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Abstract

Introduction: The effect of intrauterine administration of Momordica charantia L. (MC) extract on oxidative changes and
pregnancy rate in infertile cows was investigated. Material and Methods: Endometrial smear specimens were taken from 40
cows with fertility problems for cytological examination, and the cows were randomly divided into two groups: group I (n = 20)
was subjected to intrauterine administration of 40 mL (0.25 g/mL) of MC extract, group II (n = 20) was subjected to intrauterine
administration of 40 mL of pure olive oil. Blood samples were taken starting from the day of administration of MC extract or
olive oil (day 0) and then for three weeks at weekly intervals (days 7, 14, 21). Blood serum samples were evaluated for total
antioxidant capacity (TAS), total oxidant level (TOS), oxidative stress index (OSI), lipid hydroperoxide (LOOH), and nitric
oxide (NO) levels. In addition, on the 14™ day following treatment, two doses of PGF20, were administrated to all cows at 14-day
intervals. Following the second PGF20 administration, insemination and GnRH administration was performed at the 60™ h after
PGF2a treatment. Smear samples were stained with Giemsa and immunohistochemically to determine cytological changes and
inflammatory status. Results: According to cytological findings, subclinical endometritis was a prevalent disorder in cows with
infertility problem (82.5%; 33/40). Additionally, 60.6% (20/33) of the cows with subclinical endometritis had acute
inflammation, whereas remaining 13 cows had chronic endometritis. Of the cows with subclinical endometritis, 50% (8/16) and
35% (6/17) became pregnant in group I and II, respectively (P > 0.05). Although the oxidative stress parameters showed
similarities between both groups (P > 0.05), there was a significant difference (P < 0.001) between the groups in terms of mean
NO and LOOH levels (NO — 31.20 + 11.38 vs 44.53 = 11.50 pmol/L and LOOH — 1.22 + 0.37 vs 1.89 £ 0.36 umol/L).
Conclusion: The obtained results indicated that MC administration, especially in the presence of active inflammation, may
improve the pregnancy rate by positive reduction of oxidative changes.
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Introduction

Infertility is one of the biggest problems affecting
reproductive performance in dairy cow enterprises.
Infertility in cows leads to economic loss by bringing
together many factors such as the prolongation of the
period between calving and repetitive pregnancy,
inability to obtain offspring, reduction in milk

production and income from milk, unnecessary feeding
of infertile animals, and use of extra labour force (51).
Endometritis, one of the important aetiological factors
of infertility, causes serious problems in reproductive
efficiency in cows (18, 27). Bacteria play an important
role in the aetiology of endometritis. Inability to
complete bacterial elimination, especially after birth,
leads to infection. Endometritis has an acute or chronic
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course and may be observed in both clinical and
subclinical forms (2). Subclinical endometritis (SCE)
refers to the inflammation of the endometrium that can
only be determined by cytological examination (49).

In the treatment of uterine infections in cows,
hormones, antibiotics or astringents, enzymes, and
phytotherapeutic substances are used (44). The clinical
treatment rates and their efficacy associated with
reproductive performance are controversial (21).
However, although the treatment methods mentioned
above are generally used in the treatment of clinical
endometritis, there is no generally accepted treatment
method for subclinical cytologic endometritis (44). As
an alternative therapy for antibiotic infusion in
endometritis, a wide range of chemical agents including
hyperimmune serum (1), autologous plasma, E. coli
lipopolysaccharides (47), pre-acetic acid containing
drugs (26), and irritant solutions containing antiseptics
(33), or antioxidants (28) are proposed.

Momordica charantia L. (MC) is a perennial
climbing plant from the family of Cucurbitaceae and is
known by the names of balsam pear, parpara, and bitter
melon. In studies conducted with MC cultures that
grow in many tropic and subtropic regions of the world,
it has been demonstrated that MC has antihyperglycemic
(45), antiulcer (20), antifungal (54), antimicrobial,
immunotoxic, antiviral, antimutagenic, antifertility,
antidiabetic (30) antioxidant effects (32), and protein
synthesis inhibitory activity (38).

