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Abstract
Caffeine is one of the most commonly used stimulants in the general population. The effects of caffeine on the

body are mediated by interaction with adenosine receptors, adrenergic and cholinergic receptors, gamma-
aminobutyric acid and serotonin receptors. Testing the research hypothesis was based on a quasi-experimental,
transversal, comparative morphological study. The sample in this study included 30 girls from pregnant Wistar rats
weighing 180 to 200 g, 16 weeks of age, primates from the Iuliu Haţieganu Biomass at Cluj-Napoca, maintained in
appropriate vivarium conditions at the Biobaza of Physiology Discipline.

The results suggested that the administration of caffeine in pregnant female rats does not affect the
development of fetal organs at the dose of 900mg / day.

Rezumat

Cafeina este unul dintre stimulentii cei mai frecvent consumati în populatia generală. Efectele cafeinei
asupra organismului sunt mediate prin interactiunea cu receptori pentru adenozină, receptori adrenergici si
colinergici, acid gama-aminobutiric si receptorii serotoninei. Testarea ipotezei de cercetare s-a bazat pe un studiu
morfologic cvasiexperimental, transversal, comparativ. Eşantionul din acest studiu a inclus 30 de feţi proveniţi de
la femele gestante de şobolani, rasa Wistar, cu greutate între 180 şi 200 g, în vârstă de 16 săptămâni, primipare
provenite din Biobaza UMF „Iuliu Haţieganu”, Cluj-Napoca, menţinute în condiţii de vivarium adecvate, la Biobaza
Disciplinei de Fiziologie.

Rezultatele au sugerat că administrarea de cafeină la femelele gestante de sobolani nu afectează dezvoltarea
organelor fetale la doza de 900mg/zi
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Introduction

Caffeine is one of the most commonly used
stimulants in the general population (1). It is found in
a variety of foods and beverages, including coffee,
tea, chocolate, cocoa products, soft drinks and energy
drinks. In addition, it is increasingly used as an
ingredient in over the counter medication for colds,

flu, headaches, menstrual symptoms, weight loss and
central nervous system stimulation (2).

The effects of caffeine on the body are
mediated by interaction with adenosine receptors,
adrenergic and cholinergic receptors, gamma-
aminobutyric acid and serotonin receptors.
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Effects of caffeine exposure on fetal liver and myocardium

Caffeine quickly crosses the placental barrier
(3). During pregnancy caffeine half-life increases,
cytochrome P450 1A2 (CYP1A2), the major enzyme
involved in caffeine metabolism in the liver is absent
in the fetus and placenta, thus the fetus is unable to
demethylate caffeine, which accumulates in the fetal
brain, therefor it is believed to cause fetal and neonatal
adverse effects (4,5). According to Armstrong’s
study, 2% of spontaneous abortions can be attributed
to coffee consumption (6). Other studies associate
increased coffee consumption (over 8 cups of coffee
/ day) during pregnancy with an increased risk of
intrauterine fetal death (7,8).

In this study, caffeine effects on fetal organs
were determined in rat fetuses from pregnant females
receiving caffeine.

Material and method

Study lots
Testing the research hypothesis was based

on a quasi-experimental, transversal, comparative
morphological study. The sample in this study included
30 girls from pregnant Wistar rats weighing 180 to
200 g, 16 weeks of age, primates from the Iuliu
Haţieganu Biomass at Cluj-Napoca, maintained in
appropriate vivarium conditions at the Biobaza of
Physiology Discipline.

For the study we obtained the Ethics
Commission Agreement no. 438 / 24.07.2016,
approved by UMF “Iuliu Haţieganu”, Cluj-Napoca.
Experiments were conducted in the Experimental
Research Laboratory of the Department of
Physiology at the same university.

Females (10 rats in each lot) from pregnant
female animals were divided as follows:

• Lot I – control group, resulting from
females not receiving caffeine.

• Lot II - fetuses from females treated with
caffeine for 20 days during gestation.

• Lot III - fetuses from females who received
caffeine for 50 days (30 days of pregestion and 20
days during gestation)

Study technique
We administered caffeine Caffeine C0750-

100G: 1,3,7 Trimethylxanthine (Sigma Aldrich) 5 mg
/ kg body weight / day – equivalent of 3-4 coffees /
day for an adult of 60 kg9.  The duration of
administration was 20 days, given the fact that the
duration of a normal pregnancy in rats is 20 days.
For pre-gestational exposure, a 30-day interval was
chosen to simulate chronic pre-pregnancy
administration - the equivalent of one year before
pregnancy in humans.

Preparing the animals for gestation was done
using the Ladoši method, adapted for rodents: bovine
serum gonadotropin (PMSG) - 600 IU ampoules for
follicular stimulation; chionic gonadotropin (hCG),
1500 IU ampoules for induction of ovulation, product
administered 48 hours after PMSG. Fertilization
occurred with a male introduced in the female space
24 hours after hCG administration.

