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ABSTRACT

Background: Oxymetholone, an anabolic-androgenic steroid, has been used to treat some
diseases. The abuse of this compound, especially for muscle growth, has severe oxidative
side effects on the liver and kidneys. Oxidative stress and free radicals are responsible for
the development of various diseases. Phytochemicals are sources of polyphenols, flavonoids,
saponins, etc. and may act as scavengers of free radicals. Saffron (Crocus sativus) has
considerable antioxidant properties, which may be useful in reversing or preventing these
negative effects.
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Methods: To evaluate the effects of saffron on the liver and kidneys degenerative changes
induced by oxymetholone, 24 male Wistar rats were used. The rats were randomly divided
into four groups of six rats each as: a) sham (normal saline, 40 mg/kg/day), b) saffron control
(40 mg/kg/day), c) oxymetholone (50 mg/rat), and d) treatment group [saffron (40 mg/kg/
day)+oxymetholone (50 mg/rat)]. The course of examination was 30 days.
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Results: After one month, the sham and saffron control groups had normal histological
findings. The treatment group with saffron showed a significant reduction in the hepatic and
renal degenerative changes induced by oxymetholone compared to those observed in group.

Conclusion: Based on the histopathological results, the use of saffron produced protective
effects against the degenerative changes in rats’ liver and kidneys induced by oxymetholone.
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This steroid promotes androgenic effects, such as vocal
changes and hair loss, and may cause hepatic damages,
i.e., cholestatic jaundice and tumors [1, 2]. Also, the
increase in Hemoglobin (Hb), Hematocrit (HCT), Glu-
tamic Oxaloacetic Transaminase (SGOT), and Glutamic
Pyruvic Transaminase (SGPT) in the serum of some ath-
letes who take oxymetholone have caused negative ef-

Introduction

xymetholone, a derivative of testoster-
one, is a 17-a-alkylated anabolic-an-
drogenic steroid [1]. For the anabolic
properties, like promotion of muscle
growth, it has been used in the treat-

ment of such conditions, as HIV-related muscle wast-
ing disorder, growth impairment in children, and dam-
aged myocardium in heart failure [2, 3]. Its abuse by
some athletes is prohibited because of the side effects.

fects on their bones and liver [4]. Oxymetholone reduc-
es antioxidant activity and catalase levels, and increases
free radicals, oxidative stress, and malondialdehyde in
the liver, indicating lipid damages [5].
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Many of the risk factors lead to liver injury, hepatocyte
death, fibrosis, cirrhosis, and eventually Hepatocellular
Carcinoma (HCC). Treatment of the liver damages at the
early stages will reduce the risk of HCC [6]. Infections,
toxins, certain diseases and medications not only lead to
liver damages but may also result in kidney dysfunction
and intrinsic renal injuries [7-9]. The early treatment of
acute kidney injuries is essential because of the limited
therapies available for the established cases [7-9]. Me-
dicinal plants may have the potential to prevent the side
effects of some harmful agents by supporting the im-
mune system. Plant-based medicines have been used to
treat certain diseases for many years, and have important
roles in therapeutic protocols [10-12].

Saffron (Crocus sativus) is a plant that is used as a spice
because of its taste and aroma, and is usually cultivated
in some countries, such as Iran, Spain, and Italy [13, 14].
It has numerous pharmacological effects, such as anti-
oxidant, antitumor, anti-inflammatory, hypolipidemic,
and anticonvulsant properties. It also increases HDL in
the serum and reduces the hepatic enzymes in fatty liver
disease [13, 15]. Also, saffron has protective effects on
the liver and kidneys because of its health-promoting
properties [7]. The objective of this study was to evalu-
ate the effects of saffron on reducing the hepatotoxicity
and renal injuries induced by oxymetholone.

Materials and Methods

Animals: A group of 24 male Wistar rats, weighing
200-250 g, were used in this study, all of them were
housed in cages and fed standard diet (pellets contain-
ing 15% protein supplied by Javaneh Co., Iran) and tap
water ad libitum. They were kept under a 12-hr light/
dark cycle at a controlled room temperature of 224+2°C.

