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ABSTRACT 
This study examined whether saffron (Crocus sativus) and silymarin (Silybum marianum), used alone or together, can 
protect the liver against methotrexate (MTX)-induced acute injury in rats, with a focus on interleukin-6 (IL-6) and 
transforming growth factor-β (TGF-β) signaling. Ethanol extracts of saffron and silymarin were standardized by GC–MS, 
and thirty adult male rats were randomly assigned to five groups (n = 6): control, MTX alone (20 mg/kg, 
intraperitoneally, on day 7), saffron + MTX (100 mg/kg/day orally for 14 days + MTX), silymarin + MTX (100 
mg/kg/day orally for 14 days + MTX), and saffron + silymarin + MTX. We measured serum liver enzymes (ALT, AST, 
ALP, LDH), inflammatory markers (CRP, IL-6, TGF-β) and oxidative stress indices (MDA, GPX1), and examined liver 
tissue with H&E and immunohistochemistry for IL-6 and TGF-β. MTX caused liver damage, with significant rises in 
liver enzymes, CRP, IL-6, TGF-β and MDA, and reductions in albumin, total protein and GPX1 (p < 0.05). Histology 
showed inflammatory cell infiltration, necrosis and strong IL-6 and TGF-β staining in hepatocytes. Saffron or silymarin 
treatment improved these changes, partially normalizing biochemical markers, restoring GPX1, lowering IL-6 and TGF-β 
and reducing inflammatory and necrotic lesions. The combined saffron and silymarin regimen produced the greatest 
protection. These findings suggest that saffron and silymarin, especially in combination, can limit MTX-induced acute 
hepatotoxicity by reducing oxidative stress and downregulating IL-6 and TGF-β signaling, helping to preserve liver 
structure and function and supporting their potential use as natural adjuncts to lessen drug-induced liver injury. 
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INTRODUCTION 
The liver plays a central role in keeping the body in 
balance. It makes bile and proteins, stores nutrients and, 
importantly, clears drugs and toxins from the 
circulation1.Because of this detoxifying role, it is highly 
vulnerable to drug-induced liver injury (DILI), which is 
now a leading cause of acute liver failure and a common 
reason for limiting or stopping useful medicines. 2, 3 

Methotrexate (MTX) is widely used as an anticancer and 
immunosuppressive drug, especially in malignancies and 
autoimmune diseases. However, its benefits are often 
constrained by liver toxicity (4). Excess reactive oxygen 
species, mitochondrial dysfunction, lipid peroxidation and 
the release of pro-inflammatory cytokines all contribute to 
MTX-induced liver injury 4Prolonged or high-dose 
exposure can lead to fibrosis, typical histopathological 
changes and a rise in serum liver enzymes, together with 
disturbed redox balance and increased tumour necrosis 

factor-α. 5Conventional measures such as dose reduction, 
temporary withdrawal and folate supplementation provide 
only partial protection. 6 

Natural products with antioxidant and anti-inflammatory 
properties are therefore being explored as adjunctive 
hepatoprotective agents. Saffron (Crocus sativus L.) 
contains crocin, crocetin, safranal and picrocrocin, which 
show strong antioxidant, anti-inflammatory and anti-
apoptotic effects in experimental models 7. Silymarin, a 
flavonolignan complex from milk thistle (Silybum 
marianum), promotes liver regeneration, scavenges free 
radicals, limits lipid peroxidation and stabilises hepatocyte 
membranes, and is already used clinically for various liver 
disorders. 8 

Despite this, saffron and silymarin have mainly been 
studied separately. To our knowledge, there has been no 
direct comparison of these agents, alone and in 
combination, against MTX-induced acute hepatotoxicity 
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using biochemical, histopathological and 
immunohistochemical endpoints. This study therefore 
aimed to evaluate and compare the hepatoprotective 
effects of saffron and silymarin, individually and together, 
in a rat model of MTX-induced liver injury, with particular 
focus on modulation of interleukin-6 (IL-6) and 
transforming growth factor-β (TGF-β) signalling 
pathways. 

METHODS AND MATERIALS 

Preparation of the Ethanol Extract of Saffron: 
Dry stigmas of saffron (Iranian, from Erbil local market) 
were finely powdered (20 g) and macerated in 200 mL 
95% ethanol (1:10 w/v) at 25 °C for 48 h with orbital 
shaking. The extract was concentrated at 40 °C under 
decreased pressure utilizing a rotary evaporator. (650 rpm) 
and dried in an oven at 40 °C. The dried extract stored at –
20 °C until use. 9 

Preparation of the Ethanol Extract of Silymarin Seeds: 
Silymarin seeds purchased from local market in Erbil and  
(100 g) were ground and macerated in 1 Litter  95% 
ethanol (1:10 w/v) at 25 °C for 72 h under orbital shaking. 
The extract was then vacuum-filtered, concentrated at 40 
°C under reduced pressure, dried at 40 °C using an oven 
dryer, and stored at –20 °C under nitrogen. 

