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Abstract. In vitro spermatogenesis has many clinical applications and hopefully with
improvement of research findings this technique will solve the applied fisheries era 4.0. This
research aimed to evaluate the effects of testosterone and type of serum on the in vitro
spermatogenesis of shark-minnow fish (Osteochilus hasselti). In the present research, four
concentrations of testosterone (0, 5, 10 and 15 ng/mL) were tested. The types of serum used
were autologous serum and Fetal Bovine Serum (FBS). The results showed that the use
autologous serum in the culture medium capable of maintaining the consistency of the tissue
culture in culture period and maintaining in vifro spermatogenesis of shark-minnow. This study
shown that stage-specific of spermatogenic cells needed certain testosterone concentration. The
stage of secondary spermatocyte needed testosterone concentration of Sng/mL ie.
50.81£9.29% in medium with autologous serum and 36.47+1549% in medium with FBS,
while stage of spermatid and spermatozoa needed testosterone concentration of 10ng/mL i.e.
36.66=19.81% and spermatozoa 43.45+23.44% in autologous scrum and the proportion of
spermatid i.e. 42.3549.09% and spermatozoa 35.25£14.0% in medium with FBS. This study
proven that in-vitro spermatogenesis, already demonstrated in shark-minnow fish, offered great
promises to cope with reproductive issues in the aquaculture and applied fisheries
biotechnology.

Keywords: Spermatogenic cells, in vitro spermatogenesis, reproductive biotechnology,
Osteochilus hasselti.

1. Introduction

The development of spermatogenic cells in shark-minnow fish (Osteochilus hasselti Valenciennes,
1842) can be approached by in vive or in vitro researches [1-3]. However, in vivo research was
rendered by the needs to provide a large number of homogenous fish, and thus, in vitro model was
adopted in this research. Information on the in vitro development of spermatogenic cells and
concentration of testosterone required to support spermatogenesis in tifffffhark minnow fish has not
been available. Spermatogenesis regulation involves hormones such as Follicle Stimulating Hormone
(FSH), Luteinizing Hormone (LH) and gonadal steroid hormones [4, 5]. Reports on roles of
testosterone on spermatogenesis in vitro conditions have been available for some fishes, i.e. eel [6-8],
gold fish [9], Japanese huchen [10]. Japanese eel (4dnguila japonica) spermatogenesis, which was
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(itiated by the I.I-Ketotestosterone (11-KT; a typical androgen in fish), gonadotrdgi stimulate
Leydig cells to produce 11-KT, then 11-KT activates Sertoli cells to facilitate all stages of
spermatogenesis from spermatogonia proliferation to spermiogenesis [6-) 11-KT is an androgen
hormone that is most effective in initiating spermatogenesis. 11-KT can induce all stages of
spermatogenesis [11]. In this research, development of spermatogenic cells were observed for 36 days
of culture in a medium containing 11KT 10 ng / mL. Nine days after culture, spermatogonia begin to
proliferate. On the 18" day of the culture period, zygoten stage spermatocytes that experience meiosis
I prophase can be observed. Furthermore, spermatids and spermatozoa begin to be observed on the 21%
day of the culture period. On the 36™ day of culture, all stages of spermatogenic cells can be observed
[12]. In the Eel spermatogenesis, spermatogonia proliferation begins on the third day of the culture
period, meiotic initiation about 2 weeks after the addition of 11-KT in the culture medium. The role of
FZKT in spermatogenesis has also been studied in goldfish (Carassius auratus) [9]. 11-KT hormone
induces the initiation of spermatogenesis and spermiation in the testis fragment culture Japanese
huchen (Hucho perryi). Furthermore, thel 1-KT as steroid hormone has the ability to stimulate DNA
synthesis, renewal of spermatogonia, and/or create spermatogonia proliferation in vitre conditions
[10]. Another type of androgen hormones that affects spermatogenesis can include testosterone, 11p-
hydroxytestosterone, 3p-dihydrotestosterone, dehydroepiandrosterone, androsteron [11-12].

