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ABSTRACT

The current investigation aimed to assess the therapeutic effectiveness and fertility outcomes of
proteolytic enzymes, namely lysozyme and N-acetyl cysteine, in the management of subclinical
endometritis in repeat breeder buffaloes within the framework of Edwin Incorporation. Eighteen
repeat breeder buffaloes exhibiting subclinical endometritis were randomly assigned to three
treatment groups, each comprising six animals. These buffaloes underwent distinct treatment
protocols.

In Group I, animals were administered a 4 mg lysozyme solution in 40 ml normal saline through
intrauterine infusion once daily for two consecutive days. In Group II, animals received a single
intrauterine infusion of 5% N-acetyl cysteine dissolved in 60 ml normal saline. Group III animals
were treated with a crude enzyme formulation, including 8 mg trypsin, 8 mg chymotrypsin, 4 mg
papain, 120 mg a-tocopherol acetate, and 58.83 mg retinyl palmitate dissolved in 10 ml distilled
water, as a single intrauterine infusion.

Endometrial cytology was conducted at 0 hrs., 24 hrs., and 48 hrs. post-treatment for all 18 animals.
Microbial assays were performed at day 0, successive estrus, and post-treatment, followed by
breeding after sampling. Pregnancy diagnosis was carried out through per rectal examination at
day 60 post-insemination.

A statistically significant increase (p<0.05) in PMN percentage was noted between 0 and 24 hrs.
post-treatment and 0 and 48 hrs. post-treatment across all treatment groups. Among the 18 post-
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treatment uterine samples, seven yielded bacterial isolates, with Staphylococcus species (57.14%)
being predominant. The overall conception rate (%) was higher in Group I (100.00%), followed
by Group II (83.33%) and Group III (50.00%).Intrauterine administration of lysozyme
demonstrated superior efficacy in enhancing uterine immunity and improving the conception rate
for the management of subclinical endometritis in repeat breeder buffaloes within the scope of
Edwin Incorporation.

Keywords: Subclinical endometritis, endometrial cytology, lysozyme, proteolytic enzymes, N-
acetyl cysteine.

INTRODUCTION

Good fertility and optimum reproductive efficiency of dairy animals is the key to economically
successful dairy farming. After the postpartum period, repeat breeding is considered one of the
most important reproductive disorders in bovines (Yusuf et al., 2010). A repeat breeder affect the
production of farm severely as it may be associated with subclinical endometritis, delayed
ovulation and corpus luteum deficiency, which cause failure of fertilization or embryonic mortality
(Parkinson, 2009). Subclinical endometritis (SE) is an asymptomatic reproductive disorder
characterized by presenting an infiltrate of PMN with or without exudate in uterus lumen
(Escandon et al. 2020). Prevalence of subclinical endometritis in postpartum lactating dairy cows
has varied between 7 and 53% (Lopdell et al., 2011), and its presence was associated with repeat
breeder cows after artificial insemination (Salasel et al. 2010; Janowski et al., 2013). Since
subclinical endometritis is a non-symptomatic disease, it must be diagnosed and treated promptly
to avoid their injurious effects on reproduction (Rinaudo et al., 2017).

Antibiotic therapy has various side effects and also needs regular and frequent administration and
besides that compulsory milk disposal in dairy animal is recommended; hence it is the need of the
hour to opt for alternative therapies (Singh et al., 2009).

As an alternative to therapy immunomodulators and proteolytic enzymes (chymotrypsin, trypsin
and papain) were described as non-antibiotic therapy. Intrauterine immunomodulator infusion
stimulates uterine defence mechanism (Bajaj, 2015) while proteolytic enzymes have fibrinolytic
and proteolytic activity, along with that it also supports the cellular defence mechanisms and
inhibit the growth of microorganisms (Singh et al., 2016).

Lysozyme also act as immunomodulator and causes lysis of the cell wall of bacteria which is
comprised of mucopolysaccharide, joins by 1,4-glycosidic linkages between N acetyl muramic
acid (NAMA) and N-acetyl glucosamine (NAG), lysozyme catalyses the hydrolysis of 1,4-
glycosidic bond between NAMA and NAG in cell wall peptidoglycan.

