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ABSTRACT 
 

Methotrexate (MTX) is a cytotoxic drug used to treat a wide range of cancers and non-cancerous 
conditions. However, it can cause unfavorable acute toxic effects in several organs, including the 
testis.  Equisetum arvense L. (E. arvense) extract is effective in counteracting oxidative stress-
related disorders. This study assessed the preventive effect of E. arvense extract against MTX-
induced testicular toxicity. Gas chromatography-mass spectroscopy (GC-MS) was used to analyze 
the active constituents of E. arvense extract. Testicular toxicity was induced via MTX injection (0.5 
mg/kg/ twice a week for 4 weeks). Forty male albino rats were divided into 4 groups: I- control 
(Cont); II: MTX; III: E. arvense (500 mg/kg/daily for 10 weeks); and IV: E. arvense + MTX. E. 
arvense main active constituents were squalane (15%), ascorbic acid per methyl (9.55%), phytol 
(8.69%), 2-pyrroline 1,2-dimethyl (8.63%), and octacosane (8.23%). Treatment of MTX injected rats 
with E. arvense produced a significant rise in body weight, serum testosterone and luteinizing 
hormone. E. arvense significantly increased the sperm counts, viability, and motility relative to the 
MTX injected rats. The levels of testicular oxidative stress and inflammation significantly reduced in 
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the MTX rats treated with E. arvense. Furthermore, E. arvense markedly improved the testicular 
tissue and seminiferous tubules’ pathologic features in MTX-treated rats. E. arvense significantly 
decreased lipid peroxidation products, interleukin-1 beta, tumor necrosis factor-alpha while 
increasing superoxide dismutase levels.  E. arvense prevented MTX-induced testicular damage via 
anti-inflammatory and antioxidant activities.  
 

 
Keywords: Methotrexate; Equisetum arvense L.; testicular toxicity; antioxidant; anti-inflammatory. 
 
1. INTRODUCTION 
 

In recent years, the epidemiology of cancers in 
Saudi Arabia has increased threefold [1]. Cancer 
treatment includes the use of numerous 
chemotherapeutic agents [2]. MTX is a folic acid 
reductase inhibitor cytotoxic agent used to treat a 
large number of malignant tumors (acute 
lymphoblastic leukemia, osteosarcoma, lung, 
breast, skin, neck, and head cancers) and non-
neoplastic diseases (rheumatoid arthritis) [3,4]. 
MTX induced severe side effects like nerve, liver, 
kidney, and lung damage; in addition to diarrhea, 
mouth sores, hair loss, and reduced blood cell 
counts [5-7]. Furthermore, several studies have 
shown that MTX induced damage of testicular 
seminiferous tubule, apoptosis of spermatocyte, 
reduction of sperm number, and infertility in 
males [7,8,9-11]. Numerous studies have linked 
MTX-induced testicular damage to an imbalance 
between antioxidant factors and free radical 
levels [7,12-14]. 
 
Medicinal plants and their extracts are good 
sources of exogenous antioxidants [15-17]. Aside 
from their excellent effectiveness, they have a 
low risk of toxicity when used [18]. Several 
research investigated the effectiveness of 
antioxidant-rich plants in decreasing and 
preventing testicular damage caused by MTX 
[7,8,19]. 
  
Equisetum arvense L. (E. arvense) called 
horsetail, is a member of the Equisetaceae family 
[20]. It’s widely utilized in Saudi Arabia because 
it's suggested for a variety of diseases in folk 
medicine [21]. E. arvense LD50 value reaches 
5000 mg/kg, making it a safe plant [22]. Several 
studies have shown the efficacy of E. arvense 
extract in preventing and treating diseases and 
disorders caused by oxidative stress [23-26]. E. 
arvense proved to have antioxidant, antitumor, 
antifungal, analgesic, antibacterial, anti-
inflammatory, anticonvulsant, and cytotoxic 
activities [27-30]. Antidiabetic, renoprotective, 
and hepatoprotective effects of methanolic E. 
arvense extract have been also demonstrated 
[31-32]. The plant is used to treat tuberculosis, 

gout, rheumatic diseases, ulcers, swelling, and 
fractures [33-34]. It also proved to cure wounds 
in animals and humans due to its antioxidants 
compounds which neutralize, prevent, or hinder 
ROS [35]. 
   
As per our knowledge, no researches assessing 
the preventive effect of E. arvense extract 
against MTX-induced testicular toxicity in rats. 
This research was designed to determine the 
probable protective role of E. arvense extract 
against MTX-induced testicular toxicity and 
explain its protective mechanism by determin ing 
its antioxidants and anti-inflammatory         
properties.  

 
2. METHODOLOGY 
 
2.1 Drugs, Chemicals, and Kits 
 
MTX “Ebewe, 2.5 mg methotrexate/tablet, Haupt 
Pharma Amareg GmbH, Regensburg, Germany”. 
All chemicals with high grade were bought from 
Sigma-Aldrich Chemical Co, USA. Enzyme-
linked immunosorbent assay (ELISA) kits to 
measure the serum testosterone hormone (TH) 
and luteinizing hormone (LH) purchased from 
Centronic Chemicals Co, Germany. ELISA kits to 
measure the testicular antioxidant (thiobarbituric 
acid reactive substances, TBARS) and 
superoxide dismutase (SOD)), and inflammatory 
markers (tumor necrosis factor-alpha (TNF-α) 
and interleukin 1β (IL-1β)) were purchased from 
Glory Science Co., Ltd. Del Rio-TX-USA. 
 
2.2 E. arvense Extraction 
 
The aerial parts of the E. arvense were 
purchased from Haraz for Herbs and Medicinal 
Plant Company Cairo, Egypt. The dried plant 
was ground using a blender, then 100 g was 
extracted with ethanol (500 ml, 70 %) in a conical 
flask, three times in a dark room. The collected 
extracts were filtered, evaporated to dryness 
under low pressure at 40 °C using a rotary 
evaporator, then freeze-dried [36]. The extract 
was stored at 4 °C for further use.  
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2.3 Analysis of E. arvense Active 
Constituents  

 

Analysis of the E. arvense extract was done 
using a gas chromatography-mass spectroscopy 
(GC-MS) (Agilent Technologies 7890A) 
instrument, which connected to a mass-specific 
detector (MSD, Agilent 7000). Helium gas was 
used as an eluent and a carrier. Results were 
represented as a graph from the signal called a 
chromatogram (the Y-axis measures the intensity 
of the signal to quantify the component in the 
extract, and the X-axis shows the retention time 
(RT)). Each peak is considered a signal created 
when a compound was eluted from the GC 
column into the MSD. The extract’s constituents 
were identified by comparing their RT and mass 
spectra segmentation patterns with those stored 
in the library of authentic compounds and 
published literature [37]. 
 

