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ABSTRACT

Objective: By inhibiting the synthesis of thymidine and purine, and thereby DNA synthesis, Methotrexate (MTX), suppresses
the proliferation of cancer cells. It is thought that the side-effect mechanism is related to oxidant molecules derived from MTX
metabolism. In this study, we examined whether the Petroselinum crispum extracts (PCr; parsley) of which the antioxidant
properties have been previously shown, was protective against MTX induced liver damage.

Materials and Methods: Sprague Dawley rats (female/male; 200-250 g) were used. MTX was injected intraperitoneally
and PCr extract was given orally. A single dose of 20mg/kg MTX was administered to the groups that were to experience
hepatotoxicity. Then, a physiological saline (MTX group) or PCr (2 g/kg, MTX + PCr group) treatment was applied for 5 days.
The same treatments were applied to the other groups (control group, PCr group) for 5 days after a single dose saline
injection. At the end of the study, the biochemical parameters were examined in the blood and liver tissues taken from
animals sacrificed by decapitation.

Results: MTX caused a significant increase in malondialdehyde and collagen levels and myeloperoxidase and caspase-3
activities, while glutathione levels were found to have decreased. PCr treatment showed protective efficacy by preventing
these increases.

Conclusion: It appears that the administration of PCr to MTX treated rats prevented the accumulation of lipid peroxides,
inflamatory reactions and depletion of antioxidant glutathione, and thus protected liver tissues against oxidative stress.
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INTRODUCTION

Methotrexate (MTX), a folic acid antagonist, has been
used in the chemotherapy of malignant tumors for
many years (1). It is also used in treatment of autoim-
mune diseases and for immunosuppressive therapy (2).

Once MTX enters the cell, it is polyglutamated and
binds to dihydrofolate reductase (DHFR) with high af-

finity, thus it inhibits the conversion of dihydrofolate to
tetrahydrofolate. With this mechanism, the biosynthe-
sis of thymidine and purines, which might be important
for DNA synthesis, are blocked. Blocking tetrahydrofo-
late synthesis by methotrexate stops cell division and
protein synthesis. It is known that the cytotoxic effect
of MTX on the ‘S phase’ of the cell cycle is a factor that
inhibits cell division (3). Moreover, this cytotoxic effect
is not limited to only tumor cells; MTX is known to affect
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vital organs through endogenous oxidant systems and inflam-
matory pathways (4).

Unfortunately, most of the drugs approved for cancer treat-
ment cause acute toxic effects in organs. The aforementioned
toxic effects are more common in organs containing self-re-
newing cells such as bone marrow, the stomach and intes-
tines, mucous membranes and hair follicles (5). In addition, it
is known that oxidative products formed during the metabo-
lism of agents used in cancer treatment are harmful to various
organ systems such as the liver, heart, kidneys, lungs. Due to
these adverse effects, dose restrictions are needed, but this
limits the treatment (6). Similarly, in the liver, MTX is oxidized
and converted to 7-hydoxymethotrexate, its major extracellu-
lar metabolite (7).

Oxidative stress develops due to the disturbed balance be-
tween oxidants and antioxidants, against or in favor of antiox-
idants. Free radicals are by-products formed during enzymatic
events in cells and are cleared by antioxidant systems. However,
when this formation exceeds the antioxidant capacity of the or-
ganism, oxidant substances damage the organs. Therefore, the
use of antioxidants to prevent oxidant damage seems promis-
ing in treatment (8).

Petroselinum crispum (Parsley), a natural source of vitamins and
minerals, is a green plant with important medicinal properties
such as being antioxidant, anti-apoptotic, anti-inflammatory,
anti-diabetic, as well as having nutritional properties (9). It con-
tains antioxidant substances such as flavonoids (apigenin, lute-
olin), carotenoids and ascorbic acid (10). When the therapeutic
potential of natural products is evaluated, there are many stud-
ies showing that they can be effective in different stress condi-
tions such as oxidation, inflammation and liver disease. Multi-
ple active ingredients extracted from different herbs and plants
have potential in the treatment of hepatotoxicity with their po-
tential antioxidant and anti-inflammatory properties (11). In our
study, which we designed based on these data, we investigated
whether aqueous PC extract was protective against MTX-in-
duced liver damage with biochemical analyses.

MATERIALS AND METHODS

Preparation of Plant Extracts

Parsley (Petroselinum crispum, PC) leaves were collected from
Istanbul, Turkey. Five grams of plant leaves were extracted with
50 mL distilled water for 30 min by boiling. Aqueous Parsley ex-
tract was then lyophilized and the obtained powdered extract
was stored at -20°C (12). The extract yield was 31.50% w/w.

