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THE present study aimed to clarify the alternations in alpha-fetoprotein (AFP), phosphorus 
(Ph), calcium (Ca), and metabolic hormones (Growth hormones (GH), insulin, and thyroid 

gland hormones) in singleton, twin, and triplet pregnancy in goats. Animals were examined 
for pregnancy ultrasonographically during mid-pregnancy (6-14 weeks of gestation), and 
were classified conferring to litter size into singleton (n =55), twin (n=25) and triple (n=6) 
pregnancy, and non-pregnant status (n=64). Blood samples (5 ml) were collected before 
ultrasound examination and serum was separated for analysis of alpha-fetoprotein, phosphorus, 
calcium, and GH, insulin, T3, and T4. The current data showed that the fetal numbers markedly 
influenced AFP, Ph, Ca, GH, insulin, T3 levels, but did not affect T4 and Ph/Ca ratio. AFP 
levels were higher in twin (P< 0.05) and triple (P< 0.001) bearing does than in non-pregnant 
does (56.00±5.00 and 87.00±1.90 vs 3.80±.051 ng/ml). Phosphorus and Ca levels declined with 
pregnancy, with the substantial decreased in multiple feti compared with non-pregnant does. 
Growth hormone imminently raised in twine and triple fetuses than non-pregnant does. Insulin 
levels elevated in triple compared to non- pregnant and singleton (P< 0.005). Serum free T3 
levels were lower in single and twin  bearing does than non-pregnancy. In conclusion, fetal 
number markedly influenced the dam metabolic profile and mineral homostatis through altering 
AFP and metabolic hormones levels during pregnancy in goats.

Keywords: Alpha-fetoprotein, Fetal number, Goat, Growth hormones, Insulin, Thyroid 
hormones.
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Introduction                                                                                            

It is well-known that animal reproductive status 
greatly influences hematobiochemical and hormonal 
profiles [1]. Moreover, the presence of more than 
one fetus contributes to a higher metabolic demand 
and increases the risks to nutritional deficiencies[2].
The fetal demands are met by remarkable changes 
in the endocrinological and biochemical milieu 
of the dam[3]. Goats have remarkable ability to 
adapt their metabolic and blood parameters to their 
physiological life stage[4].

Alpha fetoprotein (AFP) is produced during 
embryonic life primarily by fetal yolk sac then 
by the liver, and passes to the amniotic fluid via 
renal flow, traverses the placenta (probably by 
diffusion), and enters the maternal circulation 
[5]. AFP is positively correlated with the fetal 
development[6], and therefore it is considered as 
a good preterm biomarker for fetal developmental 
anomalies or abnormal pregnancy [7]. There is no 
former study estimated fetal or maternal serum 
AFP during pregnancy in goats. In ovine, the total 
fetal synthesis of AFP was highest during the late 
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middle and early latter third of pregnancy, while the 
maternal serum AFP showed a tendency increase 
during the last third of pregnancy [8]. In bovine, 
AFP was measurable from Day 16th in placental 
tissue [9], and from Day 42nd of gestation period 
in fetal fluids [10].While AFP values in maternal 
plasma are unchanged throughout gestation, the 
maximal concentrations of AFP in fetal plasma 
and fetal fluids are reached between the 3rd and 
4th month of gestation, and decline thereafter[10].

The mineral requirements for pregnancy 
are directly related to the stage of fetal growth 
[11] as well as number and size of fetuses[12]. 
Phosphorus is essential in various aspects of energy 
metabolism and absorption, and contributes to 
skeletal tissue forming [13]. Calcium is essential 
for many biological processes during pregnancy, 
including bones and teeth formation, signal 
transduction, muscular contraction, enzymatic 
regulation, and blood coagulation [14]. 

