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Abstract

The aims of the present study were to determine uterine, vaginal and placental blood
flows by Doppler ultrasound cross-buffalo gestation and to evaluate the relationships
among reproductive Doppler parameters and serum metabolic parameters as well as
oxidative stress. Uterine (UA) and vaginal (VA) arteries were scanned every month,
and placentome was scanned from month 4 till 8 in gestation. Time-averaged maxi-
mum velocity (TAMV), pulsatility index (Pl), resistance index (RI), systolic/diastolic
ratio (SD) and arterial diameter (AD) were used for accessing UA and VA hemodynam-
ics. Time-averaged maximum velocity positively correlated with and AD, and both
negatively correlated with their PI, Rl and SD in UA and VA. TAMV and AD increased
constantly in pregnancy, with maximum increase in months 4 and 9. Pulsatility index,
Rl and AD of UA decreased between months 4 and 9, while PI, Rl and AD of VA
decreased between months 5 and 9 and then increased in month 10 in pregnancy.
Time-averaged maximum velocity of placentome blood flow increased exponentially
from months 4 to 8, but decreased at the last two months in pregnancy. Serum lipids
were significantly higher in the first month compared to all other months, while glu-
cose was significantly lower in months 9 and 10. Malondialdehyde increased from
month 3 till term, but peaked in month 5 and 10. Glutathione and catalase were
highest in the first month and remained after. Time-averaged maximum velocity and
AD for both UA and VA negatively correlated with serum lipids, glucose, catalase
and glutathione, while positively correlated with malondialdehyde and total protein.
Thus, increases in uterine blood flow (UtBF), vaginal blood flow (VaBF) and placental
blood flow (PaBF) are associated with increased metabolism and oxidative stress in

buffalo pregnancy.

KEYWORDS

buffaloes, colour doppler, metabolism, oxidative stress, pregnancy, uterine artery

142 © 2020 Wiley-VCH GmbH

wileyonlinelibrary.com/journal/rda Reprod Dom Anim. 2021;56:142-152.


mailto:﻿
https://orcid.org/0000-0001-7486-7756
mailto:mmetwally@mans.edu.eg
http://crossmark.crossref.org/dialog/?doi=10.1111%2Frda.13858&domain=pdf&date_stamp=2020-11-22

ELMETWALLY ET AL.

1 | INTRODUCTION

During normal pregnancy, maternal hemodynamics change dramati-
cally, characterized by mild decreased systemic blood pressure and a
larger fall in systemic vascular resistance, associated with increased
heart rate, stroke volume, cardiac output and blood volume (Ford
et al.,, 1982; Magness & Rosenfeld, 1989; Rosenfeld et al., 1974). In
a non-pregnant ewe, less than 2% total cardiac output is distributed
into reproductive organs; when pregnancy proceeds, this number
gradually increases up to 15%-20% at the last one third of gesta-
tion. The largest portion (~95%) of the increased cardiac output is
redistributed to the aggressively developing uteroplacental vascular
bed. This is reflected by a substantial increase in uterine blood flow
(UtBF) in late pregnancy, which can reach as high as up to 20- to
80-fold of that in non-pregnant ewes (Rosenfeld, 1980; Rosenfeld
et al., 1974). Specifically, two peak rises in UtBF that occur during the
second and third trimesters, correlating to the completion of placen-
tation and rapid foetal growth, respectively (Rosenfeld et al., 1974;
Rosenfeld & Naden, 1989). Aberrant placentation results in reduced
UtBF, leading to early pregnancy loss (Cotechini & Graham, 2015;
Propst & Hill, 2000).

Previously proposed metabolic biomarkers include serum
concentrations of lipids (Abdollahi-Arpanahi et al., 2019; Angeli
et al., 2019), total protein, albumin and globulin (Zvorc et al., 2000).
In addition, intense mammary gland growth and the onset of copious
milk synthesis and secretion demand increase oxygen consumption;
this increases the production of reactive oxygen species (ROS), ren-
dering pregnancy as a state of oxidative stress that is often also with
decreased production of antioxidants (Trevisan et al., 2001). Indeed,
several studies have shown the periparturient period in dairy cows
is a state of oxidative stress (Abuelo et al., 2019; Liang et al., 2020;
Lykkesfeldt & Svendsen, 2007).

