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Abstract. 	We	examined	the	effects	of	human	chorionic	gonadotropin	(hCG)	treatment	on	Day	5	(Day	0	=	day	of	artificial	
insemination:	AI)	and	intravaginal	progesterone	device	(IVPD)	treatment	from	Day	5	to	19	on	the	conception	and	detection	
rates	of	return	to	estrus	(re-estrus)	in	lactating	dairy	cows.	A	total	of	306	cows	from	a	commercial	dairy	farm	were	divided	
into	 the	following	three	groups	on	Day	5:	non-treatment	group	(n	=	128),	untreated;	hCG	group	(n	=	71),	3,000	IU	hCG	
was	administered	(intramuscularly);	IVPD	group	(n	=	107),	IVPD	was	inserted	into	the	vagina	from	Day	5	to	19.	Re-estrus	
detection	was	performed	up	to	Day	25.	Pregnancy	was	diagnosed	by	rectal	palpation	between	Day	50	and	60.	There	was	an	
interaction	between	treatment	and	AI	number	(P	<	0.01)	on	the	conception	rate	of	first-AI.	For	cows	with	more	than	three	AIs,	
the	IVPD	treatment	(66.7%)	was	more	effective	than	the	non-treatment	(23.1%)	(P	<	0.05).	The	re-estrus	detection	rate	was	
significantly	(P	<	0.05)	higher	in	the	IVPD	group	(60.7%)	than	that	in	the	non-treatment	group	(41.4%)	and	tended	(P	<	0.1)	
to	be	higher	than	that	in	the	hCG	group	(37.8%).	Our	results	suggested	that	the	conception	rate	can	be	improved	by	IVPD	
treatment,	especially	in	cows	with	more	than	three	AIs.	In	addition,	IVPD	treatment	can	induce	higher	estrus	expression	up	to	
25	days	after	AI	in	non-pregnant	cows.
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The	improvement	and	maintenance	of	high	reproductive	perfor-
mance	in	lactating	dairy	cows	are	important	for	the	dairy	industry	

[1].	However,	one	of	the	factors	that	can	decrease	reproductive	
performance	is	the	existence	of	repeat	breeder	cows,	which	are	defined	
as	cows	that	do	not	get	pregnant	after	three	artificial	inseminations	
(AIs)	without	any	detectable	abnormalities	in	their	genital	tracts	and	
with	apparently	normal	estrous	cycles	[2].	Although	the	causes	of	
repeat	breeder	cows	are	various,	such	as	subdued	luteinizing	hormone	
[3],	lower	oocyte	competence	[4],	and	alteration	of	endometrial	
function	[5],	lower	plasma	progesterone	(P4)	concentrations	after	
AI	is	one	of	the	causes	of	repeat	breeder	dairy	cows	[6].	To	increase	
plasma	P4	concentrations	for	higher	fertility	after	AI,	human	chorionic	
gonadotropin	(hCG)	[7–10]	or	intravaginal	P4	device	(IVPD)	[11–13]	
treatment	during	the	early	luteal	phase	(3–10	days	after	AI)	have	been	
used	in	many	studies.	hCG	has	a	luteinizing	hormone-like	effect	in	

cattle	[14]	and	induces	the	ovulation	of	the	dominant	follicle	(DF)	and	
forms	an	accessory	corpus	luteum	(CL),	with	a	subsequent	increase	of	
plasma	P4	concentration	in	cattle	[10].	Treatment	of	IVPD	increases	
plasma	P4	concentration	immediately	after	insertion	into	the	vagina	
[15].	Although	plasma	P4	level	gradually	decreases	after	some	time,	
it	maintains	a	certain	level	as	the	luteal	phase	beyond	two	weeks	
[16].	In	addition,	plasma	P4	concentration	rapidly	decreases	to	the	
basal	level	when	the	IVPD	is	removed	[17].	Although	the	utility	of	
hCG	[18]	and	IVPD	[19]	treatments	for	repeat	breeder	cows	have	
been	investigated	after	the	early	luteal	phase,	it	is	also	important	to	
compare	the	effects	of	IVPD	and	hCG	treatments	on	the	conception	
rate	of	repeat	breeder	cows	because	clinicians	need	to	know	which	
treatment	is	more	effective	for	repeat	breeder	cows	in	the	clinical	
situation.	Although	previous	study	compared	the	effect	of	hCG	and	
IVPD	treatments	on	the	conception	rates	in	repeat	breeder	cows	
[20],	it	has	not	been	well	compared	the	effects	of	IVPD	and	hCG	
treatments	on	the	conception	rates	in	normal	and	repeat	breeder	cows.
The	estrus	detection	rate	is	one	of	the	most	important	factors	to	

improve	the	reproductive	performance	of	non-pregnant	cows	[21].	
High-yield	lactating	dairy	cows	have	decreased	expression	and	
duration	of	estrus	[22],	which	can	lead	to	a	lower	estrus	detection	rate.	
To	improve	the	synchronization	of	the	return	to	estrus	(re-estrus)	and	
increase	the	re-estrus	detection	rate	in	non-pregnant	cows,	IVPD	was	
inserted	from	14	to	21	days	after	AI	[23,	24].	However,	the	conception	
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rate	of	re-estrus	was	lower	when	IVPD	was	removed	on	21	and	22	
days	compared	to	19	and	20	days	after	AI	[24].	From	these	results,	
the	earlier	removal	of	IVPD	might	achieve	a	sufficient	conception	
rate	for	AI	of	re-estrus.	On	the	other	hand,	hCG	treatment	5	days	
after	estrus	have	more	three	waves	and	the	third	wave	DF	ovulate	in	
heifers	[25]	and	cows	with	three	waves	have	longer	estrous	cycles	
than	those	with	two	waves	in	lactating	dairy	cows	[26];	therefore,	the	
timing	of	re-estrus	might	be	different	between	non-treatment	and	hCG	
treatment,	which	might	affect	the	re-estrus	detection	rate.	However,	
the	re-estrus	detection	rate	has	not	been	thoroughly	examined	after	
AI	with	hCG	treatment	during	the	early	luteal	phase.
Therefore,	the	objective	of	the	present	study	was	to	evaluate	the	

effects	of	hCG	treatment	at	5	days	and	IVPD	treatment	from	5	to	
19	days	after	AI	(first-AI)	on	the	conception	rate,	detection	rate	of	
re-estrus,	conception	rate	of	re-estrus	(second-AI),	and	cumulative	
pregnancy	rate	(first	+	second-AI)	in	normal	and	repeat	breeder	
lactating	dairy	cows.	This	research	will	introduce	an	effective	treatment	
option	for	higher	conception	and	re-estrus	detection	rates	in	repeat	
breeder	lactating	dairy	cows.

