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ABSTRACT
Background: Nicotine is a major pharmacologically active substance in cigarette smoke. It is 
mainly metabolized in liver and causes devastating effects. Crocin is the chemical ingredient 
primarily responsible for the color of saffron. It has different pharmacological effects such as 
antioxidant and anticancer. This study was designed to evaluate the protective role of crocin 
against nicotine on the liver of mice.
Methods: Forty‑eight mice were equally divided into 8 groups; control  (normal saline), 
nicotine (2.5 mg/kg), crocin (12.5, 25 and 50 mg/kg) and crocin plus nicotine treated groups. 
Saline, crocin, nicotine and crocin/nicotine  (once a day) were intraperitoneally injected 
for 4  weeks. The liver weight and histology, aspartate aminotransferase  (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), and serum nitric oxide levels have been 
studied.
Results: The results indicated that nicotine administration significantly decreased liver 
weight  (48.37%) and increased the mean diameter of hepatocyte  (239%), central hepatic 
vein (28.45%), liver enzymes level (ALP 29.43%, AST 21.81%, ALT 21.55%), and blood serum 
nitric oxide level  (57.18%) compared to saline group (P < 0.05). However, crocin and crocin 
plus nicotine administration significantly boosted liver weight (49.54%) and decreased the mean 
diameter of hepatocyte (40.48%), central hepatic vein (15.44%), liver enzymes (ALP 22.02%, 
AST 19.05%, ALT 23.11%), and nitric oxide levels (35.80%) in all groups compared to nicotine 
group (percentages represent the maximum dose) (P < 0.05).
Conclusions: Crocin showed its partly protective effect against nicotine‑induced liver toxicity.
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INTRODUCTION

Cigarette smoke has enormous negative health 
consequences worldwide.[1] Although approximately 4000 
components occur in the cigarette, nicotine is a highly 
toxic organic compound containing nitrogen and alkaloid 
which is mostly found in tobacco and it is responsible 
for some of the deleterious effects of smoking.[2] Tobacco 
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smoking is the single most important risk factor for cancer 
and is responsible for about one‑third of all cancer deaths.[3] 
Nicotine affects a variety of cellular processes ranging from 
altered gene expression.[4] Exposure to nicotine produces 
oxidative tissue injuries in the mouse, often resulting in 
a depletion of glutathione content and a decrease in the 
activity of some oxygen free radical scavengers, such as 
catalase and superoxide dismutase.[5] Liver is considered 
to be the major site of nicotine biotransformation and 
nicotine exerts a number of adverse physiological effects 
on the liver.[6] Nicotine is absorbed through the lungs with 
smoking and is rapidly metabolized in the liver which 
induces three major adverse effects on the liver: Direct or 
indirect toxic effects, immunological effects, and oncogenic 
effects.[7] Smoking causes liver cell injury and exerts 
genotoxic effect of rat liver.[8] Nicotine has been recognized 
to result in oxidative stress by inducing the generation of 
reactive oxygen species  (ROS). These ROS in turn are 
capable of initiating and promoting oxidative damage in 
the form of lipid peroxidation.[9] Lipid peroxidation is 
known to cause cellular injury by inactivation of membrane 
enzymes and receptors.[10] A major pathway of nicotine 
metabolism is co‑oxidation to cotinine, which is catalyzed 
by CYP2A6 in the liver.[11] Crocin is a carotenoid, obtained 
commercially from the dried trifid stigma of the culinary 
spice Crocus sativus L.  (saffron) and is responsible for 
the red color of saffron.[12] Crocin can be isolated in 
pure form the saffron extract and directly crystallized.[13] 
Saffron, the spice contain many chemical substances like 
carbohydrates, minerals, mucilage, vitamins  (especially 
riboflavin and thiamin) and pigments including crocin, 
anthocyanin, carotene, lycopene, and zigzantin.[14,15] 
Crocin has also shown various pharmacological activities 
such as antioxidant, anticancer, radical scavenging and 
genoprotective.[16‑18] Crocin as anti‑tumor functions has 
got a special place in pharmaceutics.[19] At pharmacological 
and high doses, crocin did not exhibit marked damages to 
all major organs of the body, and no mortality was seen 
by crocin in mice.[20] According to crocin effects and by 
attention to so far any article on has not been reported 
protective effect of crocin against nicotine treated (crocin is 
expected to partially counteract the toxic effects of nicotine 
on some liver parameters), therefore, the present study was 
conducted to analyze the protective effect of crocin on the 
damage induced by nicotine in liver of male mice.