For GC–MS analysis of both saffron and silymarin 
separately , 100 mg of the dried out powder  was sonicated 
in 10 mL of methanol for 60 minutes at 25 °C, 
subsequently centrifuged at 10,000 rpm for 15 minutes, 
and filtered using a 0.22 µm syringe filter. The supernatant 
was concentrated at 50 °C and subsequently re-dissolved 
in methanol before to analysis.10 

GC–MS analysis was conducted using a Shimadzu 
QP2010 Plus system outfitted with an HP-5MS column 
(30 m × 0.25 mm × 0.25 µm). Helium served as the carrier 
gas at a flow rate of 1.0 mL/min. The temperature program 
commenced at 60 °C with a 2-minute hold and completed 
at 280 °C, increasing at a rate of 10 °C/min, followed by a 
final hold of 10 minutes. The temperatures of the injector 
and mass spectrometer were 250 °C and 280 °C, 
respectively. Electron impact ionization occurred at 70 eV. 
Compounds were identified by mass spectral comparisons 
with the NIST 17 and Wiley libraries, and quantification 
was performed using TIC peak area normalization. 11 

Experimental Animals 
Wistar adult male rats were from the Experimental Animal 
House at Hawler Medical University in the Kurdistan 
Region of Iraq. The Ethics Committee for Animal 
Experimentation at the College of Dentistry, Hawler 
Medical University  with ethic approval (Ref. No. 
HMUD/2425183). 

Animals were housed in a temperature-controlled 
environment (25 ± 2 °C; 50–70% relative humidity) with a 
12-hour light/dark cycle, maintained under sanitary 
conditions. Conventional pellet feed and tap water were 
provided and libitum. Initial body weights (150–200 g) 

were taken after one week's procured acclimatization, and 
weights were then determined every three days. 

Rats were randomly allocated to the following five 
experimental groups (n = 6): 
Group 1 (Control): Standard diet for 14 days and normal  
saline  intraperitoneal (I.P) on day 7 

Group 2 (MTX): Intraperitoneal (IP) administration of 
methotrexate (20 mg/kg) on day 7.12 

Group 3 (Saffron + MTX): oral saffron extract (100 
mg/kg/day) administered for 14 days, alongside 
intraperitoneal methotrexate (20 mg/kg) on day 7.13 

Group 4 (Silymarin + MTX): 14-day oral silymarin extract 
(100 mg/kg/day), with IP MTX (20 mg/kg) on day 7.14 

Group 5 (Saffron + Silymarin + MTX): oral saffron (100 
mg/kg/day) and silymarin (100 mg/kg/day) for 14 days, 
alongside methotrexate (20 mg/kg)IP  on day7. 

Blood Collection 
On day 15 (24 hours after the preceding oral 
administration), rats were anesthetized with diethyl ether. 
Approximately 5 mL of blood samples were collected 
from the retro-orbital plexus into serum separation tubes 
and allowed to coagulate for 20 minutes at ambient 
temperature. Samples were centrifuged at 3,000 rpm for 
15 minutes, and serum was collected for biochemical 
(ALT, AST, ALP, LDH) measured using commercial kits 
(HITACHI, Germany) and a COBAS 6000 analyzer 
(HITACHI, Germany) serological tests : C-reactive protein 
(CRP) was assessed with COBAS 6000 (module 501, 
Roche Diagnostics, Switzerland)while serum IL-6 and 
TGF-β levels were determined with ELISA kits (ELK 
Biotechnology, USA) following manufacture's guide. 
Malondialdehyde (MDA) and glutathione peroxidase-1 
(GPX-1) were determined with ELISA kits from the same 
company. 

Tissue Collection 
On day 16, rats were anesthetized using ketamine (80 
mg/kg) and xylazine (20 mg/kg) via intraperitoneal 
injection. Livers were excised and preserved in 10% 
neutral-buffered formalin for histopathological analysis 
and immunohistochemical assessment of TGF-β and IL-6. 

Histopathological assessment of liver damage 
Liver sections fixed in 10% formalin (72 h) were 
Processed, embedded in paraffin wax, sectioned to 4-5 
µm, and stained with hematoxylin-eosin (H&E). 
Histopathologic alterations were assessed semi-
quantitatively for inflammation, hydropic degeneration, 
necrosis, congestion, hemorrhage, and sinusoidal 
dilatation in five randomly chosen high-power fields per. 

The score criteria were from 0 (normal) to 3 (severe), as 
listed in Table 1. To avoid observer bias, evaluation was 
performed by a blinded histopathologist. 15 
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Table 1. Microscopic scoring criteria that included in this 
study 

Criteri
a 

0 1 2 3 

Inflam
matory 
cellular 
infiltrat

ion 

Absent 
0 

(cells/fi
eld) 

Weak 
1 to 10 

(cells/fie
ld) 

Moder
ate 

11 to 
30 

(cells/
field) 

Severe 
More 30 
(cells/fiel

d) 

Hydro
pic 

degene
ration 

Absent 
0% 

(cells/fi
eld) 

Few 
1-10% 

(cells/fie
ld) 

S
pread 
11-
25% 

(cells/
field) 

Intensive 
25-50% 

(cells/fiel
d) 

Necros
is 

Absent 
0% 

(cells/fi
eld) 

Few 
1-10% 

(cells/fie
ld) 

S
pread 
11-
25% 

(cells/
field) 

Intensive 
25-50% 

(cells/fiel
d) 

Conges
tion 
and 

hemorr
hage 

Absent 
0 

(blood 
vessels 

and 
bleedin
g /field) 

Weak 
1 to 2 
(blood 
vessels 

and 
bleeding 
/field) 

Moder
ate 

2 to 5 
(blood 
vessel
s and 
bleedi

ng 
/field) 

Severe 
More 5 
(blood 
vessels 

and 
bleeding 
/field) 

Sinusoi
dal 

dilatati
on 

Absent 
0% 

(field) 

Few 
1-10% 
(field) 

Sprea
d 

11-
25% 

(field) 

Intensive 
25-50% 
(field) 

Immunohistochemistry for IL-6 and TGF-B genes 
Paraffin sections (4 µm) were de-paraffinized, rehydrated, 
and incubated with 3% H₂O₂ in methanol (10 min, RT) to 
inactivate endogenous peroxidase activity. Following PBS 
washing, slices were blocked with 0.5% normal goat 
serum for 30 minutes at room temperature and 
subsequently incubated overnight at 4 °C. using rabbit 
polyclonal anti-IL-6 (1:100; E-AB-51672, Elabscience, 
USA) or anti-TGF-β (1:100; E-AB-30977, Elabscience, 
USA). Bound antibodies were revealed using poly-HRP-
conjugated goat anti-rabbit IgG (1:400; SE134, Wuhan 
Fine Biotech, China) and then visualized using DAB. 
Sections were counter-stained using hematoxylin. 

