taking 0.1 mL of supernatant and above 

mentioned A, B & C solutions.  The % inhibition of NBT reduction rate was recorded 

via fore mentioned method  in unit per gram(U/g) of tissue. Each enzyme unit was 

stated as opposite of the quantity of protein (mg) essential for preventing the 

reduction rate per minute by 50 %. The activity was calculated by means of the% 

inhibition in gram of tissue and stated in unit /g tissue. 

2.5.3.3.1. Calculation for the activity of SOD 



 

Percentage (%) inhibition : Absorbance T (test)- Absorbance R (reference)/ 

Absorbance T (test)-Absorbance B(blank) x100 

U/mL : % inhibition ÷ 5 

2.5.3.4. Estimation of Glutathione Reductase (GSH) (Calberg and Mannervik et 

al, 1985) 

Activity of GSH activity was measured via continuous spectrophotometric rate 

determination method described by Carlberg and Mannervik in 1985. In a  test tube  

0.3ml  BSA(10%) + 1.5ml KPO4 buffer (50mM pH=7.6) + 0.35 ml β–NADPH (0.8 

mM) + 0.1ml of oxidized glutathione (30 mM) + 0.1 ml of homogenate was delivered 

and mixed properly.  O.D was noted at 340 nm at 25
◦
C for 5 min on kinetic 

spectrophotometer. The glutathione activity was calculated using the molar coefficient 

for NADPH of 6.22 µmol
-1

 x cm
-1

 and stated in Unit/gram tissue. 

2.5.3.4.1. Calculation for the activity of GSH 

Activity U/L =1µM/min/L= (340/min)/0.00622x (Total volume in µl ÷Sample 

volume) 

2.5.3.5. Estimation of Plasma&liver Paraoxonase-1(PON1)  

PON1 was assayedvia kit that uses ELISA established on biotin binary antibody 

sandwich technology.   

Assay procedure consisted of the following steps: 

a. Dilutions of standard solution (640ng/ml) were made via adding standard diluents 

provided as shown in Figure 2.6 



 

 

                  640ng/ml               320ng/ml     160ng/ml     80ng/ml    40ng/ml     20ng/ml 

Figure 2.6 Dilutions of PON-1 Standard solution (640ng/ml) 

b. In a test well anti PON1 antibody labeled with biotin or streptavidin-HRP was 

added. In a standard well 50μl standard and streptomycin-HRP 50μl were added . 

In a sample well, 40μl sample then 10μl PON1 antibodies & 50μl streptavidin-

HRP were added. Then the plate was concealed via plate sheath and mixed 

smoothly. Plate was then incubated at 37˚C for one hour.  

c. Washing plate solution was prepared by diluting the washing concentration (30X) 

with distilled water. The seal plate was detached, liquid was drained and 

remainder was shaking off.  Then each well was occupied with washing solution 

and left for 30 seconds then drained. The procedure was repeated five times then 

followed by blotting. 

d.  For the development of color, added to each well 50μl chromogen solution A 

followed by 50μl chromogen solution B.  After gentle shaking incubated to 

develop colour  for 10 minutes at 37 ˚C in the absence of light.  

e. To terminate reaction, 50μl Stop Solution was transferred to all wells, a color 

transformation from blue to yellow was perceived rapidly at that instant. Blank 

well was taken as zero, and the OD of all wells was measured sequentially at 450 

nm within10 minutes after having added stop solution, the strength of color was 

linearly proportional to the amount of PON-1.  



 

f.   According to concentrations of standards and corresponding OD values, standard 

curve was plotted to get concentration of samples from their corresponding ODs 

(Figure 2.7.) 

 
 

Figure 2.7. : Calibration Curve for Paraoxonase-1(Pon-1) 

 

 

2.5.3.6. Estimation of Plasma and liver Ceruloplasmin(CP,CER) 

Ceruloplasmin was assayed via kit that uses enzyme-linked immune sorbent assay 

(ELISA) based on biotin double antibody sandwich technology.   

Assay procedure consisted of the following steps: 

a. Dilutions of standard solution (1200 mg/L) were made via adding standard 

diluents provided as shown in  Figure 2.8 
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Standard solution      1200mg /L    600mg/L    300mg/L    150mg/L     

75mg/L 

Figure 2.8. : Dilutions of CP Standard solution (1200mg/L) 

b. In a comparison blank well anti CP, CERantibodylabeled with biotin and 

streptavidin-HRP were added. In a standard solution well, 50μl standard and 50μl 

streptomycin-HRP were added. In a sample well, 40μl sample then 10μl CP,CER 

antibodies & 50μl streptavidin-HRP were added. Then the plate was concealed via 

plate sheath and mixed smoothly. Plate was then incubated at 37˚C for one hour.  

c. Washing plate solution was prepared by diluting the washing concentration (30X) 

with distilled water. The seal plate was detached, liquid was drained and 

remainder was shaking off.  Then each well was occupied with washing solution 

and left for 30 seconds then drained. The procedure was repeated five times then 

followed by blotting. 

d.  For the development of color, added to each well 50μl chromogen solution A 

followed by 50μl chromogen solution B.  After gentle shaking incubated to 

develop colour for 10 minutes at 37 ˚C in the absence of light.  

e. To terminate reaction, 50μl Stop Solution was transferred to all wells, a color 

transformation from blue to yellow was perceived rapidly at that instant. Blank 

well was taken as zero, and the OD of all wells was measured sequentially at 450 



 

nm within10 minutes after having added stop solution, the strength of color was 

linearly proportional to the amount of  CP.   

f.   According to concentrations of standards and corresponding OD values, standard 

curve was plotted to get concentration of samples from their corresponding ODs 

(Figure 2.9.) 

 

Figure 2.9. : Calibration Curve for Ceruloplasmin 

2.5.3.7. Estimation of Plasma & liver Sorbitol dehydrogenase (SDH) 

SDH was assayedvia kit that uses enzyme-linked immune sorbent assay (ELISA) 

based on biotin double antibody sandwich technology.   

Assay procedure consisted of the following steps: 

a. Dilutions of standard solution (48ng/ml) were made as 24ng/ml, 12ng/ml, 6ng/ml, 

3ng/ml & 1.5ng/ml via adding standard diluents provided (Figure 2.10) 
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     Standard (48ng/ml)               24ng/ml     12ng/ml     6ng/ml    3ng/ml     1.5ng/ml 

Figure 2.10. :  Dilutions of SDH Standard solution (48ng/ml) 

b. In a comparison blank well anti SDH antibody labeled with biotin or streptavidin-

HRP were added. In a standard solution well, 50μl standard and streptomycin-

HRP 50μl  were added. In a sample well, 40μl sample then 10μl SDH antibodies 

& 50μl streptavidin-HRP were added. Then the plate was concealed via plate 

sheath and mixed smoothly. Plate was then incubated at 37˚C for one hour.  

c. Washing plate solution was prepared by diluting the washing concentration (30X) 

with distilled water. The seal plate was detached, liquid was drained and 

remainder was shaking off.  Then each well was occupied with washing solution 

and left for 30 seconds then drained. The procedure was repeated five times then 

followed by blotting. 

d.  For the development of color, added to each well 50μl chromogen solution A 

followed by 50μl chromogen solution B.  After gentle shaking incubated to 

develop colour for 10 minutes at 37 ˚C in the absence of light.  

e. To terminate reaction, 50μl Stop Solution was transferred to all wells, a color 

transformation from blue to yellow was perceived rapidly at that instant. Blank 

well was taken as zero, and the OD of all wells was measured sequentially at 450 

nm within10 minutes after having added stop solution, the strength of color was 

linearly proportional to the amount of  SDH.    



 

f.   According to concentrations of standards and corresponding OD values, standard 

curve was plotted to get concentration of samples from their corresponding ODs 

(Figure 2.11) 

 

Figure 2.11. : Calibration Curve for Sorbitol dehydrogenase (SDH) 

 

2.6. Histological Examination 

Liver and kidney tissues were removed immediately and immersed in 10% formalin. 

Tissue was then fixed in a solution of 150 ml ethanol+ 60 ml formaldehyde+ 15 ml 

acetic acid + 1 g picric acid for 120 minutes. After fixation the samples were 

incubated in phosphate-buffered formaldehyde till sectioning.  Tissues then fixed in 

paraffin and split at 3 µm and finally stained with dyes hematoxylin + eosin for 

microscopic evaluation.  
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3. THE PROTECTIVE EFFECTS OF URTICA DIOICA AGAINST 

CCl₄ INDUCED HEPATOTOXITY IN RATS 

3.1.  Introduction 

Urtica dioica (UD) or common nettle is a perennial herbaceous plant well known for 

stinging hair and belongs to family Urticaceae. It is excessively found in northern 

Europe and almost all parts of  Asia. Urtica dioica is divided into six sub species 

almost having trichomes on the stem and leaves. Plant is consumed as a source of 

food, fiber and medicines in many countries especially in Turkey and China. Almost 

all portions of plant have been conventionally used for the management of arthritis, 

cancer, piles, thyroid hyposecretion, bronchitis, eczema (Kavalali et al., 2003), 

disorders of kidneys, urinary tract, GIT, locomotors system, CVS, Hemorrhage, flu, 

rheumatism and gout (Vogl et al., 2013). A number of products such as steroids, 

terpenoids, and lectins and seven flavanol glycosides have been isolated from 

different parts of plant (Obertries et al., 1996; Glucin et al., 2004). Various 

immunostimulatory, anti-carcinogenic, anti-inflammatory, antioxidant and anti-

allergic properties of Flavonoid glycoside have been reported (Akbay, 2003). Herbal 

Extracts of Urtica dioica are used as laxative, diuretic, and vermifuge conventionally 

in some countries. It is also used in antidandruff shampoo. The active ingredients of 

nettle leaf reduce TNF-α and inflammatory cytokines via inhibiting transcription 

factor required for the stimulation of TNF-α and IL-1-β present in the synovial fluid 

therefore used as an adjuvant remedy in arthritis patients (Teucher et al.,1996 & 

Riechmann et al.,1999). Urtica dioica treatment has also been shown to provide 

symptomatic relief in benign prostrate hyperplasia (Safarinejad, 2005; Lopatkin et al., 

2005). One of the active components of extract 3,4 divanillyl tetrahydrofuran has been 



 

shown to bind with SHBG thereby increasing free T2 concentration,  therefore used 

by many body builders (Schottnewr et al., 1997).  

Liver Cirrhosis is a chief health issue especially in underdeveloped countries with low 

socio-economic range due to endemic hepatitis viral infections. It is also a major 

health problem in developed countries due to alcohol consumption. Hepatocytes 

carcinoma is the 5
th

 utmost common cancer internationally (El-Seraj & Rudolph, 

2007). CCl₄ is a suitable well known hepatotoxin that experimentally induce hepatic 

damage in rats. Carbon tetrachloride is metabolically transformed in to 

trichloromethyl free radical through oxidation, which   causes alkylation of 

macromolecules like proteins and DNA with subsequent lipid peroxidation and 

deficiency of ATP leading to acute hepatotoxicity. The toxic metabolites generated 

during CCl₄ metabolism in addition to hepatotoxicity, further leads to renal toxicity, 

blockade of high-density lipoproteins synthesis & secretion, depletion of hepatic 

antioxidants like glutathione stores, hepatic mitochondrial rise in calcium 

concentration and electrolytic and fluid imbalances with resultant swelling of 

hepatocytes and deficiency of hepatic glycogen stores. Chronic exposure may lead to 

fibrosis or cirrhosis and carcinogenicity even at minute doses( Weber et al., 2003; 

Melin et al., 2000; Hartley et al., 1999 &  Michiels et al., 1994).  

Use of herbal therapies have gained a lot of attention during these days and a number 

of herbs have been identified and used traditionally in different localities. Urtica 

dioica has been  domestically used in folk  medicine for the treatment of stomach pain 

and liver insufficiency. It is also used as a therapy for the treatment of  rheumatic 

pain, cough and cold by many populations in different geographical areas (Sezik et 

al., 1997). Therefore this study was aimed to investigate the hepatoprotective 



 

properties of Urtica dioica in the prevention of liver fibrosis and cirrhosis induced by 

CCl₄ in rats.  

3.2.  Materials & Methods 

Animals were selected, housed and acclimatized according to the method described in 

chapter  2.14-2.2.1 

3.2.1.  Ethical guidelines 

Animals were handled according to guidelines described in chapter 2.2.2. 

3.2.2. Materials and extraction procedure 

Urtica dioica (UD) seeds extract was prepared according to the method given in 

chapter 2.2.3. 

3.2.3.  Study design 

The rats were randomly alloted in to four experimental groups (n=6).  

Group I : Untreated control 

Group II :CCl₄ treated 

Group III :CCl₄ + UD treated 

Group IV : UD treated 

Group I served as control and remained untreated for 60 days. Group II (CCl₄ treated) 

& III (CCl₄+UD treated) received CCl₄, 0.8 ml/kg of body weight, subcutaneously, 

twice a week for 60 days. Group III (CCl₄ + UD treated) & IV (UD treated) received 

daily intra-peritoneal  injections of 2 mL/kg UD extract for 60 days.  

3.2.4. Sample Collection 

The experimental phase lasted for 60 days. Blood and tissue samples were obtained 

and preserved for the biochemical estimates and histological inspections as described 

in Chapter 2.4.1.  

 



 

3.2.5.  Analytical Methods 

3.2.5.1. Assessment of Liver functions in Control, CCl₄ treated, CCl₄ + Urtica 

dioica (UD) treated & UD treated rats 

3.2.5.1.1. Assessment of AST in Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) 

treated & UD treated rats 

Plasma AST was determined by the method of Reitman & Frankel, 1957 as 

designated in chapter 2.5.1.2.  

3.2.5.1.2.  Assessment of ALT in Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) 

treated & UD treated rats 

Plasma ALT was estimated by the protocol of Reitman & Frankel, 1957 as described 

in chapter 2.5.1.1. 

3.2.5.1.3.  Assessment of ALP in Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) 

treated & UD treated rats 

Plasma ALP was assessed via the process of Ree et al., 1972 as described in chapter 

2.5.1.4.  

3.2.5.1.4. Assessment of Bilirubin in Control, CCl₄ treated, CCl₄ + Urtica dioica 

(UD) treated & UD treated rats 

Plasma Bilirubin was measured according to the method of Jendrassek & Grof, 1938 

as described in chapter 2.5.1.3.  

3.2.5.2. Preparation of post mitochondrial supernatant in Control, CCl₄ treated, 

CCl₄ + Urtica dioica (UD) treated & UD treated rats 

Liver tissue homogenate was made by the method given in chapter 2.4.2.1.1.The 

supernatant was utilized to assess Superoxide dismutase, Catalase, MDA & 

glutathione reductase activity. 



 

3.2.5.3. Assessment of hepatic Oxidative status in Control, CCl₄ treated, CCl₄ + 

Urtica dioica (UD) treated & UD treated rats 

3.2.5.3.1.  Estimation of catalase in Control, CCl₄ treated, CCl₄ + Urtica dioica 

(UD) treated & UD treated rats 

Catalase activity was assayed by the Sinha’s method (Sinha, 1972)  given in chapter  

2.5.3.2. 

3.2.5.3.2.  Estimation of superoxide dismutase in Control, CCl₄ treated, CCl₄ + 

Urtica dioica (UD) treated & UD treated rats 

Superoxide dismutase level was measured through the protocol of Kono,1978 as 

given in chapter 2.5.3.3. 

3.2.5.3.3.  Estimation of glutathione reductase in Control, CCl₄ treated, CCl₄ + 

Urtica dioica (UD) treated & UD treated rats 

GSH activity was assessed by the Calberg’s method (Calberg & Mannervik, 1985) 

explained in chapter 2.5.3.4.  

3.2.5.4.  Assessment of Lipid peroxidation in Control, CCl₄ treated, CCl₄ + Urtica 

dioica (UD) treated & UD treated rats 

3.2.5.4.1.  Estimation of thiobarbituric acid substances in Control, CCl₄ treated, 

CCl₄ + Urtica dioica (UD) treated & UD treated rats 

The MDA was assessed through TBARS by the protocol of Ohkawa et al.,1979 for 

lipid peroxidation as described in chapter 2.5.3.1.1. 

3.2.6.  Hepatic Histopathological examination in Control, CCl₄ treated, CCl₄ + 

Urtica dioica (UD) treated & UD treated rats 

Liver tissue samples were fixed and stained for microscopic examination according to 

the method given in chapter 2.4.2.1.The degree of hepatic injury was evaluated from 



 

the histologic sections via gradings and numerical scores according to French et al. 

2000.  

Score 0 = no noticeable impairment 

Score 1 = focal liver cell destruction (≤25% of the tissue) 

Score 2 = focal liver cell destruction (25-50% of the tissue) 

Score 3 = widespread, but focal hepatocyte injury 

Score 4 = comprehensive hepatocyte necrosis 

3.2.7.  Statistical analysis 

Results are presented as mean± standard deviation. Statistical analysis was done 

through Statistical Package for the Social Sciences (SPSS) version 16. Statistical 

comparisons and significance among groups were evaluated by applying one-way 

analysis of variance (ANOVA) followed by the LSD (Least Significance Difference 

Post hoc multiple comparison test) test. Statistical significance was tested at least at 

p<0.05  

3.3. Results  

Table 3.1. : Comparison of body weight, liver weight and relative liver weight in 

Control, CCl₄ treated, CCl₄ +Urtica dioica treated & Urtica dioica treated groups 

 

Control  

 (n=6) 

CCl₄ ¹  

(n=6) 

CCl₄ + UD¹˒² 

(n=6) 

UD¹˒²˒³           

   (n=6) 

Initial body weight 214.66±4.50925 212.67±2.5166 209±3.605 200.33±0.5774 

Final body weight 237.33±11.1505 121.667±7.63ᵈ 186.33±2.0816ᵇ˒ᶜ 191±3.605 ᵇ˒ ᶜ˒ ⁿ 

Liver Weight 4.85±0.6403 7.42±1.4056 ᵅ 4.4±0.1ⁿ˒ᵅ 5.36±1.006ⁿ˒ᵅ˒ⁿ 

Relative liver weight 

(g liver/100 g body) 2.119±0.2444 6.486±1.411ᵇ 2.3611±0.0292ᵇ˒ᵅ 2.806±0.4946ⁿ˒ᵇ˒ⁿ 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 



 

3= As compared with CCl₄+UD 

a= P<0.05, b= P<0.01, c= P<0.001, d=P<0.0001,  n= P>0.05(Non-significant) 

Table 3.2. : Comparison of Serum enzymes & Bilirubin levels in Control, CCl₄ 

treated, CCl₄ +Urtica dioica treated & Urtica dioica treated groups 

 

Control  

 (n=6) 

CCl₄ ¹  

(n=6) 

CCl₄ + UD¹˒² 

(n=6) 

UD¹˒²˒³           

   (n=6) 

AST (U/L) 8.5±0.212 25.16±5.48ᶜ 21.2±12.47ᵇ˒ⁿ 13.8±2.03ⁿ˒ᵇ˒ⁿ 

ALT (U/ L) 17.5±3.27 24.62±3.68ᵇ 18.33±4.31ⁿ˒ᵇ 10.01±1.73ᵇ˒ᶜ˒ᶜ 

ALP (U/ L) 290.70±111.43 683.56±219.52ᵅ 281.13±87.18ⁿ˒ᵅ 295.006± 45.13ⁿ˒ᵅ˒ⁿ 

BILIRUBIN 

(mg/dl) 
0.4±0.0967 2.03±0.53ᶜ 0.55±0.306ⁿ˒ᶜ 1.08±0.38ᵇ˒ᶜ˒ᵅ 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+UD 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 

Table 3.3. : Comparison of Liver antioxidant enzymes and MDA activity in 

Control, CCl₄ treated, CCl₄ +Urtica dioica treated & Urtica dioica treated groups 

 

Control  

 (n=6) 

CCl₄ ¹  

(n=6) 

CCl₄ + UD¹˒² 

(n=6) 

UD¹˒²˒³           

   (n=6) 

Catalase 

(µmol/g tissue) 17.31±2.18 
4.831±0.68ᵇ 

14.432±9.60ⁿ˒ᵇ 
9.379±4.13ᵅ˒ⁿ˒ⁿ 

SOD  

(Unit/g tissue) 1.436±0.63 
0.422±0.25ᵅ 

1.473±0.61ⁿ˒ᵇ 
1.219±0.46ⁿ˒ᵇ˒ⁿ 

GSH  

(Unit/g tissue) 0.811±0.08 
0.0214±0.0015ᶜ 

0.037±0.01ᵈ˒ᵅ 
0.03±0.005ᶜ˒ⁿ˒ⁿ 

MDA  

(µmol/g tissue) 0.906±0.32 
1.710±0.71ᵅ 

1.35±0.18ᵅ˒ᵅ 
0.98±0.14ⁿ˒ᵅ˒ⁿ 

 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+UD 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 

Table 3.4. : Hepatic histopathological features in Control, CCl₄ treated, CCl₄ 

+Urtica dioica treated & Urtica dioica treated groups 

Histopathological findings Control CCl₄ CCl₄ + UD UD 

Enlargement 0 0 0 0 



 

Paleness 0 0 0 0 

Fatty change 0 0 1 0 

Hydropic degeneration 0 0 0 0 

Portal inflammation 0 2 0 0 

Periportal inflammation 0 2 0 0 

portal fibrosis 0 2 0 0 

Periportal fibrosis 0 2 1 1 

Focal lobulitis 0 2 0 0 

Total Score  0 10 2 1 

Intracellular pigment 

deposition absent present absent absent 

Sinusoidal expansion absent absent absent absent 

Degenerative hepatocytes absent 30-40-% absent absent 

Ballooning degeneration absent absent absent absent 

Bile duct proliferation absent absent present absent 

 

Degree of hepatic injury is expressed as scores observed via light microscopy. Score 0 

= no noticeable impairment, Score 1 = focal liver cell destruction (≤25% of the 

tissue), Score 2 = focal liver cell destruction (25-50% of the tissue), Score 3 = 

widespread, but focal hepatocyte injury &Score 4 = comprehensive hepatocyte 

necrosis 

 

 

 

3.3.1.  Effects of CCl₄ and UD treatment on body & liver weight in Control, CCl₄ 

treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

Decrease in body weight and organ weight is a prominent feature of injury. Table 3.1 

compares the effects of Urtica dioica among control, CCl₄ treated, CCl₄ + U.D 

treated  & UD treated rats and shows that CCl₄ administration significantly decreased 



 

body weight of animals as matched with control (P<0.0001). Urtica dioica treatment 

has shown to increase body weight significantly in U.D +CCl₄ treated group 

compared to CCl₄ treated group (P<0.001). A significant increase in Liver weight 

(P<0.05) and relative liver weight (P<0.01) was observed in CCl₄ treated group as 

compared with control whereas a significant reduction in liver weight (P<0.05) and 

relative liver weight (P<0.05) was noted in CCl₄ + U.D treated rats as compared with 

CCl₄. There is no substantial alteration in liver weight and relative liver weight in UD 

treated rats and control (Figure 3.1).  

