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Abstract | Pregnancy-specific protein B (PSPB) is produced by binucleate trophoblast cells in the bovine placenta
around the time of implantation. We produced anti-PSPB polyclonal antibodies to detect PSPB in the serum of
Peranakan Ongole (PO) pregnant cows. Six New Zealand White (NZW) Rabbits were immunized with 40-60 kDa
protein in combination with adjuvants for antibody production. Sera of experimental animals (n = 30) were taken
from the auricular vein and subjected to the ELISA test. The highest antibody titer was used to test the specificity of
antibodies using the dot blot method. Antibody titer was observed during the first week, while the highest antibody
titer (OD = 0.3755) was found during the 3rd week of bleeding, which decreased gradually during the subsequent
weeks. The sensitivity test showed an ability of anti-PSPB to detect PSPB in the serum of pregnant cows from 90 days
of gestation and as low as 1:120. The study concludes the potential utility of anti-PSPB polyclonal antibodies for the

detection of pregnancy in cows.
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INTRODUCTION used method for the diagnosis of pregnancy in cattle until
now. However, it can be performed as early as 60 days after

success of reproductive management is artificial insemination (AI) (Patel et al., 2016) and requires

he

Tcharacterized by a high rate of mating, pregnancy,
and birth in cattle farming. Diagnosis of pregnancy, in this
regard, plays a pivotal role in profitable animal husbandry,
especially for production animals such as cattle, goats, and
sheep. Detection of pregnancy at an early stage allows
identification and treatments of subsequent complications
and, therefore, may play a key role in management-related
interventions to improve the reproductive efficiency of
commercial farms (Bekele et al., 2016; Fricke, 2010).
Hence, an appropriate, rapid, and accurate method for
diagnosis of pregnancy is much needed to ensure the
success of pregnancy.

Traditional rectal palpation is probably the most commonly

assisted reproductive technology (ART) (Lucy etal.,2007).
"Therefore, there is a need for alternative methods that can
be used for early diagnosis of pregnancy in cattle in less
than one month of gestation. For the subject matter, there
are several procedures in practice, but each one of them
has associated limitations. For example, the measurement
of endocrine changes (progesterone hormone) can be used
tor early diagnosis of pregnancy; however, it is not cost-
effective and needs associated laboratory infrastructure
(Resee et al., 2016). The radioimmunoassay (RIA) method
uses radioactivity and, therefore, may induce radiation
effects. The immunologic diagnosis is another alternate for
early diagnosis of pregnancy since, after mating or Al, it
can detect pregnancy in less than 20 days. In this regard,
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one of the commonly used methods is anti-pregnancy-

specific protein B (PSPB) antibodies (Hafez, 2000).

A specific antigen, bovine pregnancy-associated
glycoprotein (BPAG), belongs to a family of inactive
aspartic proteinases (Xi et al., 1991) containing 22 genes
situated on chromosome 29 (Telugu et al., 2009), of
which the pregnancy-specific protein B (PSPB) is the
first member to be discovered (Butler et al., 1982). The
PSPB is a protein substance secreted by blastocyst during
implantation and subsequent pregnancy, and found in the
binucleate cells of the ruminant trophectoderm (Sasser
et al., 1986). Furthermore, the bovine PSPB fraction is
characterized as glycoproteins and has relative molecular
weight mass 47-53 kDa (Butler et al., 1982). A presence of
PSPB in the sera of post-mating cows can be considered
pregnant during embryo implantation period (Hafez and
Hafez, 2000). The BPAG can be detected in the maternal
circulation as early as 15 day after conception (Green et al.,
2009). The production of antibodies against the purified
proteins can be used to detect the presence of the protein in
the bovine peripheral circulation. The BPAGs such as PSPB
have been employed for the detection of early pregnancy in
cattle (Howard et al., 2007; Breed et al., 2009; Piechotta
et al., 2011). Because these glycoproteins are specific to
the placental tissue, it is possible to use BPAGs in the
maternal circulation as an indicator of pregnancy (Ga’bor
et al., 2007). The findings reported by Sasser et al. (1986),
Howard et al. (2007), and Ergene et al. (2018) concluded
the PSPB test to be more accurate than the traditional
rectal palpation for early diagnosis of pregnancy. With
this background, we conducted this study to produce anti-
PSPB polyclonal antibodies for the detection of PSPB in
the serum of Peranakan Ongole (PO) pregnant cows.

