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ABSTRACT 
 

Fetal fluids and placentas, which are important in feto-maternal homeostasis, could be affected by the number of 

developing fetuses. Therefore, placenta morphological and amniotic fluid biochemical changes associated with single 

and twin pregnancies in Red Sokoto goats were studied. Using Richardson’s formula, 2.1 × [CRL (cm) + 17], 12 intact 

gravid uteri (7 single-pregnant and 5 twin-pregnant) from mid-gestation [≈70-100 days gestational age (dGA)] pregnant 

goats were purposively selected. Feto-maternal biometrics [gravid uterine weight (GUW), total placental fluid volume 

(TPFV), average placentome diameter (APD), mean crown-rump length (MCRL), mean gestational age (MGA), mean 

fetal weight (MFW), total placentome number (TPN), and average interplacentomal distance (AID)]; amniotic fluid 

electrolytes [sodium (Na), potassium (K), chloride (Cl), calcium (Ca) and phosphorus (P)]; total protein; glucose; liver 

markers (AST and ALT); kidney markers (urea and creatinine), and cortisol concentrations were measured. The 

histology of the placentomes and the interplacentomal areas was also studied. The twin-pregnant (TP) goats had 

significantly higher (P<0.05) GUW, TPFV, APD, amniotic fluid glucose and cortisol; and lower (P<0.05) Ca levels. 

The rest of the parameters assessed did not differ between the TP and single-pregnant (SP) groups. Placentomes and the 

interplacentomal areas from the TP group had more diffuse villous inter-digitations and thicker luminal endothelium, 

respectively. It was concluded that TP Red Sokoto goats regulated placentome morphology, calcium, glucose and 

cortisol levels in order to achieve optimal conditions for the dams and the fetuses. 
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INTRODUCTION 

 

Fetal membranes fluids and placental vascular 

network are important for physiologic exchanges and 

efficient handling of fetal waste products of metabolism 

between the developing fetus and maternal tissues during 

gestation (Khadjeh et al. 2007; Fitzsimmons and Bajaj 

2019). Biochemical profile of fetal fluids is influenced by 

the feto-maternal exchange through the placenta, as well as 

fetal metabolic and secretory activities (Banan Khojasteh 

et al. 2011; Essawi et al. 2020).  

Placentas in ruminants, otherwise known as 

placentomes, are characterized by discrete areas of intimate 

attachment between maternal uterine caruncles and fetal 

chorionic cotyledons (Igwebuike and Ezeasor 2013). 

Placentomes, formed during implantation, are specialized 

areas for hemotrophic exchange of nutrients/metabolites 

between the fetal and maternal blood streams (Guillomot 

1995; McGeady et al. 2006). The significance of placental 

function to fetal growth and development in utero has been 

demonstrated in pre-mating carunclectomized sheep 

leading to restricted placental growth or blood supply 

(Robinson et al. 1979). Fetal growth retardation has also 

been observed in pregnant sheep with uterine artery 

ligation (Emmanouilides et al. 1968), and heat stress 

(Galan et al. 1999). 

The magnitude of changes associated with gestation is 

usually influenced by number of developing fetuses 

(Mackie et al. 2019). The biologic systems of TP goats 

have the responsibility to make homeostatic adaptation in 

order to accommodate the expected additional demands of 

twin pregnancies for the survival of both the dam and the 

fetuses. Metabolic changes during pregnancy, which could 

be related to organic structural modifications, are assessed 
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by measuring some biochemical markers and comparing 

with the reference values (Cuckle 2014). Deliberate search 

of available literatures revealed very scanty information on 

the feto-maternal characteristics, placental histoarchitecture 

and metabolic adjustments of twin pregnancies in Red 

Sokoto goats. The aim of the study was to investigate the 

feto-maternal and biochemical characteristics of mid-

gestation single-pregnant and twin-pregnant goats. 