Growth hormone (GH) is required for 
normal lactation in ruminants [15] and 
galactopoiesis in goats[16], and regulates many 
aspects of metabolic activity [17]. Insulin is 
one of the hormones essential for regulation 
energy homeostasis [18]. Insulin hormone, 
synthesized in the pancreatic-cells, works at 
peripheral (modulate satiety signals) and central 
nervous system (restrict food intake) levels 
and controls glucose transport in response to 
hyperglycemia[19]. During early gestation 
period, insulin creates an anabolic environment 
in the fetus supplied with optimal nutrients, 
whereas during late pregnancy it functions as 
a glucoregulatory hormone[20]. Throughout 
late gestation, insulin deficiency after fetal 
pancreatectomy causes growth retardation [21].

Appropriate thyroid gland function is crucial 
to sustain the productive performance in domestic 
animals (growth, milk, hair fiber production). 
Thyroid hormones are involved in maintaining the 
homeostasis of energy and protein metabolism, 
thermoregulation, growth, and productivity 
parameters [22]. Circulating thyroid hormones 
can be used as indicators for metabolic and 
nutritional status of the animals [23, 24].

The reproductive status is greatly inspired 
by blood levels of metabolites and metabolic 
hormonal in goats [25]. However, information 
about the biochemical profile and its relationship 
with fetal number is essential for mother 
nutritional requirements. Therefore, the current 

study aimed at verifying the influence of fetal 
number on maternal circulating alpha-fetoprotein, 
phosphorus, calcium, and metabolic hormones 
(Growth hormone, insulin, T3 and T4) in goats 
during mid-stage of pregnancy.

Materials and Methods                                                     

Animals
This study was conducted in Meet Kenana 

village, Qalubia, Egypt on a total number of 150 
goats, aged 3.11± 0.18 years and weighed 44.53 
± 0.93 kg. Animals were examined for pregnancy 
ultra-sonographically during mid-pregnancy (6-
14 weeks of gestation), and were classified con-
ferring to litter size into singleton (n =55), twin 
(n=25) and triple (n=6) pregnancy, and non-preg-
nant status (n=64).

Collection of blood samples
Blood samples (5 ml) were collected, 

aseptically and carefully to avoid hemolysis, from 
each goat before ultrasound examination through 
jugular venipuncture into plain vacutainer tubes. 
Serum was separated by centrifugation at 2500 
rpm for 15 minutes and stored at -20°C till 
analysis.

Determination of serum alpha fetoprotein 
Alpha fetoprotein was measured using a 

magnetic microparticle chemiluminescence 
immunoassay (Unicel DXI800; Beckman Coulter, 
Brea, CA, USA). 

Determination of serum phosphorus and calcium 
levels

Serum inorganic phosphorus (P) concentration 
was determined colorimetrically according to the 
method recorded by El-Merzabani[26] at 640 
nm using a commercial kit (Cat. No. PH 1710) 
supplied by BIO-DIAGNOSTIC, Giza, Egypt.

Serum calcium (Ca) concentration was 
determined colorimetrically according to the 
method described by Gindler and King [27] at 585 
nm using a commercial kit (Cat. No. CA 1210) 
supplied by BIO-DIAGNOSTIC, Giza, Egypt.

Determination of serum growth hormone
Growth hormone was determined using 

commercial ELISA kits (Cat No. CSB-E13275G, 
CUSABIO Biotech. Company, China)according 
to manufacturer instructions at 450 nm.

Determination of serum insulin 
Insulin was determined using commercial 

ELISA kits (Cat No. LS-F10172-1, LSBio, WA, 
USA) according to manufacturer instructions at 
450 nm.
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Determination of free serum T3 and T4
Serum concentrations serum T3 (Cat. No. 

10301) and T4 (Cat. No. 10303) were determined 
according to manufacturer instructions with the 
use of commercial Enzyme Immunoassay Test 
Kits (BIOS®, Chemux Bioscience Inc., South 
San Francisco, USA). 

Statistical analysis
Data were calculated and graphically 

presented as mean ± SE. Analysis of significance 
between means was done non-parametrically 
using Kruskal–Wallis test using statistical 
package for social sciences (IBM SPSS Statistics 
V.21). P value less than 0.05 indicated significant 
differences.