METHODS

Animals
Forty‑eight Balb/c male mice with a weight range of 
27–30  g were purchased from Tehran Razi Institute. 
Animals were kept in the temperature of 22 ± 2°C, under 
controlled environmental conditions, 12/12  h light/dark 
cycle and free access to water and food. Maintenance 
and care of experimental animals comply with National 
Institutes of Health guidelines.[21]

Chemicals
Crocin  (digentiobiosyl 8,8’‑diapocarotene‑8,8’‑oate; 
C44H64O24) powder was purchased  (Merk‑Germany). The 
powder was diluted by normal saline  (0.9%) to prepare 
different doses. Furthermore, the nicotine  (CAS Name: 
3‑[(2S)‑1‑Methyl‑2‑pyrrolidinyl]pyridine) was purchased 
from Merk‑Germany and diluted by normal saline (0.9%) 
for administration[22] [Figure 1].

Experimental protocol
The mice were randomly divided into 8 groups (n = 6). (1) 
Control group (normal saline; 1 ml DW/daily); (2) nicotine 
treated group (2.5  mg/kg);[23]  (3) nicotine  +  crocin 
12.5  mg/kg treated group; (4) nicotine  +  crocin 25  mg/
kg treated group;  (5) nicotine  +  crocin 50  mg/kg treated 
group;  (6) crocin 12.5  mg/kg treated group;  (7) crocin 
25  mg/kg treated group and  (8) crocin 50  mg/kg treated 
group. Nicotine intraperitoneally  (IP) administrated once 
a day for 4  weeks.[23] Crocin and nicotine  +  crocin were 
given in the same way to animals.[22]

Liver weight and collection of blood serum
At the end of the experimental period, all animals were 
deeply anesthetized with ether. Blood was collected 
from the right ventricle of the heart, serum separated 
and stored at  −80°C for measurement of the nitric 
oxide. They were then killed and sacrificed. Livers were 
removed and weighed on a microbalance sensitive to 
0.001 mg (Precisa 125A, Switzerland) and recorded.[24]

Histological analysis
For the histological evaluation of the hepatic structures, 
the lower 1 cm long part of the right lobe of the liver in 
transverse pieces was removed, washed in saline and was 
fixed in 10% formalin at room temperature for 72 h. After 
fixing the tissue, it was thoroughly washed under running 
water and dehydrated in ascending concentration ethanol, 
cleared in xylene, and then embedded in soft paraffin. Thin 
sections  (5 μm) were cut using a microtome  (Leica RM 
2125, Leica Microsystems Nussloch GmbH, Germany) and 
stained with Hematoxylin and Eosin. The preparation was 
examined an Olympus BX‑51T‑32E01 research microscope 
connected to a DP12 Camera with 3.34‑million pixel 
resolution and Olysia Bio software (from: Olympus Optical 
Co. Ltd., Tokyo, Japan).[25]

Figure 1: Structure of nicotine and crocin
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Morphometric measurements
For each hepatocyte, the total cellular area was measured. 
The outline of each hepatocyte was measured after taking 
an image with a ×40 objective. The longest and shortest 
axis were measured in the drawing of each hepatocyte 
in order to estimate the mean diameter  (mean axis). 
At least 50 hepatocytes from each zone  (total 100) 
were measured in each liver. A  separate measurement 
for central hepatic vein was performed, using the same 
methodology.[26,27]

