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Praca oryginalna

Singleton and twin pregnancies in Red Maradi goats:
changes in maternal serum biochemical composition
and ovarian biometrics at mid gestation
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Summary

Pregnancy involves some structural and physiological adjustments to achieve an optimal outcome for the
fetus and its mother. The magnitude of these changes is influenced by number of fetuses in utero. This research
was designed to compare serum biochemical and ovarian morphometric changes associated with singleton
and twin pregnancies in Maradi goats. Using Richardson formula, 2.1 X [CRL (cm) + 17], twelve (12) ovarian
and blood samples (7 single and 5 twin) from mid gestation (=70-100 dGA) pregnant goats were purposively
selected. Ovarian weights, ovarian diameters, serum biochemistry and levels of ovarian sex hormones were
determined and analyzed using standard procedures. Twin pregnant goats had higher (p < 0.05) left ovarian
weights, average ovarian weight, left ovarian diameters, average ovarian diameter, serum calcium and inorganic
phosphorus levels compared with singleton pregnant goats. There was no significant variation (p > 0.05) in
the mean crown-rump length, mean gestational age, mean fetal weight, right ovarian weights, right ovarian
diameters, serum concentrations of sodium, potassium, chloride, urea, creatinine, AST, ALT, total protein,
estrogen and progesterone between sinlgeton and twin pregnant Red Maradi goats. Ovarian sections from
the twin bearing mid gestation goats had more growing follicles and fewer primordial follicles compared with
the singleton bearing goats. Findings from this study indicate that twin pregnancy, which could be genetically
programmed, has the tendency to affect ovarian follicles development, ovarian morphometrics and calcium

metabolism in mid gestation in Red Maradi goats.
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Pregnancy is associated with major physiological,
hormonal and biochemical alterations aimed at achiev-
ing an optimal environment for the fetus and its mother
(39). The magnitude of these changes is influenced by
the number of developing fetuses (29). Deviation from
normal course of pregnancy is assessed by measuring
some serum biochemical markers and comparing them
with the reference values (8). It is well established
that levels of different metabolites and enzymes in
serum have implicit connection with physiological
processes in goats (7, 43), and may be influenced by
environmental conditions, reproductive status, and
health status (4, 30, 35).

Domestic goats (Capra aegagrus hircus L.) are
important livestock species in developing countries,
accounting for up to 90% of the world’s goat population
(12). The Maradi goat, also known as the Red Sokoto,

belongs to the Savannah goat breed of the Nigerian
guinea Savannah agroforest zone (11). They constitute
60% of'the Nigerian goat population of about 34.5 mil-
lion (23). Goats are multipurpose animals with great
economic value and the Maradi goat is particularly
valued for its animal protein contribution to humans
in the form of meat and milk (17). The distribution of
this breed in Nigeria is between latitudes 12° and 14° N
and longitudes 4° and 10° E; mostly in the northern
Nigeria states namely Sokoto, Zamfara, Kano, Kebbi
and Katsina States (41). The breed emigrated from
the Middle East through Egypt to its present location
(41). It is a small sized breed of goat of about 60 cm
height at the withers, and about 25-27 kg weight (33).

Capra hircus are generally known to be both mo-
notocous and polytocous (27). Twinning in goats as
well as other domestic ruminants has a genetic un-
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dertone, regulated through induction of insulin-like
growth Factor-1 (IGF-I) and insulin-like growth factor
binding protein-3 (IGFBP-3), with consequent increase
in the rate of folliculogenesis and eventual ovulation
(26). Specifically, IGF-I gene influences reproductive
process by stimulating ovarian activity, (28) and regu-
lating female reproductive hormones like progesterone,
estrogen and gonadotropins (18). This means that the
IGF-I stimulates the anterior pituitary for secretion of
LH which regulates reproductive activity in mammals
(9). It has also been documented that mutation in the
promoter region of the genes related to litter size may
affect ovulation rate in goats, resulting in a correspond-
ing change in prolificacy in small ruminants (3, 16).

From the foregoing, it is evident that multiple
pregnancies, which could be linked to genetically
determined ovarian activity (26), create additional
physiologic demands, with attendant homeostatic
adjustments in order to ensure the survival of both the
dam and the fetuses (29). The aim of the study was
to ascertain the comparative serum biochemical and
ovarian structural changes associated with singleton
and twin pregnancies in Red Maradi goats.