Currently, there are no reports regarding uterine hemodynamic
changes in buffalos across gestation. The aims of the study, there-
fore, were to evaluate gestational age-dependent changes in uterine,
vaginal and placental hemodynamics in Egyptian buffaloes and to
determine the relationships among reproductive Doppler param-
eters and serum metabolic parameters as well as oxidative stress.
We hypothesized that uterine and virginal artery blood flows alter
according to gestational age, in association with changes in serum

biochemical biomarkers.

2 | MATERIALS AND METHODS
2.1 | Animals

This study was conducted at Elmax farm of the veterinary services
department of Egyptian Armed Forces, Alexandria Provenance,
with an approval animal use protocol (R/35) in accordance with
the Guiding Principles for the Care and Use of Research Animals
Veterinary Medicine Faculty, Mansoura University, Egypt. A total of
thirty-five healthy pregnant buffalo cows, aged 4-9 years old with
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2-6 lactation seasons, were used in this study. All buffalo cows used
had normal pregnancies without any pathological signs throughout
the experiment.

All buffalo cows have inseminated artificially 14 hr after the sec-
ond GnRH injection of the ovsynch protocol [GnRH (day 0), PGF2«a
(day 7), GnRH (day 9)] with Italian seminal fluid straws and were
milked by machine twice daily for seven months, then dried off milk
for the remaining days of gestation.

2.2 | Doppler ultrasonography

The uterine arteries in buffaloes were located and examined ac-
cording to our previous studies (Devender et al. 2018; Varughese
et al., 2013). The middle uterine artery, a branch originating from the
internal iliac artery was examined near its origin at the rudimentary
umbilical artery which is located cranial to the external iliac artery.
The Doppler waveforms were taken at this location by activating
the pulsed Doppler function and modify the Doppler gate over the
uterine artery, adjusted to the diameter of the vessel (Figure 2a,b).
The vaginal arteries were located according to (Vittoria, 1997)
(Figure 3a,b).

Doppler ultrasound examinations were performed by using
Esaote MyLab 30 (Esaote MyLab 30X Vision, Esaote, Genova, Italy)
with high-frequency linear transducers: 6-12 MHz with a filter of
100 Hz, power of 50%, pulse repetition frequency (PRF) of 4,500 Hz
and Doppler angle varying between 0 and 40. Epidural anaesthe-
sia using 4 ml procaine hydrochloride (Procasel 2%, Selectavet,
Weyarn-Holzolling, Germany) was administered immediately before
measuring blood flow in order to avoid continuous straining by the
buffalo cows. The Doppler indices that the device displayed for each
waveform by applying the automatic mode for uterine and vaginal
arteries were time-averaged maximum velocity (TAMV), resistance
index (RI) and pulsatility index (Pl) in addition to the diameters for
both arteries (Figures 2 and 3a,b). The diameters of both uterine and
vaginal arteries were assessed from a B-mode image, and the aver-
age was calculated for each month of pregnancy.

Images for 3-5 placentomes per animal were recorded for each
month from months five and ten of pregnancy; the images were
used to measure the blood perfusion offline by using NIH Image J.
To achieve maximum colour pixels in the placentome, a slight adjust-
ment in the location of the transducer in relation to the placentome
was done according to a previous report by Kim-Egloff et al., (2016).
The area of the placentome in colour power-mode Doppler, rep-
resenting the area with measurable blood flow (Figure 4a,b) in the
entire area of the placentome, region of interest, was traced in the

areas measured (Kim-Egloff et al., 2016).

2.3 | Biochemical analyses of serum parameters

Serum samples were collected from each animal monthly from

month one to ten of pregnancy and stored at -20°C until biochemical
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analysis could be performed. Total lipids (T. lipid) were measured by
using Bio-diagnostic kits (Egypt). Cholesterol, triglycerides, high-
density lipoproteins (HDL), low-density lipoproteins (LDL) and glu-
cose were determined using assay kits provided by the Cobas Test
Reagent (USA). Total protein and albumin were determined accord-
ing to the standard protocol of Stanbio Co. (USA). Globulin was
calculated by subtracting albumin from total protein. The concen-
trations of malondialdehyde (MDA), glutathione (GSH) and catalase

were measured by using the protocol of Bio-diagnostic Co. (Egypt).

(a) (b)

—
[Sp]
1

VGA-D (mm)

All parameters were determined in serum using a spectrophotom-
eter (5,010, photometer, BM Co. Germany).