MATERIALS AND METHODS

LocATION OF STUDY

This study was carried out at the Indonesian Beef Cattle
Research (BCR) Laboratory for three months. Protein
analysis was performed at the Laboratory of the Faculty of
Veterinary Medicine, Universitas Brawijaya.

RESEARCH MATERIALS

Thirty Peranakan Ongole (PO) cows were used for the
collection of blood sera and further analysis. These were
divided into three groups and diagnosed pregnant after 30, 60,
and 90 days of artificial insemination. Six New Zealand white
rabbits (Oryctolagus cuniculus; male; 6 months of age) were used
for anti-PSPB production. They were fed with concentrate
and forages, and drinking water was given ad libitum.

SAMPLE COLLECTION AND PSPB 1SOLATION
'This study was conducted following the guidelines for the

care and use of animals from the Indonesian Agency for
Agricultural Research and Development (Balitbangtan/
Lolitsapi/RM/03/2016). Sera were taken from the
auricular vein and collected in venoject tubes (Terumo
Corporation, Tokyo, Japan). PSPBs were extracted from the
sera as per the method described previously (Aulanni’am
et al., 2012). Briefly, blood samples were added with 1 ml
PBST-PMSF and centrifuged (6000 rpm for 15 minutes).
The supernatant was taken and stored at -80°C until
it was analyzed. The protein samples were precipitated
by the addition of absolute ethanol (1:1), vortexed,
incubated overnight at -20°C, and centrifuged (12000
rpm for 10 minutes at 4 °C. The supernatant was removed;
the precipitate was dried, added with Tris-HCL (1:1),
and stored at 80 °C until it was analyzed. Furthermore,
identification and purification of the isolated protein were
performed using the SDS PAGE. The isolated protein (2
nL) was dropped on the pedestal submicroliter cell that
had been cleaned with ddH,O. Protein concentration was
determined using a NanoDrop™ 1000 Spectrophotometer,
and the absorbance was instantly displayed on a monitor
screen.

SDS-PAGE

The SDS-PAGE used in this study was performed in
accordance with Aulanni’am (2005). Briefly, protein
samples were mixed with reducing sample bufter (RSB)
(1:1), heated at 100°C for 5 minutes, and incubated at
20°C. For gel production, 12% separating gel (made up of
10% SDS, 30% polyacrylamide, 10% APS, 1 M Tris pH
8.8, Aqua bidest, and TEMED) and stacking gel (made
up of Bis-acrylide, 10% SDS, 1 M Tris pH 6.8, APS 10%,
Aqua bidest, and TEMED) were made. The gel plates
were attached to the electrophoresis chamber (Mini-
PROTEAN Tetra Cell, Bio-Rad). The upper and lower
tanks of the chamber were filled with a running buffer.
Then 10-20 pL protein samples and molecular weight
(MW) protein markers were loaded on the gel. The gel
was run at 20 mA constant current for 40-50 minutes,
until the tracking dye reached approximately 0.5 cm
above the bottom of the gel. Then gel was stained with
Coomassie Brilliant Blue G 250 (Bio-Rad Laboratories,
USA) for an hour and photographed using the GelDoc
documentation system (Bio-Rad). Moreover, molecular
weight of particular protein samples was determined by
comparing the band patterns between protein samples and

MW protein markers.

