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1. Abstract 

This study aimed to investigate the influence of treatment with silver oxide  nanoparticles 

intrauterine infusion on ovarian and uterine blood flow, cortisol, estradiol (E2), and 

interleukin-10 (IL-10). Mares (N=8), diagnosed positive for endometritis, were examined 

by Doppler ultrasonography. Blood samples were collected before each ultrasound exam. 

Blood sera were used to assay cortisol, E2, and IL-10. The uterine and ovarian arteries’ 

time average mean velocity (TAMV) and blood flow volume (BFV) were determined. 

Mares were infused intrauterine with 50 mg/kg body weight of silver oxide nanoparticles 

on Day 7(from ovulation ) and another dose on Day 14 from ovulation. On day 21 from 

ovulation, there were significant decreases in BFV and TAMV values of the uterine (P< 

0.001; P< 0.05, respectively) and ovarian arteries (P< 0.0001). A non-significant change in 

cortisol and IL-10 was noticed throughout the treatment. In conclusion, silver oxide 

nanoparticles modulated uterine and ovarian blood flow in endometritis suffered mares on 

day 21 post-treatment. 
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2. Introduction 

 

       Endometritis is the main equine 

reproductive infertility problem. Uterine 

infection occurs shortly after insemination 

and the majority of mares with intact uterine 

tone and contractility could resolve this 

physiological endometritis within 48 hours, 

but mares with poor uterine contractility and 

perineal conformation are susceptible to 

recurrent endometritis [1]. Markers of any 

inflammation in any organ (including the 

uterus) are hotness and redness of the site of 

inflammation due to the engorgement of 

blood [2]. Uterine blood flow changes in 

mares are due to infection [3, 4], the site of 

ovulation, and the estrous phase [5]. Silver is 

one of the nano-metals that have been widely 

used for medical purposes [6, 7].  It 

possesses antibacterial [8], antioxidant [9], 

and anticancer properties [10, 11]. However, 

all therapeutic applications of silver 

nanoparticles have been proved in vitro on 

cell lines; in vivo, only toxicity studies 

(acute and chronic) were studied on lab 

animals with limited studies on farm animals 

[12] [13]. In vivo therapeutic application of 

green synthesized silver oxide nanoparticles 

has been applied on female rats to treat 

induced endometritis using E-coli [13]. 

However, its usefulness for the treatment of 

cases of endometritis in mares was not 

investigated. Therefore, the current study 

aimed to study the effect of silver oxide 

nanoparticles for treating endometritis in 

mares by investigating the alterations in the 

uterine and ovarian blood flow and the 
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concentrations of estradiol, cortisol, and 

interleukin-10 before and after treatment. 

3. Materials and Methods 

 

Ethical approval 

       All experimental procedures were 

conducted under the approval of the 

institutional animal use committee at the 

Faculty of Veterinary Medicine, Cairo 

University with an approval number (VET 

CU 23052022456). 

 

3.1. Animals, plan, and diagnostic strategy 

for chronic endometritis 

       Eight pluriparous Thoroughbred mares 

suffered chronic endometritis, aged 15-19 

years weighed 400-550 kg with a body 

condition score of 3 were kept at the indoor 

paddock. They were examined for one 

estrous cycle (21 days) before any treatment. 

To confirm estrus symptoms, mares were 

kept with a stallion at the opposite end of the 

same stable. In the paddock, artificial 

lighting was employed at night to keep 

mares warm and comfortable throughout the 

day. Mares were maintained on a 

commercial pelleted diet, hay, and 

unrestricted access to water. The presence of 

increased polymorph neutrophils (PMNs > 

10%), uterine bacterial culture, and uterine 

fluid accumulating by ultrasound all 

supported the diagnosis of chronic 

endometritis. All females were assessed 

during the follicular phase, which was 

demonstrated by the existence of 

preovulatory follicles (POF) with a large 

diameter on the second day before ovulation 

and a lowered level of serum progesterone  

(1 ng/ml). Mares had a tight cervix, a weak 

vulvar organization, and poor uterine tone 

[14]. Blood, bacteriological, and cytological 

samples were collected on days 2, 7, 14, and 

21 (during the follicular phase), and the first 

and second doses of silver nanoparticles 

(AgONPs), respectively. 

