DOI: https://doi.org/10.53350/pjmhs2023173235

ORIGINAL ARTICLE

Hepatotoxic Effect of Methotrexate on Serum Hepatic Enzymes with
Amendment by Sulforaphane in Albino Rats

KANEEZ FATIMA?, SADIA SUNDUS?, ERUM KHAN?, ASMA AIJAZ*, ABDUL SAMAD KHANS®, BISMA SAMAD KHAN®

!Assistant Professor, Department of Anatomy, Bolan Medical College, Quetta

2Associate Professor, Department of Anatomy, Bhawalpur Medical College, Bhawalpur
3Assistant Professor, Department of Community Medicine, Karachi Medical & Dental College

4Assistant Professor, Department of Anatomy, Karachi Medical & Dental College

5Senior Lecturer, Department of Physiology, DUHS
5PG Student, JSMU

Correspondence to: Dr. Sadia Sundus, Email: usadsun_dr@yahoo.com, Cell: +92 300 2850489

ABSTRACT

Objective: To evaluate the variations in serum levels of hepatic enzymes in methotrexate damaged hepatic tissue with

improvement by sulforaphane.
Design of research study: Experimental research study.

Duration of research study: this research study was piloted in BMSI, JPMC & total period was one week & three days.

Materials and Methods: For research work 40 adult albino rats of 0.2-0.3kg were selected. Time period for final study was 1
week and 3 days because animals started dying after 10 days due to hepatotoxic effect of methotrexate. Animals were
separated into 4 groups, Al was control, B1 animals were Injected Methotrexate intraperitoneally. C1 animals were Injected
Methotrexate intraperitoneally along with sulforaphane by N/G. D1 animals was given sulforaphane by N/G. At the end of study,
animals were sacrificed & blood was taken by direct cardiac puncture and send for lab investigation.

Results: B1 animals presented with significant increase in serum levels of hepatic enzymes while C1 animals had slightly raised
serum levels of hepatic enzymes.

Practical Implication: These findings contribute further support to the hypothesis that variations in serum levels of hepatic
enzymes in methotrexate damaged hepatic tissue are improved by sulforaphane administration.

Conclusion: Research accomplishes that sulforaphane altered the unfavorable effects of methotrexate. Group B1 had
substantial raise in serum levels of hepatic enzymes whereas Group C1 serum had substantial decrease in serum levels of
hepatic enzymes So our recommendation is that sulforaphane should be use with methotrexate to reduce its side effects.
Keywords: Aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), lactate
dehydrogenase (LDH), reactive oxygen species (ROS), methotrexate(MTX), glutathione (GSH), NADPH (nicotinamideadenine

dinucleotide phosphate).

INTRODUCTION
Liver is the most important vital organ; detoxify chemicals, drugs
and environmental pollutants injurious for hepatic tissue. A folic
acid antagonist Methotrexate (MTX) is used as an anticancerous
agent & for the management of rheumatoid arthritis, ectopic
conception, psoriasis, autoimmune ailments and inflammatory
conditions because it is a steroid-sparing immunosuppressant. - 2
Methotrexate causes oxidative stress-mediated injury by reducing
folate species and alterations in various biochemical pathways by
propagating reactive oxygen species (ROS) production and
decrease in intracellular levels of NADPH, which causes reduction
of glutathione (GSH) a significant cytosolic antioxidant agent.>*
Methotrexate exerts harmful effect on the mitochondria and
endoplasmic reticulum thus causes raised reactive oxygen species
levels (ROS) which damages cellular macromolecules, trigger lipid
peroxidation and apoptosis.® It considerably raised the serum
levels of AST, ALT, ALP and LDH, while reduces SOD activity.® It
also causes liver steatosis, fibrosis and cirrhosis by producing
superoxide anion, hydrogen peroxide and hydroxyl radicals.”® It
suppresses immunity thus causes low white blood cell count
which leads to acute pneumonitis.®* It also causes lung injury,
renal injury, GIT disorders, alveolar fibrosis and mediator of
autophagic cell death by activating Hematopoietic stem cells and
pro-fibrogenic effects on liver tissue by converting Hematopoietic
stem cells into myofibroblasts,! thus increasing inflammation and
hepatic fibrosis and cirrhosis.?>*® Due to alteration of antioxidant
defenses lipid peroxidation initiated and inflammatory mediators
like tumor necrosis factor-a (TNF-a) & nitric oxide synthase
released which are key factors in hepatic tissue homeostasis.*
Sulforaphane is derivative of myrosinase by hydrolysis of
glucoraphanin & commonly used as isothiocyanate organosulfur
compound & phytochemical element of cruciferous vegetables,
exhibiting multiple biological properties like it act as antipsoriasis,
chemopreventive, antioxidant, antimicrobial, anticarcinogenic,
antidiabetic agent.>!¢ It inhibits cell viability and induced DNA
strand disruptions as well as activates nuclear factor &