2.4 | Statistical analysis
Data were presented as means + SD for statistical analyses using

SAS® (version 9.2, SAS Institute). The Shapiro-Wilk test was used

to test for normality of the distribution of all variables. To determine

FIGURE 1 |Ipsilateral uterine artery
(UA) and vaginal artery (VA) diameter
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the effect of time (month) on TAMV, PI, Rl and S/D in uterine and
vaginal arteries and pixel measurements of placentome, a mixed
model one-way analysis of variance, with time points as repeated
measurements, was used. Post hoc multiple pairwise comparisons
were done according with Duncan's adjustment of error rate.

The relationship between UtBF and VaBF parameters was mea-
sured using Pearson's correlation and the significance of correla-
tions was established using Fisher's r to z transformation. Pearson's
correlation was used to determine associations between Doppler
parameters and pregnancy months as well as changes in the di-
ameter of the arteries. Differences were considered significant at
p < .05.

3 | RESULTS

0.77 days or
10.52 + 0.03 weeks in Egyptian buffalo cows. The diameters of

The length of gestation averaged 315.5 +

UA and VA remained unchanged until months 3 and 2 during early
pregnancy, began to significantly enlarge in middle gestation, and

continued to increase till month 10 (Figure 1a,b). The diameter of UA
was positively correlated (r = .93, p < .001) with that of VA during
gestation.

Changes in UA and VA hemodynamic parameters were de-
pendent on gestational age in Egyptian buffaloes (p < .001). The
TAMV values for UA and VA blood flow remained unchanged in
the first three months, began to significantly (p < .05) increase in
the 4th month, and continued to increase until reaching its max-
imum concentration in month 9, and remained highest in month
10 during gestation (Figures 2c and 3c). Meanwhile, S/D, Pl and
Rl of both UA and VA blood flows showed gestation age-depen-
dent changes; they remained constant during early months (one-
to five-month) in pregnancy, then significantly (p < .05) decreased

monthly from month six to reach its nadir in month nine. In the

10th month of gestation, all these values were back up to that of
month 7 (Figures 2 and 3d-f).

The correlations among UA and VA blood flow indices were
summarized in Table 1. In both UA and VA blood flows, TAMV was
negatively correlated with PI (UA: r = -.49; VA: -0.59, p < .001), RI
(UA:r=-.40; VA: -0.48, p < .001) and S/D (UA: r = -.37, VA: -0.49,
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TABLE 1 Pearson's rank correlation coefficients for the relationships between the time-averaged maximum velocity (TAMV), pulsatility index (PI), resistance index (RI), systolic/diastolic

velocity (S/D), and diameters (D) of uterine arteries and vaginal blood flow Doppler parameters in pregnant Egyptian buffaloes

Doppler parameters

_ UTA_RI UTA_SD UTA_D VgA_TAMV VgA_PI VgA_RI VgA_SD VgA_D

UTA_PI

UTA_TAMV

Parameters

0.84890
<0.001

-0.48691
<0.001
0.61811
<0.001

-0.48027
<0.001
0.70931
<0.001

-0.55859
<0.001
0.72146
<0.001

0.78081
<0.001

-0.40568 0.83897 0.37077
<0.0004 <0.001

0.79029
<0.001

-0.49093
<0.001

1.00000

UTA_TAMV

<0.0015
0.82977
<0.001

-0.51236
<0.001

-0.61063
<0.001

-0.52718
<0.001

-0.49093 1.00000

<0.001

UTA_PI

-0.46869
<0.001

0.69702
<0.001

0.84231
<0.001

0.81412
<0.001

-0.57685
<0.001

-0.46837
<0.001

0.73765
<0.001

1.00000

0.79029
<0.001

-0.40568
<0.0004
-0.37077
<0.0015
0.83897
<0.001

UTA_RI

-0.42014
<0.0003

0.93213
<0.001

0.67046 0.68573 0.54955
<0.001 <0.001

<0.001

-0.51634
<0.001

-0.45527

<0.001

0.73765 1.00000

<0.001

0.82977
<0.001

UTA_SD

-0.61657
<0.001

-0.58652

<0.001

-0.63466
<0.001

-0.46837 -0.45527 1.00000 0.88013
<0.001 <0.001

<0.001

-0.52718
<0.001

UTA_D
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0.88602
<0.001

-0.62501
<0.001

-0.63297
<0.001

-0.69591
<0.001

1.00000

0.88013
<0.001

-0.51634
<0.001

-0.57685

<0.001

-0.61063
<0.001

0.78081

<0.001

VgA TAMV
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FIGURE 4 Placentome blood flow changes during gestation.
Values are mean + SD. Means with different superscripts (a,b,c,d)
are significantly different (p < .05). Power Doppler imaging of
placentome at month 5 (A) and 7 (B) The perfused portion appears
in colour (1) and is demarcated from the rest of the placentome. (2)
The scale used to determine the red, green and blue (RGB) colour
model values