 

3.2. Physical, uterine cytological, and 

bacteriological examinations 

       Each mare physical examination was 

noted along with clinical symptoms, animal 

history for senility, poor perineal 

confirmation, and constricted cervix. 

Additionally, rectal palpation was performed 

on all mares with endometritis to determine 

the tonicity of the uterus. To access the 

uterus, a mare-specific cytobrush (Minitube; 

ref-17214/2960; Germany) was inserted into 

the cervical canal. Once there, it was spun 

while rubbing the uterine lining, rolled, and 

examined under a microscope before being 

stained with the wright dye for cytological 

evaluation. Bacterial samples were gathered, 

positive cultures colonies were enumerated 

(nine isolate/mare via three bacterial sample 

cultures), and the existence of bacterial 

pathogens was then determined 

(Enterobacteriaceae, Pseudomonas 

aeruginosa and hemolytic Escherichia coli). 

 

3.3. Preparation of AgONPs 

      Camel grass (Halva Bar, Cymbopogon 

schoenanthus) or thyme species (Thymus 

vulgaris or Thymus Organo) in dried and 

chopped form (5 g) was extended in 50 ml 

distilled water and kept at 37 °C for 48 h (25 

rpm in horizontal shaker incubator 

(ThermoFisher, USA). The extract was 

filtrated (Whatman Filter paper 1) and used 

to prepare the nanoparticles. For every 40 ml 

of the aqueous plant extract, an amount of 5 

g silver nitrate (AgNO3; 169.87 MW) was 

dissolved in 15 ml distilled water and left at 

room temperature until the color changed to 

black silver oxide nanoparticles, and the 

black precipitate is visualized [15]. With 

microbiological (minimum inhibitory 

concentration, MIC) results, a dose of 

AgONPs was 50 mg /kg body weight, With 

an average of 5.0 g for horse weighting 500 

kg [13]. Two doses of 5.0 g of AgONPs in 

Ringer lactate or saline 0.9 % were infused 

intrauterine a week apart. Animals were 

treated during proestrus (follicular phase; 
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day -2), after diagnosis on day 7. The first 

dose of AgONPs was administrated as an 

intrauterine infusion with saline at a rate of 

two administrations a week apart (day 7 and 

day 14). 

 

3.4. Ultrasonography with B- and colored 

Doppler modes 

       The preovulatory follicle presence and 

diameter were assessed using ultrasound  B-

mode (EXAGO Doppler ultrasound, IMV, 

France) with a linear probe frequency of 7.5 

MHz. Next, color mode was activated to 

trace the uterine and ovarian arteries and 

measure their diameters; and finally, pulsed 

wave Doppler was activated to assess both 

ovarian and uterine arteries' hemodynamics 

[16]. The ovarian artery (OV A) was reached 

behind the ovaries as it was merged from the 

abdominal aorta. Spectral Doppler was 

activated and hemodynamic variables were 

measured such as [Pulsatility index (PI), 

resistance index (RI), peak systolic and end-

diastolic velocities (PSV) and EDV cm/sec), 

and OV A. blood flow rate (BFR; bpm; [3]). 

The time average mean velocity (TAMV) 

was calculated from the equation PI= PSV-

EDV/TAMV. The blood flow volume (BFV 

ml /min) of each side of the uterine and 

ovarian arteries was determined using the 

equation:60 πr2TAMV, where r is the 

radius/cm of the artery (diameter/2) and 

TAMV, is the time average mean velocity of 

the blood flow. Blood flow volume (BFV; 

mL/min) was calculated using the equation 

[17], BFV = TAMV × π × (D × 0.1/2) 2 × 60 

. 

