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SHORT ABSTRACT: 24 

Ovarian tissue cultures can be used as models of follicle development, ovulation, and follicle 25 

atresia and indicate regulatory mechanisms of dynamic ovarian processes. 26 

 27 

LONG ABSTRACT: 28 

Mammalian females periodically ovulate an almost constant number of oocytes during each 29 

estrus cycle. To sustain such regularity and periodicity, regulation occurs at the hypothalamic-30 

pituitary-gonadal axis level and on developing follicles in the ovary. Despite active studies, follicle 31 

development mechanisms are not clear because of the several steps involved from the dormant 32 

primordial follicle activation to ovulation, and because of the regulation complexity that differs 33 

at each follicular stage. To investigate the mechanisms of follicle development, and the dynamics 34 

of follicles throughout the estrus cycle, we developed a mouse ovarian tissue culture model that 35 

can be used to observe follicle development using a microscope. Systematic follicle development, 36 

periodical ovulation, and follicle atresia can all be reproduced in the cultured ovary model, and 37 

the culture conditions can be experimentally modulated. Here, we demonstrate the usefulness 38 

of this method in the study of the regulatory mechanisms of follicle development and other 39 

ovarian phenomena. 40 

 41 

INTRODUCTION: 42 

Female mouse ovaries contain several thousand follicles1, and periodic ovulation matures 43 

approximately ten oocytes at each estrus cycle. Follicles are classified into several developmental 44 
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stages: primordial, primary, secondary, antral, and Graafian follicles, depending on the form of 45 

the granulosa cellular layer surrounding each oocyte. Most primordial follicles are dormant, and 46 

some of them are activated and grow into primary follicles at each estrus cycle2. After the 47 

secondary follicular stage, follicle development is mainly regulated by gonadotropins, follicular 48 

stimulating hormone (FSH), and luteinizing hormone (LH). However, primordial and primary 49 

follicle development is independent of gonadotropin, and the regulatory mechanisms that govern 50 

these stages remain poorly inderstood3-5. In addition to growth factors and hormones, the 51 

primordial and primary follicle is regulated by the interactions among follicles6,7. Therefore, we 52 

performed analyses of follicle dynamics in mouse ovary tissues, and investigated the associated 53 

regulatory mechanisms using ovarian tissue cultures8-10. 54 

 55 

Herein, we introduce two ovarian tissue culture model methods. The first is used to analyze 56 

follicle development by measurement of follicular areas, and the second is used to study the 57 

regulatory mechanism during early follicle development from primordial to secondary follicle 58 

stage with transgenic mice. For follicle development analysis, we mainly used ovaries of 4-week 59 

old female mice because they allow for easy visualization of follicles. To induce periodical 60 

ovulation and model in vivo follicle development, we reproduced LH surge and observed 61 

ovulation, follicle atresia, and secretion of estradiol under tissue culture conditions. Images of the 62 

cultured ovaries were captured, and the follicle development processes were analyzed by tracing 63 

changes in the follicular area. However, in bright field microscopy analyses, the distinction 64 

between primordial and early primary follicles was unclear. Thus, we developed a method to 65 

detect small follicles, and distinguish between the primordial, primary, and secondary follicle in 66 

cultured ovarian tissues using Oogenesin1 (Oog1) pro3.9 and R26-H2B-mCherry transgenic mice 67 

ovaries at days 0 and 4 after birth11. Oog1 expression is detectable in oocytes after entry into 68 

meiosis, and gradually increases with follicle development, allowing observation of the transition 69 

from primordial to primary follicles using time-lapse images of cultured ovary tissue11,12. Although 70 

morphological methods have been used to study factors that activate dormant primordial 71 

follicles13-16, physiological follicle development in ovaries is difficult to observe, and the effects of 72 

various factors remain uncharacterized. The present culture methods were designed to address 73 

this paucity in real time analyses of target factors. 74 

 75 

In the present study, we tracked follicular development using a time-lapse imaging method and 76 

characterized the process of follicle development. Our novel methods offer an unprecedented 77 

tool for investigating the physiology of ovaries. 78 

 79 

PROTOCOL: 80 

Mice were housed in an environmentally controlled room at 23 ±1 °C with a 12-h light/12-h dark 81 

cycle. Animal care protocols and experiments were conducted in accordance with the Guidelines 82 

for Animal Experimentation at Aichi Medical University and were approved by the incumbent 83 

Animal Care and Use Committee.  84 

 85 

1. Preparation of Culture Medium and Dishes 86 

 87 



1.1. To prepare basic culture medium, add fetal bovine serum (FBS, 5% v/v), FSH (100 mIU/mL), 88 

LH (10 mU/mL), and penicillin-streptomycin (penicillin, 100 U/mL; streptomycin, 100 mg/mL) to 89 

minimum essential medium alpha (MEM-alpha) and mix in 50 mL tubes. 90 

 91 

Note: Total volumes of required culture media vary between experiments, but 1 mL of culture 92 

medium is generally sufficient for 3.5-cm glass-bottom culture dishes. 93 

 94 

1.2. Pour 1-mL aliquots of mixed culture medium into 3.5-cm glass-bottom culture dishes and set 95 

place 30-mm cell culture inserts into dishes. Pre-warm media and dishes in an incubator (5% CO2 96 

and 37 °C). 97 

 98 

2. Preparation of Ovarian Tissue 99 

 100 

2.1. Pre-warm phosphate buffered saline (PBS) (−) and MEM-alpha containing 5% FBS, 100 U/mL 101 

penicillin, and 100 mg/mL streptomycin in an incubator (5% CO2 and 37 °C). 102 

 103 

Note: About 3-mL aliquots of PBS (−) per ovary are sufficient for use during ovary dissections, and 104 

