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Summary 26 

Here, we present a simple method for separating follicular cells and oocytes in 27 

zebrafish ovarian follicles, which will facilitate investigations of ovarian development 28 

in zebrafish. 29 

 30 

Abstract 31 

Zebrafish has become an ideal model to study the ovarian development of 32 

vertebrates. The follicle is the basic unit of the ovary, which consists of oocytes and 33 

surrounding follicular cells. It is vital to separate both follicular cells and oocytes for 34 

various research purposes such as for primary culture of follicular cells, analysis of 35 

gene expression, oocyte maturation and in vitro fertilization, etc. The conventional 36 

method uses forceps to separate both compartments, which is laborious, time 37 

consuming and has high damage to the oocyte. Here, we have established a simple 38 

method to separate both compartments using a pulled glass capillary. Under a 39 

stereomicroscope, oocytes and follicular cells can be easily separated by pipetting in 40 

a pulled fine glass capillary (the diameter depends on the follicle diameter). 41 

Compared with the conventional method, this new method has high efficiency in 42 

separating both oocytes and follicular cells and has low damage to the oocytes. More 43 

importantly, this method can be applied to early-stage follicles including at the 44 
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pre-vitellogenesis stage. Thus, this simple method can be used to separate follicular 45 

cells and oocytes of zebrafish. 46 

 47 

Introduction 48 

Zebrafish is a major model organism for the study of vertebrate development and 49 

physiology. The zebrafish can serve as a good model for studying the molecular 50 

mechanisms of ovarian development1-3. Many features of ovarian development are 51 

much conserved during evolution from fish to mammals1,2. Similar to the other 52 

vertebrates, zebrafish adults have asynchronous ovaries, containing ovarian follicles 53 

of all developmental stages4. The follicle is the fundamental reproductive element of 54 

the ovary. The follicle consists of the oocyte that is surrounded by one or several 55 

layers of somatic cells called follicular cells. The development of follicles depends on 56 

the bidirectional communication between oocytes and follicular cells5. It is vital to 57 

separate follicular cells and oocytes from ovarian follicles for different research 58 

purposes such as follicular cell primary culture, gene expression analysis, oocyte 59 

maturation, and in vitro fertilization.  60 

 61 

Traditional separation methods include mechanical separation by forceps and 62 

enzymatic digestion6-10. However, the mechanical separation by forceps is 63 

time-consuming and laborious. It will also cause the high damage to the oocyte during 64 

separation. Although the enzyme digestion method is simple to operate and requires 65 

a short time, the treatment time and enzyme concentration should be validated, and 66 

the integrity and survival rate of the isolated oocytes are not ideal. Therefore, we have 67 

established a simple method to separate both compartments at different 68 

developmental stages using pulled glass capillary tubes. 69 

 70 

Protocol 71 

 72 

All of the procedures performed in fish experiments are in accordance with the 73 

regulations of the Animal Experimentation Ethics Committee of Northwest Normal 74 

University. 75 

 76 

1. Preparations 77 

 78 

1.1. Animals 79 

 80 

1.1.1. Use adult female zebrafish with a body length of 4-6 cm.  81 

 82 

NOTE: We used zebrafish from a local market. 83 

 84 

1.1.2. Keep the zebrafish in a circulated water system with a 14 h light and 10 h 85 

dark cycle at about 28 °C.  86 

 87 

1.1.3. Feed fish twice daily with newly hatched brine shrimp.  88 



 89 

1.2. Pulled glass capillary 90 

 91 

1.2.1. Use a 15 cm glass capillary and place its head in an alcohol burner to heat it. 92 

Hold one end of glass capillary by hand and hold the other end with forceps.  93 

 94 

1.2.2. After heating 5-10 seconds, the glass on the fire of alcohol burner become 95 

red and soft. Stretch the head of the glass capillary with forceps to make the capillary 96 

opening with required diameter. 97 

 98 

NOTE: The diameter depends on the follicle diameters: previtellogenic (PV; about 99 