N-acetyl cysteine (NAC) in human medicine widely used in the treatment of chronic obstructive
pulmonary diseases (COPD) and tuberculosis. Beside mucolytic effect, NAC, also has antioxidant
(AHFS Drug Information, 2010), cytoprotective and anti-inflammatory properties (Melkus et al.,
2013). NAC facilitates entry of antimicrobials into mucus and its mucolytic effect is route-
independent (Boothe, 2001). Various author states that intrauterine NAC administration to mares
with endometritis may help improve pregnancy and cure rates, and that NAC does not adversely
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affect endometrial function (Witte et al., 2012). Keeping above facts in mind the present study was
designed to evaluate the therapeutic efficacy and fertility response of proteolytic enzymes,
lysozyme and N-acetyl cysteine for management of subclinical endometritis in repeat breeder
buffaloes.

MATERIALS AND METHODS

The present study was carried out on 18 repeat breeder buffaloes suffering from subclinical
endometritis (diagnosed to be suffering from subclinical endometritis by endometrial cytology
using cytobrush technique) which were randomly selected from 28 buffaloes suffering from
subclinical endometritis in various dairy farms of Jabalpur (Madhya Pradesh). The buffaloes (3rd
to 4th parity) selected for study were having body condition score (BCS) between 3-5 in 5-point
scale. The buffaloes were stall fed and kept in cemented shed with brick floor under intensive
housing system supplemented with mineral mixture. Seasonally available green fodder with wheat
straw and concentrate mixture were fed to all animals. During morning and evening, clean drinking
water was provided ad lib. The feeding system of private farms in Jabalpur area was almost similar.
These animals were randomly divided into three treatment groups of 6 animals each and were
subjected to different treatment regimen as follows:

1. Treatment Group I (Group I; n=06): Repeat breeder buffaloes diagnosed as suffering from
subclinical endometritis were subjected to treatment with 4 mg lysozyme dissolved in 40 ml
normal saline having a pH of 7.4 was infused intrauterine with a sterile Al sheath once for two
consecutive days.

2. Treatment Group II (Group II; n=06): Repeat breeder buffaloes diagnosed as suffering
from subclinical endometritis were subjected to treatment with 5% N-acetyl cystiene (dissolved in
60 ml normal saline) as single intrauterine infusion.
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Plate 01: Endometrial cytology sample collection by cytobrush technique

3. Treatment Group III (Group III; n=06): Repeat breeder buffaloes diagnosed as suffering
from subclinical endometritis were subjected to treatment with crude formulation of enzymes, viz.
Trypsin 8 mg, chymotrypsin 8 mg, papain 4 mg, a-tocopherol acetate 120 mg and retinyl palmitate
58.83 mg (Sigma-Aldrich, USA) dissolved in 10 ml distilled water as single intrauterine infusion.
Endometrial cytology was done at 0, 24, 48 hours post-treatment in all the treatment group animals.
Oestrus detection were be done by visual signs viz. CVM discharge and mounting behaviour etc.
Culture isolation was done at day 0 and next successive oestrus in all treatment group buffaloes.
All the treatment group buffaloes were bred by artificial insemination on next successive oestrus.
Pregnancy diagnosis was done by per rectal examination at day 60 post insemination.

A. Endometrial cytology by cytobrush technique

1. Collection of endometrial sample by cytobrush technique - After proper restraining, the
animals were subjected to evacuation of rectum through back racking. The perineal region and
vulva were washed with antiseptic solution and water and later on disinfected with spirit swab.
The vulvar lips were pulled apart by an assistant and the modified cytobrush assembly (Madoz et
al., 2014) specially fabricated for buffaloes was introduced in the vagina.