Material and methods

Sample collection. Twenty-two ovaries (9 singles and
13 twins) were promptly harvested from apparently healthy
pregnant Maradi goats of average age (2-< 3 years), pre-
sumptuously presented for slaughter at Nsukka Municipal
Abattoir, Ikpa, Nsukka Local Government Area, Enugu
State, Nigeria between January and February 2019. Blood
was collected through the jugular vein into plain bottles for
serum biochemistry. The samples collected were immedi-
ately transported to the Laboratory Unit of the Department
of Veterinary Anatomy, Faculty of Veterinary Medicine,
University of Nigeria, Nsukka where the samples were
processed. The ovaries were carefully trimmed of adnexa
and weighed using an electronic weighing balance (Metler®
Toledo, Switzerland). The longitudinal diameters of the
ovaries were determined with the aid of Vernier calipers
from its anterior to the posterior end (1). The gestational age
was determined using the formula 2.1 x [CRL (cm) + 17]
(38). Ultimately, twelve ovarian samples (7 singles and
5 twins) were purposively included in the analysis as mid
gestation pregnancies (=70-100 dGA).

Serum biochemistry and hormonal assay. Electro-
lytes [sodium (mmol/L), potassium (mmol/L), chloride
(mmol/L), phosphorus (mmol/L) and calcium (mg/dL)]
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were determined by the colorimetric method. Kidney mark-
ers (urea and creatinine concentrations) were determined
by kinetic method. Liver markers (ALT and AST) were
determined by colorimeter method. The total protein was
determined by the direct Biuret method. Serum glucose
concentration was estimated using the Beckton Dicknison
sugar assay Kit (Becton Dickinson India Pvt. Ltd., Ban-
galore, India). Estradiol (E2) and progesterone (P4) assay
were performed using ELISA Kits (BioCheck, Inc., Foster
City, California, USA) and (Monobind Inc., Lake Forest,
California, USA) respectively.

Tissue collection and processing for histology. The
ovaries were fixed overnight in Bouin’s fixative composed
of 75 ml saturated aqueous picric acid, 25 ml of formalin
(40% formaldehyde) and a few drops of acetic acid. The
tissues were successively dehydrated in ascending grades
of alcohol; cleared in xylene and infiltrated with molten
paraffin wax. The tissues were embedded in a fresh molten
paraffin wax to form hard blocks which were mounted
on a microtome and serially sectioned at 5 um thick. The
tissue sections were mounted on glass slides coated with
20% albumin, deparaffinised, rehydrated in descending
grades of alcohol and stained with haematoxylin and eosin
(H&E). The H&E stained tissue sections were subsequently
dehydrated in ascending grades of alcohol and histoclear I1
(National Diagnostics, Hessle Hull, England, UK). Finally,
the tissue sections were permanently mounted on the micro-
scope glass slides with glass cover slips using DPX (disty-
rene, plasticizer and xylene) mountant (BDH Laboratory,
England, UK) (5).

Statistical analysis. The IBM SPSS statistics version
21.0 for windows (IBM Corp, Armonk, NY, USA) was used
for the statistical analyses. Data obtained were statistically
analyzed using independent sample student’s t-test. The
means were considered significant at probability values of
0.05 (p < 0.05). The results were presented in tables and
graphs as means + SD/SEM.

Results and discussion

Feto-maternal characteristics, liver and kidney
markers, and sex steroids concentrations. The mean
gestational age (MGA) was calculated by substituting
mean crown-rump length (MCRL) of the fetuses in the
Richardson formula, and the result showed no signifi-
cant variation (p > 0.05) in the mean crown-rump length
(MCRL), mean gestational age (MGA) and mean fetal
weight (MFW) between sinlgeton and twin pregnant
Red Maradi goats (Tab. 1). There was no significant
difference (p > 0.05) in the serum AST, ALT, urea,

Tab. 1. Feto-maternal characteristics, serum liver and kidney markers, and sex steroids concentrations

Group MFwW MCRL MGA AST ALT Urea Creatinine E, P,
(kg) (cm) (days) (IuL) (IuL) (mg/dL) (mg/dL) (pg/mL) (ng/mL)
Single 0.61+0.10 | 27.87+2.29 | 94.23+4.81 |127.15+23.9 | 35.84+3.92 | 47.57+4.83 | 1.07+0.08 | 142.08+49.13 | 28.17+7.28
Twin 0.41+0.15 | 24.42+2.91 | 86.98+6.11 | 167.1+36.99 | 33.12+2.16 | 47.62+2.28 | 1.08+0.13 | 149.18+28.68 | 35.71+4.94
P-value 0.376 0.377 0.378 0.395 0.565 0.993 0.930 0.905 0.419

