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The present study was undertaken to evaluate the possible ameliorating effect of crocin and curcumin on certain 
biochemical alterations associated with iron overload-induced liver injury in rats. 5 groups of rats were used, a 
normal control group received daily i.p. injections of saline and 4 groups received daily i.p. injections of ferric 
nitrilotriacetate (FeNTA) for 8 successive days, the dose of iron was increased during the experimental period (from 6 
to 15 mg Fe/kg). The first iron overloaded group kept without further treatment and served as a positive control 
group. The second iron overloaded group received daily i.p injections of crocin (200 mg/kg) in saline. The 3

rd
 and the 

4
th

 iron overloaded groups received orally either 0.5% carboxy methyl cellulose (CMC) or curcumin (100 mg/kg) in 
CMC respectively. Treatment started 3 days before and concurrently with iron administration for 8 days. Results 
revealed that iron- induced liver injury was reflected by significant changes in the liver function indices, 
hyperammonemia and reduced serum urea level. A significant deposition of iron in liver was associated with 
enhanced oxidative and nitrosative stress status. Moreover, iron overloaded rats exhibited significant alterations in 
liver energy metabolism together with diminished ureogenesis and a decline in dimethylarginine 
dimethylaminohydrolase activity. Supplementation with either crocin or curcumin ameliorated most of the 
biochemical changes induced by iron overload in rat liver. A function that may be beneficial for populations at risk 
for iron overload. 
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INTRODUCTION 

 
Iron is an essential micronutrient for the growth, develop-
ment and long-term survival of most organisms. How-
ever, because human beings have no active mechanism 
to control iron excretion, excess iron, regardless of the 
route of entry, accumulates in parenchymal organs and 
threatens cell viability (Yajun et al., 2005). Iron overload 
syndromes are classified as genetic (hereditary hemo-
chromatosis) or secondary (most commonly in patients 
who require long-term blood transfusions, as in severe 
anemias and thalassemia). In addition, there are many 
diseases that show mild iron deposition or dysregulation 
of body iron distribution. Such conditions include chronic 
hepatitis C, alcoholic liver disease and non-alcoholic 
steatohepatitis (Britton et al., 1994; Kohgo et al., 2008).  
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Indeed, when iron-buffering capability is overwhelmed, 
oxidative stress-induced cell damage may arise, mainly in 
the liver, the main storage site for iron in the body (Yajun 
et al., 2005; Kohgo et al., 2008).  

As a redox-active transition metal, iron generates reac-
tive oxygen species (ROS) via the Fenton and Haber– 
Weiss reactions. ROS react directly with proteins, lipids 
and nucleic acids and induce oxidative stress by deple-
ting cellular stores of antioxidants. ROS also influence 
multiple cell signaling pathways important to cell survival, 
proliferation and death (Aust et al., 1985; Valko et al., 
2005). Administration of ferric nitrilotriacetate (FeNTA) 
has been reported to result in hepatic iron loading (Mat-
suura, 1983) associated with extensive peroxidation of 
membrane lipids in vivo (Matsuura, 1983; Suzumura et 
al., 2000; Deiana et al., 2004). In addition, it has been de-
monstrated that FeNTA–induced oxidative stress could 
lead to hepatocyte apoptosis (Yajun et al., 2005), DNA 
damage and liver necrosis in rats (Matos et al., 2001). 
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Trends on applying nutritional antioxidants in diseases re-
lated to oxidative stress have gained immense interest in 
recent years.  

Crocin (crocetin digentiobiose ester), a unique water 
soluble carotenoid contained in the stigmas of Crocus sa-
tivus Linne (saffron) and in the fruits of Gardenia jasmi-
noides Ellis (Pfister et al., 1996) has attracted research 
attention for its extensive pharmacological effects. One of 
the important mechanisms by which crocin and crocetin 
exert their beneficial biological effects is their ability to 
modulate redox status of organisms via the antioxidant 
activity of these water -soluble pigments (Chen et al., 
2008). Crocin has been reported to possess several me-
dicinal properties such as neuroprotection (Ochiai et al., 
2004), anti-atherogenic (He et al., 2005), anti-carcinoge-
nic and anti- tumor (Abdullaev, 2002) activities. Further-
more, crocin has been shown to attenuate the acute he-
patic damage induced by aflatoxin B1 and dimethylnitro-
samine in rats (Lin and Wang, 1986). However, little is 
known about the effect of this carotinoide on iron-induced 
liver injury. 

