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The current study was carried out to investigate the improving roles of 

silymarin-plus
®
 versus antibiotics on mare’s uterine environment 

quality (UEQ). Current study was carried on 23 mares aged between 7-

13y. Animals were subjected to clinical and gynecological 

examinations with detailed breeding history that revealed repeat 

breeding although there were apparently normal mares with normal 

breeding management. Animals were divided into three groups 

according to medications used in lavage; G1 (Silymarin-plus
®
), G2 

(Ciprofloxacin + Amikacin), and G3 (mixture between Silymarin plus
®
 

and Ciprofloxacin + Amikacin). Jugular blood samples were collected 

to assess the hormonal patterns (E2 & P4) in correlation with monitoring 

UEQ and follicular growth by ultrasonography. There was non-

significant difference (P<0.05) between groups concerning the 

conception rate although G1 and G3 having the highest conception rate. 

There was highly significant difference (P<0.05) between groups 

regarding the pregnancy rate. Moreover, there were non-significant 

difference between the treatment groups concerning both follicular 

growth and E2 and P4 levels. Ultrasonography images for silymarin 

plus
®
 treated groups only revealed presence of unpleasant hyperechoic 

fine particles that faded on subsequent uterine washing times and 

before the suspected day of ovulation, where on day 4 of estrus period 

the washing fluid is totally anechoic. Fine particles in the first uterine 

lavages were suspected to negatively affect UEQ. On conclusion: 

Silymarin plus
®
 incorporation in the uterine lavage solution for mares 

is helpful to improve their pregnancy rate; especially those with 

idiopathic causes of repeat breeding. Silymarin plus
®
 might have a 

great role in improving UEQ.  
 

                 Copy Right, IJAR, 2017,. All rights reserved. 
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Reactive oxygen species; VTH: Veterinary teaching hospital; LH: Luteinizing hormone; FSH: Follicle stimulating 

hormone. 

 

Introduction:- 
Silymarin is the active ingredient of milk thistle seeds, besides other flavonoids such silybin A, silybin B, isosilybin 

A, isosilybin B, silychristin, neosilyhermin, silyhermin and silydianin (Khalil, 2002; Seidlová-Wuttke et al., 2003; 

Karimi et al., 2011and Neha et al., 2016).  Silymarin has cyto-protective (Valenzuela and Garrido, 1994); anti-ulcer 

properties (Borrelli and Izzo, 2000). Furthermore, Silymarin is a powerful antioxidant through its free radical 

scavenger ability by  decreasing the levels of reduced glutathione so preventing lipid peroxidation (Zhao et al., 

2015), and inhibiting enzymes that catalyzing the production of leukotrienes and prostaglandins such as 5-

lipoxygenase and cyclooxygenase (Valenzuela and Garrido, 1994; Robak and Gryglewski, 1996  and de Groot and 

Rauen,1998). Also, it is a powerful iron chelator, thereby inhibiting the oxidation of linoleic acid catalyzed by Fe
2+

 

salts (Ferenci et al., 1989).  

 

Silymarin (SIL) protects the normal membrane fluidity by direct interaction with cell membrane components 

(Muriel and Mourelle, 1990); so it stabilizes cell membranes and makes cells more resisted to osmotic lysis 

(Ramellini et al., 1974). Moreover, Silymarin had structural similarity with the estrogen so it binds with estrogen 

receptors and modulates its activity (Khalil, 2002). It also stimulates follicle stimulating hormone (FSH) secretion.  

 

Silymarin acts on the uterine wall causing hypertrophy of its endometrial epithelium and increasing the uterine 

glands number (Khalil, 2002). Additionally, it modulates inflammation by the inhibition of transcription factor NF-

jB that was involved in the production of interleukins (IL-1, IL-6), tumor necrosis factor (TNF-a), lymphotoxin, 

interferon (IFN-c), and granulocyte-macrophage colony stimulating factor (GM-CSF) (Saliou et al., 2001). 

Moreover, neutrophils migration to the site of inflammation was inhibited by silymarin (Mayer et al., 2005). As 

well, it inhibited the Kupffer cells, prostaglandins, leukotrienes (Dixit et al., 2007; Loguercio, Festi, 2011 and 

Vargas-Mendoza et al., 2014). In animal studies, silymarin had been reported to be nontoxic and symptoms free 

(Karimi et al., 2011). 

 

Acetylcysteine (NAC) is the N-acetyl stable derivative of L-cysteine; a precursor of glutathione (Gayatri et al., 2010 

and Hu et al., 2016), which functions as an ROS scavenger through increasing intracellular glutathione formation 

and its thiol-disulfide exchange activity (Zafarullah et al. 2003). Furthermore, NAC has anti-inflammatory and 

mucolytic effects (Conesa et al., 2001 and Sehirli et al., 2003; Ocal et al., 2004 and Gayatri et al., 2010). NAC is 

safe and well-tolerated mucolytic agent that softens the tenacious mucous secretions that seen in chronic infection 

(Amin et al., 2008 and Kissinger, 2012). So, NAC decreased the biofilm biomass and aid in killing the bacteria (E. 

coli) within the biofilms (Borlee et al., 2010). Moreover, NAC can bind metals into complexes (Atkuri et al., 2007 

and Reinero et al., 2011). Moreover, NAC was found to have no negative epithelial tissue effects in the uterus, 

besides it aids in reducing post-breeding endometritis especially in mares suffering from low fertility as a result of 

post-breeding  endometritis  due to delayed uterine clearance (Melkus et al., 2013).  

 

Vitamin E has an anti-inflammatory, antioxidant, anticoagulant, and antifibroblastic properties and also it decreased 

collagen production (De La Portilla et al., 2004 and Yildiz et al., 2011). Depending upon all of these properties 

vitamin E was found to improve the overall uterine health by enhancing early uterine involution (Sattar et al., 2007), 

combating metritis (Harrison et al., 1984), decreasing days open and services per conception (Sattar et al., 2007; 

Moeini et al., 2009). Moreover, it prevents tissue adhesions and protects the cellular membranes against lipid 

peroxidation (Durmus et al., 2011). Additionally, treatments with vitamin E significantly improved endometrial 

thickness by increasing uterine blood flow and improving the glandular epithelium growth (Takasaki et al., 2010 and 

Kurniawan et al., 2014). 

 

Selenium is a unique pro-oxidant and antioxidant trace element that minimizing cellular damage by improving the 

efficiency of the cell antioxidant system (Durmus et al., 2011 and Sengupta and Nandi, 2013). Selenium was found 

to stimulate uterine defense mechanism (Thatcher et al., 2011), by improving neutrophil functions (Cebra et al., 

2003), and general uterine health (Cerri et al., 2009), by supporting uterine tissue remodeling and involution (Rao et 

al., 2016) through its effect on the uterine motility (Segerson et al., 1980); so, decreasing metritis rate (Harrison et 

al., 1986), and increasing the rate of endometritis recovery if used synergistically with vitamin E (Sengupta and 

Nandi, 2013). 
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The role of vitamin A in conserving the healthy state of uterine epithelium isn’t known, but its balance with estrogen 

is necessary in maintaining uterine epithelium integrity which if disrupted resulting in keratinizing metaplasia 

(Walter, 1961). Moreover, retinol in general may be involved in the process of uterine gland development (Vallet et 

al., 1995). 