3.3.2.  Effects of CCl₄ and UD treatment on liver enzymes (ALT, AST, ALP) & 

Bilirubin in Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD 

treated rats 

Table 3.2 indicated the concentration of hepatic enzymes AST (P<0.001), ALT 

(P<0.01) & ALP (P<0.05) were raised significantly in CCl₄ treatment group as 

compared with control. UD treatment has significantly reduced the enzymes ALT 

(P<0.01) & ALP (P<0.05) in CCl₄ + U.D treated group as compared with CCl₄ 

treated group whereas no significant change was observed in AST in UD treated rats 

as compared with control.  Activities of AST, ALT &ALP were nearly similar in 

control group and UD treated group. Table 3.2 shows that CCl₄ treatment has 

significantly raised bilirubin level in rats as compared with control (P<0.001). 

Bilirubin concentration was reduced significantly (P<0.001) in CCl₄ + U.D treated 

group as compared with CCl₄ treated group. Bilirubin was significantly increased 

(P<0.01) in UD treated rats as compared with control (Figures 3.2 – 3.6).  

3.3.3. Effects of CCl₄ and UD treatment on hepatic concentration of catalase in 

Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 



 

Table 3.3 shows significantly lower activities of catalase (P<0.01) in CCl₄ treated rats 

as compared with control.  UD treatment along with CCl₄ has been shown to increase 

significantly the reduced activity of Catalase (P<0.01) in CCl₄ + UD treated rats as 

compared to CCl₄ treated group. Activity of catalase was significantly reduced in UD 

treated group (P<0.05) as compared with control (Figure 3.6).  

3.3.4. Effects of CCl₄ and UD treatment on hepatic concentration of SOD in 

Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

Activity of SOD was significantly reduced in CCl₄ treated rats (P<0.05) as compared 

with control. Activity of SOD enhanced significantly in CCl₄ + UD treated rats 

(P<0.01) as compared with CCl₄ treated group.  SOD activity was nearly similar in 

UD treated rats and control and no significant change was observed (Table 3.3, Figure 

3.7). 

3.3.5.  Effects of CCl₄ and UD treatment on hepatic GSH in Control, CCl₄ 

treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

Activity of antioxidant enzyme Glutathione peroxidase was reduced significantly 

(P<0.001) in CCl₄ treated rats as compared with control (Table 3.3). UD treatment 

along with CCl₄ has been shown to increase significantly the reduced glutathione 

peroxidase activity (P<0.05) in CCl₄ + UD treated rats as compared to CCl₄ treated 

group. Activity of Glutathione peroxidase was significantly reduced in UD treated 

group (P<0.001) as compared with control group (Table 3.3, Figure 3.8).  

3.3.6.  Effects of CCl₄ and UD treatment on hepatic MDA  in Control, CCl₄ 

treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

Table 3.3 shows that MDA was significantly raised (P<0.05) in CCl₄ treatment group 

as compared to control. UD treatment along with CCl₄ has been shown to decrease 

significantly MDA level in CCl₄ + UD treated (P<0.05) when related with CCl₄ 



 

treated group. MDA was not significantly changed in UD treated group as compared 

with control (Figure 3.9).   

3.3.7.  Hepatic histopathological findings 

Liver morphological changes were scored, described and summarized in Control, 

CCl₄ treated, CCl₄ +Urtica dioica treated & Urtica dioica treated groups (Table 3.4). 

No evident histological changes were observed in liver tissues of control group 

(Figure 3.10). Severe histopathological changes in CCl₄ treated rat liver tissues were 

noted. The prominent changes included portal and periportal inflammation, portal and 

periportal fibrosis, focal lobulitis and intracellular pigment deposition . Degeneration 

of hepatocytes was also noted and degenerative hepatocytes constitute for 30-40% 

(Figure 3.11). Our experimental results showed that Urtica dioica treatment along 

with CCl₄ has partly improved and reversed the liver histological changes induced by 

CCl₄ and slight and focal indications of periportal fibrosis, fatty changes and bile duct 

proliferation were found with apparently no degenerative hepatocytes (Figure 3.12). 

However enlargement, paleness, hydropic degeneration & dysplasia were absent in rat 

liver lobules of both CCl₄ treated & CCl₄+Urtica dioica treated groups.  Hepatic 

architecture in UD treated group is similar to control group with no necrosis & 

degeneration. Only slight periportal fibrosis was noted in UD treated rat liver tissues 

(Figure 3.13) 

3.4.  Discussion 

Urtica dioica is one of the medicinal plants consumed for the treatment of various 

sicknesses since ancient times. In our study protective effects of Urtica dioica were 

investigated against hepatotoxicity induced by CCl₄ in rats. CCl₄ treatment caused 

enhanced lipid peroxidation, liver enzymes and decrease antioxidant level (Table 3.2, 

3.3).  



 

Figure 3.1. : Comparison of body weights in Control, CCl₄ treated, CCl₄ +UD 

treated & UD treated groups 

 

CCl₄ induces hepatotoxicity by altering permeability of plasma, mitochondrial and 

lysosomal membranes of hepatocytes that leads to cell damage as well as via 

production of reactive free radicals that further leads to cell destruction. In our study 

hepatic enzymes AST (P<0.001), ALT (P<0.01), ALP (P<0.05) and bilirubin 

(P<0.001) were raised dramatically after CCl₄ treatment (Table 3.2; Fig 3.2-3.5). 

Activities of  hepatic metabolic enzymes in plasma are indicators of liver functions 

and their elevated levels  reflects liver dysfunction as enzymes leak in to blood upon 

cell damage. On the other hand elevated serum bilirubin levels are indicative of 

potentially serious liver damage and loss of liver function. UD treatment along with 

CCl₄ has been shown to decrease ALT (P<0.01), ALP (P<0.05) & bilirubin (P<0.001) 

concentration significantly thereby suggesting its protective effects against liver 

damage (Table 3.2 ; Fig 3.2-3.5). AST level was not reduced significantly in our study 

(Table 3.2; Fig 3.3), as AST is found in most tissues of the body so is not a precise 

indicator of liver damage. Similar results are reported by other studies (Kanter et al., 

2005).  
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Figure 3.2. : Percent analysis of effects of CCl₄ and UD treatment on Plasma 

ALT in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control.  

 

The positive values represent the percentage reduction in ALT while a negative 

value represents an increase in ALT  

 

Figure 3.3. : Percent analysis of effects of CCl₄ and UD treatment on Plasma 

AST in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control.  
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The negative value represents an increase in AST  

Figure 3.4. : Percent analysis of effects of CCl₄ and UD treatment on Plasma 

ALP in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control.  

 

The positive values represent the percentage reduction in ALP while a negative 

value represents an increase in ALP  

Figure 3.5. : Percent analysis of effects of CCl₄ and UD treatment on Plasma 

Bilirubin in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

with reference to control.  
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The negative value represents an increase in Bilirubin  

 

In our study activities of hepatic antioxidant enzymes catalase (P<0.01), SOD 

(P<0.05) and GSH (P<0.001) were reduced significantly in CCl₄ treated rats (Table 

3.3) this is because CCl₄ causes production of reactive free radicals that induce 

damage through covalent bonding to the membrane proteins and lipid peroxidation 

that further leads to oxidative destruction of cellular membranes (Cheeseman et al., 

1993). The experimental results showed that UD treatment successively enhanced the 

hepatic antioxidant enzymes catalase (P<0.01), superoxide dismutase (P<0.01) and 

glutathione peroxidase (P<0.05) in CCl₄ treated rats (Table 3.3). As oxidative damage 

is principal in causing tissue injury in a broad range of human diseases and 

antioxidants play key role in reducing, neutralizing and interfering with reactive 

oxygen species thereby reducing oxidative stress, thus it is reasonable to think that 

antioxidant properties of Urtica dioica are beneficial against hepatotoxicity created by 

CCl₄ thereby preventing severe hepatic injury. Some studies also reported that UD 

possess antioxidant action (Gulcin et al., 2004). Similarly one study reported that UD 

is effective against iron encouraged oxidation deoxyribose, phospholipids & linoleic 

acids (Matsingou et al., 2001). 
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Figure 3.6. : Percent analysis of effects of CCl₄ and UD treatment on hepatic 

Catalase in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

with reference to control.  

 

The positive values represent the percentage reduction in Catalase.  

Figure 3.7. : Percent analysis of effects of CCl₄ and UD treatment on hepatic 

SOD in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control. 

 

The positive values represent the percentage reduction in SOD while a negative 

value represents an increase in SOD 
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Figure 3.8. : Percent analysis of effects of CCl₄ and UD treatment on hepatic 

GSH in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control. 

 

The positive values represent the percentage reduction in GSH 

In the present study MDA (P<0.05) concentration was significantly increased after 

CCl₄ treatment in rats (Table 3.3, Figure 3.9). MDA is a specific indicator of lipid 

peroxidation formed via degradation of polyunsaturated lipids by reactive oxygen 

species that rapidly target polyunsaturated fatty acids of cell membrane thereby 

initiating a self-spreading chain reaction that ends at denaturation of membrane lipids.  

In our study UD treatment reduced hepatic MDA level (P<0.05) suggesting its 

preventive potential against lipid peroxidation and subsequent cellular degradation. 

Our results are confirmed by other studies which reported that Urtica dioica prevents 

hepatic parenchymal damage in rat (Lebedev et al., 2001). 

Figure 3.9. : Percent analysis of effects of CCl₄ and UD treatment on hepatic 

MDA in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control.  
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The negative value represents an increase in MDA 

The histological findings reported in this study are in accordance with the biochemical 

results. Hepatotoxicity induced by CCl₄ is confirmed by histological changes in liver 

tissues that involved portal and periportal inflammation and fibrosis with intracellular 

pigment deposition and hepatocyte degeneration. Similar changes in liver tissues were 

noted by (Akram et al.,2012). Our experimental results showed that Urtica dioica 

treatment along with CCl₄ has partly improved and reversed the liver histological 

changes induced by CCl₄ and slight and focal indications of periportal fibrosis, fatty 

changes and bile duct proliferation were found with apparently no degenerative 

hepatocytes. Similar histological features were reported by (Oguz et al., 2012).  

Figure 3.10.  : Hepatic Histological features in Control rats 

 

-88.7 

-49 

-8.16 

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

CCl4

CCl4+UD

UD



 

Figure 3.11.  Hepatic Histological features in CCl₄ treated rats 

 

Figure 3.12. : Hepatic Histological features in CCl₄+ UD treated  rats

 

Figure 3.13. : Hepatic Histological features in UD treated rats  

 

3.5.Conclusion 



 

As herbal therapy is the matter of interest among researchers worldwide currently due 

to low cost and least reported side effects, this study therefore suggests that herbal 

extract of       Urtica dioica can be beneficial in the prevention and treatment of 

hepatotoxicity created by CCl₄.   

 

4. HEPATOPROTECTIVE EFFECTS OF URTICA DIOICA ON 

CCL₄ INDUCED TOXICITY IN RATS:EVALUATION THROUGH 

EMERGING HEPATOTOXICITY MARKERS 

4.1. Introduction 

Urtica dioica (UD) is a medicinal plant belongs to the family Urticaceae. Different 

parts of plants are widely  used in traditional medicine globally to treat various 

ailments such as arthritis, eczema, piles, thyroid hyposecretion, bronchitis and cancer 

(Kavalali et al., 2003), disorders of kidneys, urinary tract, GIT, locomotors system, 

CVS, Hemorrhage, flu, rheumatism and gout (Vogl et al., 2013).  It is reported to 

stimulate human lymphocyte proliferation and exhibits anti-inflammatory effects. 

Carbon tetrachloride is a well-known hepatotoxicity inducer in experimental animal 

models.  The mechanism involve hepatic metabolism of CCl₄ in to toxic radicals 

trichloromethyl and trichloromethyl peroxy via microsomal cytochrome P450 that 

react with lipids, proteins and nucleic acids  resulting in subsequent impairments in 

hepatic functions. (Weber et al., 2003) Liver being the largest organ of human body 

and perform over 500 dynamic metabolic functions  is prone to damage via drugs or 

xenobiotics. These hepatotoxins may cause  direct  damage to hepatocytes or produce 

toxic metabolites via biotransformation or create immunologic responses that further 

accelerate hepatotoxicity (Saukkonen et al., 2007 & Deng et al., 2009). During the 

course of hepatotoxicity, hepatotoxins produce a number of clinical and 



 

histopathological indicators which can serve as diagnostic biochemical biomarkers for 

the assessment of hepatotoxicity. In addition histological findings and some advanced 

specific biomarkers may further confirm the biochemical observations. Although a 

number of routine tests are available for the assessment of hepatotoxicity but the need 

for specific markers for early and accurate diagnosis remains the focus of researchers 

these days.  

Paraoxonases are the set of enzymes involved in the hydrolysis of lactones and 

organophosphates exist in three genotypic forms PON-1, PON-2 &PON-3 (Bergmeier 

et al., 2004 & Li et al., 2003). PON-1 is synthesized chiefly in liver and transported in 

plasma via association with high-density lipoprotein. It functions as an antioxidant 

and causes detoxification of organophosphates and prevents oxidative modification of 

LDL. The level of PON-1 fluctuates with inflammation in liver due to reduced 

synthesis and secretion of Pon-1(Feingold et al., 1998) hence could be an important 

indicator of hepatotoxicity in various experimental settings.  

Another currently emerging marker of hepatic functional status is Sorbitol 

dehydrogenase (SDH)  which is found in highest concentrations in mammalian 

hepatocytes where it catalyzes the reversible oxidation/reduction of sorbitol, fructose 

and NADH (Anita et al., 2011). Researchers have documented it as a specific marker 

of hepatocellular damage as it functions in various preclinical experimental models 

like rodents, rhesus monkey and beagle dogs (Ozer et al., 2008). Activity of SDH is 

one of the most reliable indicators of liver injury and elevation of SDH is strongly 

linked with hepatotoxicity (Bishayee et al., 1995).  

Ceruloplasmin is a ferroxidase enzyme synthesized in liver containing six copper 

atoms in its structure (O’Brien et al., 2009) is responsible to carry above  95% of the 

total copper in healthy human plasma (Hellman et al., 2002). A reduction in level 



 

strongly indicates impairment in hepatic synthesizing capacity with subsequent liver 

damage.  

The hepatotoxicity has been evaluated by many researchers through several markers 

of hepatic injury experimentally in animals and humans. In addition evaluation via 

several other markers may facilitate the therapeutic and diagnostic strategies for the 

treatment of acute and chronic liver injuries. This study therefore was aimed to assess 

hepatoprotective effects of Urtica dioica against hepatotoxicity induced by CCl₄ via 

some new parameters like PON-1, SDH & ceruloplasmin along with the routine ones.  

4.2.  Materials and Methods 

Animals were selected, housed and acclimatized according to the method described in 

chapter  2.14-2.2.1 

4.2.1. Ethical guidelines 

Animals were handled according to guidelines described in chapter 2.2.2. 

4.2.2.  Materials and extraction procedure 

Urtica dioica (UD) seeds extract was prepared according to the method given in 

chapter 2.2.3. 

4.2.3.  Study design 

The rats were randomly divided in to four experimental groups, each of six rats.  

Group I : Untreated control 

Group II :CCl₄ treated 

Group III :CCl₄ + UD treated 

Group IV : UD treated 

Group I served as control and remained untreated for 60 days. Group II (CCl₄ treated) 

& III (CCl₄+UD treated) received CCl₄, 0.8 ml/kg of body weight, subcutaneously, 



 

twice a week for 60 days. Group III (CCl₄ + UD treated) & IV (UD treated) received 

daily intra-peritoneal  injections of 2 mL/kg UD extract for 60 days.  

4.2.4.  Sample Collection 

The experimental phase lasted for 60 days. Blood and tissue samples were obtained 

and preserved for the biochemical estimations and histological inspections as 

described in Chapter 2.4.1.  

4.2.5.  Analytical Methods 

4.2.5.1. Assessment of Plasma & Hepatic Paraoxonase-1(PON-1) in Control, CCl₄ 

treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

Plasma PON-1 was measured via method described in chapter 2.5.3.5. 

4.2.5.2.  Assessment of Plasma & Hepatic Ceruloplasmin (CP) in Control, CCl₄ 

treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

Plasma CP was measured via protocol designated in chapter 2.5.3.6. 

4.2.5.3.  Assessment of Plasma & Hepatic Sorbitol dehydrogenase (SDH) in 

Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

Plasma SDH was measured through method given in chapter 2.5.3.7. 

4.2.5.4. Preparation of post mitochondrial supernatant in Control, CCl₄ treated, 

CCl₄ + Urtica dioica (UD) treated & UD treated rats 

Liver homogenate was prepared according to the method given in chapter 2.4.2.1.1. 

 

 

4.2.6.  Statistical analysis 

Results are presented as mean± standard deviation. Statistical analysis was done 

through Statistical Package for the Social Sciences (SPSS) version 16. Statistical 

comparisons and significance among groups were evaluated by applying one-way 



 

analysis of variance (ANOVA) followed by the LSD (Least Significance Difference 

Post hoc multiple comparison test) test. Statistical significance was tested at least at 

p<0.05  

4.3.  Results 

Table 4.1. :  Effects of CCl₄ and UD treatment on plasma PON-1, CP & SDH in 

Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

  

Control  

 (n=6) 

CCl₄ ¹  

(n=6) 

CCl₄ + UD¹˒² 

(n=6) 

UD¹˒²˒³           

   (n=6) 

PON-1(ng/ml) 103.9 ± 2.46 80.06 ± 4.53 ᶜ 93.7 ± 5.02ᵅ ᵅ   97.5 ± 5.804 ⁿ ᵇ ⁿ 

CP(ng/L) 238.66 ± 31.7 143.33 ± 66.5 ᵅ 347.66 ± 125.64 ⁿ ᵅ 285.66 ± 97.65 ⁿ ⁿ  ⁿ  

SDH(ng/ml) 12.33 ± 2.57 17.6 ± 2.264 ᵇ 14.06 ± 0.90 ⁿ ᵅ 9.2 ± 1.3 ⁿ ᶜ ᵇ 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+UD 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 

  



 

Table 4.2. :  Effects of CCl₄ and UD treatment on Hepatic PON-1, CP & SDH in 

Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

 

  

Control  

 (n=6) 

CCl₄ ¹  

(n=6) 

CCl₄ + UD¹˒² 

(n=6) 

UD¹˒²˒³           

   (n=6) 

PON-1(ng/ml) 197.06±7 33.99  128.2 ±9.634 ᵇ 192.1 ±20.13 ⁿ ᵅ 203.23 ±18.94 ⁿ ᵇ ⁿ 

CP(ng/L) 344.66± 57.14 224.66 ±18.58 ᵅ 362 ±69.65ⁿ ᵇ 322.66± 73.81 ⁿ ᵅ ⁿ 

SDH(ng/ml) 8.33 ±1.35 15.56± 3.95 ᵅ 15.56± 1.80ᵅ ⁿ 14.46 ±2.68 ᵅ ⁿ ⁿ 

 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+UD 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 

4.3.1.  Effects of CCl₄ and UD treatment on Plasma & Hepatic Paraoxonase-

1(PON-1)in Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD 

treated rats 

Plasma (P<0.001) and hepatic (P<0.01) concentrations of PON-1 were significantly 

reduced in CCl₄ treated rats as compared with control(Table 4.1 & 4.2, Figure 4.1& 

4.4) .Urtica dioica treatment has been shown to enhance significantly plasma (P<0.05) 

and hepatic (P<0.05) PON-1 activity in CCl₄+UD treated rats when compared with 

CCl₄ treated rats. PON-1 plasma and hepatic levels were almost similar in UD treated 

rats and control (Table 4.1 & 4.2, Figure 4.1 & 4.2).  

4.3.2.  Effects of CCl₄ and UD treatment on Plasma & Hepatic 

Ceruloplasmin(CP)in Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & 

UD treated rats 

Treatment of rats with CCl₄ has significantly reduced plasma (P<0.05)  and hepatic 

(P<0.05) CP levels as compared with control (Table4.1 & 4.2, Fig 4.2 & 4.5). In 

CCl₄+UD treated rats activity a significant rise in plasma (P<0.05) and hepatic 



 

(P<0.01) CP was observed as compared with CCl₄ treated rats (Table 4.1 & 4.2, Fig 4.2 

&4.5). There is no significant change observed in CP level between control and UD 

treated rats (Table4.1 & 4.2, Fig 4.3&4.4).  