p < .001); however, TAMV was positively correlated with AD (UA:
r = .84; VA: 0.87, p < .001). The resistance Doppler indexes were
positively correlated with each other for UA (PI:RI, r = .79; PI:SD,
r=.79; RI:SD, r = .73) and VA (PI:RI, r = .90; PI:SD, r = .79; RI:SD,
r = .85, p < .001) blood flows. UA-TAMV positively correlated with
VA-TAMV (r=.78,p <.001) and AD (r = .84, p < .001), but negatively
correlated with Pl (r = -.56, p < .001), Rl (r = -.48, p < .001) and SD
(r=-.49,p <.001) in VA blood flow.

The exponential relationships of UA and VA-TAMVs with
the month of pregnancy (t) was TAMV = 91.50 x €%2°% and
TAMV = 92.05 x 5%, respectively.

Placentome blood flow (PaBF) in the Egyptian buffalo cows can
be determined from month 5 till month 10 in gestation by colour
Doppler ultrasonography. PaBF increased significantly (p > .05) be-
tween months five and eight and then decreased until parturition
(Figure 4c).

Changes in serum metabolic parameters in Egyptian buffalo
cows during pregnancy were summarized in Table 2. Concentrations
of serum lipid profiles (mg/dl) (Figure 5) in the first month of
gestation were the highest (T. lipid = 668.87 + 4.09, choles-
terol =204.73 + 8.97, HDL = 84.33 + 1.45, and LDL = 85.70 + 2.07)
during pregnancy. With pregnancy proceeded, these lipid pro-

files tended to decrease continuously, and all reached their nadir
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values (T. lipids = 542.83 + 6.71, cholesterol = 116.86 + 4.53,
HDL = 57.33 + 1.20 and LDL = 55.73 + 2.46) (p < .05). However,
concentrations of triglycerides (mg/dl) were high in month 7
(173.33 + 13.65), peaked in month 8 (200.09 + 2.96) and decreased
to the lowest value in month 10 (81.33 + 6.24) (p < .05).

Serum glucose and protein concentrations (mg/dl) also de-
creased with advanced gestational age (Figure 6). Serum glucose
concentrations were high and unchanged (p > .05) in the first five
months of gestation and were significantly lower (p < .05) in the last
two months of gestation (73.00 + 3.79 and 71.67 + 1.76, months 9
and 10, respectively) compared to early gestation months. Albumin
concentrations (g/dl) were significantly lower (p < .05) in months
7,8 and 9 (5.43 + 0.30, 5.37 + 0.41 and 5.80 + 0.43, respectively)
compared to month 2 (7.89 + 0.72) in gestation and was back up to
the high concentration (g/dl) at month 10 (7.07 + 0.23). Globulin
concentration was unchanged during pregnancy. Total protein
concentration remained steady, only with a decrease (p < .01) in
month 8 (9.02 + 0.67) compared to month 2 (12.086 + 1.04) in

Serum concentrations of the oxidative stress marker MDA and
antioxidants in Egyptian buffalo cows during pregnancy were sum-
marized in Figure 7. Serum MDA concentrations peaked in month 5
(11.78 + 0.87 nmol/ml) and month 10 (13.32 + 1.52 nmol/ml), and
also, concentrations in months 4 and 9 were also greater compared
to other months in gestation. On the contrary, serum concentrations
of the antioxidants, that is GSH (2.44 + 0.35 mg/dl) and catalase
(985.23 + 23.85 U/I), in the 1st month of gestation were the highest
among all months in gestation. GSH and catalase both sharply re-
duced to lowest concentrations (p < .05) in months 3-4, increased

in month 5 and then maintained at lowest concentrations the rest

As summarized in Table 3, TAMV and AD for both UA and VA
(UA-TAMV, UA-D, VA-TAMV and VA-D) were negatively correlated
with cholesterol (r = -.417, -.410, -.405, and -.400, p < .01), HDL (r
= -.642, -.579, -.469, and -.569, p < .01), glucose (r = -.762, -.890,
-.781 and -.858, p < .01), GSH (r = -.269, -.269, -0.240 and -.272,
p < .05) and catalase (r = -.474, -.607, -.563 and -.613, p < .01);
all were positively correlated with MDA (r = .572, .632, .537 and
.614, p < .01). In addition, UA-TAMYV, UA-D and VA-D were positively
correlated with total protein [r = .254 (p < .05), 0.323 (p < .01) and
0.309 (p < .01)]. Moreover, UA-TAMV was negatively correlated with
T. Lipid (r = -.334, p < .01), triglycerides (r = -.264, p < .05) and LDL

