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ABSTRACT

Background: Saffron is one of the main food products in Iran, and its countless medicinal prop-
erties have been used widely in traditional medicine. Many studies conducted and reported in the
literature have shown that plant-based medicines, such as chemical drugs, may also have unex-
pected side effects. Thus, the present study aimed to investigate the histopathological effects of
the hydroalcoholic extract of the saffron petal (HAESP) on the liver and kidney, particularly on their
functional parameters in rats. Methods: The first group (control) received ordinary daily dietary
regime. In addition, Groups 2, 3 and 4 were fed an ordinary dietary regimen along with HAESP (at
200, 400, or 600 mg/kg/day). The treatment was continued on a daily basis for four weeks, and
upon the termination of the treatment, blood samples were collected from all the rats. Then, tis-
sue samples were prepared from the animals' kidney and liver for histological studies. Results:
The histological results are indicators of notable changes in the glomerulus, tubules, and interstitial
tissue of the kidney cross-sections for the groups receiving HAESP. In the central vein region and
the port space of the liver cross-sections, dose-dependent changes were found in the groups that
had received HAESP. The study results also suggest a considerable statistical increase in the mean
levels of renal enzymes and hepatic enzymes in different groups receiving HAESP. Conclusion:
The findings of the present study reflect the idea that the saffron petal hydroalcoholic extract can
be effective even on renal and hepatic cells, and even in non-poisonous dosages. Therefore, care

should be exercised in using the extract for its potentially therapeutic effects.
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INTRODUCTION

Access to and use of industrial drugs and substances
have increased, along with the progress in science and
industrialization of communities. In addition, ac-
cording to the fact that some drugs have numerous
side effects, researchers have been searching for more
effective drugs with lower side effects and more plant-

1. In Iranian traditional medicine, the

based nature
use of medicinal herbs for treating diseases has been
emphasized, and the application of medicinal plants
has recently drawn great attention due to their ease of
access, reduced side effects, and reasonable price as a
competent substitute for industrial drugs?.

Saffron is one of the medicinal plants that has been
used for a long time in Iran. Saffron (Crocus Sativus
L.), known as the most expensive spice in the world,
is a small flower-bearing plant that belongs to the Iri-
daceous family>. This perennial plant is cultivated in
Azerbaijan, France, Greece, India, Iran, Italy, Spain,
China, Morocco, Turkey, Egypt, and Mexico*. The

agricultural cultivation of saffron dates back to 3500
years ago. The plant can grow up to 12 inches in
height, and it bears three to four petals of which each

has three red stigmas >°

. The dried stigma of saffron
is used as a condiment for the flavor it produces as
well as for food coloring; the petals are usually thrown
away .

Saffron contains more than 150 chemical ingredients,
amongst which three main elements, namely crocin
(color), picrocrocin (flavor), and safranal (odor), are
responsible for its pharmacological effects®. Picro-
crocin, a monoterpene glycoside, is the major flavor
component of saffron. Safranal, a monoterpene alde-
hyde, is one of the major smell and odor sources of
saffron. Crocin is responsible for the coloring effect

9-11

of saffron Crocin, a water-soluble carotenoid,

is the most abundant antioxidant among the active

10,11 Crocin and safranal have

saffron components
various pharmaceutical activities, such as antioxidant,
anti-carcinogenic, anti-cerebral, -renal, -cardiac, -

musculoskeletal ischemia, blood pressure reduction,
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blood sugar reduction, anti-hyperlipidemic, sexual
performance improvement, gene protection, anti-
toxic, memory boosting, antidepressant, morphine
withdrawal syndrome inhibition, and diazinon an-
tibiotic properties !> 13 141516 17 - §tyydies have shown
that saffron is an appetizer, tranquilizer, food di-
gestion facilitator, expectorant, and emmenagogue '8.
Moreover, it can be used to treat cough, pertus-
sis, asthma, gastric disorders, pyrosis, maldigestion,
hepatic and gall bladder disorders, nose and throat
mucosal inflammation, insomnia, arterial hardening
(atherosclerosis), hernia, Alzheimer’s, shock, hemop-
tysis, pain, alopecia, dry skin, depression and cogni-
tive disorders, and urinary infections 1819