 

3.5. Blood sampling and hormone 

assessment 

       All mares had their blood drawn from 

the jugular vein into vacuum tubes, both 

with and without anticoagulant. After 

centrifuging all blood samples at 3000 rpm 

for 10 minutes, the serum samples were 

collected and kept at -20 °C until hormone 

analysis. Cortisol (Monocent, Inc. 9025 Eton 

Ave.bSte C Canoga Park, CA91304, USA) 

and horse interleukin-10 (IL-10, Chongqing 

Bioseps Co., Ltd., China) were both 

measured using commercial ELISA with a 

sensitivity of 0.35 ng/mL and intra and inter-

assay precisions of 2.9 % and 8.65 % for 

cortisol and 10 and 12 for IL-10. The test 

sensitivity of the estradiol (E2; pg/mL) 

ELISA kit was 9.7 pg/ml [18, 19]. 

 

3.6. Statistical analysis 

       Data were presented as mean 

±standard error of the mean. ANOVA 

was performed using SPSS version 20.0. 

Duncan's multiple range test was 

performed with a means which is 

significantly different at P < 0.5. 

4. Results 

      As found in figure 1, ovarian arteries on 

both sides had the lowest (P<0.0001) blood 

flow volumes 21 days after treatment with 

nano-silver. Though the left ovarian artery 

blood flow volume (LOA_BFV) was high 

on day 7 after ovulation and the time of the 

first dose of silver was infused intrauterine 

but this increase was not significant 

compared to Day -2 before ovulation (Day 

0) and before nano-silver infusion and Day 

14 after ovulation and the time of the second 

silver infusion. In contrast to the LOA_BFV, 

the right ovarian artery blood flow volume 

(ROA_BFV) increased on days -2 and Day 

5 and reached the highest value on Day 14 

after ovulation and the time of the second 

nano-silver infusion. Both uterine arteries 

had the lowest BFV on Day 21 after nano-

silver uterine infusion. The uterine arteries’ 

blood flow volume increased linearly 

(P<0.001) from Day -2 before treatment till 

Day 14 at the time of the second nano-silver 

infusion (Figure 2). 

Cortisol concentrations did not vary from 

Day -2 before treatment till Day 21 after 

treatment but showed a slight non-

significant decrease on Day 7 at the first 
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nano-silver infusion (Figure 3). Interluekin-

10 concentrations did not show any 

significant change throughout the 

experiment but showed a slight decrease on 

Day 21 compared to the other days of the 

treatments (Figure 3). = The ovarian and 

uterine arteries' time average mean velocities 

(TAMV cm/sec; Figure 4) showed the 

lowest velocities on Day 21 and showed the 

highest one on Day 14. The right ovarian 

artery TAMV (Table 1) showed significant 

correlations with the left ovarian TAMV 

(r=0.83; P<0.0001), the right uterine TAMV 

(r=0.85; P<0.0001), the right ovarian artery 

BFV (r=0.93; P<0.0001), and with estradiol 

(E2) concentrations (r=0.42; P<0.05). E2 

had a positive and significant correlation 

with Lt Ov TAMV (r=0.44; P<0.05), but 

cortisol had a negative and significant 

correlation with it (r=- 0.59; P<0.001). E2 

had got a positive and significant correlation 

with the L ut TAMV (r=0.43; P<0.05) and 

the L Ut A _BFV (r=0.45; P<0.05). The right 

and left uterine arteries’TAMV correlated 

together (r=0.41; P<0.05). The right and left 

ovarian arteries’ BFV correlated together 

(r=0.468; P<0.0001). The right and left 

uterine arteries’ BFV correlated together 

(r=0.63; P<0.0001). 