Result                                                                                     

Serum AFP levels were generally higher 
in twin (p< 0.05), and triple (p< 0.001) bearing 
does than in non-pregnant does (56.00±5.00 and 
87.00±1.90 vs 3.80±.051 ng/ml).In addition, 
serum AFP was markedly (p< 0.05) higher in 
triple than single fetus (Fig. 1A).

P and Ca levels declined with pregnancy status 
(Fig.1B-C), with the substantial decreased in twin 
(p<0.05 and p<0.057) and triple (p< 0.01 and p< 
0.005) bearing does when compared with non-
pregnant does (3.9±0.15 &3.9±0.06vs. 5.17±0.30 
mg/dl, and 7.48±0.36 &6.68±0.24 vs 9.54±0.20 
mg/dl, respectively). Nevertheless, no marked 
differences in Ca/P ratio between pregnant and 
non-pregnant cases (Fig.1 D).

Growth hormone concentration (Fig. 2A) 
was imminently higher in twine (p<0.06) and 
triple (p< 0.001) fetuses than non-pregnant does 
(3.20±0.36 and 5.20±0.34 vs 0.71±0.19 ng/ml).
Insulin levels (Fig. 2B) were higher in triple 
bearing does than non- pregnant (p< 0.06) and 
singleton (p< 0.005) (5.30±0.26 vs 2.90±0.41 
and 1.80±0.48 µIU/ml). Serum free T3 levels 
(Fig. 2C) were lower in single (p< 0.01), and 
twin (p< 0.05) bearing does (10.00±1.20 and 
11.00±0.89 vs. 16.00±1.10 ng/ml, respectively). 
Nevertheless, T4 levels (Fig. 2D) were not 
distinctly varied between pregnant and non-
pregnant conditions.
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Fig. 1. Changes in alpha-fetoprotein (A), inorganic phosphorus (B), calcium (C), and calcium/phosphorus 
ratio (D) in non-pregnant (■) and pregnant (single (■), twin (■), and triple (■)) goats during mid-stage 
of pregnancy. *, ** and *** signified significant differences at P< 0.05, 0.01 and 0.001 compared with 
non-pregnant status.
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Fig. 2. Changes in growth hormone (A), insulin (B), Serum free T3 (C), and serum free T4 (D) in non-pregnant 
(■) and pregnant (single (■), twin (■), and triple (■))goats during mid-stage of pregnancy. *, ** and 
*** signified significant differences at P< 0.05, 0.01 and 0.001 compared with non-pregnant status.

Discussion                                                                                           

Goat is a well popular animal owned by many 
farmers for its high prolificacy with low costs 
rearing. They are considered to be highly adaptive 
animals that can mitigate body physiological 
and metabolic pathways. Increasing litter size 
contributes to a higher metabolic demand, thus 
increasing the risk of nutritional deficiencies [2, 
28]. Many nutrients, minerals, and hormones 
concentrations change with respect to pre- and 
post-breeding stages [1]. In the present study fetal 
numbers markedly influenced AFP, P, Ca, GH, 
insulin, T3 levels, but did not affect T4 and P/Ca 
ratio.

Alpha-fetoprotein is produced by fetal liver 
during prenatal life, and decreased before birth, 
with only traces are detectable in adult circulation 
[29]. In the current study, Serum AFP levels 
surged in triple and twin bearing does than in 
non-pregnant does with higher levels in triple 
than single bearing does. These results were in 
accordance with Wald et al.[30] Xie et al. [31] 

and, Ren et al.[32], who declared that the median 
levels of maternal AFP were higher in the twin than 
singleton pregnancies. Formerly, it was found that 
the ovine fetal serum AFP concentrations increase 
during the 1sttrimester of pregnancy, and the total 
fetal AFP synthesis upsurge during the late middle 
and early latter trimester of pregnancy [8]. Bovine 
fetal plasma levels of AFP were maximal at 3-4 
months of pregnancy, but decreased afterward 
until end of gestation period [10]. Detection of 
AFP in animals placental extract is related to 
its antioxidant properties [33, 34]. This effect 
involves inhibition of H2O2-induced apoptotic 
and cell death, and decreasing the intracellular 
reactive oxygen species levels [34].

