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Oral or Intrauterine N-Acetyl Cysteine Treatment as A Strategy for
Improving the Reproductive Efhiciency and Antioxidant Capacity of
Lactating Cows
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Abstract | This study aimed to determine the influence of N-Acetyl-Cysteine (NAC), as oral, intrauterine (IU) or
oral plus IU administration at early postpartum period, on reproductive performance, antioxidant capacity, and health
status of lactating cows. This study included 20 Friesian lactating cows (480+22.7 kg LBW, 2-4 parities and 4.5-6 years
old). In day 15 postpartum, cows were divided into four groups, 5 cows/group. Cows in the 1 group represented the
control group without treatment (G1). In G2, cows were orally treated with 1.2 g NAC/100 kg BW for 7 days, while
100 ml of 2% NAC solution was infused intrauterine for 3 days for each cow in G3. Cows in G4 were received 0.6 g
NAC/100 kg BW orally for 7 days and IU infused by 100 ml of 1% NAC solution for three days. Results showed that
cows in G4 showed the highest values of RBCs, Hb, PCV, WBCs, lymphocytes, basophils, total antioxidant capacity,
SOD, GSH, catalase, and conception rate, and the lowest values of AST and ALT, creatinine, MDA, TNFa, IFN-y,
IL2, IL6, days-open and number of inseminations per conception. In most postpartum days of all groups, serum P4
and E2 concentrations were in association with conception rate. In conclusion, the dual treatment of lactating cows
on day 15 postpartum with 0.6 NAC/kg (orally for 7 days) plus 1% NAC (IU infusion for 3 days) may improve the
reproductive efficiency, health performance, antioxidant enzymes, and inflammatory reaction during the postpartum

period.
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(Soltan-Sharifi et al., 2007), and preservation of insulin
receptors against oxidant agents. NAC probably influences
insulin receptor activity, and results in an increase of
glucose consumption, which is an indicator of the insulin
sensitivity state (Fulghesu et al., 2002).

INTRODUCTION

N—acetyl—cysteine (NAC) is a stable derivative of
cysteine amino acid that has antioxidant properties
and it is required for the glutathione production from
bodies (Kerksick and Willoughby, 2005). Glutathione and

NAC are powerful antioxidants. Through acceleration of ~Previous studies have shown that, administration of NAC

glutathione synthetase hormone (GSH) synthesis, oxidative
stress was found to be inhibited, and consequently the
prevention of hyperinsulinemia induced insulin resistance

reduces plasma homocystine levels (Ventura et al., 1999)
and the viscosity of mucus by separating disulfide bonds
in mucous proteins, removing purulent or non-purulent
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secretions from the body (Tras et al., 2014). Also, NAC has
properties as antioxidant, cytoprotective medium, and anti-
inflammatory agent (Tsai et al., 2010; Melkus et al., 2012).
Milk or meat withdrawal time after NAC administration
is 0 days according to European Medicinal Evaluation

Agency (EMEA) data (CVMP, 1996).

'The NAC as a promising antioxidant is used for enhancing
the efficacy of assisted reproductive technologies because
it has positive impacts on in-vitro development of the
ovarian follicles, maturation of oocytes, development and
cryopreservation of embryos (Barrozo et al., 2021). In
mares, it was stated that both the IU NAC administration
(Melkus et al., 2012) and oral NAC administration
(Witte et al., 2012) improved pregnancy and prevents the
reproductive problems, such reproductive problems are
known to also have a negative impact on the productive

efficiency of dairy farms (Walsh et al., 2011).

Based on the above findings in mares concerning the
beneficial effects of NAC on improving the uterine
environment, the present study aimed to test this hypothesis
in dairy cows by studying the effect of NAC as oral, IU,
or oral and IU administrations at early postpartum period
on reproductive variables, cytokines levels, antioxidant and
healthy status of Friesian cows.

MATERIALS AND METHODS

The experimental work of this study was conducted
at Animal Production Experimental Station of El-
Gemmezah, belonging to Animal Production Research
Institute (APRI), Agricultural Research Center, Ministry
of Agriculture and Land Reclamation, Egypt.