Statistical Analysis 
Data were analyzed on SPSS version 26.0 and GraphPad 
Prism v9.0. We present continuous variables as mean ± 
SD, and ordinal scores as median (IQR). We examined 
parametric data utilizing one-way ANOVA succeeded by 
Tukey’s HSD post hoc test, and non-parametric data 
employing the Kruskal Wallis test accompanied by Dunn’s 
post hoc test. Statistical significance was established with 

a p-value of less than 0.05 and EndNote version 21 used 
for citation of references. 

RESULTS 

GC–MS analysis of saffron and silymarin extracts 
GC–MS of the ethanolic extracts showed that saffron and 
silymarin have different but complementary 
phytochemical profiles (Table 2). The saffron extract was 
rich in phenolic and terpenoid compounds, along with 
unsaturated fatty acids such as linoleic and oleic acids, 
which support antioxidant and anti-inflammatory effects. 
In contrast, the silymarin extract contained more esters and 
long-chain fatty acids, with a dominant lipid ester peak 
and detectable vitamin E, consistent with strong 
antioxidant and membrane-stabilising activity. These 
profiles provide a clear chemical basis for the 
hepatoprotective effects observed in the biochemical and 
histological results. 

Table 2. Major bioactive compounds (≥ 2% relative peak 
area) identified in ethanolic extracts of saffron and 

silymarin by GC–MS 
Plant 

extract 
(Source) 

Class of 
Bioactive 

Compounds 

Bioactive Compound % 
Area 

Saffron 
(Crocus 
sativus) 

Phenolic 
compounds 

4-Hydroxy-2-nitro-m-
anisaldehyde 

29.67 

Saffron Phenolic 
compounds 

4-Hydroxy-2,6,6-trimethyl-3-
oxocyclohexa-1,4-
dienecarbaldehyde 

2.10 

Saffron Fatty acids n-Hexadecanoic acid 3.56 
Saffron Fatty acids 9,12-Octadecadienoic acid 

(Z,Z)- 
8.51 

Saffron Fatty acids 9-Octadecenoic acid, (E)- 6.14 
Saffron Terpenoids Neophytadiene 11.72 
Saffron Terpenoids Tricyclo[6.3.0.0(1,5)]undecan-

10-one, 4-hydroxy-5,9-
dimethyl- 

8.25 

Saffron Esters and 
ethers 

Tetrapentacontane, 1,54-
dibromo- 

2.56 

Silymarin 
(Silybum 

marianum) 

Fatty acids 9,12-Octadecadienoic acid 
(Z,Z)-, methyl ester 

4.67 

Silymarin Fatty acids 9-Octadecenoic acid, (E)- 2.28 
Silymarin Fatty acids Eicosanoic acid 6.14 
Silymarin Fatty acids Hexadecanoic acid, 2-hydroxy-

1-(hydroxymethyl)ethyl ester 
2.05 

Silymarin Fatty acids 9,12-Octadecadienoic acid 
(Z,Z)-, TMS derivative 

2.04 

Silymarin Esters and 
ethers 

i-Propyl 14-methyl-
pentadecanoate 

48.11 

Silymarin Alcohol and 
diols 

E,E,Z-1,3,12-Nonadecatriene-
5,14-diol 

13.55 

Silymarin Alcohol and 
diols 

Vitamin E 2.03 

Effect of Saffron and Silymarin extract on liver enzymes: 
As shown in table (3) in comparison to controls, 
methotrexate (G2) significantly decreased serum albumin 
and total protein and increased all hepatic enzymes (p < 
0.05). While silymarin (SLB) alone (G4) normalized ALT 
and ALP but was unable to significantly lower LDH, 
Saffron (CS) alone (G3) returned ALT, ALP, and LDH to 
control-equivalent values. Although the combined regimen 
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(G5) produced intermediate ALT and ALP values, it was 
just as successful in lowering LDH as Saffron alone. 

Table 3. Liver Function Biomarkers and Serum Protein 
Analysis 

Groups AS
T 

(U/
L) 

AL
T 

(U/
L) 

AL
P 

(U/
L) 

LD
H 

(U/
L) 

S. 
Albu
min 

(g/dL) 

Total 
Serum 
Protein 
(g/dL) 

Control 
(G1) 

67.
33 
± 

35.
20ᵃ 

23.
67 
± 

4.0
3ᵃ 

164
.67 
± 

35.
59ᵃ 

493.
17 ± 
365.
93ᵃ 

3.93 ± 
0.03ᵃ 

7.6 ± 
0.5ᵃ 

G2 
(MXT) 