2.4 Antioxidant Contents of E. arvense 
  
E. arvense total phenols were evaluated by the 
Folin–Ciocalteu method [38], total flavonoids 
were assessed by Dowd method using aluminum 
chloride colorimetric method [39], and total 
antioxidant substances were assessed by the 
phosphomolybdenum method [40]. 
 

2.5 Animal and Experiment Design 
 
Forty male albino rats (170-200 g) were 
purchased from the animal unit, King Fahd 
Medical Research Center, KAU. All rats before 
the experiment were fed a well-balanced diet, 
had access to unlimited water and kept in 
standard laboratory conditions for one week as 
an acclimatization period. Rats were divided into 
four groups as follows:  
 
Group I: Control (Cont): rats were 
intraperitoneally (i.p.) injected sodium citrate 
buffer twice a week for 4 weeks and ingested 
orally distilled water for 10 weeks.  
 
Group II: MTX: rats were injected i.p. with MTX 
(0.5 mg/kg body weight/twice a week) for four 
weeks [41-42].  
 
Group III: E. arvense (ethanolic extract of E. 
arvense): rats were ingested orally with E. 
arvense extract for 10 weeks at a dose of 500 
mg/kg [43]. 
Group IV: E. arvense + MTX: MTX-injected rats 
(as in group II) were ingested orally with E. 
arvense ethanolic extract for 10 weeks.  

The body weight for each rat was measured 
weekly, and the bodyweight gain percentage 
(BWG%) was calculated. After 10 weeks, all rats 
were sacrificed, blood samples were individually 
collected, and serum samples were separated by 
centrifugation at 3000 rpm for 10 min, then kept 
at –80 °C for further use in hormones analysis. 
Testes were collected and preserved either 
frozen at –80 °C (for oxidative stress and 
inflammation measures) or in 10% buffered 
formalin solution (for histopathology). 
 

2.6 Sperm Characteristics 
 
To collect semen samples, the cauda 
epididymides were removed immediately after 
the rats were sacrificed. The sperm number was 
counted under the light microscope (LM) in 10 µL 
of the diluted specimen (1:20 dilution) by 
hemocytometer. The number of motility sperm 
was counted under LM. The viability of sperm 
was measured by mixing 20 µl of sperm 
suspension with 20 µl of eosin solution (1%), 
added 5 % nigrosin solution, then calculated the 
percent of life (discolored) and dead (abnormal 
head and tails) (appear pink) sperms under LM 
[44]. 
 

2.7 Hormones Assay 
 
Serum levels of TH and LH were measured using 
ELISA kits.  
 

2.8 Inflammatory Measures Assay  
 

The homogenized testicular tissues were used to 
measure TNF-α and IL-1β levels by ELISA kits. 
 

2.9 Oxidative Stress Measures Assay 
 

The homogenized testicular tissues were used to 
measure the content of TBARS and SOD activity 
by ELISA kits. 
 

2.10 Histopathological Examination 
 

After the routine procedure for testicular samples 
and hematoxylin and eosin (H & E) staining, the 
testicular tissues were examined under LM to 
detect any pathological changes. 
 

2.11 Morphometric Examination 
 

The dimensional measurements of the thickness 
of the dividing cells, including the secondary 
spermatocytes and primary spermatocyte size, 
and the full thickness of cellular contents of the 
tubules, which include spermatozoa, were 
recorded.  
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2.12 Statistical Calculations 
 
The obtained data were represented as mean ± 
SD; means were compared using the LSD test. 
SPSS version 25 for windows was applied to 
carry out the statistical calculations of the 
findings, considering the significance level at P ≤ 
0.05. 
 

3. RESULTS  
 
3.1 Active Constituents of E. arvense 

(GC-MS) 
 

The GC-MS chromatogram analysis of E. 
arvense demonstrated the presence of 28 
components corresponding to the peaks Fig. (1) 
and Table (1). Analysis of E. arvense extract 
proved the presence of major components as 
follow: squalane (15%) at 18.863 RT; ascorbic 
acid, per methyl-(9.55%) at 20.356 RT; phytol 
(8.69%) at 14.553 RT; 2-pyrroline, 1,2-dimethyl- 
(8.63%) at 8.771 RT;  and octacosane (8.23%) at 
17.621 RT. Followed by flavone, 5-hydroxy-
3,3',4',6,7-pentamethoxy-(6.94%) at 22.636 RT; 
heptacosane (6.34%) at 18.752 RT; geranyl 
isovalerate (6.10%) at 21.508 RT and salicylic 
acid β-D-O-glucuronide (5.93%) at 16.583 RT. 
 

3.2 Total Phenols, Flavonoids, and 
Antioxidants of E. arvense Extract   

 

The extract of E. arvense contain total phenols 
amounted 291.10 ± 15.84 (mg/ 100 g gallic acid 
equivalent); total flavonoids amounted 309.48 ± 
6.53 (mg/100g quercetin equivalent); and total 
antioxidants amounted 2405.5 ± 10.62 (mg/100g 
ascorbic acid equivalent). 
 

3.3 E. arvense Improved the Sperm 
Parameters in MTX Injected Rats  

 
When sperm parameters were calculated, it was 
discovered that the number of cauda epididymis 
sperms in the MTX group was significantly lower 
than in the Cont group (p ≤ 0.001). Furthermore, 
in the MTX group compared to the Cont group, 
there were significant decreases in sperm 
viability and motility percent, as well as a 
significant increase in sperm abnormalities 
percent (p ≤ 0.001). Ingestion of E. arvense 
extract (500 mg/kg) significantly reverses the 
impairment of the sperm parameters induced by 
MTX. The sperm count, motility, and viability 
percent all increased significantly (61.9 ± 9.48; 
77.90 ± 5.78 and 79.73 ± 8.02 vs. 35.9 ± 4.82; 
42.50 ± 8.61 and 50.70 ± 8.78, for the Cont and 
the MTX group, respectively), concurrent with a 
significant decrease in the sperm abnormalities 
% (9.22 ± 2.04 vs. 39.32 ± 6.63, for the Cont and 
the MTX group, respectively). The E. arvense 
group showed significant increases in sperm 
count, motility, and viability concurrent with a 
significant reduction in sperm abnormalities % 
relative to the Cont group Table (4). 
 
3.4 E. arvense increased TH and LH in 

MTX Injected Rats 
 
The results revealed that MTX-induced 
significant decreases in serum TH and LH levels 
relative to the Cont group (p ≤ 0.001). The TH 
and LH levels were elevated significantly in the 
E. arvense + MTX relative to the MTX group (p ≤ 
0.001). There were no major variations between 
the E. arvense and the Cont group Fig. (2). 