 

Zinc has a pivotal role in cell biochemistry especially protein and carbohydrate metabolism (Alavi-Shoushtari et al., 

2012); and acts as activator and regulator for several enzyme systems mainly those involved in cell replication 

particularly in nucleic acid metabolism (McDonald et al., 2010). Zinc concentration in the uterine secretion exerts an 

intra and extracellular cation regulatory mechanism (Burtis et al., 2006). Additionally, Zinc plays a vital role in 

controlling uterine fluid pH (Leese, 1995). 

 

Vitamin C has an antioxidant, anti-inflammatory and angiogenic effects (Cameron et al., 1979; Berger et al., 1997; 

Lane et al., 2009 and Du et al., 2012). Besides it has a role in controlling the endometrial thickness depending upon 

its role as cofactor in collagen synthesis in the luteal extra cellular matrix (Padayatty et al., 2003; Yamauchi et al., 

2003 and Eteng et al., 2006). Furthermore, vitamin c not only limits cytokine secretion directly by its radical 

scavenger function but also prevents cytokine secretion indirectly via intracellular suppression of NFkB (Van 

Langendonckt et al., 2002; Gonzalez-Ramos et al., 2012a; Gonzalez-Ramos et al., 2012b and Santanam et al., 2013). 

 

Material and method:- 
This study was carried out twenty three (23) mares aged  7-13 years, with history of poor conception rate, normal 

estrous cycle (20-23day), with normal vaginal mucus discharge and normal utrasonographic cervical and uterine 

image (Image 1, 2, 7, 9, 10 &14) during the estrus and before mating. These animals were classified into three 

groups each one compromised of 8 animals except the third group involved 7 animals. The breeding history of these 

animals revealed that these mares were subjected for mating twice during its estrus phase on day 5
th
 morning and 

day 7
th
 evening (normal adopted schedule ensuring high conception rate in most mares in the current study territory 

), for two successive estrous cycles; although all mares were mated with fertile stallions with good breeding history.   

All of these mares were admitted to Veterinary Teaching Hospital (VTH), faculty of veterinary medicine, Benha 

University during the period from February 2014 till July 2016. Mares under this study were subjected for detailed 

Gynaecology examination according to the following: 

 

Hormonal assay:- 

Jugular blood samples from 15 mares only (5 animal from each group) were collected in heparinized 

vacutainer blood collected tubes (Voma Med, vacutainer tubes), following the second trans-rectal ultrasonographic 

examinations; {from the 4
th
 day of estrus to suspected day of ovulation and for 4 days after (-4, 0, +4)}. Blood 

samples were centrifuged at 894 ×g for 20 min at 5
◦
C and aliquots were stored in a freezer at -20 

◦
C. Plasma 

oestradiol and progesterone concentrations were determined using commercial kits (ESTR-CTRIA and PROG-

CTRIA, respectively, Cis-bio International, France) according to the attached protocols; using radio-immunoassay in 

a gamma counter (Léonhardt et al., 2003).  

 

Utrasonographic genital tract examination:- 

The healthy condition of mare’s genital tract was checked for two times: The first when it was admitted to the 

Veterinary Teaching Hospital (VTH), Benha University to determine its condition of infertility; and the second 

check was applied when each mare repeated its estrous cycle after two successive failed conception rate although 

they were mated with fertile stallion and at optimum mating schedule according to (Conlon and McArdle, 2016) 

with a modification (i.e. on the 5
th 

day early morning and on the 7
th
 day evening); using B-mode ultrasound machine 

(Eickemeyer, Magic 2200, MN-08101509). The scanner was provided with multi frequency trans-rectal linear 

transducer 4 and 6 MHZ. Ultrasonic examination was done in the standing position with adequate restraining. 

Rectum evacuation from fecal balls was done via manual palpation with the aid of lubricated medical paraffin oil, 

but with ensuring that there was a sufficient rectal relaxation. Gel lubricated transducer was passed into mare’s 

rectum then moved medially and laterally on the uterine horns, body, cervical and vaginal tubes to assess any 

changes in their thickness or detecting any abnormal contents or secretions (pus or mucus and fluid…..etc) and 

structures (Images 1, 2, 7, 9 ,10 and 14). Additionally, the ovarian follicular dynamics was assessed to detect its 

normality (Images 16-17) according to (Ginther and Pierson, 1983).    
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Ultrasound examination of pregnancy:- 
Treated 23 mares were examined for pregnancy at 28-30 days after service and positive diagnosis was based upon 

the identification of the embryonic vesicle (conception rate). All mares were re-examined again at 40-60 days of 

pregnancy to detect embryo proper (pregnancy rate) according to (Conlon and McArdle, 2016). 

 

Vaginal and cervical examination:- 

Routine vaginoscopy was used to observe signs of inflammation (redness), infection (discharge), urine pooling, 

scarring and checking cervical competency and integrity (Conlon, McArdle, 2016)  

 

Treatment protocol:- 

The treatment protocol was represented in using silymarin plus
®
 + normal saline solution as uterine lavage solution 

(group, 1), freshly prepared Ciprofloxacin + Amikacin admixture in normal saline as uterine lavage solution (group, 

2) and mixture from silymarin plus
®
 + Ciprofloxacin +Amikacin admixture in normal saline as uterine lavage 

solution (group, 3). Each group according its treatment received uterine wash early morning on the 2
nd

 and 4
th

 days 

of estrus and again after 6h after a fertile mating. Silymarin plus
®
 (SEDICO-South Egypt Drug Industries Co - 

Egypt) - (table 1) - was dissolved by rate of one sachet in 1 liter of sterile warmed saline solution (ADWIC, Egypt, 

Batch No. 17220218), then must be filtered and its pH was adjusted. Ciprofloxacin (Cipromega 1gm XL
®
, Mash 

Premiere, Badr City, Egypt) and Amikacin (Amikabiotic
®
 500mg, Pharco B International-Alexandria-Egypt) 

mixture was freshly prepared and filtered then used directly at a rate of 2g in each uterine lavage used (Abdel-

Raziek, 2006). Prepared antibiotic solution pH was adjusted. In each uterine wash, thoroughly uterine massage was 

applied rectally for about 5 minutes to ensure efficient washing of the uterine cavity. Oxytocin (Syntocinon
®
-

Novartis pharma, Egypt) 10 I.U./amp/animals was used I/M complementary with uterine lavage (Rasch et al., 1996; 

Knutti et al., 2000 and Pycock, 2009), starting from the second uterine lavage (6h after lavage). On the 5
th
 day of 

estrus the uterine cavity was examined thoroughly by ultrasonography to ensure that it is free from any fluids, the 

uterine wall thickness was assessed to ensure its normality. Moreover, ovaries were examined to assure normal 

follicular growth (Image, 16 & 17) (Kidd et al., 2014). First mating was applied on the 5
th
 day morning and 7

th
 day 

evening in the same estrus. After 6h from each mating (Knutti et al., 2000), the uterine cavity was washed again 

using the previous treatments according to each group protocol. Washing fluid drained away again by inclining the 

washing bag down. 