Testosterone is the main androgen, which plays the role in spermatogenesis during the
reproductive cycle of the male halibut (Hippoglossus hippoglossus L) [13]. Information on the in vitro
development of spermatogenic cells and concentration of testosteron required to support
spermatogenesis in the shark minnow fish has not been available, and thus, research is urgently
needed. In addition, it is necessary to examine the involvement of micro environmental factors on the
success of shark minnow fish spermatogenesis. These factors include the suitability of the medium,
growth factors and culture period [14, 15]. The aims of this research were to evaluate effe@@veness of
in vitro induction of spermatogenesis, processes of spermatogenic cells development and to evaluate
the effects of testosterone and type of ferum on the shark minnow fish (Osteochilus hasselti
Valenciennes, 1842) spermatogfic cells. In the present research, four concentrations of testosterone
were tested, namely 0 ng/mL, 5 ng/mL, 10 ng/mL and 15 ng/mL using a randomized block design.
The types of serum used were thefflutologous shark minnow serum and Fetal Bovine Serum (FBS)
serum at a concentration of 10% (v/v).

2. Materials and methods

2.1. Materials

2.1.1. Experiment object: Male of shark minnow fish (Osteochilus hasselti Valenciennes 1842) of day
2 post spawning with weight 28 — 29 g and length 13 — 14 cm. Testes weight were 0.79 — 0.93 g and
GSI 2.79%.

2.1.2. Materials. Testosterone (17u-Methyl Testosteron; Polaris), aquabidest, GnRH analog plus
Domperidone (Ovaprim, Syndel Laboratory, Vancouver), Feotal Bovine Serum (FBS. Caifan Labs),
autologous serum, antibiotic (Penicillin Streptomycin. Gibco no. 15140), [EBlutamin, Dulbecco’s
Modified Eagle Medium (DMEM. Gibco), Purified Agar (Oxoid, L28), Dulbecco's Phosphate-
Buffered Saline solution (DPBS) pH 7.4, steril aquadest and clean paper.

2.1.3. Materials for histology preparat. Bouin solution as fixative, alcohol 70%, alcohol 80%, alcohol
90%, alcohol 100% as dehydran, Xylol (or xylene) solution as clearing agent, paraffin (Sigma, p3558),
aquadest, gelatin 1%, stain Carazzi's Hematoxylin, eosin 1% aquosa, and mounting agent as Entellan
new. The research equipment for preparation of shark minnow fish testes fragments included digital
scales accurate to 0.01 g, Graph paper, dissecting set. The equipment for the made of fish serum was 1
mL injection syringe and needle size 26 G x '2” (Terumo Syringes), centrifuge (Eppendorf model
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5415). Equipment for fragment culture included sterile tweezers, scalpel blades, spatula, 24-well
plates, cell culture dishes 35 x 10 mm, petri dish, sterilizers, Laminar Air Flow (LAF), CO, incubator
(Binder CB-150), mercury thermometer, falcon tube 15 mL and 50 mL (Conical centrifuge tube.
Fisher Scientific), micropipette with tip (Eppendorf), masker, gloves and alcohol 70%. Equipment for
made histology preparations included scissors, tweezers, sample bottles, fixative bottles, clean paper,
stopwatch, dropping pipette, Glass beaker 50 mL afE)100 mL (Pyrex, Asahi glass ), incubator oven,
paraffin block mold made of cardboard paper with size 1.5 x 1.5 x 1.5 cm, staples, specimen holder,
spiritus lamp, label, rotary microtome, and cutter. Equipment for affixing and staining: Paintbrush,
hot plate, ohject glass, cover glass, staining jar and label. Equipment for data collection: light
microscope (Olympus Cx40), eye piece micrometer, eyepiece graticule grid, digital camera, digital
microscope (Optilab Profesional: Miconos) and software of ImajeJ 1.46r.

2.1.4. Preparation of culture environment. The dissecting set, microcentrifugation tubes 1.5 mL,
falcon tube, glass petri dish and micropipette tip were sterilized by using autoclave at a temperature of
121°C, 2 atm for 30 minutes, while the dropping pipette was sterilized in a sterilizer. Micropipette and
test tube rack were sterilized with tissue paper which had been spread with 70% alcohol. The culture
room was sterilized a day before use by irradiating using a UV lamp for 12 hours.

2.2. Research material preparation
2.2.1. Boiun’s solution [16]. Made of 75 mL satured aqueous picric acid, 25 mL formalin (40%
formaldehyde) and 5 mL of glacial acetic acid.

2.2.2. Stain Carazzi's Haematoxylin [17]. This solution was prepared by dissolving 0.5 g
Haematoxylin in 100 mL glycerol, 0.01 g Potassium lodate 25 mL of the distilled water and 25 g
potassium alum in 375 distilled water. The haematoxylin and potassium alum solutions were mixed
then carefully the potassium iodate solution was added to the mixture. The staining solution was
filtered through a filter paper. The haematoxylin solution can be used immediately, it lasted for about
three months [18].