 

 
 

Fig. 1. GC-MS Chromatogram analysis of E. arvense extract major constituents 
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Table 1. Major phytochemical active constituents in E. arvense extract (GC-MS) 
 

Serial No. Constituents RT (min) Concentrations (%) 
1 Cubebol 5.511 1.59 
2 Gentisic acid 7.221 0.67 
3 2-Pyrroline, 1,2-dimethyl- 8.771 8.63 
4 γ-Tocotrienol 10.522 0.54 
5 3,2',4',5'-Tetramethoxyflavone 10.788 1.04 
6 2'-Hydroxy-3,4,5-trimethoxychalcone 12.945 1.11 
7 3-(3,4-Dimethoxyphenyl)-4-methylcoumarin 13.089 1.05 
8 3,6,3',4'-Tetramethoxyflavone 13.192 0.97 
9 6,7,4'-Trimethoxyisoflavone 13.963 1.56 
10 Phytol 14.553 8.69 
11 Hexa-hydro-farnesol 15.103 1.46 
12 Gardenin 15.574 1.71 
13 Pentacosane 15.796 3.46 
14 3,5-di-tert-Butylcatechol 16.263 1.55 
15 Salicylic acid β-D-O-glucuronide 16.583 5.93 
16 Probucol 17.079 1.5 
17 Vanillic acid 17.424 1.6 
18 Octacosane 17.621 8.23 
19 Heptacosane 18.752 6.34 
20 Squalane 18.863 15.00 
21 Flavone, 3,5,7-trimethoxy- 19.868 0.91 
22 Coniferyl aldehyde 20.032 0.78 
23 Ascorbic acid, permethyl- 20.356 9.55 
24 Epicubebol 21.152 0.75 
25 Geranyl isovalerate 21.508 6.10 
26 Propyl gallate 22.029 1.62 
27 2,6-Dihydroxybenzoic acid 22.23 0.71 
28 Flavone, 5-hydroxy-3,3',4',6,7-pentamethoxy- 22.636 6.94 
                    Non-identified compounds > 22.7 0.01 

RT: Retention time 
 

Table 2. Total phenols, flavonoids, and antioxidants of E. arvense extract 
 

Antioxidant constituents Mean ± SD 
Total phenols (mg/ 100 g gallic acid equivalent) 291.10 ± 15.84 
Total flavonoids (mg/100 g quercetin equivalent) 309.48 ± 6.53 
Total antioxidants (mg/ 100 g ascorbic acid equivalent) 2405.50 ± 10.62 

Values were expressed as mean ± SD for 3 replicates 
 

Table 3. Effect of E. arvense on weight gain in MTX injected rats 
 

Groups IBW (g) FBW (g) BWG% 
Cont 186.59 ± 9.76 274.88 ± 13.51 32.04 ± 3.68 
E. arvense 187.33 ± 9.91 271.14 ± 8.90 30.82 ± 4.80 
MTX 185.26 ± 9.07 229.03 ± 8.78* 19.11 ± 2.72* 
E. arvense + MTX 187.73 ± 8.95 259.32 ± 10.63# 27.46 ± 5.07# 

IBW: Initial Body Weight; FBW: Final Body Weight; BWG%: Body Weight Gain Percentage 
Values were offered as mean ± SD (n=10). Significant relative to * Cont group and # MTX group 

 
Table 4. Effect of E. arvense on sperm parameters (count, motility, viability, and abnormalities) 

assessed in MTX injected rats 
 

Groups Count (x106/ml) Motility (%) Viability (%) Abnormalities 
(%) 

Cont  72.00 ± 6.89  85.90 ± 5.97  89.70 ± 6.67  6.37 ± 0.58  
E. arvense  74.20 ± 7.32  89.20 ± 6.25  92.66 ± 4.09  5.69 ± 1.12  
MTX 35.90 ± 4.82* 42.50 ± 8.61* 50.70 ± 8.78* 39.32 ± 6.63* 
E. arvense + MTX 61.90 ± 9.48# 77.90 ± 5.78# 79.73 ± 8.02# 9.22 ± 2.04# 

Values were offered as mean ± SD (n=10). Significant relative to * Cont group and # MTX group 
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3.5 E. arvense Decreased Testicular 
Levels of Inflammatory Markers (IL-1β 
and TNF-α) in MTX Injected Rats  

 
The results demonstrated that MTX induced a 
significant inflammation as there were significant 
increases in testicular levels of IL-1β and TNF-α 
relative to the Cont group (p ≤ 0.001). In the E. 
arvense + MTX group, testicular levels of IL-1β 
and TNF-α were significantly lower (p ≤ 0.001) 
than in the MTX group. There was no substantial 
difference between the E. arvense and Cont 
groups. Fig. (3). 
 

3.6 E. arvense Decreased Oxidative 
Stress Marker (TBARS) and 
Increased the Antioxidant Marker 
(SOD) in MTX Injected Rats 

 

The results revealed that MTX induced 
significant oxidative stress conditions as there 
was a significant reduction in testicular content of 
SOD concurrent with a significant elevation in 

testicular content of TBARS in the MTX group 
relative to the Cont group (p ≤ 0.001). The 
testicular level of SOD elevated significantly with 
a significant reduction in testicular content of 
TBARS in the E. arvense + MTX group relative to 
the MTX group (p ≤ 0.001). Administration of E. 
arvense (500 mg/kg) only produced a significant 
antioxidant activity as there was a significant 
elevation in the testicular content of SOD relative 
to the Cont group Fig. (4). 
 

3.7 Histopathological Findings 
 
Examined testicular sections of the Cont group 
revealed normal testicular structures with 
preserved seminiferous tubules, normal 
spermatocytes, spermatogonia, Sertoli cells, and 
spermatids, they contained a variable number of 
mature spermatozoa in their Lumina. Leydig 
cells, interstitial tissues, and vascular structures 
were normal. Neither degenerative nor necrotic 
or apoptotic changes were observed. Fig. (5A) 
and Fig. (6A).  
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Fig. 2. Effect of E. arvense on serum levels of (A) testosterone hormone (TH) and (B) 
luteinizing hormone (LH) assessed in MTX injected rats 

Values were offered as mean ± SD (n=10). Significant relative to * Cont group and # MTX group 
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Fig. 3. Effect of E. arvense on testicular levels of (A) interleukin-1beta (IL-1β) and (B) tumor 
necrosis factor-alpha (TNF-α) assessed in MTX injected rats 

Values were offered as mean ± SD (n=10). Significant relative to * Cont group and # MTX group 
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Fig. 4. Effect of E. arvense on testicular contents of (A) thiobarbituric acid reactive 
substances (TBARS) and (B) superoxide dismutase (SOD) assessed in MTX injected rats 

Values were offered as mean ± SD (n=10). Significant relative to * Cont group and # MTX group 

In E. arvense group, testicular sections showed 
normal histological architectures in most 
seminiferous tubules with preserved normal 
spermatocytes, spermatogonia, Sertoli cells, and 
spermatids, and they contained a variable 
number of mature spermatozoa in their lumina. 
Leydig cells, interstitial tissue, and vascular 
structures were normal. A few sections pointed 
out mild histomorphological changes represented 
by interstitial edema with focal thickening of the 
intertubular septa and increased Leydig cells Fig. 
(5B) and Fig. (6B).  
 
