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Background: Studies have shown that consumption of high levels of alcohol causes many

negative effects on the liver and kidneys where antioxidant ingredients can be a proper solution to

reducing the resulting damages. So, the present study investigated the effect of hydroalcoholic

extract of Crocus sativus L. (saffron) petal with antioxidant properties on the changes in

inflammatory and enzymatic indices resulting from alcohol use in the male rats’ kidney and liver.

Materials and methods: After preparing the extract, LD50 was determined and high-

performance liquid chromatography (HPLC) was employed to specify the type and the rate

of the active ingredients of the extract. Then, 36 male Wistar rats were randomly assigned into

six groups (n=6). The first group was only administered with normal saline and the second

group only received ethyl alcohol 6 mL/kg/day·BW. The third and the fourth groups received

ethyl alcohol 6 mL/kg/day·BW plus 167.5 and 335 mg/kg/day·BW saffron petal extract for 8

weeks. The fifth and the sixth groups received ethyl alcohol 6 mL/kg/day·BW for the first 8

weeks and were subsequently gavage fed on saffron extract for 167.5 and 335 mg/kg/day·BW,

respectively, during the next 8 weeks. In the beginning and after the termination of the

treatment, blood samples were collected from all rats.

Results: The LD50 of the extract was about 670 mg/kg. The HPLC results indicated that the

extract contains important antioxidant ingredients. At the end of the study, the serum

concentration of the inflammatory indices, renal enzymes, and hepatic enzymes experienced

a significant reduction in all of the intervened groups compared to the negative control group

(minimum significant difference: P<0.05) except for the treatment group 1.

Conclusion: Based on the current results, the extract has a protective effect in a dosage-

dependent way and greater protective roles were documented for higher dosages.

Keywords: Crocus sativus L., alcohol, kidney, liver, rat

Introduction
Alcohol use is considered as a substantial general health problem affecting different

social, economic, and clinical aspects.1 The epidemiological studies in the US have

shown that 29.1% of the 18-year-old or older American adults have alcohol abuse

problems and this trend is growing.2 Drinking too much alcohol is an important

cause of mortality resulting from hypertension, cardiovascular diseases, cerebral

infarction, hepatic cirrhosis, various kinds of cancer and infection, pancreatitis,

diabetes type II, and various damages.3 In 2012, alcohol abuse accounted for

Correspondence: Mansour Amraei
Department of Physiology, Faculty of
Medicine, Ilam University of Medical
Sciences, Banganjab Street, PO Box
6939177143, Ilam, Iran
Tel +98 843 223 5724
Fax +98 843 222 7136
Email amraei.mansour@yahoo.com

Journal of Inflammation Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Journal of Inflammation Research 2019:12 269–283 269
DovePress © 2019 Azizi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/JIR.S216125

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-9493-3076
http://orcid.org/0000-0002-2500-269X
http://orcid.org/0000-0002-2919-1555
http://orcid.org/0000-0002-1319-1235
http://orcid.org/0000-0002-2520-4910
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


5.9% of the total mortality rates worldwide and it has been

reported to be the fifth risk factor for early death and

disability.4 Furthermore, the high use of alcohol has been

found to be associated with a large number of psychiatric

disorders along with disruption of interpersonal relation-

ships and malfunctioning. It has also been shown to

impose psychological and financial burdens on the

families and society through increasing the vehicular acci-

dents, violence, and crime caused by individuals addicted

to alcohol.3

Alcohol can infiltrate into almost all body tissues and

cause different effects on the target sites and engender

various outcomes.5 Liver is the primary site of alcohol

metabolism in the body and the hepatic cells are susceptible

to the changes resulting from alcohol use where the increase

in the frequency of drinking alcohol causes development a

vast spectrum of multiple damages from reversible steatosis

(fatty liver) to alcoholic hepatitis, fibrosis, and cirrhosis

which might even progress to hepatocellular carcinoma.6

The liver becomes large, yellow, fatty, and hard in alcoholic

fatty liver. Hepatic cells become expanded by the large

macro-vesicular vacuoles containing the fat that exist in

the cytoplasm.7 In alcoholic hepatitis, hepatic cells’ destruc-

tion and necrosis can be usually seen with cell inflammation

and multinuclear white globules and lymphocytes’

infiltration.8 In alcoholic cirrhosis, the hepatic cells’

