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Abstract: Many of the pregnant women and nursing mothers sometimes used different types of antibiotics for treatment 
of some diseases.  The most important of these antibiotics is the tetracycline drug, which is used to treat many diseases. 
This is displays fetuses and infants at risk of this drug, therefore, the objective of this study was to investigate the 
collateral damage on histology of the ovary. To achieve this, Pregnant female rats were administrated orally a standard 
therapeutic dose of tetracycline (0.7mg \ kg b. wt.), as the chronic dose. The acute single dose (1.5 mg/kg b, wt) was 
administrated to females on the tenth day of pregnancy.   Another female group fed orally with a double single dose. 
Females at the age of 60 days after birth were examined. The results showed a lack of significant increase in weights 
and lengths. Also administration of drug at all tested doses led to the histological changes sharply in the ovaries such as 
decomposition of tissues and bleeding, sore and breadth of the distances because of swelling and the occurrence of 
necrosis and fibrosis were noticed. These observations make the pregnant women stay away from taking the drug 
during pregnancy, and try to determine the lowest possible dose to minimize side effects of the drug. 
[Samira Omar Balubaid. Histological Changes in Albino Rats Ovary after Exposure of the Mothers to the Drug 
Tetracycline during Pregnancy. J Am Sci 2012;8(6):125-131]. (ISSN: 1545-1003). 
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1. Introduction 

Tetracyclines are very effective against a wide 
range of aerobic and anaerobic, gram-positive and 
gram-negative bacteria. (Zhu, et al., 2002), protein in 
both bacteria. Graham et al (1999), suggests that the 
drug damage molecules causing red blood cell 
hemolysis and damage the cell membrane and 
oxidation of fatty acids by the production of free 
radicals. Tetracycline was narrated by inhibiting 
protein synthesis of bacterial Attached to the below 
unit 30 S ribosomes in bacteria, thereby preventing the 
arrival of DNA carrier tRNA for amino acids and thus 
prevents its association with the future in the position 
A on the DNA sender mRNA on the ribosome (Zakeri 
and Wright, 2008) 

Most of the tetracycline is absorbed in the 
stomach and upper small intestine by 80% - 60% and 
increase the intensity of absorption when the stomach 
is empty of food. This drug has a half-life in the range 
of 6-12 hours with a peak concentration in plasma 
between 2-4 hours after a single dose, distributed in all 
tissues including the uterus and gland prostate and in 
accumulates in the cells of the inner lining of the liver, 
spleen and bone marrow penetrate the rapid and sharp 
tissues, also has the ability to cross the placenta after 
half an hour of eating and also secreted in the 
milk. The college is considered the main route for most 
of the tetracycline excretion from the body, in addition 
to its accumulation in the liver where it is excreted 
through the bile into the intestines and then partially re-
absorbed by the intestinal hepatic circulation (Wells, 
1999, Huang et al.,2001). 

 According to Wu et al. (2004), during 
pregnancy, embryos were affected and principle of 
antibiotic treatment of microbial should be based on 
absolute necessity, and that cross the placenta and 
affect them. 

 Chabot et al.(1988) Explained that most of 
the antibiotics used to treat inflammatory diseases in 
pregnant women have been studied experimentally, 
including tetracycline, and had a toxic effect on the 
fetus in rats. Therefore, the researcher studied the 
effect of both of tetracycline and gentamicin during 
different stages of pregnancy, the use of both 
tetracycline and gentamicin led to a high number 
toxicity and death in utero, as well as occurrence of 
deformities and birth defects in some embryos, Bastos 
et.al., (2012) Copeland et al., (1990) found that 
gentamicin in the rat has the ability to penetrate the 
placenta when given to rats during pregnancy and 
discovered in the serum embryos, leading to poisoning  

Copeland et al.(1990) confirmed that there are 
many drugs that have proven their impact that affect 
animals and humans together, such as tetracycline, 
which affects the composition of the bones of the fetus 
and the teeth.. There have been significant effort and 
resources expended in the past trying to achieve 
increased fertility in laboratory mice, (Bilezikjian, 
et.al. 2001) and farm animals by breeding for enhanced 
ovulation rate and/or uterine capacity (Clutter, et.al. 
2004). Glaxo Smith Kline 2009, were studied 
reproduction in pregnant rats and mice when using 
Alamoxa Doxycycline at doses of ten times bigger than 
the dose used in humans resulted in a twice increase in 
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the birth rate. The pregnant women and nursing 
mothers use types of antibiotics for treatment of some 
diseases. Most important of these antibiotics is the 
tetracycline drug, which is used to treat many diseases. 
This is displays fetuses and infants at risk of this drug, 
but this was the objective of the research study of the 
collateral damage on histology of the ovary . To 
achieve this pregnant female rats administrated  oral 
therapeutic dose. 
 
