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1. Introduction
Diclofenac sodium (DS) is a nonsteroidal antiinflammatory 
drug (NSAID) widely used in the fields of obstetrics 
and gynecology (1,2). NSAID intake during pregnancy, 
however, has several negative adverse effects for both the 
mother and the fetus (2). Experimental animal fetus studies 
have shown that NSAID treatment causes closure of the 
ductus arteriosus (DA), pulmonary arterial hypertension, 
malformation (3), Purkinje cell loss in the cerebellum (4), 
decreased numbers of pyramidal and granular cells in 
the hippocampal formation, and suppression of new cell 
formation in the spinal cords of rats (5). In addition, DS 
and saline solutions impair sciatic nerve morphology (6). 

In humans, maternal effects include prolonged 
pregnancy and labor (7,8), while reported fetal and neonate 
teratogenic effects include constriction of the DA, ischemia 
of the extremities, hydrops fetalis, oligohydramnios, 
ileal perforation, and cystic lesions of the brain (9–12). 
Premature closure of the DA after short-term maternal 
use of DS may result in severe pulmonary hypertension 

and transient right-sided hypertrophic cardiomyopathy 
(3). Gastroschisis has also been observed as a possible 
teratogenic effect of the administration of NSAIDs in 
early pregnancy (13). As such, DS should generally not be 
administered during pregnancy (14)

Except for the general work on NSAIDs previously cited, 
there seems to be a lack of evidence showing that uterine 
exposure to DS, in particular, increases teratogenicity, 
especially of the heart (6). Thus, the effects of DS on the 
development of the heart wall tissues of fetal rats were 
investigated in this study. Specifically, the effects of DS 
on the cardiac ventricular tissue of postnatal 20-week-old 
offspring of rats treated with DS during pregnancy were 
examined using stereological and histological methods. 

2. Materials and methods 
2.1. Animals and experimental procedures
This work was approved by the Animal Use Ethics 
Commission of Yüzüncü Yil University and all procedures 
were performed according to the Animal Experimentation 

Background/aim: Diclofenac sodium (DS) can cross the placental barrier and affect the fetus, and its consumption during pregnancy 
may cause developmental malformation of embryos. This study investigates the effect of prenatally applied DS on the quantitative 
morphology of the adult rat heart.

Materials and methods: Pregnant rats were divided into three groups (control, sham, and test). The rats in the test group were injected 
with DS; the control group received physiological saline (1 mL; 1 mg/kg, i.m.) from the 5th to the 20th day of pregnancy; and the rats in 
the sham group were not injected at all. At the 20th postnatal week, all the offspring were euthanized under deep anesthesia and tissue 
samples were obtained by perfusion fixation. After routine histological procedures, the paraffin sections were stained with hematoxylin 
and eosin and examined stereologically and histologically. 

Results: The volume of the cardiac ventricle wall of each offspring rat was estimated using Cavalieri’s principle. The volume of the 
ventricle walls of the test group was found to be significantly less than that of the controls. 

Conclusion: Further studies are required to determine how DS has this effect, by reducing the number of myocytes and decreasing the 
size of these cells affecting the connective tissue.
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Ethics Committee. Male and female adult Wistar albino 
rats weighing 150–200 g were obtained from the Breeding 
and Research Center for Experimental Animals of the 
Yüzüncü Yıl University Faculty of Medicine, Van, Turkey, 
and grouped into sham, control, and test groups. Each 
group was left separately in plastic cages for mating on 
the same day. The female rats were determined to be 
pregnant after observing the vaginal plug produced by 
male vesicular and coagulating gland secretions in the 
following days (15). The pregnant rats were fed ad libitum 
and kept in standard plastic cages, with sawdust bedding, 
in an air-conditioned room (20 °C) under a 12/12 light/
dark cycle. Once the rats were determined to be pregnant, 
DS (1 mg/kg, i.m.) was administered to the test group 
on gestation days 5–20, as gestation days 9–11 represent 
the critical period of organogenesis for cardiovascular 
and midline development in rats, equivalent to 3–6 
weeks after fertilization in human embryos (16,17). The 
rats in the control group received physiological saline (1 
mL/kg, i.m.), and those in the sham group received no 
injected substance. All the pregnant rats were kept under 
observation for 24 h on the last day of pregnancy; the day 
the pups were born was deemed day zero postnatal. 