The assembly consisted of stainless-steel catheter and a stylette attached with cytobrush and
covered with chemie. Endometrial cytology was carried out according to Senosy et al. (2012).
Endometrial cytology samples were collected by rotating the brush while in contact with the
uterine wall (uterine body). The brush was retracted into the stainless-steel tube prior to removal
from the uterus (Plate 01). Cytology slides were prepared by rolling the brush on two clean glass
microscope slides for each sample and fixed with cytofixative (Ahmadi et al., 2012).

The threshold cut off value for PMN percentage for diagnosis of subclinical endometritis by
cytobrush technique was >5% PMNs (Gilbert et al., 2005).

il. Staining of endometrial cytology slide

Slide was stained with modified Giemsa stain solution for 2 minute and after 2 minutes slide was
washed with running tap water and then air dried. After drying slides, were screened for the
presence of polymorphonuclear cells (PMNs) or neutrophils endometrial cells, fibroblasts and
RBCs if any. A total of 300 cells were counted under the binocular microscope at X400 and X1000
(oil immersion) and per cent PMN cells were calculated.

B. Bacteriological examination and culture isolation from endometrial tissue:

The endometrial samples collected aseptically by cytobrush technique were also be subjected to
culture isolation and identification of bacterial micro-organisms.

Statistical analysis

The data ware analysed statistically by analysis of variance (ANOVA). The means were compared
using Duncan’s multiple range test (DMRT). Pre-treatment and post-treatment means were
compared using f-test as per the standard method described by Snedecor and Cochran (1994).
RESULTS AND DISCUSSION

© ICAS December 2023 402



Ann, For. Res. 66(2): 399-411, 2023 ANNALS OF FOREST RESEARCH
ISSN: 18448135, 20652445 www.e-afr.org

Elimination of pathogen from the genital tract of animal is necessary to restore the fertile life of
animal and to improve the production of farm. Hence, the therapeutic management of subclinical
endometritis must be aimed towards the same without causing any harm to future fertility. In order
to maintain the same, proper diagnosis with high degree of certainty must be applied. Since long,
the diagnosis and treatment of repeat breeder buffaloes suffering from subclinical endometritis
remains a challenging task for veterinarians. The efficacy of treatment depends on the accuracy of
diagnosis, line of treatment chosen and individual response of an animal towards the treatment.
The success of treatment must be calculated with regard to healing rate and subsequent
reproductive performance in the form of future fertility.

A. Endometrial cytology by cytobrush technique

Endometrial cytology findings and Polymorphonuclear cell (PMN) per cent at 0 hrs. (pre-
treatment), 24 hrs. and 48 hrs. (post-treatment) endometrial cytology samples obtained in different
treatment groups of repeat breeder buffaloes suffering from subclinical endometritis (SCE) are
presented in table 01-02 and plates 02-04.

0 Hours 24 Hours 48 Hours
Plate 02: Endometrial smear from repeat breeder buffalo suffering from subclinical
endometritis at 0 hrs., 24 hrs. and 48 hrs. showing endometrial cells (E) and
polymorphonuclear cells (N) after treatment with intrauterine infusion of 4mg
Lysozyme. Modified Giemsa stain X1000

-2
AN a : 2 .f;.‘

0 Hours 24 Hours

Plate 03: Endometrial smear from repeat breeder buffalo suffering from

subclinical endometritis at 0 hrs. 24 hrs. and 48 hrs. showing

endometrial cells (E) and polymorphonuclear cells (PMN) after

treatment with intrauterine infusion of 5% N- acetyl cysteine.
Modified Giemsa stain X1000
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24 Hours