2. Material and Methods: 

A total number of 280 of adult female albino rats, 
their weights (180- 200) grams were used in the 
present study. Pregnant female rats were administrated 
orally a standard therapeutic dose of tetracycline 
(0.7mg \ kg b. wt.), as the chronic dose. The acute 
single dose (1.5 mg/kg b,wt) was administrated to 
females on the tenth day of pregnancy.   Another 
female group fed orally with a double single dose. 
Females at the age of 60 days after birth were 
examined, according to (Fainaru et al., 2009) and 
divided dose. The ovaries of mice treated with or 
without drug were fixed in Bouin solution for ≥24 hrs, 
sectioned in wax, and stained with hemotoxylin and 
eosin under standard conditions. Each ovary was 
sectioned from beginning to end in groupings of four 
sections of 5 μm thickness each. These groupings were 
interspersed with 50 μm of tissue that was not 
sectioned. To avoid double counting, tertiary follicles 
was analyzed.The acute double dose  was given to 
female rats, in two days. After that females were taken 
at the age of 60 days after delivery for examination in 
terms of external structure, taking their lengths and 
weights and then extract the ovary to study histological 
changes. 
 3. Results and Discussion: 
a- Effect of the drug on female rats born at the age 
of 60 days: 

Weight: Results demonstrated that there was a 
decrease in total body  weights of acute and chronic 
single- dose treated groups. While a significant 
increase in the weights of the acute double treated 
groups of mentioned dose (Table 1).  

Length:  Results in table 2 indicated that there is 
a significant decrease in length of the treated groups of 
single-dose acute and chronic occurred, while there 
was an increase in the lengths of the group treatment of 
acute double dose 

This may be due to its effects on bone as Geisser 
et al. (1988) mentioned, where the noticed that the 
deposition of tetracycline hydrochloride in the bones of 
rat embryos causes a lack of size.  Su et al. (2005) 
concluded that giving Oxytetracycline to pigs did not 
cause a significant difference in either body weight or 
in total mortality rate in pigs born compared to 
controls.Also, supported by Bastos et al. (2012), in the 
use of doxycycline for treatment in pregnant women as 

it leads to change the color of baby teeth and 
permanent lack of bone growth in fetuses and children. 

The ovary of the control group female albino 
rats at the age of 60, a lobular shape and is surrounded 
from the outside with capsule consists of connective 
tissue padded with a layer of squamous epithelium.. 
Primary, secondary and tertiary follicles were defined 
as described previously, Winters et al. (2004). Care 
was taken not to double-count follicles. Tertiary 
follicles were counted and measured with an eyepiece 
micrometer in sections   The ovaries for this study were 
taken from the same mice analyzed for ovulation in 
(Figures 1- 9) that had been treated with tetracycline, 
show that there was no evidence for changes in the 
numbers of primary, secondary, or tertiary follicles, nor 
was there any difference in the average size of tertiary 
follicles. Furthermore, careful inspection of the ovaries 
showed no evidence of damage to the ovaries such as 
cyst formation, obvious depletion of primordial 
follicles, or any malformation in that were fed 
tetracycline over 60 day period. In fact, the ovaries of 
mice were not different from those of control mice 
(Fig. 2) except they contained more Corpora lutea 