1-mL aliquots of MEM-alpha are sufficient for transient storage of single ovaries in 3.5-cm dishes. 105 

 106 

2.2 Excise ovaries from 4-week-old female ICR (named after Institute of Cancer Research) mice 107 

and trim the tissues surrounding the ovary using scissors and tweezers under a stereoscopic 108 

microscope. Reserve the removed ovaries in culture medium (see step 2.1) until use. 109 

 110 

2.2.1. Place single ovaries onto filter paper moistened with pre-warmed PBS (−) (see step 2.1) and 111 

slice into 4 pieces using a microtome blade under a stereoscopic microscope. 112 

 113 

Note: Ovaries of 4-week-old ICR mice are about 2 mm in diameter. The number of pieces depends 114 

on the ovary size; however, about 500 µm-thick pieces allow for proper follicle observations (in 115 

pieces thicker than 500 mm, tissue transparency is decreased; in pieces thinner than 500 mm, 116 

many antral follicles are broken and lost). 117 

 118 

2.2.2. After dissection, place the sliced ovary specimens into pre-warmed culture medium in 3.5-119 

cm dishes (see step 2.1). 120 

 121 

3. Ovarian Tissue Culture 122 

 123 

3.1. Drop approximately 0.5 µL of culture medium per sliced ovarian tissue on the cell culture 124 

insert where the ovarian tissue will be set using a micropipette. 125 

 126 

3.2 Place each sliced specimen into a drop of culture medium on the cell culture inserts using 127 

tweezers. 128 

 129 

3.3 Culture the ovary tissues in 5% CO2 at 37 °C. 130 

 131 



3.4. Replace the culture medium with fresh pre-warmed medium every 2 days. 132 

 133 

Note: The schedule for medium changes for the culture of ovary sections from 4-week-old ICR 134 

mice is presented in Figure 1. 135 

 136 

3.4.3.1. To reproduce the LH surge, treat cultured 4-week-old ICR mice ovaries with the medium 137 

containing 100 mU/mL FSH and LH for 12 h every 4 days (Figure 1). 138 

 139 

4. Microscope Images of Cultured Ovaries 140 

 141 

4.1 Start imaging the cultured ovaries after day 1 when the tissues have adhered onto the cell 142 

culture inserts, and perform confocal or inverted microscope analyses at 24-h intervals to allow 143 

sufficient follicle growth between time points. 144 

 145 

Note: Confocal microscopy is superior to inverted microscopy for observing follicles in whole 146 

cultured ovaries.  147 

 148 

5. Time-lapse Imaging of Cultured Ovaries 149 

 150 

5.1. Optimize the time-lapse imaging conditions, including laser intensities and exposure times, 151 

for the imaging system (Table 1). 152 

 153 

5.1.1 Select paired ovary specimens from single mice for use as treatment and control groups. 154 

Vary laser intensities and exposure time to achieve the best images (Table 1). 155 

 156 

5.1.2. Compare follicle growth under each culture condition by measuring follicle areas in images 157 

of control samples at 24-h intervals and in time-lapse imaging samples (see step 6). Concurrently, 158 

count the number of ovulated oocytes in each ovary set and choose the optimal time-lapse 159 

imaging conditions. 160 

 161 

5.2. Capture images at 30-min intervals using the time-lapse imaging system under the 162 

determined conditions (Table 1). 163 

 164 

6. Follicle Growth Analysis 165 

 166 

6.1. To analyze the follicle development, measure the follicle areas in the captured images using 167 

ImageJ software (http://rsbweb.nih.gov/ij/). 168 

 169 

6.1.1 Initially, set the scale of the image by clicking Set Scale under Analyze in the tool bar. Enter 170 

the side lengths of the captured image and the corresponding numbers of pixels in the blank fields 171 

of Known distance and Distance in pixels, respectively. 172 

 173 

6.1.2. Click Free hand in the tool bar and outline the follicles in the captured bright field images. 174 

 175 



6.1.3. Click Measure under Analyze in the tool bar. 176 

 177 

Note: If other measurement data are desired, click Set measurement under Analyze in the tool 178 

bar, and check the appropriate boxes in the list. 179 

 180 

7. Analysis of Follicle Development Using Transgenic Mice 181 

 182 

7.1 Collect ovaries from postnatal days 0 and 4 (P0 and P4) female transgenic mice containing the 183 

transgenes Oog1pro3.9 and R26-H2B-mCherr, and culture on inserts as described in steps 1.1–184 