115
.72 
± 

43.
28ᵇ 

44.
38 
± 

23.
51ᵇ 

204
.37 
± 

68.
71ᵇ 

730.
17 ± 
392.
24ᵇ 

1.57 ± 
0.26ᵇ 

2.9 ± 
0.3ᵇ 

G3 
(saffron 
+MXT) 

80.
65 
± 

16.
46ᵃ
ᵇ 

22.
17 
± 

4.4
6ᵃ 

147
.32 
± 

44.
20ᵃ
ᵇ 

304.
67 ± 
136.
08ᶜ 

3.43 ± 
0.23ᵃᵇ 

6.8 ± 
0.4ᵃᵇ 

G4 
(Silymar
in+MXT

) 

82.
52 
± 

26.
88ᵃ
ᵇ 

22.
48 
± 

3.1
4ᵃ 

143
.70 
± 

28.
49ᵃ
ᵇ 

466.
33 ± 
219.
88ᵃᵇ 

3.00 ± 
0.33ᵃᵇ 

6.53 ± 
0.03ᵃᵇ 

G5 
(saffron 

+ 
Silymari

n 
+MXT) 

88.
92 
± 

9.3
5ᵃᵇ 

27.
28 
± 

12.
62ᵃ
ᵇ 

154
.57 
± 

70.
27ᵃ
ᵇ 

304.
67 ± 
136.
08ᶜ 

3.20 ± 
0.33ᵃᵇ 

6.64 ± 
0.12ᵃᵇ 

Data were presented as Means ± SD, Different 
superscripts (ᵃ, ᵇ) indicate significant differences (p < 0.05; 
one-way ANOVA followed by Tukey’s test) 

Serum inflammatory and oxidative stress markers in the 
different experimental groups 
Serum inflammatory and oxidative stress markers are 
summarized in Table 4, Methotrexate administration (G2) 
caused a marked inflammatory response, as evidenced by 
a significant rise in CRP (13.67 ± 5.39ᵇ mg/L) and IL-6 
(64.0 ± 12.0ᵇ pg/mL) compared with the control group 
(0.06 ± 0.00ᵃ mg/L and 24.0 ± 2.5ᵃ pg/mL, respectively). 
TGF-β and MDA levels were also significantly elevated in 
the MTX group (54.0 ± 10.0ᵇ and 90.0 ± 12.0ᵇ pg/mL) 
relative to controls (12.0 ± 1.5ᵃ and 52.0 ± 5.0ᵃ pg/mL), 
while GPX1 activity was significantly reduced (50.0 ± 6.0ᵇ 
vs. 75.0 ± 7.0ᵃ pg/mL). 

Pretreatment with saffron (G3), silymarin (G4), or their 
combination (G5) markedly attenuated these MTX-
induced alterations. In all treated groups, CRP and IL-6 
values returned to levels comparable to the control (p > 
0.05 vs. G1), and MDA concentrations were significantly 

lower than in the MTX group and close to baseline. TGF-β 
levels in G3–G5 were significantly reduced compared with 
G2 but remained slightly higher than control, reflecting 
partial normalization. GPX1 activity was restored in all 
treated groups, with values not significantly different from 
the control and clearly higher than in the MTX group. 

Table 4. Serum inflammatory and oxidative stress markers 
in the different experimental groups 

Groups CRP 
(mg/L) 

IL-6 
(pg/mL) 

TGF-β 
(pg/mL) 

MDA 
(pg/mL) 

GPX1 
(pg/mL) 

Control 
(G1) 

0.06 ± 
0.00a 

24.0 ± 
2.5ᵃ 

12.0 ± 
1.5ᵃ 

52.0 ± 
5.0ᵃ 

75.0 ± 
7.0ᵃ 

G2 
(MXT) 

13.67 
± 

5.39b 

64.0 ± 
12.0ᵇ 

54.0 ± 
10.0ᵇ 

90.0 ± 
12.0ᵇ 

50.0 ± 
6.0ᵇ 

G3 
(CS) 

2.08 ± 
0.85a 

22.0 ± 
4.5ᵃ 

38.0 ± 
12.0ᵃᵇ 

50.0 ± 
10.0ᵃ 

80.0 ± 
10.0ᵃ 

G4 
(SLB) 

2.01 ± 
0.63a 

25.0 ± 
5.0ᵃ 

36.0 ± 
13.0ᵃᵇ 

60.0 ± 
11.0ᵃ 

77.0 ± 
12.0ᵃ 

G5 (CS 
+ SLB) 

2.35 ± 
1.52a 

28.0 ± 
4.0ᵃ 

38.5 ± 
17.0ᵃᵇ 

55.0 ± 
10.0ᵃ 

80.0 ± 
13.0ᵃ 

Values are expressed as mean ± SD (n = 6). Different 
superscript letters within the same column indicate 
statistically significant differences between groups (p < 
0.05) 

Effects of MTX, CS and SLB on liver histopathology 

Groups  

 
G1(Control) 

 
G2(MTX)only 

 
G3(Saffron+ MTX) 

 
G5(Saffron+Silymarin+MTX) 

 
G4(Silymarin+ MTX) 

Figure 1. Histopathological appearance of rat liver 
sections stained with Hematoxylin and Eosin (H&E). 
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• G1(control): Histological section of liver of the normal 
rats showing normal appearance of portal vein (black 
arrow), surrounded by normal hepatocytes (blue arrow) 
and Kuppfer cells (yellow arrows). 

• G2 (Methotrexate group) showing abnormal 
histological appearance of liver tissues, showing 
congestion of the portal vein (black arrow), hydropic 
degeneration in many of the hepatocytes which appear 
as vacuolization and cell swelling (blue arrows), There 
is infiltration of inflammatory cells inside and 
surrounding the portal area (yellow arrows). 