On the other hand, curcumin is a hydrophobic poly-
phenol derived from the rhizome (turmeric) of the herb 
Curcuma longa. Curcumin exhibits potent antioxidant, 
anti-inflammatory, anti-microbial and anti-carcinogenic 
activities (Anand et al., 2008). It also has potential thera-
peutic effects against neurodegenerative, cardiovascular, 
pulmonary, metabolic and autoimmune diseases (Aggar-
wal and Harikumar, 2009). In addition, curcumin exerted 
hepatoprotective effects in various animal models of liver 
injury such as carbon tetrachloride (Park et al., 2000; Fu 
et al., 2008), endotoxin (Kaur et al., 2006) and thioaceta-
mide (Shapiro et al., 2006). Moreover, curcumin has pro-
perties of an iron chelator (Jiao et al., 2006) and has 
been reported to reduce the toxic effects of iron loading in 
rat liver epithelial cell line (Messner et al., 2009).  

The aim of the current study was to evaluate the possi-

ble ameliorating effect of crocin and curcumin on certain 

biochemical alterations associated with iron overload-in-

duced liver injury in rats. 

 
MATERIALS AND METHODS 
 
Animals 
 
Male Wistar albino rats (170 - 200 g) were obtained from laboratory 
animals' farm of the Egyptian organization for biological products 
and vaccines – Cairo – Egypt. They were housed in the animal 
house of Faculty of Pharmacy, Cairo University, Cairo, Egypt. Rats 
were kept under controlled conditions, fed standard chow diet, pro-
vided with water ad libitum and left for an initial adaptation period of 
1 week before any experimental manipulation. 

 

Chemicals 
 
Ferric nitrate, nitrilotriacetic acid disodium salt, crocin, curcumin, 
enzymes and coenzymes were obtained from Sigma-Aldrich 
Chemical Co. (St. Louis, MO, USA). Other chemicals were from 
Analar grade or from the purest grade available. 

 
 
 
 

 
Preparation of ferric nitrilotriacetate (FeNTA) 
 
Ferric nitrate was dissolved in 1 N HCI. To produce FeNTA solution, 
162 ml of a 0.1 M ferric nitrate solution was added to 100 ml of 0.08 
M disodium nitrilotriacetate solution and the pH was adjusted to 7.4 
with sodium bicarbonate powder under magnetic stirring. The 
mixture was prepared immediately before use (Awai et al., 1979). 

 

Experimental design 
 
Animals were randomly allocated into 5 groups (8 rats each). The 
first group received daily i.p. injections of appropriate volumes of 
saline for 8 days and served as a normal control group. The ani-
mals in the other 4 groups received daily i.p. injections of FeNTA for 
8 successive days in the following sequence: 6 mg Fe/kg b.w. for 2 
days, 9 mg Fe for the next 2 days, 12 mg Fe for the following 2 
days and 15 mg Fe for the last 2 days. The first iron overloaded 
group kept without further treatment and served as a positive con-
trol group. The second iron overloaded group received daily i.p 
injections of crocin (200 mg/kg b.w.) (Hosseinzadeh et al., 2005) 
dissolved in saline. The third and the fourth iron overloaded groups 
received orally either 0.5% carboxy methyl cellulose (CMC) or 
curcumin (100 mg/kg b.w) (Park et al., 2000) dissolved in 0.5% 
CMC respectively. Treatment started 3 days before and concur-
rently with iron administration for 8 days. At the end of the experi-
mental period, animals were sacrificed by decapitation. Blood was 
collected into plain centrifuge tubes and EDTA-containing centri-
fuge tubes and the liver of each animal was rapidly isolated, wash-
ed with ice cold saline and blotted dry. 