 

Table (1):- Silymarin plus
®
 compositions according to manufacturing SEDICO Co pharmaceutical industry  

 

Statistical Analysis:- 

Statistical analysis or hormonal data was carried out by Graph Pad Prism software 2007 version 5.03 (Graph Pad 

Prism, San Diego, CA) to determine the significant difference between treatment groups by one-way analysis of 

variance (ANOVA); Duncan’s test was used to detect the significance of difference between pairs of groups at 

(P<0.05) and determined by superscripted letter. Data of conception and pregnancy rate were represented as 

percentage. The significant difference between values was determined at (P<0.05) using Chi-Square statistics test. 

 

Results:- 
The effect of silymarin plus

®
 as additive versus Ciprofloxacin+ Amikacin admixture in the uterine lavage of mare 

on its conception and pregnancy rate: 

Table (2) revealed that there was non-significant difference (P<0.05) between the treatment groups concerning the 

conception rate. However, there was significant difference (0.035) between the same groups regarding the 

pregnancy rate where silymarin plus
®
 (G, 1) and Silymarin plus

®
 + Ciprofloxacin and Amikacin admixture (G, 3) 

Silymarin plus
®
 sachet composition 

1 Silymarin 70% 200 mg 

2 Acetylcysteine 200 mg 

3 Alfa-tocopherol acetate 50% (Eq. to 5 IU Vit E) 10 mg 

4 Beta Carotene (Eq. to 300 IU Vit A) 0.5454 mg 

5 Ascorbic acid 30 mg 

6 
Sodium selenite anhydrous 

(Eq. to 18.3 microgram Selenium) 
0.04 mg 

7 
Zinc sulfate monohydrate 

(Eq. to 3.65 mg Zinc) 
10.0375 mg 
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attained the highest percentages (83.33 and   87.5 %, respectively) if compared with Ciprofloxacin and Amikacin 

admixture in the uterine lavage solution (G, 2- 33.33 %).  

 

Table (2):- Assessment the effect of silymarin plus
®
 uterine lavage versus ciprofloxacin+ Amikacin admixture 

uterine lavage on mare pregnancy rate  

Kind of treatment used 
Animals 

No./group 
Conception rate Pregnancy rate 

1 Uterine washing using silymarin 

plus
®
 (G1). 

8 5 83.33 % 5 83.33 % 

2 Uterine washing using ciprofloxacin 

and Amikacin admixture (G2). 
8 5 55.55% 3 33.33 % 

3 Silymarin plus
®
 + ciprofloxacin and 

Amikacin admixture (G3).  
7 7 87.5 % 7 87.5 % 

 Percentage was based on animal numbers used in each group.  

  Pregnancy rate only was significant between treatment groups at (P< 0.05) using chi-square. 

 

Estradiol 17-β (E2pg) and Progesterone (P4 ng) plasma levels before and after ovulation by 4 days in relation to 

prescribed uterine lavage treatment: 

Table (3 and 4) illustrated that there were non-significant differences (P<0.05) between the treatment groups (G, 1, 2 

and 3) concerning plasma progesterone level (table, 4). Also, the same pattern was adopted by plasma estradiol17-β, 

except on day (2) preceding and following the ovulation day (table, 3) where there were significant differences 

between treatments columns as described by superscripted letters.  

 

Table (3):- Estradiol 17 β (E2pg) plasma level before and after ovulation by 4 days in relation to prescribed uterine 

lavage treatment 

Days regarding to mare 

ovulation 

Estradiol 17-β (E2pg) 

G (1) G (2) G (3) 

D
ay

s 

b
ef

o
re

 

o
v
u
la

ti
o
n

 -4 35.98±0.48
a
 35.78±0.98

a
 37.29±1.05

a
 

-3 37.34±0.16
a
 37.32±0.75

a
 38.00±0.93

a
 

-2 43.29±0.80
b
 45.29±0.58

ab
 45.62±0.69

a
 

-1 59.01±0.53
a
 58.61±0.76

a
 59.93±0.78

a
 

Ovulation day 0 77.62±1.11
a
 77.71±0.91

a
 79.57±1.76

a
 

D
ay

s 
af

te
r 

o
v
u
la

ti
o
n

 1 39.60±0.27
a
 40.48±1.88

a
 44.20±0.51

a
 

2 38.01±0.72
ab

 38.78±1.04
a
 36.18±1.37

b
 

3 34.19±1.09
a
 35.20±0.86

 a
 35.67±1.35

 a
 

4 31.83±1.13
a
 32.95±0.88

a
 35.47±1.58

 a
 

 Estradiol measurements were replicated 5 times (five animals in each group).  

 Results are presented as mean±SEM; significant difference between treatment groups was not 

detected at (P<0.05) by one-way ANOVA and Duncan’s test except on day 2 before and after 

ovulation. 

 Values with ‘‘
a and b

’’ are significantly different between column at (P<0.05). 

 G1= Silymarin plus
®

; G2= Ciprofloxacin + Amikacin; G3= Silymarin plus
®
 + Ciprofloxacin + 

Amikacin 

 

Table (4):- Progesterone (P4 ng) plasma level before and after ovulation by 4 days in relation to prescribed uterine 

lavage treatment 

 

Days regarding to mare ovulation 
Progesterone (P4 ng) 

G (1) G (2) G (3) 

D
ay

s 

b
ef

o
re

 

o
v
u
la

ti
o
n

 -4 0.66±0.05
a
 0.74±0.04

a
 0.68±0.02

a
 

-3 0.55±0.05
a
 0.54±0.04

a
 0.58±0.04

 a
 

-2 0.45±0.06
a
 0.47±0.05

a
 0.52±0.05

a
 

-1 0.38±0.02
a
 0.38±0.03

a
 0.44±0.02

a
 

Ovulation day 0 0.34±0.05
a
 0.27±0.04

a
 0.22±0.03

a
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D
ay

s 
af

te
r 

o
v
u
la

ti
o
n

 1 0.62±0.02
a
 0.61±0.03

a
 0.66±0.06

a
 

2 1.64±0.14
a
 1.64±0.12

a
 1.68±0.11

a
 

3 1.97±0.10
a
 2.14±0.07

a
 2.06±0.11

a
 

4 2.56±0.12
a
 2.60±0.12

a
 2.46±0.11

a
 

 Progesterone (P4ng) measurements were replicated 5 times (five animals in each group). 

 Results are presented as mean±SEM; significant difference between treatment groups was 

not detected at (P<0.05) by one-way ANOVA and Duncan’s test. 

 G1= Silymarin plus
®

; G2= Ciprofloxacin + Amikacin; G3= Silymarin plus
®
 + 

Ciprofloxacin + Amikacin. 

 

Mares’ Follicular growth (mm) during uterine lavage using silymarin plus
®
 and /or ciprofloxacin + Amikacin 

 

 Figure (3): showing the patterns of follicular growth during the course of uterine lavage. It shows none-

significant (P<0.05) differences between groups although G1 and G3 having the highest numerical follicular 

growth diameter (cm). G1= Silymarin plus®; G2= Ciprofloxacin + Amikacin; G3= Silymarin plus® + 

Ciprofloxacin + Amikacin. 