Materials and Methods

Animals and management
Postpartum	lactating	Holstein	dairy	cows	(n	=	306)	at	a	commercial	

dairy	farm	in	Hokkaido,	northeast	Japan,	were	used	for	this	study	
(Parity:	2.6	±	1.5,	Days	in	milk:	151.0	±	81.8,	Previous	AI	number:	
2.3	±	2.0;	mean	±	SD).	The	trial	was	conducted	from	May	2009	to	
February	2011.	All	cows	underwent	regular	estrous	cycles	and	were	
evaluated	as	clinically	healthy	during	the	breeding	period.	Cows	did	
not	get	pregnant	after	three	AIs	without	detectable	abnormalities	
in	their	genital	tracts	were	defined	as	“repeat	breeder	cows”.	The	
cows	were	kept	in	a	free-stall	barn	and	fed	a	total	mixed	rations	diet	
consisting	of	corn	silage,	grass	silage,	soybean	meal,	corn	grain,	and	
concentrate,	with	free	access	to	water.	All	cows	were	milked	thrice	
daily.	The	mean	annual	milk	production	during	the	study	period	was	
10,350	kg	per	cow.	A	voluntary	waiting	period	was	set	at	40	days	after	
parturition.	The	experimental	procedures	complied	with	the	Guide	
for	the	Care	and	Use	of	Agricultural	Animals	of	Obihiro	University.

Experimental design
Cows	were	inseminated	(first-AI)	after	spontaneous	estrus	which	

was	detected	by	visual	observations	by	farm	staff	including	standing	
heat,	mounting	to	other	cows,	sniffing	the	vagina	of	other	cow,	
swelling	or	hyperemia	of	the	vagina,	and	mucous	from	the	vagina.	
In	addition,	estrus	was	evaluated	by	rectal	palpation	to	confirm	the	
preovulatory	follicle	and	regressed	CL	by	artificial	inseminator	or	
veterinarian.	On	Day	5	(day	of	first-AI	=	Day	0),	the	cows	were	
divided	into	the	following	three	groups:	non-treatment	group	(n	=	
128),	which	received	no	treatment;	hCG	group	(n	=	71),	3,000	IU	hCG	
(Gestron	1500;	Kyoritsu	Seiyaku,	Tokyo,	Japan)	was	administered	
intramuscularly;	IVPD	group	(n	=	107):	controlled	internal	drug	release	
(CIDR:	CIDR	1900;	Zoetis	Japan,	Tokyo,	Japan)	insertion	from	Day	
5	to	19.	To	decrease	bias,	we	divided	the	groups	by	parity	(1,	2,	and	
≥	3)	and	AI	number	(≤	3,	>	3)	blocked	by	each	month.	Pregnancy	
was	determined	by	rectal	palpation	between	Day	50	and	60.	If	estrus	
was	detected	before	the	pregnancy	diagnosis,	it	was	concluded	that	

the	cow	was	not	pregnant.	The	conception	rate	was	calculated	by	
dividing	the	number	of	pregnant	cows	by	the	total	number	of	cows	
enrolled	in	the	study.	Re-estrus	was	detected	by	visual	observation	
until	the	next	estrus	was	observed	in	the	non-pregnant	cows	from	
14	days	after	the	first-AI.	When	estrus	was	detected	up	to	Day	25,	
AI	(second-AI)	was	conducted,	and	pregnancy	was	determined	by	
rectal	palpation	50	to	60	days	after	the	second-AI.	Figure	1	shows	
a	schematic	diagram	of	the	experimental	model.
We	collected	blood	samples	from	the	tail	vein	with	a	heparinized	

tube	(Venoject	II,	VP-H100K,	Terumo,	Tokyo,	Japan)	on	Day	5	and	
6	in	the	non-treatment	(n	=	8),	hCG	(n	=	7),	and	IVPD	(n	=	6)	groups	
for	measuring	plasma	P4	concentration.	In	addition,	blood	samples	
were	collected	from	cows	with	more	than	three	AIs,	and	we	divided	
randomly	to	the	non-treatment,	hCG,	and	IVPD	groups.	Blood	
samples	were	collected	immediately	before	treatment	on	Day	5	and	
were	collected	again	22–26	h	after	the	first	blood	sample	collection	
on	Day	6.	Blood	was	separated	by	centrifugation	(2000	×	g	for	20	
min	at	4°C)	and	frozen	at	−30°C	until	analysis.

Plasma P4 concentration assay
Plasma	P4	concentrations	were	determined	in	duplicate	using	

a	double-antibody	enzyme	immunoassay,	according	to	previously	
established	procedures	[27].	Assays	were	performed	after	extraction	
with	diethyl	ether.	The	recovery	rate	of	P4	was	83%.	The	standard	
curve	ranged	from	0.05	to	50	ng/ml.	The	ED50	of	the	assay	was	
2.2	ng/ml.	The	intra-	and	inter-assay	CVs	were	6.8%	and	11.4%,	
respectively.

Fig. 1.	 Schematic	 diagram	 of	 the	 experimental	 model.	 The	 day	 of	
artificial	 insemination	 [first-artificial	 insemination	 (AI)]	 was	
defined	 as	 Day	 0.	 Untreated	 was	 defined	 as	 “non-treatment”.	
Human	 chorionic	 gonadotropin	 (hCG)	 (3,000	 IU)	 was	 treated	
intramuscularly	 on	 Day	 5	 in	 “hCG	 group”.	 Intravaginal	
progesterone	 device	 (IVPD)	was	 inserted	 from	Day	 5	 to	 19	 in	
“IVPD	group”.	Estrus	detection	was	performed	from	14	days	after	
first-AI.	AI	was	performed	when	the	estrus	was	detected	up	to	Day	
25	 (second-AI).	 Pregnancy	was	 determined	 by	 rectal	 palpation	
between	50	and	60	days	after	AI.	PD,	Pregnancy	diagnosis.
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Statistical analysis
All	statistical	analyses	were	performed	using	EZR	(version	1.50,	