Twelve offspring (six males, six females) from each 
group, for a total of 36 offspring, were chosen randomly 
after delivery and housed for 20 weeks. At the end of the 
20th week after birth, intracardiac perfusion was performed 
under anesthesia with 0.9% saline and 10% formalin on all 
the rats in each group. Heart tissue samples were processed 
with graded alcohol and xylene and then embedded 
in paraffin blocks (18). In order to conduct successful 
stereological studies, we first determined a working 
strategy by conducting a pilot study and then performed 
the main work. For the pilot study, whole tissue sections 
(30 µm) were taken transversely from the beginning to the 
end of one paraffin block with a rotary microtome (Leica 
RM 2135; Leica Instruments, Germany), and stained with 
hematoxylin and eosin. Each animal had an average of 
12 sections from which a systematic random sampling of 
slices was taken and stereological and histological analyses 
were performed.  
2.2. Stereological and histological analysis 
All of the microscopic examinations for the stereological 
and histological analyses were performed using a stereo 
investigator system, which included stereological analysis 
software (Stereo Investigator; MBF Biosciences, USA) 
and hardware. Certain processes can be performed easily 
with this analyzing system, such as determination of 
tissue boundaries and area, random sampling area, and 
step-by-step scanning. In order to calculate the volume 
of the cardiac ventricular wall using the Cavalieri method 
(19,20), the cross-sections, prepared as determined by 
the pilot study, were examined under a light microscope. 

An image of the heart was shown on the screen, and the 
area to be measured was marked by a line via software 
under lens 5 of the microscope. After circling the point of 
measurement, a table was placed on display via software. 
The space of one point of the point area measurement 
table (a/p) was calculated as 360,000 µm2 automatically by 
the system inputting x- and y-axis values of 600 µm. We 
analyzed the whole tissue on the cross-sections outside the 
systematic random sampling area, thereby counting the 
points falling on the image of the cardiac ventricular tissue 
on all the sections of each animal examined. Subsequently 
we calculated the total volume of the heart ventricular wall 
with the following formula: 

[V = a/p∙∑n
(i = 1)Pi (SSR)∙(ASR)∙t-], where a/p is the unit area 

represented by one point, ∑ Pi is the total number of points 
counted from the sections of one animal, SSR is the slice 
sample rate (1/22), ASR is the area sampling rate (1/1), and 
t-  is the average cross-sectional thickness. Slice thicknesses 
in the image areas, determined as systematically random 
by using all five steps, were measured with a microcator. 
For test result reliability and impartiality, all data were 
obtained through the blind study encoding method.
2.3. Statistical analysis
The statistical analyses for this study were performed using 
SPSS 13.0 for Windows. Evaluation of the results among 
the groups was performed using a one-way ANOVA test. 
A t-test was used to compare the average wall volumes of 
male and female rats. 

3. Results
3.1. Stereological results 
After obtaining the data from the stereological findings, the 
volumes of the rats’ heart ventricle walls were calculated 
separately for males and females. The error coefficients of 
our stereological studies for ∑ Pi (total points) were found 
to be acceptable (CE ≤ 0.05), as shown in the Table. The 
average volumes of the cardiac ventricular walls of all the 
groups were calculated as follows: for females, control: 
269.14 mm3, sham: 268.14 mm3, and test: 204.89 mm3; and 
for males, control: 412.97 mm3, sham: 408.40 mm3, and 
test: 328.44 mm3 (Table; Figures 1–3).