destruction persists until the appearance of fibroblasts in

the lesion site; collagen production is consequently stimu-

lated following which curtain-like walls of connective tissue

appear in the periphery of the central and portal vein caus-

ing the eventual linkage of port’s triads to the central vein.9

Sensitization of the Kupffer cells is an important event in

the initiation of the alcoholic liver diseases developing due

to endotoxins. This sensitivity leads to the release of inflam-

matory mediators (such as cytokines, fat metabolites, and

ROS).7–9 In alcoholic fatty liver, enzymes such as aspartate

aminotransferase (AST), alanine aminotransferase (ALT),

and gamma-glutamyl transferase (GGTP) are elevated.8

Prior studies have shown that the alcohol use exerts a

substantial effect on the kidneys: alcohol-induced renal

damage might become complicated with the interaction

between the kidneys and other organs, including liver,

intestine, skeletal muscle, and cardiovascular system.10

For example, alcoholic hepatic cirrhosis with its related

hepato-renal syndrome is a common side effect of alcohol

use and can result in renal deficiencies due to the severe

dilation of the visceral veins and constriction of the renal

veins.11 Studies have demonstrated that the extreme use of

alcohol plays a role in the development of heart diseases

which can per se be a major risk factor for the develop-

ment of chronic renal diseases.12,13 Chronic use of alcohol

causes hypertension through various mechanisms, includ-

ing activation of the renin-angiotensin system, oxidative

stress, and increase in the sympathetic activity; the patho-

logical activation of renin-angiotensin system causes an

increase in the oxidative stress and expansion of renal

damage, i.e., glomerulus, tubules, and vasculators.14–17 In

addition, the evidence suggests that a vast array of the

electrolytic disorders and acid–base imbalance in alco-

holics might be due to the tubular malfunctioning.18,19

The pathophysiological reaction of the kidney leads to

the accumulation of liquid in the tissues, ischemic

damages, peripheral stimulation, and extreme activation

of the hormonal system (renin–angiotensin–aldosterone)

which are interconnected with the blood circulation.

Additionally, any renal damage can bring about notable

increase in the serum creatinine and blood urea nitrogen

(BUN).20

The shared pathophysiological tissue mechanisms and

the organs’ lesions induced by high use of alcohol include

inflammation, increase in oxidative stress, disruption in

anabolic signals and regulation of catabolic processes,

and disorder in the regulation of lipid metabolism and

disruption in signal transmission paths.21

Further, studies have shown that alcohol use can impose

irreparable side effects to the cell via formation of free

radicals.22 Therefore, use of antioxidant ingredients can be

one of the proper ways for reducing the damages resulting

from alcohol use. Meanwhile, a tendency has been growing

to use natural antioxidants such as those found in the plants.

Saffron is one of the medicinal plants under use for many

years. It is a small flower-bearing plant belonging to iridac-

eous family and possesses three to four petals each with

three red stigmas.23,24 The antioxidant, antidepressant, and

hypertension-curbing effects of saffron petal extracts have

been investigated in various studies.25–27 Saffron petal con-

tains strong flavonoid antioxidants, whose different effects

on cholesterol reduction and their antiradical characteristics

have been repeatedly proven.28

Accordingly, the present study aims at investigating the

antioxidant effects of hydroalcoholic extract of saffron

petal to evaluate the possible effects of this plant on

reducing the damages induced by alcohol use on the

liver and kidney. Since no study has so far dealt with the

protective effect of saffron petal on the hepatic and renal

damages following the use of alcohol, the current research

Azizi et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Journal of Inflammation Research 2019:12270

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


paper intends to examine the effect of alcohol on inflam-

matory and enzymatic factors’ levels of the liver and

kidney. It was assumed that the use of saffron petal extract

can reverse these effects. Performing such studies can

provide a valuable opportunity for improving the insights

into the harmful effects of alcohol use on the body organs

and offering useful therapeutic options based on traditional

medicine and medicinal herbs for the reduction of such

damages. So, the present study has been conducted for

investigating the effect of hydroalcoholic extract of

Crocus sativus L. petal (HAECSP) on the changes in the

inflammatory and enzymatic indices resulting from alcohol

use in the liver and kidney of rats.

Materials and methods
Preparation of the plant and extract
Fresh saffron petals were collected from the farms in

Mashhad and were dried away from light and moisture.

They were then ground and turned into powder by an

electrical grinder. Next, a given amount of the samples

was measured and mixed in ethanol 80% (for a ratio of

1:20) and the mixture was placed on a shaker for 24 hrs.