 

Biochemical analysis 
 
The first set of blood samples was allowed to clot, centrifuged at 
1000 x g at 4°C for 15 min and the separated sera were used for 
the estimation of the following biochemical parameters: alanine 
amino transferase (ALT) and aspartate amino transferase (AST) ac-
tivities as well as serum total protein, albumin and urea levels using 
standard diagnostic kits (Biocon, Germany). Serum ornithine trans-
carbamylase (OTC) activity was determined according to the me-
thod of Ceriotti and Gazzaniga (1967). Other blood samples, col-
lected on EDTA, were centrifuged at 1000 x g at 4°C for 15 min and 
the separated plasma samples were used for determination of am-
monia level using kits provided by Randox, UK. 

6 pieces of liver were weighed and appropriately treated for the 
separation and estimation of the parameter being measured. The 
first piece of liver was stored at -80°C for the assay of liver iron con-
tent, using Zeeman atomic absorption spectrophotometer 4100 ZL 
(Perkin Elmer) after sample preparation as described by Parker et 
al. (1967). The second and the third portions of the liver were used 
to prepare 10% homogenate in 1.15% KCl and 5% homogenate in 
5% meta-phosphoric acid, using Potter-Elvejhem glass homoge-
nizer, centrifuged at 1000 x g and 3000 x g at 4°C for 15 min res-
pectively. The supernatant of the first homogenate was used for the 
assay of hepatic malondialdehyde (MDA) level (Yoshioka et al., 
1979). The supernatant of the second homogenate was used for 
the assay of hepatic glutathione (GSH), pyruvate (Pyr) and lactate 
(Lac) contents according to the methods of Beutler et al. (1963), 
Hohorst (1965) and Bucher et al. (1965) respectively. The fourth 
portion of the liver tissue was homogenized in ice-cold 3 M percho-
loric acid to form 10% homogenate and centrifuged at 1000 x g, at 
4°C for 20 min. Hepatic ATP content was determined in the super-
natant by the spectrofluorometric method of Lowry et al. (1964). using 
shimadzu spectrofluorimeter RF 1501. A fifth piece of liver tis-sue 
was used to prepare 5% homogenate in Tris-sucrose buffer pH 7.4 
and divided into 2 aliquots. The first one was centrifuged at 2000 x 
g, at 4°C for 10 min and the resultant supernatant was used 
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Table 1. Effect of crocin (200mg/kg i.p.) and curcumin (100 mg/kg p.o.) on liver function indices, serum urea and plasma ammonia 

levels of iron overloaded rats.  
 

 
Normal control Iron overload 

Crocin + CMC + Curcumin in CMC  
 

 
Iron overload Iron overload + Iron overload 

 
 

      
 

ALT (U/l) 41.82 ± 1.77 73.92 ± 4.16 
a
 53.77 ± 4.77 

b
 75.55 ± 6.41 

a
 48.67 ± 2.57 

c
  

 

AST (U/l) 78.57 ± 4.18 119.27 ± 6.54 
a
 88.99 ± 6.60 

b
 122.32 ± 8.98 

a
 85.5 2± 5.08 

c
  

 

OTC (U/l) 5.06 ± 0.35 7.57 ± 0.45 
a
 5.43 ± 0.28 

b
 7.70±0.55 

a
 5.48 ± 0.45 

c
  

 

Total protein (g/dl) 5.70 ± 0.45 4.35 ± 0.21 
a
 6.18±0.31 

b
 4.03 ± 0.40 

a
 6.02 ± 0.33 

c
  

 

Albumin(g/dl) 3.6 ± 0.21 2.76 ± 0.09 
a
 3.5 ± 0.23 2.47 ± 0.16 

a
 3.37 ± 0.29  

 

Urea (mg/dl) 45.13 ± 1.2 28.07 ± 2.31 
a
 38.30 ± 1.92 

b
 31.24 ± 2.99 

a
 50.56 ± 2.64 

c
  

 

Ammonia(µmol/l) 100.71 ± 11.87 287.4 ± 18.75 
a
 120 ± 14.37 

b
 307.0 ± 28.30 

a
 103.4 ± 11.58 

c
  

 