ANTI-PSPB PRODUCTION AND PURIFICATION
Anti-MMP-3 antibodies were produced in the rabbit.
Induced by PSPB, rabbit anti-PSPB antibodies
(IgG) were purified using 50% saturated ammonium
sulfate (SAS) as per the method described previously
(Aulanni’am et al., 2012) (Table 1).
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Table 1: Immunization and Ig G extraction procedure.
Week Procedure

First immunization (Bleeding pre-immune)

Adjuvant
CFA
Second immunization (Booster 1) IFA
Bleeding 1 -
Bleeding 2 -
Bleeding 3 -
Bleeding 4 -
Bleeding 5 -

Third immunization (Booster 2)
Bleeding 6 -
Bleeding 7 -
Bleeding 8 -
Bleeding 9 -
13 Bleeding 10 -

CFA: Complete Freund’s Adjuvant; IFA: Incomplete Freund’s
Adjuvant.
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ANTI-PSPB IMMUNOGENICITY TEST USING INDIRECT
ELISA

Using an indirect ELISA method, anti-PSPB antibody
titers were measured according to the previously described

protocol (Eivazi et al., 2015).

IMMUNO-DOT ANALYSIS

The study proteins were coated on nitrocellulose (NC)
membrane. Membranes were added with antigen
membranes and blocked with 5% PBS skimmed milk and
incubated for two hours. The membranes were washed
thrice with PBS-T for each of 3 minutes. The membranes
were incubated in diluted sera with 1% PBS skim milk for
an hour. The membranes containing antigen-antibody a
complex were washed thrice and incubated with secondary
antibodies (Anti-Rabbit IgG Conjugate AP) for an hour.
The membranes were washed thrice again, added with
alkaline phosphatase (AP) substrate (0.21 mg/mL Nitro
Blue Tetrazolium and 0.42 mg/mL Bromo-4-chloro-3-
indoxyl-phosphate in a Tris buffer solution), and incubated
for 30 minutes. Finally, the membranes were washed with
distilled water, dried, and the formed color density was
analyzed as described previously (Aulanni’am et al., 2012).

DATA ANALYSIS
Data obtained were analyzed using descriptive statistics.

RESULTS AND DISCUSSIONS

PROTEIN CONCENTRATION DETERMINATION

'The production of anti-PSPB antibodies in rabbits were
assessed through the ELISA test. The concentrations of
serum protein in pregnant cows during 1 (A), 2 (B), and

3 (C) months of gestation, and in non-pregnant cows (O)
are shown in Figure 1.The concentration of serum protein
samples was 13.5 mg/mL for non-pregnant (O) cows
while it was found to be 21.7 mg/mL (A), 19.1 mg/mL
(B),and 20.2 mg/mL (C) for pregnant cows. This indicated
a variation observed in serum PSPB concentration among
pregnant and non-pregnant cows, which was similar to the
findings of some previous sdudies. Dhakal et al. (2017)
observed low (0.24 + 0.025 ng/mL) and high (30.46 =+
12.67 ng/mL at day 48 after Al) levels of serum PSPB
concentration in non-pregnant and pregnant Nepalese
buffalo, respectively, while Abdulkareem et al. (2011)
and El-Battawy (2009) found 3.89 + 0.53 ng/mL at
32-34 days after Al and 4.48 + 0.92 ng/mL at day 28
after Al, respectively. Furthermore, 6480 ng/mL PSPB
concentration isolated from cotyledons was observed in
Friesian Holstein pregnant cows (Samik, 2010). Highest
PSPB concentration in pregnant cows during 1 month of
gestation, as observed in this study, was similar to findings
reported by Ergene et al. (2018). They reported that PSPB
in bovine plasma was detected between 15 and 22 days
of pregnancy after Al. In most studies, PSPB test was
found to be useful for the early detection of pregnancy in
cattle. However, good results may be obtained when the
PSPB test is performed after day 30 post-Al, because
glycoprotein is synthesized in the binuclear trophoblastic
cells of the placenta (Szenci et al. 1998).
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Figure 1: The protein concentration of samples assessed by
Nanodrop spectrophotometer.

