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1-Pregnancy associated glycoproteins (PAGS)
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Figure 1- Comparison of commercial kit and nano-Kkit in measuring various concentration of PAG1

] sloglS )3 LoasSly PAGL calé oty 159, 45 3l i
.(P < ’/”\) .))1.) )1)9 r.u.MJ T )9) )AJLLA}U
g oyl slmglS 3 PAGL cclale el s aq, ¥ JSi
Yy 39y )0 B o uLMJ ‘) B35kes u.‘?l; uw];' 39) G as u.:hbglf
2 353l ] gl 5l ey £0 59y b 4 slagls il 5l ey
PAGL clale 59 aid cawdjl by ol 457 Slagls b aulio
O V¥ 595  PAGL cllale (Y USCs) cuslys (o)l gme cuglas
Gl 5l e P 59y L il Yo gy Slaj ol 3 o alagls

595 3 lewdly PAGL clale ailjg) ol s X9, () jolatods

(¥ JSs) s g puSejlnl cuS gl 5l el b (il pSidnis 48
5l &7—“*’.1 gl ed slowd ;3 PAGL clale o i3l ooyl
aeldl g8l Sl ey Yo 59y B (odul8l g, cpl 5 A5 9,5 VY g,
Laodls 5JUT cpimman () JS0i) cusls (o3gm0 por uidls I



VYO ol jaliody (ool b o yo (i 9 05lS (5301 S ol i 381

INYNGIML) ¥¥ il 59, 53 il slaglS ;5 PAGL clale
ciglds (/¥ £/VY NG/ML) (ol Yo 5o, b aulis > (V/YAE
(F JS5) (P < o/e0)) cils (o)l sixe

U]

F o
o il
[P

o g S Sl
e

bl
(=
PAGI Conecentration (ng/ml}
4

4

-
0

—

v
/

g5 ) ez 50 B Y 0l 5 45 _olnglS b dunlie 3 e ]
5 (P < o/+0) cuily (o)l gixo coglds gy b yams;] o] ian]
A |, 9 VAT NG/ML ) iy PAGL clalé (gl 45 lagls
Cried A5ble (Bb yi] il 5 g £ 59, U olseb] o)y

18 1% 200 21 22 23

24 25 I8 27 28 29 30

Days of Gestation

|

03] o (sl T+ g 5 9 D s jho g, 13 & cplile (650d Slagls 5> (Tl Yo BIA g, 5l Lawdly sladiges )> PAGL clale ($SE) (pSike -Y JS
(P < oo0) skl 5Ll sl YY o, 0 PAGL clale j> iol3sl gl asily

Figure 2- Mean (+SE) plasma concentrations of PAG1 from day 18 to 30 of gestation in Holstein dairy cows that received Al on day

0 and had a viable embryo on day 30 of gestation. The first increase in PAG1 concentration occurred on day 22 of gestation (P<0.05).
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Figure 3- Mean (+SE) plasma concentrations of PAG1 from day 20 to 30 of gestation in dairy cows that received Al on day 0 and

was pregnant on day 60 of gestation or lost pregnancy (Nonpregnant). Concentration of PAG1 on day 24 was significantly different
between pregnant and non-pregnant cows (P <0.05).
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Figure 4- Mean (+SE) plasma concentrations of PAG1 on days 24 and 30 after Al in dairy cows that received Al on day 0 and had a

viable embryo on day 30 of gestation. PAG1 concentration on day 24 had significant difference compared with day 30 of gestation (P
< 0.0001). a,b denote a significant difference.
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Figure 6- Mean plasma concentrations of PAG1 (mean + SEM) on day 24 of gestation in dairy cows that received Al on day 0 and
diagnosed pregnant on day 24 of gestation and either maintained or experienced embryonic mortality by day 30. Holstein cows that

experienced late embryonic mortality by day 30 of gestation had decreased (P < 0.0001) circulating concentrations of PAG1 on Day
24 compared with cows that maintained an embryo until Day 30. a,b denote a significant difference.
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Table 1- Diagnosis of early pregnancy in Holstein dairy cows by means of commercial kit and nano -kit and progesterone
concentration (P4) on days 24 and 30 after Al.

Pregnancy diagnosis on day 24

Pregnancy diagnosis on day 30

Item YE 9 90 (oounn] Qawduid Yo 595 90 (ooumt] Qausuid
2,90 P4 kit Nano —kit Commercial kit Nano —kit
O oS b s 8,5 e b s

A 26 25 25 24
B 9 4 3 3
Cc 19 24 24 26
D 0 1 2 1
Sensitivity (%) 1 )
sl 00 96 9 96
Specificity (%)
polais] 67 85 88 89
Positive predictive value (%)
i o e 74 86 89 88
Cute (St U0))
Negative predictive value (%)

el ] 100 96 92 96
R (PRUME UP))
Overall accuracy (%)