All inflammatory reactions which occur in
organism cause oxidative stress (OS) at cellular, tissue,
and organ levels. The stress is defined as the disruption
of the balance between oxidants and antioxidants at
cellular or individual level leading to damage to
macromolecules (lipids, proteins, and DNA) and
impairment of normal metabolism and physiology (36,
52). OS in dairy cow is involved in the
actiopathogenesis of diseases (36) and reproductive
problems (12). The adverse effects of oxidant
molecules on reproductive function can be classified as
inhibition of sperm and oocyte fusion, embryonic
death, and endometritis (3). Various parameters such as
lipid hydroperoxide (LOOH), total oxidant level (TOS),
oxidative stress index (OSI), total antioxidant capacity
(TAS), and nitric oxide (NO) levels are used in
assessing the severity of oxidative stress.

The present study aimed to determine the effects
of intrauterine infusion of oily homogenised MC on
chosen oxidative stress parameters and pregnancy rate
in lactating infertile cows.

Material and Methods

Animal material. The study was carried out on 40
Holstein-Friesian cows, which had no abnormality
(anovulation,  delayed  ovulation and  hazy,
mucopurulent, purulent vaginal discharge) in the
gynecological examinations, had at least one birth,

aged between three and eight years, had a body
condition score (BCS) ranging from 2.75 to 4.5,
according to the 5-point scale reported by Edmonson
et al. (15), had the last lactation (305 days) milk yield
of an average of 7,320 kg (5,185-8,540 kg), had an
average postpartum period of 179 days (106-347 days),
and had no other clinical conditions other than
infertility.

Study order. For the selection of cows without
clinical endometritis and ovarian  problems,
gynecological examination was performed by means of
the inspection of the vulva, tail, and perineum, rectal
palpation,  vaginoscopy, and  ultrasonography.
Endometrial smear specimens were obtained from cows
without clinical and anatomical abnormalities.

Cytological sampling and evaluation. Since
cytopathological examination was accepted as the
better diagnostic method for subclinical endometritis,
bacteriological examination was not performed.
Cytological sampling from cows with fertility problems
was performed using endocervical brush as reported by
Kasimanickam ez al. (27), and endometritis in cows
was confirmed by the cytological examination. Smear
samples were stained with the Giemsa method to
determine inflammatory cells. Evaluation was
performed according to Polat et al. (43). In postpartum
cows, a neutrophil ratio of >5% or greater was defined
as the threshold for SE (37). For this purpose,
a cytopathological classification was made according to
the presence of polymorphic nuclear cells (PMN) and
lymphocytes (LYM) to determine the inflammatory
state (acute if PMN + LYM >5% and chronic if LYM
>5%). In cytological evaluation, in addition to Giemsa
method, immunohistochemical staining was performed
to support chronic and acute inflammation findings.
The samples were incubated with bovine serum
albumin (BSA) solution (1 g of BSA was added and
dissolved in 100 mL of PBS) for 20 min. Smear
samples were incubated with CD3 (Sigma, USA,
dilution ratio: 1/200) and IFNy (AbdSerotec, Thailand,
dilution ratio: 1/300) primary antibodies for 20 min in
order to identify T lymphocytes and to determine the
acute inflammation. Mouse and Rabbit Specific
HRP/DAB Detection IHC Kit (Abcam, USA) was used
secondarily. The sections were counterstained with
Mayer's haematoxylin. The tissues covered with
Entellan were examined under light microscope. The
ratio of immunopositive lymphocytes seen in the field
to all lymphocytes was evaluated.

Preparation of plant extract. Momordica
charantia's ripe fruits were gathered around Adana,
Tarsus, and Mersin (Turkey) from 2014 to 2015. The
identification of the plant was made by the Department
of Pharmacology and Toxicology, Faculty of
Veterinary Medicine, Harran University. In accordance
with the method used in traditional medicine, MC
extract was obtained by keeping ripe fruit of plant
(250 g) in olive oil (1 L) for 15 days at room
temperature and then crushing them with this olive oil
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(9). MC contains biologically active components
including phenolic compounds, triterpene glycoside,
vitamins, and minerals (19), protein and steroids (41),
polysaccharides such as glucose, galactose, arabinose,
rhamnose, and mannose (42), and saponin (39). The
density of the resulting mixture was calculated to be
0.25 g/mL.