Afterward, the mixture was filtered using Whatman filter

paper No. 1. Next, the filtered solution was condensed in

vacuum by the distillation device and dried inside an oven

at 40°C for 24 hrs and kept in refrigerator for the later

experiments.

Determining the chemical ingredients of

the extracts
High-performance liquid chromatography (HPLC) method

was done according to the reported procedure.29 A simple

and reproducible reversed-phase HPLC with a Knauer

liquid chromatography equipped with an ultraviolet detec-

tor and a reverse-phase C18 column using isocratic elution

with UV absorbance detection was developed and vali-

dated for the determination of Safranal, Myricetin,

Crocin, Pelargonidin, and Quercetin. The column tempera-

ture, mobile phase (0.1%) formic acid in water (B), was

maintained within 5–70% and solvent acetonitrile (A),

flow rate, injection volume, and detection wavelength

were set at 25°C, 1 mL/min, 1 µL, and 255 and 450 nm,

respectively. In a similar condition, Safranal, Myricetin,

Crocin, Pelargonidin, and Quercetin standard solution (dis-

solved in methanol) was prepared. For this purpose, 250

mg of dried extracts were dissolved in 10 mL HPLC-grade

methanol, sonicated for 15 mins, filtered and further

diluted to 5 mg/mL. The peaks obtained from the Crocus

sativus L. Then, the petals’ extract of the plant was com-

pared with Safranal, Myricetin, Crocin, Pelargonidin, and

Quercetin standard. A stock solution of Safranal,

Myricetin, Crocin, Pelargonidin, and Quercetin standard

was prepared at 0.1 mg/mL in HPLC-grade methanol,

filtered, and further diluted in the same solvent to obtain

15.6, 31.25, 62.5, 125, 250, and 500 µg/mL.

Animals’ preparation and maintenance
The study was conducted on mature male Wistar rats,

within 180–220 g in weight and 10 weeks old, which

had been procured from the center for raising laboratory

animals in Medical Sciences University, Ilam Branch. The

animals were kept in standard cages at 25±2°C in a 12-hr

light-dark cycle and were allowed to have free access to

food and water. The animals were kept under the foresaid

conditions and no treatment and intervention were con-

ducted on them so that they could get accustomed to the

environment and conditions. All of the studies performed

on the animals were in adherence to the instructions for

taking care of and using laboratory animals.

LD50 determination
To determine the lethal dosage of the saffron petal hydro-

alcoholic extract, eight groups, each containing eight

mature male Wistar rats, were studied. The first group, as

the control group, was administered with 2cc of normal

saline and the rest of the groups were gavage-fed on

hydroalcoholic extract of saffron petal for 50, 100, 200,

400, 800, 1600, and 3200 mg/kg. Then, the apparent

behaviors, physical health, nervous signs, food consump-

tion rate, urine and solid waste excretion status, and the

mortality rates of the animals in various groups were

evaluated for 24 hrs following which LD50 dosage was

calculated using a computer-based technique.30–33

Animal groupings
The present study is an applied research in the field of

basic sciences and was conducted on mature male Wistar

rats with a mean weight of 200±20 g. To perform the

experiment, a sample volume consisting of 36 mature

male rats was procured from the center for raising labora-

tory animals in Medical Sciences University, Ilam Branch.

The animals were assigned into six identical groups, each

containing six rats which were subjected to oral adminis-

tration as follows: the first group or the positive control

group was only given ordinary daily dietary regime plus
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distilled water. The second group (negative control group)

only received ethyl alcohol for 6 mL/kg/day·BW. The

third and the fourth groups were gavage-fed on ethyl

alcohol for 6 mL/kg/day·BW34 plus 167.5 and 335 mg/

kg/day·BW of hydroalcoholic extract of saffron petal,

respectively (prevention phase). The fifth and sixth groups

were administered with 6 mL/kg/day·BW of ethyl alcohol

during the first 8 weeks and were, subsequently, gavage-

administered with 167.5 and 335 mg/kg/day·BW of the

extract, respectively (treatment phase). During the study,

all of the groups were allowed to have free access to food

and all of the treatments were carried out orally on a daily

basis.