These values were compared with the ANOVA statistical 
test, and a significant difference was found between the 
males and females according to groups (P < 0.01; Figure 
3). There were no differences between the sham and 
control groups in both sexes, but there were statistically 
significant differences between the test group and the two 
control groups (sham and control) (P < 0.05), as shown in 
Figures 1 and 2. To compare the males and females, a t-test 
was carried out, and a significant difference was observed 
between their mean cardiac ventricular wall volumes (P < 
0.01). In all three groups, the wall volumes of the male and 
female rats were different (P < 0.01; Figure 3). The volumes 
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of the heart ventricular walls of both the male and female 
test groups were significantly lower compared to those of 
the sham and control groups. This reduced volume in the 
test group was approximately 20.5% for males and 23.8% 
for females.
3.2. Histological results
In addition to stereological analysis, the cardiac 
ventricular tissues were examined under light microscopy 
for any histological changes in the tissues on thin cross-
sections (5 µm) stained with hematoxylin and eosin. The 
tissue sections of all the offspring were compared among 
the three groups (test, sham, and control). Microscopic 
analysis revealed normal cardiac ventricular muscle tissue 

Table. Data used in the calculation of cardiac ventricular wall volume and calculated average heart 
ventricle wall volume (V) with intragroup coefficients of variation (CV), standard deviations (SD), 
coefficient of error (CE), and standard error of mean (SEM) values. : average total point, NS: average 
number of slices, : average cross-sectional thickness; n: number of rats.

Parameters
Females Males

Control Sham Test Control Sham Test

 1956 1929 1550 1296 1278 989

NS 14 15 14 12 13 12

CE 0.020 0.023 0.025 0.014 0.017 0.019

(µm) 26.20 26.48 26.14 26.63 26.72 26.74

V (mm³) 269.14 268.14 204.89 412.97 408.40 328.44

CV 0.033 0.043 0.045 0.055 0.031 0.052

SD 8.901 11.632 9.265 23.045 12.689 17.148

SEM 3.633 4.749 3.782 9.408 5.180 7.00

n 6 6 6 6 6 6
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Figure 1. Average volume of heart ventricular wall in each group 
of female rats (*: P < 0.05).
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Figure 2. Average volume of heart ventricular wall in each group 
of male rats (*: P < 0.05).
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Figure 3. Average volume values for both sexes by group and 
total mean (**: P < 0.01).
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in all three groups; that is, the cardiac ventricular muscle 
tissues all had a centrally located nucleus. Intracellular 
contractile myofilament (understood striating) branching 
and anastomosing striated heart muscle cells were 
observed. However, in some sections, the heart ventricle 
muscle tissues of the test group had more extracellular 
matrix and weaker muscle fibers than did those of the 
sham and control groups, in both males and females. In 
addition, the heart muscle cells of the females were thinner 
than those of the males (Figures 4 and 5). A more detailed 
histopathological study is needed for a final judgment on 
this issue.

4. Discussion 
DS is a member of the NSAID group and is sometimes used 
during pregnancy in cases of necessity or unawareness of 
pregnancy, which may have adverse side effects on the 
developing fetal organs. For this reason, we investigated 
the effects of DS on the heart ventricle tissues of 20-week-
old rats that were exposed to this drug in utero. We found 
that this drug caused a decrease in the volume of the heart 

ventricle wall in experimental rats of both sexes. 
NSAIDs are widely consumed as analgesics, 

antipyretics, and antiinflammatories, especially in physical 
therapy (2,21). Most studies associated with the treatment 
of rheumatoid arthritis have focused on NSAIDs such 
as aspirin (acetylsalicylic acid) and indomethacin. The 
literature is rather sparse regarding the consumption of 
other NSAIDs, such as ibuprofen, sulindac, ketoprofen, 
fenamates, oxicams, and diclofenac, during pregnancy. 
NSAIDs should generally not be administered in early 
pregnancy, though their use might be advised in some 
circumstances, such as preeclampsia. In addition, DS is 
used widely for women of childbearing age to relieve a 
variety of conditions, including common gynecological 
problems; although pregnancy is often planned nowadays, 
pregnant women might still accidentally use NSAIDs such 
as DS during different stages of gestation (14). There is no 
absolute proof relating to the teratogenic effects of NSAIDs 
on the heart (8,22). Because DS is used in the treatment 
of certain problems observed in pregnancy, such as 
premature birth and preeclampsia, research is necessary in 