3.2, except do not slice the P0 and P4 ovaries. 185 

 186 

7.2 Replace the culture medium with fresh, pre-warmed medium in 3.5-cm dishes in an incubator 187 

containing 5% CO2 at 37 °C every 2 days. 188 

 189 

Note: The concentration of LH in the culture medium of P0 and P4 ovaries can remain constant 190 

because LH surges do not occur in P0 and P4 mice. 191 

 192 

7.3 Set the microscope to visualize only AcGFP1-positive primary follicles in cultured P4 ovaries 193 

(Table 1). 194 

 195 

Note: Only primordial and primary follicles are present in P4 female mouse ovaries. 196 

 197 

7.4 Capture images of cultured P0 Oog1pro3.9/R26-H2B-mCherry transgenic mice ovaries at 30-198 

min intervals using the settings used for P4 ovaries (see step 5.2). 199 

 200 

7.5 Trace and analyze follicle development using AcGFP1 and H2B-mCHerry signals. 201 

 202 

REPRESENTATIVE RESULTS: 203 

Figure 1 shows the protocol for changes in media during ovarian tissue culture. Following this 204 

program, 4-week-old ICR mice ovaries were cultured and imaged at 24-h intervals using confocal 205 

microscopy (Figure 2). During culture of ovary tissues for 3 weeks, most antral and secondary 206 

follicles were degenerated by follicle atresia and some were ovulated (Figure 2D and Table 2). In 207 

analysis of follicle areas using ImageJ (Figure 3), some follicles developed in groups during each 208 

LH surge cycle (Figure 3B and Supplementary Movie 1). Moreover, ovulation occurred almost 209 

simultaneously in separate cultured ovaries from right and left ovaries of single mice. Whereas, 210 

the timing of ovulation and numbers of ovulated oocytes (Table 2) differed between mouse 211 

ovaries (data not shown), ovulation from cultured ovaries predominantly occurred within 48 h of 212 

LH surges (Figure 3, and Supplementary Movie 1). However, not all ovulated oocytes released 213 

first polar bodies after ovulation (Figure 2E and Table 2), and although ovulated oocytes could be 214 

fertilized, development ceased at the 4-cell stage (data not shown). To elucidate mechanisms by 215 

which dormant primordial follicles are activated in mouse ovaries, we detected primordial follicle 216 

activation in cultured tissues from transgenic mice carrying Oog1pro3.9 and R26-H2B-mCherry 217 

transgenes (Figure 4, Figure 5, and Supplementary Movie 2). Oocytes express very low levels of 218 

the Oog1 gene from the primordial follicle stage, and time-lapse imaging distinguished low 219 



AcGFP1-expressing primordial follicles from the high AcGFP1-expressing primary follicles. 220 

Primordial and primary follicles are present simultaneously in P4 mouse ovaries, whereas only 221 

primordial follicles are present in P0 ovaries (Figure 4A, B). Thus, we optimized time-lapse imaging 222 

conditions to detect only primary follicles in cultured P4 ovaries (Figure 4C). Subsequently, we 223 

captured images of cultured P0 ovaries for 10 days in the same conditions (Figure 4D–G). AcGFP1 224 

can be used as an index of primary follicles in these transgenic mice and AcGFP1-positive primary 225 

follicles were detectable in cultured P0 ovaries after 30–40-h culture (Figure 4, Figure 5A–F, and 226 

Supplementary Movie 2). Primordial and primary follicles in cultured ovaries were also 227 

distinguished by mCherry-positive nuclei of granulosa cells (Figure 5B, E). Specifically, mCherry 228 

signals indicate forms of follicles and allow observation of follicle stages in cultured ovaries (Figure 229 

5B, E, and H). Therefore, this culture system using ovaries from Oog1pro3.9/R26-H2B-mCherry 230 

mice revealed the process of early follicle development from primordial to secondary follicle 231 

stages. These methods will facilitate studies of the regulatory mechanisms of gonadotropin-232 

independent follicle development. 233 

 234 

FIGURES AND TABLE LEGENDS: 235 

Figure 1: Time course of medium changes. Medium A contains 5% FBS, 100-mU FSH, 10-mU LH, 236 

100-U/mL penicillin, and 100-mg/mL streptomycin in MEM-alpha. Medium B contains 5% FBS, 237 

100-mU FSH, 100-mU LH, 100-U/mL penicillin, and 100-mg/mL streptomycin in MEM-alpha. 238 

Medium B was used to produce LH surges every 4. 239 

 240 

Figure 2: Images of cultured ovarian tissues. Images were captured at 24-h intervals using 241 

confocal microscopy. (A) Culture day 1; (B) Culture day 5; (C) Culture day 10; (D) Culture day 13; 242 

(E) Magnified image of the region indicated by the square in (D); oocytes in D were ovulated from 243 

the follicles indicated by arrows in B, C, and D. (F) Oocyte releasing a polar body after ovulation; 244 

scale bar, 200 µm. 245 

 246 

Figure 3: Measurements of follicle areas in cultured ovaries. (A) Image of cultured ovary; dotted 247 

lines represent the area measured by ImageJ. (B) Follicular areas in cultured ovary after 3 weeks; 248 

gray lines represent the culture period from the addition of 100-mM LH (LH surge). Lines show 249 

the development stages in each follicle in the cultured ovary; scale bar: 200 µm. 250 

