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Abstract
Laparoscopic oviductal artificial insemination (LOAI) is been wildly used 

in livestock and some feline wildlife’ which can bypass the physical barrier of 
the animal’s reproductive tract and allows semen to reach the insemination site 
directly. Here we try to innovate the existing technique of AI into the oviduct of 
poultry using hens. First, we establish the detailed parameters, such anesthesia, 
procedure of surgery, option of inflated air for hens. After established LOAI of 
hen, we compared the effects of traditional cloaca artificial insemination and 
laparoscopic insemination while using fresh sperm and frozen-thawed sperm. 
As a result, LOAI showed insemination possibility with low sperm. In conclusion, 
our data demonstrated that LOAI is a useful for oviductal artificial insemination 
for poultry. 
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Introduction
Artificial insemination (AI), often artificially transferring sperm 

into the cervix or uterine cavity of female animals, is a technique 
of the artificial assisted reproduction (ART) which has been wildly 
used in animals reproduction. The AI of mammals including cervix 
insemination and intrauterine insemination, aim to overcome the 
lack of mating ability or complete the donation of sperm fertility [1]. 
It makes in vivo fertilization and pregnancy come true without mating 
[2]. Therefore, the emergence of the AI technology has completely 
changed the cattle industry [3,4]. Moreover, AI has important 
implications for the expansion of rare birds and the expansion of the 
poultry industry [5-7]. 

Over exploitation and utilization of the natural resource has 
caused the habitat of birds to shrink, leading to more and more birds 
being listed as endangered species [8]. According to the Red List of 
Endangered Species at the International Union for Conservation 
of Nature and Resource in 2019 [9], more than 27,000 species are 
endangered, with birds accounting for 14 percent and an increase of 
1% over 2018 [10]. That means 3,780 species of birds will be in danger 
of extinction and will rise year by year. Cage conservation has become 
the main reproduction method of rare birds, but the hatching rate of 
wild birds is very low. Artificial insemination of poultry is widely used 
in the breeding of non-domestic birds, especially endangered birds 
[11,12]. However, the existing artificial insemination technology can 
not meet the requirements, due that the oviduct cannot be everted, 
such as ducks and geese [13], or the birds with less ejaculation such 
as quail and guinea fowl [14]. So we need to innovate the existing AI 
technology.

Laparoscopic surgery is the main tool of microinvasive 
surgery, which contains a long-fiber cable system that refers to the 
visualization of abdomen or pelvis through a small incision with the 
help of a laparoscope. Due to the small incision, less bleeding and 
short recovery time, laparoscopic surgery has successfully replaced 
many open surgery [13,15]. Later, artificial insemination combined 
with laparoscopic surgery, defined laparoscopic oviductal artificial 
insemination (LOAI) as an advanced ART to overcome the physical 
barrier of the animal's reproductive tract and allow semen to reach 
the insemination site directly [16]. Experiments have shown that 
LOAI has a higher pregnancy rate than vaginal artificial insemination 
[16,17]. In addition, with the same amount of sperm, LOAI can make 
more females pregnancy [18]. But there is no report that LOAI was 
applied to bird artificial insemination to overcome the barrier of bird 
insemination. Therefore, this trial attempts to apply LOAI technology 
to preform oviductal artificial insemination of hens to find a new ART 
for endangered birds and valuable poultry.

Materials and Methods
Animals

Hy-line variety brown hens with 39-40 weeks old were brought 
from Liangtian Liangsha Chicken Farm. The hens were raised at the 
Animal Center of South China Agricultural University. Each hen was 
kept in a single cage and feeding freely eating and drinking. The study 
was approved by the Committee of the University on the Ethics of 
Animal Use in Experiments.
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Media Preparation

All chemicals were obtained from Sigma Chemical Co. (St. Louis, 
MO, USA).