4.3.3. Effects of CCl₄ and UD treatment on Plasma & Hepatic Sorbitol 

dehydrogenase (SDH) in Control, CCl₄ treated, CCl₄ + Urtica dioica (UD) treated 

& UD treated rats 

A significant rise in plasma (P<0.01) and hepatic (P<0.05) SDH activities were noted in 

CCl₄ treated rats when compared with control. UD treatment along with CCl₄ resulted 

in significant reduction in plasma SDH (P<0.05) level as compared with CCl₄ treated 

group. Hepatic SDH values were reduced non-significantly in CCl₄+UD treated rats as 

compared with CCl₄ treated rats (Table 4.1 & 4.2,  Fig 4.3 &4.6). Plasma SDH levels 

were more or less identical in UD treated rats and control whereas hepatic SDH level 

was significantly (P<0.05) enhanced in UD treated rats as compared with control (Table 

4.1 & 4.2, Figures 4.5 &4.6). 

4.4. Discussion 

Liver is vital in transforming and eliminating  hepatotoxins  but on the other hand 

susceptible to toxicity induced by them. Exposure to hepatotoxins may be through 

environment, industries, laboratories and even therapies. Some research studies have 

indicated that 5% of total hospitalizations and 50% of all acute liver organ failures are 

caused by DILI (Ostapowicz et al., 2001) which further may result in multifaceted 

failures. Therefore appropriate drug screening or sensitive biochemical enzymatic 

assays are required to reduce hepatotoxicity in various settings.  

In this study protective effects of Urtica dioica were investigated against CCl₄ induced 

hepatotoxicity in rats through some infrequent markers of hepatic damage. Generally 

the assessment of liver function is based upon clinical signs and symptoms, 



 

quantifiable biomarkers and infrequently via liver biopsies. Usual liver function tests 

include assessment of serum ALT, AST, ALP & bilirubin. ALT & AST are most 

cheap and conventional serum biomarkers for the evaluation of hepatotoxicity but not 

essentially precise for the target organ. AST is present in blood, skeletal muscles, 

heart and liver whereas ALT is plentifully found intracellularly in hepatocytes and 

hence more effective diagnostic marker of hepatotoxicity than AST. Similarly ALP is 

also present in a number of tissues therefore is not a sensitive marker for specific 

hepatic injury. Bilirubin is although a specific marker of hepatic injury but usually 

levels are increased only after a significant portion (50%) of liver has lost its 

excretory ability. Paraoxonase & Sorbitol dehydrogenase found in plasma or serum of 

humans and rats are potential clinical indicator of liver injury thus can be useful in 

estimating drug induced acute hepatotoxicity in early clinical examinations (Ozer et 

al., 2008). Similarly Ceruloplamin is another enzyme protein synthesized by liver and 

alterations in its activity may predict substantial liver damage.  In this study CCl₄ was 

used as a hepatotoxin to induce hepatotoxicity in experimental rats. CCl₄ induces 

hepatotoxicity in experimental models through fat degeneration, membrane 

degradation, fibrosis, neoplastic modifications and eventual hepatocellular death 

(Weber et al., 2003). Our experimental results demonstrated a significant reduction in 

plasma (P<0.001) and hepatic (P<0.01) PON-1 activity in CCl₄ treated rats which is a 

strong indicator of substantial liver injury in those rats (Table 4.1 & 4.2, Figure 4.1 & 

4.2).. Other research studies have indicated that hepatic PON-1 activity was reduced 

in experimentally induced fibrosis in rats due to increased lipid peroxidation with 

subsequent liver damage (Ferre et al.,2001). Plasma (P<0.05) and hepatic (P<0.05) 

PON-1 activity was retained in CCl₄+UD treated rats when compared with CCl₄ 

treated rats (Table 4.1 & 4.2, Figure 4.1 & 4.2) suggesting a potential defensive role of 



 

Urtica dioica against toxicity induced by CCl₄ as paraoxonase exhibits a potent 

antioxidant action and guard LDL from oxidation and counteracting reactive free 

radicals particularly hydrogen peroxide (Celik et al., 2005; Yildirim et al., 2007 & 

Memisogullari et al., 2010). The protective effect of UD is mediated via its 

antioxidant and anti-inflammatory properties as reactive oxygen species have an 

obvious moderator part in toxicity of numerous organs, together with the liver (Yildiz 

et al., 2008; Yuan et al., 2005 & Zhang et al., 2005). Only a few researchers have 

estimated PON-1 activity after UD treatment in hepatotoxic rats and one such study 

indicated that serum paraoxonase-1 activity was enhanced after UD treatment in 

hepatic ischemia-reperfusion induced injury in rats (Kandis et al., 2010). 

Figure 4.1. : Percent analysis of effects of CCl₄ and UD treatment on Plasma 

PON-1 in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control.  

 

The positive values represent the percentage reduction in Pon-1 
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Figure 4.2. : Percent analysis of effects of CCl₄ and UD treatment on hepatic 

PON-1 in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control.  

 

The positive values represent the percentage reduction in Pon-1 whereas a 

negative value represents an increase in Pon-1 

Similarly plasma (P<0.05)and hepatic (P<0.05) Ceruloplasmin activity was 

significantly reduced in CCl₄ treated rats as compared with control (Table4.1 & 4.2, 

Fig 4.3&4.4). CCl₄ administration effectively induces lipid peroxidation 

experimentally after a few minutes and long term exposure can lead to fibrosis and 

cirrhosis (Sherlock, 1970). Certuloplasmin (CP) is an antioxidant enzyme that protects 

cellular damage against lipid peroxidation (Williams et al., 1984 & Bray & Bettger, 

1990). In this study plasma (P<0.05) and hepatic (P<0.01) CP activity was 

significantly enhanced after UD treatment in CCl₄ induced hepatotoxic rats (Table4.1 

& 4.2, Fig 4.3 & 4.4) indicating protection against cellular fibrotic and oxidative 

lesions via preserving antioxidant CP activity and our results are consistent with other 

limited findings (Kanter et al., 2005).  
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Figure 4.3. : Percent analysis of effects of CCl₄ and UD treatment on Plasma CP 

in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control.  

 

The positive values represent the percentage reduction in CP whereas a negative 

value represents an increase in CP 

Figure 4.4. : Percent analysis of effects of CCl₄ and UD treatment on hepatic CP 

in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control. 

 

The positive values represent the percentage reduction in CP whereas a negative 

value represents an increase in CP 
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Figure 4.5. : Percent analysis of effects of CCl₄ and UD treatment on Plasma 

SDH in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control.  

 

The positive values represent the percentage reduction in SDH whereas a 

negative value represents an increase in SDH 

Figure 4.6. : Percent analysis of effects of CCl₄ and UD treatment on hepatic 

SDH in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control. 

 

The positive values represent the percentage reduction in SDH whereas a 

negative value represents an increase in SDH 

SDH is another infrequent marker of hepatotoxicity used by many researchers 

currently. Activity of SDH is low under normal conditions and enhanced during 
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episodes of acute toxicity created by CCl₄ and phenomena is demonstrated by many 

researchers (Naima et al., 2014). Plasma (P<0.01) and hepatic (P<0.05) SDH activity 

was enhanced significantly in CCl₄ treated rats as compared to control. Plasma and 

hepatic SDH activity were reduced significantly after Urtica dioica administration but 

values are significant only for plasma SDH (P<0.05) (Table 4.1 & 4.2, Figure 4.5 & 

4.6).  

4.5. Conclusion 

Our results indicate that Urtica dioica has successfully resumed liver functions after 

acute episodes of toxicity induced by CCl₄ as indicated by determination of various 

infrequent hepatotoxic markers. Our results are confirmed by other biochemical 

estimations and histopathological findings of this study mentioned in Chapter 3, 

which further suggests that estimation of routine biochemical enzymes together with 

other sensitive specific enzymes markers like PON-1, CP & SDH and 

histopathological examination may be beneficial in assessing liver functions and  

hepatotoxicity prioir to the significant functional and structural lost.  

 

 

 

 

 

 

 

5. THE RENOPROTECTIVE  EFFECTS OF URTICA DIOICA  

AGAINST CARBON TETRA CHLORIDE INDUCED TOXICITY 

IN RATS 

5.1.  Introduction 



 

The kidneys accomplish an extensive range of dynamic functions in the healthy body. 

Kidney disorders have become a major health problem worldwide with increased 

morbidity and mortality. Although a number of treatment strategies are available for 

kidney diseases but researchers are now motivated towards the use of herbal 

medicines due to the side effects of chemical drugs. Urtica dioica , a member of 

family Urticaceae grows in many regions of the world. Urtica dioica has a long 

history of domestic use as a herbal remedy since prehistoric times. This medicinal 

plant is a tremendous source of many natural products and different parts of the 

plants have been used by various medical practitioners for the relief of a variety of 

illnesses. It has been used in Russian, Lithuanian, Eclectics, African, British & 

French folk medicine (Seliya et al., 2014). Research studies have documented that it 

has been generally used for the treatment of benign prostatic hyperplasia (BPH),  

rheumatoid arthritis(Yang et al., 2013), Type 1 Diabetes Mellitus (Ozkol et al., 2013),  

hypertension, colitis (Genc et al., 2011), chronic knee pain (Randall  etal., 2008), 

gout, hair loss, and mild bleeding (Grieve et al., 1971). According to some in vitro 

and in vivo studies it is an acute diuretic, natriuretic and hypotensive agent (Haouari 

et al., 2006). It was found to be effective against ischemic induced renal and hepatic 

lesions, biliary obstruction, peptic ulcer, brain lesions in various animal models (Oguz 

et al., 2013 & Burkova et al., 2011). It has also been used as a suitable herbal therapy 

for the symptomatic relief of micturition disorders like nocturia, pollakisuria, dysuria 

and urine retention in the early stages of benign prostatic hyperplasia (BHP, 1996 & 

ESCOP 1996 & 1997). 

Oxidative stress is the basis of many pathological processes with worst outcomes. 

Excessive production of ROS may result in inflammation, aging, genotoxicity &  

cancer (Kourounakis et al., 1999). Several studies have indicated that Urtica dioica 



 

provides protection against hepatic injury induced by ROS via enhancing activity of 

antioxidant enzymes catalase, paraoxonase & arylesterase (Oguz et al., 2013; Kanter 

et al., 2005).  

CCl₄ is a volatile organic compound well known to induce toxicity in experimental 

models. Various research studies have indicated that besides liver it can also cause 

toxicity in kidneys, lungs & testis principally via generation of ROS (Ahmad et al., 

1987 & Ozturk et al., 2003) which instigate a cascade of reactions that result in lipid 

peroxidation with subsequent membrane damage that further leads to cellular 

destruction (Aleynik et al., 1997). Kidney and liver are particularly susceptible to 

damage induced by CCl₄ in rats (Bruckner et al., 1984) and its role in the 

pathogenesis of renal diseases in humans has been observed by many researchers 

(Ruprah et al., 1985; Gosselin et al., 1984). According  to some in vivo and in vitro 

studies CCl₄ causes reduction of renal microsomal NADPH cytochrome P450, ratio 

of reduced to oxidized kidney cortical glutathione along with renal microsomes and 

mitochondria thereby enhancing  lipid peroxidation (Rungby and Ernst, 1992).    

The clinical use of nettle seeds as a herbal therapy renal dysfunctions was first 

described by North American Herbalist David Winston (Winston, 2001) another study 

indicated the protective effects of UD against proximal tubule damage after 

ischemia/reperfusion injury in rats kidney (Sayhan et al., 2012) but data relevant to 

the effects of Urtica dioica on renal functions to date is limited. This study therefore 

was aimed to investigate the protective effects of  Urtica dioica against renal toxicity 

induced by CCl₄ in rats.   

5.2.  Materials and Methods 

5.2.1. Ethical guidelines 



 

Animals were selected, housed and acclimatized according to the method described in 

chapter  2.14-2.2.1. Animals were handled according to guidelines described in 

chapter 2.2.2. 

5.2.2.  Materials & extract preparation 

Urtica dioica (UD) seeds extract was prepared according to the method given in 

chapter 2.2.3. 

5.2.3.  Study design 

The rats were randomly divided in to four experimental groups, each of six rats.  

Group I : Untreated control 

Group II :CCl₄ treated 

Group III :CCl₄ + UD treated 

Group IV : UD treated 

Group I served as control and remained untreated for 60 days. Group II(CCl₄ treated) 

& III (CCl₄+UD treated) received CCl₄, 0.8 ml/kg of b.w, s.c, two times a week for 

60 days. Group III (CCl₄ + UD treated) & IV (UD treated) received daily intra-

peritoneal injections of 2 mL/kg UD extract for 60 days.  

5.2.4.  Sample Collection 

The experimental phase lasted for 60 days. Blood and tissue samples were obtained 

and preserved for the biochemical estimates and histological inspections as described 

in Chapter 2.4.1.  

5.2.5.  Analytical Methods 

5.2.5.1.  Assessment of Renal functions in Control, CCl₄ treated, CCl₄ + UD 

treated &UD treated rats 

 5.2.5.1.1.  Assessment of plasma Urea in Control, CCl₄ treated, CCl₄ + UD treated 

&UD treated rats 



 

Plasma Urea was measured by Urease- Berthelot method stated by Fawcett & Scott, 

1960 & Patton et al, 1977 as described in chapter 2.5.2.1. 

5.2.5.1.2.  Assessment of plasma Creatinine in Control, CCl₄ treated, CCl₄ + UD 

treated &UD treated rats 

Plasma Creatinine was measured by the method of Hare et al, 1950 & Kostir & 

Sonka, 1952 as described in chapter 2.5.2.2. 

5.2.5.1.3. Assessment of BUN in Control, CCl₄ treated, CCl₄ + UD treated &UD 

treated rats 

BUN was calculated from the formula given in chapter 2.5.2.3. 

5.2.5.2. Preparation of post mitochondrial supernatant in Control, CCl₄ treated, 

CCl₄ + UD treated &UD treated rats 

kidney homogenate was prepared according to the method given in chapter 2.4.2.2.1.  

The supernatant was utilized to assess Superoxide dismutase, Catalase, MDA & 

glutathione reductase activity. 

5.2.5.3.  Assessment of Renal oxidative status in Control, CCl₄ treated, CCl₄ + UD 

treated &UD treated rats 

 

 

5.2.5.3.1.  Estimation of catalase in Control, CCl₄ treated, CCl₄ + UD treated 

&UD treated rats 

Catalase activity was assayed by the method of Sinha (Sinha, 1972) as described in 

chapter 2.5.3.2. 

5.2.5.3.2.  Estimation of superoxide dismutase in Control, CCl₄ treated, CCl₄ + 

UD treated &UD treated rats 



 

Superoxide dismutase level was measured through the protocol of Kono,1978 as 

given in chapter 2.5.3.3. 

5.2.5.3.3.  Estimation of glutathione reductase in Control, CCl₄ treated, CCl₄ + 

UD treated &UD treated rats 

GSH activity was assessed by the Calberg’s method (Calberg & Mannervik, 1985) 

explained in chapter 2.5.3.4.  

5.2.5.4.  Assessment of Lipid peroxidation in Control, CCl₄ treated, CCl₄ + UD 

treated &UD treated rats 

5.2.5.4.1.  Estimation of Thiobarbituric acid substances   

TheMDA was assessed through TBARS by the protocol of Ohkawa et al.,1979 for 

lipid peroxidation as described in chapter 2.5.3.1.1. 

5.2.6. Renal Histopathological examination in Control, CCl₄ treated, CCl₄ + UD 

treated & UD treated rats 

The kidney sections were examined to assess mesengial proliferation, necrosis and 

tubulointerstitial fibrosis. The degree of severity was explained through the criteria as: 

0= none,  01= mild, 02= moderate, 3= severe 

 

5.2.7.  Statistical analysis 

Results are presented as mean± standard deviation. Statistical analysis was done 

through Statistical Package for the Social Sciences (SPSS) version 16. Statistical 

comparisons and significance among groups were evaluated by applying one-way 

analysis of variance (ANOVA) followed by the LSD (Least Significance Difference 

Post hoc multiple comparison test) test. Statistical significance was tested at least at 

p<0.05. 

5.3.  Results 



 

Table 5.1.   : Comparison of Plasma Urea, Creatinine and BUN concentration in 

Control, CCl₄ treated, CCl₄ + UD treated & UD treated rats 

  

Control  

 (n=6) 

CCl₄ ¹  

(n=6) 

CCl₄ + UD¹˒² 

(n=6) 

UD¹˒²˒³           

   (n=6) 

Urea(mg/dl) 16.23 ± 2.98 61.96 ± 6.18 ᶜ 43.65 ± 13.47ᵇ ᵅ 17.51 ± 2.28 ⁿ ᶜ ᵇ 

Creatinine(mg/dl) 0.24 ±  0.05 0.72 ±  0.19 ᵅ 0.49 ±  0.26 ⁿ ⁿ 0.57 ± 0.54 ⁿ˒ⁿ˒ⁿ 

BUN(mg/dl) 7.57±   1.39  28.9 ± 2.88 ᶜ 20.37 ± 6.28 ᵇ ᵅ 8.17 ± 1.06 ⁿ ᶜ ᵇ 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+Taurine 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 



 

Table 5.2.  : Comparison of Renal antioxidant enzymes and MDA activity in 

Control, CCl₄ treated, CCl₄ + UD treated & UD treated rats 

  

Control  

 (n=6) 

CCl₄ ¹  

(n=6) 

CCl₄ + UD¹˒²  

(n=6) 

UD¹˒²˒³           

   (n=6) 

Catalase 

(µmol/g tissue) 40.93±8.49 23.81±4.32ᶜ 31.82±6.5 ᵅ ᵅ 31.59±4.26 ᵅ ⁿ ⁿ 

SOD  

(Unit/g tissue) 25.65±5.55 1.32±0.56ᶜ 10.71±4.09 ᵇ ᵅ 10.8±8.16 ᵇ ˒ᵅ˒ⁿ 

GSH  

(Unit/g tissue) 11.47±5.07 0.47±0.06ᶜ 0.86±0.58ᶜ ⁿ 0.97±0.36ᶜ˒ⁿ˒ⁿ 

MDA  

(µmol/g tissue) 0.46±0.09 2.48±2.46ᵅ 0.66±0.14ⁿ ᵅ 0.56±0.13ⁿ˒ᵅ˒ⁿ˒ 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+Taurine 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 

Table 5.3.  : Renal Histopathological features in Control, CCl₄ treated, CCl₄ + 

UD treated & UD treated rats 

 

Control CCl₄ CCl₄+UD UD 

Mesengial 

proliferation 

0 0 0 0 

Tublointerstitial 

fibrosis 

0 01 0 0 

 

0= none,  01= mild, 02= moderate, 3= severe 

 

5.3.1.  Effects of CCl₄ and UD treatment on Renal function tests.  

5.3.1.1.  Effects of CCl₄ and UD treatment on plasma Urea level in Control, CCl₄ 

treated, CCl₄ + UD treated &UD treated rats 



 

Plasma concentration of urea was increased significantly (P<0.001) in CCl₄ treated rats 

as compared with control (Table 5.1, Figure 5.1). Treatment with UD has been shown 

to decrease concentration of urea significantly (P<0.05) in CCl₄+UD treatment group 

as compared with CCl₄ treated group. Urea level was significantly reduced in UD 

treated group when compared with CCl₄ treated group (P<0.001) and CCl₄+UD 

treated group (P<0.01) (Table 5.1, Figure 5.1). 

5.3.1.2.  Effects of CCl₄ and UD treatment on plasma Creatinine level in Control, 

CCl₄ treated, CCl₄ + UD treated &UD treated rats 

After CCl₄ treatment plasma Creatinine concentration was significantly increased 

(P<0.05)in CCl₄ treated rats as compared with control (Table 5.1, Figure 5.2) 

Creatinine level was reduced in CCl₄+UD and UD treated groups as compared with 

CCl₄ treated group but results are statistically non-significant. Plasma Creatinine levels 

were similar in UD treated group and control group (Table 5.1, Figure 5.2).  

5.3.1.3.  Effects of CCl₄ and UD treatment on BUN in Control, CCl₄ treated, CCl₄ 

+ UD treated & UD treated rats 

Blood urea nitrogen concentration was increased significantly in CCl₄ treated group 

as compared with control (P<0.001) (Table5.1, Figure 5.3). Treatment of rats with UD 

in CCl₄+UD treated group resulted in reduction of BUN significantly as compared 

with CCl₄ treated group (P<0.05) (Table5.1, Figure 5.3). BUN was reduced 

significantly in UD treated group when compared with CCl₄ treated group (P<0.001) 

and CCl₄+UD treated group (P<0.01) (Table5.1, Figure 5.3). 

5.3.2.  Effects of CCl₄ and UD treatment on Renal Antioxidants 

5.3.2.1.   Effects of CCl₄ and UD treatment on renal concentration of catalase in 

Control, CCl₄ treated, CCl₄ + UD treated & UD treated rats 



 

Administration of CCl₄ in rats resulted in significant (P<0.001) reduction of renal 

catalase activity in CCl₄ treated group as compared with control, UD treatment along 

with CCl₄ resulted in elevation of catalase level significantly (P<0.05) in CCl₄+UD 

treated group (Table 5.2, Figure 5.4). There is statistically a significant change (P<0.05) 

observed in catalase level among control group & UD treated groups (Table 5.2, Figure 

5.4).  

5.3.2.2.   Effects of CCl₄ and UD treatment on renal concentration of SOD in 

Control, CCl₄ treated, CCl₄ + UD treated &UD treated rats 

Activity of SOD (P<0.001) was significantly reduced in CCl₄ treated rats as compared 

with control. UD treatment in CCl₄+UD group has been shown to increase 

significantly SOD activity (P<0.05) as compared with CCl₄ treated group (Table 5.2,  

Figure 5.5). Activity of SOD was significantly changed in UD treated group as 

compared with  control group (P<0.01)  and CCl₄ group (P<0.05) (Table 5.2,  Figure 

5.5). 

