
INTRODUCTION

Artificial insemination (AI) is a powerful assisted re-

production technology used in the dairy and beef cattle 

industries. Commonly, ejaculated semen is collected from 

bulls using the artificial vagina method (Vishwanath, 

2003); however this method is not feasible for bulls with 

poor libido or injury. Therefore, the collection of epididy-

mal sperm is recommended as an alternative and rescue 

method for valuable male gametes (Cary et al., 2004). The 
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ABSTRACT    In the present study, we examined if deep uterine artificial insemination 
(DUAI) can improve the pregnancy rate of artificial insemination (AI) using epididymal 
spermatozoa (ES) in Hanwoo cattle. The estrus cycles of 88 Hanwoo cows were 
synchronized, and 17 cows were artificially inseminated using the DUAI method with 
ES, 20 cows were artificially inseminated via the uterine body (BUAI) method with ES, 
and as a control, 51 cows were inseminated by using the BUAI method with ejaculated 
spermatozoa from 1 proven bull after frozen thawing. The pregnancy rate of the 
DUAI method (58.8%) was higher than that of the BUAI method (25.0%, p = 0.0498). 
The motility of ES was examined immediately after thawing and after 3 and 6 h of 
incubation. The rapid progressive sperm motility of the control group was significantly 
higher than that of the ES group immediately after thawing and after 3 and 6 h of 
incubation (p < 0.05). The straight line velocity and average path velocity of the ES 
group after 6 h of incubation were significantly lower than those in the control group 
(p < 0.05). The linearity and amplitude of lateral head of ES were lower than those 
at 6 h (p < 0.05). The flagellar beat cross frequency and hyperactivation of ES were 
lower than the control spermatozoa immediately after thawing and at 3 h (p < 0.05). 
These motility parameters suggested that ES had a low motility and fertilization ability 
compared to the control spermatozoa. After frozen-thawing and 3 h of incubation, the 
percentage of live spermatozoa with intact acrosomes in the ES was significantly lower 
than that in ejaculated spermatozoa (p < 0.05). Our findings suggested that the DUAI 
method can overcome the low pregnancy rate of ES, despite the low motility, viability, 
and fertilization ability of ES.
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fertilization ability of epididymal sperm and the embryo 

developmental competency after fertilization in vitro have 

been demonstrated for bulls (Martins et al., 2007) and fe-

lines (Kunkitti et al.,2016). The fertilization ability of epi-

didymal spermatozoa by AI has also been demonstrated 

in several species, including boars (Okazaki et al., 2012), 

bulls (Kozdrowski et al., 2011), dogs (Hori et al., 2004), 

and felines (Tsutsui et al., 2003). The calving rate after 

AI with epididymal spermatozoa was reportedly 22.2% in 

European bison (Kozdrowski et al., 2011) and 38.9% in 

spotted buffalo (Yulnawati et al., 2013). However, previ-

ous reports have focused only on AI using frozen-thawed 

epididymal spermatozoa to verify the fertility of epididy-

mal spermatozoa, irrespective of their low motility. 

Frozen-thawed semen is commonly introduced into the 

uterine body and passes through the cervix of the female. 

Semen introduced in the uterine body will move to the 

ampullary-isthmic junction, and a low number of motile 

epididymal spermatozoa will reach the ampullary-isthmic 

junction compared to ejaculated spermatozoa (Hunter, 

2003). This low motility of epididymal spermatozoa de-

creases the possibility of oocyte encounter and results in 

a low conception rate after AI. Methods that improve the 

typically low pregnancy rates of AI with epididymal sper-

matozoa would be of great economic importance. The 

deep uterine horn AI (DUAI) method, with frozen-thawed 

semen, is one such recommended method (Verberck-

moes et al., 2004) and has been shown to improve the 

pregnancy rate of cows by 10% to 20% compared to that 

of the uterine body AI (BUAI) method (López-Gatius and 

Camón-Urgel, 1988; Senger et al., 1988). 