'This experimental work was conducted under the Directive
2010/63/EU for animals protection which used for the
scientific purposes (Official Journal of the European
Union, 2010), and all effort has been made to reduce the

animal suffering.

ANIMALS AND EXPERIMENTAL DESIGN

Animals used in this experiment included total number of
20 Friesian dairy cows at early postpartum period having
480+22.7 kg live body weight (LBW), 4.5-6 years of age,
and 2-4 parities. Animals were housed in semi-open sheds.
In day 15 of postpartum period, animals were divided into
4 groups (5 in each) the 1% group was served as a control
(G1) without treatment. At the same time, cows in G2 were

orally treated with NAC (A7250: Sigma Aldrich Co. St.
Louis, MO, USA) at a rate of 1.2 g/100 kg BW for seven
consecutive days up to 21-day postpartum. Cows in G3
were received 100 ml of 2% NAC solution (20 g/L distilled
water) in form of IU infusion for three consecutive days up
to 17-day postpartum. In G4, cows received oral dose of 0.6

g NAC/100 kg BW for 7 days (up to 21-day postpartum)
in combination with IU infusion of 100 ml of 1% NAC
solution for 3 days up to day 17 of postpartum period.

FEEDING SYSTEM

Cows in each group were fed on ration of 7 kg concentrates
(CFM,; concentrate feed mixture), 2 kg berseem hay (BH;
2" cut) and 3 kg of rice straw (RS). The CFM consist of
un-corticated cottonseed cake (65%), wheat bran (9%), rice
polish (20%), molasses (3%), limestone (2%), and common
salt (1%). Animals were fed different feedstufts daily (7
am and 3 pm). The feed amounts were adjusted weekly
according to milk yield and LBW. Table 1 showed the
chemical analysis of different feedstuffs. Cows were milked
twice/day at 5 am and 5 pm by milking machine.

EXPERIMENTAL PROCEDURES

REPRODUCTIVE MANAGEMENT

During postpartum, estrus was observed twice/day to
detect the postpartum 1% estrus interval. Cows observed
in heat were artificially inseminated with thawed semen
(0.5 ml French straws containing 20x10%ml sperm). In
this study, animals in all groups required 1-3 services per
conception. After 50 days of insemination, pregnancy was
diagnosed using rectal palpation. Animals returned to
estrus for at least two times were re-inseminated.

REPRODUCTIVE TRAITS

Postpartum 1* estrus interval (PPE; days) was recorded as
an interval from calving to 1 estrous activity. Number of
inseminations per conception (IPC; N), days open (DO;
No.) as an interval from calving up to conception, and
conception rate (CR; %) following each insemination were
determined.

BLOOD sAMPLES

Two blood samples (5 ml/each) were collected from the
jugular vein of each cow before the morning meal in on
days 40, 55, 70, 85, and 100 of postpartum period; the
1 blood sample were collected in tubes with EDTA,
as anticoagulant, for determining the hematological
parameters including red blood cells (RBCs) and white
blood cells (WBCs) count,hemoglobin (Hb) concentration,
packed cell volume (PCV%), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular  hemoglobin  concentration (MCHC),
and WBCs differentiation (neutrophils, lymphocytes,
monocytes, eosinophils and basophils). All haematological
parameters were examined by a veterinary hematology
analyzer (Exigo, Boule medical AB., Sweden), while the
2" sample was collected in plain tubes and allowed to
clot for 2 h, then centrifuged (4000 rpm for 15 min) to
separate the serum. Serum samples were stored frozen
(-20°C) until analyses of antioxidant parameters, enzymes,
cytokine markers, and hormonal profiles.
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Table 1: Chemical analysis of CFM, berseem hay, and rice straw (on DM basis. %).

Item Dry matter Organic matter Crude protein
CFM 90.04 90.80 17.30

Rice straw 91.9 80.63 3.24

Berseem hay  89.75 86.12 13.66

‘CFM: Concentrate feed mixture.

ANALYTICAL METHODS

Serum progesterone (P4) and estradiol-178 (E2)
concentrations were determined using commercial kits
by RIA (Coat-A-Count® Siemens Medical Solutions
Diagnostics, Los Angeles, CA, USA).