Experimental design: This experimental trial was
conducted, using saffron in its conventional form avail-
able in the market. Dried saffron was dissolved in dis-
tilled water at a dose of 40 mg/kg and oxymetholone
was mixed in normal saline at 50 mg/rat. The animals re-
ceived these solutions by oral gavage once a day for one
month. The rats were randomly divided into four groups
of six rats each as follows: a) controls, b) saffron, c) oxy-
metholone and, d) treatment (oxymetholone+saffron).
Animals in the control and saffron groups received
normal saline and saffron (40 mg/kg/day) by gavage,
respectively. The rats in the third group received the
oxymetholone solution at 50 mg per rat. In the treatment
group, oxymetholone (50 mg/rat) and saffron (40 mg/
kg) were given in combination to each rat once per day.
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Sampling and histopathological preparation: Twen-
ty-four hours after the last treatment, the rats were sac-
rificed by injection of ketamine (5%/body weight) and
dissected to remove the liver and kidneys. The tissue
samples were fixed in 10% formalin at neutral pH for 48
hours, then dehydrated, using ethyl alcohol, and cleared
by xylene. Following this process, Spm thick sections
were made, embedded in paraffin, and stained with he-
matoxylin and eosin. These sections were subsequently
examined under light microscopy (Olympus CX31, Ja-
pan). The hepatic degenerative changes observed in the
slides were graded as normal (0), mild (+1), moderate
(+2), and severe (+3).

Statistical analyses: Statistical differences were ana-
lyzed among the groups by one-way Analysis of Vari-
ance (ANOVA). A P-value of <0.05 was considered as

being statistically significant.
Results

Liver histopathological Results: The results of the
statistical analyses for the grades of hepatic degenerative
changes showed significant differences between the oxy-
metholone and treatment groups (Table 1). The cellular
structures in the liver tissue samples from the control and
saffron groups were normal. The hepatocytes had light
eosinophilic cytoplasm, with spherical and vesicular nu-
clei in the center (Figure 1A). In the oxymetholone group,
severe degenerative changes (grade+3) were observed in
three samples, including cell swelling and cytoplasmic
vacuolation. The sinusoids were unclear because of the
swellings (Figure 1B). Also, there was moderate degen-
erative changes (grade+2) in two rats, and mild hepato-
cyte vacuolation (grade+1) in one rat (Figure 1C). In
the treatment group (oxymetholone+saffron), three rats
showed normal hepatocyte structures (grade zero) with
vesicular nuclei. In the remaining three rats, mild vacu-
olar degenerative changes (grade +1) were observed in
the hepatocytes’ cytoplasm (Figure 1D).

Kidneys histopathological Results: The tissue struc-
tures of the kidneys were normal in the control and
saffron groups. The proximal tubules had light eosin-
stained cytoplasm with the spherical and vesicular nuclei
in the center of the cells. The brush border of the cells
was clear in the tubules (Figure 2A). In oxymetholone
group, the renal tubules showed degenerative changes
and necrosis, including cell swelling and cytoplasmic
vacuolation in the epithelial cells. In the necrotic tubules,
deep eosin-stained cytoplasm, pyknotic nuclei and in
some samples, karyolysis were observed. The brush bor-
ders of the proximal tubules were destroyed. Multifocal
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accumulations of lymphocytes were observed in various
parts of the kidneys (Figures 2B & 2C). In the treatment
group (oxymetholone+saffron), degenerative changes
and cell necrosis were significantly lower than those
found in the oxymetholone group. Lymphocytic intersti-
tial nephritis was present, although not as pronounced in
some of the samples (Figure 2D).

Discussion

Anabolic-Androgenic Steroids (AAS), derivatives oftes-
tosterone, are synthetic hormones that have such effects
as promoting muscle growth and male secondary sex
characteristics. They are used through oral, intradermal,
and intramuscular formulations in bodybuilders and ther-
apeutically in some medical conditions. Some athletes
use AAS drugs for improving performance through in-
creasing bone mineral density and muscle growth, associ-
ated with the hypertrophy of types I and II muscle fibers.
This drug promotes muscle strength in the short-term fol-
lowing its administration [16, 17]. The therapeutic doses
of AAS are used to treat some medical conditions, such
as dysfunction of the reproductive system [16], and as
replacements for hormone therapy in hypogonadism and
aging. This drug is also used in the management of some
diseases that cause muscle wasting, such as those seen
in AIDS victims, cancer, intensive burns, chronic renal
failure, and pulmonary diseases [17].

