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ABSTRACT

This study evaluated estrus synchronization protocols using estradiol (E2), progesterone (P4)
and human chorionic gonadotropin (hCG) in dairy cows. Fifteen Holstein-Friesian crossbred cows were
randomly divided into three groups: Group 1 (E2+P4, n=5); Group 2 (E2+P4+hCG, n=5); and Group 3
(E2+P4+double dose hCG, n=5). On day 0, cows received intramuscular (IM) injections of estradiol
benzoate (2 ml, 1 mg/ml) and insertion of a progesterone device (CIDR, 1.38 g). On day 7, CIDR was
removed, and cows received prostaglandin (2 ml, 0.25 mg/ml cloprostenol). Additionally, Group 2 received
300 IU hCG on day 7 while Group 3 received 300 IU hCG on days 7 and 8. On day 8, all cows received
estradiol cypionate (1 ml, 1 mg/ml), and artificial insemination was performed on day 10. Results showed
no significant differences (P>0.05) among groups regarding uterine and ovarian characteristics. The
diameter of the largest follicle on day 10 was also not significantly different (P=0.45). On day 20, no
significant differences were found among groups regarding ovulation rate (P=0.72), corpus luteum
diameter (P=0.24), and blood flow score (P=0.26). In conclusion, adding hCG to an E2/P4-based estrus
synchronization protocol did not improve reproductive performance in dairy cows compared to protocols

without hCG.
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Figure 1 Schematic representation of treatment groups used to synchronize dairy cows. CIDR: controlled

Intravaginal drug releasing device (1.38 g progesterone, CIDR®, Zoetis), EB: estradiol benzoate

(2 ml IM, 1 mg/ml estradiol benzoate, Sigma), hCG: humen chorionic gonadotropin (300 IU IM,
1,500 1U/5 ml hCG, Chorulon®, MSD animal health), ECP: estradiol cypionate (1 ml IM, 1 mg/ml

estradiol cypionate, Sigma) PG: prostaglandin (2 ml IM, 0.25 mg/ml cloprostenol, Estrumate®,

MSD animal health), TAI: time artificial insemination, US: B-mode ultrasound
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(Table 1)

Table 1 Study of the uterus characteristics and ovarian components in Holstein crossbred cows following

estrus synchronization protocols using E2+P4, E2+P4+hCG, and E2+P4+double-dose hCG

treatments on day 10

Items E2+P4 E2+P4+ E2+P4+Double SEM  P-value
hCG hCG

Number of animals, n 5 5 5

Diameter of cervix, cm 3.10 2.80 2.83 0.13 0.64

Diameter of uterine horn, cm 1.35 1.18 1.37 0.09 0.73

Diameter of ovary, cm 2.77 297 2.76 0.14 0.87

Area of ovary, cm? 3.85 3.74 3.72 0.41 0.99

Percentage of cow presenting with LF, 60 40 60 - 0.77

% (3/5) (2/5) (3/5)

Diameter of LF, cm 1.34 1.05 1.14 0.08 0.45

Area of LF, cm? 0.91 0.77 0.65 0.10 0.58

Note: SEM = standard error of mean, LF = largest follicle, (n/n) = number of cows presented LF/total number of cows, the diameter

and thickness of the uterine horn and diameter and area of the ovary were measured in relation to the ipsilateral the LF.

NRUaIlUTUATNIR eI NS T uR
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NI NN 1 E2+P4 uaz N§uN 2 E2+P4+hCG 4
Auanaanuad 1 liinasnyneada (P=0.82)
lasfidvinny 100.00 % (5/5 @), 60.00 % (3/5
¢1) LAz 40.00 % (2/5 @) MNS1AL (Table 2)

mM3fnTaluefiiuils wusi ga9taan
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SZU:ﬂﬁiﬁuﬁdﬁL%Qﬂjﬁﬂ@;Nﬁ 2 E2+P4+hCG LAz
mjuﬁ 3 E2+P4+double dose hCG Afuandnani
atshifindAnmeaiia (P=0.46) FafiduvinAu
64.80, 74.40 Uz 79.20 FALay UL

ANTANEILIAN I UATHENLA NN
TUsunsumaniisaiinisiduwdauwoy time Al
wuin Tangufl 3 E2+P4+double dose hCG Hian
UM INENAURRINNAA PGF,q ﬁgandwn@uﬁ
2 E2+P4+hCG Uaz ﬂéjllﬁl 1 E2+P4 Gouanan9ni
ag ldinedayneaiia (P=0.86) davinnu
91.20, 86.40 Wz 86.40 T2l enu&IGU (Table 2)
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Table 2 Study of the estrus expression, standing heat time, time Al and ovulation rate in Holstein crossbred cows
following estrus synchronization protocols using E2+P4, E2+P4+hCG, and E2+P4+double-dose

hCG treatments

Items E2+P4  E2+P4+ E2+P4+ SEM P-
hCG double value
hCG
Number of animals, n 5 5 5
Estrus expression, % 60.00 40.00 100.00 - 0.82
(3/5) (2/5) (5/5)
Onset of standing heat, hr. 64.80 74.40 79.20 4.61 0.46

(after PGF,¢ administration)

Time Al, hr. 86.40 86.40 91.20 3.82 0.86
Ovulation rate, % 80.00 80.00 60.00 - 0.72
(4/5) (4/5) (3/5)

SEM = standard error of mean, (n/n) = number of cows showed estrus or ovulation/total number of cows, ovulation rate was

evaluated by detecting the presence of corpus luteum (CL) in the ovaries on days 7-8 following artificial insemination
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hCG ¢iafWNTWVa corpus luteum ARINAN b
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(cm®) MUSIAU (Table 3)

Azuuuaa9 CL lasmdseifiuasuunns
lratiouvasidon (blood flow score 1-4) @9
(Figure 2) WU Iﬂmju'ﬁ 2 E2+P4+hCG fiazuun
mﬂ%atf‘isumaatﬁa@ﬁganiﬂ mjwﬁ 3
E2+P4+Double Dose hCG uaz Nl 1 E2+P4 i
A lluand9anun19mia (P=0.26) JfLvinny
2.60, 1.80 Uaz 1.60 SNYUEIAL (Table 3)
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Table 3 Evaluation of corpus luteum (CL) quality in Holstein crossbred cows following estrus synchronization

protocols using E2+P4, E2+P4+ hCG, and E2+P4+ double-dose hCG treatments.