In the current study, phosphorus and calcium 
levels markedly decreased with fetal numbers, 
being lower in triple and twins than non-pregnant 
animals. These finding agreed with Boass et al. 
[35], who noticed that an increased litter number 
and weight are associated with lower serum 
calcium in the mother. Recently, Mbegbu et al. 
[36] stated that calcium and inorganic phosphates 
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concentrations significantly increased (p < 0.05) in 
the single compared with the twin bearing goats. 
Also, Yildiz et al. [37] reported that twin bearing 
sheep have lower serum calcium and phosphorus 
than singleton sheep. The decreased levels Ca 
and P in maternal serum might be accused to the 
increase in its retention the fetus and mammary 
gland with the pregnancy progression, and this 
helps in the preparation of the maternal body 
reserves for upcoming mineral demands[38]. It 
has been established that the daily requirements 
of Ca and P for pregnancy increased with fetal 
number (twin compared with single) and with 
pregnancy progression [39]. MichaLek et al.[40]
stated that the kidneys efficiently regulate the 
calcium-phosphate balance in both single- and 
twin- pregnant goats. Despite the observed 
differences in the plasma inorganic phosphorus 
and calcium levels, these concentrations remained 
within the reference limits in subsequent weeks 
of gestation. Former researchers observed a 
decrease in the concentration of blood plasma 
calcium in pregnant sheep, and cows, laboratory 
animals and human being, and this was closely 
related to the number of fetuses in the uterus [41- 
48]. On the other hand, serum phosphorus was 
observed modestly reduced in pregnant animals 
e.g., goats [49, 50], sheep [51, 50] and cows [50]. 
Nevertheless, some reports showed no change 
in plasma phosphorus concentration during 
pregnancy, neither in women nor in the females of 
other species, including goats [11, 52].

Nutritional intake of goats is influenced by 
pregnancy status especially during the final third 
of the gestational period regardless of the breed 
or type of pregnancy [53]. In the present study, 
metabolic hormones e.g., GH, insulin and T3 
varied with pregnancy and fetal numbers. Growth 
hormone concentration in twins and triples, and 
insulin levels in triples increased, while T3 in 
single and twins decreased during pregnancy 
compared with non-pregnant does. These 
changes are urgently needed to accommodate 
the needs for fetal development. Castagnino 
et al.[53] showed that the fetal growth was 
66% higher in twin pregnancies than in single 
pregnancies, and IGF-1 was maximal between 
60 and 80 days of gestation. Abd-Elghany et 
al. [18]showed that the insulin was high, while 
thyroid hormones were low in metabolically 
distressed animals (pregnancy toxemia). GH 
levels significantly elevated in twin as compared 
to single bearing goats on the day of kidding, and 
declined thereafter [54]. The higher GH levels in 

twin fetus bearing goats may be due to lipolytic 
action of GH enable depot fat to be mobilized 
for energy for the parturition and initiation of 
lactation by increasing the availability of milk 
precursor to meet increased demand of energy 
for the initiation of milk secretion [55]. Studies 
in goats [54]and sheep [56]found that the levels 
of T3 and T4 were significantly higher in single 
bearing goats compared to the twin, especially at 
the end of pregnancy [57]. This is attributed to the 
lower maternal serum thyroid hormones levels 
in twin-bearing does, that are often characterized 
by negative energy balance, compared with 
single-bearing does (whose energy balance is 
usually less negative) [58]. In human studies, 
singleton pregnancies produce higher levels 
of hCG for longer periods, compared to twin 
pregnancies, which may result in a more 
pronounced physiological suppression of thyroid 
stimulating hormones[59]. Low thyroid gland 
hormones are the normal physiological response 
to conditions associated with energy preservation 
(and protein) characterizes a distinctive adaptive 
benefit, as in the case pregnancy in rat and her 
feti [60].Low T3 without change in T4 levels 
might indicate overactivity of thyroid gland 
function where removal of an iodine atom from 
T4 (four iodine atoms molecule) converts it to 
T3 (triiodothyronine)to face the dam and fetal 
requirements during pregnancy [61].