5.3.2.3. Effects of CCl₄ and UD treatment on renal GSH concentration in 

Control, CCl₄ treated, CCl₄ + UD treated & UD treated rats 

Activity of renal glutathione reductase was reduced significantly in CCl₄ treated rats 

as compared with control (P<0.001). UD intake in CCl₄+UD group has been shown to 

increase non significantly the reduced renal GSH activity as compared to CCl₄ treated 

group. No statistically significant change in GSH activity (P<0.001) was observed in 

UD treated group when compared with control (Table 5.2, Figure 5.6). 

5.3.2.4.  Effects of CCl₄ and UD treatment on renal concentration of MDA in 

Control, CCl₄ treated, CCl₄ + UD treated &UD treated rats 

Levels of MDA were raised significantly (P<0.05)  in CCl₄ treated group as compared 

with control. UD treatment along with CCl₄ in CCl₄+UD treated group has been 



 

shown to decrease MDA level significantly (P<0.05) as compared with CCl₄ treated 

group. MDA activity was almost similar in UD treated group & control (Table 5.2,  

Figure 5.7). 

5.3.3. Histopathological findings in Control, CCl₄ treated, CCl₄ + UD treated 

&UD treated rats 

Histological examination revealed absence of mesengial proliferation and 

tublointerstitial fibrosis in control & UD treated rats (Table 5.3, Figure 5.8 & 5.11) 

.CCl₄ treatment has been shown to cause tubulointerstitial fibrosis with no mesengial 

proliferation in rats (Table 5.3, Figure 5.9). UD treatment along with CCl₄ has been 

shown to revert tubulointerstitial fibrosis in rats (Table 5.3, Figure 5.10). 

5.4.  Discussion 

CCl₄ is a well-known environmental toxicant used experimentally to induce liver and 

kidney damage. It cases cellular damage after being metabolized by cytochrome P450 

2E1 to a higly reactivetrichloromethyl (CCl3-) radical that arbitrate lipid peroxidation 

with subsequent accretion of lipid peroxidation  products thereby causing hepatic and 

renal injuries (Aleynik et al., 1997). In this study rats treated with CCl₄ showed renal 

impairments exhibited via marked elevation in urea, creatinine and BUN (Table 5.1, 

Figure 5.1-5.3). The mechanism involved is principally through generation of ROS 

and it has been established that free radicals are generated during the course of CCl₄ 

metabolism through activation of endoplasmic reticulum enzymes (Slater and Sawyer, 

1971). 

Studies have shown that different edible and medicinal plants like Nigella Sativa 

(Yildiz et al., 2010), Garlic (Bagheri et al., 2011) & Ginger (Maghsoudi et al., 2011) 

possess anti-inflammatory and antioxidant properties that may be effective against 

renal ischemic and reperfusion injuries. Urtica dioica is one of those medicinal plants 



 

that acquire analgesic, antibacterial, antioxidant & anti-inflammatory properties (Terzi 

et al., 2010 & Gulcin et al., 2004).  

In this study treatment of rats with CCl₄ caused significant elevation of renal damage 

markers, urea (P<0.001), creatinine (P<0.05) and BUN (P<0.001). Treatment of rats 

with Urtica dioica resulted in reduction of urea (P<0.05) and BUN (P<0.05) 

significantly whereas creatinine partially thereby endorsing the beneficial effects of 

UD against nephrotoxicity induced by CCl₄ in those rats (Table 5.1, Figure 5.1- 5.3).  

Figure 5.1.  : Percent analysis of effects of CCl₄ and UD treatment on Plasma 

Urea in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control

 

The negative value represents an increase in Urea 

Figure 5.2.: Percent analysis of effects of CCl₄ and UD treatment on Plasma 

Creatinine in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

with reference to control 
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The negative value represents an increase in Creatinine 

Figure 5.3. : Percent analysis of effects of CCl₄ and UD treatment on BUN in 

CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with reference 

to control 

 

The negative value represents an increase in BUN 

Oxidative stress contributes to the progression of structural & functional renal 

impairments. Generation of ROS can lead to the alteration in antioxidants status, 

release of vasoconstrictors, inactivation of nitric oxide,  direct cellular damage 

(Lerman et al., 2001 & Napoli et al., 2001), microvascular endothelial dysfunction 
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(Bonetti et al., 2003). Oxidative stress can lead to a broad range of renal abnormalities 

among which glomerular damage & acute or chronic failure are important. Several 

studies have indicated that substances exhibiting antioxidant activities in various 

experimental disease models have attenuated renal injuries and glomeruloscelerosis 

(Schnackenberg et al., 2002; Mune et al., 2002 & Van et al., 2002) generated by 

CCl₄. In thepresent study the activity of renal antioxidant enzymes Catalase 

(P<0.001), SOD (P<0.001) and GSH (P<0.001) was reduced significantly after CCl₄ 

treatment in rats (Table 5.2, Figure 5.4-5.6). The alteration in antioxidant enzyme 

status indicates a state of nephrotoxicity being produced via generation of ROS. 

Treatment of rats with UD caused increase in catalase (P<0.05) & SOD (P<0.05) 

significantly whereas GSH non-significantly suggesting a free radical scavenging 

effects of UD against nephrotoxic effects of CCl₄ in those rats (Table 5.2, Figure 5.4-

5.6). The concentration of MDA (P<0.05) was increased significantly in CCl₄ treated 

rats (Table 5.2,  Figure 5.7) which is a lipid peroxidation product and strong 

indicator of lipid peroxidation. Lipid peroxidation is the foundation of many 

pathophysiological processes and result in membrane damage via oxidation of lipids 

and proteinsthat further lead to tissue damage (Dogukan et al., 2003). The rise in 

MDA by CCl₄ was attenuated by Urtica dioica significantly in UD treated rats 

(P<0.05) (Table 5.2, Figure 5.7) suggesting its significance against lipid peroxidation 

either via scavenging ROS or increasing the activities of antioxidant enzymes.  

Figure 5.4. : Percent analysis of effects of CCl₄ and UD treatment on renal 

Catalase in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats 

with reference to control 



 

 

The positive values represent the percentage reduction in Catalase  

Figure 5.5. : Percent analysis of effects of CCl₄ and UD treatment on renal SOD 

in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control 

 

The positive values represent the percentage reduction in SOD  

Figure 5.6.  : Percent analysis of effects of CCl₄ and UD treatment on renal GSH 

in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control 
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The positive values represent the percentage reduction in GSH  

Figure 5.7. : Percent analysis of effects of CCl₄ and UD treatment on renal MDA 

in CCl₄ treated, CCl₄ + Urtica dioica (UD) treated & UD treated rats with 

reference to control 

 

The negative value represents an increase in MDA 

ROS may causetubulointerstitial and glomerular fibrosis through activation of the 

TGF-β pathway thereby smoothing the progress of extracellular matrix (ECM) 

accumulation (Iglesias et al., 2001). In addition free oxygen radicals can directly 

reduce the activity of of MMP-2 and oxidation of ECM that may further leads to 

glomerulosclerosis (Mattana et al., 1998 & 1999). Histological examination revealed 
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mild tubulointerstititial fibrosis without mesengial proliferation in CCl₄ treated rats 

suggesting acute toxicity created by CCl₄ in those rats (Table 5.3,Figure 5.9). Urtica 

dioica  ameliorates the changes induced by CCl₄ in CCl₄+UD treated rats as proved 

by no sign of tubulointerstititial fibrosis and mesengial proliferation in those rats 

(Table 5.3, Figure 5.10).The histological findings suggest that Urtica dioica has 

successively attenuated the renal pathophysiological changes induced by CCl₄ thus 

may be effective against nehrotoxicity induced by CCl₄ and our results are consistent 

with other studies in which renal ischemic-perfusion injuries were attenuated by 

Urtica dioica in rats (Sayhan et al., 2012) 

Figure 5.8.   : Renal Histological features in Control rats 

 

 

Figure 5.9. : Renal Histological features in CCl₄ treated rats 

 



 

 

Figure 5.10.   : Renal Histological features in CCl₄+ UD treated  rats

 

Figure 5.11.   : Renal Histological features in UD treated rats 

 

5.5. Conclusion 

Herbal remedies are the choice of researchers now days due to many reported side 

effects of chemicals and drugs. This study propose that the free radical scavenging  



 

effect of            Urtica dioica may be useful against various renal and hepatic diseases 

and would improve renal functions and prevent renal damage without any side effects.  

  



 

6. THE PROTECTIVE EFFECTS OF TAURINE AGAINST 

CARBON TETRA CHLORIDE INDUCED HEPATOTOXICITY IN 

RATS 

6.1.  Introduction 

Taurine, 2-aminoethylsulfonic acid is a derivative of cysteine, and a sulfur-holding 

amino acid occurs especially in seafood and meat. It is the most plentiful amino acid 

found in liver, CNS, ocular tissues, epididymis, peri renal white adipose tissues, and 

brown adipose tissue (Tappaz et al., 1998 & Ide et al., 2002). The intracellular taurine 

content is relatively higher than other amino acids particularly in liver where it is 

generated as an end product principally through the catabolism of sulfur containing 

amino acids (Hosokawa et al., 1990; Kaisaki et al., 1995; Reymond et al., 1996 & 

Tappaz et al., 1999). Taurine is involved in cytoprotection, cell development, cellular 

nutrition, survival, control of growth and differentiation (Harris & Wen, 2012). It 

enhances expression and activities of antioxidant enzymes, such as SOD, catalase and 

GSH (Jang et al., 2009). It may also affect oxidative damage by limiting the 

availability of lipids for lipid peroxidation. Research studies suggest that taurine 

supplementation may prevent oxidative stress induced by toxic substance, alcohol, 

exercise ischemic reperfusion and mechanical injury (Murakami et al., 2010 & Silva 

et al., 2011).  

The protective effects of taurine against toxins, oxidative stress and carcinogenesis 

have been demonstrated by various studies. (Sinha et al., 2009 & Erman et al., 2004). 

It is a potent antioxidant especially in liver that effectively inhibits lipid peroxidation 

either by directly scavenging free oxygen radicals or controlling membrane 

permeability induced by oxidative stress (Koch et al., 2004). Researchers have found 

that its byproducts like taurolidine and taurochloramine show anti-neoplastic effects 



 

both in vitro and in vivo through overwhelming cell proliferation and augmentation of 

tumor cellular apoptosis (Duffy, 2006).  

Liver cirrhosis is the final worst stage of chronic liver damage associated with great 

morbidity and mortality. In cirrhosis substitution of normal liver tissue by fibrosis, 

scar tissue, regenerative nodules occur that eventually leads to liver failure. Liver 

functions as detoxification center where toxins are metabolized and converted to 

intermediate metabolites for their subsequent excretion. During the course of 

metabolism toxins can be converted to reactive radicals that can cause damage to liver 

parenchyma resulting in degenerative, necrotic and atrophic hepatocytes thereby 

creating a state of hepatotoxicity. The mechanism of liver cirrhosis has been 

investigated by researchers through several animal models like carbon tetrachloride 

treatment, bile duct ligation, alcoholism and thioacetamide administration. CCl₄ is 

one of the chlorinated hydrocarbons that produces harmful effects on different body 

systems.  It is widely used to induce liver damage, and to establish experimental 

hepatotoxic models. CCl₄ induced liver injury is characterized by histological, 

biochemical and molecular alterations. Exposure to high concentrations of carbon 

tetrachloride can affect the CNS and cause degeneration of liver and kidneys and 

prolonged exposure may lead to coma and death (Raja et al., 2007).  

The neuroprotective, osmoregulative and cytoprotective effects of taurine have been 

reported widely but data related to therapeutic role in the management of hepatic 

disorders  is limited. In addition the taurine synthetic potential of liver indicates the 

role of taurine  in hepatic functional regulation. Therefore  this study was aimed to 

investigate the protective effects of taurine against hepatotoxicity induced by CCl₄ in 

rats.  

 



 

6.2. Materials & Methods 

Animals were selected, housed and acclimatized according to the method described in 

chapter  2.14-2.2.1 

6.2.1 Ethical guidelines 

Animals were handled according to guidelines described in chapter 2.2.2. 

6.2.2 Study design 

The rats were randomly divided in to four experimental groups, each of six rats. The 

experimental phase lasted for 60 days.  

Group I : Untreated control 

Group II :CCl₄ treated 

Group III :CCl₄ + taurine treated 

Group IV : Taurine treated 

Group I served as control and received only 2 mL/kg normal saline solution orally via 

gavage for 60 days. Group II(CCl₄ treated) & III (CCl₄+Taurine treated) received 

CCl₄, 0.8 ml/kg of body weight, subcutaneously, twice a week for 60 days. Group III 

(CCl₄ + taurine treated) & IV (Taurine treated) received daily 0.15g taurine dissolved 

in 1.5 ml deionized water (equivalent to 1% taurine in drinking water calculated per 

day) for 60 days orally via gavage.  

6.2.3. Sample Collection 

At 60
th

 day rats of all groups were decapitated. Blood and tissue samples were 

collected and preserved for the biochemical estimations and histological examinations 

as described in chapter  2.4.1. 

 

 

6.2.4. Analytical Methods 



 

6.2.4.1.  Assessment of Liver functions in Control, CCl₄ treated, CCl₄ + Taurine 

treated & Taurine treated rats 

 6.2.4.1.1.  Assessment of AST in Control, CCl₄ treated, CCl₄ + Taurine treated & 

Taurine treated rats 

Plasma AST was determined by the method of Reitman & Frankel, 1957 as 

designated in chapter 2.5.1.2.  

6.2.4.1.2.  Assessment of ALT in Control, CCl₄ treated, CCl₄ + Taurine treated & 

Taurine treated rats 

Plasma ALT was estimated by the protocol of Reitman & Frankel, 1957 as described 

in chapter 2.5.1.1. 

6.2.4.1.3.  Assessment of ALP in Control, CCl₄ treated, CCl₄ + Taurine treated & 

Taurine treated rats 

Plasma ALP was assessed via the process of Ree et al., 1972 as described in chapter 

2.5.1.4.  

6.2.4.1.4. Assessment of Bilirubin in Control, CCl₄ treated, CCl₄ + Taurine treated 

& Taurine treated rats 

Plasma Bilirubin was measured according to the method of Jendrassek & Grof, 1938 

as described in chapter 2.5.1.3.  

6.2.4.2. Preparation of post mitochondrial supernatant in Control, CCl₄ treated, 

CCl₄ + Taurine treated & Taurine treated rats 

Liver tissue homogenate was made by the method given in chapter 2.4.2.1.1.The 

supernatant was utilized to assess Superoxide dismutase, Catalase, MDA & 

glutathione reductase activity. 

6.2.4.3. Assessment of hepatic Oxidative status in Control, CCl₄ treated, CCl₄ + 

Taurine treated & Taurine treated rats 



 

6.2.4.3.1.  Estimation of catalase in Control, CCl₄ treated, CCl₄ + Taurine treated 

& Taurine treated rats 

Catalase activity was assayed by the Sinha’s method (Sinha, 1972)  given in chapter  

2.5.3.2. 

6.2.4.3.2. Estimation of SOD in Control, CCl₄ treated, CCl₄ + Taurine treated & 

Taurine treated rats 

Superoxide dismutase level was measured through the protocol of Kono, 1978 as 

given in chapter 2.5.3.3. 

6.2.4.3.3.  Estimation of GSH in Control, CCl₄ treated, CCl₄ + Taurine treated & 

Taurine treated rats 

GSH activity was assessed by the Calberg’s method (Calberg &Mannervik ,1985) 

explained in chapter 2.5.3.4.  

6.2.4.4.  Assessment of Lipid peroxidation in Control, CCl₄ treated, CCl₄ + 

Taurine treated & Taurine treated rats 

6.2.4.4.1.  Estimation of thiobarbituric acid substances   

The MDA was assessed through TBARS by the protocol of Ohkawa et al.,1979 for 

lipid peroxidation as described in chapter 2.5.3.1.1. 

6.2.5.  Hepatic Histopathological examination in Control, CCl₄ treated, CCl₄ + 

Taurine treated & Taurine treated rats 

Liver tissue samples were fixed and stained for microscopic examination according to 

the method given in chapter 2.4.2.1.The degree of hepatic injury was evaluated from 

the histologic sections via gradings and numerical scores according to French et al., 

2000.  

Score 0 = no noticeable impairment 

Score 1 = focal liver cell destruction (≤25% of the tissue) 

Score 2 = focal liver cell destruction (25-50% of the tissue) 



 

Score 3 = widespread, but focal hepatocyte injury 

Score 4 = comprehensive hepatocyte necrosis 

6.2.6.  Statistical analysis 

Results are presented as mean± standard deviation. Statistical analysis was done 

through Statistical Package for the Social Sciences (SPSS) version 16. Statistical 

comparisons and significance among groups were evaluated by applying one-way 

analysis of variance (ANOVA) followed by the LSD (Least Significance Difference 

Post hoc multiple comparison test) test. Statistical significance was tested at least at 

p<0.05  

6.3.  Results 

Table 6.1.   : Comparison of body weight, liver weight and relative liver weight in 

Control, CCl₄ treated, CCl₄ +Taurine treated & Taurine treated groups 

 

Control 

(n=6) 

CCl₄¹ 

(n=6) 

CCL₄ + 

Taurine¹˒² 

(n=6) 

Taurine¹˒²˒³ 

(n=6) 

Initial body 

weight 214.66±4.50925 212.67±2.5166 209.33±1.1547 204±3.6056 

Final body 

weight 237.33±11.1505 121.667±7.63ᵈ 183.3±2.88 ᵇ˒ᶜ 219.33±9.0185 ᵅ˒ⁿ˒ᵇ 

Weight Gain 22.67±6.6412 

  

15.33±5.4129 

Weight Loss 

 

91.003±5.1204 26±1.7321 

 Liver Weight 4.85±0.6403 7.42±1.4056ᵅ 4.725±0.2872 ⁿ˒ᵅ 4.525±0.4113 ⁿ˒ᵅ˒ⁿ 

Relative liver 

weight (g 

liver /100 g 

body) 2.119±0.2444 6.486±1.411 ᵇ 2.6201±0.2017ᵅ˒ᵇ 2.0843±0.2404ⁿ˒ᵇ˒ᵅ 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+Taurine 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 

Table 6.2.  : Comparison of Serum enzymes &Bilirubin  levels in Control, CCl₄ 

treated, CCl₄ +Taurine treated & Taurine treated groups 

 

Control 

(n=6) 

CCl₄¹ 

(n=6) 

CCL₄ + 

Taurine¹˒² 

Taurine¹˒²˒³ 

(n=6) 



 

(n=6) 

AST (U/l) 8.5±0.212 25.16±5.48ᶜ 10.5±0.96ⁿ˒ᵇ 7.17±4.49ⁿ˒ᶜ˒ᵅ 

ALT (U/l) 17.5±3.27 24.62±3.68ᵇ 2.98±2.03ᶜ˒ᶜ 3.48±0.44ᶜ˒ᶜ˒ⁿ 

ALP (U/l) 290.70±111.43 683.56±219.52ᵅ 546.6±486.26ⁿ˒ⁿ 452.09±309.43ⁿ˒ⁿ˒ⁿ 

BILIRUBIN 

(mg/dl) 
0.4±0.0967 2.03±0.53ᶜ 0.566±0.04ⁿ˒ᶜ 0.45±0.208ⁿ˒ᶜ˒ⁿ 

 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+Taurine 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 

Table 6.3.  : Comparison of Liver antioxidant enzymes and MDA activity in 

Control, CCl₄ treated, CCl₄ +Taurine treated & Taurine treated groups 

 

Control 

(n=6) 

CCl₄¹ 

(n=6) 

CCL₄ + 

Taurine¹˒² 

(n=6) 

Taurine¹˒²˒³ 

(n=6) 

Catalase 

(µmol/g tissue) 
17.31±2.18 4.831±0.68ᵇ 14.63±4.76ⁿ˒ᵇ 1.28±0.17ᶜ˒ⁿ˒ᶜ 

SOD  

(Unit/g tissue) 
1.436±0.63 0.422±0.25ᵅ 1.7±0.25ⁿ˒ᵅ 6.36±1.43ᶜ˒ᶜ˒ᶜ 

GSH  

(Unit/g tissue) 
0.811±0.08 0.0214±0.0015ᶜ 0.03±0.003ᶜ˒ⁿ 0.08±0.002ᶜ˒ⁿ˒ⁿ 

MDA  

(µmol/g tissue) 
0.906±0.32 1.710±0.71ᵅ 1.51±0.61ᵅ˒ⁿ 0.806±0.205ⁿ˒ᵅ˒ᵅ 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+Taurine 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 

Table 6.4.  : Hepatic Histopathological features in Control, CCl₄ treated, CCl₄ 

+Taurine treated & Taurine treated groups 

Histopathological findings Control CCl₄ 

CCl₄ + 

Taurine Taurine  

Enlargement 0 0 0 0 

Paleness 0 0 0 0 

Fatty change 0 0 0 0 

Hydropic degeneration 0 0 0 0 

Portal inflammation 0 2 0 0 

Periportal inflammation 0 2 0 0 

portal fibrosis 0 2 0 0 



 

Periportal fibrosis 0 2 1 1 

Focal lobulitis 0 2 0 0 

Total Score  0 10 01 01 

Intracellular pigment 

deposition absent present absent Absent 

Sinusoidal expansion absent absent Marked mild 

Degenerative hepatocytes absent 30-40-% absent Absent 

Ballooning degeneration absent absent absent Absent 

Bile duct proliferation absent absent slight absent 

 

Degree of hepatic injury is expressed as scores observed via light microscopy. Score 0 

= no noticeable impairment, Score 1 = focal liver cell destruction (≤25% of the 

tissue), Score 2 = focal liver cell destruction (25-50% of the tissue), Score 3 = 

widespread, but focal hepatocyte injury & Score 4 = comprehensive hepatocyte 

necrosis.  