Examined sections of the MTX group pointed out 
marked cytotoxic changes in a moderate number 
of seminiferous tubules with characteristic 
degenerative, necrotic, and apoptotic morpho-
pathologic changes in almost all the testicular 
cells, including the spermatogonia, 
spermatocytes, and spermatids leading to 
complete testicular aplasia in some parts and 
partial aplasia in others with almost arrest of 
spermatogenesis in the affected tubules. Marked 
interstitial edema with associated multifocal 
patches of Leydig cells proliferation and 
compressive atrophic changes in some 
seminiferous tubules could also be observed in 
Fig. (5C) and Fig. (6C). 
 
 Examined sections of the MTX treated with E. 
arvense demonstrated highly active testicular 
tissues with active spermatogenesis and 
spermiogenesis in almost all examined tissues. 
The seminiferous tubules were lined by normal 
active spermatogonia, spermatocytes, 
spermatids, and spermatozoa with a normal 
thickness of the interstitial tissue and normal 

Leydig cells population. Mild focal interstitial 
edema with moderate Leydig cell proliferation 
could be observed in a few sections. Neither 
degenerative nor necrotic or apoptotic changes 
were seen in Fig. (5D) and Fig. (6D). 
 

3.8 Morphometric Analysis of Testicular 
Tissue 

 

The collective morphometric analytic was 
illustrated in Fig. (7) and Table (5). In the E. 
arvense group, there were significant increases 
in seminiferous tubules size and primary 
spermatocytes relative to the Cont group (p ≤ 
0.001, and p ≤ 0.05, respectively). However, 
there was no significant difference between E. 
arvense group and the Cont group concerning 
the secondary spermatocytes. MTX group 
showed significant changes in the morphometric 
measurements; there were significant decreases 
in seminiferous tubules size, secondary and 
primary spermatocytes relative to the Cont group 
(p ≤ 0.001). The morphometric measurements 
were markedly improved in the E. arvense + MTX 
group; there were significant increases in 
seminiferous tubules size, secondary and primary 
spermatocytes relative to the MTX group (p ≤ 
0.001).  
 

4. DISCUSSION   
 

MTX is an anti-cancer drug that can also be used 
to treat rheumatoid arthritis. In human and animal 
studies, however, it has been shown to cause 
liver, renal, lung, heart, and testicular 
abnormalities [9,45-46]. This can heighten the 
desire to avoid MTX-induced reproductive 



toxicity, especially among men of reproductive 
age [47-49]. E. arvense has been shown to be 
beneficial in the treatment of diseases and 
disorders caused by oxidative stress [25
aim of this study was to see whether 
could protect male rats from MTX
testicular oxidative stress, inflammation, and 
histopathological changes. 
 
In the current research, MTX injection induced a 
significant reduction in rats’ body weight gain, in 
addition to the significant decrease in sperm 
counts, viability, and motility relative to the Cont 
group. These findings are consistent with         
[42,50-52], who revealed that injected of MTX 
induced loss in body weight, weakness, and lack 
of activity. This could be attributed to MTX
 

Fig. 5. Effect of E. arvense
Photo (A): Testis of the Cont group showing normal testicular tissue, seminiferous tubules (black arrow), Leydig 

cells (orange arrow), normal spermatogonia, spermatocytes (red arrow), spermatids, and sperm
arrow). Photo B: Testis of the E. arvense

seminiferous tubules (black arrow) with preserved normal spermatogonia, spermatocytes (orange arrow), 
spermatids, and Sertoli cells. Mild histomorphological changes are represented by interstitial edema with focal 

thickening of the inter-tubular septa and an increase in Leydig cells population (blue arrow);  Photo C: Testis of the 
MTX group showing a moderate number of seminiferous tubules, 
compressive atrophic changes in some seminiferous tubules (black arrow), interstitial edema (red arrow) with 

associated multifocal patches of Leydig cells proliferation (blue arrows). Photo (D): Testis of the 
group showing highly active testicular tissue with active spermatogenesis and spermiogenesis in almost all of the 

examined tissue (black arrows). The seminiferous tubules are lined by normal active spermatogonia, 
spermatocytes, spermatids, and spermatozoa (red arrows) with a normal thickness of the interstitial tissue and 
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ity, especially among men of reproductive 
has been shown to be 

beneficial in the treatment of diseases and 
disorders caused by oxidative stress [25-26]. The 
aim of this study was to see whether E. arvense 

m MTX-induced 
testicular oxidative stress, inflammation, and 

In the current research, MTX injection induced a 
significant reduction in rats’ body weight gain, in 
addition to the significant decrease in sperm 

nd motility relative to the Cont 
group. These findings are consistent with         

52], who revealed that injected of MTX 
induced loss in body weight, weakness, and lack 
of activity. This could be attributed to MTX-

induced mucositis, disturbance in 
gastrointestinal, appetite, and nutrient absorption 
in the rat model [53]. Additionally, the 
deterioration in sperm characteristics after MTX
treatment may be explained via inhibition of 
spermatogenesis and reduction in seminiferous 
tubules, as a result of damaged cell membrane 
integrity by disturbing proteins and lipids within 
the sperm membrane and increase lipid 
peroxidation level [42]. In the current research, 
MTX induced a marked decline in serum TH and 
LH levels relative to the Cont group. These 
findings agree with several previous studies that 
revealed MTX-induced changes in TH associated 
with a decrease in steroidogenesis and the 
number of LH receptors on Leydig cells [54
 

 

E. arvense on testicular histopathology (H & E bar = 100 µm)
Photo (A): Testis of the Cont group showing normal testicular tissue, seminiferous tubules (black arrow), Leydig 

cells (orange arrow), normal spermatogonia, spermatocytes (red arrow), spermatids, and sperm
E. arvense group showing normal histological architectures in most of the 

seminiferous tubules (black arrow) with preserved normal spermatogonia, spermatocytes (orange arrow), 
histomorphological changes are represented by interstitial edema with focal 

tubular septa and an increase in Leydig cells population (blue arrow);  Photo C: Testis of the 
MTX group showing a moderate number of seminiferous tubules, degenerative (green arrows), necrotic and 
compressive atrophic changes in some seminiferous tubules (black arrow), interstitial edema (red arrow) with 

associated multifocal patches of Leydig cells proliferation (blue arrows). Photo (D): Testis of the E. ar
group showing highly active testicular tissue with active spermatogenesis and spermiogenesis in almost all of the 

examined tissue (black arrows). The seminiferous tubules are lined by normal active spermatogonia, 
spermatozoa (red arrows) with a normal thickness of the interstitial tissue and 

normal population of Leydig cells 
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Fig. 6. Effect of E. arvense

Photo (A): Testis of the Cont group showing normal testicular tissue, seminiferous tubules, normal spermatogonia, 
spermatocytes (red arrow), spermatids, and spermatozoa (blue arrow). Photo (B): 

showing normal architectures in the seminiferous 
and Sertoli cells, they contained a variable number of mature spermatoz