0.30 mm in diameter), early vitellogenic (EV; about 0.40 mm in diameter), 100 

midvitellogenic (MV; about 0.50 mm in diameter), late vitellogenic (LV; about 0.60 mm 101 

in diameter) and full grown but immature (FG; about 0.65 mm in diameter). 102 

 103 

1.2.3. Stretch the opening of glass capillary to the appropriate diameter, which is 104 

slightly smaller the size of separated follicles. The glass capillary with an opening 105 

much bigger than the size of ovarian follicles cannot perform separation, but the much 106 

smaller ones would break the follicles during separation. Practice the stretching of the 107 

glass capillary several times.  108 

 109 

NOTE: Heating time depends on the size of glass capillary. Do not directly stretch the 110 

glass capillary on the fire of alcohol burner. It will break the glass capillary. 111 

 112 

1.2.4. Cut the glass capillary with an ampoule cutter and break the glass capillary 113 

with forceps to obtain a smooth incision.  114 

 115 

NOTE: A sharp or broken opening of the glass capillary would damage the follicles.  116 

 117 

1.2.5. Using a 30 cm plastic tube, insert a 1 mL pipette tip with a filter element at one 118 

end, insert the pulled glass capillary at the end of the pipette, and connect a 200 µL 119 

pipette tip at another end. 120 

 121 

2. Separation of zebrafish oocytes and follicular cells at different stages 122 

 123 

2.1. Dissection of the zebrafish ovary 124 

 125 

2.1.1. Fill an ice bucket to 4/5 full with slurry ice and add sufficient fish water to let 126 

slurry ice float. Wait 2-5 minutes, check the water temperature, and make sure the 127 

temperature is between 2-4 °C. 128 

 129 

2.1.2. Anesthetize adult females by placing fish in the ice water for at least 2-5 130 

minutes, until fish stop gill movement. Decapitate the fish by severing the spinal cord 131 

using a sharp scissors to ensure death.  132 



 133 

2.1.3. Place the fish on the dissecting plate with forceps, use one needle at the eye 134 

and the other at the bottom of the tail to pin the fish to the plate. 135 

 136 

2.1.4. Use dissecting scissors to cut as follows. Dissect from the cloaca to the gills 137 

along the midline of the abdomen. Cut from the back of the cloaca. Cut from the 138 

anterior tip to the dorsal side. Gently remove the skin and muscles on one side of the 139 

body. Expose the internal organs and take out the entire ovary with forceps. 140 

 141 

2.1.5. Immediately, place the ovaries gently into a 100 mm culture dish containing 142 

60% Leibovitz’s L-15 (L-15) medium. 143 

 144 

2.2. Isolation of ovarian follicles 145 

 146 

NOTE: The staging system that we have adopted is based on the original definition of 147 

Selman et al. 4.  148 

 149 

2.2.1. Manually isolate follicles of different stages using a pair of fine forceps as 150 

described previously8.  151 

 152 

2.2.2. Group the ovarian follicles into the following stages: PV, EV, MV, LV and FG 153 

stages. 154 

 155 

2.3. Separation of follicular cells and oocyte from ovarian follicles 156 

 157 

2.3.1. Put the ovarian follicles at different stages into a clean Petri dish containing 158 

60% L-15 medium.  159 

 160 

2.3.2. Using the pulled glass capillary from step 1.2, suck the follicles into the glass 161 

capillary 2-3 cm and blow them out.  162 

 163 

NOTE: When the opening diameter of the glass capillaries is appropriate, the follicle 164 

can be separated from the oocyte by inhalation once.  165 

 166 

2.3.2.1. If the follicular cell layer is attached to the oocyte firmly, repeat 2-3 times to 167 

accomplish a complete separation. Avoid multiple attempts to force a follicle through 168 

a smaller capillary, which would damage the follicle. 169 

 170 

NOTE: In the process of inhalation and blowing out, the follicular layer falls off and 171 

separates from the oocyte, and finally, follicular cells and denuded oocytes are 172 

separated (Figure 1). 173 

 174 

2.3.3. Pool the denuded but intact oocytes and collect the surviving denuded 175 

oocytes for further assays. 176 



 177 

2.3.4. To investigate whether the follicular cells were separated from intact follicles, 178 

stain the intact follicles and separated oocytes with 4',6-diamidino-2-phenylindole 179 

