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Abstract

Gestational Diabetes Mellitus is known as carbohydrate intolerance first detected during pregnancy.
Pregnancy is periods of intense hormonal changes. The aim of the present study was to investigate a
possible relation between the changes in serum hormones such as Luteinizing hormone (LH) , follicle
stimulating hormone(FSH), Progesterone, and Prolactin with gestational diabetes mellitus. Thirty
patients with gestational diabetes mellitus aged (22 -40) year attending the national center for treatment
and research of diabetes/ AL-Mustansiriya University in Baghdad and 29 controls aged (20-39) year
were participated. Hormonal tests including, FSH, LH, Progesterone, and Prolactin were detected by
using Enzyme Linked Fluorescent Assay (ELFA) kits. The demographic characteristics of gestational
diabetes mellitus indicated that the most commonly affected age at (20-29) year (50%) ,60% of
patients had Body Mass Index(BMI) at > 30kg/m?*, 76.6% of patients at first trimester of pregnancy,
23.3% had previous abortion,60% at the first pregnancy ,and 46.6% of patients had urine protein with
one plus. A highly significant increase (p<0.001) in Fasting serum glucose(FSG), LH, FSH,
progesterone, and prolactin were observed in sera of gestational diabetes mellitus patients in
comparison to that of control pregnancy group. A non-significant correlation of FSG with age, BMI,
LH, FSH, and progesterone were demonstrated. While a significant positive correlation of FBS with
prolactin was found. It is conclude that higher prolactin level in pregnancy possibly played a role in
gestational diabetes mellitus partly by impairing the functions of insulin, and result in hyperglycemia.
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Introduction

Gestational Diabetes Mellitus (GDM) is pregnant women . Diabetes Mellitus typel
known as carbohydrate intolerance first and type 2 could be diagnosed newly or
revealed during pregnancy . It is the most secondary to metabolic changes related to
public metabolic disturbance of pregnant pregnancy ) Gestational diabetes mellitus
women, involves between 2% and 5% of accounts for ninety percent of cases of diabetes
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mellitus in pregnancy, however eight percent
of cases are preexisting type 2 . GDM
reveals usually between 24 and 28 weeks of
gestation ®.A large number of risk factors
related to GDM increase have been fixed,
including history of macrosomia, strong family
history of diabetes, ethnicity, metabolic
syndrome and obesity *® Pregnancy is periods
of intense hormonal changes”. Women at risk
for gestational diabetes have insulin resistance
before conception. Insulin resistance during
pregnancy stems from a variety of factors,
including alterations in growth hormone and
cortisol secretion , human placental lactogen
secretion , and insulinase excretion which is
produced by the placenta and facilitates
metabolism of insulin®. Moreover, the steroid
hormones such as progesterone and the
estrogens have been shown to be involved in
B-cell physiology and disturbance of the
glucose insulin balance ¢ .

Luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) are omit
gonadotropins are secreted from gonadotrophs
cells in the anterior pituitary. Most
gonadotrophs secrete only LH or FSH, but
some time both hormones®™. In female, LH
stimulates secretion of sex steroids from the
gonads progesterone and estradiol @9,
Progesterone is necessary for
pregnancy reservation, and, in most mammals,
LH is required for function and growth of
corpora lutea®™. LH levels will decrease
if pregnancy occurs, and luteal function will
instead be maintained by the action of human
chorionic gonadotropin, which is similar to LH
and secreted from the new placenta V.

The prolactin(PRL), is major stimuli for
the adaptation of the endocrine pancreas
during gestation ®?. Prolactin is a polypeptide
originally known as a pituitary hormone for its
ability to promote lactation in response to the
breast feeding “®. Besides its well-known
lactogenic properties, prolactin is also a highly
versatile hormone whose functions are related
to reproduction, growth and development,
metabolism,  immune  regulation, brain
function, and behavior @' Maternal
prolactin increases synchronously to insulin

during the second half pregnancy and
stimulates ~ p-cell  proliferation,  insulin
production, and insulin secretion (%17,
Moreover, it is known that the glucose

metabolic regulation impact of prolactin is not
close to the period of pregnancy 5819,

The aim of the present study was to
investigate a possible correlation between the
changes in serum hormones such as LH, FSH,
Progesterone, and Prolactin with gestational
diabetes mellitus.
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Materials and Methods

Case control study was used in the present
where 30 women with gestational diabetes
mellitus aged (22 -40) years as case and 29
age-matched of pregnant women aged (20-39)
years as control attending the national center
for treatment and research of diabetes/ AL-
Mustansiriya ~ University in  Baghdad.
Exclusion criteria were: age <20 years,
diabetes diagnosed before pregnancy, physical
disability, medications like oral corticosteroids
and metformin, and multiple pregnancies.