The abuse of AAS can have numerous side effects,
such as immunologic dysfunction, hepatotoxicity, renal
failure, osteoporosis, breast cancer, anemia, cardiovas-
cular toxicity, unexpected cardiac death in chronic us-
ers, myocardial ischemia secondary to hematological
disorders, atherosclerosis, and vasospasms [16-19]. The
AAS abuse, as reported in a bodybuilder, has caused
cholestatic disease and acute kidney injury, secondary
to bile acid nephropathy [20]. This is a clear example
of hepato-renal syndrome manifested as combined liver
and kidney disorders [20]. Some researchers suggest
that AAS at high concentrations can cause direct renal
toxicity due to interstitial and glomerular damages [21].
Johnson et al. have reported Hepatocellular Carcinoma
(HCC) in four patients with aplastic anemia after long-
term therapy with AAS [22]. This condition can lead to
tumor growth subsequent to metastatic cancer originat-
ed from stem cells in other organs [23].

Examples of AAS formulation include mesterolone,
mestanolone, methenolone, clostebol, and oxymetho-
lone, each causing different pathological consequences.
Mesterolone, mestanolone, and methenolone can induce
excessive mineralocorticoid biosynthesis, resulting in
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hypertension and cardiovascular conditions. Clostebol
and oxymetholone may cause metabolic disorders, such
as adrenal hyperplasia via suppression of corticosteroid
production [17]. Further, oxymetholone may also have
therapeutic benefits by enhancing platelets’ function.
However, it can also have adverse effects, including
redox imbalance, impaired angiogenesis, and cardio-
myocyte apoptosis [19]. In addition, oxymetholone has
androgenic effects, manifesting as acne, hair loss, and
hirsutism [1]. It may induce metabolic disorders [17],
severe damages to the liver, and hepatoxicity [1, 5]. The
adverse effects depend on the dosage, frequency and
method of use [16] while the negative effects of AAS
abuse are manifested as abnormalities in lipid metabo-
lism, liver function, and hormone levels. These can return
to normalcy after one year of AAS discontinuation [24].
Selective Androgen Receptor Modulators (SARMs) act
as agonists in anabolic tissues like muscle and bone with
little or no activation of androgenic receptors in the pros-
tate, heart, and/or liver. The non-steroidal SARMs are
safer than AAS due to their reduced adverse androgenic
effects and are recognized as favorable choices for the
treatment of muscle-wasting diseases [17].

The current study evaluated the effects of saffron on
liver and kidneys degenerations, induced by oxymetho-
lone (50 mg/rat). Gross hepatomegaly occurred in the
rats that were treated with oxymetholone, suggesting
that this drug can cause hepatomegaly at high doses in
less than a year. The reason for hepatomegaly appears to
be hepatic centrilobular hypertrophy and proliferation of
smooth endoplasmic reticulum. This pathologic change
was also reported by Miyawaki et al. [25] in the hepa-
tomegaly induced by clobazam after a 4-week treatment
in male rats. These authors suggested that hepatomegaly
was mainly related to microsomal enzyme initiation, as-
sociated with the upregulation of some genes. Oxidative
stress is also believed to be an important factor for the
active cell proliferation and hepatomegaly observed in
such cases [25]. No considerable gross changes were
observed in the kidneys of the rats in the oxymetholone
group. The histopathologic results from the oxymetho-
lone group showed vacuolar degenerations and necrosis
in the liver and kidneys. Also, interstitial nephritis was
observed in the kidneys.

The current study did not detect hepatocellular carcino-
ma or adenoma in the oxymetholone group. A likely rea-
son may be that our study was completed in a relatively
short duration. Also, we did not observe any hepatic
inflammation and bile accumulation with oxymetho-
lone at a high dose given in one month. This implies a
higher safety margin for oxymetholone than for other

Kheirandish R, et al. Saffron Effect on Oxymetholone Injury. Iran J Toxicol. 2021; 15(4):233-240.



http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

October 2021, Volume 15, Number 4

—

|

(@ Iranian Journal of Toxicology
W) ARAK UNIVERSITY OF MEDICAL SCIENCES

Table 1. MeanzSE for the grades of hepatic degenerative changes.

Groups Grades (Mean1SE)
Oxymetholone only 2.33£0.32°
Treatment (Oxymetholone+Saffron) 0.50+0.21°

Superscript alphabets (a, b) in the right column indicate significant difference between the groups (P<0.05).