• G3(CS+MXT) Liver section of rats received saffron 
(100mg /kg) pre and post treatment by (20mg/kg) 
MXT (showing normal portal vein without congestion 
(black arrows), normal hepatocytes (blue arrow). There 
is few infiltrations of inflammatory cells (red arrows). 

• G4(SLB+MXT): Histopathology of liver section 
received Silymarin (100mg/kg) pre and post treatment 
by (20mg/kg) of MXT Showing infiltrated of 
mononuclear cells at the portal area (black arrows) and 
dilated hepatic sinusoids with few bleeding (blue 
arrows), hydropic degeneration in some of the 
hepatocytes (red arrows). 

• G5 (CS+SLB+ MXT) Histopathology of liver section 
of rats receiving combined treatment of saffron 
(100mg/kg) and Silymarin (100mg/kg) pre and post 
treatment of (20mg/kg) of MTX(E)) showing normal 
appearance of portal vein (black arrow), surrounded by 
normal hepatocytes (blue arrow) and normal Kuppfer 
cells (yellow arrow). The spaces between cells are 
normal hepatic sinusoids (red arrows). H&E. (400x) 

Figure (1) show that the microscopic examination of liver 
sections from the control group demonstrated a normal 
structure. however in the MTX group, showing disrupted 
hepatic architecture with marked inflammatory cell 
infiltration while in MTX + CS group (G3): showing 
partial improvement with reduced inflammatory 
infiltration, restoration of sinusoidal structure, and 
moderate hepatocellular regeneration. 
in group 4(MTX + SLB )group: demonstrating 
considerable histological recovery with clearer sinusoidal 
spaces, mild cellular infiltration, and preserved hepatocyte 
morphology. 
also in group 5(MTX + CS + SLB )group: revealing near-
normal hepatic tissue with intact central vein, well-
organized hepatic cords, minimal inflammatory 
infiltration, and regular sinusoidal spaces, indicating 
synergistic hepatoprotective effect. In general, significant 
improvement was evident in the Pre & Post treatment with 
CS and Silymarin and both. 

Table 5. Semi-quantitative histopathological scoring of 
hepatic lesions in different experimental groups 

Histopathologic
al Parameter 

G1 G2 G3 G4 G5 p-value 

Inflammatory 
cellular 

0,0,
0 

2,3,
3 

1,0,
1 

2,1,
1 

0,0,
0 

0.014*
* 

infiltration 
Hydropic 

degeneration 
0,0,
0 

3,2,
3 

0,1,
0 

2,1,
1 

1,0,
0 

0.024*
* 

Necrosis 0,0,
0 

1,3,
3 

0,0,
0 

1,1,
0 

0,0,
0 

0.019*
* 

Congestion and 
hemorrhage 

0,0,
0 

2,1,
3 

0,0,
1 

2,1,
2 

1,0,
0 

0.035*
* 

Sinusoidal 
dilatation 

0,0,
0 

0,1,
3 

1,1,
0 

1,1,
2 

1,1,
0 

0.19* 

P value>0.05 = non-significant * 

P value<0.05 = significant** 

In Table (5) it shows the findings of the histopathology 
tests.  The scores for each of the three liver sections from 
each animal (n = 3) are displayed as independent numbers. 
A score of 0 means there is none, a score of 1 means there 
is mild, a score of 2 means there is moderate, and a score 
of 3 means there is severe. 

The liver structure in Group 1, which was the control 
group, was normal, with scores of 0 for all metrics. 

Group 2 experienced a lot of damage, such as 
inflammatory cell infiltration (scores 2, 3, 3), hydropic 
degeneration (3, 2, 3), necrosis (1, 3, 3), and 
congestion/hemorrhage (2, 1, 3). 

In Group 3 the number of damages decreased a lot. Most 
of the scores were 0 or 1, which suggests that there were 
only minimal or no lesions. 

Group 4 provided some protection, with moderate 
infiltration (2, 1, 1), hydropic alterations (2, 1, 1), necrosis 
(1, 1, 0), and congestion/hemorrhage (2, 1, 2). Compared 
to the control group, Group 5 didn't have any notable 
alterations. 

Immuno-histochemical study of liver tissue: 

Groups IL-6 TGF-B 
G1(contro

l) 

  

G2(MXT 
only) 
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n+ MXT) 

  
G4(Silym
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MXT) 

  

G5(Saffro
n+ 

Silymarin
+MXT 

  
Figure 2: Effect of saffron and Silymarin on the expression 

of IL-6 and TGF-B gene in Methotrexate induced acute 
liver damage in rats. 

 
Figure 3: Quantification of the percentage of IL-6 and 

TGF-β immunostaining in the positive stain hepatic cells 
in different groups by using ImageJ software. 

As shown in Figure 2 and Figure 3 Immunohistochemical 
analysis revealed no IL-6 and TGF-β staining in control 
livers (G1). In G2 Methotrexate (20 mg/kg single dose IP ) 
evoked moderate cytoplasmic IL-6 immunoreactivity 
(mean score 2.0 ± 0.2) and low TGF-β expression (1.2 ± 
0.1). Saffron (100 mg/ kg) pre- and post-treatment in (G3) 
markedly reduced IL-6 to low levels (0.8 ± 0.1) and 
abolished TGF-β (0.1 ± 0.1). Silymarin alone(100mg /kg ) 
in  (G4) produced intermediate suppression of IL-6 (1.4 ± 
0.2) and very low TGF-β (0.4 ± 0.1). Co-administration of 
saffron plus silymarin (G5) virtually eliminated both 
cytokines (IL-6 0.3 ± 0.1; TGF-β 0.0 ± 0.0), confirming 
synergistic anti-inflammatory and anti-fibrotic activity. 