Saitama	Medical	Center,	Jichi	Medical	University,	Saitama,	Japan),	
which	is	a	graphical	user	interface	for	R	(The	R	foundation	for	
Statistical	Computing,	Vienna,	Austria).	More	precisely,	it	is	a	modified	
version	of	R	commander	designed	to	add	statistical	functions	that	
are	frequently	used	in	biostatistics	[28].
Data	of	plasma	P4	concentration	changed	from	Day	5	to	6	and	

days	of	re-estrus	from	first-AI	were	confirmed	to	follow	a	normal	
distribution	by	Shapiro-Wilk	normality	test	and	were	analyzed	by	
Bartlett’s	test	to	verify	homogeneity	of	variances.	From	the	results	
of	Bartlett	test’s,	variances	were	not	equal	among	the	three	treat-
ment	groups	in	both	plasma	P4	concentrations	change	and	days	of	
re-estrus	from	first-AI.	Therefore,	Kruskal-Wallis	test	was	used	to	
determine	the	main	effect	of	treatment	(non-treatment	vs.	hCG	vs.	
IVPD).	When	a	treatment	effect	was	significant,	Holm’s	test	was	
used	as	a	multiple	comparison	test	to	detect	significant	differences	
among	treatment	groups.
Binary	outcomes	(conception	rate	of	first-AI,	re-estrus	detection	

rate,	conception	rate	of	second-AI,	and	cumulative	pregnancy	rate	
[proportion	of	pregnant	cows	combined	of	first-	and	second-AI])	
were	analyzed	using	multiple	binary	logistic	regression.	Pregnancy	
status	(non-pregnant;	0,	pregnant;	1)	and	re-estrus	detection	status	
(non-detected;	0,	detected;	1)	were	analyzed	as	a	dependent	vari-
able.	To	investigate	the	efficiency	of	re-estrus	detection,	re-estrus	
detected	up	to	Day	25	was	defined	as	“detected”	and	others	were	
defined	as	“non-detected”.	The	independent	variables	were	treatment	
(non-treatment,	hCG,	and	IVPD),	parity	(<	3,	≥	3),	days	in	milk	
at	first-AI	(<	150	days,	≥	150	days),	AI	number	(≤	3,	>	3)	and	the	
interactions	between	treatment	and	each	independent	variable	were	
incorporated	into	the	logistic	regression	model.	We	classified	parity	
and	days	in	milk	into	two	groups	with	the	mean.	The	final	model	
for	each	outcome	was	selected	by	backward	elimination	of	the	
independent	variables	with	P	>	0.20	and	determination	for	the	lowest	
value	for	the	Akaike	information	criterion.	Treatment	was	forced	
into	all	models.	Final	selected	variables	for	the	logistic	regression	
model	were	treatment,	AI	number,	and	the	interaction	of	treatment	
and	AI	number	for	conception	rate	of	first-AI,	and	treatment,	days	
in	milk	at	first-AI,	and	AI	number	for	re-estrus	detection	rate,	and	
treatment	and	days	in	milk	at	first-AI	for	conception	rate	of	second-AI,	
and	treatment,	AI	number,	and	the	interaction	of	treatment	and	AI	
number	for	cumulative	pregnancy	rate.	Because	of	the	interaction	
of	treatment	and	AI	number	was	significant,	the	conception	rate	of	
first-AI	and	the	cumulative	pregnancy	rate	among	treatments	by	AI	
number	groups	were	compared	using	chi-square	test	with	Holm’s	
adjustment	for	multiple	comparison	test	as	a	post	hoc	test.	In	the	
model	of	the	re-estrus	detection	rate,	because	the	factor	of	treatment	
was	significant,	the	re-estrus	detection	rate	was	assessed	by	chi-square	
test	with	Holm’s	adjustment	for	multiple	comparison	test	as	a	post	
hoc	test	after	multiple	logistic	regression	analysis.
A	P	value	of	<	0.05	indicated	a	significant	difference,	and	a	P	

value	of	<	0.1	indicated	a	tendency.	Data	of	plasma	P4	concentration	
change	are	presented	as	the	mean	±	SEM.

Results

Plasma P4 concentration change from Day 5 to 6 among 
treatments
Analysis	results	the	plasma	P4	concentration	changes	are	shown	

in	Fig.	2.	The	treatment	effect	was	significant	(P	<	0.001).	Plasma	
P4	concentration	change	from	Day	5	to	6	in	the	IVPD	group	was	
significantly	higher	than	that	in	the	non-treatment	group	(P	<	0.05)	
and	tended	to	be	higher	than	that	in	the	hCG	group	(P	<	0.1).	Plasma	
P4	concentration	change	from	Day	5	to	6	in	the	hCG	group	tended	
to	be	higher	than	that	in	the	non-treatment	group	(P	<	0.1).

Factors affecting the conception rate of first-AI
The	logistic	regression	revealed	that	treatment	(P	<	0.1),	AI	number	

(P	<	0.05),	and	their	interaction	(P	<	0.01)	were	associated	with	the	
conception	rate	of	first-AI.	The	conception	rate	of	first-AI	in	the	
IVPD	group	with	>	3	AIs	was	higher	than	that	in	the	non-treatment	
with	>	3	AIs	(P	<	0.05);	however,	there	were	no	differences	among	
the	other	subgroups	(Table	1).
Days	in	milk	at	AI,	parity,	the	interaction	of	treatment	and	days	in	

milk	at	AI,	and	the	interaction	of	treatment	and	parity	were	eliminated	
from	the	final	model.

Days of re-estrus from first-AI in the non-treatent, hCG, and 
IVPD groups in non-pregnant cows
Distributions	of	the	detection	day	of	re-estrus	are	shown	in	Fig.	

3.	Analysis	of	the	days	of	re-estrus	from	first-AI	is	shown	in	Table	
2.	The	treatment	effect	was	significant	(P	<	0.001).	Days	of	re-estrus	
from	first-AI	in	the	IVPD	group	were	significantly	shorter	than	those	
in	the	non-treatment	group	(P	<	0.01)	and	hCG	groups	(P	<	0.05).