83 90 90 92

S5 cds

st g Conydb Gaseis 1D ¢l it Conyd s (O ¢ ] Con b (et 10 ¢ ] Conyd Gasis (A
A: diagnosis of pregnancy corrects; B: diagnosis of pregnancy incorrect; C: diagnosis of no pregnancy corrects; D: diagnosis
of no pregnancy incorrect. Sensitivity = 100 x a/a + d; specificity = 100 x c/c + b; positive predictive value = 100 x a/a + b;
negative predictive value = 100 x c/c + d.; overall accuracy =a + c/a+b + ¢ + d x 100.
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Introduction Early pregnancy diagnosis is a key factor in shortening the calving interval through
identifying the non-pregnant animals to rebreed them at the earliest time after artificial insemination (Al).
Bovine pregnancy-associated glycoproteins (PAGs) are produced by mono- and binucleated trophoblastic cells
of the pregnant cow’s placenta. Detection of PAG in the maternal circulation has been used to accurately
diagnose pregnancy. Several studies have used commercial PAG tests to determine pregnancy status in dairy
cows and heifers. Pregnancy-specific protein B (PSPB) or PAG1 was the first identified member of the PAG
family and commercial diagnostic kits still utilize PAG1 as a pregnancy marker. In recent years, the use of

nanoparticles in immunosensors has been increased their sensitivity and increased the traceability of antigen-
antibody responses. Due to the limitation of using ultrasound and other methods for pregnancy diagnosis in the
first 30 days after inoculation, the aim of this study was to apply the pregnancy-associated glycoprotein detection
method in order to reduce the time of pregnancy diagnosis. For this purpose, a sandwich ELISA immunosensor
was designed for the detection of PAGs and named Nano-kit.

Materials and Methods Magnetic nanoparticles were used to enhance the contact area between antibodies
and antigens. Streptavidin and biotin were used for their high binding affinity to bind the antibodies and enzymes
to nanomagnet. The synchronization technique and artificial insemination (Al) was performed in Holstein dairy
cows (n = 58). Pregnancy status was determined by transrectal ultrasonography (30 days after Al). Furthermore,
transrectal palpation was carried out by a skilled veterinarian on day 60 after Al to determine the pregnancy
status of cows which were previously detected as pregnant. For PAG1 analysis, blood samples (10 mL) were
collected daily from 18 to 30 days after Al. Blood samples were collected by venipuncture from the tail vein into
evacuated tubes containing EDTA as an anticoagulant and were processed 1-3 h after sampling. The samples
were centrifuged and plasma samples were transferred to fresh tubes and were stored at —20°C until they were
assessed. Plasma concentrations of PAG1 were determined by nano- kit and commercial kit. Differences in the
level of PAG-1 were evaluated by repeated measures ANOVA (SAS 9.4) over days of sampling (18 to 30).
Values of PAG-1 in pregnant cows were considered as the reference. Data were presented as means = SD and
differences were considered significant at P<0.05.

Results and Discussion By doing Ovsynch protocol, of the 54 cows enrolled in the first Al, 48% (26/54) of
synchronized cows were diagnosed pregnant 30 days after Al using transrectal ultrasonography. From day 30 to
60 after Al, 73% (19/26) of cows maintained pregnant and the pregnancy loss from day 32 to 60 after Al was
17% (7/26). Measurement of different concentrations of PAG1 (standards) using a commercial kit and nano-Kkit
showed that nano-kit were more sensitive than the commercial kit and detected a concentration of 0.03 ng/mL.
The first increase in plasma concentration of PAG1 occurred on d 23 after Al in pregnant cows and PAG1
concentration in serum increased from d 22 to 30 after Al and it was affected by day (P < 0.001). Cows
diagnosed as pregnant on day 60 after Al had a higher PAG concentration on day 24 compared with cows that
were diagnosed as non-pregnant (2.28 + 0.15 ng/mL vs 0.7 + 0.18 ng/mL, respectively; P < 0.001). Accuracy in
predicting pregnancy at day 24 of gestation based on circulating concentration of PAGs was 95 % for 1.93
ng/mL. Generally, based on the results of this study, the cows with mean PAG1 concentration more than 2.28 +
0.07 ng/mL on 24 and mean PAG1 concentration more than 9.2 + 0.07 ng/mL on day 30 of pregnancy, remained
pregnant until day 60 of pregnancy. Furthermore, in cows diagnosed pregnant on day 24 of pregnancy but were
not pregnant on day 30 after Al, blood plasma PAG1 concentration on day 24 after Al was 1.03 + 0.66 ng/ml.

Conclusion Based on these results, PAG concentrations at day 24 of gestation are higher in pregnant
compared to non-pregnant dairy cows and could be applied in diagnosing pregnancy at day 24 of gestation;
however, further study is needed to determine the potential of PAG1 in pregnancy diagnosis in dairy cows.

Key words: Abortion, Glycoprotein, Nano-kit, Pregnant cow.
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