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ABSTRACT

Objective: To assess the changes in Body Weight, Absolute and Relative weight of Liver in methotrexate impaired liver with

amendment by sulforaphane.
Design of research: Experimental.

Abode and Period of study: Research was conducted in BMSI, Karachi &duration was ten days.

Materials and Methods: For experiment Forty young albino rats of 3-4months old of 200-300gm were taken, Primarily period of
study was 20 days however during the pilot study, rats started dying after 10 days, so the duration was reduced to 10 days for
final study. Rats were alienated into 4 sets, A was control group, B set was given Inj Methotrexate intraperitoneally. C set was
given Inj Methotrexate intraperitoneally along with sulforaphane by N/G tube. D set was given only sulforaphane by N/G tube.
After the completion of study, rats were dissected and liver was removed from abdominal cavity of rats and absolute weight of

liver was weighed on Sartorius balance. The relative weight of the liver was calculated with the help of formula.

Mean weight of liver (G)
The relative weight of liver = X100
Final weight of the animal

Results: B group showed remarkable decrease in the body weight while absolute liver weight & relative liver weight is increased
however group C had slight reduction in the body weight while absolute liver weight & relative liver weight is slightly increased.
Conclusion: This study accomplishes that sulforaphane amended the detrimental effects of methotrexate.

Keywords: sulforaphane, methotrexate, superoxide dismutase (SOD), dihydrofolate reductase enzyme (DHFR), nuclear factor

erythroid-derived 2(Nrf2), Tetrahydrofolate (THF)

INTRODUCTION
Liver is a vital organ and detoxifying agent of body. Methotrexate is a
preventer of dihydrofolate reductase, an antimetabolite and folic acid
antagonist. It prevents the production of DNA, RNA, thymidylate and
amino acids by increasing reactive oxygen species synthesis which
causes mitochondrial dysfunction and endoplasmic reticulum hassle
thus causing hepatic injury by inhibiting proliferation, differentiation,
initiates inflammatory reactions & arbitrates autophagic apoptosis.
12| jkewise, a decrease in intracellular levels of NADPH diminishes
cytosolic antioxidant agent glutathione. It is commonly used for
management of autoimmune ailments, malignant lumps, SLE,
rheumatoid arthritis, psoriasis and inflammatory conditions.®* It
reduces the replication of bone marrow and gastrointestinal
epithelial cells thus causing leucopenia and thrombocytopenia,
anemia and weight loss.>® It causes hepatic injury due to apoptosis
of hepatocytes, therefore the serum level of liver enzymes raised &
reduces superoxide dismutase activity (SOD).”® Reactive oxygen
species produced which causes peroxidative damage to vital
organs.®® Methotrexate is also used for the treatment of
malignancy by chemotherapy & act as cytotoxic anti-neoplastic
and immunosuppressive agent.!' It inhibits conversion of
dihydrofolate (DHF) to tetrahydrofolate (THF) by preventing
dihydrofolate reductase enzyme activity (DHFR) thus causing folic
acid inhibition. Tetrahydrofolate (THF) is essential for the
production of both purines and pyrimidines production.?3
Methotrexate also inhibits binding of interleukin-1 beta to cell
surface receptors and deactivate B-cells and T-cell, so it is used in
rheumatoid arthritis therapy 4> It causes hepatic injury by
production of free radicals & proinflammatory cytokines and
damage normal body cells along with malignant cells.*”181°
Sulforaphane (1-isothiocyanato-4-(methylsulfinyl)butane) is
a phytochemical component of cruciferous vegetables like
broccoli, cabbage etc and has antidiabetic, antimicrobial,
antioxidant, neuroprotective, anticarcinogenic properties
because it stimulates NADPH Quinone reductase,
glutathione reductase & cytoprotective genes production and
decreases inflammatory cytokines secretion.?%2!|t protect liver
cells by stimulation of Nrf2 signaling & annulment offree radicals