Similar to industrial drugs, medical plants might
cause irreparable tissue damage due to unwanted side
effects??. Therefore, the study of side effects of medic-
inal plants can help in the identification and recogni-
tion of the safety specifications of these drugs in hu-
mans, as well as understanding the specialization of
their applications. Although many studies have re-
ported on the useful effects of saffron in treating clin-
ical disorders and diseases, there is a scarcity of in-
formation regarding its toxic profiles. In the stud-
ies performed in this regard, crocin was not found to
cause considerable damage to the body organs, and
no death was scored in rats treated with high dosages
of crocin administered via intraperitoneal injection (3
g/kg) during a two-day treatment period2!. However,
administering saffron in dosages ranging between 1.2
g and 2 g to human subjects has been found to cause
nausea, vomiting, diarrhea, and hemorrhage??. In
high doses (200 mg/day and 400 mg/day), saffron can
alter some hematological and biochemical parame-
ters. However, these changes are in a natural range
and not clinically significant?®. Thus, the determi-
nation of the drug usage amount, as well, is of great
importance for understanding the irreparable side ef-
fects resulting from high doses. Therefore, it is nec-
essary to perform various investigations in different
dosages of drug usage, with the objective of recogniz-
ing their harmful effects on various tissues so that the
exact and non-toxic use rate of the drug can be speci-
fied.

Although saffron is being widely used in some coun-
tries, it is necessary to carry out extensive scientific
research in line with the identification of the side ef-
fects and determination of the use levels of this plant.
On the other hand, a large amount of saffron petal
is thrown away yearly as agricultural waste, despite
the substantial evidence indicating the existence of
ingredients with different pharmacological effects in
the saffron petal. Hence, the research study herein
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was conducted with the objective of investigating the
histopathological effects of saffron petal hydroalco-
holic extract on the functional parameters of the kid-
ney and liver in rats.

MATERIALS - METHODS

Plant and extract preparation

The saffron petals studied in the present study were
procured from the saffron farms around Mashhad
(Iran).
amount of saffron petal was measured and ground.

To prepare the extract, at first, a certain

Then, the petals were mixed in ethanol 80% (for a 1:20
ratio) and kept in ambient temperature, away from
any sunlight for 72 hours. After the elapse of the afore-
mentioned time, the solution was filtered and cen-
trifuged (BMA k1500, HAWAROMA, Germany) at
2500 rpm for 10 min, and the solution part was care-
fully separated. Then, the additional solvent was re-
moved in a device in a vacuum (RV10 CONTROL V,
IKA, Germany) at 40°C, and the rest of the solution
was transferred to a volumetric flask into several Petri
dishes that were subsequently placed inside a 30°C
oven (DZF 6020, ZENITH LAB, China). After 24 h,
the dried plates were scraped using a spatula and were
then kept in the refrigerator for later experiments.

Determination of the lethal dosage (LD)

To determine the lethal dosage of saffron petal hy-
droalcoholic extract, 64 mature male Wistar rats were
assigned to eight groups (with n=8 per group). The
first group (control) was administered with 2 cc nor-
mal saline, and the other groups were gavage fed on
saffron petal hydroalcoholic extract at 50, 100, 200,
400, 800, 1600, or 3200 mg/kg dosages. Then, the ap-
parent behaviors, physical health, nervous signs, feed
consumption rate, urine, and solid waste excretion
statuses, as well as mortality rates of the animals, were
investigated for the different groups for a period of 24
h. Next, computer techniques were employed to cal-

culate LDs) and LD o dosages** > 26 27

Animal procurement and maintenance

This study was conducted on mature male Wistar rats
between 225 + 25 g in weight, and ten weeks old; the
rats had been procured from the center for raising lab-
oratory animals of Ilam Medical Sciences University.
The experimental animals were kept in a room at a
temperature of 23 & 2°C and in a 12:12 dark-light cy-
cle inside special cages made of polycarbonate. The
relative humidity of the room was set at 60 + 5%. All
of the rats were allowed to have free access to water
and food during the experiment; they were nourished
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on special compressed food and also provided with
urban tap water. Before the experiment commence-
ment, the animals were allowed to get accustomed to
the environment and the conditions for two weeks. In
addition, during the work, all of the articles and codes
of ethics stipulated for animal research procedures,
including education and treatment, by Iran’s Ministry
of Healthcare were taken in account.