intracellular glutathione (GSH) levels thus reduces free radicals
production & oxidative stress.'”® It is highly chemopreventive
against colorectal carcinoma, urinary bladder carcinoma, prostate
carcinoma, breast carcinoma, thyroid carcinoma.’®? Aging is a
natural phenomenon occurs due to deterioration of cellular
functions but Sulforaphane reduces lipotoxicity, glucotoxicity &
hepatic fibrous through its antioxidant effects,?* improves oxidative
stress & helpful in attenuating metabolic disorders & shifts the
balance of cancer-causing agent breakdown to deactivation. 2> 2 It
is also beneficial for reducing obesity, diabetes, apoptosis,
inflammation and reactive oxygen species production.?42526

Its hepatoprotective action has been well-documented,
although the precise mechanism through which this occurs is
still unclear. We are unaware of any studies evaluating
sulforaphane's potential protective effects against MTX-
induced hepatotoxicity. The current study aimed to better
understand the effects of sulforaphane on the serum levels
of hepatic enzymes and their variability in response to
methotrexate-induced hepatotoxicity.

MATERIAL & METHOD

This research study was conducted in BMSI anatomy department,
JPMC. 0.3-0.4 years old 40 adult rats of 0.2-0.3 kg were used in
this research work, obtained from USA Lab and cross bred in
animal house of JPMC. Initially the time period was 20 days but in
pilot study animals expired after 1week & 3days, thus the time was
reduced to 1week & 3days. Animals were retained in cages in an
airy area. Animals were separated into 4 groups & observed for 7
days for any health issues. Afterwards animals were treated with
inj.Methotrexate (injection unitrexate manufactured by Korea
united pharm)®and cap. Sulforaphane (Green Food (Dietary
supplement) capsule made by Swanson health product (USA).?®
Al was control, Bl animals were Injected Methotrexate
intraperitoneally. C1 animals were Injected Methotrexate 59/1000g
intraperitoneally along with sulforaphane by N/G. D1 animals was
given sulforaphane500pg/1000g by N/G.
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Al: was control group on normal diet.

B1: Was Injected Methotrexate intraperitoneally.

C1l: Was Injected Methotrexate intraperitoneally along with
sulforaphane by N/G tube.

D1: were given only sulforaphane by N/G tube.

At the end of study, animals were sacrificed & 10ml blood was
taken by direct cardiac puncture and send for lab investigation of
enzymes (serum alanine amino transferase ALT and serum
alkaline phosphatase ALP) to relate it with the cellular injury in
hepatic tissue.

RESULTS

The serum analysis of liver enzymes, alanine aminotransferases
(ALT) and alkaline phosphatase (ALP) was done for assessment of
hepatic injury.

Observation on serum level of Alanine Aminotransfererase
(ALT) (I.UIL)

Control Group-Al: The mean value of serum ALT level of control
groups-Al was 31.60+0.5 (Table-1).