Serumaspartate(AST)andalanine (ALT)aminotransferases
activities were measured using colorimetric method
(Reitman and Frankel, 1957). However, kidney function
markers including creatinine concentration were estimated

according to Bartles et al. (1972).

Levels of serum total antioxidant capacity (TAC),
superoxide dismutase (SOD), glutathione (GSH), catalase
and malondialdehyde (MDA) concentrations were
determined by the methods of Koracevic et al. (2001),
Madesh and Balasubramanian (1998), Prins and Loos
(1969), Aebi (1974) and Ohkawa et al. (1979), respectively.

Serum tumor necrosis factor-alpha (TNFa), interferon-y
(IFN-y), interleukin-2 (IL2, RayBio® C-Series Bovine
Cytokine Antibody Array Heidelberg, Germany), and
interleukin-6 (IL6, Kamiya Biomedical Company, USA)

were analyzed according to the manufacturers’instructions.

STATISTICAL ANALYSIS

The obtained data were statistically analyzed to test the
effect of different NAC treatments using IBM SPSS
analysis program (IBM SPSS, 2017) as a completely
random design (one-way ANOVA). Chi-square tests within
SPSS program was used for analyzing the conception rate.
Duncan’s Multiple Range Test (Duncan, 1955) was used
to separate the significant differences among groups.

RESULTS AND DISCUSSION

REPRODUCTIVE EFFICIENCY

REPRODUCTIVE TRAITS

All NAC treatments did not affect PPE, while, these
treatments significantly (P<0.05) decreased DO and
significantly (P<0.05) increased CR within 100 day-
postpartum. On the other hand, combined NAC treatment
in G4 significantly (P<0.05) decreased IPC. In this
concern, NAC in G4 showed the lowest DO and IPC, and
the highest CR in comparison with other NAC treatments
and control groups (Table 2).

Crude fiber Etherextract Nitrogen free extract Ash
9.86 3.23 60.41 9.20
37.61 1.49 38.29 19.37
27.58 2.48 42.40 13.88
OVARIAN HORMONES
Results of serum P4 concentration through the

postpartum period are illustrated in Figure 1 revealed that
concentration of P4 in day 40 postpartum was <1 ng/ml in
all groups without significant group difterences. In day 55
postpartum, P4 concentration increased (P<0.05) in NAC
groups (> 1 ng/ml, G2-G4) as compared to control (<1
ng/ml, G1). In day 70 postpartum, P4 concentration was
>1 ng/ml and non-significant differences were observed
among groups. Meanwhile, concentration of serum P4
increased (P<0.05) in all NAC groups in comparing with
control (G1) in days 85 and 100 postpartum.
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Figure 1: Serum progesterone concentration in cows of
experimental groups on different postpartum days. (a and

b: Significances group differences at P<0.05).

Results illustrated in Figure 2 showed that E2 concentration
was higher (P<0.05) in G4 than in other groups (G1, G2,
and G3) in day 40 postpartum. Concentration of E2 in G3
was the highest (P<0.05) as compared to other groups but
did not differ significantly from G4 in 55 d postpartum.
In day 70 postpartum, the differences in E2 concentration
among groups were not significant. However, E2
concentration was lower (P<0.05) in all NAC groups than
in G1 (control) in days 85 and 100 postpartum.

HAEMATOLOGICAL TRAITS

Results in Table 3 revealed that PCV percent improved
(P<0.05) by all NAC treatments (G2-G4), while basophils
percent was increased (P<0.05) in NAC groups (G3 and
G4). The more obvious effects were for G4 which showed
the highest values of hematological parameters including
RBCs, Hb, PCV, WBCs, lymphocytes, and basophils
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(P<0.05). However, MCV, MCH, MCHC, neutrophils,

monocytes, and eosinophils were not affected significantly

by NAC treatments.
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Figure 2: Serum 17f-estradiol concentration in cows of
experimental groups on different postpartum days. (a and

b: Significances group differences at P<0.05).

ENZYME ACTIVITY AND CREATININE LEVEL

Results in Table 4 showed that serum AST activity was
reduced (P<0.05) in G3 and G4 in comparing with G1
or G2, while activity of serum ALT and concentration of

creatinine were decreased (P<0.05) only by NAC in G4.