Experimental design

To undertake the experiment, 28 mature male Wis-
tar rats were randomly assigned to 4 groups (with n
= 7 per group). The first group (control) was fed an
ordinary daily dietary regimen. The second, third,
and fourth groups (experimental groups 1, 2, and 3)
were also given an ordinary daily dietary regime along
with saffron petal hydroalcoholic extract of dosages
equal to 200, 400, or 600 mg/kg.BW, respectively. At
the end of the experiment, bypassing 24 h from the
last treatment, blood samples were collected from all
the rats, and their livers and kidneys were isolated for
histopathological examinations following putting the
animals under anesthesia using ether.

Measuring hepatic and renal enzyme levels

Before the initiation of the treatment, and after the
termination of the treatment period, the animals were
kept in fasting status for 12 h. Then, blood samples
were recollected from all the rats in order to mea-
sure the levels of the intended enzymes. The sam-
ples were collected once at the first day of treatment
and a second time at the end of week four. The col-
lected blood samples were poured in serum separa-
tion tubes for 20 min and kept at laboratory temper-
ature to become coagulated. Next, they were cen-
trifuged at 25000 rpm for 15 min, and serum from the
blood samples were collected. The prepared serum
samples were used to measure various biochemical
factors of the liver performance index, including alka-
line phosphatase (ALP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and gamma-
glutamyl transferase (GGT), as well as renal enzymes,
including blood urea nitrogen (BUN), and creatinine,
via the biological-chemical measurement kits (Pars
Azmun Co. Tehran, Iran), according to the chromato-
graphic methods in the Auto-Analyzer Device (Ana-
lyzer A15, BioSystem, Spain).

Histological examinations

After the termination of the experiment and col-
lection of blood samples from all rats, the animals
were anesthetized using chloroform, and their livers

and kidneys were separated for histological investi-
gations. After macroscopic inspections, these organs
were fixed in a 10 % buffered formalin solution. Af-
ter performing tissue passage, paraffinic blocks were
prepared from the tissue samples, and sections (5 ym
in thickness) were made using a Microtome Device
(YD-335A, YIDI, China). The sections were then de-
paraffinized by xylol for 3 times and rehydrated by
different degrees of Ethanol (100, 95 and 80 %, ev-
ery 3 times), and were then washed by deionized wa-
ter (3 times). After that, Hematoxylin-Eosin (H&E)
staining was conducted according to the manual pro-
tocol from the Baylor College of Medicine (the H&E
staining is shown as supplementary data). The slides
were dehydrated by increasing the degree of ethanol
(95 and 100%), followed by 3 times clearing by xylol
and finally coverslipped using permount. In the end,
a light microscope was used for preparing tissue im-
ages.

In the investigation of the kidney tissue damages, the
cortex, external medulla, and internal medulla were
separately examined under a light microscope. The
cortex was inspected for Bowman space enlargement,
cell necrosis and sloughing into the tubule lumen.
In addition, the external medulla was examined for
tubular damages, vascular congestion, and formation
of proteinaceous casts inside the tubules. Finally, the
internal medulla was assessed for the formation of
proteinaceous casts inside the tubules and for vascular
congestion.

Histopathological investigations of the liver cross-
sections, as well, were carried out using a semi-
quantitative scale and in a double-blind manner
The observed
histopathological changes were categorized based on

in order to evaluate the damages.

the intensity of lesion, in contrast to a normal state,
as mild damage (mild hydropic degeneration, non-
proliferation of Kupffer cells, and absence of necro-
sis), intermediate damage (intermediate hydropic de-
generation, Kupffer cells proliferation, and absence of
necrosis or trivial necrosis), and severe damage (in-
tensive hydropic degeneration, Kupffer cells prolifer-
ation, and necrosis).

Data analysis

To statistically analyze the data, SPSS Software version
16 was used. The obtained quantitative data were pre-
sented as Mean + SEM. To compare the inter-group
means, a one-way variance analysis and Tukey follow-
up test were employed. The significance level was set
at P < 0.05 for all tests.
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Ethical considerations

The present study was approved with a certifi-
cation letter for medical research that was is-
sued by the ethics committee of Ilam University
of Medical Sciences, with the code number of
(IR MEDILAM.REC.1397.033).