(DAPI).  180 

 181 

2.3.4.1. Fix the samples in 4% buffered paraformaldehyde at room temperature (RT) 182 

for 1 h. Wash several times by PBS.  183 

 184 

2.3.4.2. Stain by DAPI at RT for 30 min. Washed several times with PBS. View and 185 

photograph with a fluorescence microscope (e.g., Leica DFC7000 T).  186 

 187 

2.3.5. To confirm the completed separation, fix the intact follicles and separated 188 

oocytes in 4% buffered paraformaldehyde overnight at 4 °C, and embed in 189 

tissue-freezing medium (e.g., Leica) at -25 °C.  190 

 191 

2.3.5.1. Cut the fixed tissues on a microtome, and mount onto glass slides.  192 

 193 

2.3.5.2. Wash the sections in PBS and visualize the cell nuclei with DAPI. View and 194 

photograph on a fluorescence microscope.  195 

 196 

3. In vitro maturation (IVM) and in vitro fertilization (IVF) 197 

 198 

NOTE: The procedure of IVM of IVF was followed as described previously with minor 199 

modification 11,12 13.  200 

 201 

3.1. Prepare fresh maturation medium (+DHP medium) before ovary dissection from 202 

adult zebrafish female. To prepare the fresh maturation medium, add 9 mL of 203 

Leibovitz's L-15 medium, pH 9.0, to 15 mL conical tubes. Add 10 µL of 204 

17α-20β-dihydroxy-4 pregnen-3-one (DHP) (5 mg/mL), 490 µL of dH2O, and 500 µL 205 

of 10% bovine serum albumin (BSA). 206 

  207 

3.2. Prepare Hank’s solution and E3 solution in advance. Prepare Hanks’ solution as 208 

described by Baars et al. 14. Prepare E3 medium: 5 mM NaCl, 0.17 mM KCl, 0.33 mM 209 

CaCl2, 0.33 mM MgSO4, and 1-5% Methylene Blue. 210 

 211 

3.3. Perform dissection of zebrafish ovary and isolation of ovarian follicles as in steps 212 

step 2.  213 

 214 

3.4. Collect full grown stage follicles and use as immature oocytes. For each adult 215 

female zebrafish, at least 150-200 full grown stage follicles can be isolated. Select the 216 

intact and healthy follicles for IVM. 217 

 218 

3.5. Incubate the full-grown stage follicles in +DHP medium in 12-well plates, 219 

checking periodically to ensure that the oocytes remain intact. Remove any lysing 220 



oocytes with a Pasteur pipette. 221 

 222 

NOTE: During the oocyte maturation, the oocytes will become progressively 223 

translucent. A majority of the oocytes become translucent after treatment of DHP for 2 224 

h. This can be observed under a dissecting microscope with transmitted light optics. 225 

 226 

3.6. Remove the outermost follicular cells from each matured oocyte as described in 227 

step 2.3.  228 

 229 

3.7. Transfer the denuded oocytes to a Petri dish with a few drops of culture medium 230 

and proceed to fertilization. 231 

 232 

3.8. Prepare the fresh sperm solution using testes dissected from at least three males 233 

in 500 µL of Hanks' solution. Put the sperm solution on ice, where it can keep its 234 

potency of fertilization for up to 2-3 h. 235 

 236 

3.9. Add 100 µL of sperm solution to denuded & matured oocytes on a Petri dish. 237 

Gently add the sperm solution among the eggs, and swirl the sperm and eggs 238 

together using a pipette tip. 239 

 240 

3.10. Immediately add 1 mL of E3 medium solution to activate the eggs and again 241 

gently swirl eggs and sperm using a pipette tip.  242 

 243 

3.11. After around 1 minute post-fertilization (mpf), flood the plate with E3 medium 244 

solution. Full chorion expansion can be observed within 10-15 mpf. 245 

 246 

3.12. Between 35-45 mpf, select the embryos that are undergoing symmetrical 247 

cleavage into the 2-cell stage, and which are therefore fertilized. Remove embryos 248 

that are not undergoing cell cleavage. 249 

 250 

3.13. Allow embryos to develop in the Petri dish at 28 °C, with a limit of 80 embryos 251 

per 10 cm plate. View and photograph the embryo development. 252 

 253 

REPRESENTATIVE RESULTS 254 

This method can be used to separate follicular cells and oocytes at different stages of 255 

ovarian follicle development in zebrafish. Figure 1 shows the separation of zebrafish 256 

oocytes and follicular cells from ovarian follicles using a capillary glass tube (Figure 257 