2.2.3. Fosin Y 1% stain. Eosin Y 1 g was dissolved in 100 mL distilled water, stirred up to
homogeneous and then filtered with a paper filter. Solution must be kept at room temperature until

use.

2.2.4. Handling medium and culture medium formulation [19]

1) Handling medium (1000 pL): 2) Culture medium (for 1000 pL):
DPBS ..o 950pL DPBS....oo 300pL
Antibiotic.........cccoereeene. S0pL Serum 100pL

Antibiotic.....cocoveiviivenns 50uL
L-glutamine. .................. 30uL

2.2.5. Agar solution 1%: Agar solution 1% 10 mL (v/v) make from dissolved 0.1 g purified agar to the
distilled water 100 mL (v/v). The mixture was heated to boiling and the agar solution ready to use.

2.3. Procurement of shark minnow serum [20]

Fish serum was obtained from male shark minnow fish with an average bodgfjveight of 53.45 +£16.78g
and GSI 8.05 + 5.26%, blood was taken from the caudal vein at 8 — 12 a.m. The blood was collected in
a microcentrifugation tube 1.5 mL and allowed the blood to clot at room temperature for 15-30
minufjthen stored in the refrigerator for 8-24 hours to optimize blood clotting. Blood clots and serum
were centrifuged at 3000 rpm for 10 minutes. The serum was taken using a micropipette, then put into
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a microcentrifuge tube and labelled, then the serum was stored in the freezer until the use. Serum
thawed and filtered using sterile syringe 0.2 um filter before being used for culture.

2.4. Testicular fragment preparation

Male shark minnow fish was weighed, then the fish paralyzed with the damage the nerve tissue. The
abdominal wall was cleaned using alcohol 70% swab. The abdominal part was dissected using a sterile
EFgical technique, the testes and liver were isolated, weighed and recorded to determine aspect the
Gonadosomatic Index (GSI) and Hepatosomatic Index (HSI). The testes were washed using DPBS
solution to remove blood and were placed in a sterile Petridish containing handling medium to prevent
the testes from dehydration. The testes were brought into the culture room and cut in a sagittal
orientation followed by transversally orientation to form fragments of + 2 mm’ in size as many as 48
pieces of fragments were used for culture (figure 1).

Figure 1. Scheme of direction for cut off testicular fragments of shark minnow fish
(O. hasselti Valenciennes,1842) for in vitro spermatogenesis.

2.5. Organ culture system preparation:

A 1% agar solution was poured into a petri dish, and allowed to solidity for + 10 minutes, the sterile
blue pipette tip were inserted with the wide opening facedown, on the top of the agar to create circular
agar block (figure 2.1). A concave surface was made at the center of each agar block using a concave
spatula with diameter + 3 mm (figure 2.2). The agar block were the put into 24 well-plate. The tested
hormone was added to the culture medium. The well-plates containing medium and hormones were
equilibrated for 1 hour in the CO; incubator.

2.6. Testes fragment culture

The testes fragment was put on concave surface of the agar in the equilibrated culture medium. The
testes fragments were incubated at the temperature of 28° C, 0, 95% and CO, 5%. Sterile aquadest was
filled into the most left and right of the well plate to maintain humidity. Aseptic technique was
performed throughout the experimental procedure.

2.7. Culture condition monitoring

Culture condition was monitored by observing the temperature of incubator and colour of the culture
medium. Culture was good if medium colour was pink and pure colour (similar to the first culture
condition). Culture medium was refreshed every third days by replacing 80% culture medium. In
addition, testes fragment was also observed on the microscope. The testes fragment was good
indicated consistent of tissue’s well. Development of spermatogenic cells evaluated on day 5™, 10",
and day15"™ of culture.
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Figure 2. Diagrams showing organ culture system prepation; (1), (2) and (3) = the step of
make agar block; (4) = step of equilibration medium and hormone in 24 well-plates; Dw =
Distilled water; 0, 5, 10 and 15 ng / mL showed the testosterone concentrations tested; The
pink color indicated the treatment group with the addition of FBS; The green color showed
the treatment group with the addition of shark minnow fish serum

2.8. Histology preparation with modification [21]

The cultured testes fragmefJwas harvested on day 5" 10", and 15" day of culture, washed 3-5 times
with DPBS medium, then were fixed in Bouin's solution in 4 hours at room temperatffs) The testes
fragments were processed for standard paraffin embedded section, cut at 5pm then sections were
stained with Carazzi's Haematoxylin and Eosin.