RESULTS

Acute phase

The results obtained from the study during the stage
of determining the acute toxicity of the saffron petal
hydroalcoholic extract (HAESP) indicated that LDsy
and LD of the saffron petal hydroalcoholic extract
are about 670 mg/kg and 1463 mg/kg, respectively
(Table 1).

After determining the LDsq rate of the saffron petal
hydroalcoholic extract (acute phase) in the present
study, the effects of long-term treatment (chronic
phase) by non-toxic dosages (30%, 60%, and 90% of
LDsq dosage) of this extract, i.e. 200, 400, and 600
mg/kg dosages, were investigated for their effects on
renal and hepatic tissues, as well as renal/hepatic per-
formance parameters in rats.

Chronic phase
Histopathological effects

Figure 1 illustrates the Hematoxylin-Eosin (H&E)-
stained histopathological images of the kidney cross-
sections among the various study groups. No
glomerular damage was evidenced in any of the
groups. Furthermore, the tubules were found with
no problem in terms of the tissue, and no inflam-
mation was observed in them. The interstitial tis-
sue was also found with normal structure in all of
the studied groups. In summary, no observable his-
tological differences were found in kidney tissues be-
tween the control group and the groups receiving var-
ious dosages of saffron petal hydroalcoholic extracts
(Figure 1).

The histopathological images of the central vein re-
gion in the liver cross-sections are shown in Fig-
ure 2 for the various groups. The analysis of the liver
cross-sections stained with H&E suggests normal tis-
sue structure in the control group, and no observed
sign of inflammation or degeneration in the central
vein region of this group. However, the tissue changes
associated with the groups receiving HAESP at vari-
ous dosages were clearly visible. For instance, in the
hepatic tissue of the animals which received saffron
petal hydroalcoholic extracts, the reversible hydropic
changes were found undergoing a linear increase with
the elevation of the dosage in such a way that these

3730

changes were found mini-mild in the group that had
received 200 mg/kg of HAESP, mild in the group that
had received 400 mg/kg of HAESP, and mild to inter-
mediate in the group that had received 600 mg/kg of
HAESP (Figure 2).

Figure 3 demonstrates the port space of the liver
cross-sections. The analyses showed as well that the
control group had a normal tissue structure, and no
sign of inflammation or degeneration was tracked in
the port space (Control). Nevertheless, tissue changes
were evidenced in a dosage-dependent manner in
groups that had received various dosages of HAESP
in such a way that focal confluent necrosis was ob-
servable in hepatic parenchyma (Expl-A), and por-
tal inflammation was also evident (Expl-B) in the
first experimental group that had been treated by 200
mg/kg of the extract. As for the second experimental
group (administered with 400 mg/kg of the extract),
more cells were found with focal confluent necrosis
(Exp2). Finally, severe confluent necrosis (Exp3-A)
along with inflammatory cells were seen in the por-
tal space (Exp3-B); this was completely evident in the
third experimental group that had been treated with
600 mg/kg of HAESP (Figure 3).

Before the initiation of the study and at the end of the
treatment, the mean levels of the renal enzymes (BUN
and creatinine) and hepatic enzymes (ALP, AST, ALT,
and GGT) were measured for the studied groups. The
results of renal enzyme measurements- before and af-
ter the experiment- are summarized in Table 2. As it
was observed, the comparison of the BUN and crea-
tinine enzyme levels, before and after the study, indi-
cated no significant differences in the control group
(P > 0.05). However, the serum levels of these en-
zymes were found to have significant increase at the
end of the intervention as compared to the beginning
of the study in the groups administered with HAESP
(P < 0.05). In addition, findings of this study indi-
cated that the increase in HAESP dosage brings about
increased serum levels of the renal enzymes, as well,
in such a way that the highest serum level elevation of
these enzymes was respectively documented for the
groups that had received higher dosages of HAESP.
For example, the BUN enzyme levels were 60.14 +
5.01, 62.14 & 5.39, and 85.28 + 3.56, for dosages of
200, 400, and 600 mg/kg, respectively; this is sug-
gestive of a dosage-dependent effect of this medicinal
plant-based extract (Table 2).