1). To investigate whether the follicular cells were separated from intact follicles, the 258 

intact follicles and separated oocytes from different stages of follicles from the PV 259 

stage to the FG stage were stained with DAPI (50 µg/mL) at 37 °C for 30 minutes. 260 

The nucleus of follicular cells can be stained by DAPI. The blue signal of DAPI was 261 

observed in intact follicles but not denuded oocytes (Figure 2). This indicates that the 262 

oocytes and follicular cells of the follicle can be separated cleanly by this method. To 263 

further confirm the clear separation, the intact follicles and separated oocytes were 264 



cut into the histological sections. DAPI staining results showed that follicular cells 265 

were clearly removed in denuded oocytes (Figure 3). All these results suggest that 266 

this method can be used to separate follicular cells and oocytes in different stage 267 

follicles of zebrafish. 268 

 269 

This method can be used for studying the oocyte maturation of zebrafish. To study the 270 

bidirectional communication between oocytes and follicular cells during the oocyte 271 

maturation, the denuded oocytes must be obtained for various assays. Using a pulled 272 

glass capillary, the denuded oocytes separated from full grown stage zebrafish 273 

follicles were found to undergo the spontaneous oocyte maturation without any 274 

treatment after 4 hours incubation, usually at least 30% separated oocytes survived 275 

and the rate of maturity of these survived oocytes could be up to 80% (Figure 4). 276 

These matured oocytes could undergo the full chorion expansion after placement into 277 

the water, suggesting that the follicular cells were completely removed (Figure 4). 278 

Thus, this method can be used to obtain the denuded oocytes for studying the oocyte 279 

maturation of zebrafish. 280 

 281 

This method can be used for IVF in zebrafish. In vitro maturation (IVM) methods have 282 

been well established in zebrafish. Using these methods, the fully grown stage 283 

follicles can be induced into matured stage11-13,15,16. To further perform in vitro 284 

fertilization (IVF), the follicular layer of matured follicles still need to be manually 285 

removed. Here, IVM of zebrafish was induced by treatment of DHP. The follicular 286 

layer of matured follicles was removed by a capillary glass tube. These defolliculated 287 

oocytes could be fertilized and developed into the hatching stage (Figure 5). The 288 

result suggests that this method can be used for IVF in zebrafish. Usually around 10% 289 

of healthy embryos can be obtained from the matured oocytes. 290 

 291 

Figure 1. Separation of follicular cells and oocytes from zebrafish ovarian 292 

follicles using a pulled glass capillary. 1) The morphology of the intact follicle at 293 

FG stage. 2) Inhalation of the intact follicle into the pulled glass capillary. 3) The 294 

follicular cell is detached from the oocyte when the follicle is blown out from the pulled 295 

glass capillary. 4) Successful separation of follicular cells and oocyte. Scale bars: 200 296 

μm. 297 

 298 

Figure 2. The morphology of intact follicles and denuded oocytes separated 299 

from different stages of follicles after DAPI staining. The intact follicles and 300 

separated oocytes from different stages of follicles from PV stage to FG stage were 301 

stained by DAPI. The blue signals of DAPI were observed in intact follicles but not 302 

denuded oocyte. Scale bars: 200 μm. 303 

 304 

Figure 3. Histological sections of intact follicles and isolated oocytes after DAPI 305 

staining. Cell nuclei of follicular cells was visualized with DAPI staining. The blue 306 

signal can be observed. Follicular cells were clearly removed in denuded oocytes. 307 