Grouping, drug administration, oestrus
synchronisation, and artificial insemination. Infertile
cows without any pathological problems in the clinical
examination were randomly divided into two groups
regardless of the results of the cytological examination.
Cows (n = 20) in group I were treated with 40 mL
(0.25 g/mL) of MC extract, while cows (n = 20) in
group II received 40 mL of pure olive oil. Both
solutions were applied by intrauterine route following
to catheterisation under aseptic conditions.

In addition, on the 14" day following treatment,
double-dose of PGF2a (25 mg, intramuscularly,
Dinoprost tromethamine, Dinolytic, Pfizer, Turkey)
was administered to all cows at 14-day intervals.
Following the second PGF2a administration,
insemination was performed and single dose of GnRH
(10 pg; intramuscularly; Buserelin asetat, Receptal,
Intervet, Turkey) was administered at the 60" h after
PGF2a treatment, without following oestrus symptoms.
However, Graffian follicle with a diameter greater than
16 mm was observed in all inseminated cows.
Reinsemination was not performed although oestrus
signs continued. Ovulation was not detected in any cow
by the ultrasonographic examinations performed 24" h
after insemination. Pregnancy examination was
performed by ultrasonography (Pie Medical, 100 Falco
Vet, 6-8 MHz Linear probe) 3045 days after the
insemination. Pregnancy rate (%) obtained in the first
insemination was evaluated as fertility parameter.

Collection of blood samples. In all groups, 10 mL
blood samples were taken from the coccygeal vein into
10 mL vacuum, anticoagulant-free glass tubes, starting
from the day of the start of treatment (day 0), for three
weeks at weekly intervals (days 7, 14, 21) to determine
the blood levels of oxidative stress parameters. The
samples were centrifuged at 3,000 rpm for 15 min and
serum fractions were separated. The separated serum
fractions were transferred to Eppendorf tubes and
stored at —20°C until measurements.

Determination of levels of oxidative stress
parameters. The levels of oxidative stress parameters
were  determined using  ELISA  kits by
spectrophotometric method in the Harran University,
Faculty of Medicine, Department of Biochemistry.

Serum TAS levels were determined by means of
available diagnostic kits (Rel Assay, Gaziantep,
Turkey). According to this method, Fe?"o-dianisidine
complex enters the Fenton-type reaction with hydrogen
peroxide to form the OH radical. These strongly
reactive oxygen species react with the colourless
o-dianisidine molecule at low pH to form yellow-
brown dianisidyl radicals. O-dianisidyl radicals

participate in advanced oxidation reactions to increase
colour formation. However, the antioxidants in the
samples inhibit the colour formation by suppressing the
oxidation reactions. After the samples were read
spectrophotometrically, the results were calculated as
pumol Trolox equiv/L (13).

Serum TOS levels were determined by means of
available diagnostic kits (Rel Assay, Gaziantep,
Turkey). According to this method, the oxidants
present in the serum convert the ferrous ion to the ferric
ion. Ferric ions form a coloured complex with xylenol
orange in acidic environment. Glycerol in the medium
accelerates this reaction. The intensity of the colour
associated with the amount of oxidants present in the
serum was measured spectrophotometrically (14). H>O»
was used as a standard and the results were calculated
as pumol H,O; equiv/L (23).

For calculation of OSI which is an indicator of
oxidative stress, firstly TOS and TAS units were
calculated. Oxidative stress index was calculated
according to the following formula: OSI (arbitrary
units) = TOS (umol H>0, equiv/L)/TAS (umol Trolox
equiv/L) x 100 (6).

Total peroxide concentrations were determined
using the “FOX,” method (5) with minor
modifications. Total peroxide content of plasma
samples was determined as a function of the
absorbance difference between test and blank tubes
using a solution of H,O, as standard. The coefficient of
variation for individual plasma samples was less
than 5%.

The measurement was performed according to the
Nitrate/Nitrite  Colorimetric  Assay  Kit/Cayman
Chemical kit protocol (USA).

Statistical analysis. The study was replicated four
times. Results were expressed as the mean + standard
deviation. Weekly changes in antioxidants means were
analysed with General Linear Models-Repeated
measures test to determine significant differences in all
the parameters between groups. Pregnancy rates were
analysed with chi-square test. Statistical analysis of the
results was performed using SPSS (Statistical Package
for the Social Sciences, 16.0).