TTE diluent contained Tris-HCl 12.69 mmol/L, TES 52.34 
mmol/L, Glucose 111.11 mmol/L, Lactose 58.48 mmol/L, Raffinose 
3.97 mmol/L , Penicillin G 0.19 mmol/L, Streptomycin 0.09 mmol/L, 
Egg yolk 20% (V/V) (taken from fresh eggs), all chemicals dissolved 
and mixed into pure water. The mixed solution was centrifuged at 
7000 rpm for 1 h at 4°C and removed the precipitate. After adjusted 
the pH to 7.0 to 7.2, it was stored at -80°C, until warmed it up to 37°C 
before use.

TL-HEPES buffer contained PVA 0.1 mmol/mL, phenol red 0.01 
mmol/mL, NaCl 127.0 mmol/mL, KCl 3.16 mmol/mL, CaCl2·2H2O 
2.00 mmol/mL, MgCl2·6H2O 0.50 mmol/mL, Glucose 5.00 mmol/mL, 
NaH2PO4·H2O 0.35 mmol/mL, NaHCO3 2.00 mmol/mL, HEPES (Na 
salt) 5.00 mmol/mL, HEPES (acid form) 5.00 mmol/mL, Na-Lactate 
10.00 mmol/mL. 

The sperm detergent contained TL-HEPES 98 mL, pyruvate (100 
mmol/L) 1 mL and bovine serum albumin 300 mg per 100 mL.

Sperm Collection and Diluent

Fresh Sperm Preparation: Semen was collected from adult 
rooster using traditional massage technique. Before sperm collection, 
the feathers around the cloacal cavity and tail of the cock should be 
cut, so that avoid of contamination of the feathers. Two technicians 
were involved in collecting semen. One technician held the cock's legs 
with his right hand to let it down on the table and massaged the cock's 
abdomen with his left hand. The other technician collected sperm 
when the cock “milk” come out.

Sperm motility and amount were calculated by microscopic 
examination as reported method [18-20]. After calculation, the 
corresponding amount of TL-HEPES buffer was added to make the 
sperm density reach about 2.0×107/mL. Then the diluted semen was 
kept in room temperature until use.

Frozen-Thawed Sperm Preparation: The semen was frozen and 
thawed with some modification [19,21]. Briefly, the collected cock 
semen was slowly added to TTE solution, mixed gently upside down, 
divided into each EP tubes 0.5 mL and stored in 4°C for 2 h. Then EP 
tubes were slowly added 0.5 mL TTE with 10% glycerol in 5 times, 
100 uL each time, to end up with the glycerol concentration of 5%. 
Next the glycerin-mixed sperm dilution was absorbed into pre-cooled 
straws and sealed. Then the straws were kept on 5 cm above liquid 
nitrogen for 15 min and then directly stored in liquid nitrogen. After 
frozen more than one day in liquid nitrogen tank, the straws were 
removed and placed in the air for 10 s and put it into a 37°C water bath 
for 10 s. Cut the end of straw tube and let the liquid flow out into EP 
tubes naturally. Then add 2 mL the warmed TTE solution, centrifuge 
at 200×g for 5 min, discard the supernatant. Repeat the above steps 
twice. After washing, add 2 mL warmed TL-HEPES, sperm motility 
was counted under microscope. Appropriate TL-HEPES was added to 
dilute the sperm density to 2.0×107 /mL.

Artificial Insemination of Hen

Laparoscopic Oviductal Artificial Insemination: Laparoscopic 

oviductal artificial insemination of hen were performed as follows. 
After the chicken is completely anesthetized, the hen was kept lying 
on the right side, the right leg in front, and the left leg in the back, and 
then removed the feathers of the surgical area from the spine, down 
to the keel, left to the scapula, and right to the inner thigh, disinfected 
the surgical area with iodine, followed by alcohol deiodination. 

An incision of 5 mm was made next to the distal xiphoid cartilage, 
the veress needle was inserted into abdomen through the small 
incision to air to fill the abdomen, and then the versee needle was 
removed and the trocar to open a pathway for the laparoscopy was 
inserted into the same incision. Staple was replace with laparoscopy. 
Another incision was made between the front of the hip bone and 
the last rib with a surgical blade and insert the specialized grasping 
forceps. Use the forceps to locate and clamp the funnel of the oviduct. 
The needle is inserted vertically above the fallopian tube and amount 
of sperm in 0.5 mL TL-HEPES buffer was injected into the funnel of 
oviduct. After surgery above, eggs by artificially inseminated hen were 
collected from day 2 to 22 (Day 1, the day of artificial insemination), 
then incubated for hatching.