The ovary vacuum (periovarian space) lining the 
ovary with a single layer of fat cells. Long nucleus 
immersed in connective tissue called the tunica 
albuginea. The ovary is also characterized by the tunica 
albuginea which is divided into two parts, the cortex 
and the medulla. The cortex is characterized by the, 
appearance of all types of follicles in various stages of 
development. The follicles which were appeared 
composed of primary oocytes, surrounded by a single 
layer of fat cells, while emerged follicles surrounded 
by the transparent zona (pellucida ZP).  There were 
more than a layer of granule cells, which appear 
between the cavities of follicle surrounded by a basal 
membrane. The basal membrane is separated from the 
follicle cover, Graf mature follicle that appeared close 
to the surface free of the ovary in the outer shell, which 
is made up of oocyte, circular in shape. A central 
position surrounded by a region of transparent and 
several layers of granule cells. The ovarian cytoplasm 
and nucleus also shows objects yellow corpus luteum 
at this age. Lutein cells punctuated by a network of 
capillaries and composed the core of connective tissue 
to connect many blood vessels as they appear 
also channels of different sections of oviduct. 
Deposited eggs in the ovary and be one of the three 
layers from the inside to the outside layer composed of 
mucous layer. the mucous layer composed of a cavity 
lined from 2-3 layers of epithelial cells based on the 
membrane base also contains the secretory ciliated and 
non ciliated cell.The layer consists of external 
longitudinal muscle fibers and an internal circular 
muscle layer.  The rats did not show any apparent 
abnormalities. Chrast et al. (2004) give Oxy-
tetracycline during the formation than oral therapeutic 
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dose for humans is causing toxicity to the mother and 
fetus with no significant abnormalities in the embryos, 
when studying reproduction in pregnant rats using 
doxycycline, doses ten times greater than the dose used 
in humans, a decrease in the number of births or 
serious damage in the embryos resulting from 
doxycycline. Wu,  (2004). We have also supported 
(Pursel et al., 2006), who advised the use of the proxy 
drug doxycycline in the prevention of anthrax in 
pregnant women. As well as researchers (Sasaki et al., 
2003) concluded that the use of oral tetracycline during 
the second month of pregnancy can cause serious 
deformities in fetuses.  
 
b- Acute treatment (GTACI):   
Single-dose acute GTACI Group treatment:   
        Dissolved and flat cell layers of the ovary from 
the outside to inside is separated. Different sections of 
the eggs channels  are deposited.  Abdominal 
hemorrhagicum were also observed. The ovary with a 
small number of follicles, especially Graf follicles were  
appeared. Initial oocytes decomposed with granular 
cells. Spindle cell consists of 1-2 layers were seen. 
Graf follicle close to the surface free of the ovary in the 
outer surface Cells aggregates in the back cavity, 
follicular sac in large and some of the others are small 
and divided into cavities as the back cover follicle. 
Two layers Increased in thickness for the control 
group. Bleeding around the follicle as necrosis and 
atrophy of the cells constituting the yellow body 
hemorrhage were appeared. 
 
c- Acute double dose group (GTAC2) treatment.  

Also distort the cover follicle with a few thick 
basement membrane did not reach the Graf vesicle and 
contains the egg cell with enclosed area granular. 
d-   Treatment of chronic dose group, show  lake of 
the ovary which looks smaller than control group. 
Epithelium composed of a single layer of thick cells 
with emerged blood vessels, especially  Graf follicles 
and the several follicles.  Also emerged egg channels 
were observed. Presence of fibers around the follicle, 
Graf vesicle cannot be easily distinguished and is 
surrounded by cells, granules dissolved and the 
increase of fiber in the follicle. The presence of 
necrosis and bleeding also appeared. Blocks of 
glandular masses numerous cells of large multi-
surfaces polyhedral discovered. Histology of the 
oviduct in the groups treated for control indicates 
swelling and decomposition, the appeared pulp consists 
of connective tissue, thick walls and by many of the 
blood cells distorted, we concluded that the drug has 
side effects on the fabric muscles of the ovary and the 
severity of these effects depends on the dose and 
giving time. It is well documented that tetracycline 
causes ovotoxicity by acceleration of follicular atresia 
(apoptosis) in primary follicles (Guzman et al., 2002, 

Miller et al., 2003, Gossen et al., 2004). It appears that 
the effect of the drug on the ovary involves disruption 
in follicular survival signaling. Previous studies 
demonstrated that exogenous KITL (50–400 ng/ml) is 
able to attenuate induced ovotoxicity (Jorgensen, 
2004). Our results indicate that Dox had no effect on 
the qualitative nature of any of the three types of 
follicles even after 30–39 days of treatment,  

A variety of ovarian signaling pathways have 
been shown to be important in folliculogenesis and 
follicular survival, and these growth factors are 
released by and have their effects on a variety of 
follicular compartments. (Huang, et al., 2001, Ford, et 
al., 2001) explain growth factors that has been reported 
to promote primordial follicle survival (Bilezikjian et 
al. ,2004) The other growth factors are thought to be 
involved in primordial-to-primary follicle transition. 
The present study was initiated to investigate 
tetracyciline was able to attenuate induced ovotoxicity. 
This finding further indicates that drug is acting 
directly rather than by nonspecifically compromising 
multiple signaling pathways involved in follicle 
viability or growth. Because tetracycline had an effect 
on primordial follicles but decreased small primary 
follicle numbers suggests that they both retard 
primordial follicle activation and recruitment. 
However, drug provided a substantial blockage of 
primordial follicle recruitment, as reflected by the 
diminished pool of large primary follicles.  