Measurement of the levels of

inflammatory and enzymatic indices of

liver and kidney
Before the initiation and after the termination of the period,

the animals were kept in fasting state for 12 hrs. Then, blood

samples were collected from all rats twice according to all

ethical considerations for measuring the levels of kidney

(BUN and Creatinine) plus liver’s enzymatic (GGT and

ALP, AST, ALT) and inflammatory indices (IL6, CRP,

TNF-α and Fibrinogen): once on the first day of treatment

and a second time in the end of the intervention (24 hrs after

the last treatment). The collected blood samples were kept in

serum separation tubes for 20 mins at laboratory temperature

for coagulation. Then, they were centrifuged at 25,000 rpm

for 15mins whereby the serumswere collected. The prepared

serums were used for measuring the levels of inflammatory

(IL6, CRP, TNF-α and Fibrinogen) and enzymatic indices of

liver performance (alkaline phosphatase (ALP), aspartate

aminotransferase (AST), alanine aminotransferase (ALT),

and gamma-glutamyl transferase (GGT)) as well as kidney’s

performance (blood urea nitrogen (BUN) and creatinine).

The levels of the inflammatory and enzymatic indices of

the kidney and liver were measured according to the standard

methods using assay kits based on chromatography in A15

Auto-Analyzer device (Analyzer A15; Bio system,

Barcelona, Spain).

Ethics statement
This study was carried out in accordance with the recom-

mendations of International Council for Laboratory

Animal Science (ICLAS). This experimental study was

approved by the Ethics Committee of Ilam University

Medical Sciences (IR.MEDILAM.REC.1397.033).

Data analysis
To perform the statistical data analysis, SPSS16 was used

and the obtained quantitative data were presented as mean

±SEM. The data were investigated using one-way analysis

of variance and Tukey post hoc test. The significance level

of all tests was set at P<0.05.

Results
LD50 evaluation
The results obtained from the study during the acute toxi-

city determination stage of hydroalcoholic extract of

Crocus sativus L. petal (HAECSP) indicated that LD50 of

the saffron petal hydroalcoholic extract is about 670 mg/

kg. Hence, the present study investigated the protective

effects of nontoxic dosages (25% and 50% of LD50

dosage) of this extract, i.e., 167.5 mg/kg and 335 mg/kg,

on the inflammatory factors and performance parameters

of kidney and liver in rats.

Ingredients of the HAECSP
The HPLC results, as summarized in Figure 1, indicated

that quercetin and myricetin concentrations were 38.69 μg/
mL and 27.34 μg/mL at 255 nm wavelength with retention

times (Rt) of 6.033 and 9.167 mins, respectively.

Further, the crocin and safranal concentrations were

found as 78.25 μg/mL and 55.65 μg/mL, respectively, at

450 nm wavelength with Rt values of 2.817 mins and

5.980 mins (Figure 2). No peak was observed for pelargo-

nidin ingredient of saffron petal at 255 nm and 450 nm

wavelengths.

Effects of the HAECSP on the

inflammatory factors’ levels
According to Table 1, the serum levels of all studied inflam-

matory indices have been almost identical before the study.

The comparison of the mean values of these indices in the

studied groups before and after the intervention suggests that

the mean values of all four inflammatory indices did not

undergo any significant statistical change in the positive con-

trol group which had only received an ordinary dietary regime

plus normal saline (P>0.05). In the negative control group

which had received an ordinary dietary regime plus ethyl

alcohol at a dosage of 6 mL/kg/day·BW, the mean value of

all inflammatory indices significantly increased as compared to

the study initiation (P<0.001). Concerning the groups in the

prevention phase, a significant increase was also observed in

all of the inflammatory factors following the intervention in the
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group that had received ethyl alcohol at a dosage of 6 mL/kg/

day·BW plus HAECSP for a dosage of 167.5 mg/kg/day·BW

(CRP:P<0.05, IL6 and TNF-α:P<0.01, Fib: P<0.001). On the

other hand, no significant increase was observed for the group

that had received ethyl alcohol at a dosage of 6mL/kg/day·BW

plus HAECSP for a dosage of 335 mg/kg/day·BW in all of the

inflammatory indices except for TNF-α (P<0.05)which under-

went a significant increase after the intervention in contrast to

pre-intervention. This demonstrates the protective effect of the

extract, particularly at higher dosages. The treatment effectwas

far weaker in both of the groups in treatment phases which had

been administered with ethyl alcohol for 6 mL/kg/day·BW

during the first week and saffron petal extract for dosages of

167.5 and 335 mg/kg/day·BW during the second 8 weeks.