 251 

Figure 4: Hematoxylin and Eosin (H&E) staining images of P0 and P4 ovaries and time-lapse 252 

imaging. (A) H&E staining of P0 ovary; (B) H&E staining of P4 ovary; (C) Image of a P4 ovary from 253 

an Oog1pro3.6 transgenic mouse after 10-h culture. The arrow shows an AcGFP1-positive primary 254 

follicle. (D–G) Images of P0 ovaries from transgenic mice expressing Oog1pro3.9 and R26-H2B-255 

mCherry; green and red signals in D and F represent AcGFP1 and mCherry, respectively. White 256 

signals in E and G represent AcGFP1 in D and F, respectively. D and E are images of cultured ovaries 257 

after 0.5-h culture. F and G show ovaries after 180-h culture; scale bar: 100 µm. 258 

 259 

Figure 5: Images of primordial, primary, and secondary follicles in cultured ovaries from 260 

oog1pro3.9/R26-H2B-mCherry mice. (A–C) Images of primordial follicles in cultured P0 ovaries; 261 

(D–F) Images of primary follicles in P0 cultured ovary; (G–H) Images of secondary follicles in 262 



cultured 4-week-old mouse ovaries. A, D, and G are merged images of B and C, E and F, and H and 263 

I, respectively. Green, AcGFP1; red, mCherry; scale bar: 100 µm. 264 

 265 

Table 1. Time-lapse imaging conditions. Time-lapse imaging condition for confocal and bright 266 

field microscopes. 267 

 268 

Table 2. Numbers of ovulated oocytes in cultured ovaries. Numbers of ovulated oocytes from 269 

twelve cultured ovaries; MII indicates the numbers of ovulated oocytes that released first polar 270 

bodies after ovulation. 271 

 272 

Supplementary Movie 1: Time-lapse movie of a cultured ovary. Ovaries were collected from 4-273 

week-old mice and were sliced and cultured for 3 weeks. The movie spans a culture period of 0–274 

200 h at 10 frames/s. 275 

 276 

Supplementary Movie 2: Time-lapse movie of a cultured P0 ovary from a transgenic mouse. 277 

Green, AcGFP1; red, mCherry. The movie spans a culture period of 0–180 h at 10 frames/s.  278 

 279 

Supplementary Movie 3: Time-lapse movie of a cultured ovary from a 4-week-old mouse. 280 

Green, AcGFP1; red; mCherry; the movie spans a culture period of 9–13 culture days at 10 281 

frames/s. The arrows in the first image indicate follicles in which atresia occurred during culture.  282 

 283 

DISCUSSION: 284 

In this study, we developed two new methods for studying follicle development in mouse ovaries. 285 

The first method involves culture of sliced ovarian adult mice tissues followed by analyses of 286 

follicle development, and the second involves the use of time-lapse imaging to visualize early 287 

follicle development during the gonadotropin-independent stage. Previously, we used the 288 

present ovary tissue culture method to assess the effect of leukemia inhibitory factor and 289 

progesterone on follicle development8,9, and showed that their effects vary with concentration 290 

and follicle stage. In the present study, sliced ovarian tissues exhibited follicle dynamics, 291 

warranting further analyses of ovarian follicle development mechanism using this model.  292 

 293 

Ovaries from mice of more than 5 weeks of age contain corpus lutea that hinders microscopic 294 

observations. Hence, 4-week-old mouse ovaries are preferred for observations of follicle 295 

development and ovulation, and subsequent late primary, secondary, and antral follicles are more 296 

easily distinguished using bright field microscopy. Our methods offer comparisons of the effects 297 

of growth factors and drugs in culture media, with discernable changes in follicle development 298 

between differentially treated ovaries (Figure 3).  299 

 300 

Transgenic mice expressing Cre or fluorescein proteins in oocytes have been described in previous 301 

studies18-20. However, follicular stage classification depends on histological characteristics 302 

including granulosa cell shapes, numbers of granulosa cell layers, and whether theca cells are 303 

formed. Thus, distinctions between primordial and primary follicles may be limited from 304 

observations of oocytes alone. Herein, we used transgenic mice containing the Oog1pro3.9 and 305 

R26-H2B-mCherry transgenes11,17 and visualize early follicle development from primordial to 306 



secondary follicle stages in cultured ovaries. Oog1 expression becomes detectable in oocytes 307 

during the primordial follicle stage, and is markedly increased in primary follicles. Hence, the 308 

AcGFP1 signal intensities in oocytes are associated with follicle stage (Figure 5) and were used to 309 

observe primordial-primary follicle transitions (Figure 4, Supplementary Movie 2). Cell nuclei are 310 

stained red in R26-H2B-mCherry transgenic mice (Figure 4, Supplementary Movie 2, and 311 