Animals and Experimental Design

Both sexes of Sprague Dawley rats (200-250 g) were divid-
ed into four groups containing 8 rats in each. The rats were
housed in standard laboratory conditions: 22+2°C, 60-63%
humidity and 12 hours light-12 hours dark period, and were
given water and feed ad libitum. All procedures for animals
were approved by Marmara University Animal Experiments
Local Ethics Commission (Protocol number: 26.2019.mar). The

study was carried out at the Marmara University Experimental
Animals Application and Research Center (DEHAMER, Istan-
bul-Turkey).

Methotrexate was injected intraperitoneally (20 mg/kg) and PCr
extract (2 g/kg) was given orally. In the study, which consisted
of four groups, the animals were divided into two groups (saline
and PCr treatment groups) after a single dose of MTX adminis-
tration, and a similarly saline and PCr treatment group after a
single dose of saline administration. Saline (MTX group) or PCr
(MTX+PCr group) was administered for 5 days. Alanine trans-
aminase (ALT) and aspartate transaminase (AST), lactate de-
hydrogenase (LDH) and proinflammatory cytokines were mea-
sured in the plasma while in the liver tissues malondialdehyde
(MDA), glutathione (GSH), and collagen levels, and myeloperox-
idase (MPO) and Caspase-3 activities were analyzed. Statistical
analyses were completed with GraphPad Prism 8.0 (GraphPad
Software, San Diego; CA; USA).

Biochemical Analyses in Plasma and Liver Tissues

Plasma AST, ALT and LDH levels were determined using the
spectrophotometric method with an automatic analyzer.
Plasma levels of tumor necrosis factor-a (TNF-a) and interleu-
kin-18 (IL-1B) were determined with purchased enzyme-linked
immunosorbent assay (ELISA) kits specific for these proteins,
according to the manufacturer’s instructions (Biosource Int.,
Nivelles, Belgium).

To determine MDA and glutathione levels, the tissues were kept
ready by homogenizing them in ice-cold 150 mM KCl (13). GSH
determination was performed using a standard spectropho-
tometric method coupled with the use of Ellman reagent. The
results were evaluated in mmol MDA/g tissue and mmol GSH/g
tissue units (14).

The MPO activity in tissue was determined following the pro-
cedure according to Hillegas et al. (15). Tissues homogenized
in potassium phosphate buffer (PB, 50mM pH 6.0) were centri-
fuged (41,400 g) for 10 min to obtain pellets. The pellets were
suspended in 50 mM PB with 0.5% hexadecyltrimethylammo-
nium bromide (HETAB). 2.3 ml volume of 50 mM PB was add-
ed from aliquots to the mixture containing o-dianisidine and
20 mM H,0, solution. The MPO activity was expressed as U/g
tissue.

The liver tissues were homogenized with 0.9% NaCl and cen-
trifuged at 1500xg 4°C for 10 min. Caspase-3 activities in the
collected supenatants were measured using the commer-
cial kit following the manufacturer’s procedure (Abbkine Rat
Caspase-3 ELISA Kit, Cat. number: KTE100992, China).

Determination of collagen is important as a free radical-derived
fibrous marker. The tissues were fixed in 10% formalin with
paraffin in 0.1M phosphate buffer (pH; 7.2), then 15 mm thick
sections were obtained. This method is an assay based on the
selective binding of Sirius Red and Fast Green FCF to collagen
and non-collagen components, respectively, when sections are
stained with both dyes dissolved in aqueous saturated picric
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acid. To determine the amount of collagen and protein, absor-
bances at 540 and 605 nm were read (16).

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 8.0

(GraphPad Software, San Diego, CA, 230 USA). All data are ex-
pressed as the meanzstandard error mean (SEM). The results
of the all datas were analyzed using one-way ANOVA followed
by Tukey’s post hoc test. Statistical significance was accepted
as p<0.05.

Table 1. Plasma aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), TNF-a, and

IL-18 Levels in the control (C), PCr, MTX and MTX+PCr groups.

C PCr MTX MTX + PCr
AST (U/L) 63.5+4.1 53.5+4.5 158.2+8.4 *** 94.2+12.6"+*
ALT (U/L) 44.4+2.8 43.0+3.5 92.0+5.9 *** 53.0 £7.5*
LDH (U/L) 362+22.3 331£24.2 715£97.6 ** 386 £68.3 **
TNF-a (pg/mL) 2.7+0.3 2.6+0.5 7.3£0.6 *** 3.7+0.5
IL-18 (pg/mL) 5804 5.7+0.8 14.3£0.9 *** 9.5+0.9 * **

*p<0.05, **p< 0.01, ***p< 0.001: compared with control group. *p<0.01, **p<0.001: compared with MTX group. C: Control, PCr: Petroselinum crispum, MTX: Metotreksat.
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Figure 1. @) Malondialdehyde (MDA) and b) glutathione (GSH)
levels the liver tissues of groups. ***p<0.001: vs control group.
++p<0.001: vs saline-treated MTX group. C: Control, PCr:
Petroselinum crispum, MTX: Metotreksat.