Factors affecting the re-estrus detection rate in non-pregnant 
cows
The	logistic	regression	revealed	that	treatment	(P	<	0.05)	was	

Fig. 2.	 Plasma	 progesterone	 (P4)	 concentration	 change	 from	Day	 5	 to	
6	 in	 the	 non-treatment	 (n	=	 8),	 human	 chorionic	 gonadotropin	
(hCG)	(n	=	7),	and	intravaginal	progesterone	device	(IVPD)	(n	
=	6).	groups	Different	superscripts	indicate	difference,	※	P	<	0.1,	 
*	P	<	0.05.	Data	are	shown	as	mean	±	SEM.
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associated	with	the	re-estrus	detection	rate.	The	re-estrus	detection	
rate	in	the	IVPD	group	was	significantly	higher	than	that	in	the	
non-treatment	group	(P	<	0.05)	and	tended	to	be	higher	than	that	in	
the	hCG	group	(P	<	0.1)	(Table	2).
Days	in	milk	at	first-AI	and	AI	number	were	not	associated	with	

the	re-estrus	detection	rate.	Parity,	the	interaction	of	treatment	and	
days	in	milk	at	AI,	the	interaction	of	treatment	and	parity,	and	the	
interaction	of	treatment	and	AI	number	were	eliminated	from	the	
final	model.

Factors affecting the conception rate of second-AI
The	logistic	regression	revealed	that	treatment	and	days	in	milk	

at	AI	were	not	associated	with	the	conception	rate	of	second-AI.	
The	conception	rates	of	second-AI	in	the	non-treatment,	hCG,	and	
IVPD	groups	are	shown	in	Table	2.	Parity,	AI	number,	the	interaction	
of	treatment	and	days	in	milk	at	AI,	the	interaction	of	treatment	
and	parity,	and	the	interaction	of	treatment	and	AI	number	were	
eliminated	from	the	final	model.

Factors affecting the cumulative pregnancy rate
The	logistic	regression	revealed	that	AI	number	(P	<	0.05)	and	the	

interaction	of	treatment	and	AI	number	(P	<	0.05)	were	associated	with	
the	cumulative	pregnancy	rate.	The	cumulative	pregnancy	rate	in	the	
IVPD	group	with	>	3	AIs	was	higher	than	that	in	the	non-treatment	
with	>	3	AIs	(P	<	0.05);	however,	there	were	no	difference	among	
other	sub	groups	(Table	1).
Treatment	was	not	associated	with	the	cumulative	pregnancy	

rate.	Days	in	milk	at	AI,	parity,	the	interaction	of	treatment	and	
days	in	milk	at	AI,	and	the	interaction	of	treatment	and	parity	were	
eliminated	from	the	final	model.

Discussion

The	present	study	revealed	that	IVPD	treatment	from	5	to	19	days	
after	AI	increased	the	conception	rate	of	first-AI,	and	the	cumulative	
pregnancy	rate	in	repeat	breeder	lactating	dairy	cows	(AI	number	
with	more	than	three);	on	the	other	hand,	the	re-estrus	detection	rate	
was	higher	in	IVPD	treatment	regardless	of	the	AI	number.	However,	
hCG	treatment	did	not	affect	the	conception	rate	of	first-AI,	re-estrus	
detection	rate,	and	cumulative	pregnancy	rate	in	the	present	study.
Early	increase	and	higher	level	of	plasma	P4	concentrations	lead	

well	development	of	the	embryo	and	a	higher	secretion	of	interferon-
tau	[29].	Plasma	P4	concentration	change	from	Day	5	to	6	in	the	
IVPD	group	was	significantly	higher	than	that	in	the	non-treatment	
group	and	tended	to	be	higher	than	that	in	the	hCG	group	in	the	
present	study.	Plasma	P4	concentration	increases	by	IVPD	from	5	

Table 1.	 Effect	 of	 the	 interaction	 of	 artificial	 insemination	 (AI)	 number	 and	 treatment	 on	 the	
conception	rate	of	first-AI	and	the	cumulative	pregnancy	rate	in	the	non-treatment,	human	
chorionic	gonadotropin	(hCG),	and	intravaginal	progesterone	(P4)	device	(IVPD)	groups

Parameter AI	number
Group

Non-treatment	1 hCG	2 IVPD	3

First-AI	conception	rate	(%) ≤	3 34.3	ab 37.3	ab 41.3	ab

(35/102) (22/59) (33/80)
>	3 23.1	a 33.3	ab 66.7	b

(6/26) (4/12) (18/27)
Cumulative	pregnancy	rate	(%) ≤	3 43.1	ab 42.4	ab 56.3	ab

(44/102) (25/59) (45/80)
>	3 30.7	a 75.0	ab 66.7	b

(8/26) (9/12) (18/27)
1	Non-treatment:	Untreated	after	first-AI.	2	hCG:	3,000	IU	hCG	was	administered	intramuscularly	
at	 5	 days	 after	 first-AI.	 3	 IVPD:	 IVPD	was	 inserted	 from	 5	 to	 19	 days	 after	 first-AI.	 Different	
superscripts	indicate	difference	within	the	same	parameter.	a,	b:	P	<	0.05.