ANTIOXIDANT CAPACITY

Total antioxidant capacity (TAC) was increased (P<0.05)
in association with parallel increase (P<0.05) in activity
of all antioxidant enzymes (SOD, GSH, and catalase) by
all NAC treatments. Adversely, MDA level was decreased
(P<0.05) only in G3 and G4 (Table 5).

CYTOKINES ASSAY

Results of inflammatory markers presented in Table 6
showed that cows in G4 had the lowest (P<0.05) serum
TNFo concentration as compared to other groups.
However, NAC in G3 and G4 showed decreased (P<0.05)
serum IFN-y, IL2; and IL6 concentrations.

Table 2: Reproductive traits of lactating cows as affected by NAC treatments.

Item G1 (Control) G2 (Or-NAC) G3 (Intra-NAC) G4 (Orx- and intra-NAC)
PPFEI (d) 55.00+3.54 50.00+3.26 55.80+1.93 48.80+1.39

NIC 2.00+0.32* 1.80+0.37% 1.20+£0.20%® 1.00+£0.00°

Days open (Mean, d) 82.00+6.23* 68.20+5.60P 60.00+3.36" 48.80+1.39¢

DO (Rangg, d) 60-97 55-87 53-72 45-52

Conception rate+ 20¢ 40° 60? 70?

a, b, and c: significant group differences at P<0.05. PP: Postpartum. PPFEI: Postpartum 1% estrus interval. NIC: Number of

insemination cases per conception.+ Conception rate within 100 dayfpostpartum.

Table 3: Haematological parameters of lactating cows as affected by NAC treatments.

Item G1 (Control) G2 (Or-NAC) G3 (Intra-NAC) G4 (Or- and intra-NAC)
RBC (x10%/mm?) 8.27+0.22° 8.90+0.36° 9.43+0.71% 10.83+0.38*
Hb (g/dl) 9.57+0.88° 9.90+0.92%® 10.27+0.38* 12.01+0.29*
PCV (%) 29.33+0.87¢ 32.50+0.77¢ 36.01+0.58° 39.17+0.60?
MCV (FL/cell) 35.57+1.80 36.70+2.28 38.64+3.18 39.9+1.95
MCH (pg/cell) 11.61+1.26 11.23+1.43 11.06+1.18 12.23+1.41
MCHC (g/dl) 32.73+3.44 30.36+2.15 27.84+1.95 30.64+1.51
WBC (x10%/mm?) 6.47+0.18° 7.37+0.27° 8.07+0.59" 10.20+0.74
Neutrophil (%) 33.27+2.51 30.83+3.98 26.67+4.71 22.50+4.80
Lymphocytes (%) 61.80+2.32° 62.86+2.82P 69.23+2.30%® 72.63+3.15%
Monocytes (%) 3.75+0.34 3.18+0.41 3.07+0.29 2.50+0.74
Eosinophils (%) 1.80+0.21 1.50+0.25 1.27+0.19 1.10£0.15
Basophils (%) 0.37+0.01¢ 0.41+0.02b¢ 0.46+0.02% 0.51+0.03*

a, b, and c: significant group differences at P<0.05.

Table 4: Activity of transferases (AST and ALT), and creatinine concentration in blood serum of lactating cows as

affected by NAC treatments.

Item G1 (Control) G2 (Or-NAC)
AST (IU/L) 62.67+2.73* 58.33+2.33%
ALT (IU/L) 22.01+1.152 19.33+1.45¢
Creatinine (mg/dl) 1.24+0.09* 1.17+0.08*

a, b, and c: significant group difterences at P<0.05.

G3 (Intra-NAC) G4 (Or- and intra-NAC)

50.01+2.89> 44.66+2.40¢
19.32+1.20° 13.33+1.33°
1.11£0.06 0.9420.07°
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Table 5: Total antioxidant activity, malondialdhyde and antioxidant enzymes in blood serum of lactating cows as affected

by NAC treatments.