SPECIFIC PROTEINS BAND PROFILES OF PO PREGNANT
COWS

Characterization of pregnancy-specific protein B (PSPB)
in pregnant- and non-pregnant cows was made through
the SDS-PAGE method (Figure 2). A protein band profile
indicating the molecular weight of each type of protein
in sera was obtained. A total of nine protein bands were
observed in gel electrophoresis, which showed a thicker
color than others. The molecular weights of these proteins
were measured using linear equations (Table 2).

The protein band profiles are presented in Figure 2. The
results showed that proteins, ranging from 45 kDa to 60
kDa, were observed exclusively in the sera of pregnant
cows. PSPB is the first member of aspartic peptidases to be
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discovered in the ruminant placenta with relative molecular
weight of 45-53 kDa (Butler et al., 1982). Later, Zoli et
al. (1992) used a radioimmunoassay (RIA) to develop a
measurement of PSPB in the circulation of cattle and
described the first establishment of a protein marker for
early diagnosis of pregnancy in cattle. The results of this
study are comparable with those of several previous studies
which also found PSPB in the serum of pregnant cows
with molecular weights up to 60 kDa (Sasser et al., 1986;
Xie et al., 1991; Huang et al., 1999; Samik, 2010; Balhara
et al., 2013; Wallace et al., 2015).

Table 2: Protein molecular weight determination.

Molecular Weight (kDa)
158.36

107.71

83.17

70.80

54.14

26.56

21.53

11.8

9.3

Sample Band n-
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Figure 2: Protein band profile in PO pregnant cows with
gestational age of 1,2 and 3 months and control. M: Maker;
A: 1 months of gestation, B: 2 months of gestation; C: 3
months of gestation.

The protein band color for pregnant cows less than
30 days of gestation (A6) was thinner compared to
that for pregnant cows who were at 60 and 90 days of
pregnancy. This may correspond to the concentration of
specific proteins in sera, which become increased with
an increased period of gestation. Higher production
of particular proteins, particularly at 2 to 3 months of
gestation, is ascribed to a higher number of trophoblast
cells (Hasrati, 2001; Reese et al., 2016).

DETERMINATION OF POLYCLONAL ANTIBODY TITER
UsING ELISA

Harvested from NZW rabbit immunization, polyclonal
antibody titers were determined by ELISA that were able
to recognize bovine IgG (Figure 3). On the other hand,
polyclonal anti-IgG (PAb) antibodies interacted with bovine
IgG with very high specificity and affinity. The concentration
of anti-PSPB antibodies in the pre-immune serum was the
lowest [optical density (OD) of 0.35875] (Figure 3). This
is because pre-immunes serum was collected from NZW
rabbits before immunization and, therefore, did not produce
anti-PSPB antibodies. An increase in antibody titers began
from the first week of bleeding (OD of 0.36225). This is
because considered as a foreign subject, PSPB triggered an
immune response by binding to B cells. The highest antibody
titer was observed at the 3™ week of bleeding (0.3755k),
which deceased gradually in the subsequent weeks. Similarly,
as reported by Samik (2010), the antibody titers began to
increase from day O (before immunization, OD= 0.179
+ 0.010) to the second week after booster (OD= 2.256 +
0.4842). After the first booster, an increase in antibody titer
was attributed to the presence of PSPB antigen memory in
rabbits, which further stimulated antibody production from
the first week of bleeding. Immunoglobulin G was detected
in the serum approximately 67 days after exposure to antigens
(Baratawidjaja and Rengganis, 2009). However, after the
third immunization, the production of antibodies increased
gradually and reached its highest peak at the 8" week of
bleeding (OD= 0.39175), which decreased steadily until the
10 week of bleeding. Booster activates B memory cells to
recognize the antigen entering the body and responds by
producing specific antibodies. Antibody titers were observed
to be higher at the third immunization (second booster)
than that found at the first and second immunization. This
is because the amount of memory B cells and plasma B cells
are higher than those after the first booster. Siregar (2006)
stated that, upon the second booster, the secondary immune
response leads to a faster proliferation of memory B cells
and generates a higher concentration of antibodies.
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Figure 3: Anti-PSPB antibody titers in NZW rabbits.
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Analysis using indirect ELISA showed that PSPB
antibodies produced in the serum of pregnant cows at
different intervals of gestation were immunogenic because
they can stimulate immune systems by providing polyclonal
antibodies against antigens. Thus, the production of
polyclonal antibodies can be used as a rapid, precise, and
accurate tool for early diagnosis of pregnancy in bovine.
Polyclonal antibodies were used in this study because they
had better sensitivity than monoclonal antibodies and,
therefore, can detect various epitopes present in a single
antigen (Sadeghi et al., 2018). According to Eivazi et al.
(2015), polyclonal antibodies can form more antigen-
binding sites and, therefore, can result in a better sensitivity
than monoclonal antibodies.
Dilution