Methotrexate treated Group-B1: The mean value of serum ALT
level in group-B1 was 38.20+0.8. The data showed that there was
highly significant increase (P<0.001) in serum ALT level of group-
B1 in comparison to control group-Al (Table-1).

Sulforaphane protected Group-Cl: The mean value of serum
ALT level of group-C1l was 34.00+0.70. A significant increase
(P<0.05) in serum ALT level of group-Cl1 was observed in
comparison to control group-Al. The data also showed moderately
significant decrease (P<0.005) in serum ALT level of group C1 as
compared with group-B1 animals (Table-1).

Observation on serum level of Alkaline Phosphatase (ALP)
(LU/IL)

Control Group-Al: The mean value of serum ALP level in control
groups-Al was 144.58+0.65 (Table-2).

Methotrexate treated Group-B1: The mean value of serum ALP
level in group-B1 was 300.40+0.54. The data showed highly
significant increase (P<0.001) in serum ALP level of group-B1 in
comparison to control group-Al (Table-2).

Sulforaphane protected Group-Cl: The mean value of serum
ALP in groups-Cl was 147.00+0.70. A moderately significant
increase (P<0.005) was observed in mean serum ALP level of
group-C1 as compared to control group-Al whereas a highly
significant decrease (<0.001) was noticed in group C1 when
compared group-B1 (Table-2).

Table-1 (a): Mean serum level of alanine aminotransferase (i.u/l) in different
roups of albino rats

Mean serum level of ALP
400
300
200
100
0
Mean Serum level of ALP
mAl 144.58
H Bl 300.4
C1 147

Groups Treatment given Serum level of ALT
Al

(n=10) ND 31.60+0.5

B1

(n=10) Inj. Methotrexate 38.20+0.8

C1 Inj. Methotrexate +

(n=10) Oral. Sulforaphane 34.00£0.7

Table -1 (b): Statistical analysis of the difference in mean serum level of
Alanine Aminotransferase in_different groups of albino rats

Statistical Comparison P-value
Bl vs. Al P<0.001****
Cl vs. Al P<0.05**
Cl vs. Bl P<0.005***

Table-2 (a): mean serum level of alkaline phosphatase (i.u/l) in different
roups of albino rats

Groups Treatment given Serum level of ALP

Al

(n=10) ND 144.58+0.65

B1

(n=10) Inj. Methotrexate 300.40+0.54

c1 Inj-Methotrexate

(n=10) + 147.00+0.70
Oral.Sulforaphane

Key: Non-significant* significant**, Moderately-significant***,  Highly-
significant**** ND: Normal Diet

Figure: mean serum level of alkaline phosphatase (i.u/l) in different groups
of albino rats

Table 2 (b): Statistical analysis of the difference in mean serum level of
Alkaline Phosphates in different groups of albino rats

Statistical comparison P-value

Bl vs. Al P< 0.001****
Cl vs. Al P < 0.005***
Cl vs. B1 P< 0.001****

Key: Non-Significant *, Significant**, Moderately-significant***, Highly-
significant**** ND: Normal Diet

DISCUSSION
Methotrexate is a folic acid antagonist used as an anticancerous
agent & for the management of rheumatoid arthritis, ectopic
conception, psoriasis, autoimmune ailments and inflammatory
conditions because it is a steroid-sparing immunosuppressant. 12 It
exerts harmful effect on the mitochondria and endoplasmic
reticulum thus causes raised reactive oxygen species levels (ROS)
which damages cellular macromolecules, trigger lipid peroxidation
and apoptosis.®It considerably raised the serum levels of AST,
ALT, ALP and LDH, while reduces SOD activity.®