Five milliliters of venous blood samples
were collected from the gestational diabetes
mellitus and the healthy pregnant as controls
group then immediately transferred into plane
tube and allowed to coagulate at room
temperature then centrifuged at 3000 rpm for 5
min. The resulting serum was separated and
stored at (-20°C) until use. BMI is being
calculated directly as weight (in kilograms)/
height? (in meters). Hormonal tests including,
FSH, LH, Progesterone, and Prolactin were
detected by using Enzyme Linked Fluorescent
Assay (ELFA) kits in Mini Vidas system and
performed according to the manufacturer's
instructions.

Statistical Analysis

The statistical software (SPSS v 15;
Chicago, IL, USA) was used. The data were
analyzed using unpaired t-test and person
correlation coefficients. Differences were
considered significant when P< 0.05.

Results and Discussion

Table 1 show the baseline characteristics
of gestational diabetes mellitus where it was
found that the most commonly affected age at
(20-29) year(50%) ,60% of patients had BMI
at > 30kg/m”*, 76.6% of patients at first
trimester of pregnancy, 23.3% had previous
abortion,60% at the first pregnancy ,and 46.6%
of patients had urine protein with one plus.


https://en.wikipedia.org/wiki/Pregnancy
https://en.wikipedia.org/wiki/Human_chorionic_gonadotropin
https://en.wikipedia.org/wiki/Human_chorionic_gonadotropin
http://care.diabetesjournals.org/content/36/7/1974.long#ref-1
http://care.diabetesjournals.org/content/36/7/1974.long#ref-2
http://care.diabetesjournals.org/content/36/7/1974.long#ref-3
http://care.diabetesjournals.org/content/36/7/1974.long#ref-4
http://care.diabetesjournals.org/content/36/7/1974.long#ref-5
http://care.diabetesjournals.org/content/36/7/1974.long#ref-3
http://care.diabetesjournals.org/content/36/7/1974.long#ref-6
http://care.diabetesjournals.org/content/36/7/1974.long#ref-7
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Table (1): Baseline characterization of
gestational diabetes mellitus.
Category Number (%)
Age in year
20-29 15(50%)
30-39 14(46.6%)
40-49 1(3.33%)
BMI
<19 0(0%)
20-24 1(3.33%)
25-29 11(36.66%)
>30 18(60%)
Trimester
First 23(76.66%)
Second 6(20%)
Third 1(3.33%)
Pregnancy history
Previous abortion 7(23.3%)
No abortion 23(76.66%)
First pregnant 18(60%)
Urine protein
Trace 5(16.66%)
+ 14(46.66%)
++ 9(30%)
+++ 2(6.66%)
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Meanwhile a highly significant increase of
BMI values was observed in gestational
diabetes mellitus patients in comparison to that
of control group (p=0.00) as shown in Table 2.
This result was in line with Torloni MR et.al
who reported that the GDM is positively
associated with prepregnancy BMI where for
every 1 kg/ m? increase in BMI, the prevalence
of GDM increased by 0.92%%?.

The results represented in Table 2
indicated highly significant increases (p=0.00)
in FSG, LH, FSH, progesterone, and prolactin
in sera of gestational diabetes mellitus patients
in comparison to that of control pregnancy
group.Insulin secretion in women with GDM
is defective and, therefore, is unable to rise
adequately to compensate for the insulin
resistance; the result is hyperglycemia V.

LH and FSH play central roles in the
hypothalamic-pituitary-gonadal axis, and, thus,
conditions related to LH and FSH increases
can be caused by pathology of either the
hyperthalamus or pituitary ®?. LH increases
almost always occurs in conjunction with
follicle-stimulating hormone (FSH) increases
because LH and FSH are secreted by the same
pituitary gonadotrope cells.