Sample

1:20 1:40 1:80 1:120

, @ o e e e e

Figure 4: PSPB dot blott assay with antibodies.

SENSITIVITY TEST FOR ANTI-PSPB ANTIBODY USING
THE DOT BLOT METHOD

The sensitivity test was performed using the dot blot
method in various dilution factors, and the results are
shown in Figure 4. Degradation and density of purplish
color indicated the number of bonds between specific
proteins and specific protein antibodies. The results
indicated that, at a dilution of 1:1, anti-PSPB had the
highest color density, and it was least at a dilution of 1:120.
'The decrease in color density at a dilution of 1:120 may
correspond to the decreased concentration of antigens
in the sera of pregnant cows and consequently decreased
antibodies. However, at a dilution of 1:120, anti-PSPB
was still able to recognize antigens in the sera of pregnant
cows even at 30 days of gestation. The results of this
study suggested that the bovine PSPB test gave a good
sensitivity for early diagnosis of pregnancy as less as the
30% f gestation. The PSPB test was found to have good
sensitivity (98.0%), specifity (97.1%) and accuracy (97.8%)
for early diagnosis of pregnancy in dairy cows (Piechotta et
al., 2011). Ergene et al. (2018) observed a lower sensitivity
(93.8%) for bovine PSPB test on day 28 after Al. Szenci
et al. (1998), using the bovine PSPB RIA test, observed a
sensitivity of 92% from samples collected on both days 29
and 30, and 98.1% on days 33 and 34. In addition, Howard
et al. (2007), using the bovine PSPB ELISA test, showed

a sensitivity of 100% and a specificity of 87.8% from
samples collected between days 30 and 36. In general, the
present results indicated that rabbit anti-PSPB polyclonal
antibodies can specifically recognize antigens in the sera of
pregnant cows.

CONCLUSION

The study concludes that PSPB is a suitable marker for
efficient diagnosis of pregnancy as less as the 30® day of
gestation.

ACKNOWLEDGMENTS

'The Indonesian Agency funded this study for Agricultural
Research and Development (IAARD), Ministry of
Agriculture, under a DIPA scheme (No. 648720.1806.105
.001.051.1.2016).

AUTHORS CONTRIBUTION

Yeni Widyaningrum, M. Luthfi, Dian Ratnawati, Lukman
Affandhy and Aulanni’am shared in the study design, col-
lection of samples, development of methodology and man-
uscript revision. Agung Pramana Warih Marhendra and
Yuli Arif Tribudi shared in laboratory work, interpretation
of data and writing the manuscript.

CONFLICT OF INTEREST
The authors have declared no conflict of interest.

