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Introduction 
The reproductive technologies like in-vitro embryo production, transgenic animal 
production and nuclear transfer, depends on the availability of mature oocytes 
from antral follicles [40]. However, success rates are low as they use the oocytes 
from antral follicles, which provide a limited number of these structures on the 
ovary. Although large populations of preantral follicles with meiotically incompetent 
oocytes are present in ovaries, most of them are lost at various stages of 
development owing to atresia. Hence, there is a considerable interest for the 
development of culture systems to promote the growth of preantral follicles and to 
acquire meiotically competent oocytes would certainly be useful to reduce the 
generation interval. Thus, there is considerable interest to produce fully-grown, 
developmentally competent oocytes from preantral follicles, Studies on in-vitro 
culture of preantral follicles (PFs) from the ovaries of goat [1-14] was actively 
pursued  to enhance the utilization of oocytes in animals, as well as the embryo 
production in pig [15, 16], buffalo [17], sheep [18] and goats [8]. Among all species 
studied till date, the birth of live offspring from cultured preantral follicles was 
achieved only in the mouse [19, 20]. In vitro development of preantral follicles is 
influenced by supplementing various hormones, peptides and growth factors. 
Among growth factors, kit ligand (KL), also known as stem cell factor, steel factor 
or mast cell growth factor, plays an important role acting at different stages of 
follicular development enhancing follicular growth, antrum formation and meiotic 
maturation [21]. In the granulosa cells, the KL mRNA expression has been 
detected in many species [22-26]  and it can be expressed as either a membrane-
bound (KL-1) or a soluble protein (KL-2) [27]. Both KL isoforms influence target 
cells by binding to a tyrosine kinase receptor, c-kit. KL-1 promote the primordial to 
primary transition [28], KL-2 is required for oocyte growth, survival and formation 
of germ cells [29]. Both forms are present in goats [25]. In oocytes both c-kit 
mRNA and protein are expressed at all stages of follicular development, as well as

 
in the interstitial and theca cells of antral follicles [25, 30, 31]. Effects of stem cell 
factor include establishment of primordial germ cells (PGC), activation of 
primordial follicle[28], oocyte survival and growth[32], granulosa cell proliferation 
[33], theca cell recruitment and maintenance of meiotic competence [29, 34]. In 
addition, some studies have shown that KL increase the expression of FSH 
receptors by inhibiting the BMP-15 receptors by the oocytes [33, 35]. FSH regulate 
the KL expression in a biphasic manner by decreasing the ratio of KL-1/KL-2 
mRNA at a low concentration of FSH and vice versa [35]. Keeping the above 
points in view, the present investigation was undertaken to investigate the effects 
of different concentrations of SCF individually and in combination with T4, FSH 
and leptin on in-vitro development of PFs as well as on the ability of oocytes to 
undergo meiotic resumption. 
 
Materials and Methods  
All culture media, chemicals, hormones, fetal calf serum (FCS) and growth factors 
were purchased from the Sigma (St. Louis, MO, USA) and plastics from Nunclon 
(Roskilde, Denmark). 
 
Collection and processing of ovaries 
Goat ovaries were collected from a local slaughterhouse at Ziaguda, Hyderabad 
immediately after slaughter. The ovaries were transported to the laboratory in 
sterile, warm (37⁰C) PBS within 5-6 h. On reaching the laboratory, working area 
was cleaned with 70% alcohol and the ovaries were handled aseptically. The 
ovaries were trimmed off the adherent tissues and ligaments, washed twice in 
PBS supplemented with 50 µg/ml gentamycin sulphate. Then they were immersed 
in 70% alcohol for 3-5 s and rinsed twice in PBS with antibiotics. The subsequent 
procedures involved in in-vitro culture of preantral follicles were carried out in a 
laminar air flow [36-38, 18]. 

International Journal of Agriculture Sciences 
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 50, 2016, pp.-2154-2157. 