0 Hours 48 Hours

Plate 04: Endometrial smear from repeat breeder buffalo suffering from sub-clinical
endometritis AT 0 hrs., 24 hrs. and 48 hrs. showing endometrial cells (E) and
polymorphonuclear cells (PMN) after treatment with with intrauterine infusion of

proteolytic enzymes. Modified Giemsa stain X1000

Table 01: Endometrial cytology findings in different treatment groups of repeat
breeder buffaloes suffering from subclinical endometritis
Endometrial Group(n=06/group)
Pre / Post-treatment
Cytology
I 11 I
(Total cell = 300)
Pre-treatment | 00 hrs. | 26.00°£3.47 | 36.83°+7.63 | 37.50°+5.59
PMN (n) 24 hrs. | 58.00°+4.99 | 51.507+6.56 | 68.007+5.49
Post-treatment
48 hrs. | 70.00°£4.95 | 56.17°£8.93 | 66.33%+4.57
268.83%+£3.5 | 251.17°+8.0 | 255.67°+£5.5
Pre-treatment | 00 hrs.
2 2 8
Endometrial 236.50°+5.5 | 241.83%+6.6 | 225.33+5.5
24 hrs.
Cells (n) 2 6 3
Post-treatment
224.33°+5.2 | 237.67°+8.9 | 227.50°+5.5
48 hrs.
2 4 1
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Pre-treatment 00 hrs. 1.83%+0.60 2.172+£0.60 2.00%+£0.73
Erythrocytes (n) 24 hrs. | 2.67?+0.71 2.50%+0.50 2.172+0.60
Post-treatment
48 hrs. | 2.50%+0.43 3.00%+£0.93 2.002+0.52
Pre-treatment 00 hrs. | 3.33%+0.33 3.83%4+0.87 | 4.83%+0.83
Fibroblasts (n) 24 hrs. | 2.8324+0.95 4.17°40.98 4.5024+0.72
Post-treatment
48 hrs. | 3.172+0.60 3.1724+0.48 4.17%4+1.19
Pre-treatment | 00 hrs. | 8.67°+1.16 | 12.28%+2.32 | 12.50°+1.86
PMN % 24 hrs. | 19.332+£1.66 | 17.172£2.19 | 22.67°+£1.83
Post-treatment
48 hrs. | 23.332+£1.65 | 18.728+2.98 | 22.11%+1.52

Mean values bearing different superscripts (a, b) in a column differ significantly (p<0.05)
* Average of mean number per 300 cells counted

The per cent PMN in pre-treatment endometrial samples from different treatment groups varied
from 8.67+1.16 to 12.50+1.86. The variation in pre-treatment PMN per cent (0 hrs.) was non-

significant (p>0.05) between different groups treatment groups.

Table 02:

Effect of different treatment regimens om PMN% in endometrial cytology at

Ohrs., 24hrs. and 48hrs. post-treatment in repeat breeder buffaloes suffering from
subclinical endometritis

PMN percentage
Groups
Pre-treatment Post-treatment
(n=06/ group)
0 hrs. 24 hrs. 48 hrs.
I 08.67°+1.16 19.33%£1.66 23.33%£1.65
11| 12.28°+2.32 17.172£2.19 18.72%+£2.98
I 12.50°+1.86 18.72%+£2.98 22.11%£1.52

Mean values bearing different superscripts (a, b) in a column differ significantly (p<0.05)
* Average of mean number per 300 cells counted
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The variation in post-treatment PMN per cent at 24 hrs. and 48 hrs. was also non-significant
(p<0.05) between different groups treatment groups. Significant increase (p<0.05) in PMN per
cent was observed between 0 and 24 hrs. post-treatment and 0 and 48 hrs. post-treatment in all the
treatment groups while this increase was non-significant (p>0.05) between 24. and 48 hrs. Post
treatment in all the treatment groups. The findings of present study are in corroboration with the
findings of Manjhi (2018) who also observed significant (p<0.05) increase in PMN per cent in all
the treatment groups (Levamisole, E.coli LPS, cephaprrin benzahthin and proteolytic enzymes
groups) from 0 hrs. to 24 hrs. post-treatment while the variation was non-significant (p>0.05)
between 24 and 48 hrs. post treatment.

Caissie et al. (2020) studied effect of 3.3% NAC on mares susceptible to persistent breeding
induced endometritis (PBIE) and reported that per cent PMN was significantly higher in 12 hours
post-Al compared to 60 hrs. post Al. They opined that NAC infusion was associated with a
significant and prolonged acute inflammatory reaction of the endometrium, which was suspected
due to hyperosmotic nature of NAC.