Here, we hypothesized that the DUAI method with 

frozen-thawed epididymal spermatozoa can improve the 

pregnancy rate of Hanwoo cows. We examined the ef-

ficacy of the DUAI method with epididymal spermatozoa 

by comparing the pregnancy rate of Hanwoo cows after 

using the DUAI or BUAI methods with frozen-thawed epi-

didymal spermatozoa, and the BUAI method with frozen-

thawed ejaculated spermatozoa from one proven bull 

(control) (Experiment 1). We also examined the motility of 

epididymal and ejaculated spermatozoa following thawing 

(0 h) and incubation (3 and 6 h) (Experiment 2), and ex-

amined the viability and acrosome integrity of epididymal 

spermatozoa after frozen-thawing (Experiment 3).

MATERIALS AND METHODS

Castration, recovery of epididymal spermatozoa, and 

cryopreservation
Two testicles with epididymides were castrated from 

eight Hanwoo bulls (means ± standard deviations; age, 

457.5 ± 2.1 days; scrotal circumference, 31.5 ± 0.7 cm; 

body weight, 386.5 ± 6.4 kg). Castrations were conducted 

from November 2016 to December 2018 at the Hanwoo 

Research Institute, NIAS, Pyeongchang, Republic of Ko-

rea. For general anesthesia, 1.0 mL per 100 kg of xylazine 

hydrochloride (Rompun, Bayer, Korea) was injected into 

the jugular vein. After 5-15 min of injection, the body, 

legs, and head were fixed with a rope. The scrotal cir-

cumference was estimated with a scrotal measuring tape, 

and the skin of the testis was incised using a scalpel. The 

testes with epididymides were recovered, and the surgi-

cal site was sutured. Twenty milliliters of dexamethasone 

disodium phosphate (Dexolone-20, Samyang Anifarm, 

Korea) and 20 mL of antibiotics (G.C.GPS-INJ., Green 

Cross Veterinary, Korea) were intramuscularly injected. 

The extracted testes with epididymides were delivered to 

the laboratory within 1 h. In the laboratory, the tunica 

albuginea of the testicles was removed, each epididymis 

with vas deferens was isolated from, and the blood vessels 

and debris tissue on the surface of the cauda epididymis 

were removed. Epididymal spermatozoa were recovered 

by flushing or mincing (Kang et al., 2018). Semen freezing 

was performed as described previously (Kang et al., 2018) 

with slight modification. Briefly, spermatozoa were dilut-

ed to 40-50 × 106 cells/mL with semen freezing extender 

and preserved at 4℃ for 4 h. Semen dilution was loaded 

into a 0.5 mL straw, kept at 3 cm above liquid nitrogen 

(LN2) for 14 min, and then plunged into LN2.

Artificial insemination and pregnancy diagnosis
For DUAI with epididymal spermatozoa, frozen epi-

didymal semen from two bulls were used for the AI of 17 

cows (8 and 9 cows per bull). For BUAI with epididymal 

spermatozoa, frozen thawed epididymal semen from two 

bulls was used for the AI of 20 cows (10 cows per bull). 

For the control, frozen ejaculated semen from one proven 

Hanwoo bull was used for the AI (i.e., BUAI) of 51 cows. 

To synchronize the estrus cycle of the Hanwoo cows, an 

intravaginal progesterone insert (EAZI-BREED CIDR 1900, 

Zoetis, Belgium) was inserted into the vagina of each cow 
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for 7 days. After 7 days, the intravaginal progesterone in-

sert was removed, and 5 mL of prostaglandin F2α (Lutalyse, 

Zoetis, Belgium) was injected intramuscularly. After 2.5 

days, AI was conducted and each cow received an intra-

muscular injection of 2 mL gonadotrophin-releasing hor-

mone (GnRH; Fertagyl, Inervet International, Germany). A 

second AI was conducted the following morning. For the 

DUAI method, a deep uterine AI device (YT-gun, Yamato 

Tech, Co., Ltd., Japan) was used. After introduction of the 

DUAI device into the uterine body, a flexible catheter was 

extended ~15 cm to the deep uterus, and frozen-thawed 

semen was introduced into the horn of the deep uterus. 