Fig. 3.	 Distribution	 of	 the	 timing	 of	 re-estrus	 expression	 in	 the	 non-
treatment	 (A),	 human	 chorionic	 gonadotropin	 (hCG)	 (B),	 and	
intravaginal	progesterone	device	(IVPD)	(C)	groups.
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days	after	estrus	advances	the	endometrial	gene	expressions	related	
triglyceride	synthesis	or	glucose	metabolism	and	uptake	in	cattle	
[30,	31].	Because	of	fast	and	higher	increase	of	plasma	P4	concentra-
tion	in	the	IVPD	group,	endometrium	gene	expression,	such	as	the	
association	of	energy	sources	or	contributors	to	histotroph,	might	
enhance	embryo	development	and	interferon-tau	secretion.	Although	
hCG	treatment	could	increase	plasma	P4	concentration,	a	moderate	
increase	during	the	early	luteal	phase	after	hCG	treatment	might	not	
enhance	embryo	development	compared	to	IVPD	treatment.	In	the	
present	study,	IVPD	treatment	had	a	greater	effect	on	increasing	the	
conception	rate	in	cows	with	more	than	three	AIs.	Although	the	causes	
of	repeat	breeder	cows	were	multifactorial	and	various	treatment	
options	for	repeat	breeder	cows	were	investigated,	parthenogenetic	
embryo	transfer	following	AI	increases	the	conception	rate	in	repeat	
breeder	lactating	dairy	cows	in	a	recent	study	[32].	Parthenogenetic	
embryos	show	higher	interferon-tau	mRNA	expression	and	induce	
higher	interferon-tau	stimulated	gene	mRNA	expression	in	the	white	
blood	cells	of	cows	that	was	transferred	parthenogenetic	embryo	in	
the	uterus	[32].	From	these	results,	one	of	the	causes	of	infertility	in	
the	repeat	breeder	cows	might	have	been	a	shortage	of	interferon-tau	
secretion	from	the	embryo.	Therefore,	it	was	speculated	that	IVPD	
treatment	that	induced	greater	embryo	development	with	higher	
interferon-tau	secretion	might	have	contributed	to	an	increase	in	the	
conception	rate	in	repeat	breeder	cows	in	this	study.	The	effects	of	
hCG	treatment	5	days	after	AI	on	fertility	are	not	consistent	between	
studies	[9,	10].	From	a	recent	study,	hCG	treatment	5	days	after	AI	
have	a	beneficial	effect	on	fertility	only	when	the	first	follicular	
wave	DF	(first-wave	DF)	developed	ipsilaterally	to	the	CL	in	the	
ovary	in	lactating	dairy	cows	[33].	In	this	study,	although	we	did	
not	evaluate	the	locational	relationship	of	the	first-wave	DF	and	CL,	
it	is	still	necessary	to	confirm	the	location	of	the	first-wave	DF	and	
CL	for	increasing	the	conception	rate	using	hCG.
The	estrus	detection	rate	of	non-pregnant	cows	was	higher	in	

the	IVPD	group,	due	to	the	tight	synchronization	during	1–3	days	
after	removal	of	IVPD	(Fig.	3);	however,	the	conception	rate	of	the	
second-AI	was	similar	to	that	of	the	non-treatment	and	hCG	groups.	
In	a	previous	study,	insertion	of	IVPD	from	14	to	21	days	after	AI	
improves	the	synchrony	of	re-estrus	during	1–3	days	after	IVPD	
removal	with	slightly	reduced	the	AI	conception	rate	of	re-estrus	[23].	
Another	study	also	reported	that	the	estrus	detection	rate	was	higher	
after	IVPD	removal	at	21	days	compared	to	19	days;	however,	removal	
of	IVPD	between	19	and	20	days	after	AI	increases	the	conception	

rate	of	re-estrus	compared	to	doing	so	between	21	to	22	days	[24].	
It	is	estimated	that	lower	conception	rate	with	removal	between	21	
to	22	was	caused	by	the	development	of	persistent	follicles	resulting	
of	extended	insertion	of	IVPD	[34].	From	these	results,	it	can	be	
concluded	that	to	prevent	lower	conception	rate,	it	is	favorable	to	
remove	IVPD	19	days	after	first-AI.	As	a	result,	the	conception	rate	
of	second-AI	was	similar	to	those	of	the	non-treatment	and	hCG,	
groups	and	the	re-estrus	detection	rate	of	the	IVPD	groups	was	nearly	
1.5	times	higher	than	those	of	the	non-treatment	and	hCG	groups.	
The	higher	estrus	detection	rate	in	the	IVPD	group	might	have	been	
caused	by	tightly	synchronized	estrus;	more	than	50%	of	non-pregnant	
cows	were	in	estrus	during	3	days	after	removal.	The	cause	of	this	
tightly	synchronized	estrus	was	not	clarified	in	the	present	study.	
A	previous	study	showed	that	19%	of	non-pregnant	lactating	dairy	
cows	delay	the	onset	of	luteal	regression,	and	these	non-pregnant	
cows	are	diagnosed	with	the	presence	of	an	embryo	by	pregnancy-
specific	protein	B	at	24	days	after	AI	[35].	In	other	words,	there	are	
a	constant	number	of	non-pregnant	cows	with	delaying	the	onset	of	
luteal	regression	because	of	early	embryo	loss	in	lactating	dairy	cows.	
From	the	results	of	the	present	study,	it	can	be	speculated	that	IVPD	
treatment	from	5	days	after	AI	might	enhance	embryo	development,	
especially	for	lower	quality	embryos,	and	prevent	embryo	mortality.	
As	a	result,	proportion	of	non-pregnant	cows	with	early	embryo	
loss	might	decrease	and	the	proportion	of	non-pregnant	cows	with	
regular	luteal	regression	timing	might	increase;	therefore,	proportion	
of	re-estrus	occurring	around	21	days	after	AI	might	increase	after	
IVPD	treatment.	Another	possible	cause	of	tightly	synchronized	
estrus	was	that	IVPD	treatment	suppressed	the	estrus	expression	of	
non-pregnant	cows	with	regressed	CL	earlier	than	19	days	after	AI.	
Because	some	of	the	non-pregnant	cows	in	the	non-treatment	and	
hCG	groups	expressed	estrus	until	19	days	after	AI	(Fig.	3),	some	
of	non-pregnant	cows	were	already	regressed	CL	and	suppressed	
estrus	expression	until	IVPD	removal.	Therefore,	it	was	speculated	
that	the	non-pregnant	cows	with	early	luteolysis	expressed	estrus	
during	1–3	days	after	IVPD	removal,	and	estrus	expression	might	
be	tightly	synchronized	in	the	IVPD	group.	However,	we	need	
further	research	whether	the	cause	of	the	tightly	synchronized	estrus	
expression	was	brought	by	lower	embryo	mortality	after	maternal	
recognition	period	in	the	IVPD	group	than	that	in	the	non-treatment	
or/and	suppressed	the	estrus	expression	of	non-pregnant	cows	with	
earlier	luteolysis	by	IVPD.
The	higher	conception	rate	of	first-AI	and	higher	re-estrus	detection	

Table 2.	 Median	days	of	re-estrus	from	first-artificial	 insemination	(AI),	 re-estrus	detection	rate,	and	second-
AI	 conception	 rate	 in	 the	 non-treatment,	 human	 chorionic	 gonadotropin	 (hCG),	 and	 intravaginal	
progesterone	(P4)	device	(IVPD)	groups