2.9 Mitotic activity identification

Mitotic activity was identified based on the result of the histological evaluation that referring to the
criteria of mitotic cells [22]. The mitotic index (Y) was identified by observing cells in histological
samples, and the percentage was calculated by calculating the number of spermatogonia undergoing
mitotic division by the total number of spermatogonia found, then multiplied by 100%. In each
sample, 5 sections were evaluated, each slice was evaluated in 5 view fields so that each sample was
evaluated as many as 25 fields of view.

2.10. The proportion of lobular area and number of cells

Morphology, cell number and proportiEof lobules area containing stage-specific spermatogenic cells
were evaluated histologically. Stages of spermatogenic cells included spermatogonia, spermatocytes,
spermatids and spermatozoa in histological preparations were evaluated using a digital microscope
(Optilab Professional: Miconos). The identification of spermatogenic stages was done by comparing
the description of spermatogenic cells in Cyprinidae fish [23]. The proportion of lobules area occupied
by each particular spermatogenic stage (X) was calculated using a calibrated ocular graticule using the
Cavalieri's principle with modifcation [24]. The number of squares in graticule, occupied by the
lobules area with stage-specific spermatogenic cells was calculated as followed: condired as 1 if
fully (1) or> % of the square is occupied by lobules area; as "2 if 'z of the square is occupied by
lobules area; as Y if ' of the square is occupied by lobules area and as 0 if <V of the square is
occupied by lobules area, then use formula as below it:

¥ Lobula area with stages of spermatogenic cells

¥ lobula area observed
In addition, to the proportion of lobules area with stage-specific of spermatogenic cells, the number
of spermatogenic cells of each stage in each lobules was calculated. The cell count was calculated by
positioning the eyepiece graticule grid in the lobe that the cellffounts. If the number of eyepiece
graticule grid surrounding the lobe was less than 3 squares, thus the number of cells in each squares
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was calculated and then averaged and the results are recorded in the number of cells / mm®. If the
number of squares that @@yvered the lobules were counted for more than 3 squares, 3 squares were
randomly selected, then the number of cells in each square was calculated, then averaged and the
results were noted in the number of cells / mm”.

2.11. Analysis

Data of mitotic index and proportion of spermatogenic cells in each lobules were analyzed using
two-way ANOVA at 95% accuracy level [25]. The analysis was carried out using SPSS software
version 18.0, while morphological data of stage of spermatogenic cell developmental and post-culture
development based histological feature were analyzed descriptively.

3. Results and discussion

3.1. Development of testis fragment post-culture

Testicular fragments cultured with various combinations of testosterone concentration and type of
serum in the culture medium can grew well. Evaluation on day 15" of culture showed that there was
an out grow of the cells at the periphery of the fragment and the testicular fragment tend to flatten.
The colour of the culture medium indicated that the culture condition was suitable to support the
culture. This is in accordance with the statement of other researchers that changes in fragment
morphology and cell polarity are influenced by the existing of epithelial cells cultured and nutrient
supply Basolaterally [14]. Testicular fragments cultured for 15" days on a medium containing
autologous serum had more compact fragments than fragments cultured on medium containing FBS
(figufd 3).

The results showed that the autologous serum was better in supporting the development of
shark-minnow spermatogenic cell development compared to FBS. The different components and the
concentration of each component in both types of serum possibly cause variations in culture results.
Serum from the same organism as the source of fragments can support culture growth better than
serum from other organisms. The addition of human serum in a culture medium results in a better
human cartilage than that in the medium supplemented by FBS [26]. The addition of 0.25% salmon
serum in the medium culture of spermatogonia cell of rainbow trout (Oncorhynchus mykiss) can
improved the cell viability, the number of cells and spermatogonia mitotic activity during in vitro
spermatogenesis [27]. Testicular fragment tissue of mice is cultured in a-Minimum Essential Medium
(o-MEM) medium plus 10% FBS shows spermatogenesis activity with release of spermatids.
However, it is not found in fragments cultured with medium without FBS [28].