Cloacal Artificial Insemination: Cloacal artificial insemination 
(CAI) of hen were performed as follows. The feathers around the 
cloaca were cut off before insemination. After obtaining diluted 
semen, two persons performed the AI of hen. One person grabbed 
the thighs of the hen with his right hand and then turn the hen to the 
right. Applies the proper pressure on the left side of the abdomen so 
that the hen venting, the hen was everted its vaginal orififice through 
the cloaca. The other person inserted the pipette containing amount 
of sperm in 0.5 mL TL-HEPES buffer into the cloaca 2-4 cm and then 
slowly injected the semen. After surgery above, eggs laid by artificially 
inseminated hen were collected from day 2 to 22 (Day 1, the day of 
artificial insemination), then incubated for hatching.

Egg Hatching

The laid eggs were collected from each cage and cage number 
and weight of each egg was noted. After washing and disinfecting, 
the eggs are transferred to the incubator (FT-KFC8, Shandong HSBC 
Incubation Equipment Factory) according to the principle of big 
head up and small head down. During the incubation period of 1-18 
days, the temperature was maintained at 37.8°C, the humidity was 
50%-60%, and the egg was turned every 2 hours for 90° each time. 
Stop turning eggs on the 19th day, keep the temperature 37.2°C and 
humidity 75%. On the 21st day, the dead embryo eggs and the infertile 
eggs were recorded and then removed while hatching.

Experimental Designs 

Experiment 1: Parameters Examination of Laparoscopic 
Oviductal Artificial Insemination of Hen:

Some parameters of anesthesia, inflated air and the precise 
inserted position of laparoscopic instruments were examined in 
this study. As for anesthesia, twenty egg-laying hens were randomly 
divided into two groups, A and B, with 10 hens in each group. In 
order to anesthetize completely, group A were injected 0.1 mL with 
10 times diluted Sumianxin Injection (Veterinary Research Institute, 
Munitions University) through the vein under the wings. While group 
B were given intramuscular injection of 0.1 mL 10 times diluted 
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Sumianxin Injection. After that, all hen were observed the woke-up 
and recorded laying egg in following days. As for inflated air, cleaned 
carbon dioxide gas and atmosphere were tested for inflate abdominal 
cavity.

Experiment 2: Efficiency of Laparoscopic Oviductal Artificial 
Insemination Using Fresh Sperm in Hen: In order to exploring 
the effects of different amounts of fresh sperm and two methods of 
cloacal artificial insemination and laparoscopic oviductal artificial 
insemination on fertility rate and hatch ability of following eggs laid 
by hen indicated, twenty-eight laying hens with 39-40 weeks old were 
selected and randomly divided into 7 subgroups named CAI-fre 1, 
CAI-fre 10 and CAI-fre 100 for cloacal artificial insemination, and 
LOAI-fre 1, LOAI-fre 10 and LOAI-fre 100 for laparoscopic oviductal 
artificial insemination, and control, with 4 replicates in each group 
(Table 1). The total number of 0.2x106, 2x106, and 20x106 fresh motile 
sperm were used for insemination to CAI-fre 1, CAI-fre 10 and CAI-
fre 100 group by cloacal artificial insemination and to LOAI-fre 1, 
LOAI-fre 10 and LOAI-fre 100 by laparoscopic artificial oviductal 
insemination, respectively [22,23].