For the BUAI method, a conventional cassou AI gun (No. 

17025/000, Minitube, Germany) was used, and frozen-

thawed semen was introduced into the body of the uterus. 

After 80 to 90 days of AI, conception was examined by 

ultrasound (My Lab 30 VET Gold, Esaote SpA, Italy) and 

rectal palpation by a well-trained technician.

Measurement of spermatozoa motility
Spermatozoa motility was measured based on previously 

described methods (Kang et al., 2018). In brief, frozen 

straws were thawed in water at 37℃ for 40 s, mixed in a 

1.5 mL microtube, and incubated at 38.5℃ in 5% CO2 in 

air. Sperm motility was evaluated after thawing (0 h) and 

after incubation (3 and 6 h) using a computer-assisted 

sperm analysis system (Sperm Class Analyzer, MicroOptic, 

Spain). Semen (3 μL) was placed onto four-chamber slides 

with a depth of 20 μm from the bottom slide to the up-

per cover (Art. No. SC-20-01-04-B, Leja, Nieuw-Vennep, 

Netherlands). At least 1,000 spermatozoa in 4-5 fields in 

a chamber were classified as motile or dead. The motil-

ity and motility parameters were evaluated, as follows: 

straight line velocity (VSL, μm/s), curvilinear velocity (VCL, 

μm/s), average path velocity (VAP, μm/s), linearity (LIN = 

VSL/VCL × 100, %), straightness (STR, %), flagellar beat 

cross frequency (BCF, Hz), and amplitude of lateral head 

(ALH, μm).

Evaluation of viability and acrosome integrity of 

spermatozoa
The viability and acrosome integrity of spermatozoa 

were evaluated as previously described (Kovács and Foote, 

1992) with slight modification. In brief, 20 μL of semen 

was mixed with 20 μL of trypan blue solution and smeared 

on glass slides. After air drying, slides were immersed in 

a fixative solution for 5 min, air dried, and then stained 

with 7.5% Giemsa solution for 10-12 h. A minimum of 

200 spermatozoa were counted under a microscope  

(×400 magnification) and divided into 7 groups: live sper-

matozoa with intact acrosomes (LIA), live spermatozoa 

with damaged acrosomes (LDA), dead spermatozoa with 

intact acrosomes (DIA), dead spermatozoa with damaged 

acrosomes (DDA), LIA with distal cytoplasmic droplets, 

DIA with distal cytoplasmic droplets, DDA with distal cy-

toplasmic droplets.

Experimental design
In experiment 1, frozen-thawed epididymal spermato-

zoa (from two bulls) were introduced to the deep uterine 

horn to examine the influence of DUAI on the pregnancy 

rate compared to the BUAI method with epididymal 

spermatozoa (from two bulls) and with frozen-thawed 

ejaculated spermatozoa (from one proven bull) i.e., the 

control. In experiment 2, the motility of frozen-thawed 

epididymal spermatozoa was evaluated after thawing (0 

h) and after incubation (3 and 6 h) by CASA. As a control, 

frozen-thawed ejaculated spermatozoa were used (from 

one proven bull). In experiment 3, the viability and acro-

some integrity of epididymal spermatozoa were evaluated 

using frozen-thawed epididymal spermatozoa (from two 

bulls) after frozen-thawing (0 h) and after incubation (3 h). 

Statistical analysis
The number of pregnant cows in the DUAI, BUAI, and 

control groups were compared using Fisher’s exact test. 