Figure 4 presents the results related to the compari-
son of the serum concentrations of the renal enzymes
in the groups that had received HAESP with those of
the control group after the termination of the exami-
nation. Accordingly, as can be seen, there is a signifi-
cant difference between groups that had been treated
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Figure 1: Histopathological images of Kidneys’ cross-sections stained by Hematoxylin-Eosin (H&E) in the-
various experimental groups. Cont: control group, Exp1: 200 mg/kg HAESP, Exp2: 400 mg/kg HAESP; Exp3: 600
mg/kg HAESP.

Figure 2: Histopathological images of the central vein region of liver cross-sections stained by
Hematoxylin-Eosin (H& E) in the various experimental groups. Cont: control group, Exp1: 200mg/kg HAESP,
Exp2: 400 mg/kg HAESP; Exp3: 600 mg/kg HAESP.
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Table 1: Comparison of the toxicity rates of various HAESP dosages on rats in acute phase

HAESP Dose (mg/kg) Symptoms Death (%)
Normal saline Normal 0
50 Normal 0
100 Stressed rat 0
200 Piloerection, Stressed rat, Immobilization 0
400 Tremor, Labored breathing, Death 25
800 Tremor, Labored breathing, Death 75
1600 Death 100
3200 Death 100

Table 2: Comparison of the serum concentrations of renal enzymes in each group before and after being

treated by HAESP
Kidney enzymes Control HAESP 200 HAESP 400 HAESP 600
group mg/kg/day mg/kg/day mg/kg/day
Blood Urea before the intervention 52.14 +6.98 57.57 4= 4.57 56.57 & 8.50 59.28 4= 5.27
Nitrogen (mg/dL)
after the intervention 53.85+ 7.79 60.14 £ 5.01 62.14 +5.39 85.28 + 3.56
P-value 0.274 0.091 0.034 0.000
Creatinine before the intervention 0.43 £+ 0.01 0.42 £ 0.05 0.44 £ 0.04 0.44 £ 0.02
(mg/dL) . .
after the intervention 0.44 + 0.01 0.49 £+ 0.03 0.58 + 0.04 0.89 £+ 0.05
P-value 0.510 0.040 0.009 0.000

Data are presented based on mean =+ SD. The mean difference is significant at the 0.05 level.

Table 3: Comparison of the serum concentrations of hepatic enzymes in each group before and after being

treated by HAESP
Liver enzymes Control HAESP 200 HAESP 400 HAESP 600
group mg/kg/day mg/kg/day mg/kg/day

Alkaline before the intervention 601.71 + 538.71 - 37.84 552.85 + 578.28 4 59.37
Phosphatase 46.97 47.63
(mg/dL) . .

after the intervention 612.71 + 658.71 £ 44.99 796.28 + 1093.85 +

61.20 35.47 111.26

P-value 0.114 0.008 0.000 0.000
Alanine before the intervention 48.00 + 2.23 55.71 +4.92 56.00 £ 4.69 48.71 + 3.54
Aminotransferase

after the intervention 50.42 + 4.07 58.85 + 7.05 87.00 £ 8.38 96.57 4 6.16
(mg/dL)

P-value 0.317 0.311 0.008 0.000
Aspartate before the intervention 84.28 +11.88 89.00 + 10.48 93.14 £9.28 83.85 + 11.36
Aminotransferase . X

after the intervention 87.71 +11.59 105.28 + 13.06 109.28 + 161.57 +9.94
(mg/dL) 736

P-value 0.273 0.041 0.014 0.000
Gamma-glutamyl  pefore the intervention ~ 2.71 4 0.48 2.92 +0.51 2.71 £ 0.55 2.57 + 0.50
Transferase

after the intervention 2.85 4 0.49 3.22 +0.37 3.74 +0.37 4.47 +0.53
(mg/dL)

P-value 0.722 0.044 0.002 0.000

Data are presented based on mean =+ SD. The mean difference is significant at the 0.05 level.
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Figure 3:

Histopathological images of portal space of livercross-sections of the rats stained by

Hematoxylin-Eosin in the various experimental groups. Cont: control group, Exp1: 200 mg/kg HAESP, Exp2:

400 mg/kg HAESP; Exp3: 600 mg/kg HAESP.
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Figure 4: Comparison of the serum concentrations of renal enzymes (BUN & Creatinine) between the control
group and 3 other groups that had received different dosages of HAESP (200, 400 and 600mg/Kg). (*: P <
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with HAESP and the control group in terms of BUN
and creatinine enzymes (P < 0.001).