Results

Cytological findings. The incidence of SCE was
determined in 82.5% of the cases (33/40) in
cytological examinations in infertile cows with no
vaginal discharge at the vaginal examination.
Cytopathologically, SCE was classified as healthy,
acute, and chronic according to the cell evaluation
results. The cytological samples, which presented
endometrial prismatic cells, which were natural cell
type of endometrial epithelial lining, were confirmed
as “’healthy’’. In cows with acute endometritis, there
was a dense neutrophil presence along with prismatic
epithelium. In the group of cows with chronic
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endometritis, lymphocytes were found to be high in
number, and neutrophils were frequently observed in
these cases. Acute inflammation was detected in
60.6% (20/33) of infertile cows with cytological
endometritis, whereas  others had  chronic
inflammation (13/33; 33.3%). The rates of acute
(55%, n = 11; 45%, n = 9) and chronic endometritis
(25%, n = 5; 40%, n = 8) were determined in group I
and group II, respectively. In the study, no
endometritis was detected in two samples (10%) in
both groups, and three cytological specimens (7.5%)
were excluded from evaluation because of poor
quality of smears (Table 1).

Pregnancy rate. Pregnancy rates after
intrauterine inoculation of MC extract and pure olive
oil infusion in infertile cows were found to be 55%
and 35% in group I and group II, respectively
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(P > 0.05). The comparison of cows with cytologic
endometritis alone within the groups revealed
a pregnancy rate of 50% (8/16) and 35.3% (6/17),
respectively. Pregnancy rates in cows which were
detected to have acute inflammation were 54.5%
(6/11) and 33.3% (3/9), respectively (P > 0.05).
Pregnancy rates in cows that were determined to have
stimulated T lymphocyte activity with the presence of
CD3 were 40% (2/5) and 37.5% (3/8), respectively
(Table 1).

Oxidative changes. Although the oxidative
stress parameters showed similarities between groups
(P > 0.05), there was a significant difference between
groups in terms of mean NO and LOOH levels
(NO - 31.20 + 11.38 vs 44.53 + 11.50 pmol/L and
LOOH - 1.22 + 037 vs 1.89 + 0.36 pumol/L,
P <0.001) (Table 2).

Table 1. Distribution of pregnancy rates according to cytopathological classification

Pregnant/acute SCE Pregnant/chronic SCE ~ Normal Not evaluated
Group
() (n) (n) (n)
Group 1 6/11 (54.5%) 2/5 (40%) 2/2 172
Group II 3/9 (33.3%) 3/8 (37.5%) 172 0/1
P >0.05 >0.05
Total 9/20 (45%) 5/13 (38.4%) 3/4 173

n — number of pregnant cows/total number of cows, SCE — Subclinical endometritis

Table 2. Changes in antioxidant parameters according to days in groups I and II

Group I (n =20)

Parameter

0 day 7 days 14 days 21 days Total
TAC (umoltroloxeqv./L) 1.21+0.33 126 +0.11 1.22+0.32 1.29+0.33 1.24+0272
TOC (umol H,O, Eq/L) 1341 +£2.84 13.76 +3.63 13.72 +3.85 16.6 = 6.94 144 +431
OSI (mmol/L™) 124405 1.09+0.28 1.21+0.47 1.32+0.53 1.21+0.44
NO (umol/L1) 31.3+£9.29° 29.99 £ 15.05° 32.26+11.18° 31.27+10.0° 31.2+11.38°
LOOH (umol/L™) 1.2+£0.62° 1.23+0.28* 1.24+£0.33° 1.22+0.25° 1.22+037?

Group II (n = 20)

0 day 7 days 14 days 21 days Total
TAC (umoltroloxeqv./L) 1.55+0.21 1.52+0.34 1.46 +0.32 1.36 £0.29 1.47+0.29°
TOC (umol H,O, Eq/L) 11.89 +3.38 12.12+3.07 11.39+£3.43 13.08 £4.35 15.09 +£3.56
OSI (mmol/L™") 0.77+0.24 0.85+0.38 0.83+£0.35 0.99£0.55 0.86 £0.38
NO (umol/L™) 43.0+£13.75" 42.12+£12.24° 46.2+10.62° 46.8+9.42° 4453 +£11.5°
LOOH (umol/L™") 1.76 £0.42° 1.85+£041° 1.89+£0.29° 2.07+0.32° 1.89+£0.36°