The motility percentage, rapid progressive sperm motility, 

motility parameters, viability, and acrosome integrity (LIA, 

LDA, DIA, DDA) of the epididymal spermatozoa group 

and control spermatozoa group were compared using a 

one-way ANOVA followed by a post-hoc analysis (Duncan 

Multiple Range Test). All analyses were performed using 

SAS (Statistical Analysis System software, version 9.4).

RESULTS

Experiment 1
The pregnancy rate after the DUAI method (58.8%) was 

higher than that of the control group (56.9%) and signifi-

cantly higher after the BUAI method (25.0%, p = 0.048) 

(Table 1).
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Experiment 2
The total motility of the epididymal spermatozoa group 

was lower than that of the control spermatozoa group 

after 3 h of incubation (p < 0.05, Fig. 1A), even though 

the motility of the epididymal spermatozoa was not sig-

nificantly different after thawing (0 h) and 6 h of incu-

bation (p > 0.05). The rapid progressive sperm motility 

percentage was higher in the control group than in the 

epididymal spermatozoa group immediately after thawing 

as well as after 3 and 6 h of incubation (p < 0.05, Fig. 1B). 

The spermatozoa motility parameters are shown in Fig. 2. 

The VCL of spermatozoa was significantly higher in the 

control group than in the epididymal spermatozoa group 

after 3 h of incubation (p < 0.05, Fig. 2A). The VSL of 

spermatozoa was significantly greater in the control group 

than in the epididymal spermatozoa group at 3 and 6 h of 

incubation (Fig. 2B). The VAP of spermatozoa was signifi-

cantly higher in the control group than in the epididymal 

spermatozoa group at 3 and 6 h of incubation (p < 0.05, 

Fig. 2C). The LIN of spermatozoa was significantly higher 

in the control group than in the epididymal spermatozoa 

group after 6 h of incubation (Fig. 2D). The STR of sper-

matozoa was significantly greater in the control group 

than in the epididymal spermatozoa group (Fig. 2E). The 

ALH of spermatozoa was significantly greater in the con-

trol group than in the epididymal spermatozoa group 

after 6 h of incubation (Fig. 2F). The BCF of spermatozoa 

was significantly greater in the control group than in the 

epididymal spermatozoa group immediately after thawing 

and after 3 h of incubation (Fig. 2G). The hyperactivity of 

the spermatozoa was significantly greater in the control 

group than in the epididymal group after thawing and af-

ter 3 h of incubation (Fig. 2H).

Experiment 3
The percentage of LIA was significantly higher in 

ejaculated sperm than in epididymal sperm after frozen-

thawing (p < 0.05, Table 2). The percentages of DDA, LIA 

with distal cytoplasmic droplets, and DIA with distal cyto-

plasmic droplets were significantly higher in epididymal 

sperm than in ejaculated sperm after thawing (p < 0.05). 

After 3 h of incubation, the percentage of LIA was sig-

nificantly higher in ejaculated sperm than in epididymal 

sperm (p < 0.05). After 3 h of incubation, the percentage 

of LIA with distal cytoplasmic droplets and DIA with cy-

toplasmic droplets were significantly higher in ejaculated 

sperm than in epididymal sperm (p < 0.05).

Table 1. The pregnancy rate of Hanwoo cows after deep uterine artificial insemination (DUAI) with epididymal spermatozoa and uterine body 
artificial insemination (BUAI) with epididymal and ejaculated spermatozoa (control) 

Semen deposition method Origin of semen No. cows inseminated No. cows pregnant Pregnancy rate (%)

DUAI Epididymis 17 10  58.8*

BUAI Epididymis 20   5 25.0

BUAI Ejaculated 51 29 56.9

*Asterisk indicates a significantly higher value compared to BUAI with epididymis group (p = 0.498). Semen from one bull was used as the control and 

frozen-thawed semen was introduced into the body of the uterus via BUAI.