Table (2): Mean values of BMI, F.S.G, LH, FSH, Progesterone, and Prolactin levels in sera of

patient and control groups.

Parameters group Range (min-max) Mean SD P
value
BMI (kg/m?) Control 19.00-28.40 23.5724 1.9063 0.00
Patients 21.90-35.50 29.8967 3.0337
FSG (mg/dl) Control 65.00-100.00 84.5172 32.6097 0.00
Patients 130.40-260.00 180.0900 32.6097
LH (pg/ml) Control 9.10-17.10 14.3966 1.8084 0.00
Patients 9.70-30.10 19.6633 4.6668
FSH(pg/ml) Control 8.80-18.70 15.8138 1.9913 0.00
Patients 10.10-34.20 20.1533 5.3723
Progesterone(pg/ml) | Control 10.20-104.00 44,7276 19.7237 0.00
Patients 35.40-92.50 75.3533 12.7009
Prolactin(pg/ml) Control 13.70-42.10 27.2414 8.0499 0.00
Patients 38.00-80.10 52.9900 12.2372
Though a highly significant increase of another group did not find a correlation

progesterone level((p=0.00) was observed in
the present study in sera of gestational diabetes

between progesterone level and an increasing
risk of gestational diabetes mellitus

@9 In

mellitus in comparison to that level in control
group (Table 2), we demonstrated a non-
significant correlation ((p>0.05) of
progesterone with FBS as shown in Table 3. In
previous studies of progesterone conflict data
was reported where one of them has found
association of  progesterone  with  the
development of gestational diabetes due to the
enhancement of insulin resistance ®*2¥, while

39

diabetes, the death of insulin-producing B-cells
by apoptosis leads to insulin deficiency. The
lower prevalence of diabetes in females
suggests that female sex steroids protect from
B-cell injury “®. In addition Straub et al.
suggested that the progesterone, might
contribute to the poor adaptation of insulin
secretion and action to the increased
requirements during pregnancy *":


http://www.ncbi.nlm.nih.gov/pubmed/?term=Torloni%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=19055539
http://joe.endocrinology-journals.org/content/221/2/273.long#ref-40
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Table (3): Correlations of FSG with age,
BMI, and hormonal parameters.

Parameters r value P value
Age 0.302 0.105
BMI 0.252 0.179

LH -0.151 0.424

FSH -0.148 0.434
Progesterone 0.173 0.360
Prolactin 0.427 0.019

The present study indicated a highly
significant increase in progesterone level in
sera of gestational diabetes mellitus in
compression to that of control group. This
result was in agreement with Guyton & Hall
who’s reported that no significant difference in
plasma prolactin in normal or diabetic
pregnant in fact it level might be lower in the
pregnant with GDM @8 While this result was
in disagreement with the results of Milasinovic
L. etal who reported that there were no
significant differences in the level of plasma
prolactin in normal or diabetic pregnancies; in
fact its level might be lower in the pregnancies
with  gestational diabetes mellitus and,
prolactin might have no effect on glucose
intolerance during pregnancy “%. Arumugam
R et al reported that PRL up-regulates B-cell
glucose uptake and employment, whereas
glucose increases islet PRL  receptor
expression and more effects of PRL on cell
cycle gene expression and DNA synthesis ©2.

The results presented in Table 3 indicated a
non-significant correlation of FSG with age,
BMI, LH, FSH, and progesterone. On the other
hand it was observed a significant positive
correlation of FSG with prolactin. This result
was in disagree with previous study which
demonstrated that there is no correlation
between the prolactin concentrations and the
impairment of glucose tolerance and as a result
the abnormal prolactin levels are not of
pathophysiologic importance  for  the
development of GDM @Y.

Conclusion
In the light of the present results the
findings confirmed that higher prolactin level

in pregnancy possibly played a role in
gestational diabetes mellitus partly by
impairing the functions of insulin, and result in
hyperglycemia.
References

1. Hawryluk J, Grafka A, Geca T,and
Lopucki M.Gestational diabetes in the
light of current literature. Pol Merkur
Lekarski. 2015; 38(228):344-7.

40

Gestational diabetes mellitus and hormonal alteration

10.

11.

12.

13.

14.

Ramos-Roman MA.Prolactin and lactation
as modifiers of diabetes risk in gestational
diabetes Horm Metab Res. 2011,
43(9):593-600.