Figure 4. Male rats’ heart ventricle tissue. A) Sham, B) control, C) test group. As seen in the pictures, test tissue had more space between 
myocytes and weak muscle fibers compared to other groups (H&E, 40× obj.).
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order to determine its possible teratogenic effects (23,24).
Among the common features of NSAIDs are their 

prevention of several mechanisms, such as phospholipase 
C enzyme activation, ion transport, mitochondrial 
oxidative phosphorylation, and cell interaction (2,23). 
They also inhibit the cyclooxygenase enzyme, which 
catalyzes the formation of prostaglandin and some 
prostanoids from arachidonic acid in tissues (2,25). All 
NSAIDs are thus prostaglandin inhibitors, which explains 
their fetal toxicity, as prostaglandins produced in many 
tissues and membranes have very important roles in 
fetal development (2,26,27). NSAIDs inhibit prostanoid 
biosynthesis and cross the placental barrier by joining the 
fetal circulation, upon which they cause teratogenic effects 
in the fetus (2,12,28). 

DS also has some important, specific, and adverse 
effects on the DA, the most important being the contraction 
of the fetal DA (29). Arachidonic acid metabolites can 
be highly concentrated in fetal blood circulation; they 
regulate umbilical cord blood circulation and enable the 

DA to remain open during fetal life (30). In uterine life, 
deoxygenated blood flows away from the pulmonary 
artery and goes to the fetal placental circulation, where 
gas exchange occurs (31). As a result of their complex 
biochemical and physiological entanglement, these vessels 
quickly contract and constrict after birth; the direction of 
deoxygenated blood flow thus changes from the placenta 
to the lungs for gas exchange. Premature closure of the 
DA may cause pulmonary hypertension and even death in 
utero (32,33).

Closed approximately 10–15 h after birth, the DA must 
remain open for fetal tissue oxygenation throughout fetal 
life (13). Contraction and shrinkage of the DA is inevitable 
as a result of treatment with cyclooxygenase inhibitors to 
prevent premature birth (10,12,34). DA contraction may 
lead to an increase in pulmonary vascular resistance, 
and, thus, right ventricular dilatation and tricuspid valve 
insufficiency may occur in the heart. Right ventricular 
failure leads to hyperemia and stasis, which affects the 
liver, spleen, kidney, and brain tissues, causing congestion 

Figure 5. Female rats’ heart ventricle tissue. A) Sham, B) control, C) test group. As seen in the pictures, test tissue had more space 
between myocytes and weak muscle fibers compared to other groups (H&E, 40× obj.).
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of these organs (33). Right ventricular failure, prominent 
in congestive heart failure, leads to congestion of the liver; 
therefore, developing liver stasis may result in dilatation of 
the sinusoids, hepatocyte degeneration, and even the death 
of parenchymal cells (35). It has also been observed that 
administration of NSAIDs to pregnant rats on gestation 
days 9–10 reduced maternal body weight and feed 
consumption, fetal weight, and increased ventricular septal 
defects (17). Logically, the results of our study support 
these findings. As mentioned, the most pronounced effect 
of DS is contraction of the fetal DA, which may result in 
negative events such as escape back to the tricuspid, right-
sided ventricular heart failure, and shunting between the 
atriums in the heart. Eventually, a reduction in the amount 
of systemic blood reaching the liver tissues in particular 
may result, leading to a number of likely degenerations in 
the parenchymal cells of these tissues. Our study indicates 
that a reduction in cardiac ventricular wall volume and the 
histological changes observed in the cardiac ventricular 
muscle are not directly due to the contraction of DA. They 
may be the combined effects of DS and its metabolites and 
the side effects of DS-deregulated umbilical cord blood 
circulation (36).

Two different examinations were made of the 20-week-
old rats, which were exposed to the same DS doses during 
the same period and days of uterine life. The total number 
of Purkinje cells in the cerebellum was calculated using 
stereological methods, and the differences between the 
control and test groups were determined (4). The results 
showed that this drug decreases the number of cells. 
Similar results of the side effects of prenatal exposure to 
DS on the central and peripheral nervous tissues were also 
found by our group (4–6). On the other hand, even prenatal 
exposure of DS increased total Purkinje cell number in the 
female rats (37), but no significant differences were found 
between the granular cell numbers of male juvenile and 
adult rats exposed to DS prenatally (38). These results 
may be sex-dependent and require a detailed explanation. 