Fig. 1. Spermatozoa motility of frozen-thawed epididymal spermatozoa at thawing (0 h) and following incubation periods of 3 h and 6 h af-
ter thawing. (A) Total motile (%), (B) Fast progressive (%). ES, epididymal sperm; Control, ejaculated sperm. a,bvalues with different letters 
are significantly different within the same incubation period (p < 0.05).
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Fig. 2. Spermatozoa motility parameters of frozen-thawed epididymal spermatozoa at thawing (0 h) and following incubation periods of 3 h 
and 6 h after thawing. ES, epididymal sperm; Control, ejaculated sperm. (A) mean curvilinear velocity (VCL), (B) mean straight-line velocity 
(VSL), (C) mean average path velocity (VAP), (D) mean linearity (LIN = VSL/VCL [curvilinear velocity] × 100), (E) mean straightness (STR), (F) 
mean amplitude of lateral head (ALH), (G) mean flagellar beat cross frequency (BCF), (H) mean spermatozoa hyperactivity. a,bvalues with 
different letters are significantly different within the same incubation period (p < 0.05).
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Table 2. The viability and acrosome integrity of epididymal spermatozoa from Hanwoo bulls after frozen-thawing 

Incubation (h) Origin of semen LIA LDA DIA DDA
Distal cytoplasmic droplet with

LIA LDA DIA DDA

0 Epdidymis 52.3 ± 5.0a 0.2 ± 0.2 17.0 ± 2.5    7.4 ± 1.1a 17.7 ± 2.7a 0 ± 0 4.3 ± 1.1a 0.7 ± 0.2

Ejaculated 70.7 ± 2.5b 0.1 ± 0.1 25.8 ± 2.1    1.5 ± 0.5b   1.9 ± 0.2b 0 ± 0  0 ± 0 b 0 ± 0

3 Epdidymis 23.0 ± 2.8a 0 ± 0 41.1 ± 2.3 16.8 ± 2.5 12.1 ± 1.7a 0 ± 0 5.9 ± 1.5a 0.9 ± 0.4

Ejaculated 44.6 ± 3.4b 0 ± 0 46.6 ± 2.8   8.7 ± 1.8   0 ± 0b 0 ± 0  0 ± 0 b 0 ± 0

Frozen-thawed epididymal spermatozoa from two bulls were used (n = 5 replicates per bull). Frozen-thawed ejaculated spermatozoa from one bull was 

used as the control. LIA, live spermatozoa with intact acrosomes; LDA, live spermatozoa with damaged acrosomes; DIA, dead spermatozoa with intact 

acrosomes; DDA, dead spermatozoa with damaged acrosomes.
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DISCUSSION

In the present study, we assessed the pregnancy rate of 

two AI methods (DUAI and BUAI) involving frozen-thawed 

epididymal spermatozoa and, thus, their potential to im-

prove the pregnancy rate of Hanwoo cows artificially in-

seminated with epididymal spermatozoa. In addition, we 

assessed the motility of frozen-thawed epididymal sper-

matozoa immediately after thawing and after 3 and 6 h of 

incubation. The present study is the first report of preg-

nancy research involving the DUAI method using frozen-

thawed epididymal spermatozoa in Hanwoo cattle.