DISCUSSION 

GC–MS showed that saffron and silymarin extracts have 
different but complementary phytochemicals, which likely 
explain their strong liver-protective actions. 

Saffron contained many diverse compounds, including 
phenolics and unsaturated fatty acids such as linoleic and 
oleic acids, which support antioxidant, anti-inflammatory 
and membrane-stabilising effects 16, 17 Silymarin had fewer 
but more lipid-rich components, dominated by long-chain 
esters and fatty. acids that also enhance antioxidant 
defence and protect hepatocyte membranes. 18, 19 

Methotrexate (20 mg/kg, IP) caused clear liver injury: 
liver enzymes and MDA increased, IL-6 and TGF-β were 
elevated, while albumin, total protein and GPX-1 fell. 
Histology showed distorted architecture, congestion and 
inflammatory infiltration, and immunohistochemistry 
revealed strong IL-6 and TGF-β staining, confirming 
active inflammation and early fibrogenesis. 20, 21 

Methotrexate harms the liver by blocking folate-dependent 
DNA synthesis and triggering excess reactive oxygen 
species. This causes mitochondrial dysfunction, oxidative 
DNA damage and hepatocyte death. At the same time, IL-
6, TNF-α, NF-κB and TGF-β drive inflammation and early 
fibrosis, while loss of antioxidant enzymes such as GPX-1 
and SOD leaves the liver less able to defend itself, in line 
with previous reports. 7, 22 

Methotrexate, utilized for years as an immunosuppressant 
for rheumatoid arthritis and malignancies, may cause liver 
damage by increasing transaminase levels or causing 
moderate-to-severe fibrosis; however, it does not lead to 
liver failure, cirrhosis, or mortality when compared to 
other anticancer drugs. 23 However, 24 Demonstrated that 
intraperitoneal dose of methotrexate at 20 mg/kg markedly 
elevated serum ALT, AST, ALP, TBL, and lactate 
dehydrogenase (LDH) levels in Wistar rats relative to the 
control group. Methotrexate markedly elevated oxidative 
stress by increasing liver MDA levels in comparison to 
control rats.25 

Numerous studies demonstrate that the injection of MTX 
elevates the generation of reactive oxygen species (ROS), 
alongside nitric oxide (NO) creation and lipoperoxidation 
in the liver. 26 

Derived from the latest search results (2023-2025), the 
hepatic levels of IL-6, TGF-β, MDA and GPX1 are now 
recognized as a compact biomarker panel that 
simultaneously captures inflammation, fibrogenesis, lipid 
peroxidation and antioxidant competence in liver injury 
models as well as IL-6 & TGF-β – Both cytokines are 
consistently elevated in toxin- or diet-induced hepatic 
damage and are down-regulated by antioxidant 
interventions such as selenomethionine (SeMet) and 
silybin, confirming their utility as sensitive 
inflammatory/fibrotic read-outs27, MDA – A direct product 
of lipid peroxidation; its hepatic concentration rises in 
parallel with oxidative insult and falls when GPX1 activity 
is restored. 28 
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GPX-1; a key seleno-enzyme located predominantly in 
hepatocyte mitochondria and cytosol; its decrease signals 
compromised glutathione-dependent antioxidant defenses 
and is rapidly reversed by silymarin supplementation 27, 
thus, quantifying IL-6, TGF-β, MDA and GPX1 in liver 
tissue or serum provides a concise, mechanistically 
coherent snapshot of oxidative-inflammatory injury and 
the efficacy of hepatoprotective treatments. 

Histological examination revealed restoration of normal 
hepatic architecture, with minimal necrosis and reduced 
inflammatory cell infiltration. IHC staining of IL-6 and 
TGF-β also showed marked downregulation, especially in 
the combination group. These outcomes support a 
synergistic hepatoprotective effect when saffron and 
silymarin are used together. 

Pharmacodynamically, saffron’s efficacy is largely 
attributed to its phenolic aldehydes and carotenoid 
derivatives such as crocin and crocetin, which inhibit lipid 
peroxidation, modulate pro-inflammatory signaling, and 
enhance mitochondrial integrity. Silymarin, by contrast, 
acts through its rich content of flavonolignans (e.g., 
silybin), which not only neutralize ROS but also stabilize 
hepatocyte membranes, stimulate ribosomal RNA 
synthesis, and inhibit the TGF-β/Smad pathway. 
Furthermore, silymarin enhances intracellular glutathione 
levels, thereby supporting phase II detoxification reactions 
in the Liver. 29 

Conversely, MTX induces the depletion of beneficial 
antioxidants, such as glutathione (GSH), and inhibits free 
radical scavenging enzymes, including catalase (CAT), 
superoxide dismutase (SOD), and glutathione peroxidase 
(GPx) . 30 

Silymarin exhibits hepatoprotective effects through 
multiple pathways, primarily by modulating enzymatic 
and nonenzymatic biochemical indicators in the liver 31and 
upregulation of nuclear factor erythroid 2-related factor 2 
(Nrf2) expression 32 The anti-inflammatory activities of 
silymarin have been demonstrated in many models of liver 
injury. In a rat model of alcoholic fatty liver, silymarin 
functioned by downregulating the expression of nuclear 
factor kappa B (NF-κB), interleukin-6 (IL-6), matrix 
metalloproteinase-2 (MMP-2), matrix metalloproteinase-
13 (MMP-13), transforming growth factor beta-1 (TGF-
β1), tumor-suppressor Krueppel-like factor, collagen α1, 
and platelet-derived growth factor (PDGF) signaling in 
hepatotoxic damage animal models. 33 