Besides the investigation of the nervous tissue, we also 
examined the lung tissues of the rats exposed prenatally to 
DS, and no histological difference was observed between 
the control and test groups (39). 

As understood from the detailed description here, 
prenatal exposure to DS can cause a number of challenges 
in fetal tissues. Our present study results indicate that 
DS causes a decrease in the cardiac ventricular wall mass 
of 20-week-old rats exposed to DS in utero. All of these 
findings point to the importance of avoiding DS during 
pregnancy, regardless of the recommended dose (14). 
While the possibility of treatment with antirheumatic 
drugs in pregnancy has become inevitable, NSAIDs should 
be considered in terms of the teratogenic risks to human 
embryos.

We observed significantly reduced cardiac ventricle wall 
volume in 20-week-old offspring rats prenatally exposed 
to DS (1 mg kg–1 day–1) for 15 days, from gestational days 
5 to 20, which is the critical period of organogenesis in the 
rat, equivalent to 3–6 weeks after fertilization in human 
embryos (16). However, in this study, no significant 
histological changes were found between the controls and 
the test group. How the volume of the heart ventricular 
wall decreases with administration of DS is not fully 
understood. Further studies should investigate how the 
effect of DS on the heart tissue occurs, by reducing the 
number of myocytes, decreasing the size of the cells, or 
affecting connective tissue between the cells. Considering 
all of these complications, women should refrain from 
taking DS, especially during pregnancy.

Acknowledgments
This study was supported by a grant from the Yüzüncü Yil 
University Scientific Research Projects Fund (2010 - SBE 
- D061). The authors thank the Yüzüncü Yil University 
Scientific Research Projects Presidency, as well as Zafer 
Karaca and Hakan Kesici for help with stereological 
analysis and Yüksel Berk for help with statistical analysis.

References

1. Zengin H, Kaplan S, Tümkaya L, Altunkaynak BZ, Rağbetli 
MÇ, Altunkaynak ME, Yılmaz Ö. Effect of prenatal exposure to 
diclofenac sodium on the male rat arteries: a stereological and 
histopathological study. Drug Chem Toxicol 2013; 36: 67–78. 

2. Aygün D, Kaplan S, Odaci E, Onger ME, Altunkaynak ME. 
Toxicity of non-steroidal anti-inflammatory drugs: a review 
of melatonin and diclofenac sodium association. Histol 
Histopathol 2012; 27: 417–436.

3. Siu KL, Lee WH. Maternal diclofenac sodium ingestion and 
severe neonatal pulmonary hypertension. J Paediatr Child H 
2004; 40: 152–153.

4. Ragbetli MC, Ozyurt B, Aslan H, Odaci E, Gokcimen A, Sahin 
B, Kaplan S. Effect of prenatal exposure to diclofenac sodium 
on Purkinje cell numbers in rat cerebellum: a stereological 
study. Brain Res 2007; 1174: 130–135.

5. Özyurt B, Kesici H, Alıcı SK, Yılmaz S, Odacı E, Aslan H, 
Rağbetli MÇ, Kaplan S. Prenatal exposure to diclofenac sodium 
changes the morphology of the male rat cervical spinal cord: a 
stereological and histopathological study. Neurotoxicol Teratol 
2011; 33: 282–287. 

http://dx.doi.org/10.3109/01480545.2011.649287
http://dx.doi.org/10.3109/01480545.2011.649287
http://dx.doi.org/10.3109/01480545.2011.649287
http://dx.doi.org/10.3109/01480545.2011.649287
http://dx.doi.org/10.1111/j.1440-1754.2004.00319.x
http://dx.doi.org/10.1111/j.1440-1754.2004.00319.x
http://dx.doi.org/10.1111/j.1440-1754.2004.00319.x
http://dx.doi.org/10.1016/j.brainres.2007.08.025
http://dx.doi.org/10.1016/j.brainres.2007.08.025
http://dx.doi.org/10.1016/j.brainres.2007.08.025
http://dx.doi.org/10.1016/j.brainres.2007.08.025
http://dx.doi.org/10.1016/j.ntt.2011.01.002
http://dx.doi.org/10.1016/j.ntt.2011.01.002
http://dx.doi.org/10.1016/j.ntt.2011.01.002
http://dx.doi.org/10.1016/j.ntt.2011.01.002
http://dx.doi.org/10.1016/j.ntt.2011.01.002