Mahmoud F, Abul H, Dashti A, Al-Jassar
W, Omu A Trace elements and
cellmediated immunity in gestational and
pregestational diabetes mellitus at third
trimester of pregnancy. ta Med Acad.
2012; 41(2): 175-85.

Thomas R Moore, MD; Chief Editor:
George T Griffing, M. Diabetes Mellitus
and Pregnancy: Practice Essentials. 2014.
emedicine. medscape.com/article/127547-
overview.

Hawryluk J, Grafka A, Ggca T, Lopucki
M ._Gestational diabetes in the light of
current literature Pol Merkur Lekarski.
2015; 38(228):344-7

Wojcik M, Chmielewska-Kassassir M
, Grzywnowicz K, Wozniak L, Cypryk K
.The relationship between adipose tissue-
derived hormones and gestational diabetes
mellitus (GDM). Endokrynol Pol.2014; 65
(2) :134-42.

Amanda “Bird” Hoffert Gilmartin, Serdar
H Ural, MD, and John T Repke, MD.
Gestational Diabetes Mellitus. Rev Obstet
Gynecol. 2008 Summer; 1(3): 129-134.
Lenzen S &Bailey CJ.Thyroid hormones,
gonadal and adrenocortical steroids and
the function of the islets of Langerhans.
Endocrine Reviews. 1984; 5:411-434.
Straub SG, Sharp GW, Meglasson MD &
De Souza CJ. Progesterone inhibits insulin
secretion by a membrane delimited, non-
genomic action. Bioscience Reproduction.
2001; 21 :653-666.

Bowen R. Gonadotropins: Luteinizing and
Follicle  Stimulating Hormones.2004.
arbl.cvmbs.colostate.edu/hbooks/pathphys
/endocrine/hypopit/lhfsh.html.

Guyton AC and Hall JE. 2006 ch.83.
Adjustments of the Infant to Extrauterine
Life In: Textbook of Medical Physiology
(11th edition) p.1021, Elsevier Saunders
Publication

Ramos-Roman MA.Prolactin and lactation
as modifiers of diabetes risk in gestational
diabetes. Horm Metab Res. 2011;
43(9):593-600.

Riddle O, Bates RW, Dykshorn SW. The
preparation, identification and assay of
prolactin - a hormone of the anterior
pituitary. Am J Physiol 1933;105:191-
216

Freeman ME, Kanyicska B, Lerant A,
Nagy G. Prolactin: structure, function, and


http://www.ncbi.nlm.nih.gov/pubmed/?term=Hawryluk%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26098656
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grafka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26098656
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C4%99ca%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26098656
http://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%81opucki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26098656
http://www.ncbi.nlm.nih.gov/pubmed/26098656
http://www.ncbi.nlm.nih.gov/pubmed/26098656
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramos-Rom%C3%A1n%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=21823053
http://www.ncbi.nlm.nih.gov/pubmed/21823053
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&ved=0ahUKEwjgg6ibpJ_JAhWJEywKHRc0AhwQFghEMAc&url=http%3A%2F%2Femedicine.medscape.com%2Farticle%2F127547-overview&usg=AFQjCNGUBKta2Ykx_CP-AxI2ZBNzfn6STw
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&ved=0ahUKEwjgg6ibpJ_JAhWJEywKHRc0AhwQFghEMAc&url=http%3A%2F%2Femedicine.medscape.com%2Farticle%2F127547-overview&usg=AFQjCNGUBKta2Ykx_CP-AxI2ZBNzfn6STw
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hawryluk%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26098656
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grafka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26098656
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C4%99ca%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26098656
http://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%81opucki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26098656
http://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%81opucki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26098656
http://www.ncbi.nlm.nih.gov/pubmed/26098656
http://www.ncbi.nlm.nih.gov/pubmed/?term=W%C3%B3jcik%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24802737
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chmielewska-Kassassir%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24802737
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grzywnowicz%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24802737
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wo%C5%BAniak%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24802737
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cypryk%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24802737
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+relationship+between+adipose+tissue-derived+hormones+and+gestational+diabetes+mellitus+(GDM)
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gilmartin%20A%26%23x0201c%3B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ural%20SH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ural%20SH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Repke%20JT%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramos-Rom%C3%A1n%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=21823053
http://www.ncbi.nlm.nih.gov/pubmed/21823053

Iragi J Pharm Sci, Vol.25(1) 2016

15.