Saffron and silymarin counteract MTX-induced liver 
injury through complementary mechanisms. Saffron 
suppresses the expression of pro-inflammatory genes and 
decreases free radicals34, while silymarin fortifies 
membrane stability, enhances antioxidant defenses, and 
inhibits cytokine-mediated fibrotic responses. 35 

CONCLUSION 
GC-MS and other findings show that saffron and silymarin 
protect the liver from methotrexate by lowering IL-6, 
reducing inflammation, and restoring GPX1. Their 

different but complementary phytochemicals work 
together, and the combination gives slightly better 
protection, supporting their use as a natural add-on therapy 
against drug-induced liver damage. 

Declaration section 

Conflict of Interest 
The authors declare the absence of any conflict of interest. 

Funding 
No financial support was obtained for this research 

Ethical Approval 
Approval obtained from basic sciences department, 
College of Dentistry, Hawler Medical University Approval 
No: HMUD/2425183 and it is part of my PH.D thesis 

Limitations and future directions 
This study was limited by its single-dose MTX model and 
short observation period. Chronic models could better 
assess long-term fibrotic outcomes. Future research should 
explore chronic dosing regimens, herb–drug interactions, 
and clinical translation in MTX-treated patient 
populations. 

Data availability 
The datasets generated and/or analysed during the current 
study are available from the corresponding author on 
reasonable request. 

Authors’ contributions 
SMZA performed animal experiments, carried out 
biochemical and histological analyses, and drafted the 
manuscript.. HTN conceived and designed the study, 
supervised the experiments and contributed to data 
interpretation and manuscript revision. Both authors read 
and approved the final manuscript. 

Acknowledgements 
We would like to warmly thank our colleagues at the 
College of Dentistry and the College of Pharmacy, Hawler 
Medical University, for their generous help and use of 
laboratory facilities throughout this work. We are 
especially grateful to the staff of the Experimental Animal 
House for their careful handling and daily care of the 
animals, and to the histopathology and biochemistry 
laboratory teams for their support with tissue processing 
and sample analysis. 

We also thank our friends and colleagues in the 
Department of Medical Microbiology and the Department 
of Basic Sciences for their encouragement, advice and 
continuous support during this study, which forms part of 
the first author’s PhD thesis at Hawler Medical University. 

REFERENCES 
1. Mohajan, H.K., A Study on Functions of Liver to 

Sustain a Healthy Liver. Innovation in Science and 
Technology, 2025. 4(1): p. 77-87. 

2. Gong, J., et al., Hepatocytes: A key role in liver 
inflammation. Frontiers in immunology, 2023. 13: p. 
1083780. 



Page: 4 8 8   

Modulation of Interleukin-6 and Transforming Growth Factor -β Signaling Pathways by Saffron and Silymarin in Methotrexate-
Induced Hepatotoxicity 

IJDDT, Volume 16 Issue 1, 2026 
 
 
 

3. Andrade, R.J., et al., Drug-induced liver injury. 
Nature reviews Disease primers, 2019. 5(1): p. 58. 

4. Bramley, D., What dose of folic acid to use with 
methotrexate in rheumatoid arthritis? Drug and 
Therapeutics Bulletin, 2021. 59(7): p. 103-106. 

5. Abdallah, N., et al. Melatonin mitigated 
methotrexate-induced hepatotoxicity through 
interrelated biological processes. Molecular Biology 
Reports 2024  [cited 51 1]; 833]. Available from: 
https://doi.org/10.1007/s11033-024-09792-z. 

6. Mandlik, D.S. and S.K. Mandlik, Herbal and natural 
dietary products: upcoming therapeutic approach for 
prevention and treatment of hepatocellular 
carcinoma. Nutrition and Cancer, 2021. 73(11-12): p. 
2130-2154. 

7. Elfardi, Y.R., et al., The multifaceted therapeutic 
potential of saffron: An overview based on research 
and patents. Drugs and Drug Candidates, 2024. 3(3): 
p. 437-454. 

8. Dini, S., S. Singh, and F. Fatemi, The 
hepatoprotective possessions of specific Iranian 
medicinal plants. Journal of Food Biochemistry, 
2024. 2024(1): p. 8783113. 

9. Kumar, A., et al., Major phytochemicals: recent 
advances in health benefits and extraction method. 
Molecules, 2023. 28(2): p. 887. 

10. Gandomzadeh, D., et al., A comprehensive review of 
drying techniques and quality for saffron. Journal of 
Food Measurement and Characterization, 2024. 
18(10): p. 8218-8232. 

11. Anjum, A., Application of Machine Learning 
towards Compound Identification through Gas 
Chromatography Retention Index (RI) and Electron 
Ionization Mass Spectrometry (EI-MS) Predictions. 
2024. 

12. Kalantar, M., et al., Crocin ameliorates methotrexate-
induced liver injury via inhibition of oxidative stress 
and inflammation in rats. Pharmacological Reports, 
2019. 71(4): p. 746-752. 

13. Zarei, B. and S. Elyasi, Saffron nephroprotective 
effects against medications and toxins: A review of 
preclinical data. Iranian Journal of Basic Medical 
Sciences, 2022. 25(4): p. 419. 