 
Values are expressed as means ± S.E. of 7 observations. 
a: significant difference from normal control group at p < 0.05. b: significant difference from iron overloaded group at p < 0.05. 
c: significant difference from CMC (vehicle for curcumin) + iron overloaded group at p < 0.05. 

 
for estimating hepatic (nitrite/nitrate) as an index of nitric oxide (NO) 
contents (Miranda et al., 2001). Whereas, the second aliquot was 
centrifuged at 105,000 x g at 4°C for 30 min using Dupont Sorvall 
Combiplus ultracentrifuge, the separated cytosolic fraction was 
used for the assay of hepatic OTC (Ceriotti and Gazzaniga, 1967), 
arginase (Mia and Koger, 1978) and dimethylarginine dimethylami-
nohydrolase (DDAH) (Knipp and VaŠák, 2000) activities, as well as 
hepatic citrulline (Boyde and Rahmatullah, 1980) contents. The last 
portion of liver was homogenized (1:4) in 0.5% sodium dodecyl sul-
fate solution, incubated for 15 min at room temperature then, 4% 
sulphosalicylic acid was added (1: 0.6) v/v , mixed with vortex and 
centrifuged at 12,000 x g at 4°C for 20 min. The supernatant was 
used for estimation of hepatic amino acids; arginine, ornithine and 
glutamine (Romano et al., 1990) contents using amino acid ana-
lyzer Eppendorf Biotronik LC 3000. The protein content of the cyto-
solic fraction was determined by the method of Lowry et al. (1951). 

 
Statistical analysis 
 
The data were expressed as means ± S.E. and compared using 
one way analysis of variance (ANOVA). Comparisons among 

groups were made according to Tukey-Kramer's multiple compari-
sons test. The significance level was tested at p < 0.05. 

 

RESULTS 
 
Effect of crocin and curcumin on liver function indices, se-
rum urea and plasma ammonia levels of iron overloaded 
rats. As shown in Table 1, iron-induced liver injury resul-
ted in a significant increase in serum ALT, AST and OTC 
activities, associated with a significant reduction in serum 
total protein and albumin levels compared with the nor-
mal control group. Furthermore, iron overloaded rats ex-
hibited hyperammonemia together with reduced serum 
urea level. Administration of either crocin or curcumin sig-
nificantly reduced the elevated activities of the enzymes 
markers of liver injury and restored the altered total pro-
tein, urea and ammonia levels of iron overloaded rats to 
approach the normal control values. 

 

Effect of crocin and curcumin on iron deposition, 

oxidative and nitrosative stress markers as well as 

energy metabolism in liver of iron overloaded rats 
 
Data summarized in Table 2 indicated that intraperitoneal 

 
 
injections of FeNTA caused a significant deposition of 
iron in rat liver. Both crocin and curcumin significantly re-
duced hepatic iron deposition. However, the values of 
both crocin and curcumin treated groups were still signifi-
cantly higher than the normal control ones.  

The results also demonstrated that administration of 
excess iron induced oxidative and nitrosative stress as 
evidenced by the remarkable increase in liver MDA and 
NO levels together with depletion of hepatic GSH content 
as compared to the normal control group. Treatment with 
either crocin or curcumin succeeded to normalize the ele-
ated hepatic MDA and NO levels and replenish GSH con-
tent.  

In addition, iron overload resulted in a significant decre-
ase in liver ATP and pyruvate contents accompanied with 
a significant increase in lactate level as well as hepatic 
lactate/pyruvate ratio. Both crocin and curcumin were 
able to replenish hepatic ATP content and to restore the 
altered lactate, pyruvate and their ratio to the normal con-
trol values. 
 

 

Effect of crocin and curcumin on ammonia 

metabolism and dimethylarginine dimethylamino-

hydrolase (DDAH) activity in liver of iron overloaded 

rats 
 

Results presented in Table 3 revealed that iron overload-
ed rats showed reduced activities of two of the urea syn-
thesizing enzymes, OTC and arginase accompanied with 
reduction of DDAH enzyme activity as compared to their 
activities in liver of normal control rats. Moreover, a signi-
ficant decrease in citrulline and arginine contents, insigni-
ficant decrease in ornithine contents together with a signi-
ficant increase in glutamine contents were also observed 
in the liver of iron loaded rats. Administration of either 
crocin or curcumin, enhanced hepatic OTC, arginase and 
DDAH activities as compared to that of iron overloaded 
rats. In addition, both crocin and curcumin normalized he-
patic citrulline and arginine contents and reduced the ele-
vated glutamine contents to near the normal control 
values. 
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Table 2. Effect of crocin (200 mg/kg i.p.) and curcumin (100 mg/kg p.o.) on iron deposition, oxidative and nitrosative stress markers 

as well as energy metabolism in liver of iron overloaded rats.  
 