The current study is the first to use colour Doppler ultrasonography
to determine gestational age-dependent changes in hemodynamics
of the lower female reproductive tract, including UtBF, VaBF and
PaBF, in Buffalo cows. We found that compared to the 1st month in

pregnancy, TAMV of UtBF in Egyptian Buffalo cows increases expo-
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nentially along with decreased Pl and PS, resulting in an approximate
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eightfold increase in flow rate near term. In parallel, TAMV for vagi-
nal artery blood flow also increases fivefold in flow rate, with signifi-
cantly decreased Pl and PS, compared with that in the 1st month in
gestation. PaBF only can be measured from the 4th month till term
in gestation, which reaches the maximum in the 7-8th months in
gestation, then gradually decreased and returned to the 4th month
level in the 10th month in gestation. Maternal circulating metabolic
parameters tend to increase and antioxidants tend to decrease with
advanced gestational age. Correlation analyses demonstrate that
the inverse relationship between metabolic parameters and anti-
oxidants correlates with gestation age-dependent increases in UtBF,

VaBF and PaBF during pregnancy.

Both uterine and vaginal arteries constantly enlarge with advanced
gestational age; UA and VA were approximately fivefold and eightfold
greater in AD, respectively, at the end of pregnancy when compared
with month one of pregnancy. The increase in UA diameters with ad-
vanced gestation age show UA remodelling, along with increased uter-
ine TAMV, to facilitate the delivery of increased blood supply to meet
the needs of a higher amount of nutrients and oxygen by the growing
foetus during different stages of pregnancy. Similar changes in compli-
ance were detected in cows and buffaloes during pregnancy (Bollwein
et al., 2002; Panarace et al., 2006; Varughese et al., 2013).

Vaginal arteries blood flow changes revealed in this study are per-

haps the first record of such kind in large animals. In humans, a high
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T —— TABLE 3 Correlations among
S metabolic and antioxidant parameters
UTA VGA and uterine (UTA) and vaginal (VgA)
hemodynamic changes in gestation in

Biochemical parameters TAMV D TAMV D Egyptian buffalos
T. Lipid -0.334 -0.161 -0.099 -0.136
Cholesterol -0.417 -0.410 -0.405 -0.400
Triglycerides -0.264 -0.213 -0.067 -0.211
HDL -0.642 -0.579 -0.469 -0.569
LDL -0.295* -0.210 -0.090 -0.211
Glucose -0.762 -0.890 -0.781 -0.858
T. Protein 0.254 0.323 0.206 0.309
Albumin 0.016 0.048 -0.147 0.033
Globulin 0.075 0.073 0.114 0.044
MDA 0.572 0.632 0.537 0.614
GSH -0.269 -0.269 -0.240 -0.272
Catalase -0.474 -0.607 -0.563 -0.613

D, artery diameter; TAMYV, time-averaged maximum velocity.
*p < .05;
**p < .01.

correlation was found between UtBF and VaBF throughout gestation
(Craig & Billow, 2020; Wright & Burns, 2020). The increase of VaBF
after month four of pregnancy indicates the contribution of VaBF in
the nourishment of gravid uterus in the second half of pregnancy that
indicates the descending of the gravid uterus to the caudal abdominal
cavity. UtBF also increases monthly in parallel with VaBF during preg-
nancy. The further rises in VaBF and UtBF at the end of pregnancy
are not surprising, as this is expected to meet the demand of the ex-

ponential growth rate of the foetus at the last one third of gestation,

consistent with previous studies in cows and buffaloes (Bollwein
et al., 2002; Varughese et al., 2013).