 

Discussion:- 
Repeat breeding syndrome (RBS) is a major infertility problem that causing substantial economic loss to the equine 

breeding industry (seasonal breeder). For that, much effort had been attended to clarify the equine 

pathophysiological mechanisms that involved in poor reproductive performances of mares to save this huge 

industry.  

 

Uterine lavage with variety of antibiotics and/or antiseptics had much more benefits in augmentation the conception 

rate among repeat breeding animals (Ahmadi and Dehghan, 2007); through enhancing and clearing the uterine 

environment for embryo survival (Reddy et al., 2012). 

 

For the first time, the current study explored the effect of silymarin plus
®
 in the uterine wash in comparing with 

Amikacin+ Ciprofloxacin. The current results revealed that both silymarin plus
®
 alone or in combination with 

Amikacin+ Ciprofloxacin improved mare conception and pregnancy rates .These results might be due to the 

powerful antioxidant capability of silymarin plus
®
 due to its components that represented in Silymarin, vitamin E 

and C, Selenium and Zinc (de Groot and Rauen,1998; De La Portilla et al., 2004; Gayatri et al., 2010; Yildiz et al., 

2011; Durmus et al., 2011; Du et al., 2012; Sengupta and Nandi, 2013; Hu et al., 2016). The association between 

36.72±0.31 

35.92±0.54 

36.13±0.22 

Follicular growth diameter on suspected 

day of ovulation (cm) 

G1 G2 G3
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ROS and various gynecologic and obstetric conditions related to infertility suggests a potential role for oral 

antioxidant supplementation. The elevated lipid peroxide and decreased SOD in the endometrial cells during the 

luteal phase (Estrogen and progesterone changing period) might modulate endometrial breakdown by the elevated 

ROS level (Sugino et al., 2004; Sekhon et al., 2010). Normally the physiological level of ROS may mediate the 

physiological processes of shedding and implantation (Sugino et al., 2004); but the excess ROS hinder the 

endometrium (Iborra et al., 2005); by inducing luteal regression resulting in insufficient luteal hormonal support for 

the continuation of a pregnancy (Agarwal and Allamaneni, 2004). Besides that, silymarin plus
®
 had powerful metal 

chelation effects due to presence of silymarin and NAC in between its components (Ferenci et al., 1989; Atkuri et 

al., 2007; Reinero et al., 2011 and Kissinger, 2012). Also, silymarin ensures the membrane stability by protecting 

the membrane fluidity (Ramellini and Meldolesi, 1974 and Muriel and Mourelle, 1990). Moreover, Silymarin 

stimulated follicle stimulating hormone (FSH) secretion (Khalil, 2002), and increased the uterine glands number acts 

by acting on the uterine wall causing its hypertrophy (Khalil, 2002). Also Silymarin plus
®
 due to its components 

modulated inflammation and faded its signs (Berger et al., 1997; Saliou et al., 2001; Zafarullah et al. 2003; De La 

Portilla et al., 2004; Dixit et al., 2007; Yildiz et al., 2011 and Hu et al., 2016).Silymarin plus
®
 contains NAC that 

had mucolytic effects (Amin et al., 2008; Gayatri et al., 2010; Kissinger, 2012; Gores-Lindholm et al., 2013; Cheek 

et al., 2014 and Ferris et al., 2014). So, it decreases the biofilm biomass and aid in killing the bacteria (E. coli) 

within the biofilms (Borlee et al., 2010 and Ferris et al., 2016). Furthermore, NAC was found to reduce post-

breeding endometritis especially in mares suffering from low fertility as a result of post-breeding endometritis due to 

delayed uterine clearance (Melkus et al., 2013). Additionally, NAC inhibited or attenuated the deterioration of the 

endometrial epithelium (Gao et al., 2017]; by replenishing the stores of the glutathione (Fulghesu et al., 2002). As 

well as it restored the endometrial receptivity (Gao et al., 2017), depending upon its motivated modulation to the 

reproductive hormones receptivity (Gao et al., 2017), Moreover, NAC was found to improve pregnancy rate due to 

its mucolytic action, thus counteracted the negative influence of cervical mucus thus improving cervical mucus 

quality (Roumen, 1997). At the same time, it had insulin sensitizing effect (Fulghesu et al., 2002 and Kilic-Okman 

and Kucuk 2004). All of the preceding enhancing effects were reflected in increasing the pregnancy rate not the 

conception rate (Youssef et al.2006). Furthermore, vitamin E in silymarin plus
®
 was found to improve the overall 

uterine health (Harrison et al., 1984 and 
31

Sattar et al., 2007); so, decreasing days open and services per conception 

(Sattar et al., 2007 and 
33

Moeini et al., 2009). Moreover, it prevents tissue adhesions (Durmus et al., 2011). 

Additionally, it significantly improved the uterine blood flow and improved the glandular epithelium growth 

(Takasaki et al., 2010 and Kurniawan et al., 2014). Selenium in silymarin plus
®
 was found to stimulate uterine 

defense mechanism by improving neutrophil function (Thatcher et al., 2011). Moreover, Vitamin A in Silymarin 

plus
®
 was necessary in maintaining uterine epithelium integrity (Macpherson and Schlafer, 2015). Moreover, retinol 

in general may be involved in the process of uterine gland development (Kissinger, 2012). Zinc in silymarin plus
®
 

have a pivotal role in controlling uterine fluid pH (Leese, 1995). Vitamin C as component in silymarin plus
®
 has a 

role in controlling the endometrial thickness depending upon its role as cofactor in collagen synthesis in the luteal 

extra cellular matrix (Padayatty et al., 2003; Yamauchi et al., 2003 and Eteng et al., 2006).  

 

The current data of assessed hormones during the course of uterine lavage showing non-significant differences 

between the treatment groups, reflecting that none of the used treatment had remarkable effect on the hormones 

level or in other-words the pattern of ovarian follicular growth. These results might be due to the different 

components of silymarin plus
®
 such as silymarin that had no effect on the pattern of steroid production especially 

estrogen, although it increased the level of follicle stimulating hormone (FSH) not luteinizing hormone (LH),  which 

reflected in increases in  the size of growing follicles (Khalil, 2002). Moreover, Křen and Walterová, (2005) and 

Shah et al. (2005) reported that silymarin and selenium could modulate the activity of estrogenic receptors. 

Furthermore, zinc and vitamin C in silymarin plus
®
 had positive effects on both estrogen and progesterone secretion 

(Om and Chun, 1996 and Al-Katib et al., 2013). Especially zinc even it used intrauterine where in An impressive 

example of the relation between zinc and female reproductive system is that estradiol and progesterone receptors 

obtained from calf uterus were bound to iminodiacetate-sepharose chelate colons that contained zinc (Vallee and 

Falchuk, 1993). Moreover, the current data illustrating that theses mares on which the current study applied were 

cyclic, having normal follicular growth (image 16&17), even though it had unexplained infertility. 