480

GEVREK et al. / Turk J Med Sci

6.  Canan S, Aktas A, Ulkay B, Colakoglu S, Ragbetli MC, Ayyildiz 
M, Geuna S, Kaplan S. Prenatal exposure to a non-steroidal 
anti-inflammatory drug or saline solution impair sciatic nerve 
morphology: a stereological and histological study. Int J Dev 
Neurosci 2008; 26: 733–738.

7.  Ostensen M. Nonsteroidal anti-inflammatory drugs during 
pregnancy. Scand J Rheumatol Suppl 1998; 107: 128–132.

8.  Ostensen M, Ramsey-Goldman R. Treatment of inflammatory 
rheumatic disorders in pregnancy: what are the safest treatment 
options? Drug Safety 1998; 19: 389–410.

9.  Arad I, Bar-Oz B, Amit Y. Neonatal limb ischaemia following 
maternal indomethacin treatment in twin pregnancies. J 
Perinat Med 1995; 23: 487–491.

10.  Takahashi Y, Harada K, Ishida A, Tanaka T, Tsuda A, Takada G. 
Doppler echocardiographic finding of indomethacin-induced 
occlusion of the fetal ductus arteriosus. Am J Perinat 1996; 13: 
15–18.

11.  Pratt L, DiGiosia J, Swenson J, Trampe B, Martin CB. Reversible 
fetal hydrops associated with indomethacin use. Obstet 
Gynecol 1997; 90: 676–678.

12.  Zenker M, Klinge J, Krüger C, Singer H, Scharf J. Severe 
pulmonary hypertension in a neonate cause by premature 
closure of ductus arteriosus following maternal treatment with 
diclofenac: a case report. J Perinat Med 1998; 26: 231–234.

13.  Rein AJ, Nadjari M, Elchalal U, Nir A. Contraction of the fetal 
ductus arteriosus induced by diclofenac. Case report. Fetal 
Diagn Ther 1999; 14: 24–25.

14.  Bitto A, Gray RH, Simpson JL. Adverse outcomes of planned 
and unplanned pregnancies among users of natural family 
planning: a prospective study. Am J Public Health 1997; 87: 
338–343.

15.  Ragbetli C, Aydinlioglu A, Kara M, Ragbetli MÇ, Ilhan F. 
Effects of diclofenac sodium on the rat liver in postnatal 
period. J Anim Vet Adv 2009; 8: 1761–1764. 

16.  Chan LY, Chiu PY, Siu SSN, Lau TK. A study of diclofenac-
induced teratogenicity during organogenesis using a whole rat 
embryo culture model. Hum Reprod 2001; 1: 2390–2393.

17.  Cappon GD, Fleeman TL, Cook JC, Hurtt ME. Combined 
treatment potentiates the developmental toxicity of ibuprofen 
and acetazolamide in rats. Drug Chem Toxicol 2005; 28: 409–
421.

18. Bancroft JD, Stevens A, Turner DR. Theory and Practice 
of Histological Techniques. 4th ed. London, UK: Churchill 
Livingstone; 1996.

19.  Sahin B, Mazonakis M, Akan H, Kaplan S, Bek Y. Dependence 
of computed tomography volume measurements upon section 
thickness: an application to human dry skulls. Clin Anat 2008; 
21: 479–485.

20.  Sonmez OF, Odaci E, Bas O, Colakoglu S, Sahin B, Bilgic S, 
Kaplan S. A stereological study of MRI and the Cavalieri 
principle combined for diagnosis monitoring of brain tumor 
volume. J Clin Neurosci 2010; 17: 1499–1502.

21.  Weismann G. Aspirin. Sci Am 1991; 264: 84–90.

22.  Gaffo A, Sagg KG, Curtis JR. Treatment of rheumatoid arthritis. 
Am J Health Syst Pharm 2006; 63: 2451–2465.

23.  Brooks PM, Day RI. Nonsteroidal antiinflammatory drugs; 
differences and similarities. N Engl J Med 1991; 324: 1716–
1725.