Figure 3. Micrograph of Testicular fragment of shark minnow fish (O. hasselti
Valenciennes 1842) that cultured in autologous serum (A) and FBS (B).

3.2. Mitotic index of spermatogenic cells
Assessment from result of the histological preparations from pre-culture testicular fragments group
shown an average of mitotic spermatogonia cells 20.85 =+ 15.49% and an average of spermatogonia
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cells that are not mitotic 79.15 + 15.53%. Statistical analysis showed that mitotic activity in all
fragments were no significant different or equal (p> 0.05). After the 5" day of culture, the testicular
fragment with the addition of FBS in the medium showed that spermatogonia cell activity was not
mitotic, with the number of spermatogonia are 0.86 + 1.26 x10° cell / mm-. The results of fragments
cultured on a medium contain autologous serum, however, showed that spermatogonia cells could be
observed undergoing cell division (figure 4), the average mitotic index at testosterone concentration
of 0 ng/mL was 30.47+ 31.03%, at concentration of 5 ng/mL was 33.45+£27.92%, at concentration of
10ng/mL was 37.62+22.06% and at concentration of 15 ng/mL was 40.12+ 23.01%. These data
shown that the higher the concentration of testosterone added to the culture medium, is the higher the
mitotic activity of spermatogonia (figure 5). However, all treatments were not significantly different
(p=0.05). Similar studies on eel (4. japonica) testicular fragments cultured on a medium contained
11-KT with a concentration of 10 ng/mL show proliferative activity through mitotic division type A
spermatogonia to become late type B spermatogonia on day 9 of culture indicated mitosis 50-70% of
cyst [1]. Thus, the addition of testosterone on the 5™ day of culture shows that the result of culture are
relatively the same as that of the 9" day culture with the addition of 11-KT. In short, testosterone is
relatively more effective than 11-KT which gives a shorter time of 4™ days compared to 11- KT.

Figure 4. Micrograph of testicular fragments of shark minnow fish (0. hasselti
Valenciennes,1842) with Paraffin method and Hematoxylin-Eosin stain. m =
mitotic phase of spermatogonia cells; mf = metaphase; a = anaphase; t = telophase.
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Figure 5. The mitotic index of shark minnow spermatogonia (O.
hasselti Valenciennes 1842) cultured on day 5" on medium contained
autologous serum and various testosterone concentrations.
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3.3. Proportion of lobules area with stage-specific spermatogenic cells
Based on histological observation, the spermatogenic stages can be observed, including type A
spermatogonia, type B spermatogonia, primary spermatocytes, secondary spermatocytes, spermatids,
and spermatozoa (figure 6). Type A spermatogonia has thEfjlargest size compared to other
spermatogenic cells, large and homogeneous nuclei contain one or two nucleoli (figure 6A). Type B
spermatogonia is a spermatogenic cell with more advanced cell stages, cell §§e is smaller than type A
spermatogonia but larger than other spermatogenic cells, these cells formed a cyst of two or four cells
surrounded by Sertoli cells (figure 6B). Primary spermatocytes have the character of round cells with a
clear cytoplasm, the nucleus is relatively smaller than the spermatogonia nucleus (figure 6C).
Secondary spermatocytes have a round shape and are smaller than primary spermatocytes, the nucleus
looks more colorful and located at the periphery of the cell. Therefore, it has a chromosome
configuration like an umbrella (figure 6D). Spermatids are round in shape, smaller than the
spermatogonia and spermatocytes, and have heterogeneous nuclei (figure 6E). Spermatozoa have the
smallest size than that of other spermatogenic cells, they have round shape of cells with condensed
nucleus. Therefore, it is more violet and has a tail (figure 6F).