Choudhary (2022) reported significant decrease in the pre- and post-treatment (subsequent oestrus)
PMN per cent within treatment groups suggestive of good efficacy of all the treatment groups.
Similar significant decrease in PMN cell per cent in subsequent oestrus were also reported by Bajaj
(2015).

Unlike increase in PMN percentage, there was an increase in PMN counts within the group that
shows significant difference (P<0.05) from 0 hrs. to 24 hrs. and non-significant difference (P>0.05)
from 24 hrs. to 48 hrs. in all the treatment groups except that of group 1.

In group I, the PMN cell counts increase significantly (P<0.05) from 0 hrs (pre-treatment) to 48
hrs. post treatment. The repeat breeder buffaloes in lysozyme group (group I) might be due to intra-
uterine infusion 4 mg of lysozyme consecutively for 2 days (0 hrs. and 24. hrs.). This significant
increase may be because of lysozyme’s continued immunomodulatory activity that allows the
infiltration of neutrophils within uterine lumen and supports antibacterial property (Manjhi, 2018).
Similarly it has been reported that immunomodulators like E. coli LPS and lysozyme are related
to significant PMN influx in uterine lumen from 24-72 hours after administration (Manjhi, 2018).
The acute increase in PMN count at different time interval in different treatment groups might be
due to the immunomodulator property of lysozyme, N-acetyl cysteine and proteolytic enzyme,
which marks the beginning of healing mechanism and increased phagocytosis by PMN cells
ultimately supporting the uterine defence mechanism in order to clear the uterine infection.

PMN influx may involve single or combined mechanisms of vasodilation, chemo-attraction, and
increased populations of interleukin-1, interleukin-8, and granulocyte-macrophage cell-
stimulating factor (Tizard, 2017). a proteolytic enzyme, i.e. Chymotrypsin, trypsin, and papain,
which are considered biological scalpels, have fibrinolytic and proteolytic activity in inflamed
tissue, causing the degradation of infectious products, damaged cells and tissues (Singh et al.,
2016). Gram-positive and Gram-negative bacteria, yeasts, and toxins contain proteins and lipids
that are directly degraded by these enzymes, resulting in bacterial growth arrest or death (Kruger
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et al., 1999). Fibroblasts were also observed in the endometrial cytology in both pre- and post-
treatment samples.

According to Bajaj et al. (2018) high involvement of fibroblast is indicative of severe degree of
infection while the marginal count post treatment is related to healing.

B. Bacteriological examination and culture isolation from endometrial tissue:

The detailed results of bacterial isolates recorded from uterine samples at day 0 and next successive
oestrus in various treatment groups of subclinical endometritic repeat breeder buffaloes are
presented in table 03. The post-treatment increase in PMN per cent might have reduced the
bacterial load by their phagocytic activity in the uterine lumen. The difference in the lysozyme
group, N-acetyl cysteine and proteolytic enzymes group with respect to bacterial isolates obtained
may be because of higher efficacy of the therapeutic agents used in lysozyme group.

Table 03: Bacterial isolates obtained from uterine sample of repeat breeder buffaloes
suffering from subclinical endometritis