Supplementary Movie 3), allowing observations of follicle stages according to numbers of 312 

granulosa cells (Figure 5). Thus, collectively the present methods allow analyses of follicle 313 

development from primordial through to ovulation using Oog1pro3.9/R26-H2B-mCherry 314 

transgenic mice. Furthermore, because apoptotic cell chromatin is condensed, mCherry signals 315 

of atretic follicles are stronger than those of normal follicles (Supplementary Movie 3). 316 

 317 

Among methodological subtleties, correct thicknesses of sliced tissues are required for successful 318 

culturing, with increased cell death in ovary slices that are too thick, and losses of large antral 319 

follicles in ovary slices that are too thin. The follicle growth speed is slow; hence, it is easy to trace 320 

and analyze the process of each follicle via 24-h interval observation. The present confocal 321 

microscope setting, including laser intensity, interval time, and digital gain, are dependent on the 322 

microscope mode, but are critical to consider when obtaining time-lapse images. In particular, 323 

strong laser intensities and long exposure times are required to capture clear images, but can 324 

affect cultured cells. Hence, moderation of these settings to avoid phototoxicity is critical. Sliced 325 

ovarian tissues of 4-week-old mice can be cultured for approximately 4 weeks, whereas 326 

primordial and primary follicles remain present subsequently, they no longer grow. In contrast, 327 

P0 and P4 ovaries can be cultured for approximately 10 days, during which primordial and primary 328 

follicles develop into primary or secondary follicles, respectively. However, follicles in cultured P0 329 

and P4 ovaries do not develop into antral follicles. Therefore, the excision of ovaries is required 330 

at various stages for studies of the regulatory mechanisms associated with whole ovary follicle 331 

development. 332 
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microscope objective lens laser exposure (ms) Gain time-interval z-stack others Figures and Movies

CV1000 X10 488 nm: 30, 561 nm: 20 488 nm: 700, 561nm: 600 488 nm: 90, 561nm: 20 30 min 5 mm Figure 4C-G, Movie 1 and 2

BZ-X700 X20 (with collection collar) 40% auto X4 30 min 10 mm binning 3x3 Movie 3

LSM710 X10 488 nm: 6%, 564 nm: 5% camera speed: 4 488 nm: 850, 564 nm: 850 24 h 10 mm digital gain, 488 nm: 2, 564 nm:1 Figure 2, 3 and 5
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ovary no. number of total ovulated oocytes number of MII oocytes

1 7 2

2 19 9

3 14 6

4 7 3

5 12 4

6 15 6

7 25 11

8 13 3

9 11 7

10 19 8

11 18 4

12 7 1
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Name of Material/ Equipment Company
Catalog 

Number
Comments/Description

Follicle stimulating hormone from human pituitary SIGMA F4021

Lutenizing hormone from equine pituitary SIGMA L9773

Penicillin-streptomycin solution Wako Pure Chemical Industries 168-23191

MEM a, GlutaMax, no nucleotides Thermo Fisher 32561037

Glass bottom dish MatTek P35G-0-10-C 35mm dish, No. 0 coverslip, 10mm glass diameter

Millicell cell culture insert Merck Millipore PICM0RG50 Diameter: 315 mm, pore size: 0.4 mm, material: hydrophilic PTTE

3.5cm cell culture dishes greiner bio-one 627160

50ml / centrifuge tube with triple seal cap IWAKI 2345-050

Low-profile disposable blades 819 Leica 14035838925

LSM 710 Carl Zeiss Confocal microscope

CellVoyager, CV1000 Yokogawa Electric Corporation Time-lapse imaging

BZ-X700 KEYENCE Time-lapse imaging
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丁itle of Article:

Author(s):

l  Defined Terms  As used in this Article and Video License

Agreement, the fo‖ owing terms sha‖  have the fo‖ ovving

meanings:″ Agreement″ means thls Artide and Video日 cense

Agreement;〃 Art:cle〃 means the article specified on the last

page of this Agreement, including any associated mate"ials

such as texts,figures,tables,artwork,abstracts,or summaries

contained therein; 
″
Author″  means the author who is a

signatory to this Ag"eement;″ Co‖ ect:ve Work″ rneans a work,

such as a periodicalissue,antho!ogy or encyclopedia,in which

the Materials in their entirety in unmodined form,along with a

number of other contributions, constituting separate and

independent works in themseives, are assembled into a

cO‖ective whole;″ CRC License″ rneans the Creative Commons

Attribution‐ Non  Conlmercial‐ No  Derivs  30  UnpOrted
Agreement,the terms and conditions of which can be found

at:       http:〃 creaJvecommons.org/‖ censes/by‐ nC―
nd/30/lega!COde; 