Here, a significant effect was observed in all of the inflamma-

tory indices at the end of the study compared to the pre-study

(CRP, IL6, and Fib: P<0.001, TNF-α: P<0.01).
Figure 3 illustrates the results related to the comparison

of the serum concentrations of the inflammatory indices

between the groups administered with HAECSP and the

negative control group (which had only received ethyl

alcohol) by the termination of the study. As can be seen,

the serum concentration of the inflammatory indicators sig-

nificantly diminished in all of the studied groups compared

to the negative control group (minimum significant differ-

ence: P<0.05). The only exception was the treatment group

1 (the group that received alcohol ethanol for 6 mL/kg/

day·BW during the first 8 weeks and HAECSP for

167.5 mg/kg/day·BW for the second 8 weeks) which

showed no significant difference in this regard compared

to the negative control group (Figure 3).

The comparison of the levels of renal enzymes (ALP,

AST, ALT, and GGT) before and after the study across

various studied groups has been presented in Table 2. As

can be seen, there is no significant difference between the

positive control group and the second group of the preven-

tion phase (the group that received ethyl alcohol for a

dosage of 6 mL/kg/day·BW plus HAECSP for a dosage

Figure 1 Chromatogram of Myricetin and Quercetin by HPLC at 255 nm wavelength.

Figure 2 Chromatogram of Safranal and Crocin by HPLC at 255 nm wavelength.
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of 335 mg/kg/day·BW) in terms of the mean values of these

enzymes before and after the intervention (P>0.05).

However, the serum levels of these enzymes were found

significantly elevated in the studied groups at the end of the

intervention as compared to its beginning (P≤0.001).
Also the level of the enzymes ALP, AST, ALT, and

GGT at the end of the study was compared between the

negative control group (which had only received ethyl

alcohol) and the other groups. The results showed that the

amounts of the hepatic enzymes have undergone consider-

able reductions in contrast to the negative control group

(minimum significant difference: P<0.05) (Figure 4).

Similar results were also obtained for renal enzymes

(creatinine and BUN). Based on Table 3, the comparison

of the levels of creatinine and BUN enzymes before and

after the study between the positive control group and the

second group of the prevention phase (the group that

received ethyl alcohol for a dosage of 6 mL/kg/day·BW

plus HAECSP for a dosage of 335 mg/kg/day·BW) sug-

gests no significant difference (P>0.05). On the other

hand, the serum levels of these enzymes significantly

increased in the other studied groups at the end of the

test in contrast to its beginning (P≤0.001).
The results related to the comparison of the serum

concentrations of the renal enzymes between the studied

groups and the negative control group (that had only

received ethyl alcohol) following the intervention are dis-

played in Figure 5. As can be observed, a significant

reduction has occurred in the levels of the enzymes BUN

and creatinine in the positive control group, both of the

prevention phase groups (P<0.001) and the second group

of the treatment phase (treatment group 2: creatinine

(P<0.05) and BUN (P<0.001)) in comparison to the nega-

tive control group. However, no significant difference was

evidenced in terms of the amounts of these enzymes

between the treatment group 1 and the negative control

group (P>0.05). In this case, the findings suggested that

the protective effect of extracts (prevention phase) is

greater than its therapeutic effect (treatment phase). In

addition, the protective effect of the extract was also

found dose-dependent and more accentuated protective

role was evidenced against the damages resulting from

alcohol use.

Discussion
The present study was conducted with the aim of examin-

ing the effects of alcohol toxicity on liver and kidney and

the use of hydroalcoholic extracts of saffron petals in

preventing related damages. The results of the present

study revealed an increase in inflammatory factors as

well as liver and kidney toxicity in response to alcohol

consumption. In this study, administration of hydroalco-

holic extract of saffron petals led to a significant decrease

in serum levels of inflammatory as well as liver and kidney

enzymes in comparison with the negative control group.