Photo (C): Testis of the MTX group showing marked cytotoxic changes in seminiferous tubu
degenerative (green arrows), necrotic (black arrow), and apoptotic morpho
almost all the testicular cells including the spermatogonia, spermatocytes, and spermatids leading to complete 

testicular aplasia in some parts and partial aplasia in others with almost arrest of spermatog
tubules; Photo (D): Testis of the E. arvense

moderate Leydig 

 
Table 5. Effect of E. arvense on morphometric analysis of testicular tissues measured in MTX 

Groups Seminiferous 
tubules size (µm)

Cont 270.46 ± 1.82
E. arvense 290.36 ± 3.14 *
MTX 106.61 ± 1.78 *
E. arvense + MTX 240.92 ± 1.72 
Values were presented as mean ± SD (3 measurements). Significant relative to * Cont group and # MTX group
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E. arvense on testicular histopathology (H & E bar = 50 µm)
of the Cont group showing normal testicular tissue, seminiferous tubules, normal spermatogonia, 

spermatocytes (red arrow), spermatids, and spermatozoa (blue arrow). Photo (B): Testis of the E. arvense
showing normal architectures in the seminiferous tubules, spermatogonia, spermatocytes (red arrow), spermatids, 

and Sertoli cells, they contained a variable number of mature spermatozoa in their lumina (blue arrow);
of the MTX group showing marked cytotoxic changes in seminiferous tubules with characteristic 

degenerative (green arrows), necrotic (black arrow), and apoptotic morpho-pathologic changes (blue arrows) in 
almost all the testicular cells including the spermatogonia, spermatocytes, and spermatids leading to complete 

aplasia in some parts and partial aplasia in others with almost arrest of spermatogenesis in the affected 
E. arvense + MTX group showing mild focal interstitial edema (blue arrows), and 
moderate Leydig cells proliferation (red arrow) 

on morphometric analysis of testicular tissues measured in MTX 
injected rats 

 

Seminiferous 
tubules size (µm) 

Secondary 
spermatocytes size 
(µm) 

Primary spermatocyte 
size (µm) 

270.46 ± 1.82 152.62 ± 4.49 20.35 ± 0.82
290.36 ± 3.14 * 153.57 ± 6.07 23.86 ± 1.46 *
106.61 ± 1.78 * 44.82 ± 2.03 * 18.05 ± 1.25 *
240.92 ± 1.72 # 144.27± 7.84 # 23.77 ± 1.79 

presented as mean ± SD (3 measurements). Significant relative to * Cont group and # MTX group
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Fig. 7. Effect of E. arvense on testicular morphometric analytic in MTX 
 Photo A: Cont group; Photo B: E. arvense

Oxidative stress proved to have an essential role 
in testicular damage induced by MTX. 
Uncontrolled production of ROS resulted in 
sperm abnormalities and infertility. Our study 
revealed that MTX induced a significant elevation 
in TBARS level, simultaneously a significant 
decrease in SOD content in testicular tissue 
relative to the Cont group. These findings are 
consistent with several previous studies 
[7,57-60]. As a result, SOD is an essential 
antioxidant enzyme that serves as the first line of 
defense against ROS production [61]. MTX
induced testicular oxidative stress explained via 
the sperm membrane, is rich in polyunsaturated 
fatty acids, thus increase lipid peroxidation, rise 
in utilization of SOD, and imbalance of 
resynthesizing machinery [8].  
  
Inflammation has an essential effect on the 
pathogenesis of MTX- induced testicular toxicity 
[14-15]. In these findings, MTX induced a 
noticeable testicular inflammation as evidence by 
significant increases in testicular tissue content 
of IL-1β and TNF-α relative to the Cont group. 
Several previous studies revealed that MTX 
induced a marked rise in the inflammatory 
mediators as in testicular tissues [
Our histopathological results confirmed the 

Alahmadi and Abduljawad; JPRI, 33(34A): 101-114, 2021; Article no.

 
2 
 

 
on testicular morphometric analytic in MTX injected rats

E. arvense group; Photo C: MTX group; Photo D: E. arvense + MTX group
 

Oxidative stress proved to have an essential role 
in testicular damage induced by MTX. 
Uncontrolled production of ROS resulted in 
sperm abnormalities and infertility. Our study 
revealed that MTX induced a significant elevation 

y a significant 
decrease in SOD content in testicular tissue 
relative to the Cont group. These findings are 
consistent with several previous studies         

60]. As a result, SOD is an essential 
antioxidant enzyme that serves as the first line of 

ense against ROS production [61]. MTX-
induced testicular oxidative stress explained via 
the sperm membrane, is rich in polyunsaturated 
fatty acids, thus increase lipid peroxidation, rise 
in utilization of SOD, and imbalance of 

Inflammation has an essential effect on the 
induced testicular toxicity 

15]. In these findings, MTX induced a 
noticeable testicular inflammation as evidence by 
significant increases in testicular tissue content 

α relative to the Cont group. 
Several previous studies revealed that MTX 
induced a marked rise in the inflammatory 
mediators as in testicular tissues [13-15,56,62]. 
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biochemical findings. In the seminiferous t
lumen, the widespread immature germinal cells 
indicated impaired and not completed 
spermatogenesis; these changes may be 
attributed to oxidative and inflammation 
properties induced by MTX [4,7,59].
 
This research evaluated unprecedentedly the 
arvense preventive effect as antioxidant and anti
inflammatory versus MTX-induced reproductive 
damage. E. arvense exhibits significant 
increases in body weight gain, sperm counts, 
viability, and motility, as well as the serum levels 
of TH and LH. Additionally, it attenuated and 
restored the normal contents of the antioxidant 
testicular enzyme SOD activity and decreased 
testicular TBARS content. It reduces the MTX
induced inflammation, as evidenced by 
significant decreases in the testicular levels of IL
1β and TNF-α levels as well as marked improved 
histopathological changes relative to the MTX 
group. Similarly, several natural plants confirmed 
their protective role against MTX
testicular toxicity [2,13,55]. The antioxidant and 
anti-inflammatory activities of E. arvense
proved in several studies [28-30,
current data. Many previous studies confirmed 
that E. arvense extract has high amounts of total 

 
 
 
 

; Article no.JPRI.69338 
 
 

 

injected rats 
+ MTX group 

biochemical findings. In the seminiferous tubular 
lumen, the widespread immature germinal cells 
indicated impaired and not completed 
spermatogenesis; these changes may be 
attributed to oxidative and inflammation 
properties induced by MTX [4,7,59]. 