6.3.1.  Effects of CCl₄ and Taurine treatment on body & liver weight in Control, 

CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats 

CCl₄ administration has significantly decreased body weight of rats as compared with 

control (P<0.0001). Taurine administration has shown to increase body weight 

significantly in CCl₄+Taurine treated group as compared with CCl₄ treated group 

(P<0.01)(Table 6.1). Body weight were slightly reduced in taurine treated group and 

control. Body weight loss was observed in CCl₄ treated and CCl₄+taurine treated 

whereas weight gain was noted in control and taurine treated rats.   There is no 

significant difference between liver weight and relative liver weight in taurine treated 

rats and control (P>0.05).  Liver weight (P<0.01) and relative liver weight were 

significantly higher in CCl₄ treated group as compared with control (P<0.01) whereas 

lower (P<0.01) in CCl₄ + taurine treated rats as compared with CCl₄ treated rats 

(Table 6.1). 



 

6.3.2. Effects of CCl₄ and Taurine treatment on liver enzymes (ALT, AST, ALP) 

& Bilirubin in Control, CCl₄ treated, CCl₄ + Taurine treated & Taurine treated 

rats 

Table 6.2 shows that CCl₄ treatment has significantly increased the levels of hepatic 

enzymes AST (P<0.001), ALT (P<0.01) & ALP (P<0.05) in rats as compared with 

control . Taurine treatment has significantly reduced hepatic enzymes AST (P<0.01) 

& ALT (P<0.001) in CCl₄ +taurine treated group as compared with CCl₄ treated 

group but no significant change in ALPwas observed in CCl₄ + taurine treated group 

as compared with CCl₄ treated group. Serum hepatic enzyme levels were nearly 

similar in control group and taurine treated group (Table 6.2, Figure 6.2 – 6.4). CCl₄ 

treatment has significantly raised bilirubin level in rats as compared with control 

(P<0.001). Bilirubin level was reduced significantly in CCl₄+ taurine treated group as 

compared with CCl₄ treated group (P<0.001). There was no significant bilirubin 

change in rats treated solely with taurine as compared with control (Table 6.2, Figure 

6.5).  

6.3.3. Effects of CCl₄ and Taurine treatment on hepatic concentration of catalase 

in Control, CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats 

Table 6.3 shows significantly lower activities of Catalase in CCl₄ treated rats as 

compared with control (P<0.01). Taurine intake along with CCl₄ in CCl₄+taurine 

group has been shown to increase significantly (P<0.01) the reduced catalase activity. 

Significantly decreased activity of catalase (P<0.001) was observed in rats treated 

with taurine alone as compared to control (Table 6.3). 

6.3.4. Effects of CCl₄ and Taurine treatment on hepatic concentration of SOD in 

Control, CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats 



 

Activity of SOD was significantly reduced in CCl₄ treated rats as compared with 

control (P<0.05) (Table 6.3). Taurine treatment in CCl₄+taurine has been shown to 

increase significantly SOD activity (P<0.05). Activity of SOD was increased 

significantly (P<0.001) in taurine treated group compared to control group (Table 6.3, 

Figure 6.7).     

6.3.5. Effects of CCl₄ and Taurine treatment on hepatic concentration of GSH in 

Control, CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats 

Table 6.3 shows that activity of Glutathione reductase was reduced significantly in 

CCl₄ treated rats as compared with control (P<0.001). Taurine intake in  CCl₄+taurine 

has been shown to increase the reduced GSH but results are statistically non-

significant as compared to CCl₄ treated group. Significantly reduced activity of 

glutathione reductase was observed in taurine treated rats as compare to control 

(P<0.001) (Table 6.3, Figure 6.8).  

6.3.6. Effects of CCl₄ and Taurine treatment on hepatic concentration of MDA  

inControl, CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats 

Levels of MDA were raised significantly in CCl₄ treated group as compared with 

control (P<0.05). Taurine treatment along with CCl₄ in taurine+CCl₄ group has been 

shown to decrease MDA level non-significantly as compared with CCl₄ treated group. 

MDA activity was almost similar in taurine treated group as compared with control. 

(Table 6.3, Figure 6.9). 

6.3.7. Hepatic Histopathological findings in Control, CCl₄ treated, CCl₄ + 

Taurine treated & Taurine treated rats 

Liver morphological changes were scored, described and summarized in Control, 

CCl₄ treated, CCl₄ +Taurine treated & taurine treated groups (Table 6.4). No evident 

histological changes were observed in liver tissues of control group (Figure 6.10). 



 

Severe histopathological changes in CCl₄ treated rat liver tissues were noted. The 

prominent changes include portal and periportal inflammation, portal and periportal 

fibrosis, focal lobulitis and intracellular pigment deposition. Degeneration of 

hepatocytes was also noted and degenerative hepatocytes constitute for 30-40% 

(Figure 6.11). Our experimental results showed that taurine treatment along with CCl₄ 

has partly improved and reversed the liver histological changes induced by CCl₄. 

Histological sections indicated slight periportal fibrosis, slight bile ductular 

proliferation and marked sinusoidal expansion with apparently no degenerative 

hepatoytes (Figure 6.12). However enlargement, paleness, hydropic degeneration & 

dysplasia were absent in rat liver lobules of both CCl₄ treated &CCl₄ +taurine treated 

groups.  Hepatic architecture in taurine treatment group is  similar to  control group 

with no necrosis & degeneration. Only slight periportal fibrosis was noted in taurine  

treated rat liver tissues (Figure 6.13) 

6.4.  Discussion 

In the present study the protective effects of taurine against CCl₄ induced 

hepatotoxicity and oxidative stress was investigated. Administration of CCl₄ caused 

reduction in body weight and increase in liver weight. The weight reducing effect of 

CCl₄ was attenuated by taurine in CCl₄+taurine treated rats (Table 6.1, Figure 6.1) 

 

Figure 6.1.  : Comparison of Body weights in Control, CCl₄ treated, CCl₄ 

+Taurine treated & Taurine treated groups 



 

 

Administration of CCl₄ produced hepatotoxicity and cirrhotic changes in rats, which 

is exhibited via significantly increased levels of hepatic enzymes ALP (P<0.05), AST 

(P<0.001), ALT(P<0.01) and bilirubin (P<0.001) in CCl₄ treated group (Table 6.2; 

Fig 6.2-6.5). Hepatic functions were resumed by taurine treatment in CCl₄+taurine 

treated group and a significant decrease in hepatic enzymes AST (P<0.01) & ALT 

(P<0.001) and bilirubin (P<0.001) was noted (Table 6.2; Fig 6.2-6.5). Activities of 

Liver function enzymes, AST, ALP and ALT in plasma are commonly estimated as 

pointers for liver functioning and levels are proportional to hepatic injury, because 

CCl₄ causes peroxidation of membrane lipids of hepatocytes. This membrane 

fragmentation of hepatocytes results in consequent release of aspartate transaminase 

(AST), alanine transaminase (ALT), alkaline phosphatase (ALP), lactate 

dehydrogenase (LDH) and g-glutamyl transferase (g-GT) CCl₄ is selected in this 

study to induce hepatic damage as it is widely used to establish experimental models. 

CCl₄ is a well-known hepatotoxin used in diverse experimental modules. Exposure to 

increased concentrations can affect the CNS and harm liver. CCl₄metabolism takes 

place by cytochrome P450 and generates agents that lead to initiating of a series of 

lipid peroxidation and thus causing liver fibrosis and inflammation (Fang et al., 2008). 
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CCl₄ administration is believed to decrease hepatic taurine content and is shown by 

various studies. Therefore it is reasonable to think that taurine supplementation is not 

only effective against taurine depletion caused by CCl₄ but also protects against 

hepatotoxicity induced by CCl₄.  

Figure 6.2.  : Percent analysis of effects of CCl₄ and Taurine treatment on 

plasma ALT in CCl₄ treated, CCl₄ + Taurine  treated& Taurine treated rats with 

reference to control 

 

 

The positive values represent the percentage reduction in ALT while a negative 

value represents an increase in ALT  
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Figure 6.3. : Percent analysis of effects of CCl₄ and Taurine treatment on plasma 

AST in CCl₄ treated, CCl₄ + Taurine  treated& Taurine treated rats with 

reference to control   

 

The positive values represent the percentage reduction in AST while a negative 

value represents an increase in AST  

Figure 6.4. : Percent analysis of effects of CCl₄ and Taurine treatment on plasma 

ALP in CCl₄ treated, CCl₄ + Taurine  treated& Taurine treated rats with 

reference to control 

 

The negative value represents an increase in ALP 
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Figure 6.5. : Percent analysis of effects of CCl₄ and Taurine treatment on plasma 

Bilirubin in CCl₄ treated, CCl₄ + Taurine  treated & Taurine treated rats with 

reference to control 

 

The negative value represents an increase in Bilirubin 

 

In the present study, CCl₄ treated rats showed a reduction in antioxidant enzyme 

catalase (P<0.01), SOD (P<0.05) significantly &GSHnon-significantlyin addition to 

significant increase in MDA (P<0.05) activity (Table 6.3, Figure 6.7-6.9). This is 

because CCl₄ not only causes initiation of lipid peroxidation but also decreases tissue 

CAT and SOD actions, and this diminution may result from oxidation induced 

modification of these proteins. CCl₄ is not only metabolized by hepatocytes, but also 

by endogenous macrophage-like Kupffer cells that results in severe hepatic necrosis 

(Augustyniak et al., 2005). In this study taurine supplementation in CCl₄+taurine 

group raised the activity of antioxidant enzymes catalase (P<0.01) and SOD (P<0.05) 

significantly whereas the levels of GSH and MDA were altered non-significantly 

(Table 6.3; Figure 6.6-6.9) thus, taurine treatment prevented oxidative stress possibly 

via scavenging ROS generated by CCl₄ thereby reducing oxidative stress that 
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otherwise can cause potential hepatotoxicity. Several studies also have shown that 

taurine may modulate the hepatotoxicity of CCl₄ and the effectiveness of taurine 

against CCl₄-induced liver disease in rats has been reported widely (Erman et al., 

2004 & Miyazaki et al., 2005). Sun et al., 2012 also indicated anti-oxidant and anti-

inflammatory functions of taurine. In some in vivo studies taurine has been shown to 

protect hepatic tissues and hepatocytes against hepatotoxicities, oxidative stress and 

hepatocarcinogenesis (Miyazaki et al., 2005).  

 

Figure 6.6. : Percentile analysis of effects of CCl₄ and Taurine treatment on 

hepatic Catalase in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats 

with reference to control.  

 

The positive values represent the percentage reduction in Catalase 

 

 

Figure 6.7. : Percentile analysis of effects of CCl₄ and Taurine treatment on 

hepatic SOD in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control.  
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The positive values represent the percentage reduction in SOD while a negative 

value represents an increase in SOD 

Figure 6.8.  : Percentile analysis of effects of CCl₄ and Taurine treatment on 

hepatic GSH in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control.  

 

The positive values represent the percentage reduction in GSH 

Figure 6.9. : Percentile analysis of effects of CCl₄ and Taurine treatment on 

hepatic MDA in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control.  
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The positive values represent the percentage reduction in MDA while a negative 

value represents an increase in MDA 

The histological findings reported in this study are in accordance with the biochemical 

results. Hepatotoxicity induced by CCl₄ is confirmed by histological changes in liver 

tissues which indicate portal and periportal inflammation and fibrosis with 

intracellular pigment deposition and hepatocyte degeneration. Similar changes in liver 

tissues were noted by Akram et al.,2012. Our experimental results showed that taurine 

intake along with CCl₄ protected against hepatotoxicity and only slight periportal 

fibrosis, bile ductular proliferation and marked sinusoidal expansion were observed 

with no apparent hepatocyte degeneration thereby suggesting a preventive role of 

taurine against hepatotoxicity (Table 6.4, Figure 6.10 - 6.13).  

 

 

Figure 6.10.   : Hepatic Histological features in Control rats 
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Figure 6.11.  : Hepatic Histological features in CCl₄ treated rats 

 

 

 

 

 

Figure 6.12.   : Hepatic Histological features in CCl₄+ Taurine treated  rats 



 

 
Figure 6.13.   : Hepatic Histological features in Taurine treated rats 

 
6.5. Conclusion 

The study suggests that taurine is a potent anti-injury agent against hepatotoxicity 

induced by CCl₄. Thus it is reasonable to think that taurine mediates regeneration of 

hepatocytes with subsequent tissue repair which is the basis of survival from liver 

injury. Therefore it is concluded that taurine, a very important sulfonic acid can be 

used successfully to suppress hepatotoxicity and will be helpful in providing 

awareness and defining the protective effects of taurine against pathological 

conditions especially liver cirrhosis.  

7. PROTECTIVE EFFECTS OF TAURINE ON CCL₄ INDUCED 

HEPATOTOXICITY IN RATS:EVALUATION THROUGH 

EMERGING HEPATOTOXICITY MARKERS 



 

7.1. Introduction  

Liver serves as the detoxification center and is equally susceptible to the toxic effects 

of chemicals and toxins. Early and accurate monitoring of hepatic toxicity is required 

in clinical trials to develop strategies and prevent ultimate hepatic failure. Carbon 

tetrachloride is known to induce hepatotoxicity in experimental models through fat 

degeneration, membrane degradation, fibrosis, neoplastic modifications and eventual 

hepatocellular death (Weber et al., 2003).  

Taurine is a non-essential amino acid that helps maintain liver strength and eliminate 

toxins from body (Biol Pharm Bull, 2002; Refik et al., 2004; Waterfield et al., 1991). 

Studies have reported that it neutralizes effects of alcohol, prevent cholestasis and 

lessen the consequence of DNA damage caused by aromatic amine compounds in 

vitro(Kerai, et al., 2005 & Refik et al., 2004) The paraoxonase enzyme family consists 

of three members PON-1, PON-2 &PON-3. They play dynamic roles in regulating 

different physiological functions and biochemical reactions. For instance they 

contribute to native immunity, regulate cellular proliferation, apoptosis, drugs 

metabolism & inactivation of toxic substances thereby provide line of defense against 

oxidative stress and lipid peroxidation(Jose et al., 2014). As paraoxonases exhibit 

numerous independent and distinct functions, they are termed as “moonlighting 

proteins” (Martinelli et al., 2013). PON-1 is chiefly synthesized by liver and 

dominantly present in plasma in association with high-density lipoproteins (HDL) 

(Mackness et al., 1991), PON-2 is intracellulary located whereas PON-3 also present 

in plasma but amount is considerably less than PON-1 (Draganov et al., 2000).  PON-

1 has become the matter of interest among researchers during these days. Recently 

researchers have been focused to evaluate the protective roles of PON-1 against 

vascular diseases and poisoning by organophosphate derivates (Costa et al., 2005; 



 

Goswami et al., 2009, Camps et al., 2009 & Furlong et al., 2010). Currently it has also 

been used as a potential biomarker of diseases that engross inflammation (Novaket al., 

2010), oxidative stress (James, 2007), and liver toxicities (Mogarekar & Talekar, 

2013). Since PON-1 is primarily synthesized in liver and provides hepato-protection 

chiefly via counteracting the effects of ROS, so it could be the paramount diagnostic 

marker of liver toxicity induced by free oxygen radicals. Paraoxonase hydrolyzes its 

substrate paraoxon (diethyl p-nitrophenyl phosphate, E600) which is the oxon 

metabolite of parathion (Richter et al., 2009) but besides this it can also hydrolyze 

numerous other substrates like organophosphorous compounds, lactones and 

phosphorous arylesters (Kheronsky et al., 2006). 

Sorbitol dehydrogenase also known as L-iditol 2-dehydrogenase is a 357 amino acid 

containing member of the zinc-containing alcohol dehydrogenase family found 

abundantly in mammalian liver cells where it functions to convert sorbitol in to 

fructose in the presence of NAD+ and zinc thereby providing a way to form fructose 

without using ATP (El-Kabbani et al., 2004). The amount in serum is low under 

normal conditions but enhances during acute episodes of hepatocellular damage 

therefore measurement of activity can be a significant indicator of liver damage.  

Ceruloplasmin is a copper-binding glycoprotein that possess ferroxidase activity and 

oxidize Fe
2+

 to Fe
3+

 without release of free oxygen radicals. Ceruloplasmin regulates 

iron transport across the cell membrane. Synthesis of ceruloplasmin is the primary 

responsibility of liver and reduction in levels indicate impairment in hepatic functions. 

Currently its level is estimated by many researchers to score hepatotoxicity (Vedi et 

al., 2014).  

No studies to date have reported evaluation of PON-1, CP & SDH together with 

routine liver functions tests and histopathologic findings to assess the protective 



 

effects of taurine against CCl₄ induced hepatotoxicity thereforethis study was aimed 

to develop a model on the basis of combined routinely estimated clinical parameters 

of hepatotoxicity along with PON-1, CP & SDH to precisely envisage degree of 

fibrosis of various origins.  

7.2.  Materials& Methods 

Animals were selected, housed and acclimatized according to the method described in 

chapter  2.14-2.2.1 

7.2.1.  Ethical guidelines 

Animals were handled according to guidelines described in chapter 2.2.2. 

7.2.2.  Study design 

The rats were randomly alloted in to four experimental groups(n=6). The 

experimental phase lasted for 60 days.  

Group I : Untreated control 

Group II :CCl₄ treated 

Group III :CCl₄ + taurine treated 

Group IV : Taurine treated 

Group I served as control and received only 2 mL/kg normal saline solution orally via 

gavage for 60 days. Group II (CCl₄ treated) & III (CCl₄+Taurine treated) received 

CCl₄, 0.8 ml/kg of body weight, subcutaneously, twice a week for 60 days. Group III 

(CCl₄ + taurine treated) & IV (Taurine treated) received daily 0.15g taurine dissolved 

in 1.5 ml deionized water (equivalent to 1% taurine in drinking water calculated per 

day)  for 60 days orally via gavage.  

7.2.3.  Sample Collection 



 

The experimental phase lasted for 60 days. Blood and tissue samples were obtained 

and preserved for the biochemical estimates and histological inspections as described 

in Chapter 2.4.1.  

7.2.4.  Analytical Methods 

7.2.4.1.  Assessment of Plasma & Hepatic Paraoxonase-1(PON-1) in Control, CCl₄ 

treated, CCl₄ + Tarine treated & Taurine treated rats 

Plasma and hepatic PON-1 was measured via method described in chapter 2.5.3.5. 

7.2.4.2.  Assessment of Plasma & Hepatic Ceruloplasmin (CP) in Control, CCl₄ 

treated, CCl₄ + Tarine treated & Taurine treated rats 

Plasma and hepatic CP was measured via protocol designated in chapter2.5.3.6. 

7.2.4.3.  Assessment of Plasma & Hepatic Sorbitoldehydrogenase (SDH) in 

Control, CCl₄ treated, CCl₄ + Tarine treated & Taurine treated rats 

Plasma and hepatic SDH was measured through method given in chapter 2.5.3.7. 

7.2.4.4.  Preparation of post mitochondrial supernatant in Control, CCl₄ treated, 

CCl₄ + Tarine treated & Taurine treated rats 

Liver homogenate was prepared according to the method given in chapter 2.4.2.1.1. 

7.2.4.5.  Statistical analysis 

Results are presented as mean± standard deviation. Statistical analysis was done 

through Statistical Package for the Social Sciences (SPSS) version 16. Statistical 

comparisons and significance among groups were evaluated by applying one-way 

analysis of variance (ANOVA) followed by the LSD (Least Significance Difference 

Post hoc multiple comparison test) test. Statistical significance was tested at least at 

p<0.05  

7.3.  Results 



 

Table 7.1. :  Effects of CCl₄ and Taurine treatment on plasma PON-1, CP & 

SDH in Control, CCl₄ treated, CCl₄ + Tarine treated & Taurine treated rats 

  
Control 

(n=6) 

CCl₄¹ 

(n=6) 

CCL₄ + 

Taurine¹˒² 

(n=6) 

Taurine¹˒²˒³ 

(n=6) 

PON-1 (ng/ml) 103.9 ± 2.46 80.06 ± 4.53 ᶜ 102.1 ± 6.11ⁿ ᵇ 81.68 ± 9.602ᵇ ⁿ ᵇ 

CP(ng/L) 238.66 ± 31.7 143.33 ± 66.5 ᵅ 204.33 ± 91.34 ⁿ ⁿ   355.66 ± 100.45 ⁿ ᵅ ⁿ 

SDH(ng/ml) 
12.33 ± 2.57 17.6 ± 2.264 ᵇ 10.733 ± 2.023 ⁿ ᵅ 18.33 ± 1.457 ᵇ ⁿ ᶜ   

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+ Taurine 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 

 

 

 

Table 7.2. :  Effects of CCl₄ and Taurine treatment on Hepatic PON-1, CP & 

SDH in Control, CCl₄ treated, CCl₄ + Tarine treated & Taurine treated rats 

  
Control 

(n=6) 

CCl₄¹ 

(n=6) 

CCL₄ + 

Taurine¹˒² 

(n=6) 

Taurine¹˒²˒³ 

(n=6) 

PON-

1(ng/ml) 197.06 ±33.99 128.2 ±9.634 ᵇ 102.866 ±16.07 ᵅ ᵅ 203.63 ±45.44 ⁿ ᵇ ᵇ 

CP(ng/L) 

 344.66 ±57.14 224.66 ±18.58 ᵅ 251.66 ± 34.03 ᵅ ⁿ 260 ±44.44ⁿ ⁿ ⁿ 

SDH(ng/ml) 

 8.33± 1.35 15.56± 3.95 ᵅ 8.73 ±0.98 ⁿ ᵅ 9.83± 5.26 ⁿ ᵅ ⁿ 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+Taurine 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 



 

7.3.1. Effects of CCl₄& Taurine treatment on plasma and hepatic PON-1 activity 

in Control, CCl₄ treated, CCl₄ + Tarine treated & Taurine treated rats 

CCl₄ treatment has been shown to reduce plasma (P<0.001) and hepatic (P<0.01)  

PON-1 activity significantly in CCl₄ treated group as compared with control. Taurine 

treated rats exhibited a significant rise in plasma (P<0.01) and hepatic (P<0.05) PON-

1 activity in CCl₄+Taurine treated rats as compared with CCl₄ treated rats. There is no 

statistically significant difference in hepatic PON-1 activity between control and 

taurine treated rats however plasma PON-1 activity was significantly reduced 

(P<0.01)in taurine treated rats as compared with control (Table 7.1 & 7.2, Figure 7.1 

& 7.2).  