Biochemical analysis
Liver was minced and homogenized  (10%  w/v) in 
ice‑cold 0.1 M sodium phosphate buffer  (pH‑7.4). 
The homogenate was centrifuged at 10,000  rpm for 
15–20  min at 4°C twice to get enzyme fraction. The 
resultant supernatant was used for various biochemical 
assays. Activities of aspartate aminotransferase  (AST) 
and alanine aminotransferase  (ALT) were assayed by 
the method of Reitman and Frankel[28] Activities of 
alkaline phosphatase (ALP) were determined according 
to the protocol described in laboratory practical 
manual.[29]

Griess assay
Nitric oxide was measured based on Griess colorimetric 
assay. Accordingly, NEED, sulfonamide solutions, and 
nitrite standards were prepared. To measure Nitrite 
concentration in serum, after de‑freezing the serum 
samples, 100 µl of the sample serum was deproteinized by 
zinc sulfate and transferred to the wells. 100 µl chloride 
vanadium, 50 µl sulfonamide, and 50 µl NEED solutions 
were added afterward. The samples were incubated in the 
temperature of 30°C in darkness. Samples’ optical density 
was measured by ELISA reader  (Hyperion, Germany) at 
the wavelength of 540 nm.[30]

Statistical analysis
All the quantitative data were presented as 
mean ± standard deviation. One‑way analysis of variance 

followed by the least significant difference post‑hoc test 
were performed to determine the statistical significance 
between different groups using  Statistical Package for the 
Social Sciences, version 16.0, SPSS Inc, Chicago, Illinois, 
USA P < 0.05 was considered significant.

RESULTS

Liver weight
In the present study, the effective dose of nicotine 
(2.5  mg/kg) for 4  weeks caused a significant decrease in 
the liver weight of the mice compared to saline group 
(P  <  0.05). Moreover, liver weight was significantly 
increase in treated animals with crocin and crocin plus 
nicotine in all doses in comparison with nicotine group 
(P < 0.05) [Figure 2].

Morphometric measurements
The mean diameter of hepatocytes and central 
hepatic vein were significantly increased in nicotine 
administration group in comparison with saline group 
administration  (P  <  0.05). Further, crocin and crocin 
plus nicotine caused a significant decrease in the mean 
diameter of hepatocytes and central hepatic vein in 
all treated groups in comparison with nicotine group 
administration (P < 0.05) [Figures 3 and 4].

Figure 2: Forty-eight mice were equally divided into 8 groups. 
*Significant decrease of liver weight in nicotine group compared to 
saline group (P < 0.05). **Significant increase in all groups of crocin 
compared to nicotine group (P < 0.05). ***Significant increase in all 
groups of crocin-nicotine compared to nicotine group (P < 0.05). 
The numbers above the columns of the chart are mean ± standard 
error of triplicate experiments

Figure 3: Forty-eight mice were equally divided into 8 groups. 
(a) Saline group; (b) nicotine group; (c) crocin 50 mg/kg; (d) crocin 
(50 mg/kg) plus nicotine (×100); (e) *Significant increase of the 
mean hepatocytes diameter in nicotine group compared to saline 
group (P  < 0.05). **Significant decrease in all groups of crocin 
administration compared to nicotine group (P < 0.05). ***Significant 
decrease in all groups of crocin-nicotine administration compared 
to nicotine group (P < 0.05). The numbers above the columns of the 
chart are mean ± standard error of triplicate experiments
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Biochemical analysis
Nicotine  (2.5  ml/kg) caused a significant increase in the 
mean of ALT, AST, and ALP enzymes compared to saline 
group  (P  <  0.05). In addition, the mean of ALT, AST, 
and ALP enzymes decreased significantly in crocin and 
crocin‑nicotine in all groups administration compared to 
nicotine group (P < 0.05) [Figures 5‑7].

Nitric oxide
The mean of nitric oxide in blood serum increased 
significantly in nicotine  (2.5 ml/kg) group administration 
compared to saline group  (P  <  0.05). Furthermore, 
the mean of nitric oxide in blood serum decreased 
significantly in crocin and crocin‑nicotine in all groups 
compared to nicotine group [Figure 8].