TAC - total antioxidant capacity, TOC — total oxidant capacity, OSI — oxidative stress index, NO — nitric oxide, LOOH — lipid

hydroperoxide. Results are expressed as mean + standard deviation.

b different letters for a given parameter in the same column means significant difference between groups I and I
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Discussion

Infertility in dairy cows is one of the most
important problems affecting reproduction in the
postpartum period, and endometritis has great effects
on fertility (18). Subclinical endometritis (18) affects
reproduction (48) and causes severe reproductive losses
such as a decrease in pregnancy rates and increase in
the time between repeated pregnancies and removal
from the herd (34). In dairy cows, SCE has a wide
distribution range of 12%-94% (18, 27). Apaydin et al.
(4) reported that 170 (87.5%) of the 190 infertile cows
had endometritis. However, Gilbert et al. (18) found
that the mean SCE incidence was 53% on 40 to 60 days
postpartum and Kasimanickam et al. (27) found 37%
(80/215) on 20 to 33 days postpartum. In the present
study, SCE incidence was found as high as 82.5% in
infertile cows on the 179" (106-347 days) day
postpartum. It was determined that 60.6% (20/33) of
cows with cytological endometritis had acute
inflammation, whereas 39.4% (13/33) had chronic
inflammation. The differences in SCE incidence have
been attributed to the use of different neutrophil
threshold value and diagnostic method, postpartum
period in which infection is detected, region, climate,
nutritional differences, and management of the study
herd (53). In this study, subclinical endometritis was
found to be the most important cause of infertility in
cows. However, the response to therapeutic
interventions in SCE cases has not always been
sufficient.

It has been reported that an animal with
endometritis has a 20% lower rate of pregnancy despite
treatment compared to healthy animals in the herd (49).
This is explained by the time spent over the course of
the disease and the permanent damage to the
endometrium tissue. LeBlanc et al. (34) reported
a reduction of 27% in total pregnancy rate due to
chronic endometritis. Gilbert et al. (18) found that the
rate of pregnancy in the first insemination was 11% in
cows with SCE and 36% in healthy cows, and
pregnancy rates were significantly lower in cows with
SCE at postpartum day 300 than healthy ones.

The use of essential oils has also been tried in
addition to the use of antibiotics and antiseptics in the
treatment of endometritis. It has been concluded
that essential thyme oil (pregnancy rate 66.6%)
administered intrauterinally can be wused as an
alternative to conventional medications in the treatment
of chronic endometritis (40). Khillare et al. (29) found
that intrauterine treatment with mixture obtained from
medicinal herbs was more effective and the pregnancy
rate was higher in cows with endometritis, metritis, and
"repeat breeder" (70%) than the control group (40%).
Similarly, it was found that the percentage of pregnant
cows after the first insemination (35.7%) was lower
than the animals receiving parenteral treatment (40%),
when Pelargonium sidoides, prepared from plant
extracts, was intrauterine administered for three days

on days 21 to 27 postpartum in animals with chronic
endometritis (7). However, it has been reported that
intrauterine treatment with eucalyptus oil failed in
experimental mares with endometritis (17). In the
present study, it was determined that the pregnancy rate
(45%) in infertile cows was within the same limits as in
other studies. Although the pregnancy rate after
treatment was higher in group 1 (55%) than in group II
(35%), no statistically significant difference was found
between the groups. MC extract was first applied in
cows with endometritis in this area. The numerical
success achieved in this study suggests that
antibacterial, antimycobacterial, antioxidant, and
immunomodulatory effects of Momordica charantia L.
might have been beneficial.