Gro Bacterial
Positive Isolates Type of bacterial isolates
ups Isolates
(n=0 | Treat
.| Singl | Mix Bacil
6/ ment | Negat | Posit q Tot | Streptoco | Staphyloc | E. p
e e us
grou ive ive al | ccus spp. | occus spp. | coli
type | type Spp.
p)
Pre- 0 6 3 3 3 5 0 1
treatme | (00.0 | (100. | (50.0 | (50. | 9 (00. | (11.1
(33.33) (55.55)
: nt 0) | 00) | 0) | 00) 00) | 1)
Post- 4 2 2 0 0 . 0 1
treatme | (66.6 | (33.3 | (100. | (00. | 2 (00. | (50.0
(00.00) (50.00)
nt 7) 3) 00) | 00) 00) 0)
Pre- 0 6 2 4 1 6 2 1
treatme | (00.0 | (100. | (33.3 | (66. | 10 (20. | (10.0
(10.00) (60.00)
nt 0) 00) 3) 67) 00) 0)
11 3
Post- 3 3 0 . 5 0 0
treatme | (50.0 (100. | (00. | 3 (00. | (00.0
(50.0 (33.3) (66.67)
nt 0) 0) 00) | 00) 00) 0)
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Pre- 0 6 2 4 ) 4 3 1
treatme | (00.0 | (100. | (33.3 | (66. | 10 (30. | (10.0
(20.00) (40.00)
- nt 0) 00) 3) | 67) 00) | 0)
Post- 4 2 2 0 1 1 0 0
treatme | (66.6 | (33.3 | (100. | (00. | 2 (00. | (00.0
(50.00) (50.00)
nt 7) 3) 00) 00) 00) 0)
Overall Pre- 0 18 7 11 6 15 5 3
treatment (00.0 | (100. | (38.8 | (61. | 29 (17. | (10.3
_ (20.69) (51.72)
(n=18) 0) 00) [ 9 | 11) 24) | 9
Overall Post- 11 7 7 0 5 4 0 1
treatment (61.1 | (38.8 | (100. | (00. 7 (00. | (14.2
_ (28.57) (57.14)
(n=18) 1) 9) 00) | 00) 00) | 8)

Figure in paranthesis indicate percentage

Solomon et al., (2009) also reported extreme decrease in bacterial count and increased recovery
rate (83.30%) and conception rate (53.30%) by using lysozyme (2 mg) as intrauterine immune
modulators for management of endometritis as compared to phosphate buffer saline (50 ml).
However, many research workers like Palanisamy et al. (2015) observed that LPS treatment was
most effective in controlling uterine infections by reducing bacterial count followed by lysozyme
and oyster glycan.
C. Fertility response of in subclinical endometritic repeat breeder buffaloes
Fertility response in the present study was observed in terms of conception rate on the basis of
pregnancy diagnosis by per-rectal palpation on day 60 of post-insemination in different treatment
groups of repeat breeders buffaloes suffering from subclinical endometritic. The result of
conception rate in treatment groups has been presented in table 04.

Table 07: Conception rates in different treatment groups of repeat breeder buffaloes

suffering from subclinical endometritis

Groups Conception rate
(n=06/group) I service II service Overall
I 5(83.33) 1(16.66) 6 (100.00)
II 3 (50.00) 2(33.33) 5(83.33)
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11| 2 (33.33) 1 (16.33) 3 (50.00)

Figure in parenthesis indicate percentage of animals.

The higher first service conception rates in treatment group I (Lysozyme group) may be because
of better clinical recovery as compared to other treatment groups. This may be due to their potent
immunomodulation action and chemotactic action increasing PMN cell influx eliminating
infection from uterus and also because of potent bactericidal action of lysozyme on gram positive
bacteria. In the present study lysozyme was used twice at 24 hrs. interval which might have
potentially increased PMN influx to combat infection which was also evident by significant rise
in PMN numbers in 24 and 48 hrs. post treatment endometrial cytology samples as compared to
day 0 sample and decrease in bacterial isolates of post treatment in subsequent oestrus. Choudhary
(2022) reported first service conception rates of 50.00 per cent using 4 mg lysozyme single dose
in repeat breeder buffaloes suffering from subclinical endometritis.

Solomon et al, (2009) by using lysozyme (2mg) in endometritis affected bovine as compared to
phosphate buffer saline (50 ml) reported increased recovery (83.30%) and conception rate
(53.30%). All these works and their results support the finding of present study.

CONCLUSION

Based on the above study, it can be concluded that the intra uterine administration of lysozyme
proved to be better for enhancing uterine immunity and conception rate (100.00%) for
management of subclinical endometritis in repeat breeder buffaloes.
ACKNOWLEDGEMENTS

Authors are thankful to College of Veterinary Science and Animal Husbandry, NDVSU, Jabalpur,
Madhya Pradesh, India for providing the financial support for the research work.