Available online at http://www.bioinfopublication.org/jouarchive.php?opt=&jouid=BPJ0000217 

Abstract- The influence of stem cell factor on in-vitro culture of preantral follicles (PFs) isolated from goat ovaries was investigated. Preantral  follicles were isolated 
from the cortex of goat ovaries and individually cultured for 10 days in different concentrations (25 ng/ml, 50 ng/ml, 100 ng /ml) of stem cell factor (SCF).The proportion 
of PFs exhibiting growth, increase in diameter and antrum formation was assessed to determine the in vitro development. The oocytes isolated from cultured PFs were 
kept in-vitro maturation medium for 27 h, to assess the nuclear maturation to the metaphase II (M II) stage. The proportion of PFs exhibiti ng growth, average increase in 
diameter, antrum formation, extrusion of oocytes and meiotic resumption of oocytes were highest when the culture medium was supplemented with 50 ng/ml of SCF 
individually. Based on the best concentration from the above results, the preantral follicles were cultured with thyroxin (T4), follicle stimulating hormone (FSH), stem cell 
factor (SCF) and leptin in various combinations. It is concluded that in vitro culture of goat PFs in combination of stem cell factor and leptin i.e SCF + leptin (31.25 ± 
1.15) did not improve the frequency of oocyte maturation to metaphase II stage when compared with SCF alone.  
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Isolation of Preantral Follicles by Micro-dissection Method 
Briefly, the ovaries were cut into two halves and the medulla was scooped out. 
After medulla removal, the cortical portion of ovaries were placed in 35 mm plastic 
culture dishes containing handling medium which serves as basic culture 
medium{HEPES buffered tissue culture medium 199 [TCM 199] supplemented 
with 0.23mM of Sodium Pyruvate (TCL 015, HiMedia, India), 2mM L-Glutamine 
(TC 243, HiMedia, India), 80mM of ascorbic acid, 20mM cysteine and 50 µg/ml 
gentamycin sulphate (A 010, HiMedia, India)}. Intact preantral follicles in the size 
range of 250-400 µm were mechanically isolated by micro-dissection under a 
stereo zoom microscope (Olympus, SZX12, Japan) using two needles of 26 
gauge fitted to 1 ml syringe barrels and a sterile surgical blade. A small amount of 
stromal tissue should be attached to the basement membrane of the follicles to 
avoid damage to the basement membrane while isolation of PFs. Good quality 
follicles with centrally placed, spherical oocyte with no signs of atresia were used 
in culture. 
 
Culture of PFs in micro-droplets 
The selected follicles were washed thrice in culture medium, placed individually in 
40 µl droplets of culture medium and overlaid with lightweight mineral oil. These 
culture dishes were incubated at 39⁰C in 5% CO2 under humidified atmosphere in 
air for up to 10 days. Half of the medium was replaced by an equal volume of 
fresh medium every 48 h. The culture period of 10 days was found to be optimum 
from earlier studies in our lab. Based on the best combinations of various 
hormones, observed earlier [18, 38, 39] the following treatments were selected to 
evaluate their effect on goat PFs and subsequent meiotic maturation of oocytes. 
Each follicle was morphologically evaluated every 24 h during culture period using 
an inverted microscope (Olympus, IX51, Japan), for increase in diameter, antrum 
formation and extrusion of oocyte from the follicle if any takes place. At the end of 
the culture, the in-vitro cultured follicles were carefully opened (if oocytes were not 
extruded from follicles) using two 26 gauge needles attached to 1 ml syringe 
barrel, to release the oocytes. 
 
Experimental design 
1. To standardize the concentration of stem cell factor 2. To study the influence of 
inclusion of stem cell factor along with other hormones on development of PFs in 
culture. 
 

Table-1 Various Combinations of Hormones and Growth factors 
Treatments Various Combination of Growth factors and Hormones 

T1 SCF: 50 ng/ml + leptin: 10 ng/ml 

T2 T4: 1 µg/ml + FSH: 2 ng/ml + SCF: 50ng/ml + leptin: 10 ng/ml 

T3 Control 

 
In-vitro maturation of oocytes  
The oocytes collected from in-vitro cultured preantral follicles were washed thrice 
in the basic culture medium and once in the in vitro maturation medium (Basic 

culture medium supplemented with 10 µg/ml FSH, 10 µg/ml LH, 1 µg/ml estradiol 
17β, 50 µg/ml gentamycin sulphate and  10 µg/ml BSA) [18]. The selected good 
quality oocytes were kept individually in 20 µl droplets of in vitro maturation 
medium. The droplets were overlaid with light weight mineral oil. These culture 
dishes were incubated at 39

⁰
C in 5% CO2 under humidified atmosphere for 27 h. 

The maturation period of 27 h was found to be optimum from earlier studies in our 
lab. 
 
Evaluation of IVM oocytes 
After a period of 27 h of in-vitro maturation, the cumulus cells around the oocytes 
were denuded by repeated pipetting through a fine bore glass pipette. The 
denuded oocytes from in vitro maturation media were placed separately in 200 µl 
propidium iodide stain solution for 15 minutes in darkness at room temperature as 
studied earlier in our lab. The stained oocytes were examined through an inverted 
microscope to observe the nuclear maturation of oocytes. 
 