The success of endometritis treatment can be
affected by the degree of endometritis and the time of
onset of treatment in the postpartum period.
Accordingly, the success rate was 59.5% for the
treatments performed before the 42" day postpartum,
whereas this rate was found to reach 79.6% for the
treatments performed in the following periods. As
observed in the present study, the pregnancy rate,
especially in the control group, was associated with
spontaneous recovery over time. However, based on
these findings, it is also emphasised that it is not
a reasonable approach to postpone the time of treatment
(16). On the contrary, it is advisable to treat as early as
possible in cases of subacute and chronic endometritis
(25). In mild cases, there is a minimal increase in
lymphocyte and plasma cell counts with non-diffuse
periglandular fibrosis followed by an improvement,
whereas fibrous tissue can develop instead of
endometrial tissue in severe cases. In this case, ongoing
leukocytosis is seen and uterine tissue thickens due to
inflammation and loses its functionality. This
degeneration in the uterine gland tissue results in
atrophy of the uterine glands and glandular fibrosis
(10). In the present study, the pregnancy rate in the
cows with acute inflammation was found to be higher
than in chronic cases. It is thought that the MC extract
can be used for the treatment of acute inflammation.
Therefore, it is considered necessary to develop early
diagnostic and therapeutic methods and to determine
new strategies in order to minimise the loss of
productivity in the dairy cows in the postpartum period.

It is stated that SCE may increase OS and can help
in the diagnosis and monitoring the effectiveness of the
treatment of SCE in cows (31). In some studies, higher
NO plasma concentrations were reported in cows with
clinical (35) and subclinical endometritis (31, 35) than
in healthy controls. Li ez al. (35) demonstrated that the
blood NO concentration was 8.15 £ 0.97 pmol/L in
cows with SCE versus 6.43 £ 0.93 pmol/L in healthy
controls. Similarly, Krishnan et al. (31) identified
relatively higher concentrations (81.34 + 1.70 and
57.50 £ 1.36 umol/L) in blood, uterine fluid, and
tissues. The increase in these values indicates the
formation of an oxidative damage due to SCE.
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Following treatment, the reduction in NO levels
indicates anti-inflammatory activity (50). Similarly,
Sagor et al. (46) found that MC reduced NO levels in
rats receiving carbontetrachloride. In the present study,
examination of difference between groups in periods
following treatment showed that the mean NO level
was lower in group I than in group II (31.20 + 11.38;
44.53 £ 11.50 umol/L, respectively). In the present
study, examination of difference between groups in
periods following treatment showed that the mean NO
level was lower in group I than in group 1T (31.20 £ 11.38;
4453 + 11.50 pmol/L, respectively). Examination of
weekly changes in group I and group II following
treatment showed that NO levels showed similar
changes (P > 0.05), and the examination of mean
difference between groups did not show any significant
difference (P > 0.05).

Lipid peroxidation occurs in response to oxidative
stress leading to the formation of lipid hydroperoxides
(11). The most significant damage caused by lipid
peroxidation, which plays a role in the pathogenesis of
various diseases, is observed on the cell membrane (8).
The number of studies investigating the effects of
endometritis on LOOH is insufficient. Examination of
weekly changes in group I and group II following
treatment revealed that LOOH levels showed similar
changes (P > 0.05), and the examination of mean
difference between groups showed a statistically
significant difference (1.22 + 0.37; 1.89 = 0.36 pmol/L,
P <0.001). LOOH levels can be used as a complementary
and necessary tool for diagnosis and evaluation of
treatment effectiveness. Although previous studies have
suggested that TAS, TOS, and OSI values are
significantly lower in healthy animals, and are
important markers of oxidative damage (22, 24), it was
demonstrated that post-treatment and pre-treatment
levels did not show any significant difference in
healthy controls or SCE group. This suggests that the
chronicity of local infections may not result in an
increase in oxidative stress at a level that is reflected in
the overall blood circulation.

The obtained results indicate that subclinical
endometritis is an important factor in the development
of infertility in cows. Since subclinical endometritis is
difficult to diagnose under field conditions, blinded
treatments are often used to achieve an outcome. To
date, there is no generally accepted approach to the
treatment of subclinical endometritis in cows. The
present study is the product of this quest. It was
demonstrated that the intrauterine administration of MC
extract increased the pregnancy rate in cows. Based on
the results of our study, it was concluded that the
positive effect of MC extract on fertility might
have emerged as a result of its antibacterial,
immunomodulatory, and healing-promoting effects
rather than its antioxidant effect. On the other hand, the
examination of the changes in mean LOOH levels
suggests that these parameters may be useful for both
diagnosis and determining the prognosis of the disease.

However, since this study was carried out on a limited
number of cows, the results obtained are preliminary
and need to be supported by further studies.
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