Explanations: means with varied superscripts in a column are significantly different (p < 0.05). MFW — mean fetal weight; MCRL
—mean crown-rump length; MGA — mean gestational age; AST — aspartate aminotransferase; ALT — alanine aminotransferase; E, —

estradiol; P, — progesterone
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creatinine, estrogen and progesterone : :
concentrations between single preg- | 24 [ OSingle(n=7) M Twin(n=5) |
nancies and twin pregnancies in Red | ,,| P=0057  p=0269  p=0048  p=003  p=0076 p=0.01
Maradi goats (Tab. 1). T 1 T
Ovarian biometrics. Twin pregnant | -6
Red Maradi goats had significantly 121
higher (p < 0.05) left ovarian weights
(LOW), average ovarian weight 081
(AOW), left ovarian diameters (LOD) | 0.4-
and average ovarian diameter (AOD) . . . . .
compared with single pregnancies. LOW(g) ROW(g) AOW(g) LOD(cm) ROD(cm) AOD (cm)

However, the right ovarian weights
(ROW) and diameters (ROD) did not
differ (p > 0.05) between sinlgeton
and twin pregnant Red Maradi goats

(Fig. 1).

Fig. 1. Ovarian biometrics of twin and single pregnant Red Maradi goats
Explanations: left ovarian weight (LOW), right ovarian weight (ROW), average
ovarian weight (AOW), left ovarian diameter (LOD), right ovarian diameter (ROD),
average ovarian diameter (AOD) of single and twin pregnant Red Maradi goats
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observed that single bearing mid gesta-
tion goats had more primordial follicles
nesting the cortical areas of the ovary
and fewer antral follicles compared
with the ovaries from the twin bearing goats (Fig. 3A).
On the other hand, the ovarian sections from the twin
bearing mid gestation goats had more growing and an-
tral follicles and fewer primordial follicles compared
with the single bearing goats (Fig. 3B).

Except for the pathological cases of teratogenicity
and other genetic abnornalities, each fetus at a given

Fig. 2. Serum concentrations of sodium (Na), potassium (K), chloride (Cl),
calcium (Ca), phosphorus (P), total protein (TP) and glucose of single and twin
pregnant Red Maradi goats

age should have a specified weight and crown-rump
length (14), hence the statistical sameness observed in
the parameters used for fetal biometrics and determina-
tion of gestation age (MFW and MCRL) between single
bearing and twin pregnant Red Maradi goats. This also
formed the basis on which the comparative analysis of
ovarian morphology and serum biochemistry of the
single and twin bearing doe-goats.
The left ovarian weights, average
ovarian weight, left ovarian diameters
and average ovarian diameter were
significantly higher in the twin bearing
does compared with single pregnancies.
However, the right ovarian weights and
diameters did not differ between sin-
lgeton and twin pregnant Red Maradi
goats. This result indicates that during
pregnancy, the left ovaries were more
active than the right ovaries in both
single and twin bearing pregnancies.

Fig. 3. A — Photomicrograph of the ovaries from singleton Red Maradi goats
showing fewer antral follicles (white arrows) and more primordial follicles at
the ovarian cortex (black arrows). H&E stain, x100. B — Photomicrograph of
the ovaries from twin bearing Red Maradi goats showing more antral follicles
(white arrows) and cortex with depleted primordial follicles (black arrows).
H&E stain, x100.

This observations differed significantly
from reports in non-pregnant goats that
established that the right ovaries were
more active with higher weights and di-
ameters than the left ovaries (2, 19, 20).
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Moreover, caprine ovaries with corpus luteum of preg-
nancy had higher weight compared with ovaries of simi-
lar age and reproductive stage that are devoid of corpus
luteum of pregnancy (2, 19). The differences observed
in the left ovaries of pregnant Red Maradi goats could
be attributed to increasing number of ovulations and
developing copora lutea in twin pregnant goats when
compared with single pregnant goats. This could be
attributed to the established fact that the caprine left
ovaries contain more ovarian follicles and cumulus
oocyte complexes (2) and the tendency of twin/mul-
tiple ovulations from the left ovaries is higher thereby
contributing to the observed significantly higher left
ovarian weights and diameters in the twin bearing does.