REFERENCES

* Abdulkareem TA, Al-Sharifi SAM, Ishak MA, Eidan SM,
Alnimr MA, Passavant CW, Branen JR, Sasser RG (2011).
Early pregnancy detection of Iraqi riverine buffalo (Bubalis
bubalis) using the BioPRYN enzymelinked immunosorbent
assay for PSPB and the progesterone assay. Reprod. Domest.

Anim. 46: 455-462. https://doi.org/10.1111/5.1439-
0531.2010.01689.x
*Aulanni’am (2005). Protein dan analisisnya. Airlangga

University Press, Surabaya.

*Aulanni’am, Ulhaq ZSB, Marhendra APW, Wuragil DK,
Hermawan R, Riawan W (2012). Immunodot technique
for early detection rheumatoid arthritis patient in Indonesia
based on autoimmune marker matrix metalloproteinase-3
(MMP-3).]. Appl. Sci. Res. 8: 4795 - 480.

*Balhara AK, Gupta M, Singh S, Mohanty AK, Singh I (2013).
Early pregnancy diagnosis in bovines: current status and
future directions. Sci. World J. (Article ID 958540). https://
doi.org/10.1155/2013/958540

*Baratawidjaja K, Rengganis I (2009). Imunologi Dasar, Edisi
Kedelapan. Balai Penerbit Fakultas Kedokteran Indonesia,
Jakarta.

*Bekele N, Addis M, Abdela N, Ahmed W (2016). Pregnancy
diagnosis in cattle for fertility management. Glob. Vet.
16: 355 - 364.

September 2020 | Volume 8 | Issue 8 | Page 837

=SS


https://doi.org/10.1111/j.1439-0531.2010.01689.x
https://doi.org/10.1111/j.1439-0531.2010.01689.x
https://doi.org/10.1155/2013/958540
https://doi.org/10.1155/2013/958540

OPENaACCESS

Advances in Animal and Veterinary Sciences

*Breed MW, Guard CL, White ME, Smith MC, Warnick
LD (2009). Comparison of pregnancy diagnosis in dairy
cattle by use of a commercial ELISA and palpation per
rectum. J. Am. Vet. Med. Assoc. 235: 292-298. https://doi.
org/10.2460/javma.235.3.292

*Butler JE, Hamilton WC, Sasser RG, Ruder CA, Hass GM,
Williams R] (1982). Detection and partial characterization
of two bovine pregnancy-specific proteins. Biol. Reprod. 26:
925-933. https://doi.org/10.1095/biolreprod26.5.925

*Dhakal I, Devkota B, Manandhar S, Karki RK, Shah S (2017).
Profile of pregnancy specific protein B (PSPB) concentration
in Nepalese buffaloes during first three month of gestation.
Proc. Int. Buffalo Symp. 2017: 236-240.

*Eivazi SJ, Majidi, Maleki LA, Abdolalizadeh ], Yousefi M,
Ahmadi M, Dadashi S, Moradi Z, Zolali E (2015).
Production and purification of a polyclonal antibody against
purified mouse IgG2b in rabbits towards designing mouse
monoclonal isotyping kits. Adv. Pharm. Bull. 5: 109-113.

*El-Battawy KA, Sousa NM, Szenci O, Beckers JF (2009).
Pregnancy-associated glycoprotein profile during the first
trimester of pregnancy in Egyptian buffalo cows. Reprod.
Domest. Anim. 44(2): 161-166. https://doi.org/10.1111/
j.1439-0531.2007.00941 x

*Ergene O, Darbaz I, Sayiner S, Aslan S (2018). Comparison
of bovine pregnancy associated glycoproteins (bPAG-serum
and milk), bovine pregnancy specific protein b(bPSP-B)
tests with each other and with transrectal ultrasonographic
findings for early pregnancy diagnosis. Kafkas. Univ. Vet.
Fak. Derg. 24(4): 497-502.