 Normal Control Iron Crocin+ Iron CMC+ Iron Curcumin in CMC 
   overload overload  overload + Iron overload 

Iron ( g/g tissue) 171.3 ± 15.4 815.37±27.2
a
 554.35 ± 29.5 

a b
 789.89 ± 44.8

a
 445.38 ± 33.6

a c
 

GSH (mg/g tissue) 1.18 ± 0.1 0.38 ± 0.03 
a
 1.30 ± 0.12 

b
 0.41 ± 0.03 

a
 1.49 ± 0.16 

c
 

MDA(nmol/g tissue) 61.05 ± 3.41 140.25±7.88
a
 72.30 ± 11.47 

b
 125.04 ± 10.4 

a
 58.33 ± 5.15 

c
 

NO (nmol/g tissue) 24.68 ± 1.53 49.37 ± 2.41
a
 30.91± 2.39 

b
 53.86 ± 3.64 

a
 26.97 ± 2.61 

c
 

ATP ( mol/g tissue) 5.00 ± 0.31 3.70 ± 0.20 
a
 5.14 ± 0.35 

b
 3.39 ± 0.24 

a
 5.05 ± 0.54 

c
 

Lac( mol/g tissue) 2.45 ± 0.20 3.64±0.23 
a
 2.23 ± 0.13 

b
 3.84±0.26 

a
 2.67 ± 0.15 

c
 

Pyr ( mol/g tissue) 0.135 ± 0.01 0.08 ± 0.007
a
 0.115 ± 0.01 0.071±0.009 

a
 0.16 ± 0.017 

c
 

Lac/Pyr ratio 20.13 ± 1.21 45.98 ± 3.17
a
 23.17 ± 1.65 

b
 47.75 ± 4.45 

a
 18.42 ± 1.22 

c
 

 
Values are expressed as means ± S.E. of 7 observations. 
a: significant difference from normal control group at p < 0.05. 
b: significant difference from iron overloaded group at p < 0.05.  
c: significant difference from CMC (vehicle for curcumin) + iron overloaded group at p < 0.05. 

 

 

Table 3. Effect of crocin (200mg/kg i.p.) and curcumin (100mg/kg p.o.) on ammonia metabolism and DDAH activity in liver of iron overloaded 

rats.  
 
 Normal control Iron overload Crocin + Iron CMC+ Iron overload Curcumin in CMC +  

   overload  Iron overload  

OTC (U/mg protein) 1.80 ± 0.09 1.45 ± 0.03 
a
 1.73 ± 0.04 

b
 1.29 ± 0.1 

a
 1.75 ± 0.07 

c
  

Arginase (U/mg protein) 7.94 ± 0.44 5.53 ± 0.31 
a
 7.53 ± 0.49 

b
 5.30 ± 0.32 

a
 7.58 ± 0.63 

c
  

Citrulline ( mol/g tissue) 29.64 ± 2.09 20.08 ± 2.08 
a
 25.44 ± 2.54 

b
 18.94±2.56 

a
 29.65 ± 2.24 

c
  

Ornithine ( mol/g tissue) 23.79 ± 3.39 15.09 ± 1.05 19.10 ± 1.88 16.95 ± 1.79 23.97 ± 4.34  

Arginine( mol/g tissue) 25.91± 2.86 14.59 ± 1.01 
a
 32.93 ± 3.34 

b
 14.99 ± 0.89 

a
 34.14 ± 3.04 

c
  

Glutamine( mol/g tissue) 4.77 ± 0.54 7.58 ± 0.53 
a
 5.07 ± 0.57 

b
 7.63 ± 0.59 

a
 5.22 ± 0.61 

c
  

DDAH (U/mg protein) 0.98 ± 0.08 0.74 ± 0.03 
a
 0.94 ± 0.06 

b
 0.70 ± 0.07 

a
 0.92 ± 0.04 

c
  

 
Values are expressed as means ± S.E. of 7 observations. 
a: significant difference from normal control group at p <0.05. 
b: significant difference from iron overloaded group at p <0.05. 
c: significant difference from CMC (vehicle for curcumin) + iron overloaded group at p<0.05. 

