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Abstract The quality of fish sperm is an important factor affecting artificial reproduction. Since the sexual maturation of male and female is not

synchronized or for the fish that need to kill the male fish for sperm, sperm preservation solution is used to preserve the sperm temporarily during

reproduction, in order to meet the needs of large-scale reproduction. Therefore, the preservation effect of sperm preservation solution directly affects

the artificial reproduction. The quality of sperm in the preservation solution can be judged macroscopically by microscopic examination, but it is not

accurate, while sperm chromatin structure analysis (SCSA) can quantitatively judge the quality of sperm in the preservation solution, thus providing

guarantee for reproduction. The Zhaos sperm preservation solution of Pseudobagrus hwanghoensis has been verified by artificial breeding and SCSA

analysis for many times, and it is better than Hanks sperm preservation solution. When the DNA fragmentation index is less than or equal to 0.15,

the sperm is vigorous and the effect is obvious.
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seudobagrus  hwanghoensis, be-
P longing to Siluriformes, lives in
the bottom of the water and feeds
on benthic animals, such as mayflies and
hairy winged larvae. The young fish feeds
on chironomid larvae. The fish is dis-
tributed in Yellow River System in Henan,
and it is a rare species due to limited
overall resources. The 3" instar juvenile
fish reaches sexual maturity, and the
spawning period is from the middle of
May to the end of July. The natural
spawning amount is very small. Artificial
breeding needs to kill the male fish for
sperm, and large-scale breeding needs to
store sperm with preservation solution in
advance to improve efficiency and effect.
Sperm chromatin structure analysis
(SCSA) is a method to detect the integrity
of sperm DNA. TIts principle is that the
normal sperm DNA is double stranded,
while the damaged sperm chromatin is

loose, and the DNA is denatured into sin-
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gle stranded under the action of acid. Ac-
cording to the characteristics that acridine
orange (AO) combines with double strand-
ed DNA to emit green fluorescence, while
it combines with single stranded DNA to
emit red fluorescence, the Ao-staining
sperm suspension can be analyzed by flow
cytometry to determine the quality of

sperm!'.

1 Materials and Methods

Reagents: acridine orange (AO) stain-
ing solution, hydrochloric acid, Hanks
sperm preservation solution (commercially
available), Zhaos sperm preservation solu-
tion (self prepared).

Sample: the sperms were ground ),
microscopically observed, and diluted in
Zhaos and Hanks sperm preservation so-
lutions for 8 min. According to the exper-
imental design time period, the semens
were diluted for 4, 96 and 144 h in ad-

vance, labeled, and then stored in the re-
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frigerator at 4 C*,

Accurately 30 pL of sperms stored in
Zhaos and Hanks for 4, 96 and 144 h
were taken respectively, successively
added with 80 pL of acid aspirate (reac-
tion for 30 s) and 100 pL of Ao staining
solution (reaction for 3 min), and finally
detected by cyto flex flow cytometer.

In artificial breeding, the mature
parent fishes were injected with oxytocin®?.
The water temperature for oxytocin injec-
tion was above 20 °C, with the optimum
temperature of 22-24 °C. Oxytocin was
injected twice into the thoracic cavity,
with a depth of about 1 ¢m. The first in-
jection was carried out at 5:00-6:00 pm.
The dose was LRH-A2 15-20 pg+ HCG
600 IU per kg of female parent fish, and
the male fish was reduced by half. The
needle distance was 12 h, and the second
needle was injected at 5:00-6:00 am the
next day. The dose was LRH-A2 15 pg +
HCG 500 IU, and the male fish was re-
duced by half. When the water tempera-
ture was 20-24 °C, the effect time was
about 24 h. After the injection, the parent

fish should be stimulated by flowing water.
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The pool was kept with slight flowing wa-
ter at a flow rate of 10-30 m¥h, so as to
better promote the success of labor. Dur-
ing the water injection, attention shall be
paid to prevent water from over flowing
the pool. The dissolved oxygen in the tank
should be more than 5 mg/L. The envi-
ronment was kept quiet and away from
light. Since the estrous behavior of pseudo
parent fish was not obvious, artificial in-
semination was started after about 24 h of
labor induction, and the extruded eggs
(the eggs were orange, and the average
diameter of the eggs was 2.0 mm) of ma-
ture female fish were artificially insemi-
nated by semi dry method. When squeez-
ing eggs, the pool water should not be
brought into the basin to avoid affecting
the fertilization rate. Proper amount of
sperms stored in advance were sprinkled
on the extruded eggs, and stirred continu-
ously by hard chicken feathers so that the
sperm and eggs can be better combined
and fertilized!"*".

The

verification was to inseminate the sperm

actual artificial insemination
with different storage time and P. hwang-
hoensis eggs extruded after artificial in-
duction®™. The inseminated eggs were put
into the incubation box according to the
label, and incubated in the incubation
tank for 5 h to calculate the fertilization

rate®.

2 Results and Analysis
2.1 Results

test of sperms stored in Zhaos solution are

The results of the on-line

shown in Fig.1.