Experiment 3: Efficiency of Laparoscopic Oviductal Artificial 
Insemination Using Frozen-Thawed Sperm in Hen: In order to 
exploring the effects of different amounts of frozen-thawed sperm 
and two methods of artificial cloacal insemination and laparoscopic 
oviductal artificial insemination on fertility rate and hatch ability 
of following eggs laid by hen indicated, twenty-eight laying hens 
with 39-40 weeks old were selected and randomly divided into 7 
subgroups named CAI-fro 1, CAI-fro 10 and CAI-fro 100 for artificial 
cloacal insemination, and LOAI-fro 1, LOAI-fro 10 and LOAI-fro 
100 for laparoscopic artificial oviductal insemination, and control, 
with 4 replicates in each group (Table 1). The The total number of 
0.2x106, 2x106, and 20x106 motile sperm from frozen-thawed semen 
were inseminated to CAI-fro 1, CAI-fro 10 and CAI-fro 100 group 
respectively, and LOAI-fro 1, LOAI-fro 10 and LOAI-fro 100 were 
also inseminated with the responding amount sperm through 
laparoscopic artificial insemination respectively. 

Statistical Analysis

In this experiment, Excel2016 was used to preliminarily sort out 
the data, and IBM SPSS Statistics 24 statistical software was used for 
relevant statistical analysis. Each repeat was used as the test unit, 
and the factors were analyzed by one-way analysis of variance. And 
Duncan method was used to make pairwise comparison between the 

mean pairs of each treatment group in different indexes. 0.05 was used 
as the criterion for judging the significance of difference in statistical 
results of various data in this study. The results were expressed as 
Mean ± SED. And the photos were made by GraphPad Prism 8. 

Results
Parameter Examination of Laparoscopic Oviductal 
Artificial Insemination of Hen

First, the effect of muscle anesthesia and intravenous anesthesia 
on laying rate of hens was studied. If soft shell eggs were found on the 
first day after anesthesia, no counting was done. The egg production 
of 10 chickens in each group after anesthesia is shown in the Table 2. 
As shown, there was no significant difference in the number of eggs 
picked up per day between the two groups (P > 0.05), it was almost 
the same on the fourth day. However, during the operation, after the 
intravenous injection, the hens almost woke up and could stand up 
immediately in 15 min. However, the hens did not wake up after the 
intramuscular injection and were in a coma state after the operation. 
Therefore, the anesthesia was given by intravenous injection under 
the wing for LOAI.

In order to slow down the stress caused by operation, The operation 
area of the recipient hens were unhaired a few days before operation. 
The operation area was routinely disinfected. The skin was cut about 
5 mm length at the last edge of xiphoid process with a scalpel. The 
pneumoperitoneum needle was inserted into the incision. After the 
abdomen was inflated (Pressure 8 mmHg), the pneumoperitoneum 
needle was pulled out. The trocar (for 5 mm laparoscope) was inserted 
from the pinhole, and then the laparoscope (Diameter 5 mm) was 
inserted through the trocar. After the egg yolk and oviduct could 
be clearly seen on the screen, the laparoscope was fixed. In the front 
of the bound leg, touch the most prominent hip bone, and cut the 
skin about 5 mm length between the front side of hip bone and the 
last rib with a scalpel. Insert the grasping forceps (Diameter 5 mm) 
at the incision until the grasping forceps can be seen on the screen. 
Turn over the grasping forceps to find out the funnel of fallopian 
tube, grasp it gently, and insert the injection needle close to the hip 
bone and almost parallel to the grasping forceps. Under laparoscopic 
observation, insert the injection needle into the funnel of fallopian 
tube, and inject the sperm diluent into the funnel. The injection 
needle, grasping forceps and laparoscope were taken out in turn, and 
the skin incision was sutured routinely. The whole procedure is no 
more than ten minutes.

As for Inflated air option, first, hens were inflated with cleaned 
carbon dioxide gas at room temperature, all the chickens (five hens 
indicated) died during the operation. However, after being changed to 
cleaned atmosphere, the chickens survived the operation. So all data 
of the experiment using atmosphere for LOAI was recorded (Figure 
1).