 

MATERIALS AND METHODS 

 

Sample collection: Twenty-two intact gravid uteri (9 

single-pregnant and 13 twin-pregnant) were promptly 

collected from apparently-healthy pregnant Red Sokoto 

goats slaughtered at the Nsukka municipal abattoir, Ikpa, 

Nsukka, Enugu State, Nigeria between March and April, 

2019. The samples collected were immediately transported 

in cold chain to the laboratory for processing. Each gravid 

uterus was weighed to determine the gravid uterine weight 

(GUW). The uterine walls were incised along the 

intercaruncular space on the greater curvature of dorsal 

surface to expose the underlying fluid-filled chorio-

allantois and the fetus. The amniotic fluid was aspirated 

into calibrated glass measuring cylinder to determine the 

total placental fluid volume (TPFV). Ten ml each of 

amniotic fluid were stored in labeled plastic tubes at -20°C 

until biochemical analyses. Following determination of 

fetal mean crown-rump length (MCRL) and mean fetal 

weight (MFW), mean gestational ages (MGA) were 

deduced using the formula: 2.1 × [CRL (cm) + 17] of 

Richardson et al. (1976). Ultimately, 12 samples (7 single-

pregnant and 5 twin-pregnant) were purposively included 

in the analysis as mid-gestation pregnancies [≈70-100 days 

gestational age (dGA)]. By manual counting, the total 

placentome number (TPN) was determined. The average 

placentomal diameters (APD) and interplacentomal 

distances (AID) were measured using vernier calipers 

(n=10). 

 

Amniotic fluid biochemistry and hormonal assay: 

Electrolytes: sodium (Na, mmol/L), potassium (K, 

mmol/L), chloride (Cl, mmol/L), phosphorus (P, mmol/L) 

and calcium (Ca, mg/dL) were determined by 

colorimetric method using commercial kit (Agappe 

Diagnostics, Cham, Switzerland). Kidney markers (urea 

and creatinine concentrations) were determined by kinetic 

method using commercial kits (Dialab, Wiener Neudorf, 

Austria). Liver markers: alanine aminotransferase (ALT) 

and aspartate aminotransferase (AST) were determined 

by colorimeter method using commercial kits (Dialab, 

Wiener Neudorf, Austria). The total protein was 

determined by the direct Biuret method. Serum glucose 

concentration was estimated using commercial kits 

(Dialab, Wiener Neudorf, Austria). Cortisol assay was 

performed using ELISA Kits (Monobind Inc., Lake 

Forest, California, USA). 

 

Tissue collection and processing for histology: Thick 

sections (3-5 mm) of the placentomes and interplacentomal 

areas were fixed overnight in Bouin’s fixative composed of 

saturated aqueous picric acid, formalin (40% 

formaldehyde) and acetic acid. The tissues were 

sequentially dehydrated in ascending grades of alcohol; 

cleared in xylene and embedded in paraffin wax to form 

hard blocks, which were serially sectioned at 5µm 

thickness using a rotary microtome (Model 1512; Leitz®, 

Wetzlar, Germany). The tissue sections were mounted on 

glass slides coated with 20% albumin, deparaffinized, 

rehydrated in descending grades of alcohol and stained 

with hematoxylin and eosin (H&E) according to the 

methods described previously (Slaoui and Fiette, 2011). 

The stained slides were examined under the microscope 

and images captured with a Moticam Camera 1000 (Motic 

China group Ltd., Xiemen, China). 

 

Statistical analysis: The IBM SPSS statistics version 21.0 

for windows (IBM Corp, Armonk, NY, USA) was used for 

the statistical analyses. Data were analyzed using 

independent sample student’s t-test. The means were 

considered significantly different at P<0.05. The results 

were presented in tables and graphs as mean±SE. 

 

RESULTS 

 

Feto-maternal biometrics 

The results of the feto-maternal biometrics presented 

in Fig. 1 showed that gravid uterine weight (GUW), total 

placental fluid volume (TPFV) and average placentome 

diameter (APD) were significantly higher (P<0.05) in TP 

goats compared with SP goats. However, there was no 

significant difference (P>0.05) in the mean crown-rump 

length (MCRL), mean gestational age (MGA), mean fetal 

weight (MFW), total placentome number (TPN), and 

average interplacentomal distance (AID) between SP and 

TP Red Sokoto goats. 

 

Amniotic fluid electrolytes, total protein and glucose 

The results of the amniotic fluid electrolytes, total 

protein and glucose concentrations are presented in Fig. 