CONFLICT OF INTEREST

The authors have declared no conflict of interest.

REFERENCES

AHFS Drug Information, (2010). Acetylcysteine, McEvoy GK, 42nd Edn., American Society of
Health-System Pharmacists, USA, pp 3652-3655.

Ahmadi, M.R., Kadivar, A. and Gheisari, H.A. (2012). Assessment of relationship between IGF-I
concentration before parturition and postpartum endometritis and ovarian cysts in dairy.
Veterinary Journal Istanbul, 41(1): 12-20.

Bajaj, N.K. (2015). Diagnosis and therapeutic management of subclinical endometritis in
postpartum Murrah buffaloes. Ph.D. thesis (Veterinary Gynaecology and Obstetrics), Nanaji
Deshmukh Veterinary Science University, Jabalpur.

Bajaj, N. K., Agrawal, S., Jain, S. K., Sharma, V., Mourya, A. and Shrivastava, O. P. (2018).
Antibiogram and total viable bacteria count in uterine lavage of normal, subclinical and clinical
endometritic postpartum buffaloes. Buffalo Bulletin, 37(1): 17-24.

Boothe, D.M. (2001). Drugs affecting the respiratory system. In: The Veterinary Pharmacology
and Therapeutics, 8th Edn., Adams HR, Iowa State Press, Ames, lowa, USA, pp 1105-1119.

© ICAS December 2023 409



Ann. For. Res. 66(2): 399-411, 2023 ANNALS OF FOREST RESEARCH
ISSN: 18448135, 20652445 www.e-afr.org

Caissie, M.D., Gartley, C.J., Scholtz, E. L., Hewson, J., Johnson, R. and Chenier, T. (2020). The
Effects of Treatment with N-Acetyl Cysteine on Clinical Signs in Persistent Breeding-Induced
Endometritis Susceptible Mares. Journal of Equine Veterinary Science, 92: 103142.

Choudhary, G.P. (2022). Comparitive efficacy of various diagnostic techniques and therapeutic
protocols for management of subclinical endometritis in repeat breeder buffaloes. M.V.Sc. thesis
(Gynaecology and Obestetrics), Nanaji Deshmukh Veterinary Science University, Jabalpur.
Escandon, B.M., Espinoza, J.S., Fernando, P. P., Fernando, Q., Ochoa, R., Gonzalo, E. L., Diego,
A. G. and Garzén, J.P. (2020). Intrauterine therapy with ozone reduces subclinical endometritis
and improves reproductive performance in postpartum dairy cows managed in pasture-based
systems. Tropical Animal Health and Production. https://doi.org/10.1007/s11250-020-02298-3
Gilbert, R.O., Shin, S.T., Guard, C.L., Erb, H.N. and Frajblat, M. (2005). Prevalence of
endometritis and its effects on reproductive performance of dairy cows. Theriogenology, 64(9):
1879-1888.

Janowski, T., Baranski, W., Lukasik, K., Skarzynski, D., Rudowska, M. and Zdunczyk, S. (2013).
Prevalence of subclinical endometritis in repeat breeding cows and mRNA expression of tumor
necrosis factor o and inducible nitric oxide synthase in the endometrium of repeat breeding cows
with and without subclinical endometritis. Polish Journal of Veterinary Sciences, 16(4), 693—699.
Kruger, M., Thihien, T., Zaremba, W. and Penka, L. (1999). Investigations on the influence of the
proteolytic enzyme trypsin, chymotrypsin and papain on udder pathogenic microorganisms.
Tierarztl Prax, 27: 207-215.

Lopdell, T., Berg, M.C., Green, M.P. and Back, P.J. (2011). Effect of sub-clinical uterine infection
on plasma amino acid concentrations in early lactation dairy cows. Proceeding New Zealand
Society of Animal Production, 71, 291-295.