 

Conclusion:- 
Silymarin plus

®
 inclusion in uterine wash of cyclic non pregnant mares with unexplained infertility improved its 

pregnancy rate might be due to its antioxidant activity or by compacting the negative effect of biofilm biomass in 

mare genital system. Even though, further researches are required to concentrate more attention on this hot point.     
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®
 After uterine washing with Silymarin plus

®
 

Cervix 

 

 

 

 

 

 

 

 

 

Image (1 &2): Denotes cervical canal of estrus mare before lavage. Blue arrow means opened cervix contained no 

pus no abnormal content except slight echogenic strikes of estrus mucus, plus normal homogenous hypoechoic 

texture of the cervical wall. 

 

Image (3): Show mare’s cervix after the first lavage. There is normal hypoechoic pattern of the cervical wall. Red 

arrows denote the anechoic uterine lavage fluid (Silymarin plus®) containing hyper echoic dots that denote the 

liquefied contents of the excess mucus and others that might present in the uterus of mare during estrus and 

responsible for un-suitable uterine environment for pregnancy establishment. Hyper echoic content in the cervical 

canal decreased in amount on the second uterine lavage (Image, 4), and totally disappear on the third lavage where 

the cervical canal is entirely an echoic as it contain only the uterine lavage fluid and no liquefied contents (Image 5).    

 

3 

4 
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genitalia 

Before uterine washing with Antibiotic 

mixture only 
After uterine washing with Antibiotic mixture only 

Cervix  

  

 

 

Image (7): Denotes cervical canal of estrus mare before lavage with antibiotic mixture. Blue arrow means opened 

cervix contained no pus no abnormal content except slight echogenic strikes of estrus mucus, plus normal 

homogenous hypoechoic texture of the cervical wall. 

 

Image (8): Show that mare’s cervix after the first and second lavages. There is normal echogenic pattern of the 

cervical wall. A red arrow denotes the anechoic uterine lavage fluid (antibiotic mixture). Notes there are no 

hyperechoic dots that denote the liquefied mucus and others that might present in the uterus of mare during estrus. 
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Image (9 &10): A sagittal B-Mode image denotes mare’s uterus during estrus before lavage. Blue arrows denote 

normal homogenous hypo echoic uterine cavity with no pus or abnormal contents with normal hyper echoic uterine 

wall thickness with no signs of inflammation or fibrosis.  

 

Image (11): Show that mare’s uterus after the first lavage. Red arrows denote anechoic uterine lavage fluid 

(Silymarin plus
®
) containing hyper echoic fine dots that denote the liquefied contents of the excess mucus and others 

that present during estrus. Hyper echoic fine contents in the uterine cavity decreased in amount on the second uterine 

lavage (Image, 12), and totally disappear on the third lavage where the uterine containing only the uterine lavage 

fluid (an echoic) and no liquefied contents (Image, 13). 

 

 

 

 

 

10 

12 

13 



ISSN: 2320-5407                                                                                    Int. J. Adv. Res. 5(11), 927-941 

937 

 

Part of 

genitalia  

Before uterine washing with Antibiotic 

mixture only   

After uterine washing with Antibiotic mixture 

only   

 

  

 

Image (14): A sagittal B-Mode image denotes mare’s uterus during estrus before lavage. A blue arrow denotes 

normal homogenous hypo echoic uterine cavity with no pus or abnormal contents with normal hyper echoic uterine 

wall thickness with no signs of inflammation or fibrosis.  

 

Image (15): Show that mare’s uterus after the first and second lavages. A red arrow denotes anechoic uterine lavage 

fluid (antibiotic mixture). Notes there are no hyperechoic fine dots that denote mucus and others that present during 

estrus. 
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genitalia  

During uterine washing with Silymarin plus
®
   During uterine washing Ciprofloxacin plus 

Amikacin   

Ovary 

 
 

 

 

 

Image (16 & 17): Illustrating the patterns of follicular growth in between the treatment groups on the day before the 

suspected day of ovulation. Red arrows denote an echoic follicular fluid and blue arrows denote the hypo echoic 

follicular wall.   

 

References:- 
1. Abdel-Raziek, MA-MM. (2006): Some aspects of reproduction in Arabian mares. Ph.D. Thesis 

(Theriogenology); Benha University, Faculty of Veterinary Medicine, Egypt. p.37.   

2. Agarwal, A. and Allamaneni, S.  (2004): Role of free radicals in female reproductive diseases and assisted 

reproduction. Reprod. Biomed, 9(3): 338–347. 

3. Ahmadi, M.R. and Dehghan, S.A. (2007): Evaluation of the treatment of Repeat breeder dairy cows with uterine 

lavage plus PGF2α with or without cephapirin. Turkish J. of Vet. Anim. Sci. 31(2): 125–129. 

16 17 

14 15 



ISSN: 2320-5407                                                                                    Int. J. Adv. Res. 5(11), 927-941 

938 

 

4. Alavi-Shoushtari, S.M., Asri Rezaie, S., Pak, M., Alizadeh, S., Abedizadeh and R., Khaki, A. (2012): Copper 

and zinc concentrations in the uterine fluid and blood serum during the bovine estrous cycle. Vet. Res. Forum. 

3(3): 199–203. 

5. Al-Katib, S.R., Al-Kaabi, M.M.H. and Al-Jashamy, K.A. (2013): Effects of vitamin C on the endometrial 

thickness and ovarian hormones of progesterone and estrogen in married and unmarried women. AJRC. 1(8): 

24–31. 

6. Amin, A.F., Shaaban, O.M. and Bediawy, M.A. (2008): N-acetyl cysteine for treatment of recurrent 

unexplained pregnancy loss. Reprod. Biomed. Online.  17(5): 722–726. 

7. Atkuri, K.R., Mantovani, J.J., Herzenberg, L.A. and Herzenberg, L.A. (2007): N-Acetylcysteine- a safe antidote 

for cysteine/glutathione deficiency. Curr. Opin. Pharmacol. 7(4): 355–359.  

8. Berger, T.M., Polidori, M.C., Dabbagh, A., Evans, P.J., Halliwell, B., Morrow, J.D., Roberts, I.I. L.J. and Frei, 

B. (1997): Antioxidant activity of vitamin C in iron-overloaded human plasma. J. Biol. Chem. 272(25): 15656–

15660. 

9. Borlee, B.R., Goldman, A.D., Murakami, K., Samudrala, R., Wozniak, D.J. and Parsek, M.R. (2010): 

Pseudomonas aeruginosa uses a cyclic-di-GMP-regulated adhesion to reinforce the biofilm extracellular matrix. 

Mol. Microbiol. 75(4): 827–842. 

10. Borrelli, F. and Izzo, A.A. (2000): The plant kingdom as a source of anti-ulcer remedies. Phytother. Res. 14 (8): 

581–591. 

11. Burtis, C.A., Ashwood, E.R. and Bruns, D.E. (2006): Tietz textbook of clinical chemistry and molecular 

diagnostics. 4
th
 ed. Philadelphia: WB Saunders. pp. 1137–1141. 

12. Cameron, E., Pauling, L. and Leibovitz, B.  (1979): Ascorbic acid and cancer: a review. Cancer Res. 39 (3): 

663–681. 