24. Hawkey CJ, Langman MJS. Non-steroidal anti-inflammatory 
drugs: overall risks and management. Complementary roles 
for COX-2 inhibitors and proton pump inhibitors. Gut 2003; 5: 
600–608.

25. Wlodek ME, Harding R, Thorburn GD. Effects of inhibition of 
prostaglandin synthesis on flow and composition of fetal urine, 
lung liquid, and swallowed fluid in sheep. Am J Obstet Gynecol 
1994; 170: 186–195.

26. Bavoux F. Fetal toxicity of non-steroidal anti-inflammatory 
agents. Presse Med 1992; 21: 1909–1912.

27. Fortier MA, Krishnaswamy K, Danyod G, Boucher-
Kovalık S, Chapdelaine P. A postgenomic integrated view of 
prostaglandins in reproduction: implications for other body 
systems. J Physiol Pharmacol 2008; 59: 65–89.

28.  Siu SSN, Yeung JHK, Lau TK. A study on placental transfer of 
diclofenac in first trimester of human pregnancy. Hum Reprod 
2000; 15: 2423–2425.

29.  Ostensen M. Optimisation of antirheumatic drug treatment in 
pregnancy. Clin Pharmacokinet 1994; 27: 486–503.

30.  Parer JT, Espinoza MI. Fetal circulation. Gynecol Obstet 1991; 
3: 55–58.

31.  Meschi G. Fetal oxygenation and maternal ventilation. Clin 
Chest Med 2011; 32: 15–19. 

32.  Hammerman C, Kaplan M. Patent ductus arteriosus in the 
premature neonate: current concepts in pharmacological 
management. Pediatr Drugs 1999; 1: 81–92.

33.  Ishida H, Inamura N, Kawazu Y, Kayatani F. Clinical features 
of the complete closure of the ductus arteriosus prenatally. 
Congenit Heart Dis 2011; 6: 51–56.

34.  Overmeire BV, Chemtob S. The pharmacologic closure of the 
patent ductus arteriosus. Semin Fetal Neonatal Med 2005; 10: 
177–184.

35.  Cotran RS, Kumer W, Robbins SL. Pathologic Basis of Disease. 
Philadelphia, PA, USA: Saunders; 1999.

36.  Gökcimen A, Aydin G, Karaöz E, Malas MA, Öncü M. Effect 
of diclofenac sodium administration during pregnancy in the 
postnatal period. Fetal Diagn Ther 2001; 16: 417–422.

37.  Odacı E, Cihan ÖF, Aslan H, Rağbetli MÇ, Kaplan S. Prenatal 
diclofenac sodium administration increases the number of 
Purkinje cells in female rats: a stereological study. Int J Dev 
Neurosci 2010; 28: 145–151.

38.  Ekici F, Keskin İ, Aslan H, Erişgin Z, Altunkaynak BZ, 
Gökçimen A, Odacı E, Kaplan S. Does prenatal exposure to 
diclofenac sodium affect the total number of cerebellar granule 
cells in male juvenile and adult rats? J Exp Clin Med 2012; 29: 
52–57.

39.  Ragbetli C, Ilhan F, Aydinlioğlu A, Kara M, Ragbetli MC. A 
histological investigation concerning the effects of diclofenac 
sodium to the lung in 4- and 20-week-old rats treated 
prenatally. J Matern Fetal Neonatal Med 2011; 24: 208–212.