2. There was no significant difference (P>0.05) in the 

amniotic fluid ionic concentrations of sodium, potassium, 

chloride, calcium, inorganic phosphate and total protein 

between sinlgeton and TP Red Sokoto goats. However, 

the amniotic fluids of TP goats had lower (P<0.05) 

calcium level and higher (P<0.05) glucose level compared 

with SP goats. 

 

Liver markers, kidney markers and cortisol 

concentrations: The level of amniotic fluid cortisol in the 

TP group (1.82±0.43µg/dL) was significantly (P<0.05) 

higher compared with SP group (0.98±0.17µg/dL). On the 

other hand, amniotic fluid concentrations of AST, ALT, 

urea and creatinine did not significantly differ between 

both groups (Table 1).  

 

Gross and microscopic features of the uterus and the 

placenta: Observations from the histological sections of 

the placentomes revealed that there were more diffuse villi 

formation and inter-digitations between the maternal and 

fetal tissues in TP goats (Fig. 3D) compared with the SP 

goats (Fig. 3C). Histology of the interplacentomal areas 

showed that TP goats had thicker endothelium of the 

maternal blood vessels (Fig. 3F) compared with the SP 

goats (Fig. 3E). Moreover, the lumen of the maternal blood 

vessels in TP goats was also wider (Fig. 3F) compared with 

the SP goats (Fig. 3E). 
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Table 1: Amniotic fluid liver enzymes (AST & ALT), kidney metabolites (urea & creatinine), and cortisol levels in single-pregnant and 

twin-pregnant Red Sokoto goats 

GROUP  AST (IU/L) ALT (IU/L) Urea (mg/dL) Creatinine (mg/dL) Cortisol (µg/dL) 

SINGLE       11.31±2.15   9.18±1.06     61.07±5.98 3.41±0.97 0.98±0.17a 

TWIN  12.88±3 11.41±2.12 61.37±7   3.1±0.79 1.82±0.43b 

P-value 0.684 0.382 0.975 0.816 0.025 

Means with different superscripts in a column are significantly (P<0.05) different. 
 

 
 

Fig. 1: Feto-maternal biometrics of single-pregnant and twin-

pregnant Red Sokoto goats. Gravid uterine weight (GUW), total 

placental fluid volume (TPFV), mean crown-rump length 

(MCRL), mean gestational age (MGA), mean fetal weight 

(MFW), total placentome number (TPN), average placentome 

diameter (APD) and average interplacentomal distance (AID). 

Single-pregnant (n=7), Twin-pregnant (n=5); *significant 

differences (P<0.05). 

 

 
 

Fig. 2: Amniotic fluid electrolytes, total protein and glucose 

levels in single-pregnant and twin-pregnant Red Sokoto goats. 

Sodium (Na), potassium (K), chloride (Cl), calcium (Ca), 

inorganic phosphate (P) and total protein. Single-pregnant (n=7), 

Twin-pregnant (n=5); *significant differences (P<0.05). 
 

DISCUSSION 

 

During pregnancy, remarkable changes are known to 

occur in the developing fetus and the dam (Narelle 2017). 

The knowledge of feto-maternal biometrics is essential to 

predict parturition, prepare the fetus and dam nutritionally 

and otherwise, and in handling some fetal developmental/ 

infertility problems (Kumar et al. 2004). The GUW and 

TPFV which were higher in TP goats could be a direct 

reflection of the number of fetuses in utero. The summation 

of two fetuses in the uteri of TP doe-goats, against one fetus 

in SP goats resulted in higher weights of the gravid uteri. 

Consistent with our finding, a greater uterine weight had 

been reported in TP ewes compared with SP ewes (Grazul-

Bilska et al. 2006). More placental fluid is both required and 

secreted in twin pregnancy in order to provide the enabling 

environment for the developing fetuses (Hill et al. 2000). 

The greater space created by the twin fetuses also helps to 

accommodate the fluid secreted (Ippolito et al. 2014). 