13. Cebra, C.K., Heidel, J.R., Crisman, R.O. and Stang, B.V. (2003): The relationship between endogenous cortisol, 

blood micronutrients, and neutrophil function in postparturient Holstein cows. J. Vet. Intern. Med. 17 (6): 902–

907. 

14. Cerri, R.L.A., Rutigliano, H.M., Lima, F.S., Araújo, D.B. and Santos, J.E.P. (2009): Effect of source of 

supplemental selenium on uterine health and embryo quality in high-producing dairy cows. Theriogenology 

71(7): 1127–1137. 

15. Cheek, D.M., Fayrer-Hosken, R.A., Hanafin, A.L., Guldbech, K., Hichborn, A. and LeBlanc, M.M. (2014): 

Effect of N-Acetylcysteine on chilled and frozen stallion spermatozoa: Assessment of motility and longevity. J. 

Eq. Vet. Sci. 34(1): 41–43. 

16. Conesa, E.L., Valero, F., Nadal, J.C., Fenoy, F.J., López, B., Arregui, B. and Salom, M.G. (2001): N-acetyl-L-

cysteine improves renal medullary hypoperfusion in acute renal failure. Am. J. Physiol. Regul. Integr. Comp. 

Physiol. 281(3): R730–737. 

17. Conlon, W. and McArdle, D. (2016): Equine Reproduction: A Guide for Farmers and Small Breeders. 3
rd

 ed.  

Teagasc agriculture and food development authority. Teagasc Equine Specialist Unit. . pp. 1- 45. 

www.teagasc.ie  

18. de Groot, H. and Rauen, U. (1998): Tissue injury by reactive oxygen species and the protective effects of 

flavonoids. Fundam. Clin. Pharmacol. 12 (3): 249–255.  

19. De la Portilla, F., Ynfante, I., Bejarano, D., Conde, J., Fernández, A., Ortega, J.M. and Carranza, G. (2004): 

Prevention of peritoneal adhesions by intraperitoneal administration of vitamin E: an experimental study in rats. 

Dis. Colon. Rectum. 47(12): 2157–2161. 

20. Dixit, N., Baboota, S., Kohli, K., Ahmad, S. and Ali, J. (2007): Silymarin: a review of pharmacological aspects 

and bioavailability enhancement approaches. Ind. J. Pharmacol. 39(4): 172–179. 

21. Du, J., Cullen, J.J. and Buettner, G.R. (2012): Ascorbic acid: chemistry, biology and the treatment of cancer. 

Biochim. Biophys. Acta. 1826(2): 443–457. 

22. Durmus, A.S., Yildiz, H., Yaman, I. and Simsek, H. (2011): Efficacy of vitamin E and selenium for the 

prevention of intra-abdominal adhesions in rats: uterine horn Models. Clinics (Sao Paulo). 66(7): 1247–1251. 

23. Eteng, M.U., Ibekwe, H.A., Amatey, T.E., Bassey, B.J., Uboh, F.U. and Owu, D.U. (2006): Effect of Vitamin C 

on serum lipids and electrolyte profile of albino wistar rats. Niger. J. Physiol. Sci. 21(1-2): 15–19. 

24. Ferenci, P., Dragosics, B., Dittrich, H., Frank, H., Benda, L., Lochs, H., Meryn, S., Base, W. and Schneider, B. 

(1989): Randomized controlled trial of silymarin treatment in patients with cirrhosis of the liver. J. Hepatol. 

9(1): 105–113. 

25. Ferris, R.A., McCue, P.M., Borlee, G.I., Loncar, K.D., Hennet, M.L. and Borlee, B.R. (2016): In vitro efficacy 

of nonantibiotic treatments on biofilm disruption of gram-negative pathogens and an in vivo model of infectious 

endometritis utilizing isolates from the equine uterus. J. Clin. Microbiol. 54(3): 631-639. 

http://www.teagasc.ie/


ISSN: 2320-5407                                                                                    Int. J. Adv. Res. 5(11), 927-941 

939 

 

26. Ferris, R.A., Wittstock, S.M., McCue, P.M. and Borlee, B.R. (2014): Evaluations of biofilms in gram-negative 

bacteria isolated from the equine uterus. J. Equ. Vet. Sci. 34(1): 121.  

27. Fulghesu, A.M., Ciampelli, M., Muzj, G., Belosi, C., Selvaggi, L., Ayala, G.F. and Lanzone, A. (2002): N-

acetyl-cysteine treatment improves insulin sensitivity in women with polycystic ovary syndrome. Fertil. Steril. 

77(6): 1128–1135. 

28. Gao, W., Liang, J.X., Ma, C., Dong, J.Y. and Yan, Q. (2017): The protective effect of N-Acetylcysteine on 

ionizing radiation induced ovarian failure and loss of ovarian reserve in female mouse. Biomed Res Int 2017; 

Article ID 4176170, https://doi.org/10.1155/2017/4176170. 

29. Gayatri, K., Kumar, J.S. and Kumar, B.B.  (2010): Metformin and N-acetyl Cysteine in Polycystic Ovarian 

Syndrome-A Comparative Study. Ind. J. Clin. Med. 1: 7–13. 

30. Ginther, O.J. and Pierson, R.A. (1983): Ultrasonic evaluation of the reproductive tract of the mare. Principles, 

equipment and technique. J. equine Vet. Sci.  3: 195-201. 

31. Gonzalez-Ramos, R., Defrere, S. and Devoto, L. (2012a): Nuclear factor-kappaB: a main regulator of 

inflammation and cell survival in endometriosis pathophysiology. Fertil. Steril. 98(3): 520–528. 

32. González-Ramos, R., Rocco, J., Rojas, C., Sovino, H., Poch, A., Kohen, P., Alvarado-Díaz, C. and Devoto, L. 

(2012b): Physiologic activation of nuclear factor kappa-B in the endometrium during the menstrual cycle is 

altered in endometriosis patients. Fertil. Steril 97 (3): 645–651. 

33. Gores-Lindholm, A.R., LeBlanc, M.M., Causey, R., Hitchborn, A., Fayrer-Hosken, R.A., Kruger, M., 

Vandenplas, M.L., Flores, P. and Ahlschwede, S. (2013): Relationships between intra-uterine infusion of N-

Acetylcysteine, equine endometrial pathology, neutrophils function, post-breeding therapy, and reproductive 

performance. Theriogenology 84(3): 218–227.  

34. Harrison, J.H., Hancock, D.D. and Conrad, H.R. (1984): Vitamin E and selenium for reproduction of dairy cow. 

J.  Dairy. Sci. 67(1): 123–132. 

35. Harrison, J.H., Hancock, D.D., St Pierre, N., Conrad, H.R. and Harvey, W.R. (1986): Effect of prepartum 

selenium treatment on uterine involution in the dairy cow. J. Dairy. Sci. 69(5): 1421–1425. 

36. Hu, X.Q., Huang, X., Xiao, D. and Zhang, L. (2016): Direct effect of chronic hypoxia in suppressing large 

conductance Ca (2+) activated K (+) channel activity in ovine uterine arteries via increasing oxidative stress. J. 

Physiol. 594(2): 343–356. 