Statistical Analysis 
Comparison of the proportions of PFs exhibiting growth, average increase in 
diameter, antrum formation, extrusion of oocytes and maturation to metaphase II 
stage of the oocytes from the in-vitro cultured PFs among different treatment 
groups was undertaken separately were analysed by Analysis of variance, 
followed by Duncan’s Multiple range Test for significance of differences among  
treatments (SPSS 17). The proportions of PFs exhibiting growth, average increase 
in diameter, antrum formation, extrusion of oocytes and maturation to metaphase 
II stage of the oocytes were dependent variables and independent variables were 
the different treatment groups. 
 
Results 
A total of 490 preantral follicles were isolated and used in two experiments. In 
experiment 1, the individual effects of stem cell factor at different concentrations in 
the medium on in-vitro development of PFs were tested. Preantral follicles 
cultured in basic culture medium supplemented variously with 25, 50 and 100 
ng/ml of stem cell factor. Greater proportion of PFs exhibited  antrum formation 
and average increase in diameter in the SCF 50 ng/ml  and growth rate was not 
significantly different between treatments [Table-2]. While there was no significant 
difference was observed for extrusion of oocytes between different concentrations 
of stem cell factor. Oocytes from cultured PFs in SCF 50 ng/ml had exhibited 
higher percentage (50.78 ± 1.84) of M II stage and was significantly different when 
compared to the oocytes from other treatments of cultured PFs.  
In experiment 2, PFs were cultured in best concentration of SCF of the experiment 
1 with other hormones like T4, FSH and leptin. Although average increase in 
diameter, growth and antrum formation do not exhibit significant difference 
between the treatments but the proportion of oocytes extruded from PFs and 
meiotic maturation was highest in (T1) SCF + leptin  and was significantly different 
[Table-3].  

 
Table-2 Effect of different concentrations of Stem Cell Factor (SCF) on in vitro development  of goat preantral follicles 

Concentration of SCF 
(ng/ml) 

(replicates / no. Follicles) 

Proportion of  PFs 
exhibiting growth 

(Mean ± SE) 

Average increase 
in diameter(µ) of PFs 

(Mean ± SE) 

Proportion of  PFs exhibiting 
antrum formation 

(Mean ± SE) 

Proportion of oocytes 
extruded from PFs 

(Mean ± SE) 

M-II 
(%) 

25( 9 / 49 ) 95.55 ± 2.93ab 33.83 ± 3.43a 90.0 ± 3.33b 0.0  ± 0.0a 13.32 ± 4.46b 

50( 9 / 49 ) 100.0 ± 0.0b 56.16 ± 3.12b 100.0 ± 0.0c 4.4 ± 2.93a 50.78 ± 1.84c 

100( 8 / 44 ) 97.5 ± 2.5b 33.62 ± 2.78a 87.5 ± 3.65b 2.5 ± 2.5a 2.5 ± 2.5a 

Control( 7 / 45 ) 88.57 ± 4.04a 4.55 ± 3.30a 45.63 ± 4.29a 0.0 ± 0.0a 0.0 ± 0.0a 

Different superscripts within a column are indicating significantly difference between different treatment groups (P ≤ 0.05)  

. 
Table-3 Effect of various Hormones in different combinations on in vitro development of goat preantral follicles 

Treatments Combinations of diff. hormones 
(replicates/ no. of oocytes) 

Proportion of  PFs 
exhibiting growth 

(Mean ± SE) 

Average increase 
in diameter (µ) of 

PFs 
(Mean ± SE) 

Proportion of  PFs 
exhibiting antrum 

formation 
(Mean ± SE) 

Proportion of oocytes 
extruded from PFs 

(Mean ±SE) 

Proportion of oocytes 
exhibiting M-II 

(%) 

T1 SCF + leptin ( 9 / 101 ) 90.27 ±2.42b 32.13±4.94b 81.14 ±2.54b 3.05± 0.98b 31.25±1.15c 

T2 T4 + FSH +SCF + leptin ( 9 / 101 ) 95.12 ±1.60b 34.10 ±3.34b 84.64±2.19b 0.0 ±0.0a 21.19±1.39b 

Control TCM 199( 9 / 101 ) 71.28± 5.30a 13.61 ±1.93a 53.14 ±3.04a 0.0± 0.0a 0.0± 0.0a 