Item G1 (Control) G2 (Or-NAC)
TAA (mmol/l) 2.17+0.43¢ 3.64+0.14°
MDA (nmol/ml) 6.31+0.32* 5.41£0.56®
SOD (mg/d)) 13.35+0.61¢ 18.34+0.42°
GSH (mg/dl) 10.56+0.30¢ 15.48+0.56¢
Catalase (mg/dl) 6.80+0.17¢ 9.83+0.49>

a, b, and c: significant group difterences at P<0.05.

G3 (Intra-NAC) G4 (Or- and intra-NAC)

4.24+0.20 5.04+0.22*
4.67+0.43> 3.40+0.36°
22.11+0.62* 23.86+0.97*
17.23+0.26° 19.13+0.37*
10.74£0.20° 16.21+0.40*

Table 6: Inflammatory markers (cytokines concentrations) in blood serum of lactating cows as affected by NAC

treatments.

Item G1 (Control) G2 (Or-NAC)
TNFa (ng/mL) 12.38+0.60* 12.07+0.47*
IFN-y (ng/mL) 2.01+£0.272 1.82+0.16*

IL2 (ng/mL) 0.82+0.03% 0.78+0.06*

IL6 (ng/mL) 11.15+0.84 10.8720.62°

a, and b: significant group differences at P<0.05.

The reproductive disorders during postpartum period,
especially the clinical endometritis and uterine discharges
in the vagina but without systemic signs, may have
negative effects on the productive efficiency and increasing
economic losses in dairy farms. The NAC administration
as a tool for covering these disorders at early postpartum
either as oral treatment (Witte et al., 2012) or IU infusion
(Melkus et al., 2012) showed high successful rates in
mares. The present results in our study on lactating cows
indicated that cows in G4 treated with NAC (0.6 oral
and 1% IU infusion) showed marked improvement in the
haematological parameters, in term of the highest values of
RBCs and WBC:s counts, PCV percent, Hb concentration,
and lymphocytes and basophils percent. In agreement
with these results, a previous study reported an increase
in lymphocytes and plasma cells on endometrial biopsy
after NAC IU infusion in barren mares (Gores-Lindholm
et al., 2013). Combined IU-oral administration of NAC
decreased neutrophils percent from 33.27 to 22.50% but
the difference was not significant. In this respect, NAC
administration was recently found to decrease neutrophil
number in uterine histological samples in normal mares
(Caissie et al., 2020). In addition to the positive impact of
the combined NAC treatment (G4) on the hematological
parameters, liver and kidney functions were improved
by decreasing the activity of AST by 28.7% and ALT
by 39.4% and a marked decrease in serum creatinine
concentration. The NAC can have a hepato-protective
activity in patients receiving trabectedin (Grisanti et al.,
2018). According to de Oliveira et al. (2006), decreases of
70 and 90% were reported for AST and ALT activities,
respectively, with the use of NAC treatment for 4 weeks.
Huang et al. (2018) determined the effect of NAC on
kidney function by significant reduction of NAC in serum

G3 (Intra-NAC) G4 (Or- and intra-NAC)

10.86+0.65* 8.61+0.44°
1.12+0.20° 0.51+0.14°
0.3420.04° 0.270.04°
7.0420.72° 6.32+0.53°

creatinine (Hoffmann et al., 2004). Furthermore, NAC
may provide renal protection by acting as an antioxidant
and arteriolar vasodilator via the nitrous oxide pathway
(Kiefer et al., 2000).

In the present study, an improvement in activity of
antioxidant enzymes such as SOD, GSH, and catalase
by all NAC treatments, being more pronounced by the
combined treatment. This was reflected in decreasing the
MDA level and increasing TAC in blood serum of cows.
Enzymes including SOD, peroxiredoxins , catalase, and
glutathione peroxidase (GPx) are the main antioxidant
cellular defenses. Intracellular GSH re-synthesis is needed
and Cysteine (Cys) is the limiting substrate for de novo
GSH synthesis (Lu, 2009), meaning that external Cys
supply is critical. Hence, NAC provides a source of Cys
to cope with acute GSH depletion (Hazelton et al.,
1986). Catalase converts H,O, to water and oxygen, while
GPx catalyzes to lipid peroxides and H,O, degradation
(Khazaei and Aghaz, 2017). The NAC has a direct and
indirect antioxidant functions; the antioxidant potential of
NAC functions as a precursor of GSH (Pei et al., 2018).
NAC as an antioxidant may increase the GSH level (Tilly
and Tilly, 1995).