37. Iborra, A., Palacio, J.R. and Martinez, P.  (2005): Oxidative stress and autoimmune response in the infertile 

woman. Chem. Immunol. Allergy.  88: 150–162. 

38. Karimi, G., Vahabzadeh, M., Lari, P., Rashedinia, M. and Moshiri, M. (2011): Silymarin”, a Promising 

Pharmacological Agent for Treatment of Diseases. Iran. J. Basic. Med. Sci. 14(4): 308–317. 

39. Khalil, E.A.M. (2012): Hormonal profile and histopathological study on the influence of silymarin on both 

female and male albino rats. The Egyptian Journal of Hospital Medicine. 13:112–122. 

40. Kidd, J.A., Lu, K.G. and Frazer, M.L. (2014): Atlas of Equine Ultrasonography, 1
st
 ed. Section 2b: 

Ultrasonography of the mare reproductive tract, Wiley-Blackwell. pp. 291–351 

41. Kilic-Okman, T. and Kucuk, M. (2004): N-acetyl-cysteine treatment for polycystic ovary syndrome. Int. J. 

Gynaecol. Obstet. 85(3): 296–297. 

42. Kissinger, C.T. (2012): "Endoscopic Evaluation of the Response to Intrauterine Irrigation with 3.3% N-

Acetylcysteine in Mares" Honors College. Paper 61. http://digitalcommons.library.umaine.edu/honors/61. 

43. Knutti, B., Pycock, J.F., Van der Weijden, G.C. and Küpfer, U. (2000): The influence of early postbreeding 

uterine lavage on pregnancy rate in mares with intrauterine fluid accumulations after breeding. Equine Vet. 

Educ.  12 (5): 267–270. 

44. Kren, V. and Walterová, D. (2005): Silybin and silymarin – new effects and applications. Biomed. Pap. Med. 

Fac. Univ. Palacky Olomouc Czech Repub. 149 (1): 29–41. 

45. Kurniawan, E., Djuwantono, T., Sabarudin, U., Krisnadi, S.R., Permadi, W. and Madjid, T.H. (2014): 

Difference of endometrial thickness and vascularity in women stimulated by clomiphene citrate with and 

without vitamin C and E. AJRC.  2(10): 1–10. 

46. Lane, D.J. and Lawen, A. (2009): Ascorbate and plasma membrane electron transport- enzymes vs efflux. Free. 

Radic. Biol. Med. 47(5): 485–495. 

47. Leese, H.J. (1995): Metabolic control during preimplantation mammalian development. Hum. Reprod. Update 

1(1): 63–72. 

48. Léonhardt, M., Lesage, J., Croix, D., Dutriez-Casteloot, I., Beauvillain, J.C. and Dupouy, J.P. (2003): Effects of 

perinatal maternal food restriction on pituitary-gonadal axis and plasma leptin level in rat pup at birth and 

weaning and on timing of puberty. Biol. Reprod. 68(2): 390–400. 

https://doi.org/10.1155/2017/4176170
http://digitalcommons.library.umaine.edu/honors/61


ISSN: 2320-5407                                                                                    Int. J. Adv. Res. 5(11), 927-941 

940 

 

49. Loguercio, C. and Festi, D. (2011): Silybin and the liver: from basic research to clinical practice. World J. 

Gastroenterol.  17(18): 2288–2301. 

50. Macpherson, M.L. and Schlafer, D.H. (2015): Selected Topics in Reproductive Pathology: Mare II. AAEP 

PROCEEDINGS.  61: 276–296. 

51. Mayer, K.E., Myers, R.P. and Lee, S.S. (2005): Silymarin treatment of viral hepatitis: a systematic review. J. 

Viral Hepat. 12(6): 559–567. 

52. McDonald, P., Edwards, R.A., Greenhalgh, J.F.D., Morgan, C.A., Sinclair, L.A. and Wilkinson, R.G. (2010):  

Animal nutrition. 7
th
 ed. London: Longman Singapore Publication. pp. 103–136. 

53. Melkus, E., Witte, T., Walter, I., Heuwieser, W. and Aurich, C. (2013): Investigations on the endometrial 

response to intrauterine administration of N-Acetylcysteine in oestrous mares. Reprod. Dom. Anim.  48(4): 

591–597. 

54. Moeini, M.M., Karami, H. and Mikaeili, E. (2009): Effect of selenium and vitamin E Supplementation during 

the late pregnancy on reproductive indices and milk production in heifers. Anim. Reprod. Sci.  114(1-3): 109–

114. 

55. Muriel, P. and Mourelle, M. (1990): Prevention by silymarin of membrane alterations in acute CCl4 liver 

damage. J. Appl. Toxicol. 10(4): 275–279. 

56. Neha, Jaggi, A.S. and Singh, N. (2016): Silymarin and its role in chronic diseases. Adv. Exp. Med. Biol. 929: 

25–44. 

57. Ocal, K., Avlan, D., Cinel, I., Unlu, A., Ozturk, C., Yaylak, F., Dirlik, M., Camdeviren, H. and Aydin, S. 

(2004): The effect of N-acetyl cysteine on oxidative stress in intestine and bacterial translocation after thermal 

injury. Burns 30(8): 778–784. 

58. Om, A.S. and Chung, K.W. (1996): Dietary zinc deficiency alters 5 alpha-reduction and aromatization of 

testosterone and androgen and estrogen receptors in rat liver. J. Nutr. 126(4): 842–848. 

59. Padayatty, S.J., Katz, A., Wang, Y., Eck, P., Kwon, O., Lee, J.H., Chen, S., Corpe, C., Dutta, A., Dutta, S.K. 

and Levine, M. (2003): Vitamin C as an antioxidant: evaluation of its role in disease prevention. J. Am. Coll. 

Nutr. 22(1): 18-35. 

60. Pycock, J.F. (2009): Breeding management of the problem mare. In: Equine Breeding Management and 

Artificial Insemination. Samper, J.C., Saunders Elsevier, St Louis, CA. pp. 139–164. 

61. Ramellini, G. and Meldolesi, J. (1974): Stabilization of isolated rat liver plasma membranes by treatment in 

vitro with silymarin. Arzneimittelforschung 24(5): 806–808. 

62. Rao, I.A., Khatri, P., Kumbhar, H.K., Abro, S.H., Laghari, R.A. and Bughio, S. (2016): Role of Vitamin E and 

Selenium in Acceleration of Puerperium Period of Kundhi Buffaloes. J. Anim. Pro. Adv. 6(2): 902–906.  

63. Rasch, K., Schoon, H.A., Sieme, H. and Klug, E. (1996): Histomorphological endometrial status and influence 

of oxytocin on the uterine drainage and pregnancy rate in mares. Equine Vet. J. 28(6): 455–460. 

64. Reddy, N.C.S., Bramhaiah, K.V., Naidu, K.S., Babu, A.J. and Kumar, R.V.S. (2012): Effect of uterine lavage 

on bacterial count and Conception rate in repeat breeder crossbred cows. Ind. J. Anim. Reprod.  33 (1): 59–62. 

65. Reinero, C.R., Lee-Fowler, T.M., Dodam, J.R., Cohn, L.A., DeClue, A.E. and Guntur, V.P. (2011): 

Endotracheal nebulization of N-Acetylcysteine increases airway resistance in cats with experimental asthma. J. 