Items E2+P4 E2+P4 E2+P4+Double SEM P-
+hCG hCG value

Number of cows, n 5 5 5

Diameter of CL, cm 1.78 2.26 1.92 0.12 0.24

Area of CL, cm? 1.94 2.71 3.1 0.28 0.34

Volume of CL, cm® 3.53 6.26 3.89 0.71 0.24

Blood flow score, 1-4 score 1.60 2.60 1.80 0.26 0.26

Note: SEM = standard error of mean, CL quality was evaluated by B-mode and Doppler ultrasonography on days 7-8 following

artificial insemination, the CL blood flow was assessed using a scoring system from 1 to 4, where score 1 indicates blood

flow covering less than 10% of the CL area, score 2 indicates blood flow covering between 11-30%, score 3 indicates blood

flow covering between 31-50%, and score 4 indicates blood flow covering greater than 51% of the total colored area of the CL.

Score 4 —

Figure 2 Ultrasonographic images illustrating representative CL blood flow scores in Holstein crossbreed

cows. The CL blood flow was assessed using a scoring system from 1 to 4, where score 1

indicates blood flow covering less than 10% of the CL area, score 2 indicates blood flow

covering between 11-30%, score 3 indicates blood flow covering between 31-50%, and score

4 indicates blood flow covering greater than 51% of the total-colored area of the CL.

AuN Y asldsunsumieatinmsiduae
LATAN LU AIY E2+ P4, E2+P4+hCG LA
E2+P4+Double Dose hCG

= A °

INNIANEN IUsuATNNTRTRINNT
L UugaNa19n % I@m&juﬁ 1 E2+P4, nguf 2
E2+P4+hCG Waznaail 3 E2+P4+Double Dose hCG
giaéfunumsmﬁmﬁ’]mﬂﬂué'@ WU é’unumi

whei 9L ué’@maaﬂ@;uIﬂﬁVLéﬁ'un’ﬁmﬁmﬁﬁ

delisunsy E2+P4 ﬁﬁunu@‘imiﬁmjﬂﬂmﬁ%‘u
nsniteaidasTUsunsa E2+P4+hCG uaz
E2+P4+Double Dose hCG A L¥i1N U 2,562. 50,
2,962.50 Uz 3,362.50 UM auA1a L Laddunu
LA udadayinny 512,50, 592.50 uaz 672,50 LN
faf MURIAL LLazﬁ@TunmJaaTﬂsLLﬂsuLmﬁmaﬁw
madusadanmsan (1 WinAy 640.63, 740.63 uaz

1,120.83 LN MURGL (Table 4)
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Table 4 The cost of TAI protocols.

Protocol Cows Cost Cost/Cow Ovulation Average
(n) (Bath) (Bath) (n) Cost/Ovulation
(Bath)
E2 + P4 5 2,562.50 512.50 4 640.63
E2+P4+ hCG 5 2,962.50 592.50 4 740.63
E2+P4+Double Dose hCG 5 3,362.50 672.50 3 1,120.83

Note: The cost of TAI protocol based on hormone market prices available in Thailand during the period of 2024-2025

a ¢
@150k
=1 2 a d'
IINNITANBIAIW LF T wn 10 vad
Tisunsuwiensinmaduaaluadon Iwaawyas
wasisuduasland LF uazuwiavas LF lulens 3

1 =

ﬂqummvl,&il,mﬂ@mﬁ‘u pratfiasmnannlans 3 UbEY
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protocol Lilaunu lasvinmsld ECP #asannnaa
N4 progesterone 24 52139 Tagangununisled
ECP @1un13@n®1989 Colazo et al. (2004) 7i'la
utrsalumsia ECP Gsiimyldnas
no@ CIDR 24 $la9 aziinaTIunIzdn LH il
Aamswawwasasly wanansis mslt ECP
FANILANTZAL estrogen Tunszuadaalw aglu
iz@?’ﬂ‘ﬁ'qd ﬁwamuqﬂﬁ'ﬁmw& LH surge 18
witgimsanly wazTIBRNEATIMIA I8
(Taghizadeh et al., 2024) L‘ﬁlmawmﬂ E2/P4 based
protocol Tumsdnmnasait Aaytuuunsli hee 7
R uan aenanisswanusunsalunis
ﬂi:é;fumiwvwmmaawgavlm@iu ud e lsAau
PNRNTININNANIITNAaas lwnsEnsN A Ii
M3 kilA hee w3a nslA hCG 1 dose w38 hCG
2 dose Muaf luanaanwlueus N mea93s
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FUNTANTILANALANA1IVBILA ez T Usunsud
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Aumsanmnriewntinil Prata et al (2018) idnm

ldsunsumiteimsdusa E2/P4 based protocol

waztlSpuisudssAnT AWl eCG w3a hCG
lwiun 8 vaslisunsumieinmaduaalulaisa
2 =3 v & 1 v
WATAW INNMITANBILRAIALHARIINTIA eCG
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2021; Sartori et al., 2023)
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133N maasuazina lulad yniIngnaunsaseaas 109 14 aUud 3 2568 48

fositsznaunsnidulusiin Wenderumianden
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