and oxidative stress, reciprocally in vivo and in vitro.??
Sulforaphane improves chronic inflamation by targeting
macrophages and raises hepatic enzyme 3a-hydroxysteroid
dehydrogenases. It restores cognitive function in cirrhotic hepatic
encephalopathy patients.?®?* It detoxify reactive oxygen species
through conjugation reactions thus reduces hepatocellular
injury.?>26It promotes antioxidants enzyme activities & ameliorates
oxidative stress as well as reduces hepatic fibrosis.?”?®|t also
protects hepatic cells against lipopolysaccride induced hepatic
injury & prevents obesity.?>*In our knowledge, noresearch was
designed to accomplish therapeutic effect of sulforaphane on
body weight, absolute and relative weight of liver in methotrexate
impaired liver.

MATERIAL & METHOD

Research was conducted in anatomy department of Basic medical
sciences institute, (JPMC), Karachi. 3-4 months old forty albino
rats of 200-300gm were included in this study, which were
obtained from USA Charles River Breeding Laboratories and were
cross bred in animal house of BMSI. Primarily the period of study
was 20 days but during the pilot study rats started dying after 10
days, so the duration was reduced to 10 days. Rats were weighed
numbered and kept in cages in a well-ventilated room with 12
hours dark and light cycle. They were divided into four groups
A,B,C, and D & each group comprised of ten animals. The animals
were housed for one week before the start of study, for adaptation
to the environment, assessment of their intake of normal diet,
general health and behavior status.

After one week they were treated with calculated amount of
injection Methotrexate and capsule sulforaphane. Each animal was
weighed by wusing a triple beam balance before the
commencement of study and at the time of sacrifices and
tabulated.

In this study Methotrexate was used in the form of injection
unitrexate made by Korea united pharm, Inc and Sulforaphane was
used in the form of Green Food (Dietary supplement) capsule
manufactured by Swanson health product (USA). Calculated
amount of Inj Methotrexate, 5mg/kg body weight was given
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intraperitonial®* and sulforaphane 500ug/kg body weight®? was
given orally through N/G tube to the experimental animals.
A served as control.
B were given Inj Methotrexate intraperitoneal.
C were given Inj Methotrexate intraperitoneal along with
sulforaphane orally by N/G tube.
D were given only sulforaphane orally by N/G tube

The animals were sacrificed at the end of experimental period.
Ether anesthesia was given in a glass container and then animals
were fixed to the dissecting board. A midline longitudinal incision
from the manubrium sterni to lower abdomen was given. Thoracic
and abdominal viscera were exposed by careful removal of skin,
fascia and muscles.

The liver was exposed by incising the diaphragm, gross
morphological features of liver were observed for any change in
color, size, contour, hemorrhage, pathology and any adhesion to
the surrounding tissue, then the liver was removed and absolute
weight of liver were weighed on Sartorius balance. The relative
weight of the liver was calculated with the help of formula:

Mean weight of liver (G)

The relative weight of liver = X100

Final weight of the animal

RESULTS

This experimental study was designed to observe the effects of
Methotrexate induced hepatic damage and the protective role of
sulforaphane on Methotrexate induced-hepatotoxicity.
Observations of Body Weight (gm)

A The mean initial body weight in group-A was 209.40+2.61gm
and mean final body weight in the same group was 210.40
+.2.0gm. The data showed no significant increase (P>0.05) in final
body weight of group-A animals when compared with the initial
body weight of same group (Table-1).

B The mean value of initial body weight of group-B was
226.60+3.1 gm and mean value of final body weight in group-B
was 171.80+1.78 gm. There was highly significant decrease
(P<0.001) in the final body weight of group-B when compared with
initial body weight of same group. The data also showed highly
significant decrease (P<0.001) in the final body weight of group-B,
when compared with control group-A (Table-1).

C The mean value of initial body weight of sulforaphane
protected group-C was 208.0+3.72 gm and the mean value final
body weight of group-C was 207.0+2.1 gm. The data showed
significant decrease (P<0.05) between initial and final body weight
in group-C animals. There was also a moderately significant
decrease (P<0.005) in final body weight of group-C observed in
comparison with control group. A highly significant increase
(P<0.001) in final weight of group-C was noticed when compared
to final body weight of group-B animals (Table-1).