7.3.2. Effects of CCl₄& Taurine treatment on plasma and hepatic CP activity in 

Control, CCl₄ treated, CCl₄ + Tarine treated & Taurine treated rats 

Plasma (P<0.05) and hepatic (P<0.05) CP activity was significantly reduced in CCl₄ 

treated group as compared with control. Taurine treatment has been shown to increase 

plasma and hepatic CP activity but there is no statistically significant change observed 

between CCl₄ treated and CCl₄+taurine treated rats. Plasma CP activity was almost 

similar in taurine treated rats as compared to control (Table 7.1 & 7.2, Figure 7.3 & 

7.4). 

7.3.3. Effects of CCl₄& Taurine treatment on plasma and hepatic SDH activity in 

Control, CCl₄ treated, CCl₄ + Tarine treated & Taurine treated rats 

In rats treated with CCl₄ the plasma (P<0.01) and hepatic (P<0.05) activity of SDH was 

significantly higher as compared with control. Taurine administration has been shown 

to decrease SDH activity significantly in plasma (P<0.05) and liver (P<0.05) in 

CCl₄+taurine treated rats as compared with CCl₄ treated rats. Hepatic SDH levels was 

almost similar in control and taurine treated rats whereas plasma level was 



 

significantlyenhanced in taurine treated (P<0.01) rats as compared to control (Table 

7.1 & 7.2, Figure 7.5 & 7.6). 

7.4. Discussion 

The functions of liver make it vulnerable to toxicity induced by xenobiotics and drugs 

during the course of their metabolism and detoxification. The hepatic activation of 

ROS during metabolic events induces tissue injury via enhanced collagen synthesis, 

lipid peroxidation and fibrosis (Adesanoye et al., 2010 & Blomhoff et al., 2005). CCl₄ 

is a xenobiotic well known to induce hepatotoxicity in experimental animal models. It 

induces hepatotoxicity via generation of ROS, inflammation, lipid peroxidation and 

fibrogenesis that eventually lead to apparent fibrosis (Khan et al., 2012).  

Taurine has been shown to protect hepatocytes from hepatotoxic substances like CCl₄, 

liver cirrhosis, ischemic liver disease, hepatocarcinogenesis and fibrosis (Son et al., 

1996 & Nabila et al., 1998). In this study treatment of rats with CCl₄ has significantly 

reduced plasma (P<0.001) and hepatic (P<0.01) PON-1 activity in rats (Table 7.1 & 

7.2 Figure 7.1 & 7.2). PON-1 is synthesized primarily by liver known to degrade 

oxidized phospholipids (Camps et al., 2009) and alterations in activity indicates a 

state of oxidative stress that further impact modifications resulting in fatty liver and 

cirrhosis. Several studies have indicated that PON-1 is proportional to liver damage 

and is extensively reduced in patients of chronic hepatitis and cirrhosis (Ferre et al., 

2002 & Marsillach et al., 2007). In the present study plasma and hepatic PON-1 

activity was resumed in rats treated with taurine along with CCl₄ (Table 7.1 & 7.2 

Figure 7.1 & 7.2) suggesting reduction in liver damage induced by CCl₄ possibly via 

scavenging ROS and reduction in lipid peroxidation.  



 

Figure 7.1. : Percent analysis of effects of CCl₄ and Taurine treatment on Plasma  

Pon-1 in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control. 

 

The positive values represent the percentage reduction in Pon-1  

 

Figure 7.2. : Percent analysis of effects of CCl₄ and Taurine treatment on hepatic  

Pon-1 in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control. 
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The positive values represent the percentage reduction in Pon-1 while a negative 

value represents an increase in Pon-1 

Plasma (P<0.05) and hepatic (P<0.05) CP activity was found to be reduced 

significantly in rats treated with CCl₄ in this study (Table 7.1 & 7.2 Figure 7.3& 7.4). 

CP is a copper holding glycoprotein synthesized principally in liver and reduction in 

level except for Wilson’s Disease (WD) is strongly linked with final stage liver 

disease of any origin as copper homeostasis is disrupted in most of liver diseases 

(Uhlikova et al., 2008 & Schaff et al., 1991). Plasma (P<0.01) and hepatic CPlevels 

were although raised in CCl₄+taurine treated groups (Table 7.1 & 7.2 Figure 7.3 & 

7.4 but change is statistically non-significant. CP activity is  down regulated in liver 

impairments like severe and fulminant hepatitis and cirrhosis (Yang et al., 2005 & 

Perman et al., 1979). Estimation of CP can be useful in evaluating hepatic functions in 

experimental models of fibrosis and cirrhosis as it is rarely done by some researchers 

in  

Figure 7.3. : Percent analysis of effects of CCl₄ and Taurine treatment on Plasma 

CP in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with reference 

to control. 
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The positive values represent the percentage reduction in CP while a negative 

value represents an increase in CP 

Figure 7.4. : Percent analysis of effects of CCl₄ and Taurine treatment on hepatic 

CP in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with reference 

to control. 

 
The positive values represent the percentage reduction in CP 

previous studies. One such study estimated CP as a marker of fibrosis in patients with 

chronic hepatitis B-virus related liver disease (Zeng et al., 2013).  

 Plasma (P<0.01) and hepatic (P<0.05) activity of SDH was markedly increased in 

rats treated with CCl₄ (Table 7.2, Figure 7.5 &7.6).  Activity of SDH is specific to 

liver thus enhanced activity is strongly linked with hepatotoxicity and suggests liver 

damage associated with cell membrane disruption or cell lysis (Bishayee et al., 1995). 

In this study plasma (P<0.05) and hepatic (P<0.05) level of SDH was significantly 

reduced in CCl₄+taurine treated rats (Table 7.2, Figure 7.5 & 7.6) indicating the anti-

hepatotoxic effects of taurine against CCl₄ induced toxicity.  

Figure 7.5. : Percent analysis of effects of CCl₄ and Taurine treatment on Plasma 

SDH in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control. 
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The positive values represent the percentage reduction in SDH while a negative 

value represents an increase in SDH 

Figure 7.6. : Percent analysis of effects of CCl₄ and Taurine treatment on hepatic 

SDH in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control. 

 

The negative value represents an increase in SDH 

7.5. Conclusion 

The study suggests that administration of taurine has resumed functions of liver as 

indicated by changes in PON-1, CP & SDH activities. The most important aspect of 

-42.74 

12.95 

-48.66 

-60

-50

-40

-30

-20

-10

0

10

20

CCl4 treated

CCl4 + Taurine treated

Taurine treated

-86.79 

-4.8 

-18 

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

CCl4 treated

CCl4 + Taurine treated

Taurine treated



 

this study is that we have measured non routine markers of hepatotoxicity together 

with the usual ones therefore this study will be helpful in providing a noninvasive way 

to evaluate the development of liver fibrosis and cirrhosis.  

 

 

 

 

8. THE RENOPROTECTIVE  EFFECTS OF TAURINE AGAINST 

CARBON TETRA CHLORIDE INDUCED NEPHROTOXICITY IN 

RATS 

8.1.  Introduction 

Taurine is present extensively throughout kidney where its concentration is 50% of 

the total body taurine pool (Brosnan et al., 1983). Taurine is responsible to regulate 

different biological processes in kidney. It is specifically responsible to regulate cell 

volume in renal medulla, sodium transport in proximal tubule, blood flow in vessels 

and scavenging of ROS in glomerulus (Russell et al., 2009). Besides its function to 

regulate renal blood flow in vessels via altering NO synthase activity, renin-

angiotensin system activity and vascular tone (Roysommuti et al., 2009 & Satoh & 

Kang, 2009), it also supports renal vascular system by stabilizing endothelial cells of 

the vessels (Chen et al., 2010). It exerts diuretic effects by conserving potassium and 

magnesium and eliminating sodium. Additionally it antagonizes actions of 

angiotensin via suppressing rennin which suggests its defensive role against 

hypertension that is why may prevent destruction of kidney cells caused by high 

blood sugar or high salt containing diet. Effects of taurine on vascular tone  have  

been demonstrated by many researchers on animal models (Sato etal., 1991) 



 

suggesting its reno-protective effects against  vascular resistance (Hu et al., 2009 ; 

Satoh & Kang, 2009), arterial blood pressure alterations that involves autonomic 

nervous control mechanism (Nara et al., 1978 & Roysommuti et al., 2009), high sugar 

intake-induced baroreceptor reflex dysfunction (Thaeomor et al., 2010)  and 

destabilization of the endothelium of renal vascular system . Taurine and its 

transporter Taut also regulate cell cycle and apoptosis of kidney cell (Marcinkiewicz 

et al., 2006). Taut is believed to mediate active transport of taurine hence determine 

the intracellular concentration of taurine (Han et al., 2000). The renoprotective effects 

of taurine are chiefly exerted via local and systemic scavenging ROS. Taurine reacts 

with hypochlorous acid (HOCl) formed from hydrogen peroxide to form taurine-

chloramines which provide a reservoir for ROS that delays effects of oxidants (Ogino 

et al., 2009) that would otherwise lead to DNA oxidation, lipid peroxidation and 

protein nitration of renal cells (Kim et al., 2006; Marcinkiewicz et al., 2006 & Weiss et 

al., 1982). In several rat models of renal diseases that involve macrophages invasion, 

there is increased production of oxidants and taurine treatment has been shown to 

decrease ROS (Trachtman et al., 1994). Intra-renal infiltration of macrophages is 

associated with release of cytokines which induces migration of leukocytes, T-cell 

activation, fibrosis, sclerosis and scarring thereby causing damage to kidney cells. 

Taurine is believed to reduce renal damage by suppressing macrophages and 

production of cytokines particularly TGF-β which is specifically involved in 

pathogenesis of renal fibrosis (Shin et al., 2003).  

Carbon tetrachloride is well known for experimental induction of hepatotoxicity in 

various animal models. It may also induce nephrotoxicity either directly (Rincon et 

al., 1999) or indirectly via ROS that have been produced during the course of its 

hepatic metabolism. Exposure to CCl₄ may cause acute or chronic renal injuries 



 

(Ogeturk et al., 2005 & Churchill et al., 1983). CCl₄ induce renal lipid peroxidation 

and reduction in NADPH cytochrome P450 in renal cortex, microsomes and 

mitochondria (Rungby and Ernst et al., 1992). Administration of CCl₄ results in the 

production of trichloromethyl and trichloromethyl peroxy radicals that have been 

reported to develop lipid peroxidation and oxidation of proteins that further lead to 

damage of membrane and reduction in the activity of enzymes known to prevent lipid 

peroxidation in kidney (Dogukan et al., 2003).  

 

ROS generated during hepatotoxicity induced by CCl₄ may cause nephrotoxicity 

endorsed by impaired renal function tests and altered antioxidant enzyme activities. The 

therapeutic approach that can effectively reduce oxidative damage in hepatotoxic 

experimental models may be useful against possible renal damage induced by those 

ROS. As taurine has been shown to exert protective effects chiefly via reducing 

oxidative stress, this study therefore was aimed to evaluate protective effects of taurine 

against renal toxicity induced by ROS during the course of hepatotoxicity persuaded by 

CCl₄.  

8.2.  Materials& Methods 

Animals were selected, housed and acclimatized according to the method described in 

chapter  2.14-2.2.1 

8.2.1.  Ethical guidelines 

Animals were handled according to guidelines described in chapter 2.2.2. 

8.2.2.  Study design 

The rats were randomly alloted in to four experimental groups (n=6).The 

experimental phase lasted for 60 days.  

Group I : Untreated control 



 

Group II :CCl₄ treated 

Group III :CCl₄ + taurine treated 

Group IV :Taurine treated 

Group I served as control and received only 2 mL/kg normal saline solution orally via 

gavage for 60 days. Group II (CCl₄ treated) & III (CCl₄+Taurine treated) received 

CCl₄, 0.8 ml/kg of body weight, subcutaneously, twice a week for 60 days. Group III 

(CCl₄ + taurine treated) & IV (Taurine treated) received daily 0.15g taurine dissolved 

in 1.5 ml deionized water (equivalent to 1% taurine in drinking water calculated per 

day)for 60 days orally via gavage.  

8.2.3.  Sample Collection 

The experimental phase lasted for 60 days. Blood and tissue samples were obtained 

and preserved for the biochemical estimates and histological inspections as described 

in Chapter 2.4.1.  

8.2.4.  Analytical Methods 

8.2.4.1.  Assessment of Renal functions in Control, CCl₄ treated, CCl₄ + Taurine 

treated &Taurine treated rats 

 8.2.4.1.1.  Assessment of plasma Urea in Control, CCl₄ treated, CCl₄ + Taurine 

treated &Taurine treated rats 

Plasma Urea was measured by Urease- Berthelot method stated by Fawcett & Scot, 

1960 & Patton et al, 1977as described in chapter 2.5.2.1. 

8.2.4.1.2. Assessment of plasma Creatinine in Control, CCl₄ treated, CCl₄ + 

Taurine treated &Taurine treated rats 

Plasma Creatinine was measured by the method of Hare et al, 1950 &Kostir& Sonka, 

1952as described in chapter 2.5.2.2. 



 

8.2.4.1.3. Assessment of BUN in Control, CCl₄ treated, CCl₄ + Taurine treated 

&Taurine treated rats 

BUN was calculated from the formula given in chapter 2.5.2.3. 

8.2.4.2. Preparation of post mitochondrial supernatant in Control, CCl₄ treated, 

CCl₄ + Taurine treated &Taurine treated rats 

kidney homogenate was prepared according to the method given in chapter 2.4.2.2. 1. 

The post mitochondrial supernatant was used to assess SOD, Catalase, MDA& 

glutathione reductase activity. 

8.2.4.3.  Assessment of renal Oxidative status in Control, CCl₄ treated, CCl₄ + 

Taurine treated &Taurine treated rats 

8.2.4.3.1.  Estimation of catalase in Control, CCl₄ treated, CCl₄ + Taurine treated 

& Taurine treated rats 

Catalase activity was assayed by the Sinha’s method (Sinha, 1972) given in chapter  

2.5.3.2. 

8.2.4.3.2.  Estimation of superoxide dismutase in Control, CCl₄ treated, CCl₄ + 

Taurine treated & Taurine treated rats 

Superoxide dismutase level was measured through the protocol of Kono, 1978 as 

given in chapter 2.5.3.3. 

8.2.4.3.3. Estimation of glutathione reductase in Control, CCl₄ treated, CCl₄ + 

Taurine treated & Taurine treated rats 

GSH activity was assessed by the Calberg’s method (Calberg & Mannervik, 1985) 

explained in chapter 2.5.3.4.  

8.2.4.4.  Assessment of Lipid peroxidation in Control, CCl₄ treated, CCl₄ + 

Taurine treated &Taurine treated rats 

8.2.4.4.1.  Estimation of Thiobarbituric acid substances   



 

The MDA was assessed through TBARS by the protocol of Ohkawa et al., 1979 for 

lipid peroxidation as described in chapter 2.5.3.1.1. 

8.2.5.  Renal Histopathological examination in Control, CCl₄ treated, CCl₄ + 

Taurine treated &Taurine treated rats 

The kidney sections were examined to assess mesengial proliferation, necrosis and 

tubulointerstitial fibrosis. The degree of severity was explained through the criteria as: 

0= none, 01= mild, 02= moderate, 3= severe 

8.2.6.  Statistical analysis 

Results are presented as mean± standard deviation. Statistical analysis was done 

through Statistical Package for the Social Sciences (SPSS) version 16. Statistical 

comparisons and significance among groups were evaluated by applying one-way 

analysis of variance (ANOVA) followed by the LSD (Least Significance Difference 

Post hoc multiple comparison test) test. Statistical significance was tested at least at 

p<0.05. 

 

8.3.  Results 

Table 8.1.  : Comparison of Plasma Urea, Creatinine and BUN concentration in 

Control, CCl₄ treated, CCl₄ +Taurine treated &Taurine treated groups 

  
Control 

(n=6) 

CCl₄¹ 

(n=6) 

CCl₄ + 

Taurine¹˒² 

(n=6) 

Taurine¹˒²˒³ 

(n=6) 

Urea(mg/dl) 16.23 ±  2.98 61.96 ± 6.18ᶜ 50.26±  8.97ᶜ ⁿ 32.66 ±  2.55 ᵅ ᶜ ᵅ 

Creatinine(mg/dl) 0.24 ± 0.05 0.72 ± 0.19 ⁿ 0.34 ± 0.18 ⁿ ⁿ 0.36±  0.18 ⁿ ⁿ ⁿ 

BUN(mg/dl) 7.57 ± 1.39 28.9 ± 2.88 ᶜ 23.45 ± 4.18 ᶜ ⁿ 15.2 ± 1.19 ᵅ ᶜ ᵅ 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+Taurine 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 



 

 

Table 8.2.  : Comparison of Renal antioxidant enzymes and MDA activity in 

Control, CCl₄ treated, CCl₄ +Taurine treated &Taurine treated groups 

  

Control 

(n=6) 

CCl₄¹ 

(n=6) 

CCl₄ + Taurine¹˒² 

(n=6) 

Taurine¹˒²˒³ 

(n=6) 

Catalase 

(µmol/g tissue) 40.93±8.49 23.81±4.32ᶜ 32.325±3.69ᵅ˒ᵅ 26.59±4.39 ᵇ˒ⁿ˒ⁿ 

SOD  

(Unit/g tissue) 25.65±5.55 1.32±0.56ᶜ 11.722±2.38 ᵇ˒ᵅ 15.44±8.07 ᵅ˒ᵇ ⁿ 

GSH  

(Unit/g tissue) 11.47±5.07 0.47±0.06ᶜ 1.506±0.287 ᶜ˒ⁿ 1.41±0.86 ᶜ˒ⁿ˒ⁿ 

MDA  

(µmol/g tissue) 0.46±0.09 2.48±2.46ᵅ 0.45±0.188 ⁿ˒ᵅ 0.62±0.12 ⁿ˒ᵅ ⁿ 

 

The data is expressed as mean ± standard deviation.  

1= As compared with control 

2= As compared with CCl₄ 

3= As compared with CCl₄+Taurine 

a= P<0.05, b= P<0.01, c= P<0.001, n= P>0.05(Non-significant) 

Table 8.3.  :Histopathological features in Control, CCl₄ treated, CCl₄ +Taurine 

treated & Taurine treated groups 

 

Control CCl₄ CCl₄ + Taurine Taurine 

Mesengial 

proliferation 

0 0 0 0 

Tublointerstitial 

fibrosis 

0 01 0 0 

0= none,  01= mild, 02= moderate, 3= severe 

8.3.1.  Effects of CCl₄ and Taurine treatment on Renal function tests.  

8.3.1.1.  Effects of CCl₄ and Taurine treatment on plasma Urea level in Control, 

CCl₄ treated, CCl₄ + Taurine treated &Taurine treated rats 

Plasma concentration of urea was increased significantly (P<0.001) in CCl₄ treated rats 

as compared with control (Table 8.1, Figure 8.1). Although taurine treatment has been 

shown to decrease concentration of urea in CCl₄+Taurine treatment group as 

compared with CCl₄ treated group but results are statistically non-significant (Table 

8.1, Figure 8.1). Urea level was significantly reduced in taurine treated group when 



 

compared with CCl₄ treated group (P<0.001) and CCl₄+Taurine treated group 

(P<0.05) (Table 8.1, Figure 8.1).  

8.3.1.2.  Effects of CCl₄ and Taurine treatment on plasma Creatinine level in 

Control, CCl₄ treated, CCl₄ + Taurine treated &Taurine treated rats 

After CCl₄ treatment plasma Creatinine concentration was enhanced non-significantlyin 

CCl₄ treated rats as compared with control (Table 8.1, Figure 8.2). Creatinine level was 

reduced non-significantly in CCl₄+Taurine treated group as compared with CCl₄ treated 

group (Table 8.1, Figure 8.2). Plasma Creatinine levels were nearly similar in all groups 

(Table 8.1, Figure 8.2).  

8.3.1.3.  Effects of CCl₄ and Taurine treatment on BUN in Control, CCl₄ treated, 

CCl₄ + Taurine treated &Taurine treated rats 

Blood urea nitrogen concentration was increased significantly in CCl₄ treated group 

as compared with control (P<0.001) (Table 8.1, Figure 8.3). Treatment of rats with 

taurine resulted in reduction of BUN non-significantly as compared with CCl₄ treated 

group (Table 8.1, Figure 8.3). BUN was reduced significantly in taurine treated group 

when compared with CCl₄ treated group (P<0.001) and CCl₄+taurine treated group 

(P<0.05) (Table 8.1, Figure 8.3) 

8.3.2. Effects of CCl₄ and Taurine treatment on Renal Antioxidants 

8.3.2.1.   Effects of CCl₄ and Taurine treatment on renal concentration of 

catalase in Control, CCl₄ treated, CCl₄ + Taurine treated &Taurine treated rats 

Administration of CCl₄ in rats resulted in reduction of renal catalase activity (P<0.001). 

Taurine treatment along with CCl₄ resulted in elevation of catalase level significantly 

(P<0.05) (Table 8.2, Figure 8.4). There is no statistically significant change observed in 

catalase level among CCl₄ treated group, CCl₄+ taurine treated group & taurine treated 

groups (Table 8.2, Figure 8.4). 