As shown in Table 1, the BUAI group with epididymal 

spermatozoa showed a lower pregnancy rate compared 

to that of the control group (BUAI group with ejaculated 

spermatozoa). The DUAI method with epididymal sper-

matozoa showed a similar conception rate compared to 

that of the control group (BUAI with ejaculated spermato-

zoa). However, the DUAI group had higher pregnancy and 

calving rates compared to the control group (BUAI with 

ejaculated spermatozoa) (Meirelles et al., 2012). Compared 

to the BUAI method, the DUAI method reduces semen loss 

(López-Gatius, 2000) and reduces the time taken to reach 

the isthmus reservoir to encounter ovulated oocytes in the 

oviduct (Hunter, 2003). Spermatozoa that have low motil-

ity, such as sex-sorted spermatozoa, were shown to have 

a low conception rate after BUAI compared to non-sorted 

spermatozoa after BUAI (Seidel and Schenk, 2008). How-

ever, DUAI with sex-sorted spermatozoa with low motility 

showed a 22% higher pregnancy rate compared to BUAI 

with sex-sorted spermatozoa (Chang et al., 2017). From 

the perspective of sperm motility, the total motility per-

centage observed at 3 h and the rapid progressive sperm 

motility of epididymal spermatozoa at thawing, and after 

3 and 6 h of incubation was decreased compared to that 

of ejaculated spermatozoa (Fig. 1). Spermatozoa with low 

fertility after AI have lower total motility and progressive 

motility percentages (Morrell et al., 2017). Therefore, we 

speculated that BUAI with epididymal spermatozoa will 

yield a low fertilization rate, despite the motility of the 

epididymal spermatozoa being similar to that of ejacu-

lated spermatozoa (Fig. 1A). When epididymal spermato-

zoa were deposited in the uterine body, the conception 

rate of epididymal spermatozoa decreased drastically, as 

shown in Table 1. This result indicated that the distance 

that deposited spermatozoa were required to move in 

the body of the uterus to the isthmus reservoir may have 

been shorter for the epididymal spermatozoa than for the 

control spermatozoa. Thus, we anticipated that the DUAI 

method with epididymal spermatozoa could decrease the 

amount of time taken to reach the isthmus reservoir.

As shown in Fig. 2, the VCL, VAP, and LIN of the epi-

didymal spermatozoa after 3 and 6 h of incubation were 

low compared to the ejaculated spermatozoa in the con-

trol BUAI group. This result indicated that frozen-thawed 

epididymal spermatozoa can move a short distance com-

pared to ejaculated spermatozoa when introduced into 

the body of the uterus. Spermatozoa with increased LIN 

showed a higher pregnancy rate after AI compared to 

spermatozoa with low LIN in bovine (Morrell et al., 2017). 

In human spermatozoa, VCL, VAP, and LIN have been 

shown to be positively correlated with the fertilization 

rate in vitro and the pregnancy rate in vivo (Donnelly et 

al., 1998). Therefore, BUAI using spermatozoa with low 

VSL, VAP, and LIN traits will yield a lower conception 

rate. In addition, frozen-thawed epididymal spermatozoa 

with low LIN were reportedly not able to move the same 

distance as control group spermatozoa over the same 

time period (Kang et al., 2015); consequently, the concep-

tion rate would be decreased. However, the DUAI method 

with frozen-thawed epididymal spermatozoa, which had 

low VCL, VAP, and LIN traits, showed a similar concep-

tion rate compared to the BUAI method with frozen-

thawed ejaculated spermatozoa. This result indicated that 

the deep uterus deposition method can overcome the low 

conception rate of epididymal spermatozoa. As shown in 

Fig. 2E, the STR of epididymal spermatozoa after thaw-

ing was significantly lower than that of the control group 

spermatozoa. The low STR of spermatozoa indicates that 

epididymal spermatozoa have low fertilizability (Donnelly 

et al., 1998). As shown in Fig. 2F, the ALH of the control 

group spermatozoa at 6 h of incubation was higher than 

that of the epididymal spermatozoa (p < 0.05). As shown 

in Fig. 2G, the BCF of the control group spermatozoa im-

mediately after thawing and after a 3 h incubation was 

significantly higher than that of the epididymal sperma-

tozoa. We speculated that motile spermatozoa with high 

ALH and BCF are more likely to reach the fertilization site 

and show increased oocyte penetration (Chamberland et 

al., 2001). As shown in Fig. 2H, the control group sper-

matozoa showed high hyperactivation during thawing 

and after 3 h of incubation. Thus, the strong hyperactiva-
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tion of the control group spermatozoa suggested that the 

spermatozoa had sufficient energy to penetrate the cer-

vical mucus (Aitken et al., 1985) and oocyte (Suarez and 

Dai, 1992; Stauss et al., 1995). Consequently, epididymal 

spermatozoa have low motility and a lower fertilization 

ability compared to ejaculated spermatozoa after frozen-

thawing.