The mineral requirements for pregnancy are directly
related to the number and size of fetuses (32, 40);
however, information regarding the maternal manage-
ment of the mineral metabolism between single and
twin pregnancy is not well established (15). The serum
concentrations of calcium and inorganic phosphates are
significantly higher in the single bearing goats compared
with the twin bearing goats, but there was no difference
in the concentrations of sodium, potassium and chlo-
ride between the single bearing and the twin bearing
does. The significant reduction in the maternal serum
calcium and phosphorus in the twin bearing goats could
be related to the increased utilization of these miner-
als (calcium and phosphorus) by the twin fetuses in
the process of bone formation, leading to lower serum
concentrations compared with the single bearing goats.
Similar observations were made by Jo et al. (21).

Most biological processes that require energy ex-
penditure, such as muscle contraction, blood coagula-
tion, bone formation and cardiac control, directly need
calcium, in addition to phosphorus (40). In pregnant
goats, the need for these minerals is further extended
because of the developing fetus and additional stress
imposed on the pregnant mother (15). The increased
need for calcium and phosphorus is handled by appar-
ent increase in the absorption of these minerals from
food, without modifying the rate at which they are lost
in faeces and urine, and enhanced bone resorption. The
clinical implication of this is that twin pregnant goats
may require calcium and phosphorus supplementation
in the last stages of gestation in order to avoid parturi-
ent paresis (24).

No differences were detected in both the maternal
serum concentrations of sodium, potassium, chloride.
This suggests that the amount of these minerals required
for the growth of the fetuses and pregnancy tissues could
be sufficiently obtained from diet and optimized by a de-
crease in endogenous excretion (15). This is consistent
with the previous findings, where there was no variation
in the potassium, sodium and phosphaates (38).

There was no variation in maternal serum concen-
trations of urea, creatinine, aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT) and total
protein. This could be attributed to the fact that these
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kidney and liver markers are not usually expressed in
significant quantities in the fetuses. They are markers
that depict ageing and injury. Previous studies have
stated that aspartate transaminase (AST), alanine ami-
notransferase (ALT) and total protein levels are not
affected by pregnancy and the number of developing
fetuses (6, 34).

Even though progesterone and estrogen concentra-
tions are usually higher in twin pregnancies compared
with the singleton pregnancy during the early gestation
(25, 36), the present study showed no significant dif-
ference in these hormone concentrations between the
single and twin pregnancies during mid gestation.

The number of corpora lutea which is likely to be
more in the twin pregnant goats determines the level of
steroids (progesterone and oestrogen) production during
pregnancy (31). However, a non-significant increase
was observed in the twin pregnant goats in this study. In
goats, as opposed to sheep, the corpus luteum is the pri-
mary source of progesterone throughout gestation, with
little contribution from other steroidogenic tissues like
the placenta (13, 42). This could be due to a feedback
control mechanism as well as mobilization of pregnancy
steroids from other steroidogenic tissues, like the pla-
centa through the induction of 3-beta dehydrogenase,
thereby balancing out the effect. The developing fetus
is contained in the placenta, a membrane that facilitates
the exchange between the maternal and fetal circulation.
In goats and sheep, the placenta experiences the most
rapid growth between 70 to 90 days of gestation (10),
which corresponds to the gestational age range for the
present study.

The presence of more primordial follicles and fewer
antral follicles in the ovaries of the singletons when
compared with the ovaries of twin pregnancies which
had fewer primordial follicles and more antral follicles
implies that the rate of follicle recruitment in single
pregnancies was lower in relation to twin pregnancies.
Twinning in goats as well as other domestic ruminants
has been reported to be genetically determined through
the induction of insulin-like growth factor-I (IGF-I) and
insulin-like growth factor binding protein-3 (IGFBP-3),
leading to an increase in ovulation rate (26). These
growth factors initiate increased initial recruitment of
primordial follicles which leads to an increase in fol-
liculogenesis and ovulation rate experienced in twin
pregnancies. Also, the IGF-I gene influences reproduc-
tive process by stimulating ovarian activity (28), and
regulates female reproductive hormones (22). This
means that the IGF-I stimulates the anterior pituitary
for secretion of LH which regulates reproductive activ-
ity in mammals (9). It has also been documented that
mutation in the promoter region of the genes related
to litter size may affect ovulation rate in goats, result-
ing in a corresponding change in prolificacy in small
ruminants (3, 16).

In conclusion, based on our results we can suggest
that twin pregnancy, which could be genetically pro-
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grammed, has the tendency to affect ovarian follicles
development, ovarian morphometrics and calcium me-
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abolism in mid gestation in Red Maradi goats.
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