The cellular structures in the liver tissue samples from the control and saffron groups were normal.

strong anabolic-androgenic steroids. Administration of
AAS may increase the risk of injury in some organs by
inducing oxidative stress [26] due to the mitochondrial
degeneration in hepatocytes in response to the increased
levels of Reactive Oxygen Species (ROS) in the tissues.
This occurs due to the activation of androgen receptors,
and increased carnitine palmitoyltransferase-1 activity,
which is a rate-limiting enzyme in the mitochondrial
processing of fatty acid B-oxidation. This process also
leads to oxidative stress in hepatic cells as one of the side
effects of AAS. This explains why some antioxidants
can protect the liver against the hepatotoxicity induced
by anabolic-androgenic steroids [27]. Therefore, it ne-
cessitates the use of antioxidants, such as vitamin E to
prevent the oxidative damages, such as nephrotoxicity

Figure 1. The cellular structures in the liver tissue

in different tissues [28]. In a study conducted by Pagonis
et al. [29], it was shown that using B complex vitamins
combined with polyunsaturated phospholipids produced
hepatoprotective effects against AAS-induced tissue de-
generation [29]. That is because of the antioxidant ac-
tivities of vitamin B group against the oxidative stress
caused by AAS abuse.

Saffron is used for its pleasant aroma and as an anti-
oxidant with useful properties, such as sedative, hypo-
tensive, immunomodulating, and stimulating effects on
respiration [7, 14]. Saffron induces anti-cancer activity
and regulates the liver enzymes’ level [30]. It can be used
to treat digestive disorders due to its properties including
antioxidant, free radicals scavenging, anti-inflammatory,

A: In control group shows normal structure; B) and C: In oxymetholone group with severe (grade: +3) and moderate (grade: +2) cell
swelling and vacuolation; D: In saffron treated group shows mild degenerative changes (grade: +1) (HE staining).

Kheirandish R, et al. Saffron Effect on Oxymetholone Injury. Iran J Toxicol. 2021; 15(4):233-240.
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Figure 2. The cellular structures in the kidney tissue

October 2021, Volume 15, Number 4

A: Normal structure of kidney in the control group; B and C: The oxymetholone group shows severe necrotic changes (thin arrows) and
interstitial nephritis (thick arrows); D: The saffron treated group shows reduction of vacuolar degenerative (arrows) changes and necrosis.

and preventing lipid peroxidation. It may offer therapeu-
tic effects in hepatotoxicity, fatty liver, stomach cancer,
peptic ulcer, colon cancer, ulcerative colitis, diabetes,
and pancreatic cancer [31]. In a previous study, it was
suggested that the ethanolic extract of saffron at 40 mg/
kg/day may impart hepatoprotective effects on the liver
in diabetic rats. These protective properties were attrib-
uted to the antioxidant effects of saffron, based on such
biochemical parameters as malondialdehyde, superoxide
dismutase, and catalase levels, as indications of free radi-
cals scavenging and anti-oxidative activities [32].

The biological effects of saffron are believed to be due
to its active constituents, including crocetin, picrocro-
cin, and safranal, which are responsible for its pleasant
aroma. Crocin, an ester of crocetin, is a water-soluble
carotenoid that constitutes a major part of saffron. Many
carotenoid and flavonoid compounds have been isolated
from saffron are also found in the saffron plant [14].
Carotenoids can prevent toxicity and cancer, with such
mechanisms as antioxidant activity, enhancement of cell
differentiation, and immune system modulation [10].

Hariri et al. evaluated the mitigating influence of saf-
ranal in preventing the negative effects of diazinon, a
neurotoxic organophosphate compound, on the levels
of specific biomarkers and enzymes [33]. For its assess-
ment, safranal (0.025, 0.05, and 0.1 ml/kg), crocin (50,
100, and 200 mg/kg), and vitamin E (200 IU/kg) were
injected intraperitoneally in groups of rats, either alone
or combined with diazinon three times a week for one
month. It was demonstrated that safranal and crocin re-
sulted in protective effects and prevented the increase in
some enzymes and biochemical markers. Also, it was
suggested that crocin had better effects than that of saf-
ranal [33]. The hepatoprotective effects of crocetin, as a
major Chinese herbal medicine, against oxidative dam-
ages in rats have been demonstrated earlier [34]. Croce-
tin has antioxidant properties by increasing the oxygen
transport in plasma, tissues, and cells [35]. Therefore,
saffron can protect against oxidative damages due to its
major constituent, crocetin.

Conclusions

The current study demonstrated that a one-month treat-
ment with saffron at a dose of 40 mg/kg/day resulted in a
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significant reduction in the hepatic and renal degenerative
changes caused by oxymetholone. The antioxidant prop-
erties of saffron can reduce degenerative changes, based
on the potential mechanism of scavenging free radicals
in the liver and kidneys. To the best of our knowledge,
the traditional use of saffron can be useful and protective
against oxidative damages caused in the liver and kid-
neys by certain toxic agents, such as oxymetholone.
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