5. Discussion 

      In the past decade, Doppler 

ultrasonography has been applied 

extensively in the field of reproduction 

raising the capability of the diagnostic tool 

[20-22]. Similar to the correlation found 

between the uterine and ovarian arteries 

TAMV and BFV in mares with endometritis 

before and after treatment with nano-silver 

in the current study, cows with endometritis 

had correlations between the right and left 

uterine arteries PI and TAMV [23]. 

Moreover, the decrease in the TAMV 21 

days after treatment with nano-silver 

compared to Day -2 before treatment was 

also noted in cows 10 days after uterine 

infusion of policresulen [23]. In agreement 

with the decrease of ovarian uterine arteries’ 

TAMV and BFV in resistant and susceptible 

mares to endometritis with time from 

ovulation and insemination with dead 

semen, mares of this study showed also a 

decrease in both TAMV and BFV of both 

uterine and ovarian arteries after infusion 

with nano-silver [24]. The increase in both 

TAMV and BFV of the uterine arteries with 

the increase of the severity of endometritis in 

cows [25] can be noticed in mares of this 

study by comparing the decrease in both 

TAMV and BFV of both uterine and ovarian 

arteries 21 days after treatment with nano-

silver compared to Day -2 before the 

treatment, Day 7 at the treatment with the 

first Dose of silver and Day 14 at the second 

time treatment with nano-silver. However, 

the increase in the blood flow to the genital 

system in response to inflammation [2] has 

prolonged till after the treatment with the 

second dose of nano-silver. Nano-silver had 

induced slight inflammation in addition to its 

antimicrobial effect and this explained the 

increase in both uterine and ovarian TAMV 

and BFV [13]. The insignificant decrease of 

IL-10 on Day 7 at Dose 1 silver treatment 

and Day 21 after treatment in mares of the 

current work was also observed in the gene 

expression of IL-10 in susceptible mares to 

endometritis on Day 7 after the infusion of 

killed semen in comparison to the significant 

increase in resistant mares on the same day 

after insemination with killed semen [24]. 

The insignificant change in the 

concentrations of cortisol in the current 

mares after treatment with nano-silver refers 

to its anti-inflammatory and antioxidant 

properties which declined stress due to 

endometritis and also due to resolving the 

infection and its antimicrobial properties [6]. 

6. Conclusion 

      In conclusion, intrauterine infusion of 

silver oxide nanoparticles modulated the 

uterine and ovarian blood flow in mares 
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suffering from endometritis on day 21 post-

treatment. 
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Table 1: Correlation coefficients between the ovarian and uterine arteries TAMV and 

BFV with the cortisol, and E2 hormones 
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Lt Ov 

TAMV 

Rt Ut 

TAMV 

Lt Ut 

TAMV 

ROA_BFV LOA_BFV RUtA_BFV LUtA_BFV 

Cortisol 

ng/ml 

E2 

pg/ml 

R Ov 

TAMV 

.827*** .848*** .428* .938*** .753*** .887*** .602*** -.298 .415* 

Lt Ov 

TAMV 

 .784*** .531** .739*** .941*** .832*** .700*** -.585** .438* 

Rt Ut 

TAMV 

  .407* .748*** .781*** .966*** .591*** -.113 .330 

Lt Ut 

TAMV 

   .370* .528** .433** .864*** -.174 .433* 

ROA_BFV     .685*** .814*** .540** -.251 .328 

LOA_BFV      .803*** .669*** -.523** .362 

RUtA_BFV       .628*** -.146 .351 

LUtA_BFV        -.282 .452* 

*Means significant at P<0.05, ** means significant at P<0.001; *** means significant 

at P<0.0001 
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Fig. 1. The blood flow volume of the right (ROA BFV) and left (LOA BFV) ovarian 

arteries  

 

Fig. 2. The Blood flow volume of the right (ROA BFV) and left (LOA BFV) uterine 

arteries  
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Fig. 3. concentrations of cortisol and interleukin-10 in mares treated with silver 

nanoparticle  

 

 

Fig. 4. The ovarian and uterine arteries' time average mean velocity cm/sec 
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