This research evaluated unprecedentedly the E. 
preventive effect as antioxidant and anti-

induced reproductive 
exhibits significant 

increases in body weight gain, sperm counts, 
viability, and motility, as well as the serum levels 

, it attenuated and 
restored the normal contents of the antioxidant 
testicular enzyme SOD activity and decreased 
testicular TBARS content. It reduces the MTX-
induced inflammation, as evidenced by 
significant decreases in the testicular levels of IL-

α levels as well as marked improved 
histopathological changes relative to the MTX 
group. Similarly, several natural plants confirmed 
their protective role against MTX-induced 

55]. The antioxidant and 
E. arvense were 
30,33]. Like the 

current data. Many previous studies confirmed 
extract has high amounts of total 



 
 
 
 

Alahmadi and Abduljawad; JPRI, 33(34A): 101-114, 2021; Article no.JPRI.69338 
 
 

 
111 

 

phenols, total flavonoids, and total antioxidants 
[63-66] as well as several previous studies 
obtained similar active constituents of E. arvense 
using GC/MS [33,67-71].  
 

5. CONCLUSION 
 

Based on the findings of this study, it can be 
concluded that E. arvense reduced the testicular 
toxicity caused by MTX. Increased reproductive 
organ activity, reduced oxidative stress, and 
reduced inflammation-induced semen 
impairment may explain the positive results.  
 

DISCLAIMER 
 
The products used for this research are 
commonly and predominantly use products in our 
area of research and country. There is absolutely 
no conflict of interest between the authors and 
producers of the products because we do not 
intend to use these products as an avenue for 
any litigation but for the advancement of 
knowledge. Also, the research was not funded by 
the producing company rather it was funded by 
personal efforts of the authors. 
 
CONSENT 
 
It is not applicable. 
 

ETHICAL APPROVAL 
 
Handling and procedures of the rats were 
conducted following regulations of Canadian 
ethics. 
 

COMPETING INTERESTS 

 
Authors have declared that no competing 
interests exist. 
 
REFERENCES  
 
1. Alqahtani WS, Almufareh NA, Domiaty 

DM, Albasher G, Alduwish MA, Alkhalaf 
H, Almuzzaini B, AL-Marshidy SS, Alfraihi 
R, Elasbali AM,  Ahmed HG,  Almutlaq B. 
Epidemiology of cancer in Saudi Arabia 
thru 2010–2019: A systematic review with 
constrained meta-analysis. AIMS Public 
Health. 2020;7(3):679–96. 

2. Sönmez  MF, Cilenk KT, Karabulut D, 
Ünalmış S, Deligönül  E, Öztürk I, Kaymak 
E.  Protective effects of propolis on 

methotrexate-induced testis injury in rat. 
Biomed Pharmacother. 2016;79: 44–51. 

3. Nouri HS, Azarmi Y, Movahedin M. Effect 
of growth hormone on testicular 
dysfunction induced by methotrexate in 
rats. Andrologia. 2009;41(2):105–10. 

4. Battan G, Tandon R, Vasenwala SM, 
Faruqi NA. Effects of methotrexate on 
testis: an experimental study in albino rats. 
Ann Int Med Dent Res 2015; 1:170–4. 

5. Vardi N, Parlakpinar H, Ates B, Cetin A, 
Otlu A. Antiapoptotic and antioxidant 
effects of β-carotene against methotrexate 
induced testicular injury. Fertil Steril. 
2009;92 (6):2028–33. 

6. Ozogul B, Kisaoglu A, Turan MI, Altuner D, 
Şener E, Çetin N, Ozturk C, Tayyip R. The 
effect of mirtazapine on methotrexate-
induced toxicity in rat liver. Science Asia 
2013;39 (4):356–66. 

7. Tousson E, Atteya E, El-Atrash E, Jeweely 
O. Abrogation by Ginkgo Byloba leaf 
extract on hepatic and renal toxicity 
induced by methotrexate in rats. J Cancer 
Res Treat. 2014;2:44–51. 

8. Esin Y, Sibel T, Ahmet A, Süleyman T, 
Cemil K.  Effects of resveratrol on 
methotrexate-induced testicular damage in 
rats. Scient World J. 2013;2013.  

Article ID 489659, 6 pages 

9. Padmanabhan S, Tripathi DN, Vikram A, 
Ramarao P, Jena GB. Methotrexate-
induced cytotoxicity and genotoxicity in 
germ cells of mice: intervention of folic and 
folinic acid.  Mutation Res 2009; 673(1): 
43–52. 

10. Ragheb AM, Sabanegh Jr ES. Male fertility 
implications of anticancer treatment and 
strategies to mitigate gonadotoxicity. Anti-
Cancer Agents in Med Chem 2010; 
10(1):92–102. 

11. Asci H, Ozer M. Protective effect of 
misoprostol in methotrexate induced liver 
and kidney damage. SDÜ J. Health Sci. 
2011;2:125–6. 

12. Belhan S, Ozkaraca M, Kandemir FM, 
Gülyüz F, Yildirim S, Ömür AD, Yener Z. 
Effectiveness of hesperidin on 
methotrexate-induced testicular toxicity in 
rats. Kafkas Univ Vet Fak Derg. 2017; 
23:789–96. 

13. Wang Y, Zhao T, Zhao H, Wang H. 
Melatonin protects methotrexate-induced 
testicular injury in rats. Eur Rev Med 
Pharmacol Sci. 2018;22(21):7517–25. 



 
 
 
 

Alahmadi and Abduljawad; JPRI, 33(34A): 101-114, 2021; Article no.JPRI.69338 
 
 

 
112 

 

14. Owumi SE, Ochaoga SE, Odunola OA, 
Farombi EO. Protocatechuic acid inhibits 
testicular and epididymal toxicity 
associated with methotrexate in rats. 
Andrologia. 2019;51(9): e13350.  

15. Oyouni AAA, Saggu S, Tousson E, 
Rehman H. Immunosuppressant drug 
tacrolimus induced mitochondrial 
nephrotoxicity, modified PCNA and Bcl-2 
expression attenuated by Ocimum 
basilicum L. in CD1 mice. Toxicol Report. 
2018;5:687–94. 

16. Eldaim MAA, Tousson E, El Sayed IET, 
Abd El-Aleim AEAH, Elsharkawy HN. 
Grape seeds proanthocyanidin extract 
ameliorates Ehrlich solid tumor induced 
renal tissue and DNA damage in mice. 
Biomed Pharmacother. 2019;115. 

17. Tousson E, El-Atrsh A, Mansour M, 
Abdallah A. Modulatory effects of 
Saussurea lappa root aqueous extract 
against ethephon-induced kidney toxicity in 
male rats. Environment Toxicol 
2019;34:1277–84. 

18. Ramawat KG, Merillon JM Bioactive 
molecules and medicinal plants (book). 
Springer-Verlag Berlin Heidelberg. 
2008;44:325–43. 

19. Gulgun M, Erdem O, Oztas E, Kesik 
V, Balamtekin N, Vurucu S, Kul M, Kismet 
E, Koseoglu V. Proanthocyanidin prevents 
methotrexate-induced intestinal damage 
and oxidative stress. Exp Toxicol Pathol. 
2010;62(2):109–15. 

20. Jinous A, Elnaz R. Phytochemistry and 
pharmacological properties of Equisetum 
arvense L. J. Med. Plan Res 2012;6:3689–
93. 