From the perspective of spermatozoa acrosomal integri-

ty, the percentage of live acrosome-reacted spermatozoa 

was significantly lower in the epididymal spermatozoa 

compared to the ejaculated spermatozoa at thawing and 

after 3 h of incubation (Table 2). Our results are consis-

tent with those of a previous report that showed that an 

increased percentage of acrosome-reacted spermatozoa 

was positively correlated with a low conception rate in 

bovine (Whitfield and Parkinson, 1992). The cytoplasmic 

droplets of spermatozoa are composed of two types of 

droplets: proximal and distal cytoplasmic droplets. The 

proximal and distal cytoplasmic droplets at the sperma-

tozoa tail were judged as abnormal and related to the 

reduction in fertility (Amann et al., 2000). Spermatozoa 

with proximal cytoplasmic droplets showed lower fertility 

compared to spermatozoa without cytoplasmic droplets 

in bovine (Amann et al., 2000). However, there is no con-

clusive evidence that spermatozoa with distal cytoplasmic 

droplets affect fertility in cattle. AI with boar spermatozoa 

revealed that spermatozoa with distal cytoplasmic drop-

lets were negatively related to the pregnancy rate (Wa-

berski et al., 1994). Therefore, we speculated that frozen-

thawed epididymal spermatozoa have reduced viability, 

normality of acrosomes, and fertility compared to frozen-

thawed ejaculated spermatozoa.

The DUAI device used in the present study was shown 

to increase the pregnancy rate after AI, irrespective of the 

low motility of epididymal spermatozoa. In addition, the 

use of a flexible catheter used might have another ad-

vantage in that it reduces the risk of uterine wall damage 

compared to the AI gun that is typically used for DUAI. 

Because the catheter could extend from the uterine body 

to the deep uterine horn without damaging the inner 

uterine wall, this insemination method may improve the 

pregnancy rate without negatively impacting the uterine 

wall (Verberckmoes et al., 2004). In contrast to AI using 

epididymal spermatozoa in vivo, the fertilization rate of 

epididymal spermatozoa in vitro was similar to that of 

ejaculated spermatozoa when epidydimal spermatozoa 

and oocytes were co-incubated, as shown in our previous 

report (Yang et al., 2015). We speculated that, under such 

conditions in vitro, they formed a small droplet or well. 

Epididymal spermatozoa in vitro do not consume energy 

moving to the isthmus of the uterus. Therefore, the in vi-

tro fertilization rate of epididymal spermatozoa does not 

differ from that of ejaculated spermatozoa (Yang et al., 

2015), despite epididymal spermatozoa showing low mo-

tility after incubation.

In the present study, we suggested that the DUAI meth-

od with low motility and low viability of epididymal sper-

matozoa can achieve similar pregnancy rate compared to 

the BUAI method with high motility and high viability of 

ejaculated spermatozoa. However, the limitations of this 

study are the small number of inseminated cows to prove 

efficacy of DUAI with low motility and low viability of 

epididymal spermatozoa. In addition, the pregnancy rate 

of DUAI with ejaculated spermatozoa was not examined, 

irrespective of ejaculated spermatozoa has high motility 

and high viability compared to epididymal spermatozoa. 

Therefore, in future study, we should examine the preg-

nancy rate using large number of inseminated cows with 

DUAI method by epididymal spermatozoa and ejaculated 

spermatozoa to verify the merit of DUAI with low quality 

of epididymal spermatozoa.

In conclusion, the DUAI method with epididymal sper-

matozoa can overcome the typically low pregnancy rate of 

AI, irrespective of the low motility and low percentage of 

normal morphology of epididymal spermatozoa. In addi-

tion, this application method will greatly contribute to the 

production of offspring when genetically valuable animals 

show low fertility and conception abilities.
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