Observations of Absolute Liver Weight (gm)

A The mean value of absolute liver weight of groups-A was
5.76+0.37gm (Table-2).

B The mean value of absolute liver weight in group-B was
9.40+0.14 gm. The data showed, a highly significant increase
(P<0.001) in absolute liver weight of group-B animals as compared
to control group-A animals (Table-2).

C The mean value of absolute liver weight in groups-C was
7.94+0.5gm. A significant increase (P<0.05) in absolute liver
weight of animals in group-C was observed as compared to control
group-A. The data also showed moderately significant decrease
(P<0.005) in absolute liver weight of group-C as compare to group-
B (Table-2).

Observation of Relative Liver Weight (gm)

A The mean value of relative liver weight of control groups-A
was 2.39+0.12gm (Table-3).

B The mean value of relative liver weight in group-B was
5.30+0.48gm. The data showed a highly significant increase
(P<0.001) in relative liver weight of group-B as compared to control
group-A (Table-3).

C The mean value of relative liver weight in group-C was
3.67+0.22 gm. There was a significant increase (P<0.05) in relative
liver weight in group-C when compared to control group-A animals.
The data also showed moderately significant decrease (<0.005) in
relative weight in group-C as compared with group-B (Table-3).

Table-1: Mean Body Weight (G) in Different Groups of Albino Rats

Groups Treatment given Initial body weight Final body weight
A (n=10) ND 209.40+ 2.61 210.40+ 2.0
B (n=10) Inj. Methotrexate 226.60+ 3.1 171.80+ 1.78
Inj. Methotrexate
C (n=10) + 208.0+3 .72 207.0+2.1
Oral. Sulforaphane
*Mean+SEM

Statistical Analysis of the difference in mean body weight within the same group and
between different experimental groups of Albino Rats

Statistical comparison P-value Statistical P-value
Comparison
Initial & final weight of A P>0.05* Bvs. A P<0.001****

Initial & final weight of B P<0.001**** Cvs. A P<0.005***

Initial & final weight of C P<0.05** Cvs.B P<0.001****

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

Table 2: Mean Absolute Weight of Liver (G) in Different Groups of Albino Rats

Mean Absolute liver weight at the end

Groups Treatment given .
of experiment
A (n=10) ND 5.76 + 0.37
B (n=10) Inj. Methotrexate 9.40 +0. 14
Inj. Methotrexate
C (n=10) + 7.94+0.5
Oral. Sulforaphane

*Mean+SEM

Statistical Analysis of the difference in mean absolute weight of liver within the same
group and between different experimental groups of Albino Rats

Statistical comparison P-value
Bvs. A P<0.0017**
Cvs. A P<0.05**
Cvs. B P<0.005%*

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

Table-3: *Mean Relative Weight of Liver (G/100g) in Different Groups of Albino Rats

. Mean relative weight of liver
Groups Treatment given at the end of experiment
A (n=10) ND 2.39£0.12
B (n=10) Inj .Methotrexate 5.30 +0.48
Inj.Methtrexate
C (n=10) + 3.67 +0.22
Oral. Sulforaphane

*Mean+SEM

Statistical analysis of the difference in mean relative weight of liver within the same group
and between different experimental groups of Albino Rats

Statistical comparison P-value
Bvs. A P<0.001***
Cvs. A P<0.05*
Cvs.B P<0.005%*

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

Figure 1: Gross Appearance of Control Rat Liver Showing Normal Color
Size, and Smooth Surface of it.