21. Al Mohammed HI, Paray BA, Rather IA. 
Anticancer activity of EA1 extracted from 
Equisetum arvense. Pak. J. Pharm. Sci. 
2017;30(5):1947-1950.  

22. Tago Y, Wei M, Ishii N, Kakehashi A, 
Wanibuchi H. Evaluation of the subchronic 
toxicity of dietary administered Equisetum 
arvense in F344 rats. J Toxicol Pathol 
2010;23:245–51. 

23. Pallag A, Filip GA, Olteanu D, Clichici S, 
Baldea I, Jurca T, Micle O, Vicas L, Marian 
E, Soritau O, Cenariu M, Muresan M. 
Equisetum arvense L. extract induces 
antibacterial activity and modulates 
oxidative stress, inflammation, and 
apoptosis in endothelial vascular cells 
exposed to hyperosmotic stress. Oxid Med 
Cell Longev 2018;14:3060525. 

24. Steinborn C, Potterat O, Meyer U, Trittler 
R, Stadlbauer S, Huber R, Gründemann C. 
In vitro anti-inflammatory effects of 
Equisetum arvense are not solely 
mediated by silica. Planta Med 2018; 
84:519–26. 

25. Arbabzadegan N, Moghadamnia AA, 
Kazemi S, Nozari F, Moudi E, Haghanifar 
S. Effect of Equisetum arvense extract on 
bone mineral density in Wistar rats via 
digital radiography. Casp J Intern Med 
2019;10:176–218. 

26. Patova OA, Smirnov VV, Golovchenko VV, 
Vityazev FV, Shashkov AS, Popov SV. 
Structural, rheological and antioxidant 
properties of pectins from Equisetum 
arvense L. and Equisetum sylvaticum L. 
Carbohydr. Polym 2019;1:239–49. 

27. Do Monte FH, Dos Santos JG, Russi M, 
Lanziotti VM, Leal LK, Cunha GM. 
Antinociceptive and antiinflammatory 
properties of the hydroalcoholic extract of 
stems from Equisetum arvense L. in mice. 
Pharmacol. Res 2004;49:239–43. 

28. Yamamoto Y, Inoue T, Hamako J. Crude 
proteins extracted from Equisetum arvense 
L. increase the viability of cancer cells in 
vivo. Seibutsu Shiryo Bunseki. 
2004;27(5):409–12. 

29. Dos Santos JG, Blanco MM, FHM, Monte 
D, Russi M, Lanziotti VMNB, Leal LKAM, 
Cunha GM. Sedative and anticonvulsant 
effects of hydroalcoholic extract of 
Equisetum arvense. Fitoterapia 
2005;76(6):508–13. 

30. Cetojevic-Simin DD, Canadanovic-Brunet 
JM, Bogdanovic GM, Djilas SM, Cetkovic 
GS, Tumbas VT, Stojiljkovic BT. 
Antioxidative and antiproliferative activities 
of different horsetail (Equisetum arvense 
L.) extracts. J Med Food 2010;13(2):452–
9.  

31. Oh H, Kim DH, Cho JH, Kim YC. 
Hepatoprotective and free radical 
scavenging activities of phenolic petrosins 
and flavonoids isolated from Equisetum 
arvense. J Ethnopharmacol 2004; 95:421–
4. 

32. Soleimam S, Fathiazarbaijani F, Nejati V, 
Shojaei SH, Nanghshbandi N. Effect of 
Equisetum arvense L. (Equisetaceae) in 
microalbuminuria and creatinine excretion 
in streptozotocin-induced diabetes in male 
rats. Inter J Pharmacol. 2007; 3(2):155–9. 

33. Sandhu NS, Kaur S, Chopra D. Equisetum 
aervens: Pharmacology and 



 
 
 
 

Alahmadi and Abduljawad; JPRI, 33(34A): 101-114, 2021; Article no.JPRI.69338 
 
 

 
113 

 

phytochemistry- A review. Asian J. 
Pharmaceut. Clin. Res. 2010;3(3):146–50. 

34. Asgarpanah J, Roohi E.  Phytochemistry 
and pharmacological properties of 
Equisetum arvense L. J Medicinal Plant 
Res. 2012;6(21):3689–93. 

35. Suntar I, Akkol K, Nahar L, Sarker SD. 
Wound-healing and antioxidant properties: 
do they co-exist in plants? Free Radic. 
Antioxidant 2012;2:2–7. 

36. Ajaz AB, Bilal A, Muneeb UR, Parvaiz A. 
Impact of ethanolic extract of Equisetum 
arvense (EA1) on pancreatic carcinoma 
AsPC-1 cells. Saudi J Biol Sci 
2020;27:1260–4. 

37. Santana PM, Miranda M, Payrol JA, Silva 
M, Hernández V, Peralta E. Gas 
chromatography-mass spectrometry study 
from the leaves fractions obtained 
of Vernonanthura patens (Kunth) H. Rob 
Int J Org Chem. 2013;03(02):105–9. 

38. Singleton VL, Orthofer R, Lamuela-
Raventós RM. Analysis of total phenols 
and other oxidation substrates and 
antioxidants by means of folin-ciocalteu 
reagent. Methods Enzymol. 1999; 
299:152–78. 

39. Arvouet-Grand A, Vennat B, Pourrat A, 
Legret P. Standardisation d’un extrait de 
propolis et identification des principaux 
constituants. J Pharm Belg. 
1994;49(6):462–8. 

40. Prieto P, Pineda M, Aguilar M. 
Spectrophotometric quantitation of 
antioxidant capacity through the formation 
of a phosphomolybdenum complex: 
Specific application to the determination of 
vitamin E. Anal Biochem. 
1999;269(2):337–41. 

41. Tousson E, Zaki ZT, Abu-Shaeir WA, 
Hassan H. Methotrexate-induced hepatic 
and renal toxicity: role of L- carnitine in 
treatment. Biomed Biotechnol 2014;2:85–
92. 

42. Felemban SG, Aldubayan MA, Alhowail 
AH, Almami IS vitamin B17 ameliorates 
methotrexate-induced reproductive toxicity, 
oxidative stress, and testicular injury in 
male rats. Oxidative Med and Cellular 
Longevit 2020; 2020, Article ID 4372719, 
11 pages. 

43. Fajri M, Ahmadi A, Sadrkhanlou R. 
Protective effects of Equisetum arvense 
methanolic extract on sperm 
characteristics and in vitro fertilization 
potential in experimental diabetic mice: An 

experimental study. Int J Reprod BioMed 
2020;18(2):93 –104. 

44. Bakhtiary Z, Shahrooz R, Ahmadi A, Zarei 
L. Evaluation of antioxidant effects of 
crocin on sperm quality in 
cyclophosphamide treated adult mice. Vet 
Res Forum 2014; 5: 213–8. 

45. Yuluğ E, Türedi S, Alver A, Türedi S, 
Kahraman C. Effects of resveratrol on 
methotrexate-induced testicular damage in 
rats. Scient World J 2013;2013:6. 