 

DISCUSSION 

 

In the present study, administration of FeNTA induced a 
significant deposition of iron in rat liver associated with 
exacerbated oxidative stress status and a remarkable in-
crease in hepatic nitric oxide level.  
Study by Matsuura (1983) has demonstrated iron up- 
take by rat liver and induction of hepatic iron loading and 
iron toxicity in the liver after a single injection of FeNTA. 
Furthermore, FeNTA binding proteins associated with rat 
liver plasma membranes have been characterized (Bari-
sani and Wessling-Resnick, 1996).Iron is a well-known 
inducer of reactive oxygen species. Its ability to accele-
rate lipid peroxidation is well established (Aust et al., 
1985; Valko et al., 2005). Several studies have shown 
that, FeNTA administration induced a state of a sustained 
oxidative stress and caused high levels of lipid peroxida-
tion products in liver (Suzumura et al., 2000; Matos et al., 
2001; Deiana et al., 2004). It also induced a significant 
decrease in hepatic glutathione, -tocopherol and poly-
unsaturated fatty acids contents (Deiana et al., 2004). 

 

 

On the other hand, both acute (Cornejo et al., 2001) 
and chronic (Cornejo et al., 2005) iron overload have 
been reported to increase NO production in rat liver. Such 
effect of iron was attributed to the enhancement of 
inducible nitric oxide synthase (iNOS) expression in the 
liver (Cornejo et al., 2005). Under inflammatory oxidative 
stress, NO can be withdrawn from its regular physiologi-
cal course by ROS, degraded further to reactive nitrogen 
oxide species and can damage the cell of its origin and 
thereby contribute to organ dysfunction (Minin et al., 
2005).  

Liver damage by iron had been assessed by leakage of 
enzymes such as ALT and AST and lactate dehydroge-
nase into blood (Suzumura et al., 2000; Manjunatha and 
Srinivasan, 2006). In the present study, higher activities 
of serum ALT, AST and OTC (an indicator of hepatocytes 
mitochondrial damage) have been found in response to 
iron overload-induced oxidative stress. Such increased 
activities might be attributed to the leakage of these en-
zymes from the injured liver cells into the blood stream 
because of the altered liver membrane permeability. 
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Meanwhile, iron hepatotxicity, also resulted in reduction 
of serum total protein and albumin levels in the present 
study. That observation could be ascribed to changes in 
protein and free amino acid metabolism and their syn-
thesis in the injured liver cells and /or increased protein 
degradation. 

In the current study, iron overloaded rats exhibited a 
significant decrease in liver ATP content accompanied by 
a significant increase in hepatic lactate/ pyruvate ratio. 
Depletion of hepatic ATP level has been observed in 
other models of experimental iron overload (Ceccarelli et 
al., 1995; Fujimori et al., 2004). Such depletion reflects 
mitochondrial dysfunction that might results from enhan-
ced lipid peroxidation associated with excess iron (Britton 
et al., 1994; Ceccarelli et al., 1995). In addition, Bacon et 
al., (1993) have reported that chronic iron overload de-
creases hepatic mitochondrial cytochrome C oxidase ac-
tivity and hepatic ATP levels. Moreover, the observed in-
crease in hepatic NO contents induced by iron loading in 
our study might also participate in reduction of liver ATP 
contents, as NO and its derivatives peroxynitrite are 
known to inhibit mitochondrial respiration by a variety of 
means (Brown, 2001).  