RESULTS

MTX-induced liver damage was evaluated by detecting ALT and
AST levels, which are markers of liver function damage in the
blood samples. When the results were examined, the level of
these proteins increased with MTX application in the plasma
samples. In addition to these, the level of tissue damage mark-
er LDH and proinflammatory cytokines (TNF-a, and IL-1f) had
also increased compared to the control group. PCr treatment
significantly reduced these increased values compared to the
MTX group (p<0.01-0.001, Table 1).

While MTX application increased the MDA level in the tissue
compared to the control, the GSH level decreased significantly.
PCr treatment returned these results induced by MTX injection
to control group levels (p<0.001; Figure 1).

The level of MPO, which is evidence of neutrophil infiltration,
increased significantly (p<0.001) after MTX injection com-
pared to the control group. The level of MPO, which is evi-
dence of neutrophil infiltration, was significantly increased
after MTX injection compared to the control group. On the
other hand, the liver MPO level had significantly decreased in
the MTX+PCr group compared to the MTX group. This was a
consistent result in accordance with the antioxidant and an-
ti-inflammatory properties of PCr (p<0.001, Figure 2a).

Similarly, the caspase-3 activity, as an apoptotic marker, was
found to have significantly increased (p<0.001) due to MTX ad-
ministration. However, treatment with PCr of the rats given MTX,
significantly prevented (p<0.01) the increase in caspase-3 activi-
ty, and the levels were close to the control group (Figure 2b).

Methotrexate administration caused a significant increase
(p<0.001) in hepatic tissue collagen levels. However, when PCr
was given following MTX, the collagen levels reduced signifi-
cantly (p<0.05, Figure 3).
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Figure 2. a) Myeloperoxidase (MPO) and b) caspase-3 activities
in the liver tissues of groups. *** p<0.001, ** p<0.01: vs control
group. +++p<0.001, ++p<0.01: vs saline-treated MTX group. C:
Control, PCr: Petroselinum crispum, MTX: Metotreksat.
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Figure 3. Collagen levels in the liver tissues of groups.
***p<0.001: vs control group. *p<0.05; vs saline-treated MTX

group. C: Control, PCr: Petroselinum crispum, MTX: Metotreksat.

DISCUSSION

With its folate antagonist effect, MTX is a drug that is prefer-
ably used clinically in the treatment of leukemia and various
other solid tumors (17). Based on our results, the increase in
MDA level with MTX application and the increase in caspase-3
activity, which is a marker defining the apoptotic process, indi-
cate a hepatotoxic state accompanied by oxidative damage. It
was observed that the level of GSH, an important antioxidant,
decreased in parallel with the increased oxidative stress. In ad-
dition, the MTX caused a significant inflammation process with
an increase in proinflammatory cytokines accompanied by an
increase in MPO in the tissue. The known antioxidant and an-
ti-inflammatory activity of parsley has been a therapeutic fac-
tor in the treatment of many diseases. We designed our study
based on the potential effectiveness of hepatotoxicity through
the same properties. In addition, this oxidant and inflammation
increase decreased with PCr treatment in the hepatotoxicity
group treated with MTX.

The factors responsible for MTX toxicity are the age of the pa-
tient, other diseases present in the patient, predisposing factors
to toxicity, as well as MTX metabolites. 7-hydoxymethotrexate
is the major oxidant metabolite of MTX, which is formed as a
result of oxidase-mediated (aldehyde oxidase) biotransforma-
tion reactions in the liver (18). In the long-term administration
of MTX, another mechanism responsible for hepatic toxicity
is its other metabolites which are accumulated as polygluta-
mates (19). MTX inhibits nicotinamide adenosine diphosphate
[NAD(P)]-dependent dehydrogenases and the NADP malic en-
zyme, which control the production of NADPH (20). By provid-
ing a reduced glutathione level, NADPH has played a mediating
role in a kind of antioxidant defense mechanism of the cell (21).
This mechanism induced by MTX causes a decreased GSH level,
leaving cells vulnerable to oxidant stress (22). Since this situa-
tion mediates hepatic toxicity and the pathogenesis of organ
failure in clinical situations that require treatment with MTX, it
is an essential to prevent this effect. Recent studies in the liter-
ature have shown that plants and major compounds obtained
from plants are protective against this effect, which limits the
use of MTX, thanks to their antioxidant effects. It was concluded
that treatment with Ginkgo biloba extract treats MTX-induced
hepatic injury by reducing the level of proinflammatory cyto-
kines (23). A study by Famurewa et al. (24) examined the effect
of Hibiscus sabdariffa extract on hepatic damage caused by
MTX injection. The results obtained were interpreted as oxidant
damage in the tissue was treated with the antioxidant proper-
ties of Hibiscus sabdariffa extract (24).