Sulforaphane is derivative of myrosinase by hydrolysis of
glucoraphanin & commonly used as isothiocyanate organosulfur
compound & phytochemical element of cruciferous vegetables,
exhibiting multiple biological properties like it act as antipsoriasis,
chemopreventive, antioxidant, antimicrobial, anticarcinogenic,
antidiabetic agent.’>!€ It inhibits cell viability and induced DNA
strand disruptions as well as activates nuclear factor &
intracellular glutathione (GSH) levels thus reduces free radicals
production & oxidative stress.'”18

Bl rats had elevated serum levels of hepatic enzymes
which showed hepatotoxicity because of oxidative stress-mediated
cellular injury by depleting folate species thus enhances purine
breakdown as explain by.?3

While group-C1 animals showed reduced serum levels of
hepatic enzymes as compare to animals of group-Bl. Because
Sulforaphane act as chemopreventive, antioxidant, antimicrobial,
anticarcinogenic, antidiabetic agent as explain by.>1¢ It inhibits
cell viability and induced DNA strand disruptions as well as
activates nuclear factor & intracellular glutathione (GSH) levels
thus reduces free radicals production & oxidative stress as explain
by.17,18

According to the present investigation, MTX triggered
elevated levels of ALT & ALP activities. These findings corroborate
the findings of Tunali-Akbay et al., who showed that MTX
treatment in rats caused a toxic impact on liver function, as
evidenced by a significant increase in serum activity of ALT and
ALP. 29 Hepatocyte cytosolic enzyme ALT has been linked to cell
death due to its association with an increase in serum activity. The
alanine aminotransferase (ALT) is one of the most reliable markers
of liver necrosis. 29 There are numerous accounts of how MTX
caused hepatotoxicity. Certain amino and nucleic acid synthesis is
inhibited because MTX may attach to the enzymes hydrofolic
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reductase, as shown by Jahovic et al.30 and Al-motabagani et
al.31. This might lead to destruction of mitochondria and cell
membrane of hepatic endothelium disrupting with their activity and
permitting leakage of enzymes. Methotrexate has been linked to
tissue damage, and it has been hypothesized that this is because
of the increase in MDA contentand myeloperoxidase (MPO)
levels that MTX causes. MDA and MPO are known to be key
causes of degradation and damage to cell membranes.

The current study has notable limitations, including the
relatively short length of Sulforaphane administration, which may
have resulted in a more robust protective benefit with longer-term
use of Sulforaphane therapy. Moreover, a small dose of MTX has
been evaluated, despite the fact that the drug is often used as part
of treatment regimens for long-term conditions. However,
experimenting with MTX at varying doses over longer time periods
is an area that needs more study. Furthermore, we were unable to
further explore the impact of MTX or Sulforaphane upon that
inflammatory process due to a lack of resources. To confirm our
findings, additional research into the effects of Sulforaphane on the
other molecular processes suggested by the injection of MTX in
albino rats is required.

CONCLUSION

Research accomplishes that sulforaphane altered the unfavorable
effects of methotrexate. Group B1 had substantial raise in serum
levels of hepatic enzymes whereas Group C1 serum had
substantial decrease in serum levels of hepatic enzymes So our
recommendation is that sulforaphane should be use with
methotrexate to reduce its side effects.

REFERENCE

1. Kalantari H, Asadmasjedi N, reza Abyaz M, Mahdavinia M,
Mohammadtaghvaei N. Protective effect of inulin on methotrexate-
induced liver toxicity in mice. Biomedicine & Pharmacotherapy. 2019
Feb 1;110:943-50.

2. Khalifa MM, Bakr AG, Osman AT. Protective effects of phloridzin
against methotrexate-induced liver toxicity in rats. Biomedicine &
Pharmacotherapy. 2017 Nov 1;95:529-35.

3. Abo-Haded HM, Elkablawy MA, Al-Johani Z, Al-Ahmadi O, El-Agamy
DS. Hepatoprotective effect of sitagliptin against methotrexate
induced liver toxicity. PLoS One. 2017 Mar 23;12(3):e0174295.