In summary, the present study further underscores 
the role of tetraciclin in follicle survival, activation, 
and recruitment. Furthermore, these results also 
provide strong evidence for direct drug targeting in 
induced ovotoxicity. Currently, studies are underway to 
identify the specific downstream signaling pathways 
within the oocyte that are involved in primordial 
follicle survival/recruitment as they are impacted by 
tetracyciline. Taken together, these studies support the 
hypothesis that drug induces ovotoxicity by directly 
targeting the oocytes via inhibition of KIT-mediated 
signaling components.  

A variety of ovarian signaling pathways have 
been shown to be important in folliculogenesis and 
follicular survival, and these growth factors are 
released by and have their effects on a variety of 
follicular compartments. KITLG and LIF are produced 
by ovarian granulosa cells (Kumar et al., 2000, 2001) 
while GDNF, PDGFB, and FGF2 are produced by the 
oocyte (McGee et.al. 2000, Dmarak et. al., 2003). On 
the other hand, FGF7 is produced by ovarian theca 
cells (Klerman et al., 2003). Previously, whereas 
exogenous KIT attenuated VCD-induced ovotoxicity, 
GDF-9 and BMP4 were ineffective at protecting cells 
from this follicle loss (Jin, et al., 2005) BMP4 is the 
only one of those growth factors that has been reported 
to promote primordial follicle survival (Greenwald et 
al., 2006). The other growth factors are thought to be 
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involved in primordial-to-primary follicle transition. 
The present study was initiated to investigate whether 
other known relevant growth factors play a role in 
tetracyciline induced ovotoxicity. Of all growth factors 
tested, only ovary was unable to tolerate tetracyciline 
induced ovotoxicity. This finding further indicates that 
the drug is acting directly on the ovary development, 
rather than by nonspecifically compromising multiple 
signaling pathways involved in follicle viability or 
growth. 
 
 
 
 
 
 

TABLE 1: Weight of the studied groups at age of 
60days old             

95%Confidence interval  
for mean 

±SD Mean Groups 

159.49-165.56 ±5.47 162.53 GC 
141.39-145.4 ±3.6 161.93 GTAC1 

175.38-176.34 ±0.86 175.86 GTAC2 
160.76-163.10 ±2.11 143.4 GTCR 

 
TABLE 2 Height of the studied groups at age of 
60days old 

95%Confidence interval for mean ±SD Mean Groups 
20.53-21.46 ±0.84 21 GC 
20.26-20.73 ±0.42 20.23 GTAC1 
21.26-21.73 ±0.42 21.5 GTAC2 
20.11-20.35 ±0.21 20.5 GTCR 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture (1): Showing the location and installation of the 
ovary in the control and   treated groups A, B group of 
single-dose treatment, C- group treated with acute 
double dose,  D- group treated chronic dose. 

 

Picture (2):  The sectors shows the lining of the ovary 
and the cover and white primary follicle in the control 
and treated A, B group of single-dose treatment, C- 
group treatment of acute -double dose, D- group chronic 
dose treatment. 

 
 
 
 
 
 
 
 
 
 
 
 

Picture (3): The sectors of primary and secondary 
follicles and Graf vesicle in the control and treated A, B 
group of single-dose, C- group treated of acute double 
dose-, D-group chronic dose treatment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Picture (4): illustrates the sectors in the enlarged Graf 
vesicle show the control and treatment A, B group of 
single-dose treatment, C-  group treatment of acute dose-
double,D –group chroic dose treatment. 
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Picture (5): Shows the segments of body composition in 
the Yellow body in the control and treated A, B group of 
single-dose ,C -  group treatment of acute dose-double 
C,  D – group chronic dose treatment The religion of 
chronic dose-D. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Picture (6): Sector shows the blocks in the glandular 
masses  in the control and treated A, B- group of single-
dose treatment,   C- group treatment of acute dose-
double,  D- group, chronic dose treatment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture (7): Illustrates the sectors Graf follicles in four 
tested groups.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture (8): Shows the sectors of the pulp in four tested 
groups 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Picture (9) :Sectors in the oviduct shows installed in four tested groups. 
 