DISCUSSION

In the recent years, there has been an increasing awareness 
that certain naturally occurring compounds in plants have 
protective effects against carcinogens and endogenous 
mutagens.[18] Nicotine causes oxidative damage to the liver, 
it is a potential oxidant, which is capable of producing 
free radicals.[5] In this study, the protective role of crocin 
against nicotine‑induced damages on the male mice liver 
was investigated. Treatment with different doses of the 
crocin was well‑tolerated by all the animals, as there were 
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Figure 4: Forty-eight mice were equally divided into 8 groups. 
(a) Saline group; (b) nicotine group; (c) crocin 50 mg/kg; (d) crocin 
(50  mg/kg) plus nicotine (×100); (e) *Significant increase of the 
mean central hepatic vein diameter in nicotine group compared to 
saline group (P < 0.05). **Significant decrease in all groups of crocin 
administration compared to nicotine group (P < 0.05). ***Significant 
decrease in all groups of crocin-nicotine administration compared 
to nicotine group (P < 0.05). The numbers above the columns of the 
chart are mean ± standard error of triplicate experiments

Figure 5: Forty-eight mice were equally divided into 8 groups. 
*Significant increase of alanine aminotransferase enzyme in nicotine 
group compared to saline group (P < 0.05). **Significant decrease 
in all groups of crocin compared to nicotine group administration 
(P < 0.05). ***Significant decrease in all groups of crocin-nicotine 
compared to nicotine group (P < 0.05). The numbers above the 
columns of the chart are mean ± standard error of triplicate 
experiments

no toxic effects observed by direct visual observation of the 
animals throughout the experiment. In the present study, 
the IP injection of nicotine resulted in the decrease of liver 
weight. It seems that nicotine can increase the release of 
neurotransmitters, including dopamine and serotonin, 
which are inhibitors food intake.[31] Mice treated with 
crocin and nicotine plus crocin showed significant increase 
liver weight. Liver weight growth might be associated with 
the appetite decreasing effects of nicotine that is overcome 
by crocin appetizing property.[13] This is in agreement with 
the results of the study conducted by Razavi et  al., who 
reported that crocin increase body weight.[32] It seems 
that nicotine administration causes liver damage and 
metabolic dysfunction in the mice and thereby reduction 
of liver weight.[33] The results of histopathological studies 
obtained in this study indicated the increasing diameter 
of hepatocytes and the central vein of the liver due to 
nicotine administration in the study groups. Apparently, 
the size change of hepatic cells and liver’s central vein 
can be the result of an increase in the metabolic activity 
of cells to excrete toxin from the body during the 
detoxification process.[34] The free radicals induced by 
nicotine metabolism cause lipid peroxidation, reaction 
with DNA and membrane proteins and consequently cell 
damage through various ways.[35] Antioxidant compounds 
like crocin may exert an inhibitory effect on cytochrome 
P450, prevent further nicotine metabolism and reduce the 
production of free radicals, consequently.[36] The findings 
of the present study are in line with the results of the 
study carried out by Suner et  al., in which they showed 
nicotine administration resulted in the increased size and 
vascularity of choroidal neovascularization.[37] Nicotine can 
induce the production of free radicals and consequently 
oxidative stress, which is one of the most important causes 
of liver cells’ death.[38] In the present research, nicotine 
administration caused an increase in some liver enzymes, 
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whereas, treatment of animals with crocin decreased these 
enzymes. Liver performance indices such as ALP, ALT, 
and AST are widely used to evaluate the liver damage.[39] 
Necrosis or cell membrane damage can trigger the release 
of these enzymes into the blood circulation.[39] It seems 
that the increased level of serum enzymes indicate 
cellular leakage, structural damage, and performance 
dysfunction of membrane markers in the liver due to 
nicotine administration.[40] Nicotine can also cause lipid 
peroxidation by affecting the membrane of hepatocytes, 
which, in turn, causes a change in membrane permeability 
and lipid degeneration and accumulation in the liver 
cells.[41] Free radicals seem to change the enzymatic 
activity and necrosis by attacking polyunsaturated fatty 
acids and alkylating groups of proteins and other cellular 
macromolecules.[41] The reduction of these enzymes 
due to crocin administration in the present study can 
be indicative of the protective effects of crocin on the 
liver owing to antioxidant activities and reduction of 
oxidative stress of the crocin compounds against nicotine 
toxicity.[42] The results obtained in this study confirm 
the findings of Balakrishnan and Menon, indicating that 
nicotine administration can significantly increase marker 
enzymes in liver, and hesperidin administration, as an 
antioxidant, can exert protective effects on liver cells.[43] 
In the present research, the findings obtained from the 
measurement of nitric oxide level present in blood serum 
revealed a significant increase between the group receiving 
nicotine and saline group; while crocin administration 
decreased nitric oxide level. Nitric oxide is a free radical 
produced in the mammalian cells and interferes with the 
regulation of physiological processes, whose increase is 
followed by induction of various diseases.[44] The hydroxyl 
radicals produced by nitric oxide seem to interfere with 
the pathogenic process and liver toxicity.[45] Nicotine can 
trigger the release of noradrenaline in paraventricular 
nucleus and amygdale through a direct effect on the nuclei 
of the solitary tract and N‑methyl‑D aspartate, which 
consequently stimulates the production of nitric oxide 
and neuronal noradrenergic activity.[46] Nicotine absorption 
in the body seems to be accompanied by increasing levels 
of serum nitric oxide and oxidative stress.[46] Antioxidants 
like crocin can destroy nitric oxide system  (protein 
enzymes, substrates, and cofactors) and reduce nitric oxide 
production.[45] The results of the study conducted by Zhao 
and Sharp, showed that nicotine can decrease angiogenesis 
in gastric mucosa via inhibiting the production of nitric 
oxide and halting the production of new cells,[47] which are 
in contrast with the findings obtained in this study. On 
the other hand, the results of the present study confirm 
the findings of the study by Muller et  al., in which an 
increase in peroxynitrite formation was reported as a result 
of cigarette smoke, which is a factor known for damaging 
DNA.[48]