Scale bars: 100 μm. 308 



 309 

Figure 4. The maturation and full chorion expansion of denuded oocytes 310 

separated from full grown stage follicles using a pulled glass capillary. (A) The 311 

morphology of intact follicles at full grown stage follicles. (B) The denuded oocytes 312 

separated from full grown stage follicles can undergo spontaneous oocyte maturation 313 

without any treatment after 4 hours incubation. (C) The matured oocytes can undergo 314 

full chorion expansion after activation by water. Scale bar: 500 μm. 315 

 316 

Figure 5. The morphology of early embryos obtained by IVM and IVF. IVM was 317 

induced by treatment of DHP (5 µg/mL) for 2 h. After IVM, the follicular cells were 318 

removed from the matured oocytes by a pulled glass capillary. The matured oocytes 319 

were fertilized by IVF. The development of embryos at different stages was viewed 320 

and photographed. Scale bars: (A-I) 200 μm, (J) 1 mm. 321 

 322 

Discussion 323 

We describe here a novel method for the simple and rapid separation of follicular cells 324 

and oocytes from zebrafish ovarian follicles. This method has several advantages 325 

over the conventional method. Primary amongst these is the greatly increased ease 326 

of separation with high efficiency and effectiveness, as only a single and external 327 

manipulation is required. This point increases the applicability to researchers who are 328 

not good at microscopic anatomy. According to our experience, one can successfully 329 

separate follicular cells and oocytes from a fully grown stage follicle within 5-10 s 330 

using the glass capillary. However, at least 30-60 s is needed to do this separation 331 

using forceps. More importantly, usually at least 20% of the denuded oocytes 332 

separated by the glass capillary can undergo spontaneous oocyte maturation. In 333 

contrast, not beyond 1% of the denuded oocytes can undergo spontaneous oocyte 334 

maturation using forceps. Thus, the efficiency and effectiveness of the new method 335 

using s glass capillary is better than the previously established method using forceps. 336 

Second, this method can be used to separate follicular celld and oocyted of ovarian 337 

follicles at early developmental stages such as the PV, EV, and MV stages. Such 338 

separation cannot be performed at early-stage follicles using current methodologies.  339 

 340 

There are also a few of limitations using this method. For example, the appropriate 341 

diameter of glass capillary opening is crucial for separation of follicular cells and 342 

oocytes in this method. An opening much bigger or smaller than the size of ovarian 343 

follicles would lead to the failure of separation. Thus, the opening diameter of glass 344 

capillary should be adjusted depending on the size of ovarian follicles, which needs 345 

some practice.  346 

 347 

Separation of follicular cells and oocytes have several applications in studying 348 

ovarian development. Follicular cells and oocytes at different stages of ovarian 349 

follicles obtained by this method can be used to analyze gene expression. Follicular 350 

cells separated can be used for primary cell culture. Denuded oocytes separated are 351 

useful for investigating the crosstalk between follicular cells and oocytes, and supply 352 



a good model for studying the oocyte maturation. In addition, this method can be 353 

used to remove the follicular cells in some assays such as in vitro oocyte maturation 354 

or in vitro fertilization. The availability of a method that greatly increases the ease and 355 

speed of separation should facilitate wider exploitation of zebrafish ovarian follicles in 356 

the long-term goal of understanding the intricacies of ovarian development. In 357 

addition, the structure of ovarian follicles is similar among different fish species; thus, 358 

it is interesting to test whether this method can also be applied in other fishes. 359 
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Name of Material/Equipment Company Catalog Number Comments/Description

17α,20β-DHP Cayman 16146-5 (5 mg)

24-well plate Corning 3524

Ampoule cutter AS ONE
5-124-22 1 bag (100 

pieces)

Anhydrous Na2HPO4 Kaixin Chemical 500 g

Brine shrimp Hongjie 250 g

CaCl2
Beichen 

Fangzheng
500 g

Culture dish Biosharp BS-90-D (10PCS/PK)

DAPI Solarbio S2110 (25mL)

Dissecting Microscope ZEISS Stemi 305

Dissection forcep VETUS HRC30

Dissection scissor Kefu 160 mm 

Fluorescence Stereomicroscope Leica M205C

Glass capillary IWAKI IK-PAS-5P (200 pcs/PACK)

Hoechst 33342 Solarbio C0031 (1 mg)