 
 

Fig. 3: Placental characteristics of single-pregnant and twin-

pregnant Red Sokoto goats. Photograph of intact gravid uterus 

(Fig. 3A), and uterus incised to expose the placentomes and the 

interplacentomal areas (Fig. 3B) showing round or oval 

placentomes (P), interplacentomal areas (I), and chorionic plate 

(arrow) that formed the concave face of the placentome typical of 

cotyledonary placenta. Micrographs of the placentomes from SP 

goats (Fig. 3C) and TP goats (Fig. 3D) showing primary chorionic 

villi (P) arising from the chorionic plate (CP), secondary 

chorionic villi (S), and maternal tissue (M), H&E stain, X100. 

Micrographs of the interplacentomal areas of the SP goats (Fig 

3E) and TP goats showing maternal connective tissue (M) and 

maternal blood capillaries (white arrows, thicker in TP goats). 

Note the wider lumen and thicker endothelium of the capillaries 

in Fig. 3F. H&E stain, X100. 
 

There was no significant difference in the MCRL, 

MFW, TPN and AID between SP and TP Red Sokoto 

goats. Except for the pathological cases of teratogenicity 

and other genetic abnornalities, each fetus at a given age 

should have a specified weight and crown-rump length 

(Gabr et al. 2015), hence the no variation in the MCRL and 

MFW was observed in the study between SP and TP 

groups. The number of placentomes counted in this study 

was consistent with the reports of previous studies on 

pregnant goats (Abd-Elnaeim 2008; Igwebuike and 

Ezeasor 2013). The average number of placentomes in 

domestic ruminants, which is not dependent on the number 

of implanted fetuses, have been estimated to be between 75 

and 125 (Senger 2003). It was reported that the available 
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placentomes was distributed among the fetus(es). Even if it 

was only one fetus, the feto-maternal units from both the 

ipsi-lateral and contra-lateral horn would serve the fetus 

(Cerdeira et al. 2020). However, the functional demands on 

individual placentomes may vary and cause structural 

adjustments, as the number of fetuses increases. This 

therefore explains the increased APD observed in TP goats. 

Previous researchers have also reported that there was no 

variation in the placentome diameter between SP and TP 

ewes (Kaşikçi et al. 2011). 

The observed decrease in amniotic fluid 

concentrations of calcium in TP goats compared with the 

SP goat could be related to increased utilization/uptake of 

calcium by the twin fetuses in the process of bone 

formation (Jo et al. 2015). In cattle, a similar decrease in 

amniotic fluid concentration of calcium was equally 

reported as the fetuses developed from mid gestation to late 

gestation (Essawi et al. 2020). Most biological processes 

that require energy expenditure, such as muscle 

contraction, blood coagulation, bone formation and cardiac 

control, directly need calcium, thereby reducing the 

calcium available in the amniotic fluid (Suttle 2010). The 

clinical implication of this is that TP goats may require 

calcium supplementation in the last stages of gestation in 

order to avoid calcium deficiency-related diseases like 

parturient paresis (Kojouri 2003). No differences were 

detected in amniotic fluid concentrations of sodium, 

potassium, chloride and inorganic phosphate in the present 

study. This suggested that the amount of these minerals 

required for the growth of the fetuses and pregnancy tissues 

could be sufficiently obtained from the diet, and optimized 

by a decrease in endogenous excretion (Härter et al. 2015). 

This is consistent with the previous findings, where there 

was no variation in the potassium, sodium and phosphates 

(Banan Khojasteh et al. 2011). The similarity in the total 

protein levels could be due to the fact that proteins are not 

filtered through the fetal nephrons into fetal urine during 

fetal excretion, hence the number of developing fetuses is 

inconsequential. However, since glucose demand is 

directly propotional to the number of fetuses in utero, and 

glucose is being secreted into the amniotic fluid from the 

fetus. Thus the glucose concentration in the amniotic fluid 

of TP goats was significantly higher compared with the SP 

does (Hay 2006).  

There was no variation in fetal fluid concentrations of 

urea, creatinine, AST, ALT and total protein. This could be 

attributed to the fact that these kidney and liver markers are 

not usually expressed in significant quantities in the 

fetuses. They are markers that depict ageing and injury. 

Previous studies stated that AST, ALT and total protein 

levels are not affected by pregnancy and the number of 

developing fetuses (Carter 1990; Pasciu et al. 2019). The 

values of total protein in this study were comparable to 

those recorded in amniotic fluids of cattle in mid to late 

periods of gestation (Essawi et al. 2020). 