16.

17.

18.

19.

20.

21.

22.

23.

regulation of secretion. Physiol Rev 2000

; 80:1523-1631.

Ben-Jonathan N, Hugo ER, Brandebourg
TD, LaPensee CR. Focus on prolactin as a
metabolic hormone. Trends Endocrinol
Metab 2006;17:110-116.

Huang C, Snider F, Cross JC. Prolactin
receptor is required for normal glucose
homeostasis and modulation of beta-cell
mass during pregnancy. Endocrinology
2009; 150:1618-1626.

Sorenson RL, Brelje TC. Prolactin
receptors are critical to the adaptation of
islets to pregnancy. Endocrinology 2009;
150:1566-1569.

Labriola L, Montor WR, Krogh K, et al.
Beneficial effects of prolactin and laminin
on human pancreatic islet-cell cultures.
Mol Cell Endocrinol 2007;263:120-133.
Terra LF, Garay-Malpartida MH,
Wailemann RA, Sogayar MC, Labriola L.
Recombinant human prolactin promotes
human beta cell survival via inhibition of
extrinsic and intrinsic apoptosis pathways.
Diabetologia 2011;54:1388-1397..
Torloni MR, Betran AP, Horta BL,
Nakamura MU, Atallah AN, Moron AF,
Valente O. Prepregnancy BMI and the risk
of gestational diabetes: a systematic
review of the literature with meta-analysis.
Obes Rev. 2009 Mar; 10(2):194-203.
Mrizak I, Arfa A, Fekih M, Debbabi H,
Bouslema A, Boumaiza |, Zaouali M,
Khan NA, and Tabka Z. Inflammation
and impaired endothelium-dependant
vasodilatation in non-obese women with
gestational diabetes mellitus: preliminary
results. Lipids Health Dis. 2013; 12: 93.
Newsholme E &Leech T .(2010 )ch.12:
Hormones: From Action in the Cell to
Function in the Body in: “ Functional
Biochemistry in Health and Disease”.
Wiley-Blackwell Publishing . pp:253-266.
Nunes VA?, Portioli - Sanches EP, Rosim
MP,  Araujo MS, Praxedes-Garcia
P, Valle MM, Roma LP, Hahn C, Gurgul-
Convey E , Lenzen S, Azevedo — Martins
AK_.Progesterone induces apoptosis of in
sulin — secreting cells : insights into the

41

Gestational diabetes mellitus and hormonal alteration

24.

25.

26.

27.

28.

29.

30.

31.

molecular mechanism. J Endocrinol.
2014 Apr 22;221(2):273-84.

Masuyama H. & Hiramatsu y.Potential
role of estradiol and progesterone in
insulin resistance through constitutive
androstane receptor. J Mol Endocrinol .
2011; 47: 229-239 .

Gyamfi C, Horton AL, Momirova V,
Rouse DJ, Caritis SN, Peaceman AM,
Sciscione A, Meis PJ, Spong CY,
Dombrowski Met al.The effect of 17-
alpha hydroxyprogesterone caproate on
the risk of gestational diabetes in singleton
or twin pregnancies. American Journal of
Obstetrics and Gynecology .2009;201
:392.e1-392.e5.

Cedric Le May, Khoi Chu , Min Hu,
Christina S. Ortega, Evan R. Simpson
Kenneth S. Korach , Ming-Jer Tsai , and
Franck Mauvais-Jarvis. Estrogens protect
pancreatic B-cells from apoptosis and
prevent insulin-deficient diabetes mellitus
in mice. PNAS. 2006; 103: 9232-9237.
Straub SG, Sharp GW, Meglasson MD &
De Souza CJ  Progesterone inhibits
insulin  secretion by a membrane
delimited, non-genomic action. Bioscience
Reproduction.2001; 21 :653-666.

Guyton AC and Hall JE. 2006 Ch. 78:
Insulin, Glucagon, and Diabetes, In:
Textbook of Medical Physiology 11th
edition pp.961-970, Elsevier Saunders
Publication..