Different superscripts within a column are indicating significantly difference between different treatment groups (P ≤ 0.05).  
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Discussion 
Stem cell factor evidenced an important role in follicular development, acting at 
different follicular stages. The present results showed that follicular diameter was 
higher at a concentration of 50 ng/ml compared to other treatments after 10 days 
of culture. The results obtained from the present study were in accordance with 
regard to follicular diameter as Celestino et al. [26] and Lima et al. [40] studied a 
positive effect of stem cell factor (50 ng/ml) on the caprine preantral follicular 
diameter. Proportion of PFs exhibiting growth was highest when the follicles were 
supplemented with SCF at a concentration of 50 ng/ml. Wang and Roy [41] and 
Xian Jin et al. [42] confirmed these results showing, disproportionate follicle 
growth by stimulating granulosa cells development and by elevating the 
expression of steroidogenesis related proteins. In contrast, Carlsson et al. [24] 
observed that there was no effect on the stages of follicular development with 7 
days culture period in humans which was independent of the concentration used 
suggesting that KL’s action differ according to the stage of follicular development. 
Present findings were in line with the study of Reynaud et al. [43] and Yoshida et 
al. [44] who verified that the blockade of KL/c-kit system inhibited the antrum 
formation and follicular fluid accumulation suggesting a positive effect of kit ligand 
on antrum formation. However, supplementation of SCF(50 ng/ml) and/or IGF-
1(50 ng/ml) did not enhance the antrum formation  in 7-8 week old mice [45] and 
this may be due to species variation and stage of follicular development.  In the 
present work, KL concentration (50 and 100 ng/ml) increased the number of 
oocytes destined for IVM. The stem cell factor with a concentration of 50 ng/ml  
increased the percentage of meiotic resumption with 50.78 % of oocytes in 
metaphase II stage. With regard to kit, Ismail et al. [46] observed that meiosis 
inducing effects of LH could be elicited by a decrease in oocyte kit expression, 
decrease in granulosa cell KL expression and altered biological activity of KL. The 
present results showed that SCF at a concentration of 50 ng/ml increased the 
percentage of M II stage oocytes as observed in goats [40]. In agreement with the 
present results Yeet al. [47], observed that the treatment of mouse cumulus 
oocyte complexes cultured in KL enhanced the extrusion of first polar body with an 
increase in cyclin B1 synthesis, which is important for the progression of meiotic 
maturation after GVBD, however Byung Chul Jee et al. [45] studied that SCF 
supplementation did not enhance the acquisition of M II stage oocytes compared 
to the non supplemented group. The results are interesting for goats, since few 
studies in this species have achieved meiotically competent oocytes from the in 
vitro culture of preantral follicles [8, 9, 40, 48], especially with the occurrence of 
nuclear maturation. In experiment 2, proportion of PFs exhibiting growth, antrum 
formation and average increase in diameter was similar irrespective of 
combinations of hormones and growth factors used. Similarly, Arunakumari et al. 
[18], observed that T4 and FSH in combination supported better in-vitro growth, 
extrusion of oocytes , antrum formation and subsequent maturation of oocytes 
from cultured adult sheep PFs. The extrusion of oocytes was observed only in 
SCF and leptin combination, however the combination of T4 + FSH + SCF + leptin 
did not allow the extrusion of oocytes in the present study and this might be due to 
species variation and size of follicles used for culture or due to the presence of 
FSH in culture medium [40]. As documented in the previous research, T4 and FSH 
in combination had no effect on extrusion of oocytes in goat fetal PFs [49]. In 
addition supplementation of SCF + leptin resulted in highest proportion of MII 
stage oocytes obtained from cultured PFs. SCF with a concentration of 50 ng/ml 
showed greater percentage of MII stage oocytes when supplemented individually, 
but the percentage of matured oocytes was less when supplemented in 
combination with leptin (50.78% vs 31.25%), this decreased percentage may be 
due to down regulation of SCF receptors on oocyte by the leptin as leptin 
receptors were present on oocyte surface [50]. From the present results it is 
concluded that SCF at a concentration of 50 ng/ml supported better in-vitro 
development of PFs in goat than SCF in combination with leptin. 
 
Abbreviations: SCF- Stem cell factor, PFs- Preantral follicles, M II- Metaphase II, 
s- seconds, h- hours, FSH- Follicle stimulating hormone, °C- Degree Celsius, T4- 
Thyroxine 
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