*Fricke PM (2010). Methods for diagnosis and monitoring
of pregnancy in dairy cattle and their implementation.
University of Wisconsin, Madison, WI, USA. National
extension.org/page/11200.

*Ga'bor G, To'th T, O“zsva'ri L, Abonyi-To’th Z, Sasser RG
(2007). Early Detection of Pregnancy and Embryonic Loss in
Dairy Cattle by ELISA Tests. Reprod. Dom. Anim. 42: 633—
636. https://doi.org/10.1111/1.1439-0531.2006.00834.x

*Green JC, Volkmann DH, Poock SE, McGrath MF, Ehrhardt
M, Moseley AE, Lucy MC (2009). Technical note: A
rapid enzyme-linked immunosorbent assay blood test for
pregnancy in dairy and beef cattle J. Dairy Sci. 92: 3819-
3824. https://doi.org/10.3168/jds.2009-2120

*Hafez ESE (2000). Reproduction in Farm Animal. 7th. Ed.
Lippincott Williams and Wilkins, A Wolters Kluwer
Company, Philadelphia.

*Hafez ESE, Hafez B (2000). Reproductive Cycle. In:
Reproduction in Farm Animals. 7th Edition. E.S.E. Hafez
and B. Hafez (Eds). Lippincott Williams and Wilkins, New
York. https://doi.org/10.1002/9781119265306

*Hasrati E (2001). Performans pedet sapi perah yang dilahirkan
dari sapi dara dan laktasi akibat penyuntikan pregnant mare
serum gonadotropin (PMSG). Master Thesis. Program studi
magester ilmu ternak. Fakultas Peternakan, Universitas
Diponegoro, Semarang.

*Howard J, Gabor G, Gray T, Passavant CW, Ahnadzdeh A,
Sasser N, Pals D, Sasser RG (2007). BioPRYN bloodbased
pregnancy test for managing breeding and pregnancy in
cattle. Proc. West Sect. Am. Soc. Anim. Sci. 58: 295-298.

*Huang F, Diane CC, Thomas RS, James HN, Sasser RG
(1999). Isolation, purification, and characterization of
pregnancy-specific protein B from elk and moose placenta.
Biol. Reprod. 61: 1056-1061. https://doi.org/10.1095/
biolreprod61.4.1056

+*Kline K, Schwartz D, Lewis W, Hultgren S, Lewis A (2011).
Immune activation and suppression by group B streptococcus
in a murine model of urinary tract infection. Infect. Immun.
79:3588-3595. https://doi.org/10.1128/IA1.00122-11

*Lucy M, Davies C, Ott T (2007). Regulation of interferon-
stimulated genes in peripheral blood leukocytes in pregnant
and bred, nonpregnant dairy cows. J. Dairy Sci. 90: 274 -280.
https://doi.org/10.3168/jds.S0022-0302(07)72628-0

*Patel MDL, Parmar SC, Patel AS, Makwana PP, Rajput MB,
Patel JH, Patel AG (2016). Early pregnancy diagnosis in
dairy animals. Int. J. Agri. Sci. 8: 1134 - 1136.

*Piechotta M, Bollwein ], Friedrich M, Heilkenbrinker T,
Passavant C, Branen J, Sasser G, Hoedemaker M, Bollwein
H (2011). Comparison of commercial ELISA blood tests
for early pregnancy detection in dairy cows. ]. Reprod. Dew.
57(1): 72-75. https://doi.org/10.1262/jrd.10-022T

*Reese ST, Pereira MHC, Vasconcelos JL.M, Pohler KG (2016).
Pregnancy associated glycoprotein (PAG) concentrations
in early gestation from dairy heifers undergoing embryo
transfer. Paper presented in ASAS- ADAS Joint Annu.
Meet., Salt Lake City, Utah. Champaign. https://doi.
org/10.2527/jam2016-1141

*Sadeghi S, Malekil LA, Nozari S, Majidi ] (2018).
Methodological approach for production and purification
of polyclonal antibody against dog IgG. Vet. Res. Forum.
9:13-18.