 

8.3.2.2.   Effects of CCl₄ and Taurine treatment on renal concentration of SOD in 

Control, CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats 

Activity of SOD was significantly reduced in CCl₄ treated rats as compared with 

control (P<0.001). Taurine treatment in CCl₄+Taurine group has been shown to 

increase significantly SOD activity (P<0.05) as compared with CCl₄ treated group 

(Table 8.2, Figure 8.5). Activity of SOD was more or less identical in Taurine treated 

group&CCl₄+Taurine group whereas significantly altered in taurine treated group 

when compared to control (P<0.05) & CCl₄ (P<0.01) treated rats (Table 8.2, Figure 

8.5) 

8.3.2.3. Effects of CCl₄ and Taurine treatment on renal GSH concentration in 

Control, CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats 

Activity of renal glutathione reductase was reduced significantly in CCl₄ treated rats 

as compared with control (P<0.001). Taurine intake in CCl₄+Taurine group has been 

shown to increase non-significantly the reduced renal GSH activity as compared to 

CCl₄ treated group. No statistically significant elevation in GSH activity was 

observed in Taurine treated group when compared with CCl₄+Taurine group and 

CCl₄ group (Table 8.2, Figure 8.6). 

8.3.2.4.  Effects of CCl₄ and Taurine treatment on renal concentration of MDA 

in Control, CCl₄ treated, CCl₄ + Taurine treated &Taurine treated rats 

Levels of MDA were raised significantly in CCl₄ treated group as compared with 

control (P<0.05). Taurine treatment along with CCl₄ in CCl₄+Taurine treated group 

has been shown to decrease MDA level significantly (P<0.05) as compared with CCl₄ 

treated group. MDA activity was almost similar in Taurine treated group, 

CCl₄+Taurine group & control group (Table 8.2, Figure 8.7). 



 

8.3.3. Renal Histopathological findings in Control, CCl₄ treated, CCl₄ + Taurine 

treated & Taurine treated rats 

Histological examination revealed absence of mesengial proliferation and 

tublointerstitial fibrosis in control & taurine treated rats (Figure 8.8 & 8.11).  CCl₄ 

treatment has been shown to cause tubulointerstitial fibrosis with no mesengial 

proliferation in rats (Figure 8.9). Taurine treatment along with CCl₄ has been shown to 

revert tubulointerstitial fibrosis in rats (Figure 8.10). 

8.4.  Discussion 

Taurine homeostasis is the primary responsibility of liver and kidneys. The protective 

effects of taurine have been examined by many researchers in several rat models 

(Abebe et al., 2003, Mozaffari et al., 2002, 2003 & 2006). The researchers have 

demonstrated the protective effects of taurine against diabetes-associated renal 

damage (Das et al., 2012), immune- or toxicity induced forms of glomerulonephritis, 

diabetic nephropathy (Trachtman et al., 1994) and alloxan-induced apoptosis (Han et 

al., 2009), calcium oxalate nephrolithiasis (Li et al., 2009) and ischemic or 

reperfusion injury (Guz et al., 2007).In this study CCl₄ treatment has been shown to 

induce renal damage indicated by impaired renal function tests. Plasma urea, 

creatinine and BUN are specific diagnostic markers for the detection of functional 

renal impairments. The Plasma urea (P<0.001) and BUN (P<0.001) concentrations 

were significantly higher whereas Creatinine was partially higher in CCl₄ treated rats 

as compared to control (Table 8.1, Figure 8.1-8.3). Taurine treatment has been shown 

to reduce the levels of urea, creatinine and BUN non significantly in CCl₄+Taurine 

treated rats suggesting partial protective effects of taurine against  renal damage 

induced by CCl₄ (Table 8.1, Figure 8.1-8.3). 

 



 

Figure 8.1.  : Percent analysis of effects of CCl₄ and Taurine treatment on 

Plasma Urea in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control 

 

The negative value represents an increase in Urea 

Figure 8.2. : Percent analysis of effects of CCl₄ and Taurine treatment on Plasma 

Creatinine in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control 

 

The negative value represents an increase in Creatinine 
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Figure 8.3. : Percent analysis of effects of CCl₄ and Taurine treatment on BUN in 

CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with reference to 

control 

 

The negative value represents an increase in BUN 

Production of ROS has been implicated for lipid peroxidation which is the foundation 

of numerous pathologies with subsequent tissue damage. Taurine mediates its 

protective effects principally via scavenging free oxygen radicals and enhancing 

expression of antioxidant enzyme activities. In this study a marked reduction in the 

activity of renal antioxidants catalase (P<0.001), SOD (P<0.001) and GSH (P<0.001) 

was observed in CCl₄ treated rats as compared with control (Table 8.2, Figure 8.5 & 

8.6) . Oxidative stress favors the formation of various vasoactive mediators that 

directly cause vasoconstriction or reduce glomerular capillary ultrafiltration 

coefficient; and glomerular filtration rate thereby affecting renal functions (Garcia-

Cohen et al., 2000).  Similar results were obtained in this study and CCl₄ treated rats 

showed depletion in antioxidant enzymes catalase (Table 8.2, Figure 8.4-8.6).Taurine 

treatment has been shown to enhance significantly catalase (P<0.05) & SOD (P<0.05) 
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hence providing reno-protection against toxicity created by CCl₄ (Table 8.2 Figure 

8.4 & 8.5).  

Figure 8.4. : Percent analysis of effects of CCl₄ and Taurine treatment on renal 

Catalase in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control 

 

The positive values represent the percentage reduction in Catalase 

Figure 8.5. : Percent analysis of effects of CCl₄ and Taurine treatment on renal 

SOD in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control 
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The positive values represent the percentage reduction in SOD 

 

Figure 8.6.  : Percent analysis of effects of CCl₄ and Taurine treatment on renal 

GSH in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control 

 

The positive values represent the percentage reduction in GSH 

Although renal GSH activity was raised after taurine treatment but there is no 

statistically significant relation (Table 8.2, Figure 8.6). Previous studies have 

demonstrated that taurine provides protection against oxidants induced injury via 

suppressing intrusion of macrophages in renal tissues as well as by altering production 

of cytokines particularly transforming growth factor-β (TGF-β) that participates in the 

mechanism of renal fibrosis (Shin et al., 2003). Production of ROS is strongly linked 

with lipid peroxidation and consequent membrane degradation. Exposure to CCl₄ 

results in enhanced production of trichloromethyl and trichloromethyl peroxy radicals 

that exaggerate lipid peroxidation and protein oxidation resulting in extensive 

membrane damage and reduction in antioxidant enzymes activity that may prevent 

renal damage via detoxification of those products (Dogukan et al., 2003). In this study 
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concentration of MDA which is a lipid peroxidation indicator was enhanced 

significantly in CCl₄ treated rats as compared to control. Taurine treatment has been 

shown to counteract the rise in MDA level induced by CCl₄ exposure significantly 

(P<0.05)  in CCl₄+Taurine treated group (Table 8.2, Figure 8.7) suggesting that 

taurine is effective in reducing lipid peroxidation as indicated via reduction in lipid 

peroxidation products.  

Figure 8.7: Percent analysis of effects of CCl₄ and Taurine treatment on renal 

MDA in CCl₄ treated, CCl₄ + Taurine treated & Taurine treated rats with 

reference to control 

 

The negative value represents an increase in MDA 

Histological examination has shown that there is no evident alteration in renal 

architecture except for mild tubulointerstititial fibrosis in CCl₄ treated rats Table 8.3, 

Figure 8.9)  whereas no evidence of mesengial proliferation or tubulointerstititial 

fibrosis was observed in CCl₄+taurine treated rats(Figure 8.10) suggesting that taurine 

may prevent structural alterations caused by CCl₄ in rats (Table 8.3, Figure 8.10) and 

our results are consistent with other findings (Rajamani et al., 2011).  
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Figure 8.8.  : Renal Histological features in Control rats 

 

 

Figure 8.9. : Renal Histological features in CCl₄ treated rats 

 

 

 

Figure 8.10.  : Renal Histological features in CCl₄+ Taurine treated  rats 



 

 

Figure 8.11.   : Renal Histological features in Taurine treated rats 

 

8.5.Conclusion 

The study suggests that taurine may be beneficial against renal toxicity and lipid 

peroxidation created by CCl₄ via scavenging ROS and enhancing antioxidant enzyme 

activities. The hepatoprotective and renoprotective effects of taurine may provide a 

line of defense against damage associated with oxidative stress.  

 9. GENERAL DISCUSSION 

Hepatotoxicity is a chief health issue associated with increased morbidity and 

mortality that encounters health care providers, drug monitoring authorities and 

pharmacological industries. Liver is unique in its metabolic and detoxification 



 

pathways and predisposed to damage induced by chemotherapeutic agents, 

xenobiotics and ROS. Drugs can evoke hepatocytic damage through several 

mechanisms including cholestasis, intrahepatic accumulation of toxic metabolites and 

formation of free radicals that initiate a cascade of hepatic injury leading to necrotic 

or apoptotic cell death. ROS induced oxidative stress plays a key role in pathogenesis 

of hepatotoxicity and an approach that may reduce the burden of reactive free radicals 

may overcome the toxic effects induced by those free radicals.  Dietary modifications 

and herbal-based therapeutics have become a focus of researchers and pharmaceutical 

industries globally especially for liver disorders due to least reported side effects, 

cheap cost and availability. Urtica dioica is a plant of excessive therapeutic worth due 

to its multi-utilitarian nature and almost all parts of the plant have been consumed 

traditionally to treat a variety of illnesses all over the world. Similarly Taurine is a 

sulphur-containing amino acid obtained through diet and endogenously synthesized in 

mammalian liver cells found to exhibit miscellaneous biological actions. The 

hepatoprotective effects of Urtica dioica and Taurine have been investigated in the 

present study against CCl₄ induced hepatotoxicity in rats through varying routine and 

emergent biochemical and histological parameters of liver toxicity, the study showed 

the following:  

 The rats treated with CCl₄ (0.8 ml/kg b.w subcutaneously) twice a week for 60 

days caused  hepatotoxicity as evidenced by changes in body and liver weights, 

biochemical markers of hepatic injury, liver function tests, oxidative stress and 

lipid peroxidation, antioxidant enzyme status and histological findings.  

 Increased levels of liver enzymes AST, ALT, ALP, SDH, lipid peroxidation 

product MDA and bilirubin whereas a reduction in the activities of hepatic Pon-1, 

CP and antioxidant enzymes catalase, SOD, GSH was observed in CCl₄ induced 



 

hepatotoxic rats. Moreover a reduction in body weights and increase in liver 

weights was observed in CCl₄ treated rats.  

 CCl₄ induced hepatic histopathological changes were characterized by portal and 

periportal inflammation, fibrosis, focal lobulitis, intracellular pigment deposition 

and degeneration of hepatocytes (30-40%).  

 The associated renal effects of CCl₄ induced hepatotoxicity were examined by 

renal function tests, renal antioxidant enzymes status, oxidative stress induced 

lipid peroxidation  products and histological features.  

 Signs of renal impairments were shown by increase in plasma urea, creatinine, 

BUN and renal MDA levels whereas decrease in renal catalase, SOD and GSH 

activities. The histological features observed included tubulointerstitial fibrosis 

without mesengial proliferation in CCl₄ induced hepatotoxic rats.  

 The treatment of rats with Urtica dioica extract and Taurine  has been shown to 

protect CCl₄ induced toxicity and described the following outcomes: 

i. Plasma ALT, ALP, bilirubin, SDH, urea and BUN were reduced significantly 

whereas creatinine partially, plasma and hepatic Pon-1, CP were increased and 

hepatic and renal catalase, SOD and GSH were amplified whereas MDA were 

reduced significantly after Urtica dioica extract administration.   

ii. The rats treated with Taurine has been shown to reduce plasma AST, ALT, 

bilirubin and SDH significantly whereas  urea, creatinine, BUN and ALP 

partially. A significant rise in   plasma and hepatic Pon-1 and partial rise in CP 

was observed.  Hepatic and renal catalase and SOD were significantly raised 

on the other hand hepatic GSH was increased significantly and renal GSH 

partially after taurine treatment. Both hepatic and renal MDA levels were 



 

resumed following taurine intake but levels are statistically significant for 

renal MDA.  

iii. Histopathological alterations induced by CCl₄ were curtailed by Urtica dioica 

and Taurine treatments. Treatment with Urtica dioica exhibited slight and 

focal indications of hepatic periportal fibrosis, fatty changes and bile duct 

proliferation without hepatocytic degeneration. The renal histology showed 

absence of tubulointerstitial fibrosis after UD treatment.  

iv. Histologically taurine treatment showed minor hepatic periportal fibrosis, 

slight bile ductular proliferation and marked sinusoidal expansion with 

apparently no degenerative hepatocytes.  There was no evidence of renal 

tubulointerstitial fibrotic replacement after taurine treatment.  

In the present study we evaluated the functional status of liver through monitoring 

changes in body weight, organ weight, plasma and tissue biochemical parameters of 

liver function, lipid peroxidation and oxidative stress induced alterations, antioxidant 

enzyme activities and morphological inflammatory and fibrotic changes at tissue 

level. We observed a marked difference in all above parameters between control and 

CCl₄ induced hepatotoxic rats suggesting a state of hepatotoxicity successfully 

created by CCl₄ through several mechanisms that ultimately leads to liver fibrosis and 

cirrhosis.   

 

9.1.  CCl₄ induced hepatotoxicity 

The hepatotoxic effects of CCl₄ are mediated through the following consequences that 

further explain the underlying mechanisms involved: 



 

i. Derangements in body and organ weights 

ii. Release of enzymes linked with  liver damage  

iii. ROS induced oxidative stress and lipid peroxidation 

iv. Diminution of antioxidant enzymes  

v. Inflammatory and  necrotic histological changes 

vi. Renal impairments as consequence of hepatotoxicity  

9.1.1. Derangements in body and organ weights 

As drop in body and organ weight is a prominent feature of injury, body weights 

of CCl₄ treated rats at the 60
th

 day were reduced (Table 3.1, Figure 3.1) as 

compared with day 1. Liver weights of CCl₄ hepatotoxic group rats were higher as 

compared with control (Table 3.1).  

9.1.2. Release of hepatic enzymes  

In the present study hepatic enzymes AST, ALT, ALP, SDH and bilirubin were raised 

dramatically in plasma after CCl₄ treatment (Table 3.2 & 4.1) whereas levels of Pon-1 

and CP were significantly decreased (Table4.1). Activities of hepatic metabolic 

enzymes and bilirubin level in plasma are indicators of liver functions and elevation 

in these levels are indicative of potentially serious liver damage and loss of liver 

function as enzymes leak in to blood upon cell damage. Acute CCl₄ intoxication can 

damage liver as manifested by swollen and tender liver, enzymatic alterations and 

jaundice whereas chronic effects include fibrosis or cirrhosis, clotting factors 

deficiency and predisposition to hemorrhage. Researchers have documented that the 

hepatotoxic effects of CCl₄ are exerted through its metabolic activation to reactive 

metabolites including the CCl3OO radical that can target cell membrane PUFA 



 

thereby producing fatty acid free radicals that initiate successive self-catalytic lipid 

peroxidation by a series of reactions (Slater et al., 1981). The prime lethal magnitudes 

of lipid peroxidation are associated to disturbance of cell membranes, membrane 

disintegration (Comporti et al., 1984 & 1985), loss of synthesizing capacity and 

release of hepatic enzymes by necrotized cells endorsed by rise in the hepatic 

enzymes AST, ALT, ALP and SDH. In this study the hepatotoxic effects of CCl₄ 

were examined through some current and more specific markers of hepatotoxicity like 

Pon-1, SDH and CP. All of them are found in highest concentrations in mammalian 

hepatocytes where they catalyze several dynamic metabolic reactions and alteration in 

levels strongly indicates impairment in hepatic synthesizing capacity with subsequent 

liver destruction (Bishayee et al., 1995 & O’Brien et al., 2006). 

The cytoplasmic contents of liver enzymes release into circulation during episodes of 

hepatic damage (Brent & Rumack, 1993). Researchers have specified that the surge of 

serum ALT and AST levels induced by CCl₄ occur through damages in hepatocellular 

membrane and mitochondria. Many researchers have indicated that these enzymes 

activities were expressively raised after CCl₄ exposure (Tribble et al., 1987; 

Mehmetcik et al., 2008 & Arici and Cetin, 2011). This is in agreement with the 

generally recognized opinion that serum levels of transaminases can revert to normal 

through therapeutic effects on liver parenchyma and the regeneration of liver cells 

(Thabrew and Joice, 1987). 

9.1.3. CCl₄ induced oxidative stress and lipid peroxidation 

In the present study CCl₄ administration caused oxidative stress through generation of 

reactive oxygen species exhibited by enhanced hepatic MDA level (Table 3.3). It has 

been observed that trichloromethyl peroxy radical attack cell membrane 



 

polyunsaturated fatty acids and create fatty acid free radicals that through a chain of 

reactions initiate successive autocatalytic lipid peroxidation (Slater et al., 1981) 

(Figure 9.1 & 9.2). Lipid peroxidation further accelerates disruption and 

disintegration of cellular membranes (Comporti et al., 1985). CCl3OO
.
 radical pull out 

a hydrogen atom in the locale of a polyunsaturated fatty acid double bond thereby 

initiating lipid peroxidation which progressively propagate to degrade lipids in to 

smaller reactive aldehydes molecules malondialdehyde (MDA) or 4-hydroxynonenal 

(HNE) capable to produce protein and DNA adducts (Levy et al., 1984 & Kadiiska et 

al., 2005). This is observed in our study when CCl₄ toxic metabolites progressively 

induced lipid peroxidation and lead to the release of increased levels of lipid 

peroxidation products like MDA(Table 3.3, Figure 9.3).  

Figure 9.1. : Pathways of lipid peroxidation (Nam et al., 2011) 



 

 

Figure 9.2. : Bio-conversion of Carbon tetrachloride (Harris et al., 1981; Anders 

et al., 1985; McGregor et al., 1996) 

Previous studies have endorsed the phenomena of lipid peroxidation following  CCl₄ 

exposure via detection of typical lipid peroxidation markers such as  conjugated 

dienes in hepatic lipids (Recknagel et al., 1973 & Tribble et al., 1987),  increased 

exhaled ethane as end degradative product of ω-3 polyunsaturated fatty acids,  petane 

exhalation  as terminal  degradation product of ω-6 polyunsaturated fatty acids 

(Younes et al., 1985 & Gee et al., 1981) and presence of reactive aldehydes like 

malonaldehyde (MDA) and 4-hydroxyalkenals (4-HNE) that are cytotoxic and can 

induce promutagenic abrasions (Comporti  et al., 1984 & 1985; de Zwart et al., 1997 

& Gasso  et al., 1996) (Figure 9.1). Research data indicates that these end products of 

lipid peroxidation have tendency to cause alterations in DNA repair mechanisms and 



 

may lead to spontaneous mutations and eventually cancer (Curren et al., 1988 & 

Krokan et al., 1985).  

 

 

Figure 9.3. : ROS induced Lipid peroxidation and hepatocellular damage  

(Shimizu et al., 2012) 

9.1.4. Diminution of antioxidant enzymes  

In this study the activities of antioxidative enzymes catalase, SOD and GSH were 

reduced significantly in CCl₄ treated rats (Table 3.3). GSH is critically involved in 

detoxifying peroxides, reactive nitrogen species and xenobiotics at cellular level. 

Fractions of GSH are found in cellular organelles including mitochondria (10% of 

hepatic GSH), endoplasmic reticulum, and nucleus involved in cell existence. GSH 

biosynthesis is catalyzed by glutamate-cysteine ligase (GCL) and GSH synthetase as 

shown in Figure 9.4. GSSG reductase catalyzes the formation of GSH from GSSG 

using the reducing power of NADPH (Figure 9.3). GSH peroxidase metabolizes 

hydrogen peroxide and lipid peroxides to water and alcohol whereas GSH transferase 



 

is known to detoxify xenobiotics via conjugating GSH (Figure 9.4) (Derick et al., 

2006).  

 

Figure 9.4. : Regulation of hepatic GSH (Derick et al., 2006) 

Similarly superoxide dismutases (SOD) catalyzes the dismutation of O2
−•

 to H2O2  by 

consecutively addition or elimination of  an electron from the superoxide molecules 

thereby changing the O2
−
 into less damaging molecular oxygen (O2) or hydrogen 

peroxide (H2O2). Catalase is responsible to convert hydrogen peroxide in to oxygen 

and hydrogen or water further eliminating the adverse outcomes of ROS (Figure 9.5).  

 

 

Figure 9.5. : 

Dismutation of O2
−•

 to H2O2  

Thus reactive free radicals are reduced in to water through collaborative actions of 

three chief antioxidants catalase, SOD and GSH. The deficiency of them may lead to 

oxidative cellular injury, DNA damage, carboxylation of proteins and lipid 



 

peroxidation leading to cell death. (García-Fernández et al., 2008) (Figure 9.6)

 

Figure 9.6. : Mechanisms of Oxidative Cellular damage (Moron et al., 2012) 

Trichloromethyl and trichloromethyl peroxy radicals cause oxidative modification of 

antioxidant enzymatic proteins thereby reducing tissue antioxidants like catalase, 

SOD & GSH activities (Augustyniak et al., 2005) and creating a state of oxidative 

stress. However researchers have reported that CCl₄ mediated oxidative burden is 

caused by either extreme production of reactive oxygen radicals that cause acute and 

chronic injuries in renal, cardiac, testicular, vascular, brain and lung tissues through 

major interconnected cellular metabolism imbalances such as alteration in amount, 

structure and function of protein, DNA, intracellular calcium, ion-transport across 

membrane and lipid peroxidation or by depleting antioxidants that otherwise can 

provide defense against those ROS. 