Figure 3 Comparison of the serum concentrations of the inflammatory indices in various groups in contrast to the negative control group. (*P<0.05, **P<0.01, ***P<0.001).
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The results of this study revealed liver toxicity as a

result of alcohol consumption. In the ethanol group, the

mean serum levels of hepatic enzymes were signifi-

cantly higher after the study compared to those at the

beginning of the study. These enzymes are found abun-

dantly in the liver, and incidence of necrosis or cell

membrane damage results in their release into the

blood.35 Measurement of the level of these enzymes

has been used in evaluating liver dysfunction; elevated

activity of these enzymes reflects liver damage.36 In

line with this study, many studies have shown that

ethanol consumption increases liver transaminases,

alkaline phosphatase, inflammatory markers, and fibro-

tic markers in the liver.37–39 One of the main causes of

liver disorders in Europe and the USA is alcohol

ingestion40,41 and alcohol overdose (usually about 40

g daily for women and 60 g daily for men) which

increases the risk of severe forms of liver disease.42,43

Oxidative stress and mitochondrial dysfunction are two

key elements in the pathogenesis of alcoholic liver

disease.44,45 It is believed that reactive nitrogen and oxy-

gen species (ROS/RNS) produced by cytochrome

P4502E1 (CYP2E1), NADPH oxidase (NOX), and

induced nitric oxide nitrate synthase (iNOS) are a driving

force in alcoholic liver disease.46 Alcohol toxicity causes

significant biochemical modifications in the function of

different mitochondrial enzyme systems including the

respiratory chain, the fatty acid oxidation pathway, and

the urea cycle. It also results in ultrastructural modifica-

tions, mitochondrial DNA injury, and aggregation of fat.47

Ethanol affects mitochondrial function, including respira-

tion, ATP synthesis, and reactive oxygen species (ROS)

production.48,49 Alcohol oxidation with alcohol dehydro-

genase and acetaldehyde dehydrogenase significantly

alters the ratio of cytosolic NADH/NAD to mitochondrial

due to accumulation of NADH.50,51 The changes in the

balance of NADH/NAD facilitate the production of ROS

by damaged respiratory complexes and non-mitochondrial

redox systems.52 Studies have indicated that oxidative

stress disrupts mitochondria and causes steatosis, inflam-

mation, and ethanol-induced fibrosis.52,53

The results of this study revealed that the hydroalcoholic

extracts of saffron petals have a protective effect against the

toxic effects of alcohol on the liver and these protective

effects are more significant at higher doses. According to

the evidence obtained from animal studies, saffron has a

high protective power against liver toxicity caused by some

chemicals by improving liver structural damages, modifying

antioxidant enzymes, reducing liver damage markers, lipid

and protein oxidation, reducing apoptosis, and increasing

glutathione reduction (GSH).54–66 Iranshahi et al found that

the aqueous and ethanolic extracts of stigma and petals of

saffron can significantly reduce the degeneration of fat

caused by carbon tetrachloride (CCl4) and elevated levels

of ALT and AST in plasma. They acknowledged that the

protective effects of saffron against liver damage caused by

Figure 4 Comparison of the serum concentrations of the hepatic enzymes in various groups in contrast to the negative control group. (*P<0.05, **P<0.01, ***P<0.001).
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CCl4 might occur through stabilizing the liver cell mem-

brane, supporting cellular defense mechanisms such as anti-

oxidant effects and reducing activation of the metabolic

CCl4 by inhibiting cytochrome P450 and interacting with

CCl4 free radical receptor.63 The results of the study con-

ducted by Omidi et al also showed that dose-dependent

saffron petals extract can restore increased levels of liver

enzymes caused by acetaminophen to normal levels. Also,

histopathologic results on liver pathology showed cellular

swelling, severe inflammation, and necrosis in rats exposed

to acetaminophen, while only mild hepatocyte degeneration

was observed in rats treated with saffron.64

In the study conducted by Mohajeri et al, saffron petal

extract reduced the liver damage induced by cisplatin

through antioxidant properties by reducing the levels of

AST, ALT, MDA, and bilirubin and increasing the total

protein and albumin levels.65 The results of this study are

consistent with the mentioned studies in terms of the

effects of saffron extract on reducing liver toxicity. Liver

toxicity is a common liver damage caused by some nat-

ural, industrial, chemical, and pharmaceutical products.