〃
Derivat:ve Work″  means a work based

upon the Materials or upon the Materials and other pre―

existing wOrks, such as a translation, musical arrangement,

dramatization,fictiona!ization, motion picture version,sound

recording,art reproduction,abridgment,condensation′ or any

other form in which the Materials mav be recast,transformed,

or adapted,″ institution〃 means the institution,listed on the

last page of this Agreement, by which the Author was

employed at the tirne of the creation of the Materials;句 oVE″

means MyJove Corporatlon,a Massachusetts corporaJon and

the publisher of tte JOυ rnα′ げ  ViSυσルed fxper″ ηeni"
″
Materiais″ means the Artic!e and/or the Videc;″ Parties''

meansthe Author and JoVE;´VIdeo″ means anv video(s)made

by the Author,alone or in coniunCtiOn with any other parties,

or by 」oVE or its aff‖ iates or agents, individua‖ y or in

co‖aboration  vvith  the  Author  or  any  other  parties,

incorporating a‖ or any portion of the Article,and in which the

Author may or may notappear
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2 Backttround. The Author,who is the author of the Articie,

in order to ensure the dissenlination and protection of the

Artic!e′ desires to have the JoVE publish the Article and create

and transnlit videos based on the Article  !n furtherance of

such goalS,the Parties desi"e to memoria‖ 2e in this Agreement

the respective rights of each Party in and to the Artic:e and the

Video

3 Grant of RiRhts in Article. ln consideration ofJoVE agreeing

to pub!ish the Article′  the Author hereby grants to JoVE′

SubleCt tO Sections 4 and 7 below,the exclusive,royalty― free,

perpetua!(fOr the fuli term of copynght in the Artide,

including any extenJons thereto)liCense(a)tO publ`h′

reproduce′ distribute,display and store theノ rヽticle in a‖ forms′

formats and media whether now known or hereafter
developed(including w■hout limtaJon in p‖ nt,digital and

electronに form)thrOughout the wond,(b)tO tranJate the

Article into other languages,create adaptations,summaries or

extracts of the Article or other Denvat市e wOrks(inCludingj

wtthout hm■ atlon,the Video)。
"COllect市

e Works based on all

or any portion of the Article and exercise a‖ of the rights set

forth in{a)abOVe in such trandaJons′  adaptaJons′
summaries,extracts,Derivative Works or Co‖ ective Works and

(C)tO ncense others to do any or a‖  of the above  The

foregoing rights may be exercised in a‖  media and formats,

whether now known or hereafter devised, and include the

right to make such modifications as are technica‖ y necessary

to exercise the rights in other rnedia and formats. lf the″ Open

Access"box has been checked in item l above,JoVE and the

Author hereby grant to the pub!ic a‖ such rights in the Atticie

as provided in,but sutteCt tO a‖ limlations and requirements

set forth in,the CRC License
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銀 丁he Authoris NOT a United States government employee.

漂 丁he Author is a United States government employee and the Materials were prepared in the

course of his or her duties as a United States government employee.

嶽 The Authoris a United States government employee but the Materials were NO¬ 「prepared in the

course of his or her duties as a United States government employee.
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4  RetenJon of Rights in Arucle. Notwlthstanding the

exclusive license granted to 」oVE in Section 3 above, the

Author shalL With respect to the Article, retain the non―

exclusive right to use a‖  or part of the Article for the non―

commercial purpose of giving lectures, presentations or

teaching c!asses, and to post a copv of the Article on the

lnstitution's website or the AuthOrs persona!website,in each

case provided that a link to the Article on the」 oVE website is

p“Ovided and notice of JoVE's copyright in the A「 ticle is

included. A‖ non‐copvright inte‖ ectua!property rights in and

to the Article′  such as patent rights, sha‖  remain with the

Author.

5 Grant of Rights in Video― Standard AcceSS.Th`Section 5

app!ies if the′
′
Standard Access"box has been checked in item

l above or if no box has been checked in item l above  ln

consideration of JoVE agreeing to p“ oduce′  display or

otherwise  assist  with  the  Video′  the  Author  hereby

acknowledges and agrees that,Subject to Section 7 below,

JoVE is and sha‖ be the sole and exclusive owner of a‖ rights Of

any nature,including,without limitation,a‖ copyド ights,in and

to the Vidёo  To the extent that, by law′ the Author is

deemed,now or at any time in the future,to have any rights

Of any nature in or to the Video′ the Author hereby disc:aims

a‖ such rights and transfers a‖ such rights to」 oVE

6 Grant of Rights in Video-Ooen Access This Section 6

app‖ es only if the 
″
Open Access″  box has been checked in

item l above. in consideration of JoVE agreeing to produce,

display oド otherwise assist with the Video,the AuthOr hereby

grants to JoVE, subieCt to Section 7 below, the exclusive,

royaLy‐ free′ perpetual(for the fu‖ term of copynght in the

Article,including any extengons thereto)licenSe(a)to publiSh′

rep"oduce,distribute,display and store the Video in a‖ forms,

formats and media whether now known or hereafter
developed(induding without limtaJon in p‖ nt,digtal and