Effects of liver enzymes

Similar results were also observed concerning the
hepatic enzymes (ALP, AST, ALT, and GGT) in that a
significant difference was found among all the three
groups that had received HAESP, in terms of the
serum levels of these enzymes at the end of the study
as compared with the beginning stage (P < 0.05)
(Table 3).

Additionally, the comparison of the amounts of ALP,
AST, ALT, and GGT enzyme rates after the study be-
tween the control group and the groups that had re-
ceived HAESP suggests there was a considerable in-
crease in hepatic enzyme levels in the groups that had
received HAESP as compared with the control group
(P<0.001) (Figure 5).

Moreover, the dosage-dependent effect of HAESP was
also demonstrated in this case in that the increase
in HAESP dosage was found to exert a significant
increase in the serum levels of the hepatic enzymes
(Table 3 and Figure 5).

DISCUSSION

Saffron is a medicinal plant that has been widely ap-
plied, and possesses potential medicinal properties as
well as a long past history of being used as a part of
traditional medicine. Therefore, in order to develop
its usage beyond a medication, it is necessary to eval-
uate its toxicity on the body organs. The present study
was conducted with the objective of studying the ef-
fects of the saffron petal hydroalcoholic extract on pa-
rameters related to the kidney and liver of rats. The re-
sults obtained from the present study of acute toxicity
determination of the saffron petal hydroalcoholic ex-
tract (HAESP) indicated that LDs( and LD g dosages
of the saffron petal hydroalcoholic extract were 670
mg/kg and 1463 mg/kg, respectively. Based on toxic-
ity categorization, any substance with LDs in a range
between 1 g/kg and 5 g/kg can usually be recognized
as less toxic, and any substance with an LDsg below
5 g/kg is practically considered as nontoxic?®?°, Ac-
cording to the study results, the LD5y computed for
saffron petal administered to the rats was under the
toxic limit and had even less toxic levels. Hence, saf-
fron petal should be practically considered as being
nontoxic in acute phase evaluation. The results of the
study by Bahmani et al. are similar to our findings; in
their study, the LD5y was found to be under 5 g/kg.
The authors observed that saffron use at 500, 1000,
or 2000 mg/kg could cause no death. However, the
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animals receiving saffron exhibited aggression and ir-
ritability, possibly due to the harmful nature of the
majority of the essences®’. In the study by Babaei
et al., as well, no significant differences were found
between the control group and saffron petal-treated
groups in terms of the mean weight value increases
during the entire treatment period. Since weight is of
great importance with regard to an animal’s general
health, the authors concluded that the neutral effect
of this byproduct on weight is reflective of its nontox-
icity, and consequently, it has to be regarded as a con-
siderable benefit for the use *!. The results of the study
by Karimi et al. are dissimilar to these findings for
the reason that weight losses were scored for the ani-
mals that had received aqueous extract of saffron petal
in spite of their unlimited access to water and food;
they asserted that the extract injection could possibly
cause anorexia in the animals*2. The majority of the
in-vivo studies on animals are suggestive of very low
toxicity and/or even non-toxicity of saffron and its ex-
tracts 3334,

The biochemical and histopathological results of the
present study signify toxic damages to the liver and
kidney following the use of the hydroalcoholic extract
of the saffron petal (HAESP). Liver damage level is of-
ten evaluated, mostly based on the levels of such hep-
atic enzymes as ALT, AST, ALP, and GGT. These en-
zymes are abundantly present in liver and necrosis or
cell membrane damage, which causes the release of
these enzymes in the blood *°.

The measurements of the levels of the aforementioned
enzymes were used in evaluating the hepatic disor-
ders, and the increase in the activity of the above-
mentioned enzymes is reflective of liver damage. The
inflammatory disorders of hepatic cells result in the
acute increase in their amounts>°. The results of the
present study indicate that saffron petal hydroalco-
holic extract causes a significant increase in the mean
serum levels of hepatic enzymes (ALP, AST, ALT, and
GGT) in all three groups that received HAESP at the
end of the study, in contrast to the beginning of the
study, and as well as in comparison with the control
group.