Petroselinum crispum (parsley), besides its use as a spice, is one
of the most beneficial herbs for health due to its vitamins and
mineral contents. In addition to its antidiabetic, antihyperten-
sive, cholesterol-lowering, diuretic effects, various mixtures are
prepared and used in knee and lower back pain (12). Parsley
(Petroselinum crispum), which belongs to the Umbellifera plant
family, is a widely grown annual herb. Today, herbs are being
researched with increasing interest and speed, and those that
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have been shown to have benefits are considered as alternative
agents as new, safe and effective therapeutics (25). Petroselinum
crispum, a culinary herb originating from the Mediterranean re-
gion, has become a common herb worldwide in modern times
and has been studied in many experimental models examining
its antioxidant properties (26). Yanardag et al. demonstrated the
hypoglycemic effects of PCr extract in streptozotocin-induced
diabetic rats (12). Furthermore, Sener et al. showed that PCr
extract, besides reducing glucose level, also prevented diabe-
tes-induced oxidant damage in the heart and tissue of diabetic
rats through its antioxidant properties (27). Indeed, decreased
GSH levels with increasing damage in heart and aorta tissues
show that this diabetic damage is related to oxygen radicals. On
the other hand, GSH levels were preserved in diabetic animals
treated with PCr through with its antioxidant properties (28).
Similarly, in this study, it is thought that MTX has a protective
effect against liver tissue damage with its antioxidant effect.
Similarly, in our study, it is thought that the decreased GSH lev-
els in liver tissue damage caused by MTX are restored with the
antioxidant effect of PCr and the tissue is protected.

Free radicals trigger inflammatory reactions, further increasing
tissue damage. Thus, it causes an increase in pro-inflammatory
cytokines and migration of neutrophils to the tissues (29). Neu-
trophils have an important role in host defense and innate im-
mune response against harmfull agents (30). However, along
with these beneficial effects, in cases of hyperactivity, neu-
trophils when infiltrating to the tissue, release MPO enzyme,
which has an oxygen radical-dependent microbicidal activity,
also causes inflammation or tissue damage (31). In accordance
with the previous findings, MTX administration caused an in-
crease in the proinflammatory cytokines, TNF-a and IL-1$ in
blood, and the activity of MPO enzyme in liver tissue (32). PCr
extract given to MTX group prevented oxidant damage, and
prevented inflammatory reactions Alleviation of tissue dam-
age by PCr extract treatment and decreased AST, ALT and LDH
levels increased by MTX suggest that liver functions are also
preserved.

As is well known, ROS-mediated DNA damage results in apopto-
sis (33). In fact, apoptosis, defined as programmed cell death, is
induced by MTX activating the mitochondrial extrinsic apoptotic
pathway (34). Studies have shown that MTX-mediated apoptosis
occurs by the amplified expression of proapoptotic genes such
as TNF-q, caspase-3 and COX-2 (35). As a result we found that PCr
extract has an anti-inflammatory activity and that MTX-induced
caspase-3 and TNF-alpha increase could be prevented by treat-
ment. One of the liver fibrosis parameters is the amount of tissue
collagen present (36). It has already been proven by various re-
searchers that MTX tends to increase the level of tissue collagen
(37). In our own results, the increase of tissue collagen level by
MTX induction is supported by the results obtained. However,
treatment with PCr was effective in preventing hepatotoxicity
in MTX-induced fibrosis by significantly reducing the level of
collagen, which explains the additional antifibrotic mechanism
involved in hepatoprotection of PCr.

CONCLUSION

In conclusion, it can be said that PCr treatment has a protective
effect against MTX-induced hepatotoxicity by eliminating lipid
peroxide accumulation and restoring GSH levels through its an-
tioxidant property. PCr treatment also inhibited inflammatory
reactions. According to these results, PCr treatment is thought
to be a potential protective factor against organ damage which
is encountered in chemotherapy with MTX. Broader research
with the major compounds of the plant mediating this activity
should be considered.
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