electronic form)thrOughout the wo‖ d,(b)tO trandate the

Video into other languages,create adaptations,summaries or

extracts of the Video or other Derivative Works or Co‖ ective

VVorks based on a‖ or any portion ofthe Video and exercise a‖

of the nghts set fOtth in(a)aboVe in such tranJations,

adaptations,  summaries,  extracts,  Derivative  VVorks  or

Co‖ective Works and(c)tO liCense others to do any or a‖ of

the above The foregoing rights may be exercised in a‖ media

and formats,whether now known or hereafter devised, and

include the right to make such modifications as are technica‖ y

necessary to exercise the rights in other media and formats

For any Video to which this Section 6 is appHcable′ 」oVE and

the Author hereby grant to the public a‖  such rights in the

Video as provided in, but sublect to a‖  limtaJons and

requi"ements set forth in,the CRC License

7. Government Emplovees. lf the Authorヽ a Unted States

government employee and the Article was prepared in the

course of his or her duties as a United States government

employee, as indicated in ltem 2 above, and any of the

licenses or grants granted by the Author hereunder exceed the

scope ofthe 17 U S C 403,then the rights granted hereunder

sha‖ be linlited to the maxirnum rights permitted under such

6125426
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statute. in such case′ a‖ provisions contained herein that are

not in conflict with such statute sha‖ remain in fu‖ force and

effect,and a‖ provisions contained herein that do so conflict

sha‖ be deemed to be amended so as to provide to」 oVE the

maxirnum rights permissible within such statute.

8,日 keness,Pr"acv,Personal■v The Author hereby grants
JoVE the right to use the Author's name, voice′  likeness,

picture,photograph′ image,biography and performance ln any

way, commercial or otherwise, in connection with the

Materials and the sale, promotion and distribution thereof

The Author hereby waives any and a‖  rights he or she may

have′  relating to his or her appearance in the Video or
othen″ ise relating to the Materials, under a‖  applicable

privacy,likeness,personanty or simi!arlaws

9 Author Warrantた s The Author represents and warrants

that the Article is original,that it has not been published,that

the copvnghtinterestls owned by the Author(or′ r mOre than

one author is listed at the beginning of this Agreement′  by

such authors co‖ ectively)and has not been assigned,licensed,

or otherwise transferred to any other party. The Author

represents and warrants that the author(S)lに ted at the top of

this Agreement are the only authors ofthe Materials. lf rnore

than one author is listed at the top of this Agreement and if

any such author has not entered into a separate Artic!e and

Video License Agreement with JoVE relating to the Materials,

the Author represents and warrants that the Author has been

authorized by each of the other such authors to execute this

Agreement on his or her beha!f and to bind hirn or her with

“
espect to the terms ofthis Agreement as if each ofthem had

been a party hereto as an Author The Author warrants that

the  use,  reproduction,  distribution′   public  or  private

performance or displav, and/or mOdincation Of a‖ or anv

portion of theヽ laterials does not and wi‖ not violate,infringe

and/or misappropnate the patent,trademark′  intellectual

property or other rights of any third party  The Author

represents and warrants that it has and wi‖ continue to

comply  with  a‖   government,  institutiona!  and  other

regu:ations, including, withOut ‖mitation a‖  institutional′

laboratory, hospital, ethical′  human and animal treatment,
privacy, and a‖ other rules, regulations, laws, procedures or

guidelines, applicabie to the Materials, and that a‖  research

involving human and animal subiectS has been approved by

the Authoris relevant institutional review board.

10 JoVE Discretion. lf the Author requests the assistance of

」oVE in producing theヽ ハdeo in the Author's fac‖ ity′ the Author

sha‖ ensure that the presence of」 oVE employees,agents or

independent contractors is in accordance with the ドe!evant

regulations of the Author's institution.  lf more than one

author is‖ sted at the beginning Ofthis Agreement′ JoVE may′

in its sole discret:on,elect not take anv action with respect to

the Articie until such tiFne aS it has received complete′

executed Article and Video License Agreements from each

such author. 」oVE reserves the right,in its absolute and sole

discretion and without giving anv reason therefore,to accept

or dec‖ ne any work submitted to JoVE.  JoVE and its

employees, agents and independent contractors sha‖ have
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fu‖′unfettered access to the facilities of the Author or of the

Authoド
′
s institution as necessary to make the Video,whether

actua‖ y pub!ished or not  」oVE has sole discretion as to the

method of making and publiShing the Materials, including,

without limitation,to an decisiOns regarding editing′  lighting,

liming,timing of publication, if any′  !ength′ quaiity, content

and the like.

11 1ndemninca■ On The Author agrees to indemnify JoVE

and/or■ s successors and asJgns from and against any and all

claims, costS′  and expenses, including attorney's fees, arising

Out Of any breach of any warranty Or other representations

contained herein The AuthOド further agrees to indemnify and

hold harnlless」 oVE from and against anv and a‖ clairns,costs,

and expenses, including attorney's fees, resulting from the

breach by the AuthOr of any representation or warranty

contained herein or from a‖ egations or instances of violation

of inte‖ ectual property rights,damage to the Author's orthe

Author's institution's facilities, fraud, libe!, defamation,

research′ equipment,experiments,property damage,personal

iniury,violations of institutional′  laboratory′ hospital′ ethical,

human and animal treatment′   privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and