The significantly higher amniotic fluid cortisol 

concentration in TP Red Sokoto goats compared with their 

SP counterparts could be attributed to increased stress 

imposed by the twin fetuses. With maternal stress, 

corticotrophin-releasing hormone (CRH) is produced by 

the placenta, leading to activation of fetal Hypothalamus-

Pituitary-Adrenal (HPA) axis and fetal cortisol production, 

which is secreted into the amniotic fluid (Challis et al. 

2000). The cortisol increase in the TP group, therefore, 

could represent cummulative response to stress 

experienced by the two developing fetuses (Herman et al. 

2016). This increase in amniotic fluid cortisol could also be 

due to the fact that cortisol is required for normal 

development of the fetal respiratory organs, liver and 

kidneys (Wood and Keller-Wood 2016). 

The placentomes from mid-gestation goats had more 

diffuse villi formation and inter-digitations between the 

maternal and fetal tissues in TP goats compared with SP 

goats. This could be a reflection of the increased functional 

demands, in terms of blood supply and other feto-maternal 

relationships in the TP goats compared with the SP goats 

(Erdoğan et al. 2016). The diffuse nature of the villi permits 

adequate supply of comparatively higher nutrients/waste 

exchange occasioned by the presence of the twin fetuses. 

This may also be responsible for the previous observations 

that TP goats had heavier fetal cotyledons compared with 

SP goats (Ocak et al. 2015). On the other hand, the 

histological sections of the interplacentomal areas from the 

TP mid-gestation goats showed thicker endothelium of the 

maternal blood vessels compared with the SP goats. The 

lumen of the maternal blood vessels in the TP goats was 

also wider compared with the SP goats. These could be part 

of the functional adjustments towards exchanging 

nutrients/waste products in the face of the increased 

number of fetuses (Erdoğan et al. 2016). 

 

Conclusion 

In the present study, twin pregnancy in Red Sokoto 

goats caused an increase in the gravid uterine weight, 

placental fluid volume, placentome diameter and glucose 

level; but decreased the amniotic fluid concentration of 

calcium ions. The increased functional demands associated 

with twin pregnancy in Red Sokoto goats were structurally 

demonstrated histologically. 

 

REFERENCES 

 
Abd-Elnaeim MMM, 2008. Scanning electron microscopic study 

on the cyclic goat uterus with special reference to the 

microvascular architecture of the uterine caruncles. Journal 

of Agricultural and Veterinary Sciences, Qassim University 

1: 21-32. 

Banan Khojasteh SM, Khadjeh GH, Ranjbar R and Salehi M, 

2011. Studies on biochemical constituents of goat allantoic 

fluid during different stages of gestation. Egyptian Journal of 

Sheep & Goat Sciences 6: 1-5.  

Carter J, 1990. Liver function in normal pregnancy. Australian 

and New Zealand Journal of Obstetrics and Gynaecology 30: 

296–302.  

Cerdeira AS, Kandzija N, Pargmae P, Tome M, Zhang W, Cooke 

WR, Agrawal S, James T, Redman C and Vatish M, 2020. In 

vivo evidence of significant placental growth factor release 

by normal pregnancy placentas. Scientific Reports 10: 132.  

https://doi.org/10.1038/s41598-019-56906-w 

Challis JRG, Matthews SG, Gibb W and Lye SJ, 2000. Endocrine 

and paracrine regulation of birth at term and preterm. 

Endocrinology Review 21: 514-550. 

Cuckle H, 2014. Prenatal screening using maternal 

markers. Journal of Clinical Medicine 3: 504-520. 

Emmanouilides GC, Townsend DE and Bauer RA, 1968. Effects 

of single umbilical artery ligation in the lamb fetus. 

Pediatrics 42: 919-927. 



Int J Vet Sci, 2021, 10(1): 8-12. 
 

 12 

Erdoğan G, Çetin H, Ceylan A, Serin I and Beceriklisoy H, 2016. 

Comparison of foetal growth in singleton and twin 

pregnancies by B-mode and Doppler ultrasonography in 

Karya ewes. Turkish Journal of Veterinary and Animal 

Sciences 40: 616-621. 