The on-line test results of sperms
stored by Hanks solution are shown in
Fig.2.

2.2 Analysis

2.2.1 Fracture index analysis. The sperm
cells were circled on the FSC/SSC dia-
gram and the gate was set to the FLI
(FITC)/FL3
analysis. Sperms with good DNA integrity

(ECD) scatter diagram for

mainly emitted green fluorescence (P2 gate),

and those with poor DNA integrity mainly

emitted red fluorescence (P4 gate). The
sperm DNA quality was evaluated by cal-
culating the DNA fragmentation index by
the formula, at=red/(red+green).
The following results were obtained
from the experimental graphs and data.
Zhaos:
a=6.37/(39.03+6.37)=0.14
at,=11.28/(40.65+11.28)=0.21
at=9.48/(23.23+9.48)=0.29
Hanks:
a,=9.44/(32.10+9.44)=0.23
at=8.29/(17.18+8.29)=0.32
at;=18.85/(38.54+18.85)=0.32
From the above breaking index re-

sults, the breaking index of the sperms
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stored in the Zhaos sperm preservation
solution was smaller than that in the pur-
chased Hanks sperm preservation solution:
Zhaos at, < Hanks at;; Zhaos at, < Hanks
aty, Zhaos at; < Hanks at;. The results
showed that Zhaos sperm preservation so-
lution was superior to Hanks sperm
preservation solution.

2.2.2  Verification analysis. The results
of artificial insemination showed that the
fertilization rate of sperms preserved in
Zhaos solution was 81.4% at 144 h, which
was kept at a high level and was consis-
tent with the lower level of DNA fragmen-
tation index Zhaos at;=0.29 measured by

flow cytometry (Tab.1). Similarly, the 144 h
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Fig.1 On-line test of sperms stored in Zhaos solution
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Fig.2 On-line test of sperms stored in Hanks solution

fertilization rate of sperms preserved in
Hanks solution was 11.5%, which reached
a very low level and can not be used for
actual artificial reproduction, consistent
with the results of higher level of DNA
fragmentation index Hanks a;=0.32 mea-
sured by flow cytometry.

2.2.3 Microscopic observation. Microsco-
pic observation®® showed that the sperms
stored in Zhaos preservation solution were

still vigorous on the 6" day, began to

weaken on the 7" day, and died on the 9"
day. The spermatozoa stored in Hanks
preservation solution had stronger vitality
on the 1" and 2" day, weaker vitality on
the 4" day and died on the 5" day.

2.3 Actual verification of artificial
propagation When all the larvae were
hatched, the newly hatched larvae were
gathered in the 4 corners of the incuba-
tion frame, with a total length of only

about 6.0 mm. They looked like tadpoles,

Tab.1 Two practical effects of sperm preservation solution

Time//h
Fertilization rate // %
4 96 144
Zhaos solution 98.2 87.6 81.4
Hanks solution 83.0 13.3 11.5

and the yolk sac was large and nutritious.
They were weak and tender and can not
swim freely. After 5-7 d of temporary
feeding, the total length of the larvae
reached 1.0 e¢m, and the yolk sac was
greatly reduced. When the larvae started
to eat, the fry can be cultured. However,
during temporary feeding, the water quality
was required to be clean, the dissolved
oxygen should be greater than 5 mg/L,
and the direct sunlight was also required™.

The number of fries obtained in 5
batches of propagation were 300, 5 000,
10 000, 50 000 and 300 000 tails, re-
spectively. Judging from the number of
fries obtained in 5 batches, the propaga-
tion technology had been constantly im-

proving and maturing.

3 Conclusions

(1) SCSA is a fast and accurate
method to determine the quality of sperm,
and can be used for quantitative analysis.
It is an important means to detect the vi-
tality of artificial preserved sperm before
use.

(2) Through SCSA analysis and prac-
tical application test, Zhaos, a sperm
preservation solution of P. hwanghoensis,
can be artificially stored for one week in a
4 °C refrigerator and keep sperms vigor-
ous, which is the guarantee for large-scale
reproduction.

(3) For the artificially preserved
spermatozoa of the Yellow River, accord-
ing to the analysis of reference data” and
test results, it is believed that if the DNA
fragmentation index is less than or equal
to 0.15, the spermatozoa are vigorous, and
the preserved spermatozoa can be used as
the source of artificial insemination. If the
DNA fragmentation index is larger than or
equal to 0.3, the sperms tend to be ex-
hausted and are no longer used as the se-
men source of artificial insemination.

(4) The artificial reproduction of P. hu-
anghoensis is to prepare "artificial semen"
with self-developed sperm preservation

solution before insemination. The repro-
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duction effect was very good, the fertiliza-
tion rate was as high as 98.2%, with an
average of 93%, and the hatching rate was
75%. After 5 batches of experiments, the
reproduction technology has been gradu-
ally maturing, and the reproduction can be
customized according to the number of
users. In conclusion, a special sperm
preservation solution has been developed
independently, and an evaluation system
based on SCSA sperm preservation solu-
tion has been established through DNA

fragmentation index analysis.
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