Efficiency of Laparoscopic Oviductal Artificial Insemination 
Using Fresh Sperm in Hen

Fresh sperm was collected on the day of the experiment. The 
motility of fresh sperm was 84.75% ± 1.75% just before AI. Semem 
was diluted in different concentrations (Table 1) and then performed 
LOAI and CAI, respectively. The eggs collected after insemination 
were hatched and its fertility and hatchability were compared between 
the two insemination groups (Figure 2). As a result, fertility of LOAI-

Table 1: Sperm number of each group in insemination.
Insemination method Sperm Sperm number Group

Laparoscopic oviductal 
artificial insemination, 
LOAI

Fresh sperm
0.2×106 LOAI-fre 1
2×106 LOAI-fre 10
20×106 LOAI-fre 100

Frozen sperm
0.2×106 LOAI-fro 1
2×106 LOAI-fro 10
20×106 LOAI-fro 100

Cloacal artificial 
insemination, CAI

Fresh sperm
0.2×106 CAI-fre 1
2×106 CAI-fre 10
20×106 CAI-fre 100

Frozen sperm
0.2×106 CAI-fro 1
2×106 CAI-fro 10
20×106 CAI-fro 100

Eggs collected from day 2 to 22 (the day of artificial insemination) after the LOAI or CAI. 
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fre 1, LOAI-fre 10 and LOAI-fre 100 were increased following the 
increasing sperm transferred by LOAI. Moreover, LOAI-fre 100 
fertility was greater than LOAI-fre 1. But the number sperm of CAI-
fre 1 and CAI-fre 10 as the same number of LOAI-fre 1 and LOAI-fre 
10 did not fertilize the egg while using cloacal artificial insemination. 
As for hatchability, LOAI-fre 10 and LOAI-fre 100 were greater than 
LOAI-fre 1. But in cloacal artificial insemination, only CAI-fre 100 
had hatchability due that CAI-fre 1 and CAI-fre 10 had not got the 
fertilized eggs. In addition, hatchability of LOAI-fre 10 and LOAI-fre 
10 and LOAI-fre 100 were no significantly different.

Efficiency of Laparoscopic Oviductal Artificial 
Insemination Using Frozen Sperm in Hen

The motility of frozen sperm is 41.00% ± 2.00% just before 
AI. Semem was diluted as Table 1. Semem was diluted in different 

concentrations and then fertilized eggs to compare its fertility and 
hatchability with laparoscopic oviductal artificial insemination and 
cloacal artificial insemination. Fertility and hatchability of collected 
eggs from both artificial insemination with different number of fresh 
sperm were compared (Figure 3). There was only LOAI-fro 100 and 
CAI-fro 100 with the same fertilization rates. Also hatchability of 
LOAI-fro 100 and CAI-fro 100 were similar. But LOAI-fro 1 and 
LOAI-fro 10, and CAI-fro 1 and CAI-fro 10 had not fertilized and 
hatched.

Table 2: Effects of different anesthesia methods on laying rate of hens.

Anesthesia methods Day 1
Number of eggs

Day 2
Number of eggs

Day 3
Number of eggs

Day 4
Number of eggs

Day 5
Number of eggs

Day 6
Number of eggs

intramuscular injection (n=10) 3.00±2.16 4.00±1.7 7.00±0.8 9.40±0.69 9.80±0.42 10.00
intravenous injection (n=10) 5.00±1.63 6.00±1.5 8.00±0.8 9.70±0.67 10.00 10.00

Figure 1: Fixed method of hen and transfer sperm into oviduct under 
laparoscopic view of the abdomen. (A) fixed model of hen. Yellow circle for 
pneumoperitoneum needle and trocar; red circle for forceps, and blue circle 
for injection needle. (B) view of the abdomen under laparoscopy. (C) Transfer 
semen into oviduct under laparoscopy.

Values are means ± SED. The number of hens is 10 for each group.

A

Figure 2: Fresh sperm fertility and hatchability of eggs fertilized with 
laparoscopic oviductal artificial insemination (LOAI-fre 1 and LOAI-fre 10 and 
LOAI-fre 100) and cloacal artificial insemination (CAI-fre 1 and CAI-fre 10 
and CAI-fre 100).