Madoz, L.V., Giuliodori, M.J., Migliorisi, A.L., Jaureguiberry, M. and de la Sota, R.L. (2014).
Endometrial cytology, biopsy, and bacteriology for the diagnosis of subclinical endometritis in
grazing dairy cows. Journal of Dairy Science, 97(1): 195-201.

Manjhi, V.K., Bajaj, N.K., Shukla, S.P., Kaurav, P.S. and Thakur, R.K. (2018). Efficacy of
endometrial cytology to diagnose subclinical endometritis in repeat breeder cows. Journal of
Animal Research, 8(6): 1105-1108.

Melkus, E., Witte, T., Walter, 1., Heuwieser, W. and Aurich, C. (2013). Investigations on the
endometrial response to intrauterine administration of N-acetylcysteine in oestrous mares.
Reproduction in Domestic Animals, 48(4): 591-597

Palanisamy, M., Napolean, R., Ezakial, K.K., Balasubramaniam, G.A. and Malmarugan, S. (2015).
Comparative evaluation of therapeutics for management of bovine endometritis-A study of 72
crossbred cows. Intas Polivet, 16(2):218-220.

Parkinson, T. (2009). The repeat breeder syndrome. In: Noakes, D.E., Parkinson, T.J. and England,
G.C.W,, (ed.). Veterinary Reproduction and Obstetrics, 9th Edn. Elsevier, London. pp. 463—466.
Rinaudo, A., Bernardi, S.F. and Marini, P.R. (2017). Relation between subclinical endometritis
and reproductive efficiency in dairy cows in Argentina. Journal of Veterinary Science and
Technology, 8(494): 1-4.

© ICAS December 2023 410



Ann. For. Res. 66(2): 399-411, 2023 ANNALS OF FOREST RESEARCH
ISSN: 18448135, 20652445 www.e-afr.org

Salasel, B., Mokhtari, A. and Taktaz, T. (2010). Prevalence, risk factors for and impact of
subclinical endometritis in repeat breeder dairy cows. Theriogenology, 74(7): 1271-1278.
Senosy, W.S., lzaike, Y. and Osawa, T. (2012). Influences of metabolic traits on subclinical
endometritis at different intervals postpartum in high milking cows. Reproduction in Domestic
Animal, 47(4): 666-674.

Singh, J., Ghuman, S.P.S., Dadarwal, D., Honparkhe, M. and Singh, N. (2009). Evaluation of a
systemic antibiotic treatment of chronic endometritis in buffaloes. Intas Polivet, 10(1): 25-28.
Singh, J., Honparkhe, M., Chandra, M., Kumar, A., Ghuman, S.P.S. and Dhindsa, S.S. (2016).
Diagnostic efficacy of uterine cytobrush technique for subclinical endometritis in crossbred dairy
cattle. Indian Veterinary Journal, 93(2): 11-13.

Snedecor, G.W. and Cochran, W.G. (1994). Statistical Methods, 7thEdn., Oxford and IBH
Publishing Co., New Delhi, pp 312-317.

Solmon, K.G., Naidu, K.V. and Sadasivarao, K. (2009). Efficacy of intrauterine infusion of
immunomodulators and PGF2a in the treatment of endometritis in buffaloes. Indian Journal of
Animal Reproduction, 30(1): 60-62.

Tizard, I.R. (2017). Veterinary Immunology. Elsevier Health Sciences. 6th Edn., W.B. Saunders
Company, Philadelphia, pp 36-46.

Witte, T.S., Melkus, E., Walter, 1., Senge, B., Schwab, S., Aurich, C. and Heuwieser, W. (2012).
Effects of oral treatment with N-acetylcysteine on the viscosity of intrauterine mucus and
endometrial function in estrous mares. Theriogenology, 78(6): 1199-1208.

Yusuf, M., Nakao, T., Ranasinghe, R.B.K., Gautam, G., Long, S.T. and Yoshida, C.(2010).
Reproductive performance of repeat breeders in dairy herds. Theriogenology, 73(9): 1220-1229.

© ICAS December 2023 411