Moreover, for the toxic effects of saffron petal hy-
droalcoholic extract on the liver, we did not find many
studies in the literature. Karimi et al. performed
a study regarding the acute phase toxicity of saffron
petals on rats using dosages of 1.2, 2.4, and 3.6 g/kg.
accordingly, In the investigation of the biochemical
factors of aqueous saffron extract, they observed that
the use of saffron petal extract does not cause a sig-
nificant change in ALP, TG, Chol, BUN, Cr, and CPK
amounts; however, the amounts of AST, ALT, and
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Figure 5: Comparison of the serum concentrations of hepatic enzymes between control group and the
groups that had received various dosages of HAESP (200, 400 and 600 mg/Kg). (*: P < 0.05,**: P < 0.01,
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LDH enzymes increased, particularly in high dosages
of the extract. On the other hand, tissue destruction
was also observed in kidney, liver and lungs3?; the
results of the increase in the levels of AST and ALT
enzymes and tissue damages of the kidney and liver
are consistent with what has been found in the cur-
rent research paper. In the study by Babaei et al.,
no significant change was found in ALT levels in the
investigation of the effects of saffron petal extract at
such dosages as 75, 150, 225, and 450 mg/kg, on some
blood metabolites. On the other hand, it was found
out that AST levels decreased in a dosage-dependent
manner in contrast to the control group; this is sug-
gestive of the non-destruction of hepatic cells and
non-toxicity of the saffron petal hydroalcoholic ex-
tract in lower dosages>!. Furthermore, this is not in
compliance with what has been found in our study.
In the study by Bahmani et al.,, as well, no change
was observed in the histopathology evaluations and
in the examination of the common hepatic intoxica-
tion markers, such as ALT, AST and bilirubin, fol-
lowing the use of saffron. They reported that saffron
has no significant effect on the liver; however, it can
cause kidney damages in the studied animals at higher
dosages°. Based on other studies, dosages above 10 g
saffron might be accompanied by side effects, includ-
ing reduction in appetite, drowsiness, nausea, vomit-

ing, uterine bleeding, hemorrhage, digestive tract mu-
cosal bleeding, imbalance, and dizziness 22,

The liver is the biggest gland and one of the most im-
portant parts of the body, which serves various func-
tions, and is the main place for metabolism of ma-
terials. It can be damaged and inflicted with vari-
ous diseases for it is constantly exposed to various
chemical compounds, narcotics, and infections 3738
In the present study, the histopathological studies are
suggestive of severe hepatic tissue damage following
the use of HAESP. The histopathological images of
the central vein region in the liver cross-sections are
indicative of dosage-dependent tissue changes in the
groups that had received various dosages of HAESP.
Furthermore, the images related to the portal space of
liver cross-sections are reflective of portal inflamma-
tion and irreversible necrosis of the cells in the hep-
atic parenchyma in the group receiving 200 mg/kg of
the extract. As well, more focal confluent necrosis
was found in the group that received 400 mg/kg of the
extract, and severe necrosis along with inflammatory
cells was observed in the portal space of the group that
received 600 mg/kg of the extract.

There are few findings with contradictory results re-
garding the toxic effects of the saffron petal on the
liver. For instance, it was reported that the crocin

3735
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separated from saffron could cause reversible accu-
mulation of hepatic black pigments and acute hepatic
damages resulting from this color change. Also, daily
administration of 50 mg/kg saffron extract for eight
days did not affect the hepatic performance. How-
ever, dosages higher than 100 mg/kg administered
for two weeks was found to cause hepatic damage
and accumulation of black pigments®®. In another
study, Hosseinzadeh et al. investigated the biochemi-
cal, hematological, and pathological scales in rats fol-
lowing their treatment with saffron extract?!. The re-
sults of their study indicated that no change occurred
in the common hepatic intoxication markers, such as
levels of hepatic enzymes like ALT, AST, and biliru-
bin; this is contradictory to what has been observed
in our study?!.