Alteration in mitochondrial oxidative mechanism with 
the resultant reduction in supply of ATP from substrate 
oxidation would enhance glycolysis as a significant alter-
native ATP-producing pathway. This was evidenced in 
the present study by the marked increase in hepatic lac-
tate/pyruvate ratio an indicator of free cytosolic NADH 

/NAD
+
 ratio. A high intracellular NADH/NAD

+
 ratio inhibit 

several major metabolic pathways and exacerbate the in-
tracellular formation of additional ROS (Roy et al., 1997).  

Impairment of energy metabolism is expected to lead to 
several alterations in hepatic cell metabolism especially in 
energy metabolism-linked parameters such as ureoge-
nesis. In the present study, iron overloads significantly di-
minished hepatic urea synthesis capacity, the main route 
of ammonia detoxification. This was evidenced by a re-
markable increment in plasma ammonia level, accompa-
nied by a marked decrement in serum urea level. In addi-
tion, iron overloaded rat showed reduced activities of two 
of the urea cycle enzymes namely OTC and arginase and 
decreased levels of urea cycle intermediates citrulline 
and arginine, together with a significant increase in he-
patic glutamine contents.  

Earlier studies have demonstrated decreased activity of 
OTC, the second enzyme of the urea cycle (Cascales et 
al., 1979; Thurlow et al., 1980; Riggio et al., 1992) and 
arginase the final enzyme in the cycle (Cascales et al., 
1979; Tabuchi et al., 2000) in various experimental mo-
dels of liver injury. Such reduced activities could be attri-
buted to the leakage of these enzymes from the injured li-
ver cells into the blood stream as reflected in the present 
study by the increased serum OTC activity. It might also 
result from liver dysfunction and disturbance in the 
biosynthesis of these enzymes and/or increased proteo-
lytic degradation in response to iron overload-induced in- 

  
  

 
 

 

jury. 
In the current study, the drop in ammonia consumption 

by the urea cycle was largely compensated by a signifi-
cant increase in hepatic glutamine contents. Such obser-
vation is on line with that reported by Cascales et al. 
(1979) in thioacetamide-induced liver injury in rats.  

Citrulline is a nonproteogenic - amino acid that occurs 
as a metabolite of the urea cycle produced by the mito-
chondrial OTC. It is also known as a product of conver-
sion of arginine to NO by nitric oxide synthase and as a 
product of conversion of side chain methylated deriva-
tives of L- arginine by dimethylarginine dimethylaminohy-
drolase (DDAH) enzyme which is highly expressed in the 
liver (Knipp and VaŠák, 2000). The finding that iron over-
loaded rats showed a significantly reduced hepatic citrul-
line contents could be related to the decreased OTC and 
DDAH activities observed in the liver of iron overloaded 
rats in the present study. The sensitivity of DDAH to oxi-
dative stress is conferred by the presence of a reactive 
cysteine residue in the active site of the enzyme, which is 
also affected by NO via S-nitrosylation resulting in dimi-
nished DDAH activity (Leiper et al., 2002).  

Arginine is a semi-essential amino acid which occurs as 
an intermediate of the urea cycle and serves as a 
common substrate for both arginase and NOS enzymes. 
Consequently the observed reduction of hepatic arginine 
contents in iron overloaded rats could be interpreted on 
the basis of increased consumption of arginine in the syn-
thesis of NO that was markedly increased in the liver of 
those rats.  

The findings of the present study indicated that admini-
stration of either crocin or curcumin ameliorated most of 
the biochemical alterations associated with iron overload 
in rat liver. This is the first report on the hepatoprotective 
potentials of crocin against iron overload-induced liver 
injury in rats. Meanwhile, previous studies have demon-
strated efficacy of curcumin in reducing the severity of 
iron-induced hepatotoxicity and oxidative stress. How-
ever, the effect of curcumin on perturbations of energy 
metabolism and ammonia detoxification in iron overload-
ed rats has not been studied yet.  