Conclusions                                                                              

In conclusion, pregnancy status and type and 
litter size markedly influenced the dam metabolic 
profile and mineral balance through altering AFP 
and metabolic hormones levels during pregnancy 
in goats.
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CHANGES IN ALPHA-FETOPROTEIN, PHOSPHORUS, CALCIUM, AND METABOLIC …

التغييرات في البروتين الجنيني ألفا والفوسفور والكالسيوم والهرمونات األيضية في الماعز 
العشار فى فردي وتوأم وثالثي

السيد عابد  ، محمود  كريمه غنيمي محمود3   ، قنديل2  السيد1، محمد محمود مصطفى  زيدان  أمنية محمد 
إبراهيم3 الروس2 وسالى  أبو 

1 اإلدارة  البيطرية بكفر شكر - القليوبية - مصر.

2 جامعة بنها - كلية الطب البيطري - قسم التوليد والتناسل والتلقيح اإلصطناعي - مصر.

3 قسم تكاثر الحيوان والتلقيح الصناعي - المركز القومي للبحوث - الجيزة - مصر.

هدفت الدراسة الحالية إلى توضيح االختالفات في البروتين الجنيني ألفا (AFP) ، والفوسفور (Ph) ، والكالسيوم 
الماعز  الدرقية) في  الغدة  النمو (GH) ، واألنسولين ، وهرمونات  (Ca) ، والهرمونات األيضية (هرمونات 
العشار فى فردي وتوأم وثالثي. تم فحص الحيوانات لتشخيص الحمل بالموجات فوق الصوتية خالل منتصف 
فترة الحمل (6-14 أسبوًعا من الحمل) ، وتم تصنيفها على حسب عدد األجنة  إلى فردى (ن = 55) ، توأم (ن 
= 25) وثالثي (ن = 6) ، و غير عشار (ن = 64). تم جمع عينات الدم (5 مل) قبل الفحص بالموجات فوق 
 .T4 ، T3 ، األنسولين ، GH الصوتية وفصل المصل لتحليل بروتين ألفا فيتوبروتين ، الفوسفور ، الكالسيوم ، و
. أظهرت البيانات أن أعداد األجنة أثرت بشكل ملحوظ على مستويات GH ، Ca ،Ph ، AFP ، األنسولين ، 
 P) والثالثي (P <0.05) أعلى في التوائم AFP كانت مستويات Ph / Ca.و T4 لكنها لم تؤثر على نسبة ، T3
0.001>) عن غير العشار (56.00 ± 5.00 و 87.00 ± 1.90 مقابل 3.80 ± 0.051 نانوجرام / مل). 
انخفضت مستويات الفوسفور والكالسيوم مع الحمل ، مع انخفاض كبير تم تسجيله في األجنة المتعددة مقارنة مع 
غير العشار. كما ارتفع هرمون النمو في األجنة التوائم والثالثية مقارنة بغير العشار. ارتفعت مستويات األنسولين 
بمقدار ثالثة أضعاف مقارنة مع غير العشار وأحادية الحمل. (P <0.005) و كانت مستويات T3 أقل في الحمل 
الفردي والتوأم عن  غير العشار. و الخالصة أن عدد األجنة أثر بشكل ملحوظ على التمثيل الغذائي والتوازن 
المعدني إلناث الماعز العشار من خالل تغيير مستويات البروتين الجنيني ألفا ومستويات الهرمونات األيضية 

أثناء الحمل في الماعز.

الكلمات الدالة: البروتين الجنيني ألفا، عدد األجنة ، ماعز ، هرمونات النمو ، األنسولين ، هرمونات الغدة الدرقية.