In the present study, the results related to the mea-
surement of the renal enzyme levels (creatinine and
BUN), before and after the experiment, indicated that
the serum levels of these enzymes had undergone
considerable increases in the groups that received
HAESP, compared to the control group, as justified
in the scores at the end of the intervention compar-
ing to the initial values. The histopathological find-
ings of the kidney cross-sections indicated that there
was no observable histological difference in terms of
the renal tissues between the control group and the
groups that had been treated by various dosages of saf-
fron petal hydroalcoholic extract. The BUN and crea-
tinine levels are considered as appropriate indicators
of renal function. The increase in the BUN level in
the treatment groups can lead to renal damages, and
this effect has been confirmed based on the kidney
histopathological results. In the study by Bahmani
et al., the animals treated with saffron were found
with an increase in blood urea nitrogen (BUN), and
this is in accordance with the findings of the present
study°. In the study by Hosseinzadeh et al., as well,
the safranal-treated rats were found with blood urea
nitrogen (BUN) 21 however, no significant difference
was observed in terms of the serum creatinine level.
Nevertheless, pathological changes were observed in
the kidney??. The study by Karimi et al. indicated
that the aqueous saffron petal extract causes no clearly
visible and significant changes in the renal tissues and
creatinine and BUN levels, which is not consistent
with results from our present study>2.

As it was discussed earlier, in according with the
present study, several studies have shown that saffron
petal has negative effects on the kidney and liver func-
tion, while no considerable effects have been reported
for saffron petal on kidney and liver results in some
other studies. One reason for such differences in the

3736

findings of various studies might be the studied sam-
ple volume, administration method, administration
period, and applied dosage. The studies have shown
that the study sample volume and type can affect the
different results since changes in the detoxification
systems, the differences in absorption, distribution,
and excretion mechanisms in various kinds of ani-
mals, and the response to toxic substances might be

different among species*°

. The application method
is also another factor that may explain the contradic-
tory results. The study by Hosseinzadeh et al., which
treated the animals by oral and injective use of the saf-
fron extract, indicated that safranal use in oral form in
contrast to intraperitoneal injection could cause lower
toxic effects?!. Also, the reason for the high toxicity
of safranal in intraperitoneal injection as compared to
oral use might be due to the higher effect of the injec-
tive method and lower absorption in oral treatment 2!,
In addition, the applied dosage and the study period
can also largely account for the observed differences.
In the present study, we used three non-toxic dosages,
namely 30%, 60%, and 90% of the LDsy dosage, of
this extract, i.e., 200, 400, and 600 mg/kg. However,
the damages of these dosages, especially to the hep-
atic tissue, and their effects on the increase of the kid-
ney and liver functional parameter levels were still ob-
servable in the long run. Parallel to the present study,
many of the studies confirmed the dosage-dependent
effect of saffron extract and showed that saffron ex-
tract is devoid of any side effects in lower dosages
but causes serious damage to renal and hepatic tissues
and increase in the related enzymes, particularly at the

303233

higher dosages Therefore, the use of higher

dosages of saffron should be avoided.

CONCLUSION

The present study indicated that there is a possi-
bility of the emergence of hepatic and renal dam-
ages in acute phase prescription of saffron petal hy-
droalcoholic extract. The prescription of the saf-
fron petal hydroalcoholic extract can significantly in-
crease the levels of hepatic enzymes (ALT, AST, ALP,
and GGT) and renal enzymes (creatinine and BUN).
Additionally, histopathological findings of liver and
kidney cross-sections showed observable histological
changes in each case. Thus, the study findings confirm
the idea that the use of saffron petal hydroalcoholic
extract can affect the renal and hepatic cells and cause
serious damages to them. The changes might have
come about due to the direct effect and/or the body
organs’ hypoxia. It is worth mentioning that despite
the use of three non-toxic dosages, namely 30%, 60%,
and 90% of LDs( dosage, of this extract, i.e. 200, 400,
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and 600 mg/kg, the damage to these dosages (espe-
cially to the hepatic tissue and their effects on the in-
crease in kidney and liver functional parameters) were
found to be still persistent in the long run. Therefore,
in the case of using this extract for taking advantage of
its positive and therapeutic effects, dosages a lot lower
than LDs( should be applied carefully.

ABBREVIATIONS

HAESP: Hydroalcoholic extract of saffron petal
LD: Lethal Dosage

ALP: Alkaline phosphatase

AST: Aspartate aminotransferase
ALT: Alanine aminotransferase
GGT: Gamma-glutamyl transferase
BUN: Blood urea nitrogen

H&E: Hematoxylin-Eosin

Cr: Creatinine

TG: Triglyceride

Chol: Cholesterol

CPK: Creatine phosphokinase
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