9.1.5. Inflammatory and necrotic histological changes 



 

Histopathological examination of liver tissues sections indicated severe 

histopathological changes in CCl₄ treated rat liver tissues including portal and 

periportal inflammation, portal and periportal fibrosis, focal lobulitis and intracellular 

pigment deposition and degeneration of hepatocytes that constitute for 30-40%. Portal 

inflammation included some portal arenas and may be associated with bile squeeze 

out, destruction of bile ducts, ductular reaction, granulomas, purulent discharge and 

fibrosis. The inflammatory changes may propagate and extravasate into the periportal 

liver parenchyma thereby disrupting the periportal preventive plate of hepatocytes 

leading to periportal inflammation (Table 3.4, Figure 3.11).  

Previous studies have documented that the lethal effect of CCl₄ is ascribed to 

production of toxic CCl3
− 

radical in liver cells by Cytochrome P-450 2E1 (CYP2E1). 

CCl₄ successfully develops hepatic injury as CYP2E1 is poorly expressed in extra-

hepatic tissues. CCl3
−
induces membrane degradation and lipid peroxidation leads to 

severe centrilobular necrosis (Starkel et al., 2011 & Wu et al., 1996) (Figure 9.7). 

CCl₄ is capable of causing reversible, acute centrizonal necrosis even through a single 

dose and repeated doses may develop fibrotic changes in pericentral areas 

accompanied with severe connecting fibrosis, cirrhosis and HCC (Constandinou et al., 

2005; Domenicali et al., 2009 & Frezza et al., 1994) (Figure 9.7). Additionally 

researchers have demonstrated that CCl₄ causes infiltration, chemotaxis and activation 

of leukocytes, macrophages, Kupffer cells, T-lymphocytes and NKCs during the 

course of hepatic injury (Ramadori et al., 2004) which further contribute to liver 

injury, inflammation and fibrosis (Canbay et al., 2004 & Saile and Ramadori, 2004). 

Junnila et al., 2000 & Karakus et al., 2011 in similar studies have also reported CCl₄ 

induced fibrosis, cirrhosis and hepatocarcinoma in experimental rats.  
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Figure 9.7.  : Proposed mechanism of CCl₄ induced Hepatotoxicity 

Furthermore during episodes of injury hepatic stellate cells (HSCs) become activated 

and transform in to myofibroblast-like cells and produce extracellular matrix (ECM) 

consisting of collagens, proteoglycans, fibronectins, and hyaluronic acid (Arthur, 

1994) as well as release a growth factor  PDGF and a profibrogenic factor TGF-β that 

stimulate HSC proliferation (Bachem et al., 1989, Pinzani et al., 1989) and play key 

role in hepatic fibrogenesis (Gressner et al., 2002). Previous studies have indicated 

that release of intra-hepatic PDGF and TGF-β is triggered in rats injected with CCl₄ 

(Yumei et al., 2007) suggesting a major role of CCl₄ in inducing fibrosis via 

activation of HSCs. 

9.1.6. Renal impairments as consequence of hepatotoxicity 



 

In the present study plasma concentration of urea (Table 5.1, Figure 5.1), Creatinine 

(Table 5.1, Figure 5.2) and BUN (Table 5.1, Figure 5.3) were increased in CCl₄ treated 

rats suggesting renal impairments induced by CCl₄ .  Many researchers have reported 

the susceptibility of kidney and liver to damage induced by CCl₄ in rats (Bruckner et 

al., 1984) and its role in the pathogenesis of renal diseases in humans has been 

observed (Ruprah et al., 1985 & Gosselin et al., 1984). According to some in vivo and 

in vitro studies exposure to CCl₄ may cause acute or chronic renal injuries Ogeturk et 

al., 2005; Churchill et al., 1983). CCl₄ may induce nephrotoxicity either directly 

(Rincon et al., 1999) or indirectly via ROS that have been produced during the course 

of its hepatic metabolism. CCl₄ has been reported to cause toxicity in kidneys, lungs 

& testis principally via generation of ROS (Ahmad et al., 1987 & Ozturk et al., 2003).  

It has been documented that CCl₄ reduces renal microsomal NADPH cytochrome 

P450 activity, ratio of GSH/GSSG in renal cortex, microsomes and mitochondria 

thereby enhancing lipid peroxidation (Rungby and Ernst, 1992), membrane damage, 

oxidation of proteins, depletion of antioxidant enzymes and eventual cellular 

destruction (Aleynik et al., 1997 & Dogukan et al., 2003).Similar results have been 

observed in this study and the activities of renal antioxidant enzymes catalase (Table 

5.2, Figure 5.4), SOD (Table 5.2,  Figure 5.5) and GSH (Table 5.2,  Figure 5.6) were 

reduced significantly suggesting the underlying mechanism of ROS induced oxidative 

stress. Furthermore concentration of renal MDA was significantly enhanced in CCl₄ 

treated rats (Table 5.2, Figure 5.7) that further proposed a state of oxidative stress and 

subsequent lipid peroxidation. The biochemical results are consistent with histological 

findings in this study and tubulo-interstitial fibrosis was noted in CCl₄ treated rats that 

further endorse fibrotic changes induced by CCl₄ (Table 5.3, Figure 5.9, 9.8).  



 

 

Figure 9.8. : Mechanism of Tubulointerstitial Fibrosis (Healy et al., 1999) 

9.2. Protective effects of Urtica dioica on CCl₄ induced hepatotoxicity in rats 

Urtica dioica treatment has been shown to increase body weights (Table 3.1, Figure 

3.1) significantly in U.D +CCl₄ treated group as compared with CCl₄ treated group 

whereas a significant reduction in liver weight and relative liver weight (Table 3.1, 

Figure 3.1)  was noted in CCl₄ + U.D treated rats as compared with CCl₄ treated rats. 

Additionally UD treatment has significantly reduced the enzymes ALT & ALP, SDH 



 

and partially reduced AST  inCCl₄ + U.D treated rats as compared with CCl₄ treated 

rats (Table 3.2 & 4.1;  Figure 3.2, 3.4 & 4.5). On the other hand Bilirubin 

concentration was reduced significantly in CCl₄ + U.D treated group as compared 

with CCl₄ treated group (Table 3.2, Figure 3.5) indicative of potentially resuming liver 

function.  

 

Figure 9.9. : Structures of chemical constituents of Urtica dioica (Joshi et al., 

2014) 

The protective effects of Urtica dioica are accredited to a number of products such as 

steroids, terpenoids, and lectins and seven flavanol glycosides (Kaempherol-3-O-

glucoside and -3-O-rutinoside; quercitin -3-O-glucoside, and -3-O-rutinoside, 

isorhamnetin-3-O-glucoside, -3-O-rutinoside and -3-Oneohesperidoside have been 

isolated from different parts of plant (Obertries et al, 1996; Glucin et al, 2004) (Figure 

9.9). It has been established that flavonoid glycoside possess various 

immunostimulatory, anti-carcinogenic, anti-inflammatory, antioxidant and anti-

allergic properties of (Akbay et al., 2003) (Figure 9.11). As oxidative stress plays 



 

most important role in tissue injury in a broad range of human diseases and 

antioxidants play key role in reducing, neutralizing and interfering with reactive 

oxygen species thereby reducing oxidative stress, thus it is reasonable to think that 

antioxidant properties of Urtica dioica can be beneficial against hepatotoxicity 

created by CCl₄ in preventing severe hepatic injury (Figure 9.11). This is endorsed by 

our study and UD treatment along with CCl₄ has been shown to increase significantly 

the reduced activity of Pon-1, CP, Catalase, SOD & GSH inCCl₄ + UD treated rats as 

compared to CCl₄ treated rats (Table 3.3, 4.1 & 4.2; Figure 3.6- 3.8 & 4.1- 4.4). 

Another study found that UD seed extract protected liver ischemia- reperfusion injury 

through enhancing hepatic paraoxonase, arylesterase and catalase activity (Kandis et 

al., 2010).  Some other  studies also reported that UD has a powerful antioxidant 

activity (Gulcin et al., 2004) and is effective against iron indorsed oxidation of 

phospholipids, linoleic acids and deoxyribose (Matsingou et al., 2001). Kraus et al., 

1991 also identified that flavonoid and phenol contents in Urtica dioica exhibit 

antioxidant strength. UD treatment along with CCl₄ has been shown to decrease 

significantly MDA level in CCl₄ + UD treated  rats as compared with CCl₄ treated 

group (Table 3.3, Figure3.9) indicating protective potential of UD against oxidative 

stress, lipid hydroperoxide activity  and adjunct lipid peroxidation. Urtica dioica 

treatment along with CCl₄ has partly improved and reversed the liver histological 

changes induced by CCl₄ and slight and focal indications of periportal fibrosis, fatty 

changes and bile duct proliferation were found without degenerative hepatocytes, 

enlargement, paleness, hydropic degeneration & dysplasia in rat liver lobules of CCl₄ 

+Urtica dioica treated groups (Table 3.4, Figure 3.12). It has been accepted by 

reseachers that Lipophilic UD extracts possess strong anti-inflammatory activity 

without cytotoxic effects and anti-inflammatory effects are possibly exerted via 



 

inhibiting activation of Nuclear factor-kappa B (NF-kB). Enhanced activation of NF-

kB occur in several chronic inflammatory diseases resulting in greater expression of 

many proinflammatory gene products. NF-κB is known to reduce apoptosis of 

hepatocytes during liver regeneration through tumor necrosis factor-α (TNF-α) 

(Figure 9.10). 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.10.  : Proposed Anti-inflammatory effects of  Urtica dioica 
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Figure 9.11 : Proposed mechanisms of protection provided by Urtica dioica 

Iimuroet al., 1998 & Muriel et al., 2009 have demonstrated that NF-kappaB inhibitors 

such as caffeic acid, captopril, thalidomide, pyrrolidine dithiocarbamate, resveratrol, 

silymarin and curcumin protect against hepatic necrosis, choleastasis, fibrosis and 

cancer.  Kanter et al., 2005 and Turkdogan et al., 2003 reported that UD protected 

against CCl₄ induced damage and only slight degenerative and necrotic changes in 

hepatocytes were observed without leading to fibrosis.  

9.3. Protective effects of Urtica dioica on CCl₄ induced nephrotoxicity in rats 

Treatment with Urtica dioica (UD) has been shown to decrease concentration of urea 

and BUN significantly (Table5.1, Figure 5.1 & 5.3) whereas creatinine partially (Table 

-3-O-

Oneohesperido
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5.1, Figure 5.2)  inCCl₄+UD treated rats as compared with CCl₄ treated group. Some 

in vitro and in vivo studies have indicated the acute effects like hypotension, diureses 

and natriuresis induced by Urtica dioica (Haouari et al.,2006). It has been shown to 

protect ischemic induced renal and hepatic lesions, biliary obstruction, peptic ulcer, 

brain lesions in various animal models (Oguz et al., 2013 & Burkova et al., 2011). It 

has also been used as a suitable herbal therapy for the symptomatic relief of 

micturition disorders like nocturia, pollakisuria, dysuria and urine retention in the 

early stages of benign prostatic hyperplasia (BHP, 1996; ESCOP 1996 & 1997).  

Oxidative stress contributes to the progression of structural & functional renal 

impairments through generation of ROS, alteration in antioxidants status, release of 

vasoconstrictors, inactivation of nitric oxide, direct cellular damage (Lerman et al., 

2001 & Napoli et al., 2001) and microvascular endothelial dysfunction (Bonetti et al., 

2003). Oxidative stress can lead to a broad range of renal abnormalities among which 

glomerular damage & acute or chronic failure are important. In the present study UD 

treatment along with CCl₄ resulted in elevation of antioxidant enzymes catalase and 

SOD significantly & GSH partially (Table 5.2, Figure 5.4-5.6) whereas reduction in 

MDA significantly in CCl₄+UD treated rats (Table 5.2, Figure 5.7). Data related to 

renoprotective effects of Urtica dioica against CCl₄ induced nephrotoxicity is not 

reported to date, however our results are in agreement with several related studies 

which indicated that substances exhibiting antioxidant and free radical scavenging 

activities in various experimental disease models have attenuated renal injuries and 

glomeruloscelerosis (Schnackenberg et al., 2002; Mune et al., 2002 & Van et al., 

2002) generated by CCl₄.  

UD treatment along with CCl₄ has been shown to revert tubulointerstitial fibrosis in rats 

(Table 5.3, Figure 5.10). ROS may causetubulointerstitial and glomerular fibrosis 



 

(Chade et al., 2002) through activation of the TGF-β pathway thereby smoothing the 

progress of extracellular matrix (ECM) accumulation (Iglesias et al., 2001). In 

addition free oxygen radicals can directly reduce the activity of of MMP-2 and 

oxidation of ECM that may further leads to glomerulosclerosis (Mattana et al., 1998 

& 1999). The biochemical results in this study are in agreement with histological 

findings.  

9.4. Protective effects of Taurine on CCl₄ induced hepatotoxicity in rats 

Taurine administration has been shown to increase body weight significantly in 

CCl₄+Taurine treated rats as compared with CCl₄ treated rats. Liver weight and 

relative liver weight were lower in CCl₄ + taurine treated rats as compared with CCl₄ 

treated rats (Table 6.1, Figure 6.1). Plasma ALT, AST, bilirubin & SDH were 

significantly reduced whereas ALP was partially reduced in CCl₄ + taurine treated 

rats compared with CCl₄ treated rats (Table 6.2 & 7.1, Figure 6.2-6.5 & 7.3) indicating 

potential role of taurine against reactive CCl₄ metabolites induced liver damage.  

Hepatoprotective effects of taurine are credited to direct scavenging of ROS and 

restoration of antioxidant enzyme activities (Pietrangelo et al., 1996 & Svegliati et al., 

1998). The antioxidant effects of taurine are mediated via enhancing  antioxidant 

enzyme  expression and activities such as superoxide dismutase, catalase and 

glutathione peroxidase (Jang et al., 2009) neutralizing oxidants such as extremely 

toxic hypochlorous acid (HOCl) in to more stable and less toxic anti-inflammatory 

mediator taurine chloramines (TauCl) (Weiss et al., 1982, Thomas et al., 1979) and 

improving mitochondrial functions through stabilizing the mitochondrial electron 

transport chain with subsequent buffering mitochondrial matrix (Schaffer et al., 2009; 

Jong et al., 2012 & Hansen et al., 2010) (Figure 9.12 & 9.13). It has been 

demonstrated that taurine prevents lipid peroxidation via restricting lipids available 



 

for lipid peroxidation. This is observed in our study and taurine treated rats exhibited 

a significant rise in hepatic PON-1, Catalase, SOD & GSH activity (Table 6.3 & 7.2; 

Figure 6.6-6.8 & 7.1, 7.4)  whereas partial increase in plasma and hepatic CP activity 

in CCl₄+Taurine treated rats as compared with CCl₄ treated rats (Table 7.2, Figure 7.2 

& 7.5). Additionally Taurine treatment along with CCl₄ in taurine+CCl₄ group has 

been shown to decrease MDA level significantly as compared with CCl₄ treated group 

(Table 6.3, Figure 6.9) thereby suggesting membrane stabilizing and inhibiting effects 

of taurine on oxidation and formation of lipid adducts induced by reactive CCl₄ 

derived CCl3 radical. Sun et al., 2012 also indicated anti-oxidant and anti-

inflammatory functions of taurine. In some in vivo studies taurine has been shown to 

protect hepatic tissues and hepatocytes against hepatotoxicities, oxidative stress and 

hepatocarcinogenesis (Miyazaki et al., 2005). 

Histological sections of taurine treated rats indicated slight periportal fibrosis, slight 

bile ductular proliferation and marked sinusoidal expansion with apparently no 

degenerative hepatoytes (Table 6.4, Figure 6.12). HSCs are activated during fibrosis 

and secrete excessive extracellular matrix (ECM) that deposit between hepatocytes 

and several cytokines and chemokines thereby causing progressive liver fibrosis 

(Friedman et al., 2008).  



 

 

Figure 9.12. : Synthesis & physiological roles of Taurine in cells (Lambert et al., 

2004) 

 

Figure 9.13. : Anti-inflammatory effects of Taurine (Weiss et al., 1982) 
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Figure 9.14 : Proposed mechanism of protection provided by Taurine against 

ROS generated by CCl₄ 

Previous studies have demonstrated that the anti-fibrotic effect of taurine is attributed 

to its inhibitory effects on production of excess extracellular matrix by activated 

hepatic stellate cells (HSCs) during liver fibrosis (Messina et al., 2000; Chen et al., 

1999) that can reduce the grade of necrosis, inflammation, fatty accumulation and 

fibrosis  experimentally. Chen et al., 2004 has reported that taurine can successfully 

cause HSCs G0/G1-phase arrest, enhancement of cAMP synthesis and inhibition of 

the gene expression of c-jun and c-fos thereby inhibiting HSC proliferation that play a 

key role in liver fibrosis (Friedman et al., 2008). Hence the biochemical results of this 

study are further confirmed by histological outcomes. 

9.5. Protective effects of Taurine on CCl₄ induced nephrotoxicity in rats 
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Taurine treatment has been shown to decrease concentration of urea and BUN  

significantly whereas creatinine partially in CCl₄+Taurine treatment group as 

compared with CCl₄ treated group (Table 8.1, Figure 8.1-8.3). Taurine is found 

throughout kidney and influence renal blood flow, glomerular filtration, 

osmoregulation, ionic homeostasis via reabsorption and secretion, urine composition 

(Chesney et al., 2011). Researchers have demonstrated that taurine acts as an 

osmolyte in renal medulla and regulate body fluid volume through an arginine 

vasopressin (AVP) - dependent mechanism.  In this study the rats treated with taurine 

showed significant elevation in renal catalase and SOD activity and partial elevation in 

GSH activity whereas significant reduction in MDA activity (Table 8.2, Figure 8.4-8.7).  

Similarly histologic findings indicated that taurine treatment along with CCl₄ revert 

tubulointerstitial fibrosis in rats (Table 8.3, Figure 8.10). Tubulointerstitial fibrosis is 

considered as the best histological analyst of fibrosis progression (Bohle et al., 1997). 

In kidney hypochlorous acid (HOCl) is generated from H2O2 via enhanced 

myeloperoxidase activity seen in numerous experimental models of glomerular 

disorders that involve infiltration of macrophages. The basic mechanism through 

which taurine protects renal injury is the reaction of taurine with hypochlorous acid 

(HOCl) to form taurine chloramine which serves as an oxidant reservoir and show 

overdue oxidant effects even at distant location (Ogino et al., 2009) thereby  

scavenging ROS that otherwise can lead to renal cellular DNA oxidation, protein 

nitration, and lipid peroxidation (Kim et al., 2006, Marcinkiewicz et al., 2006, Weiss 

et al., 1982). (Figure 9.15). The data related to effects of taurine on CCl₄ induced 

nephrotoxicity is limited but some indirectly related studies indicated a reduction in 

oxidants after taurine administration in puromycin- or Adriamycin persuaded renal 

injury in rats or diabetic nephropathy (Trachtman et al., 1995 and 1994).  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.15.  : Proposed Renoprotective Effects of Taurine  

CONCLUSION 

Measures in chemotherapeutic medicine usually produce side effects and are much 

expensive to be adopted by developing countries. In this study an effort has been 

made to investigate the efficacy, hazards and side effects of traditionally used herb 

Urtica dioica and an amino-sulfonic acid Taurine in the treatment of liver diseases 

through generation of animal model of hepatotoxicity via CCl₄. The aim of this study 

was to compare the biochemical and histological findings of the study with other 

reported mechanisms to establish facts that may be useful to scientists, health 

specialists, pharmacologists and intellectuals in developing evidence-based alternative 

medication for the management of liver diseases without creating toxicity. The 

H2O2 

Macrophage invasion 

↑Myeloperoxidase  activity ↑HOCl 

Renal cellular 

DNA oxidation 
Taurine  

Protein 

nitration 
Formation of 

Taurine 

chloramine 

Lipid peroxidation 
ROS 

scavenging 

delayed 

oxidant effects 



 

biochemical and histological findings of this study suggest the basic mechanisms 

involved in CCl₄ induced hepatotoxicity are:  

 The hepatic metabolic activation of CCl₄ to reactive metabolite trichloromethyl 

peroxy radical target cell membrane polyunsaturated fatty acids and produce fatty 

acid reactive free radicals that start successive self-catalyzed peroxidation of lipids 

via series of reactions resulting in  degeneration of cellular membranes, membrane 

disintegration,  loss of antioxidant enzyme activity, release of hepatic enzymes by 

necrotized cells, formation of lipid adducts, oxidative cellular injury, oxidative 

modification of antioxidant enzymes, DNA damage and carboxylation of proteins 

and lipid.  

The toxic effects of CCl₄ were successfully attenuated by Urtica dioica and Taurine 

and the mechanism of action involved: 

  The active ingredients of Urtica dioica like steroids, terpenoids, lectins and seven 

flavanol glycosides reverted hepatotoxicity through enhancement of antioxidant 

enzymes activity, metal chelation, ROS scavenging and reduction of inflammation 

through inhibiting activation of Nuclear factor-kappa B (NF-kB).  

 Taurine neutralizes reactive oxidants in to more stable and less toxic anti-

inflammatory mediator taurine chloramines and improves mitochondrial 

functions through stabilizing the mitochondrial electron transport chain with 

subsequent buffering mitochondrial matrix, direct scavenging of ROS and 

restoration of antioxidant enzyme activities.  

Future Impacts  

This study appraised the defensive effects of Urtica dioica and Taurine through 

developing  a model on the basis of combined routinely estimated clinical parameters 



 

of hepatotoxicity along with sensitive specific markers that have not been evaluated at 

the same time to date to precisely investigate hepatotoxicity. As alternative therapy in 

the form of herbal medicines and nutritional supplements is the current matter of 

interest among researchers worldwide due to low cost and least reported side effects, 

this study will be helpful in providing awareness and defining the experimentally 

tested protective and adverse effects of these two substances against liver and renal 

pathological conditions especially the liver cirrhosis and may provide a line of 

defense against damage associated with oxidative stress.  
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