Parameter Non-treatment	1 hCG	2 IVPD	3

Median	days	of	re-estrus	from	first-AI 
	(Lower	quartile,	Upper	quartile)

30.0	a	(22.5,	48.0) 29.0	a	(24.0,	44.0) 22.0	b	(21,	38.5)

Re-estrus	detection	rate	(%) 41.4	aA	(36/87) 37.8	abA	(17/45) 60.7	bB	(34/56)
Second-AI	conception	rate	(%) 30.6	(11/36) 47.1	(8/17) 35.3	(12/34)
1	Non-treatment:	Untreated	after	first-AI.	2	hCG:	3,000	IU	hCG	was	administered	intramuscularly	at	5	days	after	
first-AI.	3	IVPD:	IVPD	was	inserted	from	5	to	19	days	after	first-AI.	Different	superscripts	indicate	difference	
within	the	same	row.	A,	B:	P	<	0.1,	a,	b:	P	<	0.05.
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rate	led	to	a	higher	cumulative	pregnancy	rate	in	the	IVPD	group,	
especially	in	repeat	breeder	cows.	Therefore,	this	treatment	could	
be	one	of	an	effective	strategy	for	the	reproductive	management	of	
repeat	breeder	cows.
In	conclusion,	the	present	study	demonstrated	that	due	to	higher	

conception	and	re-estrus	detection	rates,	IVPD	treatment	from	5	to	19	
days	after	AI	had	a	beneficial	effect	on	the	reproductive	management	
of	lactating	dairy	cows.	In	addition,	the	effect	of	IVPD	treatment	
on	the	conception	rate	was	more	effective	in	repeat	breeder	cows	
which	were	inseminated	more	than	three	times.

Acknowledgements

The	authors	thank	Prof	K	Okuda	(Okayama	University,	Japan)	
for	the	progesterone	antiserum	and	the	owner	and	staff	of	Dream	
Hill	farm	for	the	use	of	their	cows	and	facilities.	Also,	we	thank	
Zoetis	Japan	(Tokyo,	Japan)	for	donation	of	the	CIDR.

References

 1. Bartlett PC, Kirk JH, Mather EC.	Repeated	insemination	in	Michigan	Holstein-Friesian	
cattle:	Incidence,	descriptive	epidemiology	and	estimated	economic	impact.	Theriogenol-
ogy	1986;	26:	309–322.	[Medline]  [CrossRef]

 2. Yusuf M, Nakao T, Ranasinghe RB, Gautam G, Long ST, Yoshida C, Koike K, 
Hayashi A.	Reproductive	performance	of	repeat	breeders	in	dairy	herds.	Theriogenology 
2010;	73:	1220–1229.	[Medline]  [CrossRef]

 3. Sood P, Zachut M, Dube H, Moallem U.	Behavioral	 and	 hormonal	 pattern	 of	 repeat	
breeder	cows	around	estrus.	Reproduction	2015;	149:	545–554.	[Medline]  [CrossRef]

 4. Sood P, Zachut M, Dekel I, Dube H, Jacoby S, Moallem U.	Preovulatory	follicle	char-
acteristics	and	oocyte	competence	in	repeat	breeder	dairy	cows.	J Dairy Sci	2017;	100:	
9372–9381.	[Medline]  [CrossRef]

 5. Katagiri S, Takahashi Y.	Changes	in	EGF	concentrations	during	estrous	cycle	in	bovine	
endometrium	 and	 their	 alterations	 in	 repeat	 breeder	 cows.	 Theriogenology	 2004;	 62:	
103–112.	[Medline]  [CrossRef]

 6. Kimura M, Nakao T, Moriyoshi M, Kawata K.	Luteal	phase	deficiency	as	a	possible	
cause	of	repeat	breeding	in	dairy	cows.	Br Vet J	1987;	143:	560–566.	[Medline]  [Cross-
Ref]

 7. Schmitt EJ, Diaz T, Barros CM, de la Sota RL, Drost M, Fredriksson EW, Staples 
CR, Thorner R, Thatcher WW.	Differential	response	of	the	luteal	phase	and	fertility	in	
cattle	following	ovulation	of	the	first-wave	follicle	with	human	chorionic	gonadotropin	or	
an	agonist	of	gonadotropin-releasing	hormone.	J Anim Sci	1996;	74:	1074–1083.	[Med-
line]  [CrossRef]

 8. Santos JE, Thatcher WW, Pool L, Overton MW.	Effect	of	human	chorionic	gonadotro-
pin	on	luteal	function	and	reproductive	performance	of	high-producing	lactating	Holstein	
dairy	cows.	J Anim Sci	2001;	79:	2881–2894.	[Medline]  [CrossRef]

 9. Hanlon DW, Jarratt GM, Davidson PJ, Millar AJ, Douglas VL.	The	effect	of	hCG	
administration	five	days	after	insemination	on	the	first	service	conception	rate	of	anestrous	
dairy	cows.	Theriogenology	2005;	63:	1938–1945.	[Medline]  [CrossRef]

 10. Nascimento AB, Bender RW, Souza AH, Ayres H, Araujo RR, Guenther JN, Sartori 
R, Wiltbank MC.	Effect	of	treatment	with	human	chorionic	gonadotropin	on	day	5	after	
timed	 artificial	 insemination	on	 fertility	 of	 lactating	dairy	 cows.	J Dairy Sci	 2013;	96:	
2873–2882.	[Medline]  [CrossRef]

 11. Larson SF, Butler WR, Currie WB.	Pregnancy	rates	in	lactating	dairy	cattle	following	
supplementation	of	progesterone	after	artificial	insemination.	Anim Reprod Sci	2007;	102:	
172–179.	[Medline]  [CrossRef]

 12. Friedman E, Roth Z, Voet H, Lavon Y, Wolfenson D.	Progesterone	supplementation	
postinsemination	improves	fertility	of	cooled	dairy	cows	during	the	summer.	J Dairy Sci 
2012;	95:	3092–3099.	[Medline]  [CrossRef]

 13. Garcia-Ispierto I, López-Gatius F.	 Progesterone	 supplementation	 in	 the	 early	 lu-
teal	phase	after	artificial	insemination	improves	conception	rates	in	high-producing	dairy	
cows.	Theriogenology	2017;	90:	20–24.	[Medline]  [CrossRef]