*Samik A (2010). Identifikasi pregnancy speciific protein B
(PSBB) dari placenta foetalis (Cotyledon) Sapi FH. J. Vet.
Med. 3(1): 75-80.

*Sasser RG, Ruder CA, Ivani KA, Butler JE, Hamilton WC
(1986). Detection of pregnancy by radioimmunoassay of a
novel pregnancy-specific protein in serum of cows and profile
of serum concentration during gestation. Biol. Reprod. 35:
936 - 942. https://doi.org/10.1095/biolreprod35.4.936

*Siregar TN, Aulanni’am, Linggi Y, Riady G, Hamdan,
Armansyah T (2006). Profile of antibody titre against
inhibin in rabbit following induction of inhibin 32 kDa as
vaccine candidate for induction of superovulation. J. Sain.
Vet. 24: 32-41.

*Szenci O, Beckers JF, Humblot P, Sulon J, Sasser G, Taverne
MAM, Varga J, Baltusen R, Schekk G (1998). Comparison
of ultrasonography, bovine pregnancy-specific protein
band bovine pregnancy-associated glycoprotein 1 tests for
pregnancy detection in dairy cows. Theriogenology. 50(1):
77-88. https://doi.org/10.1016/50093-691X(98)00115-0

*Telugu BP, Walker A, Green ] (2009). Characterization of
the bovine pregnancy-associated glycoprotein gene family.
Analysis of gene sequences, regulatory regions within the
promoter and expression of selected genes. BMC Genomics.
10: 185-202. https://doi.org/10.1186/1471-2164-10-185

*Wallace RM, Pohler KG, Smith MF, Green JA (2015). Placental
pags: gene origins, expression patterns, and use as markers
of pregnancy. Reproduction. 149(3): R115-26. https://doi.
org/10.1530/REP-14-0485

*Xie S, Low BG, Nagel RJ (1991). Identification of the major
pregnancy-specific antigens of cattle and sheep as inactive
members of the aspartic proteinase family. Proc. Natl. Acad.
Sci. USA 88: 10247 — 10251. https://doi.org/10.1073/
pnas.88.22.10247

*Zoli AP, Guilbault LA, Delahaut P, Ortiz WB, Beckers JF
(1992). Radioimmunoassay of a bovine pregnancy-associated
glycoprotein in serum: Its application for pregnancy

diagnosis. Biol. Reprod. 46: 83-92.

September 2020 | Volume 8 | Issue 8 | Page 838

=SS


https://doi.org/10.2460/javma.235.3.292
https://doi.org/10.2460/javma.235.3.292
https://doi.org/10.1095/biolreprod26.5.925
https://doi.org/10.1111/j.1439-0531.2007.00941.x
https://doi.org/10.1111/j.1439-0531.2007.00941.x
https://doi.org/10.1111/j.1439-0531.2006.00834.x
https://doi.org/10.3168/jds.2009-2120
https://doi.org/10.1002/9781119265306
https://doi.org/10.1095/biolreprod61.4.1056
https://doi.org/10.1095/biolreprod61.4.1056
https://doi.org/10.1128/IAI.00122-11
https://doi.org/10.3168/jds.S0022-0302(07)72628-0
https://doi.org/10.1262/jrd.10-022T
https://doi.org/10.2527/jam2016-1141
https://doi.org/10.2527/jam2016-1141
https://doi.org/10.1095/biolreprod35.4.936
https://doi.org/10.1016/S0093-691X(98)00115-0
https://doi.org/10.1186/1471-2164-10-185
https://doi.org/10.1530/REP-14-0485
https://doi.org/10.1530/REP-14-0485
https://doi.org/10.1073/pnas.88.22.10247
https://doi.org/10.1073/pnas.88.22.10247