other:csses or damages related in any wav to the submission

of work to」oV[,making Of videos by」oVE′ or pub!ication in

Jονf or elsewhere by JoVE  The AuthOr sha‖  be responsible

for, and sha‖ hold」 oVE harmiess from, damages caused by

lack of steri‖ zation′ lack of clean!iness or by contanlination

due to the making Of a video by JoVE its employees,agents o“

independent contractors.   A‖  sterilization, clean!iness or

decontamination procedures sha‖ be solely the responsib‖ ity

of the Author and sha‖  be undertaken at the Author's

AR丁ICLE AND VIDEO LICENSE AGREEMEN丁

expense. A‖ indemnifications provided herein sha‖  include

」oVE's attorney's fees and costs re!ated to said !oSses or

damages.  Such indemnification and holding harmless sha‖

include such losses or damages incurred by,or in connection

with, acts or omissions of JoVE, its emp!Oyees, agents or

independent contractors

12.  Fees.  To coVer the cost incurred for pub‖ Cation, 」oVE

must receive payment before production and pub‖ cation the

Materials Payment is due in 21 days of invoice Should the

Materia:s not be pub!ished due to an editorial or production

decision, these funds w‖ l be returned to the AuthOr

VVithdrawal by the AuthOr of any submitted Materials after

inal peer review approval will reSuL in a USSl,200 fee to

cover pre― production expenses incurred by」 oVE. lf payment is

not received by the completion of f‖ ming, production and

publication of the Materials w‖ l be suspended unt‖ pavmentis

received

13  Transfer, Governing Law. ThL Agreement mav be
assigned by JoVE and sha‖  inure to the benefits of any of

JoVE's successors and assignees.  This Agreement sha‖  be

governed and construed by the internal laws of the

Commonwealth of Massachusetts without giving efFect to any

conflict of law provision thereunder. This Agreement may be

executed in counterparts, each of which sha‖ be deemed an

original,but a‖ of which together sha‖ be deemed to me one

and the same agreement. A signed copy of this Agreement

delivered by facsimi!e, e― mail or other means of electronic

transmission sha‖ be deemed to have the sanne legal effect as

delive“Y Of an origina:signed copy ofthis Agreement
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Dear Dr. Bing Wu, 

 

 Thank you very much for the second reviews and the comments to our manuscript 

entitled “Ovarian Tissue Culture to Visualize Phenomena in mouse ovary” (JoVE57794). In the 

attached document, we described the changes made in response to the reviewer’s comments. 

 

Editorial comments: 

 

The manuscript has been modified and the updated manuscript, 57794_R1.docx, is attached and 

located in your Editorial Manager account. Please use the updated version to make your revisions. 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. 

We revised the manuscript after we got English proofreading again. 

 

2. Please do not highlight notes for filming. 

We deleted “Note” from highlighting for filming. 

 

3. Please highlight more protocol steps for filming (less than 2.75 pages). 

  We added protocol steps, step 4-7, to highlight for filming. 

 

4. Step 2.2: How to excise the ovaries? Using what? How to trim the tissues? 

  We revised this part. 

“Excise the ovaries from 4-week-old female ICR mice and trim the tissues surrounding 

the ovary using a scissors and a tweezers under a stereoscopic microscope.” (line 113-

114) 

 

5. 2.2.1: What’s the size of the blade? 

  We added the information of the blade’s size in Table of Materials. 

 

6. 3.2: How many ovary samples are placed in the 1 mL medium? 

  We revised the sentence to clear the number of samples in a drop. 

“3.2 Place single sliced specimens into one drop of culture medium on cell culture 

inserts using tweezers (see step 3.1) 

 

  In addition to this point, we revised the volume of a drop, from “1 mL” to “0.5 L” (line 130) 

Rebuttal Letter Click here to download Rebuttal Letter Editorial
comments.docx

http://www.editorialmanager.com/jove/download.aspx?id=803496&guid=d5944caf-076c-4a3e-840c-ae7830904510&scheme=1
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7. 5.1: Please specify the imaging conditions. 

  We showed the conditions of time-lapse imaging in Table 1, so we added the word, “Table 1” (line 

159). Furthermore, we modified Table 1 to clear the condition under which each figure and movie was 

captured. 

 

8. 5.1.1: What laser intensities and exposure time are used? 

  We showed the conditions of time-lapse imaging in Table 1, so we added the word, “Table 1” (line 

163). Furthermore, we modified Table 1 to clear the condition under which each figure and movie was 

captured. 

 

9. 5.1.2: How to compare? 

  We revised this part. 

“5.1.2. Compare follicle growth under each differing culture conditions by measuring 

follicle areas in images of control samples at 24-h intervals and in time-lapse imaging 

samples. (See step 6).”  

 

10. 5.2: How to capture the images? 

We revised this part 

“5.2. Capture images at 30-min intervals using the time-lapse imaging system under the 

determined condition (Table 1).” 

 

11. 7.3: Please specify the settings. 

  We added the information of setting condition of each figure and movie in Table 1. 

 

 

 

Sincerely, 

 

Kouji Komatsu, Ph.D. 

Department of Physiology, Aichi Medical University, 1-1 Yazakokarimata, Nagakute, 

Aichi 480-1195, Japan 

TEL: +81-561-62-3311 FAX: +81-561-63-1289 

E-mail: komatsu.kouji.121@mail.aichi-med-u.ac.jp 