14. Adelina, J.-A.M., Clinical studies of silymarin as a 
protective agent against liver damage caused by anti-
TB drugs, methotrexate, and in cases of chronic 
hepatitis C and diabetes mellitus. Pharmacognosy 
Journal, 2022. 14(2). 

15. Kongtueng, P., et al., ARTIFACTS IN 
MICROSCOPIC SLIDES AND TEM IMAGES OF 
AQUATIC ANIMALS AND INSECTS: A 10-
YEAR RETROSPECTIVE OBSERVATION. 

Malaysian Journal of Microscopy, 2024. 20(2): p. 1-
13. 

16. Naraki, G.A., et al., Effect of Crocus sativus 
L.(saffron) and Rosmarinus officinalis L.(rosemary) 
in hepatocellular carcinoma: A narrative review of 
current evidence and prospects. Iranian Journal of 
Basic Medical Sciences, 2025. 28(8): p. 986. 

17. Driouech, M., et al., Herbal and Dietary Supplements 
for Hypertension Management. Letters in Drug 
Design & Discovery, 2024. 21(17): p. 3659-3693. 

18. Surai, P.F., Silymarin as a natural antioxidant: an 
overview of the current evidence and perspectives. 
Antioxidants, 2015. 4(1): p. 204-247. 

19. Tighe, S.P., et al., Chronic liver disease and 
silymarin: A biochemical and clinical review. Journal 
of Clinical and Translational Hepatology, 2020. 8(4): 
p. 454. 

20. AbdelKader, G., et al., Protective effects of crocin 
against methotrexate-induced hepatotoxicity in adult 
male albino rats: Histological, immunohistochemical, 
and biochemical study. Cureus, 2023. 15(1). 

21. Hoshyar, R., et al., The impact of Crocus sativus 
stigma against methotrexate-induced liver toxicity in 
rats. Journal of Complementary and Integrative 
Medicine, 2020. 17(2): p. 20190201. 

22. José Bagur, M., et al., Saffron: An old medicinal 
plant and a potential novel functional food. 
Molecules, 2017. 23(1): p. 30. 

23. Kelgeri, C., et al., Liver injury in children with long-
term low-dose methotrexate. Acta Paediatrica, 2020. 
109(5): p. 1067-1070. 

24. Katturajan, R., et al., Molecular toxicity of 
methotrexate in rheumatoid arthritis treatment: A 
novel perspective and therapeutic implications. 
Toxicology, 2021. 461: p. 152909. 

25. Mahmoud, A.M., et al., Corrigendum to 
"Methotrexate hepatotoxicity is associated with 
oxidative stress, and down-regulation of PPARγ and 
Nrf2: Protective effect of 18β-Glycyrrhetinic acid" 
[Chem. Biol. Interact. 270 (2017) 59-72]. Chem Biol 
Interact, 2023. 378: p. 110485. 

26. Al Maruf, A., et al., Methotrexate induced 
mitochondrial injury and cytochrome c release in rat 
liver hepatocytes. Drug Chem Toxicol, 2018. 41(1): 
p. 51-61. 

27. Wang, Y., et al., Selenomethionine Counteracts T-2 
Toxin-Induced Liver Injury by Mitigating Oxidative 
Stress Damage Through the Enhancement of 
Antioxidant Enzymes. Antioxidants, 2025. 14(7): p. 
866. 

28. Nam, Y., et al., Sanguisorba officinalis L. 
ameliorates hepatic steatosis and fibrosis by 



Page: 4 8 9   

Modulation of Interleukin-6 and Transforming Growth Factor -β Signaling Pathways by Saffron and Silymarin in Methotrexate-
Induced Hepatotoxicity 

IJDDT, Volume 16 Issue 1, 2026 
 
 
 

modulating oxidative stress, fatty acid oxidation, and 
gut microbiota in CDAHFD-induced mice. Nutrients, 
2023. 15(17): p. 3779. 

29. Abenavoli, L., et al., Milk thistle (Silybum 
marianum): A concise overview on its chemistry, 
pharmacological, and nutraceutical uses in liver 
diseases. Phytother Res, 2018. 32(11): p. 2202-2213. 

30. Kalantar, M., et al., Crocin ameliorates methotrexate-
induced liver injury via inhibition of oxidative stress 
and inflammation in rats. Pharmacol Rep, 2019. 
71(4): p. 746-752. 

31. Tujios, S.R. and W.M. Lee, Acute liver failure 
induced by idiosyncratic reaction to drugs: 
Challenges in diagnosis and therapy. Liver Int, 2018. 
38(1): p. 6-14. 

32. Khoder, N.M., et al., Metformin and alpha lipoic acid 
ameliorate hypothyroidism and its complications in 

adult male rats. J Diabetes Metab Disord, 2022. 
21(2): p. 1327-1337. 

33. Prajapati, J., N. Bhatt, and R.M. Rawal, 
Hepatoprotective effects of phytochemicals and plant 
extracts against chemotherapy-induced liver damage 
in animal models: a systematic review. Archives of 
toxicology, 2024. 

34. Frusciante, L., et al., Exploring the Antioxidant and 
Anti-Inflammatory Potential of Saffron (Crocus 
sativus) Tepals Extract within the Circular 
Bioeconomy. Antioxidants, 2024. 13(9): p. 1082. 

35. Kong, J., et al., Oxidative stress in the brain-lung 
crosstalk: cellular and molecular perspectives. Front 
Aging Neurosci, 2024. 16: p. 1389454. 

  
. 

 