 14. Price CA, Webb R.	Ovarian	response	to	hCG	treatment	during	the	oestrous	cycle	in	heif-
ers.	J Reprod Fertil	1989;	86:	303–308.	[Medline]  [CrossRef]

 15. Starbuck GR, Mann GE.	Differential	effects	of	exogenous	progesterone	administration	
at	 different	 stages	 of	 the	 luteal	 phase	on	 endogenous	oestradiol	 concentration	 in	 cows.	
Reprod Domest Anim	2010;	45:	283–286.	[Medline]  [CrossRef]

 16. Stock AE, Fortune JE.	Ovarian	follicular	dominance	in	cattle:	relationship	between	pro-
longed	growth	of	the	ovulatory	follicle	and	endocrine	parameters.	Endocrinology	1993;	
132:	1108–1114.	[Medline]  [CrossRef]

 17. Savio JD, Thatcher WW, Morris GR, Entwistle K, Drost M, Mattiacci MR.	Effects	
of	 induction	 of	 low	 plasma	 progesterone	 concentrations	 with	 a	 progesterone-releasing	
intravaginal	device	on	follicular	turnover	and	fertility	in	cattle.	J Reprod Fertil	1993;	98:	
77–84.	[Medline]  [CrossRef]

 18. Alnimer MA, Shamoun AI.	 Treatment	 with	 hCG	 4	 or	 6	 days	 after	 TAI	 to	 improve	
pregnancy	outcomes	in	repeat-breeding	dairy	cows.	Anim Reprod Sci	2015;	157:	63–70.	
[Medline]  [CrossRef]

 19. Villarroel A, Martino A, BonDurant RH, Dèletang F, Sischo WM.	 Effect	 of	 post-
insemination	supplementation	with	PRID	on	pregnancy	in	repeat-breeder	Holstein	cows.	
Theriogenology	2004;	61:	1513–1520.	[Medline]  [CrossRef]

 20. Khoramian B, Farzaneh N, Talebkhan Garoussi M, Mohri M.	Comparison	of	the	ef-
fects	of	gonadotropin-releasing	hormone,	human	chorionic	gonadotropin	or	progesterone	
on	pregnancy	per	artificial	insemination	in	repeat-breeder	dairy	cows.	Res Vet Sci	2011;	
90:	312–315.	[Medline]  [CrossRef]

 21. Heersche G Jr, Nebel RL.	Measuring	efficiency	and	accuracy	of	detection	of	estrus.	J 
Dairy Sci	1994;	77:	2754–2761.	[Medline]  [CrossRef]

 22. Lopez H, Satter LD, Wiltbank MC.	Relationship	between	level	of	milk	production	and	
estrous	behavior	of	lactating	dairy	cows.	Anim Reprod Sci	2004;	81:	209–223.	[Medline]  
[CrossRef]

 23. Chenault JR, Boucher JF, Dame KJ, Meyer JA, Wood-Follis SL.	Intravaginal	proges-
terone	insert	to	synchronize	return	to	estrus	of	previously	inseminated	dairy	cows.	J Dairy 
Sci	2003;	86:	2039–2049.	[Medline]  [CrossRef]

 24. Galvão KN, Santos JEP, Cerri RL, Chebel RC, Rutigliano HM, Bruno RG, Bicalho 
RC.	Evaluation	of	methods	of	 resynchronization	 for	 insemination	 in	cows	of	unknown	
pregnancy	status.	J Dairy Sci	2007;	90:	4240–4252.	[Medline]  [CrossRef]

 25. Diaz T, Schmitt EJ, de la Sota RL, Thatcher MJ, Thatcher WW.	Human	chorionic	
gonadotropin-induced	alterations	in	ovarian	follicular	dynamics	during	the	estrous	cycle	
of	heifers.	J Anim Sci	1998;	76:	1929–1936.	[Medline]  [CrossRef]

 26. Townson DH, Tsang PC, Butler WR, Frajblat M, Griel LC Jr, Johnson CJ, Milvae 
RA, Niksic GM, Pate JL.	 Relationship	 of	 fertility	 to	 ovarian	 follicular	waves	 before	
breeding	in	dairy	cows.	J Anim Sci	2002;	80:	1053–1058.	[Medline]  [CrossRef]

 27. Miyamoto A, Okuda K, Schweigert FJ, Schams D.	Effects	of	basic	fibroblast	growth	
factor,	 transforming	growth	 factor-beta	 and	nerve	 growth	 factor	 on	 the	 secretory	 func-
tion	of	 the	bovine	corpus	luteum	in	vitro.	J Endocrinol	1992;	135:	103–114.	[Medline]  
[CrossRef]

 28. Kanda Y.	 Investigation	of	 the	 freely	 available	 easy-to-use	 software	 ‘EZR’	 for	medical	
statistics.	Bone Marrow Transplant	2013;	48:	452–458.	[Medline]  [CrossRef]

 29. Mann GE, Fray MD, Lamming GE.	Effects	of	time	of	progesterone	supplementation	on	
embryo	development	and	interferon-τ	production	in	the	cow.	Vet J	2006;	171:	500–503.	
[Medline]  [CrossRef]

 30. Forde N, Carter F, Fair T, Crowe MA, Evans AC, Spencer TE, Bazer FW, McBride 
R, Boland MP, O’Gaora P, Lonergan P, Roche JF.	Progesterone-regulated	changes	in	
endometrial	gene	expression	contribute	to	advanced	conceptus	development	in	cattle.	Biol 
Reprod	2009;	81:	784–794.	[Medline]  [CrossRef]

 31. Forde N, Beltman ME, Duffy GB, Duffy P, Mehta JP, O’Gaora P, Roche JF, Lonergan 
P, Crowe MA.	Changes	in	the	endometrial	transcriptome	during	the	bovine	estrous	cycle:	
effect	of	 low	circulating	progesterone	and	consequences	 for	conceptus	elongation.	Biol 
Reprod	2011;	84:	266–278.	[Medline]  [CrossRef]

 32. Funeshima N, Noguchi T, Onizawa Y, Yaginuma H, Miyamura M, Tsuchiya H, Iwata 
H, Kuwayama T, Hamano S, Shirasuna K.	The	 transfer	of	parthenogenetic	embryos	
following	artificial	insemination	in	cows	can	enhance	pregnancy	recognition	via	the	secre-
tion	of	interferon	tau.	J Reprod Dev	2019;	65:	443–450.	[Medline]  [CrossRef]