http://dx.doi.org/10.1016/j.ijdevneu.2008.07.005
http://dx.doi.org/10.1016/j.ijdevneu.2008.07.005
http://dx.doi.org/10.1016/j.ijdevneu.2008.07.005
http://dx.doi.org/10.1016/j.ijdevneu.2008.07.005
http://dx.doi.org/10.1016/j.ijdevneu.2008.07.005
http://dx.doi.org/10.1515/jpme.1995.23.6.487
http://dx.doi.org/10.1515/jpme.1995.23.6.487
http://dx.doi.org/10.1515/jpme.1995.23.6.487
http://dx.doi.org/10.1055/s-2007-994195
http://dx.doi.org/10.1055/s-2007-994195
http://dx.doi.org/10.1055/s-2007-994195
http://dx.doi.org/10.1055/s-2007-994195
http://dx.doi.org/10.1016/S0029-7844(97)00392-X
http://dx.doi.org/10.1016/S0029-7844(97)00392-X
http://dx.doi.org/10.1016/S0029-7844(97)00392-X
http://dx.doi.org/10.1159/000020882
http://dx.doi.org/10.1159/000020882
http://dx.doi.org/10.1159/000020882
http://dx.doi.org/10.2105/AJPH.87.3.338
http://dx.doi.org/10.2105/AJPH.87.3.338
http://dx.doi.org/10.2105/AJPH.87.3.338
http://dx.doi.org/10.2105/AJPH.87.3.338
http://dx.doi.org/10.1080/01480540500262805
http://dx.doi.org/10.1080/01480540500262805
http://dx.doi.org/10.1080/01480540500262805
http://dx.doi.org/10.1080/01480540500262805
http://dx.doi.org/10.1002/ca.20664
http://dx.doi.org/10.1002/ca.20664
http://dx.doi.org/10.1002/ca.20664
http://dx.doi.org/10.1002/ca.20664
http://dx.doi.org/10.1016/j.jocn.2010.03.044
http://dx.doi.org/10.1016/j.jocn.2010.03.044
http://dx.doi.org/10.1016/j.jocn.2010.03.044
http://dx.doi.org/10.1016/j.jocn.2010.03.044
http://dx.doi.org/10.1038/scientificamerican0191-84
http://dx.doi.org/10.2146/ajhp050514
http://dx.doi.org/10.2146/ajhp050514
http://dx.doi.org/10.1056/NEJM199106133242407
http://dx.doi.org/10.1056/NEJM199106133242407
http://dx.doi.org/10.1056/NEJM199106133242407
http://dx.doi.org/10.1016/S0002-9378(94)70406-6
http://dx.doi.org/10.1016/S0002-9378(94)70406-6
http://dx.doi.org/10.1016/S0002-9378(94)70406-6
http://dx.doi.org/10.1016/S0002-9378(94)70406-6
http://dx.doi.org/10.1093/humrep/15.11.2423
http://dx.doi.org/10.1093/humrep/15.11.2423
http://dx.doi.org/10.1093/humrep/15.11.2423
http://dx.doi.org/10.2165/00003088-199427060-00006
http://dx.doi.org/10.2165/00003088-199427060-00006
http://dx.doi.org/10.1016/j.ccm.2010.11.007
http://dx.doi.org/10.1016/j.ccm.2010.11.007
http://dx.doi.org/10.2165/00128072-199901020-00002
http://dx.doi.org/10.2165/00128072-199901020-00002
http://dx.doi.org/10.2165/00128072-199901020-00002
http://dx.doi.org/10.1111/j.1747-0803.2010.00411.x
http://dx.doi.org/10.1111/j.1747-0803.2010.00411.x
http://dx.doi.org/10.1111/j.1747-0803.2010.00411.x
http://dx.doi.org/10.1016/j.siny.2004.10.003
http://dx.doi.org/10.1016/j.siny.2004.10.003
http://dx.doi.org/10.1016/j.siny.2004.10.003
http://dx.doi.org/10.1016/j.ijdevneu.2009.12.004
http://dx.doi.org/10.1016/j.ijdevneu.2009.12.004
http://dx.doi.org/10.1016/j.ijdevneu.2009.12.004
http://dx.doi.org/10.1016/j.ijdevneu.2009.12.004
http://dx.doi.org/10.5835/jecm.omu.29.01.013
http://dx.doi.org/10.5835/jecm.omu.29.01.013
http://dx.doi.org/10.5835/jecm.omu.29.01.013
http://dx.doi.org/10.5835/jecm.omu.29.01.013
http://dx.doi.org/10.5835/jecm.omu.29.01.013
http://dx.doi.org/10.3109/14767051003615426
http://dx.doi.org/10.3109/14767051003615426
http://dx.doi.org/10.3109/14767051003615426
http://dx.doi.org/10.3109/14767051003615426