Saffron, as herbal medicine, can inhibit liver damages

through its properties, essentially antioxidant effects,

maintaining a cellular hepatic membrane and offering ben-

eficial effect on liver enzymes. Thus, saffron can signifi-

cantly reduce the effect of adverse effects that cause liver

toxicity.66

Studies have shown that chronic alcohol consumption

increases the proportion of liver NADH/NAD+ in hepato-

cytes, leading to suppressed beta-oxidation of fatty acids

and increased lipogenesis. It eventually culminates in fat

accumulation in hepatocytes.67,68 Alcohol also promotes

the synthesis of free fatty acids and triglycerides, and

facilitates the liver penetration of fatty acids from adipose

tissue and chylomicrons from the intestinal mucosa. It also

inhibits the secretion of VLDL by inhibiting the micro-

somal triglyceride-transmitting protein.9 Alcohol con-

sumption also reduces the expression of AMPK, which is

one of the main regulators of fat metabolism in the liver

and responsible for the inactivation of Acetyl-CoA carbox-

ylase (ACC); it increases the oxidation of fatty acids and

reduces the synthesis of fatty acids in the liver.69 In addi-

tion, alcohol contributes to increasing liver lipogenesis by

elevating the levels of SREBP-1c which regulates the

synthesis of fatty acids. It also decreases lipolysis by

minimizing PPAR-α2, which regulates the oxidation of

fatty acids.9 Further, ethanol can affect the secretion of

adiponectin, which is an adipokine 30-kD, with effects ofT
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reducing the fat power and anti-inflammatory effects.70

Ethanol can also directly accelerate the lipogenesis of

white fat tissues, and accordingly, reverse the transmission

of fat from adipose to the liver.71 The results of a study

conducted by Shi et al indicated the protective role of

saffron in alcoholic fat liver. They also showed that saffron

increased mitochondrial peroxidation, reduced fatty depos-

its, prevented lipid peroxidation, and accelerated the elim-

ination of alcohol and aldehyde.72 In another study

conducted by Asdaq et al, they observed the effect of

saffron on various biochemical agents. They also proved

that saffron, as herbal medicine, has hyperlipidemia and

antioxidant properties.73 In addition, in a study conducted

by Hushyar et al, the hypolipidemic properties of saffron

petals were studied. They concluded that the extract of

saffron petals reduced total cholesterol, triglyceride and

LDL and increased HDL levels and reduced leptin and

insulin levels. Therefore, they concluded that saffron

extract increases antioxidant levels and decreases the

lipid peroxidation.74

Other detrimental effects of alcohol on the toxicity of the

affected tissues are that free radicals can overshadow the

antioxidant defense system of the cell during the ethanol

metabolism.75 Comparison of scientific data suggests that

reducing the activity of antioxidant defense system enzymes

(such as superoxide dismutase, catalase, and glutathione

peroxidase) in the animal tissues is due to the oxidative stress

conditions induced by ethanol.76–78 Antioxidant agents can

reduce the harmful effects of oxidative stress. Many studies

have examined the antioxidant properties of ethanolic extract

of saffron.79–84 The study conducted by Ardalan et al

revealed the antioxidant activity of saffron petals using the

free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) method.

They also proved that saffron petals increase the antioxidant

content at all doses.85 Studies have suggested that the anti-

oxidant capacity of saffron petals depends on the presence of

flavonoids.86 Saffron petals contain many flavonoids.

Flavonoids can prevent the enzyme peroxidation of fatty

acids and have free radical withdrawal characteristics.

Hence, it acts as an antioxidant agent. Thus, it was suggested

that the major protective effects of saffron petals are due to

the presence of such compounds.63

The results of the current research also showed that

damages are associated with systemic inflammation; the

serum level of all of the inflammatory parameters studied

at the end of the study in the ethanol alcohol receiving

groups was significantly higher than that at the beginning

of the study. It has been proven that ethanol can stimulate

hemorrhagic injuries and cause changes in the structure of

enterocytes in the small intestine of animals and humans. It

can also change the intestinal microflora, which reflects the

excessive growth of gram-negative bacteria and an increase

in the lipopolysaccharide source (LPS).87 Alcohol-related

inflammatory response is the result of an increase in the

transmission of intestine-derived LPS (endotoxins derived

from Gram-negative bacteria) to the blood portal, which

leads to induction of the expression of TLR-4 and the

activation of NF-κB. Accordingly, Kupffer cells (KCs)

and macrophages in the liver can be activated by the intest-

inal LPS source through TLR4 receptor binding, thereby

producing large amounts of pro-inflammatory cytokines

(TNF-α and IL-1β), nitric oxide (NO), and ROS. This

culminates in dysfunction of hepatocytes, necrosis, apopto-

sis, and the production of extracellular matrix (ECM) as

well as fibrosis/cirrhosis.88–90 The findings of the current

investigation indicated that injection of hydroalcoholic

extracts of saffron petals could mitigate the increased

mean value of inflammatory factors (IL6, TNF-α, CRP,

and fibrinogen) in response to alcohol consumption.