Journal of American Science 2012;8(6)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 130

Corresponding author 
Samira Omar Balubaid 
Department of Biology, Faculty of Science, King 
Abdul Aziz University, Jeddah, Saudi Arabia 
Dr-s2012@hotmail.com 
 
References: 

1. Bastos LF, de Oliveira AC, Watkins LR, Moraes MF, 
Coelho MM (2012 ): Tetracyclines and pain..Fertil 
Steril. 92(5):1701-5. 

2. Bilezikjian LM, Blount AL, Leal AM,( 2001): 
Donaldson CJ, Fischer WH, Vale WW. Cell-
specific transcriptional regulation of follicle-
stimulating hormone-β by activin and 
gonadotropin-releasing hormone in the LβT2 
pituitary gonadotrope cell model. 
Endocrinology;142:2284–2295.  

3. Bilezikjian LM, Blount AL, Leal AM, Donaldson CJ, 
Fischer WH, Vale WW. (2004): 
Autocrine/paracrine regulation of pituitary function 
by activin, inhibin and follistatin. Mol Cell 
Endocrinol.;225:29–36. 

4. Chabot B, Stephenson DA, Chapman VM, Besmer P, 
Bernstein A (1988): The proto-oncogene c-kit 
encoding a transmembrane tyrosine kinase receptor 
maps to the mouse W locus. Nature, 335:88–99. 

5. . Chrast-Balz J, Hooft Van Huijsduijnen R (2007):. 
Bi-directional switching with the tetracycline 
repressor and novel tetracycline antagonist. Nucleic 
Acids Res.;24:2900–2904 

6. Clutter AC, Kirby YL, Nielsen MK. (2004): Uterine 
capacity and ovulation rate in mice selected 21 
generations on alternative criteria to increase litter 
size. J Anim Sci., 72:577–583. 

7. Copeland NG, Gilbert DJ, Cho BC, Donovan PJ, 
Jenkins       NA, Cosman D, Anderson D, Lyman 
SD, Williams DE (1990) Mast cell growth factor 
maps near the steel locus on mouse chromosome 10 
and is deleted in a number of steel alleles. Cell, 
63:175–183 

8. D’Cruz OJ, Uckun FM. (2001): Lack of adverse 
effects on fertility of female CD-1 mice exposed to 
repetitive intravaginal gel-microemulsion 
formulation of a dual-function anti-HIV agent: aryl 
phosphate derivative of bromo-methoxy-zidovudine 
(compound WHI-07) . J Appl Toxicol.,;21:317–
322.  

9. Dimaraki EV, Jaffe CA, Bowers CY, Marbach P, 
Barkan AL. Pulsatile and nocturnal (2003 ): 
Growth hormone secretions in men do not require 
periodic declines of somatostatin. A J Physiol 
Endocrinol Metab., 2003;285:E163–E170. 

10. Flanagan JG, Leder P 1s( 1990): The kit ligand: a 
cell surface molecule altered      in steel mutant 
fibroblasts. Cell, 63:185–194 

11. Ford JJ, Zimmerman DR, Wise TH, Leymaster KA, 
Christenson RK. (2001): Increased plasma follicle-

stimulating hormone concentrations in pre-pubertal 
gilts from lines selected for increased number of 
corpora lutea. J Anim Sci.;79:1877–1882.  

12. Geissler EN, Ryan MA, Housman DE (1988): The 
dominant-white spotting (W) locus of the mouse 
encodes the c-kit proto-oncogene. Cell, 55:185–192 

13. Graham KE, Nusser KD, Low MJ. (1999): LbetaT2 
gonadotroph cells secrete follicle stimulating 
hormone (FSH) in response to activin A. J 
Endocrinol.;162:R1–R5. 

14. Greenwald R, Golub L.( 2006): Biologic properties 
of non-antibiotic, chemically modified tetracyclines 
(CMTs): a structured, annotated bibliography. Curr 
Med Chem.;8:237–242. 

15. Gossen M, Freundlieb S, Bender G, Muller G, 
Hillen W, Bujard H.(2004): Transcriptional 
activation by tetracyclines in mammalian cells. 
Science. 268:1766–1769. 