8

Figure 6. Micrograph of testicular fragments of Shark minnow fish (O. hasselti
Valenciennes,1842) cross-cut after paraffin method and stained with
Hematoxylin-Eosin. A(Sga) = Spermatogonia A; B(Sgg)= Spermatogonia B;
C(Scy) = Primary Spermatocytes; D(Sca) = Secondary Spermatocytes; E(St) =
Spermatids; F(Sz) = Spermatozoa (the arrow shows the spermatozoon's head); SS
= Sertoli cells.
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The proportion of spermatogenic cells in the pre-culture is the same which is dominated by
secondary spermatocytes for 34.47+3.56% (figure 7). On the day 5™, the addition of testosterone in the
culture medium increased the proportion of lobules with the stage-specific of spermatogenic cells
(pER05) (figure 8). The stage of secondary spermatocytes needed concentration of testosterone of 5
ng/mL i.e. 50.81+9.29% in medium with autologous serum and 36.47+15.49% in medium wiflj FBS,
while stage of spermatid and spermatozoa needed concentration of testosterone of 10 ng/mL i.e.
36.66=19.81% and spermatozoa 43.45+23.44% in autologous serum and the propdfflion of spermatid
i.e. 42.05+9.09% and spermatozoa 35.25+14.01% in medium with FBS, and then stage of spermatid
needed concentration of testosterone 15 ng/mL 1.e.43.62+12.12% in medium with FBS and the
proportion of spermatozoa 48.60 +14.00% in medium with autologous serum. It was short, and the
development of spermatogenic cells need the testosterone concentration for stage-specific
spermatogenic cells during process in vitro spermatogenesis. These results support previous report that
various dissolved components include testosterone added to the culture medium capable entering it
through cell @ffjusion [29]. Testosterone is accepted by receptors on the Sertoli cells, then the presence
of paracrine interactions between Sertoli cells and spermatogenic cells can facilitate the process of
spermatogenesis [30].

The results of histological evaluation show that administration of autologous serum into the
medium, lead to a higher percentage of spermatogonia (0.63+0.8%) compared to FBS (0.07+0.10%).
The t-test analysis shows that the type of serum given a significant effects on shark minnow
spermatogenesis (p<0.05). This indicates that autologous serum and FBS have different activities in
the testicular fragment culture in vitro. Autologous serum contains testosterone which plays a role in
maintaining in vitro spermatogenesis.
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Spermatogonia A Spermatogonia B Primary Secondary Spermatid Spermatozoa
Spermatocyte Spermatocyte

Stage-specific of spermatogenic cells

Figure 7. The proportion of lobules area with stage-specific of spermatogenic cells of shark
minnow (O. hasselti Valenciennes,1842) testicular fragments at pre-culture conditions (p=0.03).

The shark minnow testes fragments on day 10" and 15" of cultured shown that the observed testes
fragments are predominantly spermatozoa cells in each lobe despite poor environmental conditions for
the development of spermatogenic cells. It was marked on several fragments after histology evaluation
makes some fragments indicating the condition of the testicular lobes that are not intact. It was short,
culture period and other factors influenced development of shark minnow fish spermatogenic cells in
vitro conditions. The serum added in the culture medium can be damaging in the long term cultured
tissue [31]. The culture period of up to 15" day causes the microenvironment most likely unable to
support spermatogenesis of shark minnow fish further in vitro conditions. In the culture period of the
10" and 15" day, spermatozoa have possibly developed, but due to physiological conditions, it was not
used to fertilize the oocytes, causes the spermatozoa to die, and it effects the quality of culture. Thus, it
is necessary to conduct further investigation on in vitro for the duration of spermatogenesis of shark
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minnow fish that is from the stage of spermatogonia until spermatozoa. In addition, the analysis of
serum content of shark minnow fish also needs to be carried out to determine other factors such as
growth factors that play a role during in vitro spermatogenesis.

2 100
Z w0
- a
= b a
s - 60 a 1 1
5 S ; b T -|- a T ! -|- b
- 40 ?b a 1 A ]
g %
. wmo e R
é 0 a "’é aag “llé A% a -5-2
NS5 NS 10 NS 15 FBS O FBS S5 FBS 10 FBS 15
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Figure 8. The proportion of lobules area with stage-specific of spermatogenic of shark minnow (O.
hasselti Valenciennes 1842) testicular fragments on the 5% day of culture with various testosterone
concentrations (0; 5; 10 and 15 ng / mL) added and different type of serum (autologous serum (NS)
and FBS) (p<0.05).

Conclusion

In vitro spermatogenesis in shark minnow fish (. hasselti Valenciennes 1842) can be carried out well
for 5" days culture with testosterone at the concentration of 5 ng/mL plus autologous serum better than
FBS to get spermatocyte stage. Further culture period of 10™ and 15" days with higher testosterone
concentration of 10 ng/mL gave spermatozoa stages, possibly required more optimal culture
environment. Shark minnow fish (autologous) serum added in the culture medium can maintain better
in vitro spermatogenesis than FBS. Since the Spermatogenesis in vifro, is in place, so this offers a
great promise to be applied in solving reproductive issues in aquaculture and/or fisheries
biotechnology.
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