Essawi WM, Mostafa DIA and El Shorbagy AIA, 2020. 

Comparison between biochemical analysis of cattle amniotic 

fluid and maternal serum components during pregnancy. 

World Veterinary Journal 10: 67-73. https://doi.org/ 

10.36380/scil.2020.wvj9. 

Fitzsimmons ED and Bajaj T 2019. Embryology, amniotic fluid. 

StatPearls Publishing; p.1-4 Available at: https://www.ncbi. 

nlm.nih.gov/books/NBK541089. 

Gabr GA, Soliman GA, Saeedan AS, Al-Kahtani AA and Ali BE, 

2015. Teratogenic effects in rat fetuses subjected to the 

concurrent in utero exposure to emamectin benzoate 

insecticide. Pakistan Journal of Biological Sciences 18: 333-

340. 

Galan HL, Hussey MJ, Barbera A, Ferrazzi E, Chung M, Hobbins 

JC and Battaglia FC, 1999. Relationship of fetal growth to 

the duration of heat stress in an ovine model of placental 

insufficiency. American Journal of Obstetrics and 

Gynecology 180: 1278-1282. 

Grazul-Bilska AT, Pant D, Luther JS, Borowicz PP, Navanukraw 

C, Caton JS, Ward MA, Redmer DA and Reynolds LP, 

2006. Pregnancy rates and gravid uterine parameters in 

single, twin and triplet pregnancies in naturally bred ewes 

and ewes after transfer of in vitro produced embryos. Animal 

Reproduction Science 92: 268-283. https://doi.org/10.1016/ 

j.anireprosci.2005.06.013 

Guillomot M, 1995. Cellular interactions during implantation in 

domestic ruminants. Journal of Reproduction and Fertility 

49: 39-51. 

Härter CJ, Castagnino DS, Rivera AR, Lima LD, Silva HG, 

Mendonça AN, Bonfim GF, Liesegang A, St-Pierre N and 

Teixeira IA, 2015. Mineral metabolism in singleton and 

twin-pregnant dairy goats. Asian-Australasian Journal of 

Animal Sciences 28: 37-49. https://doi.org/10.5713/ajas. 

14.0214 

Hay WW, 2006. Placental-fetal glucose exchange and fetal 

glucose metabolism. Transactions of the American Clinical 

and Climatological Association 117: 321-340. Herman JP, 

McKlveen JM, Ghosal S, Kopp B, Wulsin A, Makinson R, 

Scheimann J, Myers B, 2016. Regulation of the 

hypothalamic-pituitary-adrenocortical stress response. 

Comprehensive Physiology 6: 603-621. https://doi.org/ 

10.1002/cphy.c150015 

Hill LM, Krohn M, Lazebnik N, Tush B, Boyles D and Ursiny JJ, 

2000. The amniotic fluid index in normal twin pregnancies. 

American Journal of Obstetrics and Gynecology 182: 950-

954. 

Igwebuike UM and Ezeasor DN, 2013. The morphology of 

placentomes and formation of chrionic villous trees in West 

African dwarf goats (Capra hircus). Veterinarski Arhiv 83: 

313-321. 

Ippolito DL, Bergstrom JE, Lutgendorf MA, Flood-Nichols SK 

and Magann EF, 2014. A systematic review of amniotic fluid 

assessments in twin pregnancies. Journal of Ultrasound in 

Medicine 33: 1353-1364. https://doi.org/10.7863/ultra. 

33.8.1353 

Jo BW, Shim YJ, Choi JH, Kim JS, Lee HJ and Kim HS, 2015. 

Formula fed twin infants with recurrent hypocalcemic 

seizures with vitamin D deficient rickets and 

hyperphosphatemia. Annals of Pediatric Endocrinology & 

Metabolism 20: 102-105. 10.6065/apem.2015.20.2.102 

Kaşikçi G, Cirit U, Gunduz MC, Bacinoglu S and Sabuncu A, 

2011. Effects of halving intravaginal sponges and eCG dose 

on estrus response and fertility in Tahirova ewes during the 

breeding season. Turkish Journal of Veterinary and Animal 

Science 35: 193-199. 