16. Guzman K, Miller CD, Phillips CL, Miller 
WL.(2002): The gene encoding ovine follicle 
stimulating hormone β: isolation, characterization, 
and comparison to a related ovine genomic 
sequence. DNA Cell Biol.;10:593–601. 

17. . Huang HJ, Wu JC, Su P, Zhirnov O, Miller WL. .( 
2001): A novel role for bone morphogenetic 
proteins in the synthesis of follicle-stimulating 
hormone. Endocrinology;142:2275–2283. 

18. . Huang H-J, Sebastian J, Strahl BD, Wu JC, Miller 
WL.(2001):  The promoter for the ovine follicle-
stimulating hormone-β gene (FSHβ) confers FSHβ-
like expression on luciferase in transgenic mice: 
regulatory studies in vivo and in vitro. 
Endocrinology.;142:2260–2266.  

19. Jin Y, Surabhi RM, Fresnoza A, Lytras A, Cattini 
PA.(2005):  A role for A/ T-rich and Pit-1/GHF-1 
in a distal enhancer located in the human growth 
hormone locus control region with preferential 
pituitary activity in culture and transgenic mice. 
Mol Endocrinol.;13:1249–1266. 

20. Jorgensen JS, Quirk CC, Nilson JH. (2004): 
Multiple and overlapping combinatorial codes 
orchestrate hormone responsiveness and dictate 
cell-specific expression of the genes encoding 
luteinizing hormone. Endocr Rev.;25:521–542.  

21. Klerman EB, Adler GK, Jin M, (2003): 
Maliszewski AM, Brown EN. A statistical model of 
diurnal variation in human growth hormone. Am J 
Physiol Endocrinol Metab.;285:E1118–1126. 

22. Kumar TR, Palapattu G, Wang P, Woodruff TK, 
Boime I, Byrne1. Pursel VG, Bolt DJ, Miller KF, 
Pinkert CA, Hammer RE, Palmiter RD, Brinster 
RL.(2000): Expression and performance in 
transgenic pigs. J Reprod Fertil Suppl.;40:235–245. 

23. Kumar TR, Palapattu G, Wang P, Woodruff TK, 
Boime I, Byrne MC, Matzuk MM.(2001): 
Transgenic models to study gonadotropin function: 
the role of follicle-stimulating hormone in gonadal 



Journal of American Science 2012;8(6)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 131

growth and tumorigenesis. Mol Endocrinol.; 
13:851–865. 

24. Miller CD, Miller WL.(2003): Transcriptional 
repression of the ovine follicle-stimulating 
hormone-beta gene by 17 beta-estradiol. 
Endocrinology.; 137: 3437– 3446. 

25. McGee EA, Hsueh AJW.(2007): Initial and cyclic 
recruitment of ovarian follicles. Endocr 
Rev.;21:200–214. 

26. Pursel VG, Bolt DJ, Miller KF, Pinkert CA, 
Hammer RE, Palmiter RD, Brinster RL.(2006): 
Expression and performance in transgenic pigs. J 
Reprod Fertil Suppl.;40:235–245.  

27. Sasaki T, Fujimoto K, Sakai K, Nemoto M, Nakai 
N, Tajima N(.2008:) Gene and cell based therapy 
for diabetes mellitus: endocrine gene therapeutics. 
Endocr Pathol.;14:141–144. 

28. 28-Su P, Wu JC, Sommer JR, Gore AJ, Petters RM, 
Miller, WL(2005): Conditional induction of 
ovulation in mice. Biol Reprod. Oct;73(4):681-7. 

29. 29-Wells KD, Foster JA, Moore K, Pursel VG, 
Wall RJ (1999):. Codon optimization, genetic 
insulation, and an rtTA reporter improve 
performance of the tetracycline switch. Transgenic 
Res. ;8:371–381. 

30. Winters SJ, Moore JP. (2004): Intra-pituitary 
regulation of gonadotrophs in male rodents and 
primates. Reproduction.;128:13–23.  

31. Wu JC, Su P, Safwat NW, Sebastian J, Miller WL. 
(2004): Rapid, efficient isolation of murine 
gonadotropes and their use in revealing control of 
follicle-stimulating hormone by paracrine pituitary 
factors. Endocrinology.;145:5832–5839. 

32. Zhu Z, Sheng T, Lee CG, Homer RJ, Elias JA. 
(2002): Tetracycline-controlled transcriptional 
regulation systems: advances and application in 
transgenic animal modeling. Semin Cell Dev Bio. 
13:121–128.  

 
4/29/2012 