Milasinovic L, Djurdjevic J, Dokmanovic-
Djordjevic M, et al. Prolactin levels in
pregnant women with glucose intolerance
at full-term delivery. Med Pregl. 1997; 50:
269- 73.

Arumugam R, Fleenor D, Lu D, Freemark
M .Differential and complementary effects
of glucose and prolactin on islet DNA
synthesis and gene expression.
Endocrinology 2011;152: 856-868.
Skouby SO, Kihl C, Hornnes PJ,
Andersen AN. Prolactin and glucose
tolerance in normal and gestational
diabetic pregnancy. Obstet Gynecol. 1986
Jan;67(1):17-20.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Torloni%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=19055539
http://www.ncbi.nlm.nih.gov/pubmed/?term=Betr%C3%A1n%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=19055539
http://www.ncbi.nlm.nih.gov/pubmed/?term=Horta%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=19055539
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakamura%20MU%5BAuthor%5D&cauthor=true&cauthor_uid=19055539
http://www.ncbi.nlm.nih.gov/pubmed/?term=Atallah%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=19055539
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moron%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=19055539
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valente%20O%5BAuthor%5D&cauthor=true&cauthor_uid=19055539
http://www.ncbi.nlm.nih.gov/pubmed/19055539
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mrizak%20I%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arfa%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fekih%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Debbabi%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bouslema%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bouslema%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boumaiza%20I%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zaouali%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20NA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20NA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tabka%20Z%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nunes%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Portioli-Sanches%20EP%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosim%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosim%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Araujo%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Praxedes-Garcia%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Praxedes-Garcia%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valle%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roma%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hahn%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gurgul-Convey%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gurgul-Convey%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lenzen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24594616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Progesterone+induces+apoptosis+of+insulin-secreting+cells%3A+insights+into+the+molecular+mechanism
http://www.ncbi.nlm.nih.gov/pubmed/?term=Progesterone+induces+apoptosis+of+insulin-secreting+cells%3A+insights+into+the+molecular+mechanism
http://www.ncbi.nlm.nih.gov/pubmed/?term=Progesterone+induces+apoptosis+of+insulin-secreting+cells%3A+insights+into+the+molecular+mechanism
http://jme.endocrinology-journals.org/search?author1=Hisashi+Masuyama&sortspec=date&submit=Submit
http://jme.endocrinology-journals.org/search?author1=Yuji+Hiramatsu&sortspec=date&submit=Submit
http://www.pnas.org/search?author1=Cedric+Le+May&sortspec=date&submit=Submit
http://www.pnas.org/search?author1=Khoi+Chu&sortspec=date&submit=Submit
http://www.pnas.org/content/103/24/9232.abstract?ijkey=e4e5b7fe1e45063cd61c011e65f18b3feafca745&keytype2=tf_ipsecsha#aff-2
http://www.pnas.org/search?author1=Min+Hu&sortspec=date&submit=Submit
http://www.pnas.org/search?author1=Christina+S.+Ortega&sortspec=date&submit=Submit
http://www.pnas.org/search?author1=Evan+R.+Simpson&sortspec=date&submit=Submit
http://www.pnas.org/content/103/24/9232.abstract?ijkey=e4e5b7fe1e45063cd61c011e65f18b3feafca745&keytype2=tf_ipsecsha#aff-3
http://www.pnas.org/search?author1=Kenneth+S.+Korach&sortspec=date&submit=Submit
http://www.pnas.org/content/103/24/9232.abstract?ijkey=e4e5b7fe1e45063cd61c011e65f18b3feafca745&keytype2=tf_ipsecsha#aff-4
http://www.pnas.org/search?author1=Ming-Jer+Tsai&sortspec=date&submit=Submit
http://www.pnas.org/content/103/24/9232.abstract?ijkey=e4e5b7fe1e45063cd61c011e65f18b3feafca745&keytype2=tf_ipsecsha#aff-2
http://www.pnas.org/search?author1=Franck+Mauvais-Jarvis&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Skouby%20SO%5BAuthor%5D&cauthor=true&cauthor_uid=3510013
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%BChl%20C%5BAuthor%5D&cauthor=true&cauthor_uid=3510013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hornnes%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=3510013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andersen%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=3510013
http://www.ncbi.nlm.nih.gov/pubmed/3510013