4. Bu T, Wang C, Meng Q, Huo X, Sun H, Sun P, Zheng S, Ma X, Liu Z,
Liu K. Hepatoprotective effect of rhein against methotrexate-induced
liver toxicity. European Journal of Pharmacology. 2018 Sep
5;834:266-73.

5. Mahmoud AM, Hozayen WG, Ramadan SM. Berberine ameliorates
methotrexate-induced liver injury by activating Nrf2/HO-1 pathway
and PPARYy, and suppressing oxidative stress and apoptosis in rats.
Biomedicine & Pharmacotherapy. 2017 Oct 1;94:280-91.

6. Hoshyar R, Sebzari A, Balforoush M, Valavi M, Hosseini M. The
impact of Crocus sativus stigma against methotrexate-induced liver
toxicity in rats. Journal of Complementary and Integrative Medicine.
2020 Jun 1;17(2).

7. Pinar N, Kaplan M, Ozgiir T, Ozcan O. Ameliorating effects of tempol
on methotrexate-induced liver injury in rats. Biomedicine &
Pharmacotherapy. 2018 Jun 1;102:758-64.

8. Ali N, Rashid S, Nafees S, Hasan SK, Shahid A, Majed F, Sultana S.
Protective effect of Chlorogenic acid against methotrexate induced
oxidative stress, inflammation and apoptosis in rat liver: An
experimental approach. Chemico-biological interactions. 2017 Jun
25;272:80-91.

9. Al-Abdaly YZ, Saeed MG, Al-Hashemi HM. Effect of methotrexate
and aspirin interaction and its relationship to oxidative stress in rats.
Iraqi J Vet Sci. 2021;35(1):151-6.

10. Li Y, Gao M, Yin LH, Xu LN, Qi Y, Sun P, Peng JY. Dioscin
ameliorates methotrexate-induced liver and kidney damages via
adjusting miRNA-145-5p-mediated oxidative stress. Free Radical
Biology and Medicine. 2021 Jun 1;169:99-109.

11. Mohamed DI, Khairy E, Tawfek SS, Habib EK, Fetouh MA.
Coenzyme Q10 attenuates lung and liver fibrosis via modulation of
autophagy in  methotrexate treated rat. Biomedicine &

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Pharmacotherapy. 2019 Jan 1;109:892-901.

Azadnasab R, Kalantar H, Khorsandi L, Kalantari H, Khodayar MJ.
Epicatechin  ameliorative  effects on  methotrexate-induced
hepatotoxicity in mice. Human & Experimental Toxicology. 2021
Dec;40(12_suppl):S603-10.

Yucel Y, Oguz EL, Kocarslan S, Tatli F, Gozeneli O, Seker A, Sezen
H, Buyukaslan H, Aktumen A, Ozgonul A, Uzunkoy A. The effects of
lycopene on methotrexate-induced liver injury in rats. BRATISLAVA
MEDICAL JOURNAL-BRATISLAVSKE LEKARSKE LISTY.
2017;118(4).

Elsawy H, Algefare Al, Alfwuaires M, Khalil M, Elmenshawy OM,
Sedky A, Abdel-Moneim AM. Naringin alleviates methotrexate-
induced liver injury in male albino rats and enhances its antitumor
efficacy in HepG2 cells. Bioscience reports. 2020 Jun 26;40(6).

Kim JK, Park SU. Current potential health benefits of sulforaphane.
EXCLI journal. 2016;15:571.

He Q, Luo Y, Xie Z. Sulforaphane ameliorates cadmium induced
hepatotoxicity through the up-regulation of/Nrf2/ARE pathway and the
inactivation of NF-kB. Journal of Functional Foods. 2021 Feb
1,77:104297.