Khadjeh GH, Ranjbar R, Salehi M and Khojasteh SMB, 2007. 

Biochemical evaluation of amniotic fluid during different 

stages of gestation in the goat. Iranian Journal of Veterinary 

Research 8: 266-269. 

Kojouri GHA, 2003. Parturient Paresis and Its Relationship with 

Hypophosphatemia. Acta Veterinaria Scandinavica, 44: 126. 

Kumar N, Paramasivan S, Sood, Rahman MG and Khan RI, 2004. 

Micrometry of different category oocytes recovered from 

goat ovaries. Indian Journal of Animal Science 74: 259-260. 

Mackie FL, Whittle R, Morris RK, Hyett J, Riley RD and Kilby 

MD, 2019. First-trimester ultrasound measurements and 

maternal serum biomarkers as prognostic factors in 

monochorionic twins: a cohort study. Diagnostic and 

Prognostic Research 3: 9. https://doi.org/10.1186/s41512-

019-0054-9 

McGeady TA, Quinn PJ, Fitzpatrick ES, Ryan MT, Kilroy D and 

Lonergan P, 2006. Veterinary Embryology. Blackwell 

Publishing Ltd. Oxford, United Kingdom. 

Narelle H, 2017. Biochemical changes in pregnancy-what should 

a clinician know? Journal of Gynecology and Women’s 

Health 4: 555626. 

Ocak S, Ogun S, Gunduz Z and Onder H, 2015. Goat placental 

efficiency determination by comparing litter weight to the 

surface area of the cotyledons. Animal Reproduction 12: 

920-926. 

Pasciu V, Baralla E, Nieddu M, Succu S, Porcu C, Leoni GG, 

Sechi P, Bomboi GC and Berlinguer F, 2019. Commercial 

human kits' applicability for the determination of 

biochemical parameters in sheep plasma. The Journal of 

Veterinary Medical Science 81: 294-297. https://doi.org/ 

10.1292/jvms.18-0356 

Richardson C, Herbert CN and Terlecki S, 1976. Estimation of 

the developmental age of the ovine foetuses and lambs. 

Veterinary Record 99: 22-26. 

Robinson JS, Kingston EJ, Jones CT and Thorburn GD, 1979. 

Studies on experimental growth retardation in sheep: the effect 

of removal of endometrial caruncles on fetal size and 

metabolism. Journal of Developmental Physiology 1: 379-398. 

Senger PL, 2003. Pathways to pregnancy and paturition. 2nd ed. 

Current Conceptions, Pullman, WA. pp: 306-323. 

Slaoui M and Fiette L, 2011. Histopathology procedures: from 

tissue sampling to histopathological evaluation. In: Gautier, JC 

(Ed.), Drug Safety Evaluation: Methods in Molecular Biology 

(Methods & Protocols), Humana Press, New Jersey, USA, pp: 

69-82. 

Suttle NF, 2010. The mineral nutrition of livestock. 4th ed. CABI 

International, Wallingford, UK: 2010. 

Wood CE and Keller-Wood M, 2016. The critical importance of 

the fetal hypothalamus-pituitary-adrenal axis. F1000 

Research 5: F1000 Faculty Rev-115.

 

https://www.ncbi.nlm.nih.gov/books/NBK541089
https://www.ncbi.nlm.nih.gov/books/NBK541089
https://doi.org/10.1016/j.anireprosci.2005.06.013
https://doi.org/10.1016/j.anireprosci.2005.06.013
https://doi.org/10.5713/ajas.%2014.0214
https://doi.org/10.5713/ajas.%2014.0214
https://doi.org/%2010.1002/cphy.c150015
https://doi.org/%2010.1002/cphy.c150015
https://doi.org/10.7863/ultra.%2033.8.1353
https://doi.org/10.7863/ultra.%2033.8.1353
https://dx.doi.org/10.6065%2Fapem.2015.20.2.102
https://doi.org/10.1186/s41512-019-0054-9
https://doi.org/10.1186/s41512-019-0054-9
https://doi.org/%2010.1292/jvms.18-0356
https://doi.org/%2010.1292/jvms.18-0356