Figure 7: Forty-eight mice were equally divided into 8 groups. 
*Significant increase of alkaline phosphatase enzyme in nicotine 
group compared to saline group (P < 0.05). **Significant decrease 
in all groups of crocin compared to nicotine group administration 
(P < 0.05). ***Significant decrease in all groups of crocin-nicotine 
compared to nicotine group (P < 0.05). The numbers above the 
columns of the chart are mean ± standard error of triplicate 
experiments

Figure 8: Forty-eight mice were equally divided into 8 groups. 
*Significant increase of nitric oxide in nicotine group compared to 
saline group (P < 0.05). **Significant decrease in all groups of crocin 
administration compared to nicotine group (P < 0.05). ***Significant 
decrease in all groups of crocin-nicotine administration compared 
to nicotine group (P < 0.05). The numbers above the columns of the 
chart are mean ± standard error of triplicate experiments

Figure 6: Forty-eight mice were equally divided into 8 groups. 
*Significant increase of aspartate aminotransferase enzyme in 
nicotine group compared to saline group (P < 0.05). **Significant 
decrease in all groups of crocin compared to nicotine group 
administration (P < 0.05). ***Significant decrease in all groups of 
crocin-nicotine compared to nicotine group (P < 0.05). The numbers 
above the columns of the chart are mean ± standard error of 
triplicate experiments
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CONCLUSIONS

The findings of this study showed that crocin may improve 
some of liver damage in mice treated with nicotine. 
Therefore, crocin could be useful for protection of the liver 
in persons who were exposed to nicotine. The antioxidant 
effects of crocin may be a major reason for its positive 
impact on liver parameters. However, further studies are 
required to define its exact mechanism of action.
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