Figure 3: Frozen sperm fertility and hatchability of eggs fertilized with 
laparoscopic oviductal artificial insemination (LOAI-fro 1 and LOAI-fro 10 and 
LOAI-fro 100) and cloacal artificial insemination (CAI-fro 1 and CAI-fro 10 
and CAI-fro 100).

Discussion
The present study was apparently the first to establish a method 

of laparoscopic oviductal artificial insemination in hen. The results 
explored that fertility and hatchability of eggs fertilized with 
laparoscopic oviductal artificial insemination were successful with 
relative less sperm, compared with cloacal artificial insemination.

Since the 1950s, AI has been used in large-scale farming of 
chickens [13]. The application of AI greatly reduces the cost of 
production, and the number of cocks that used for breeding is greatly 
reduced. Male to female ratio changes from 1:10 to 1:100 [13]. By now 
we first set up the laparoscopic oviductal artificial insemination in 
hen. During the experiment, the average time spent on each chicken 
from anesthesia to surgery was less than 10 minutes, similar to other 
animals such as sheep [18]. In this study, anesthesia is essential, 
because surgery stress may affect eggs production of hens. In order 
to reduce the stress caused by anesthesia on chickens, we found 
Sumianxin II be better than other anaesthetic (data not shown), and 
muscle anesthetized chicken took a few minutes to fall asleep while 
intravenous anesthetized chickens can fall asleep in less than 1 minute 
and waked up soon after the surgery. It not only can reduce the time 
of surgery but also can avoid over anesthesia.

Carbon dioxide gas always employed for blow-up abdominal 
cavity in laparoscopic surgery, but in this study in hen, it was fatal. 
Another key factor affecting the success of laparoscopic surgery 
is the entry position of the instrument. Inaccurate entry position 
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could cause puncturing of yolk or egg, or bulging of air sac, or even 
puncturing of blood vessel or other tissue structure. 

Some articles point out that only 1% of sperm injected through 
the fallopian tube can reach SSTs (sperm storage tubules) [10]. Here 
it stored last for a few days or few weeks. When the hen ovulates, the 
sperm is released from the SST and transferred to the oviduct fimbria 
[13]. LOAI, however, injected sperm directly into the funnel of the 
fallopian tube, bypassing the SSTs, allowing more sperm to be stored 
in the sperm nets. This is why we inject sperm directly into fimbriae 
of uterine tube. Therefore, it is possible to make some birds with less 
sperm or weaker sperm to complete the insemination work, and also 
improve the utilization rate of the sperm, and even frozen sperm. 
LOAI can bypass the physical reproductive barrier, which is also 
reflected in cats and sheep [18]. 

It indicated that In the case of poor sperm quality or low sperm 
motility, LOAI can obtain higher fertilization rate and hatching 
rate. The sperm with low sperm motility may be blocked during the 
transfer of fallopian tube. Mohan indicated that each AI injection 
of 89.10×106 sperm reached the highest fertility, 91.07%. However, 
29.70×106 sperm can only reach 77% fertilization rate [13]. Aurore's 
test shows that 200× 106 fresh sperm AI can reach 97.1% fertility 
[24]. S. Tabatabaei indicated that inseminated with 50, 75, 100 
and 150 million spermatozoa, fertility rates were 52.85%, 72.37%, 
87.64% and 89.12%, respectively [3]. But all the experiments above 
were inseminated weekly, which is differ from our experiment that 
inseminated for once and collected eggs for 21 days. It also explained 
why fertility in this experiment is lower than others. Moreover, 0.2×106 
fresh sperm transferred into fimbria tubal also can accomplish fertility 
of hen, which could be milli of sperm number as the reports [1,25]. 

However, LOAI also has some disadvantages. The umbrella 
of the fallopian tube is very fragile and can be torn easily. The egg 
yolk in abdominal cavity is easily broken by experienced operators, 
which may cause peritonitis or Intraperitoneal adhesions. Moreover, 
anesthesia and surgery affect laying egg the next days. 

In conclusion, the present findings demonstrated setup of 
laparoscopic oviductal artificial insemination in hen, which should be 
usefulness for bird reproduction and biological protection. 
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