DISCUSSION

Methotrexate is a preventer of dihydrofolate reductase, an antimetabolite
and folic acid antagonist. It prevents the production of DNA, RNA,
thymidylate and amino acids by increasing reactive oxygen species
synthesis which causes mitochondrial dysfunction and endoplasmic
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reticulum hassle thus causing hepatic injury by inhibiting proliferation,
differentiation, initiates inflammatory reactions & arbitrates
autophagic apoptosis. 2

Sulforaphane (1-isothiocyanato-4-(methylsulfinyl) butane)
is a phytochemical component of cruciferous vegetables like
broccoli, cabbage etc and has antidiabetic, antimicrobial,
antioxidant, neuroprotective, anticarcinogenic properties
because it stimulates NADPH Quinone reductase,
glutathione reductase & cytoprotective genes production and
decreases inflammatory cytokines secretion.?%:2

All the group B animals became lethargic and lost their body
weight. This loss of body weight could be due to the intestinal
mucositis and anti-mitotic or apoptotic activity of the methotrexate,
because chemotherapeutic cytotoxic agents are not specific to
tumor cells but they also induce deleterious effect on normal cells
of the body as explain by.2>¢

Whereas the Sulforaphane protected group-C animals were
active and lost less body weight in comparison of group-B animals.
This may be due to the fact that Sulforaphane prevents oxidative
damage to the tissue and reduces apoptosis of cells as suggested
by 28,30

CONCLUSION

This study accomplishes that sulforaphane amended the
detrimental effects of methotrexate. Group B had significant
decrease in body weight while Group C exhibited increase in body
weight. So this is our suggestion use sulforaphane along with
methotrexate to decrease hepatic injury.

Conflict of Interest: None

Financial Disclosure: None

REFERENCE

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

2. 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.

3. 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.

4. Moghadam AR, Tutunchi S, Namvaran-Abbas-Abad A, Yazdi M, Bonyadi
F, Mohajeri D, Mazani M, Marzban H, tos MJ, Ghavami S. Pre-
administration of turmeric prevents methotrexate-induced liver toxicity and
oxidative stress. BMC complementary and alternative medicine. 2015
Dec;15(1):1-3.

5. Patel NN, Ghodasara DJ, Pandey S, Ghodasara PD, Khorajiya JH, Joshi
BP, Dave CJ. Subacute toxicopathological studies of methotrexate in
Wistar rats. Veterinary World. 2014 Jul 1;7(7).

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

7. 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.

8. 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).

9. 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.

10. 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.

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

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

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.

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.

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.

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, ElImenshawy 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).

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.

Wang W, Zhou H, Liu L. Side effects of methotrexate therapy for
rheumatoid arthritis: a systematic review. European journal of medicinal
chemistry. 2018 Oct 5;158:502-16.

Mehrzadi S, Fatemi |, Esmaeilizadeh M, Ghaznavi H, Kalantar H, Goudarzi
M. Hepatoprotective effect of berberine against methotrexate induced liver
toxicity in rats. Biomedicine & Pharmacotherapy. 2018 Jan 1;97:233-9.
Oguz A, Kapan M, Kaplan |, Alabalik U, Ulger BV, Uslukaya O, Turkoglu A,
Polat Y. The effects of sulforaphane on the liver and remote organ damage
in hepatic ischemia-reperfusion model formed with pringle maneuver in
rats. International journal of surgery. 2015 Jun 1;18:163-8.

He Q, Luo Y, Xie Z. Sulforaphane ameliorate 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.s 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.
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.

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

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.

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.

Dokumacioglu E, iskender H, Aktas M, Hanedan B, Dokumacioglu A, Sen
T, Musmul A. The effect of sulforaphane on oxidative stress and
inflammation in rats with toxic hepatitis induced by acetaminophene.
Bratislava Medical Journal-Bratislavske Lekarske Listy. 2017;118(8).

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.

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.

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.

Ozogul G, Johnson AM, Atkinson RK, Reisslein M. Investigating the impact
of pedagogical agent gender matching and learner choice on learning
outcomes and perceptions. Computers & Education. 2013 Sep 1;67:36-50.
Gaona-Gaona L, Molina-Jijén 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(1-3):20-7.

PJMHS Vol 16, No. 10, October, 2022 281