KCl
Beichen 

Fangzheng
500 g

KH2PO4 Kaixin Chemical 500 g

Leibovitz’s L-15 medium Gibco 41300-039 (10×1L)

MgSO4∙7H2O
Beichen 

Fangzheng
500 g

Micropipette tips Axygen MCT-150-C

NaCl
Beichen 

Fangzheng
500 g

NaHCO3
Beichen 

Fangzheng
500 g

Penicilia-streptomycia Gibco #15140122 (100 mL)
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Dr. Ronald Myers 

Director of Editorial  

Journal of Visualized Experiments 

          14 March 2021 

Dear Editor, 

 

Re: JoVE62027 

 

We were delighted to receive your message dated 9 March 2021 informing us 

that our submitted manuscript can be considered for publication upon addressing a 

number of issues raised by the Reviewers.  

We thank the comments made by the editor on our manuscript. Regarding the 

questions (Q) raised, we would like to answer (A) them as follows: 

Changes to be made by the Author(s) regarding the manuscript: 

Q1: Please take this opportunity to thoroughly proofread the manuscript to 

ensure that there are no spelling or grammar issues. 

A: We have thoroughly proofread the manuscript by rectifying all spelling or 

grammar errors. 

 

Q2: Please revise the following lines to avoid previously published work: 

203-208 

A: We have thoroughly checked and revised the whole manuscript including line 

203-208 to avoid previously published work.  

 

Changes to be made by the Author(s) regarding the video: 

Q1: 5:48 - Please use the Greek symbol mu for the microliter abbreviation.  

A: Thanks the editor to indicate this point. We have used the Greek symbol mu 

for the microliter abbreviation in the revised video. 

 

Q2：5:48-Please capitalize the L in the microliter and milliliter abbreviations 

on screen: mL instead of ml. 

A: Thanks the editor to indicate this point. We have revised the “ml” to “mL” in 
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the revised video. 

 

Based on the comments from editors and reviewers, we have carefully made 

revision which marked in yellow in the paper. A detailed response to the queries 

raised by the Reviewers is also included in this submission. We would like to express 

our great appreciation to you and reviewers for comments on our manuscript. These 

constructive comments have indeed helped us to arrive at a much improved 

manuscript.  

 

Best regards, 

 

 

Yours sincerely, 

 

Jianzhen Li Ph. D 

College of Life Sciences 

Northwest Normal University 

Anning, Lanzhou, 730070, China. 

Tel: +86-931-7971414 

E-mail address: lijianzhen@nwnu.edu.cn 

 

mailto:lijianzhen@nwnu.edu.cn


Response to Reviewers 

 

Reviewer 2 

 

We thank the compliments made by this Reviewer on our manuscript. Regarding the 

questions (Q) raised, we would like to answer (A) them as follows:  

Q1: The method would be an interesting contribution to the field if it proven to 

be effective. It is premature to claim this method could also apply to other fish 

when no other lab is using in the zebrafish. 

A: Thanks for this good suggestion. We have revised this claim in the abstract and 

discussion section of our revised manuscript.  

 

 

Reviewer 3 

 

We thank the compliments made by this Reviewer on our manuscript. Regarding the 

questions (Q) raised, we would like to answer (A) them as follows:  

Q1: Pg.2, line 60: please provide the size and strain of zebrafish. 

A：Adult female zebrafish were purchased from a local market, generally the body 

length is 4-6 centimeters. We have added the information in our revised manuscript. 

 

Q2：Pg.4, line 148: add "." After "Methylene Blue". 

A：We have added "." in our revised manuscript. 

 

 

Q3：Fig.3: The blue signals of DAPI were observed in some stage of denuded 

oocyte, which is inconsistent with the description.  

A：In Fig.3, it is true that some blue signals of DAPI could be observed in denuded 

oocytes. However, these signals come from the unspecific staining on oocyte, no blue 

signals stained on cell nuclei of follicular cells surrounded in denuded oocytes could 
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be observed. This is consistent very well with the description. 

 

Q4：Figure captions: "scale bars" should be added in each picture of all figures. 

A：Thanks for the suggestions of this reviewer. We have added "scale bars" in each 

picture of all figures in both revised manuscript and video. 