Liu P, Wang W, Tang J, Bowater RP, Bao Y. Antioxidant effects of
sulforaphane in human HepG2 cells and immortalised hepatocytes.
Food and Chemical Toxicology. 2019 Jun 1;128:129-36.
Thangapandiyan S, Ramesh M, Hema T, Miltonprabu S, Uddin MS,
Nandhini V, Bavithra Jothi G. Sulforaphane potentially ameliorates
arsenic induced hepatotoxicity in albino wistar rats: implication of
PI3K/Akt/Nrf2 signaling pathway. Cell Physiol Biochem. 2019 Jan
1;52(5):1203-22.

Sato S, Moriya K, Furukawa M, Saikawa S, Namisaki T, Kitade M,
Kawaratani H, Kaji K, Takaya H, Shimozato N, Sawada
Y. Sulforaphane  Inhibits  Liver Cancer Cell Growth and
Angiogenesis (Doctoral dissertation, iMedPub LTD), vol6; 4-23.
Ruhee RT, Ma S, Suzuki K. Protective effects of sulforaphane on
exercise-induced organ damage via inducing antioxidant defense
responses. Antioxidants. 2020 Feb 4;9(2):136.

Saleh DO, Mansour DF, Hashad IM, Bakeer RM. Effects of
sulforaphane on D-galactose-induced liver aging in rats: Role of
keap-1/nrf-2 pathway. European journal of pharmacology. 2019 Jul
15;855:40-9.

Mansour SZ, Moustafa EM, Moawed FS. Modulation of endoplasmic
reticulum stress via sulforaphane-mediated AMPK upregulation
against nonalcoholic fatty liver disease in rats. Cell Stress and
Chaperones. 2022 Jul 2:1-3.

Lnénickova K, Dymakova A, Szotakova B, BouSova |. Sulforaphane
alters B-naphthoflavone-induced changes in activity and expression
of drug-metabolizing enzymes in rat hepatocytes. Molecules. 2017
Nov 16;22(11):1983.

Tian S, Li X, Wang Y, Lu Y. The protective effect of sulforaphane on
type Il diabetes induced by high-fat diet and low-dosage
streptozotocin. Food Science & Nutrition. 2021 Feb;9(2):747-56.

Lee C, Yang S, Lee BS, Jeong SY, Kim KM, Ku SK, Bae JS. Hepatic
protective effects of sulforaphane through the modulation of
inflammatory pathways. Journal of Asian Natural Products Research.
2020 Apr 2;22(4):386-96.

Schepici G, Bramanti P, Mazzon E. Efficacy of sulforaphane in
neurodegenerative diseases. International journal of molecular
sciences. 2020 Nov 16;21(22):8637.

Ozogul B, Kisaoglua A, Turanb MI, Altunerc D, Senerd E, Cetine N,
Ozturk C. The effect of mirtazapine on methotrexate-induced toxicity
in rat liver. Science Asia. 2013 Aug 1; 39:336-56.

Gaona L G, Molina-Jijon E, Tapia E, Zazueta C, Hernandez-Pando R,
Calderén-Oliver M, Zarco-Marquez G, Pinzén E, Pedraza-Chaverri J.
Protective effect of sulforaphane pretreatment against cisplatin-
induced liver and mitochondrial oxidant damage in rats. Toxicology.
2011 Aug 15; 286(1):20-7.

Tunali-Akbay T, Sehirli O, Ercan F, Sener G. Resveratrol protects
against methotrexate-induced hepatic injury in rats. J Pharm
Pharmaceut Sci. 2010;13(2):303-10.

Jahovic N, Cevik H, Sehirli AO, Yegen BC, Sener G. Melatonin
prevents methotrexate-induced hepatorenal oxidative injury in rats. J
Pineal Res. 2003;34(4):282-7.

Al-motabagani MA. Histological and histochemical studies on the
effects of mehotrexate on the liver of adult male albino rat. Int J
Morphol. 2006;24(3):417-22.

PJMHS Vol. 17, No. 3, March, 2023 237