In specific cells of immune system (T-cells, B-cells and
NK cells), cytokines (a large group of proteins, peptides
or glycoproteins) such as interleukin and interferon are
secreted. Cytokines are a category of signaling molecules
which act as mediator and regulator of immunity,
inflammation and hematopoiesis (Gulati et al., 2016).
In our study, the combined NAC treatment markedly
decreased serum concentrations of cytokines (TNFa,
IFN-y,1L2,and IL6) to the minimal levels in blood serum
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of cows as compared to other treatments. Of the antioxidant
characteristics of NAC is reducing pro inflammatory
cytokines production, such as tumor necrosis factor and

118 (Moraes et al., 2018).

As a main objective of our study, all NAC treatments
decreased the duration of DO, and increased CR,
particularly those treated with the combined NAC.
However, only the combined NAC in G4 decreased
IPC. It is worthy to observe that increasing CR was in
association with higher P4 concentration and low E2 level
at different postpartum days being significantly higher in
all NAC (the highest in G4) as compared to G1 on most
postpartum days. This means that the combined NAC
treatment showed the best impact on the reproductive
performance of cows and ovarian hormones. In accordance
with these findings, an IU infusion of a 3.3% solution
of NAC in repeat breeder mares have indicated higher
pregnancy rates of 81-85% (LeBlanc, 2012). However, the
CR of NAC treated cows was 66.7% (Tras et al., 2014). In
mares, oral (Witte et al., 2012) or IU (Melkus et al., 2012)
treatment of NAC improved fertility rates. In the current
study, the CR of cows was 100% for cows treated with the
combined NAC following the 1% services. The observed
higher CR of cows in our study and those obtained in
mares as affected by NAC treatment may be due to NAC

does differences used in treatment (Tras et al., 2014).

'The positive impacts of NAC on pregnancy rate of cows,
particularly in those treated with the combined NAC may
be due to the protective effect on the tissues of the uterus
and ovary against arsenic-induced genotoxicity which can
lead to normal physiological function restoration of these
organs under the oxidative stress (Dash et al., 2018). The
later authors found that different doses of NAC significantly
enhanced the normal histopathology of the ovaries and
uteri by improving DNA degradation in the uterus in
arsenic fed rats. Optimal dose of NAC for a long period
can improve apoptosis of the follicles of the ovary caused
by oxidative stress. Also, NAC has a protective role on the
atresia of ovarian follicles and oocyte quality (Tilly and
Tilly, 1995). Moreover, NAC treatment caused an increase
in epithelial cell proliferation (Witte et al.,2012) suggesting
an evidence of NAC for endometrial regeneration (Caissie
etal.,2020). In this respect, NAC has a beneficial effect on
conjunctival epithelial cell wound healing, anti-apoptosis,
and anti-inflammation in the conjunctival epithelial cells
(Park et al., 2015). In excessively viscous mucous secretion
cases of endometritis, the NAC treatment removed the
excessive mucus and biofilm and reduced the mucus
viscosity to facilitate sperm transport and increased the
pregnancy rates (LeBlanc, 2012). Recent in vitro study
showed that NAC has a positive effect on development
of the ovarian follicles and embryos as well as maturation
of oocytes (Barrozo et al., 2021). In vivo studies of Chen

et al. (2019) and Masjedi et al. (2020) indicated reactive
oxygen species generation is associated with pathologies,
polycystic ovary syndrome, and endometriosis. In addition,
it was proposed that improving the pregnancy rates may be
attributed to the potential of NAC, as a preventive, anti-
inflammatory and immunomodulatory on formation of
focal abscess and oxidative stress (LL.eBlanc, 2010).

CONCLUSIONS AND
RECOMMENDATIONS

The dual oral administration of 0.6 NAC/kg plus U
infusion 1% NAC starting from day 15 postpartum
improved the reproductive performance of lactating cows
in association with improvement of the health status,
antioxidant capacity, and inflammatory reaction. Further
studies are needed to explore the effects of NAC on
the histological structure of the endometrium in early
postpartum cows.
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