The PI, Rl and S/D values of the uterine arteries significantly
decrease between months four and eight of pregnancy, while Rl
and S/D increase at month 10 of pregnancy. The values of vaginal
arteries’ resistance impedance were similar to that of uterine ar-
teries. The decrease of resistance impedance for either uterine and
vaginal arteries means an increase in UtBF (Elmetwally et al., 2016;
Panarace et al., 2006; Varughese et al., 2013).
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In the current study, the power Doppler ultrasonography was
used for the first time to investigate the placentomes blood per-
fusion in buffalo cows between months five and ten of pregnancy.
The blood flow to the placentomes increase between months
five and eight and then decreased during the months nine and
ten of pregnancy. The increased placental perfusion is essential
for meeting the high nutrient and oxygen demands of the foetus.
In dairy cows, a previous study reported placentome blood flow
does not change significantly in pregnancy; however, this study
only measured PaBF in the last month of pregnancy (Kim-Egloff
et al., 2016). Compared to earlier months, the decrease in PaBF
during the last two months of gestation in buffalo cows revealed in
our study may be due to an increase of placental oedema and im-
plicates that PaBF may decrease prior to the process of parturition
(Botta et al., 2019).

Our results demonstrated significantly higher values of T. lipid,
cholesterol, HDL and LDL in the first month compared to the other
months of pregnancy. The triglycerides are the highest in months 7,8
and 10 of pregnancy, when the significantly lowest values of all other
lipids are recorded. Effectively, the alterations in serum cholesterol
and LDL levels in the peripartum period indicate their utilization
during pregnancy by steroidogenic endocrine organs, particularly
the ovaries and placenta for synthesizing steroid hormones, and
mammary glands for milk production (Arfuso et al., 2016). The dis-
turbances in triglycerides probably reflect their consumption by the
mammary gland in the synthesis and secretion of milk fat (Bernard
et al., 2008; Mantovani et al., 2010).

Glucose is considered the primary metabolic fuel for maintain-
ing foetal growth and milk production in dairy cows (Aschenbach
et al., 2010; Wankhade et al., 2017). The significantly lower serum
glucose level at the last two months of gestation (9 and 10) com-
pared to the first five months in buffalo cows may be related to insu-
lin uptake by the pregnant uterus, mammary gland and liver changes,
which have been observed in lactation and pregnancy dairy cows
previously (Chalmeh et al., 2015).

Serum proteins may serve as potential diagnostic markers
for many pathological conditions and be used as indicatives of
many health problems (Ghaffari et al., 2020; Pinedo et al., 2020).
Mobilization of body protein, fat and mineral stores has been re-
corded in periparturient and postparturient periods, providing ma-
terials for milk production (van Dorland et al., 2009). We show that
albumin level is significantly lower in months 7, 8 and 9 of pregnancy,
compared to month 2 and is back to the high level at month 10, while
globulin level remains constant during pregnancy, and total protein
only decrease in month 8 compared to that in all months of preg-
nant in buffalo cows. Serum albumin level reduces and reaches its
lowest point at the middle of gestation and then gradually increases
to a point within the normal range until foaling (Kaneko et al., 1997).
However, in dairy cows, Piccione et. al. (2011) reported a similar al-
bumin concentration at 60, 30 and 7 days before calving, with a small
increase at calving.

Our results show an elevation in the MDA level, starting from

month 3 until the end of pregnancy in a fluctuated manner; the

highest MDA value is recorded at months 5 and 10. Higher GSH and
catalase concentrations are only observed in 1st month of preg-
nancy in buffalo cows, while their values constantly are at signifi-
cantly lower concentrations in all the rest months of pregnancy. In
dairy cows, the MDA level tends to transiently increase at 6 weeks
before calving with a reduction in GSH-Px activity one week after
calving (Konvic¢na et al., 2015). Furthermore, total antioxidant ca-
pacity significantly increases in early lactating compared with late
pregnant dairy cows (Gong & Xiao, 2018). Thus, the results support
the idea that pregnancy is a physiological condition of oxidative
stress. In this study, some of the metabolic parameters and oxi-
dative stressors are also correlated with both uterine and vaginal
TAMV and AD in buffalo cows. The significantly increased UtBF
and PaBF may be attributed to the significantly increased steroid
hormones, that is, oestrogen, and progesterone, throughout preg-
nancy, which increases cardiac output and UtBF to subsequently
affect biochemical and oxidative markers (Ford, 1982; Kim-Egloff
etal., 2016).

Altogether, our current study demonstrates that UtBF, VaBF and
PaBF increase with advanced gestational age in buffalo cows to fa-
cilitate the delivery of blood supplies of nutrient and oxygen supply
to meet foetal demands. Changes in blood flows are also associated
with dynamic changes in serum metabolic parameters and increased
oxidant and decreased antioxidant production, showing that preg-
nancy is a physiological state of increased metabolism and oxidative
stress.
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