46. Tousson E, Hafez E, Zaki S, Gad A. The 
cardioprotective effects of L-carnitine on 
rat cardiac injury, apoptosis, and oxidative 
stress caused by amethopterin. 
Environment Sci Pollut Res 2016; 
23(20):20600–8. 

47. Millsop JW, Heller MM, Eliason MJ, 
Murase JE. Dermatological medication 
effects on male fertility. Dermatol Ther 
2013;26(4):337–46. 

48. Levi M, Hasky N, Stemmer SM, Shalgi R, 
Ben-Aharon I. Anti-müllerian hormone Is a 
marker for chemotherapy-induced 
testicular toxicity. Endocrinol 2015; 
156(10): 3818–27. 

49. Gutierrez JC, Hwang K. The toxicity of 
methotrexate in male fertility and paternal 
teratogenicity. Expert Opinion on Drug 
Metabol Toxicol. 2016;13(1):51–8. 

50. Padmanabhan S, Tripathi DN, Vikram A, 
Ramarao P, Jena GB. Cytotoxic and 
genotoxic effects of methotrexate in germ 
cells of male Swiss mice. Mutation Res 
2008; 655(1-2):59–67. 

51. Beltagy DM, Mohamed TM, El Said AS, 
Tousson E. Beneficial role of ascorbic and 
folic acids antioxidants against thyroxin-
induced testicular dysfunction in 
hyperthyroid rats. Environment Sci Pollut 
Res 2016; 23(17):17246–54. 

52. Lee HM, Moon A. Amygdalin regulates 
apoptosis and adhesion in Hs578T triple-
negative breast cancer cells. Biomolecul 
Therapeut 2016;24(1):62–6. 

53. Kuiken NSS, Rings EHHM, Rick Havinga 
R, Groen AK, Tissing WJE. Effect of 
minimal enteral feeding on recovery in a 
methotrexate-induced gastrointestinal 
mucositis rat model. Support Care Cancer 
2016; 24:1357–64. 

54. Badri S, Vanithakumari G, Malini T. 
Studies on methotrexate effects on 
testicular steroidogenesis in rats. 
Endocrine Res 2009;26(2):247–62. 

55. Pınar N, Cakırca G, Ozgur T, Kaplan M. 
The protective effects of alpha lipoic acid 



 
 
 
 

Alahmadi and Abduljawad; JPRI, 33(34A): 101-114, 2021; Article no.JPRI.69338 
 
 

 
114 

 

on methotrexate induced testis injury in 
rats. Biomed Pharmacother. 
2018;97:1486–92. 

56. Saad D, Soliman M, Mohamed A, Youssef 
G. Protective effects of sea cucumber 
(Holothuria atra) extract on testicular 
dysfunction induced by immune 
suppressant drugs in Wistar rats. 
Andrologia 2018; 50(6):e13017. 

57. Miyazono Y, Gao F, Horie T. Oxidative 
stress contributes to methotrexate-induced 
small intestinal toxicity in rats. 
Scandinavian J Gastroenterol 
2004;39(11):1119–27. 

58. Şener G, Eksioglu-Demiralp E, Cetiner M, 
Ercan F, Yegen B. β-glucan ameliorates 
methotrexate-induced oxidative organ 
injury via its antioxidant and 
immunomodulatory effects. Eur J 
Pharmacol 2006;542(1–3):170–8. 

59. Armagan A, Uzar E, Uz E, Yilmaz 
HR, Kutluhan S, Koyuncuoglu 
HR, Soyupek S, Cam H,  Serel TA. Caffeic 
acid phenethyl ester modulates 
methotrexate-induced oxidative stress in 
testes of rat. Human Experiment Toxicol 
2008;27(7):547–52. 

60. Kose E, Sapmaz HI, Sarihan E, Vardi N, 
Turkoz Y, Ekinci N. Beneficial effects of 
montelukast against methotrexate induced 
liver toxicity: a biochemical and histological 
study. The Scientific World J. 2012; 
2012:1–6. 

61. Fujii J, Iuchi Y, Matsuki S, Ishii T. 
Cooperative function of antioxidant and 
redox systems against oxidative stress 
inmale reproductive tissues. Asian J 
Andrology 2003;5(3):231–42. 

62. Makary S, Abdo M, Fekry E. Oxidative 
stress burden inhibits spermatogenesis in 
adult male rats: testosterone protective 
effect. Can J Physiol Pharmacol. 2018; 
96(4):372–81. 

63. Nagai T, Myoda T and Nagashima T. 
Antioxidative activities of water extract and 

ethanol extract from field horsetail 
(Tsukushi) Equisetum arvense L. Food 
Chem 2005;91(3):389–394.  

64. Canadanovic-Brunet JM, Cetkovic GS, 
Djilas SM, Tumbas VT, Savatovic SS, 
Mandic AI, Markov SL and Cvetkovic DD. 
Radical scavenging and antimicrobial 
activity of horsetail (Equisetum arvense L.) 
extracts. Int J Food Sci Tech. 
2009;44(2):269–78.  

65. Uslu ME, Erdogan I, Oguzbayraktar O, 
Ates M. Optimization of extraction 
conditions for active components in 
Equisetum arvense extract. Romanian 
Biotechnological Letters. 2013;18(2): 
8115–31. 

66. Alexandru V, Gaspar A, Savin S, Toma A, 
Tatia R and Gille E. Phenolic content, 
antioxidant activity and effect on collagen 
synthesis of a traditional wound healing 
polyherbal formula. Studia Universitatis 
“Vasile Goldiş”. Seria Ştiinţele Vieţii 
2015;25(1):41–6. 

67. Carnet A, Petitjean-Freytet C, Muller D, 
Lamaison JL. Content of major 
constituents of horsetails, Equisetum 
arvense L. Plants Med Phytother. 
1991;25:32–8. 

68. Jun C, Li-Jiang X and Ya-Ming X. Three 
new phenolic glycosides from the fertile 
sprouts of Equisetum arvense. Acta 
Botanica Sinica. 2001;43(2):193–7.  

69. Holzhueter G, Narayanan K and Gerber T. 
Structure of silica in Equisetum arvense. 
Anal Bioanal Chem. 2003;376:512–7. 

70. Niko R, Gordana S, Radosav P. 
Composition and antimicrobial activity of 
Equisetum arvense L. essential oil. Phytoth 
Res 2006;20(1):85–8. 

71. Sola-Rabada A, Rinck J, Belton DJ, Powell 
AK and Perry CC. Isolation of a wide range 
of minerals from a thermally treated plant: 
Equisetum arvense, a Mare’s tale. J Biol 
Inorganic Chem. 2016;21(1):101–12. 

 

© 2021 Alahmadi and Abduljawad; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited.  
 
 

 
Peer-review history: 

The peer review history for this paper can be accessed here: 
http://www.sdiarticle4.com/review-history/69338 