 33. Miura R, Matsumoto N, Izumi T, Kayano M, Haneda S, Matsui M.	Effects	of	human	
chorionic	 gonadotropin	 treatment	 after	 artificial	 inseminations	 on	 conception	 rate	with	
the	first	follicular	wave	dominant	follicle	in	the	ovary	ipsilateral	to	the	corpus	luteum	in	
lactating	dairy	cows.	J Reprod Dev	2018;	64:	485–488.	[Medline]  [CrossRef]

 34. Mihm M, Baguisi A, Boland MP, Roche JF.	Association	between	the	duration	of	domi-
nance	of	the	ovulatory	follicle	and	pregnancy	rate	in	beef	heifers.	J Reprod Fertil	1994;	
102:	123–130.	[Medline]  [CrossRef]

 35. Wijma R, Stangaferro ML, Kamat MM, Vasudevan S, Ott TL, Giordano JO.	Embryo	
mortality	around	the	period	of	maintenance	of	the	corpus	luteum	causes	alterations	to	the	
ovarian	function	of	lactating	dairy	cows.	Biol Reprod	2016;	95:	112.	[Medline]  [Cross-
Ref]

http://www.ncbi.nlm.nih.gov/pubmed/16726196?dopt=Abstract
http://dx.doi.org/10.1016/0093-691X(86)90150-0
http://www.ncbi.nlm.nih.gov/pubmed/20226515?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2010.01.016
http://www.ncbi.nlm.nih.gov/pubmed/25731187?dopt=Abstract
http://dx.doi.org/10.1530/REP-14-0598
http://www.ncbi.nlm.nih.gov/pubmed/28888606?dopt=Abstract
http://dx.doi.org/10.3168/jds.2017-12973
http://www.ncbi.nlm.nih.gov/pubmed/15159105?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2003.08.019
http://www.ncbi.nlm.nih.gov/pubmed/3427393?dopt=Abstract
http://dx.doi.org/10.1016/0007-1935(87)90047-9
http://dx.doi.org/10.1016/0007-1935(87)90047-9
http://www.ncbi.nlm.nih.gov/pubmed/8726740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8726740?dopt=Abstract
http://dx.doi.org/10.2527/1996.7451074x
http://www.ncbi.nlm.nih.gov/pubmed/11768118?dopt=Abstract
http://dx.doi.org/10.2527/2001.79112881x
http://www.ncbi.nlm.nih.gov/pubmed/15823350?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2004.09.002
http://www.ncbi.nlm.nih.gov/pubmed/23453519?dopt=Abstract
http://dx.doi.org/10.3168/jds.2012-5895
http://www.ncbi.nlm.nih.gov/pubmed/17433581?dopt=Abstract
http://dx.doi.org/10.1016/j.anireprosci.2007.02.023
http://www.ncbi.nlm.nih.gov/pubmed/22612945?dopt=Abstract
http://dx.doi.org/10.3168/jds.2011-5017
http://www.ncbi.nlm.nih.gov/pubmed/28166969?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2016.11.006
http://www.ncbi.nlm.nih.gov/pubmed/2754650?dopt=Abstract
http://dx.doi.org/10.1530/jrf.0.0860303
http://www.ncbi.nlm.nih.gov/pubmed/19144035?dopt=Abstract
http://dx.doi.org/10.1111/j.1439-0531.2008.01291.x
http://www.ncbi.nlm.nih.gov/pubmed/8440173?dopt=Abstract
http://dx.doi.org/10.1210/endo.132.3.8440173
http://www.ncbi.nlm.nih.gov/pubmed/8345482?dopt=Abstract
http://dx.doi.org/10.1530/jrf.0.0980077
http://www.ncbi.nlm.nih.gov/pubmed/25890835?dopt=Abstract
http://dx.doi.org/10.1016/j.anireprosci.2015.03.016
http://www.ncbi.nlm.nih.gov/pubmed/15036981?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2003.09.001
http://www.ncbi.nlm.nih.gov/pubmed/20557917?dopt=Abstract
http://dx.doi.org/10.1016/j.rvsc.2010.05.025
http://www.ncbi.nlm.nih.gov/pubmed/7814744?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(94)77218-0
http://www.ncbi.nlm.nih.gov/pubmed/14998648?dopt=Abstract
http://dx.doi.org/10.1016/j.anireprosci.2003.10.009
http://www.ncbi.nlm.nih.gov/pubmed/12836940?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(03)73793-X
http://www.ncbi.nlm.nih.gov/pubmed/17699043?dopt=Abstract
http://dx.doi.org/10.3168/jds.2007-0094
http://www.ncbi.nlm.nih.gov/pubmed/9690649?dopt=Abstract
http://dx.doi.org/10.2527/1998.7671929x
http://www.ncbi.nlm.nih.gov/pubmed/12008660?dopt=Abstract
http://dx.doi.org/10.2527/2002.8041053x
http://www.ncbi.nlm.nih.gov/pubmed/1431675?dopt=Abstract
http://dx.doi.org/10.1677/joe.0.1350103
http://www.ncbi.nlm.nih.gov/pubmed/23208313?dopt=Abstract
http://dx.doi.org/10.1038/bmt.2012.244
http://www.ncbi.nlm.nih.gov/pubmed/16624716?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2004.12.005
http://www.ncbi.nlm.nih.gov/pubmed/19553605?dopt=Abstract
http://dx.doi.org/10.1095/biolreprod.108.074336
http://www.ncbi.nlm.nih.gov/pubmed/20881316?dopt=Abstract
http://dx.doi.org/10.1095/biolreprod.110.085910
http://www.ncbi.nlm.nih.gov/pubmed/31378757?dopt=Abstract
http://dx.doi.org/10.1262/jrd.2019-026
http://www.ncbi.nlm.nih.gov/pubmed/30158371?dopt=Abstract
http://dx.doi.org/10.1262/jrd.2017-136
http://www.ncbi.nlm.nih.gov/pubmed/7799304?dopt=Abstract
http://dx.doi.org/10.1530/jrf.0.1020123
http://www.ncbi.nlm.nih.gov/pubmed/27707711?dopt=Abstract
http://dx.doi.org/10.1095/biolreprod.116.142075
http://dx.doi.org/10.1095/biolreprod.116.142075