Feline Med. Surg. 13(2): 69–73. 

66. Robak, J. and Gryglewski, R.J. (1996): Bioactivity of flavonoids. Pol. J. Pharmacol.  48(6): 555–564. 

67. Robertson, K.M., O'Donnell, L., Simpson, E.R. and Jones, M.E. (2002): The phenotype of the aromatase 

knockout mouse reveals dietary phytoestrogens impact significantly on testis function. Endocrinology 143(8): 

2913–2921. 

68. Roumen, F.J. (1997): Decreased quality of cervix mucus under the influence of clomiphene: a meta-analysis. 

Ned. Tijdschr. Geneeskd. 141(49): 2401-2405. 

69. Saliou, C., Valacchi, G. and Rimbach, G. (2001): Assessing bioflavonoids as regulators of NF-kappa B activity 

and inflammatory gene expression in mammalian cells. Methods Enzymol.  335: 380–387. 

70. Santanam, N., Kavtaradze, N., Murphy, A., Dominguez, C. and Parthasarathy, S. (2013): Antioxidant 

supplementation reduces endometriosis-related pelvic pain in humans. Transl. Res. 161(3): 189–195. 

71. Sattar, A., Mirza, R.H. and Hussain, S.M.I. (2007): Effect of prepartum treatment of vitamin E-selenium on 

postpartum reproductive and productive performance of exotic cows and their calves under subtropical 

conditions. Pakistan Vet. J. 27(3): 105–108. 

72. Segerson, E.C., Riviere, G., Bullock, T.R., Thimaya, S. and Ganapathy, S.N. (1980): Uterine contractions and 

electrical activity in ewes treated with selenium and vitamin E. Biol. Reprod. 23(5): 1020–1028. 

73. Sehirli, A.O., Sener, G., Satiroglu, H. and Ayanoğlu-Dulger, G. (2003): Protective effect of N-acetyl cysteine 

on renal ischemia/reperfusion injury in the rat. J. Nephrol.  16(1): 75–80. 



ISSN: 2320-5407                                                                                    Int. J. Adv. Res. 5(11), 927-941 

941 

 

74. Seidlová-Wuttke, D., Becker, T., Christoffel, V., Jarry, H. and Wuttke, W. (2003): Silymarin is a selective 

estrogen receptor beta (ERbeta) agonist and has estrogenic effects in the metaphysis of the femur but no or 

antiestrogenic effects in the uterus of ovariectomized (ovx) rats. J. Steroid. Biochem. Mol. Biol.  86(2): 179–

188. 

75. Sekhon, L.H., Gupta, S., Kim, Y. and Agarwal, A. (2010): Female Infertility and Antioxidants. Current 

Women’s Health Reviews.  6: 84–95. 

76. Sengupta, D. and Nandi, P.R. (2013): Effect of estradiol, vitamin A, E and selenium treatment with varying 

sexual rest period on recovery rate in cross-bred cows with chronic endometritis. Vet. World 6(2): 106–108. 

77. Shah, Y.M., Kaul, A., Dong, Y., Ip, C. and Rowan, B.G. (2005): Attenuation of estrogen receptor α (ERα) 

signaling by selenium in breast cancer cells via downregulation of ERα gene expression. Breast Cancer 

Research and Treatment 92: 239–250. 

78. Sugino, N., Karube-Harada, A., Taketani, T., Sakata, A. and Nakamura, Y. (2004): Withdrawal of ovarian 

steroids stimulates prostaglandin F2alpha production through nuclear factor-kappaB activation via oxygen 

radicals in human endometrial stromal cells: potential relevance to menstruation. J. Reprod. Dev. 50(2): 215–

225. 

79. Takasaki, A., Tamura, H., Miwa, I., Taketani, T., Shimamura, K. and Sugino, N. (2010): Endometrial growth 

and uterine blood flow: a pilot study for improving endometrial thickness in the patients with a thin 

endometrium. Fertil. Steril.  93(6): 1851–1858. 

80. Thatcher, W., Santos, J.E. and Staples, C.R. (2011): Dietary manipulation to improve embryonic survival in 

cattle. Theriogenology 76(9): 1619–1631. 

81. Valenzuela, A. and Garrido, A. (1994): Biochemical bases on the pharmacological action on the flavonoids 

silymarin and of its structural isomer silibinin. Biol. Res.  27(2): 105–112. 

82. Vallee, B.L. and Falchuk, K.H. (1993): The biochemical basis of zinc physiology. Physiol. Rev. 73(1): 79–118. 

83. Vallet, J.L., Christenson, R.K., Bartol, F.F. and Wiley, A.A. (1995): Effect of treatment with retinyl palmitate, 

progesterone, oestradiol and tamoxifen on secretion of a protein similar to retinol-binding protein during uterine 

gland development in neonatal pigs. J. Reprod. Fertil.  103(1): 189–197. 

84. Van Langendonckt, A., Casanas-Roux, F. and Donnez, J. (2002): Oxidative stress and peritoneal endometriosis. 

Fertil. Steril. 77(5): 861–870. 

85. Vargas-Mendoza, N., Madrigal-Santillán, E., Morales-González, A., Esquivel-Soto, J., Esquivel-Chirino, C., 

González-Rubio, M.G.Y. Gayosso-de-Lucio, J.A. and Morales-González, J.A. (2014): Hepatoprotective effect 

of silymarin. World J. Hepatol.  6(3): 144–149. 

86. Walter, J. (1961): The effect of vitamin a deficiency and estrogen on the uterus. Am. J. Clin. Nutr. 9 (4): 13-22. 

87. Yamauchi, N., Yamada, O., Takahashi, T., Imai, K., Sato, T., Ito, A. and Hashizume, K. (2003): A three-

dimensional cell culture model for bovine endometrial: regeneration of a multicellular spheroid using ascorbate. 

Placenta 24(2-3): 258–269. 

88. Yildiz, H., Durmus, A.S. and Simsek, H. (2011): Surgery-induced changes in red blood cell and plasma lipid 

peroxidation, enzymatic and non-enzymatic antioxidants, and blood hematology of female rats: protective role 

of methylene blue and vitamin E. Eur. J. Obstet. Gynecol. Reprod. Biol.  155: 89–93. 

89. Youssef, G., Ali, A.M., Alaa, N., Makin, B., Waly, M. and Abou-Setta, A. (2006): N-acetyl-cysteine in 

anovulatory women: The impact of postcoital test. MEFSJ.  11(2): 109–112. 

90. Zafarullah, M., Li, W.Q., Sylvester, J. and Ahmad, M. (2003): Molecular mechanisms of N-Acetylcysteine 

actions. Cell Mol. Life Sci.  60(1): 6–20. 

91. Zhao, F., Shi, D., Li, T., Li, L. and Zhao, M. (2015): Silymarin attenuates paraquat-induced lung injury via 

Nrf2-mediated pathway in vivo and in vitro. Clin. Exp. Pharmacol. Physiol.  42(9): 988–998. 


	title
	Abbreviations
	Introduction
	Material
	Results
	Discussion
	Conclusion
	References