Recently, the inhibitory roles of this extract have been

shown in tissue inflammation using various animal models.

Studies have reported that ethanolic and aqueous saffron

Figure 5 Comparison of the serum concentrations of the renal enzymes in various groups in contrast to the negative control group. *P<0.05, ***P<0.001.
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extracts can mitigate neuropathic pain in severe damages

through decreasing anti-inflammatory agents such as TNF-

α, IL-6, and IL-1β.91 The results of a study conducted by

Hosseinzadeh and Younesi showed that ethanolic and aqu-

eous saffron extracts have anti-inflammatory effects against

pain caused by chemicals.92 In a study conducted by Zhang

et al, it was found that safranal reduces the neural activity and

the expression of inflammatory cytokines TNF-α, IL-1β,
while increasing the expression of IL-10 after spinal cord

damage. It also reduces edema by reducing the expression of

aquaporin-4.93 In another study conducted by Hariri et al, the

results showed that crocin and safranal prevent elevation of

the levels of AST, ALT, ALP, LDH, creatine phosphokinase

(CPK), creatine kinase MB, gamma-glutamyl transferase

(GGT), and other inflammatory markers including TNF -α,
8-iso-prostaglandin F2a, and soluble protein-100 beta in rats.

These results suggested that safranal inhibits biochemical

enzyme changes, as well as inflammatory and neural effects

caused by exposure to diazinon.94 A number of other studies

have shown the preventive effects of saffron and its safranal

on serum inflammatory markers in sea pigs.95–97 The results

of the research carried out by Xu et al showed that they could

alter the inflammatory pathways and found dual inhibitor

activity against COX-1 and COX-2 enzymes. They also

stopped the production of PGE2 by inhibiting the production

of NF-κB subunits.98 Further, NF-κB plays a major role in

regulating the genes involved in cell survival and coordinat-

ing the expression of pre-inflammatory enzymes.99,100 Kim

et al reported that crocin reduces the formation of nitric oxide

synthase stimulating LPS (iNOS) by overexpression of HO-1

through the Ca2+/calmodulin-dependent kinase 4-PI3K/Akt-

Nrf2 protein signaling cascade in the 264.7 RAW

macrophages.101 This can be another reason for the effect

of saffron on inflammatory pathways. Another research

revealed that α-crocin had a protective effect on the compli-

cations induced by ethanol in the stomach of rats. Crocin also

restored the low levels of gastric mucosa, mucus PGE2, and

ethanol-induced IL-6. Additionally, α-crocin significantly

reduced TNF-α, myeloperoxidase, and protein levels.102

Review of the results of these studies and the present study

suggest that saffron has the potential for reducing inflamma-

tion factors. In addition, many of these studies have reported

different compounds such as flavonoids, tannins, anthocya-

nins, alkaloids, and saponins in the petals of saffron. The

presence of compounds such as crocin and safranal belong-

ing to carotenoids and quercetin groups as well as myricetin

belonging to flavonoids group was also observed in this

study. Thus, it can be stated that the observed effects may

be due to the presence of compounds in saffron petals. In this

regard, the results of the research conducted by Calixto et al

showed that the analgesic and anti-inflammatory effects of

saffron petals were due to the content of flavonoids, tannins,

and anthocyanins.103 Other studies have also shown that

various flavonoids, such as quercetin, luteolin, hesperidin,

and bioflavonoid show anticonvulsant and/or anti-inflamma-

tory activities.103–105

Conclusion
The results of the present study indicated an increase in

inflammatory factors as well as liver and kidney toxicity in

response to alcohol consumption. The present study revealed

that saffron can prevent liver damage through its properties,

especially its antioxidant effects, protect the liver cell mem-

brane, increase the level of antioxidants, and decrease the

lipid peroxidation. Due to the antioxidant properties of this

extract, it also has the potential to reduce kidney damages as

well as inflammation and inflammatory factors. The present

study proved the presence of compounds such as crocin and

safranal belonging to carotenoids and quercetin groups along

with myricetin belonging to flavonoids group in saffron petal

extract. As these compounds have the potential to prevent

enzymatic peroxidation of fatty acids and withdraw the free

radicals, they can act as antioxidant agents. Indeed, the

effects observed in this study seem to be due to the presence

of these compounds in the petals of saffron.
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