Fetus removal was performed on the 20th
day of gestation by caesarean section of female
anesthetized with Ketamine - Xilazine (2: 1) 0.1 ml /
100 g / body. Tissue harvesting  from the fetuses
(liver and myocardium) was performed for
histopathological analysis. Upon completion of the
experiment, the animals were euthanised with 10%
Ketamine Overdose.

Histopathological analysis
The fetuses were sampled and preserved in

formol until the necropsy exam. These were
sectioned longitudinally on the sagittal line and the
macroscopic examination of the organs was
performed. Samples were collected as recommended
by the European Society of Toxicology Pathology
(ESTP).

The harvested samples, represented by the
liver and myocardium, were introduced into a 10%
neutral buffer solution for fixation. After fixation, in
order to perform the histopathological examination,
the samples were processed after the paraffin
technique. Serial sections were performed at a
thickness of 4 micrometres using the Leica RM 2125
RT microtome, the sections being displayed on
histological histology plates for histopathological
examination by staining the hematoxylin-eosin. The
protocol followed for H & E staining (hematoxylin
and eosin) was as follows: Dewaxing the samples by
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introducing into two xilen baths for 3 minutes,
hydration of the samples in 3 successive alcohol baths
(100% - 3 minutes, 90% - 3 minutes and 70% - 3
minutes), followed by immersion in distilled water.

The samples were then placed in hematoxylin
Gill 2 for 2 minutes, washed in a tap water bath for 3
minutes, immersed in eosin-floxin solution for one
minute and washed in tap water. Then the dehydration
of the samples was carried out in 3 successive baths
of ethyl alcohol (70% - 3 minutes, 90% - 3 minutes
and 100% - 3 minutes), clarification by immersion in
xylene for 3 minutes, twice, and finally mounting (in
mounting environment) followed by microscope
examination.

The preparations were examined using an
Olympus BX 41 microscope and the images were
taken with a Olympus UC325 digital camera and

processed using the Olympus Stream Basic image
acquisition and processing software.

Results

Regarding hepatic lesions in the control group
the macro and microscopic morphology of the liver
was normal (Figures 1, 2 and 3), with the hepatocyte
cytoplasm presenting fine lipid vacuoles and glycogen,
and, in the, parenchyma one can observe the presence
of extramedullary erythropoiesis.

Regarding cardiac and myocardial changes,
we did not notice any atrial or ventricular septal
defects in any animal studied (Figures 4, 5 and 6).

Regarding myocardial histology, in the
animals assigned to the control group the morphology
of the myocardial fibers was normal.

Figure 1. Liver, control group, normal histological aspect
characteristic of this stage of development, HE x400.

Figure 2. Liver, gestational exposure group: clear
vacuololysis of centrulobular region hepatocytes, Extra
Hex Headache HE x400.

Figure 3. Liver, pregnancy-gestation exposure group: lipid
reduction, similar to control batch morphology; HE x400,
bar = 50 μm.

Figure 4. Myocardium, control group, normal histological
aspect characteristic of this stage of development, lack of
atrial and ventricular septal defects, HE x40.
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Caffeine administered at the dose and interval
chosen in this study had no obvious teratogenic effect.
Thus, both the pregestational-gestation caffeine group
and the gestational caffeine group experienced a
significant reduction in the amount of lipids and
glycogen (the number and size of vacuoles).
Extramedullary erythropoiesis outbreaks were also
observed.

The two groups showed obvious
vacuolization in the fiber cytoplasm (especially group
II) and even homogeneity of sarcoplasm (especially
in group III), with loss of normal tincture and fiber
necrosis.

Caffeine in administered doses did not
significantly influence the morphology of the studied
organs.

Discussions

This study did not detect changes in fetal
organs subsequent to the administered caffeine doses.

The teratogenic effects of caffeine have been
demonstrated experimentally on different rodent
species. According to these studies, malformations
occur in mice at a dose of 50-75 mg / kg body weight,
and in rats at 80 mg / kg body weight. In these species,
the frequently encountered malformations are
craniofacial malformations (keilopalatoschisis) and
limb malformations (10).

Caffeine in humans has no direct teratogenic
potential. However, caffeine potentiates the
teratogenic effect of other substances, such as

tobacco and alcohol, inducing maternal-fetal
vasoconstriction, leading to ischemia-induced
malformations.

Although Morgan’s study suggests
consumption of 1-2 cups of coffee, equivalent to
caffeine 300mg / day (11), our study has shown that
900 mg of caffeine / day does not influence the
development of fetal organs.

Another clinical trial (12) demonstrated that
reducing the consumption of coffee with 3 coffees /
day during the second and third trimester did not affect
the fetal development in terms of weight and length
of the fetuses at birth.

Conclusion

Administration of caffeine in pregnant female
rats does not affect the development of fetal organs
at the dose of 900mg / day
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