Several studies have demonstrated that curcumin can 
bind iron and it has properties of an iron chelator (Baum 
and Ng, 2004; Jiao et al., 2006; Messner et al., 2009). In 
addition, mice fed a diet high in curcuminoids showed de-
creased levels of liver ferritin, indicative of decreased iron 
burden (Jiao et al., 2006). On the other hand, the obser-
ved decrease in liver iron deposition induced by crocin 
might also implicate a sort of binding or interaction bet-
ween crocin and iron. To the best of our knowledge such 
effect has not been investigated yet. However, a recent 
study has shown that retinoid treatment significantly de-
creased hepatic iron content and iron-induced oxidative 
stress in vitro and in vivo (Tsuchiya et al., 2009). Never-

theless, further studies are needed to explore the effect of 
the unique carotenoid crocin on iron binding and de-
position. 
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Among the constituents of saffron, crocin is the most 
abundant and with established antioxidant effects (Abdul-
laev, 1993; Chen et al.., 2008) . The present study pro-
vides further evidence for the antioxidant properties of 
crocin as reflected by its effectiveness in reducing the 
elevated hepatic MDA and NO levels and in restoring the 
depleted GSH levels of iron overloaded rats.  

Meanwhile, curcumin is known to exhibit a strong anti-
oxidant activity. It is a potent scavenger of a variety of 
ROS including superoxide anion radicals, hydroxyl radi-
cals and nitrogen dioxide radicals (Maheshwari et al., 
2006; Anand et al., 2008) . Earlier studies have shown 
that curcumin significantly reduced the redox activity of 
iron (Reddy and Lokesh, 1996) and lowered the liver and 
serum lipid peroxide levels enhanced by iron injection 
(Reddy and Lokesh, 1996; Manjunatha and Srinivasan, 
2006).  

In the present investigation, the reduction in the seve-
rity of iron- induced hepatotoxicity by both crocin and cur-
cumin was revealed by the correction of the altered liver 
function indices. The effect of crocin is on line with its re-
ported effect against acute hepatic damage induced by 
aflatoxin B1 and dimethylnitrosamine in rats (Lin and 
Wang, 1986). Whereas that of curcumin is in agreement 
with its lowering effect on the elevated serum enzymes 
activities induced by iron administration (Reddy and Lo-
kesh, 1996; Manjunatha and Srinivasan, 2006).  

Moreover, the efficacy of crocin and curcumin in ame-
liorating the toxic effect of iron overload was accompa-
nied by a significant improvement in hepatic energy me-
tabolism and restoration of cellular redox homeostasis as 
evidenced by replenishing of ATP content and normali-
zing the elevated lactate/pyruvate ratio in the liver of iron 
overloaded rats. Such effect of crocin might be attributed 
to the effect of its aglycone crocetin which has been 
shown to enhance the recovery of cellular ATP, reduce 
mitochondrial damage in rat liver (Dhar et al., 2005) and 
to stimulate oxygen consumption (Singer et al., 2000) in 
experimental animals following hemorrhagic shock. 
Meanwhile, the capacity of curcumin to preserve mito-
chondrial oxidative mechanism with the resultant incre-
ase in supply of ATP from substrate oxidation could be 
related to its reported inhibitory effect on lipid peroxida-
tion and protein oxidation in rat liver mitochondria (Wei et 
al., 2006).  

Taken together, it might be speculated that, in the cur-rent 

study, both crocin and curcumin could improve iron over-

load induced liver dysfunction via their ability to antagonized 

the enhanced oxidative and nitrosative stress and by pre-

serving mitochondrial structure as evidenced by restoring 

the increased serum OTC activity of iron overloaded rats. 

Moreover, both of them were also able to improve the al-

tered mitochondrial functions as reflected by the en-

hancement of the energy metabolism and energy require-ing 

processes such as ureogenesis resulting in reduction of iron-

induced hyperammonemia and liver glutamine contents. 

Finally, the observed ability of crocin and curcu-min to 

normalize the altered hepatic OTC, arginase and 

 
 
 
 

 

DDAH activities could be related to the restoration of ci-
trulline and arginine amino acids content in the liver of 
iron overloaded rats. The above mentioned findings indi-
cate that, crocin is a potent hepatoprotective agent as ef-
fective as curcumin against iron overload-induced bioche-
mical alterations in rat liver. It also implies the potential 
usefulness of both crocin and curcumin as dietary sup-
plements for populations at risk for iron overload to guard 
against its detrimental effects. 
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