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ABSTRACT
Introduction: Excessive use of paracetamol with caffeine in Panadol extra during pregnancy increase the risk of spontaneous 
abortion. Vitamin D stimulates cardiomyocyte proliferation and protects against injury. 
Aim of Work:  To investigate the effect of maternal exposure to large doses of Panadol extra on the development of the 
embryonic hearts of rat’s offspring and possible protective effects of vitamin D.
Material and Methods: Forty-five albino rats; 30 adult females and 15 adult males were used in this study. The pregnant 
rats were divided into Group I as a control group, Group II (treated group; Panadol extra) received the maximum daily dose 
(4000mg paracetamol/ 520 mg caffeine) / kg/ day and Group III (protective group; Panadol extra + vitamin D) received 
previously mentioned dose of Panadol extra plus vitamin D at a dose of 400 IU/kg/day. All the treatments were given by oral 
gavage from the 1st day of pregnancy until day 19. Pregnant rats from all groups were sacrificed on day 19 of pregnancy 
and their pups were extracted & weighted, then sacrificed. Blood samples were taken for biochemical assessment. Sections 
from the hearts were stained (H&E, Eosin & Mallory’s trichrome stain), Immunohistochemical (alpha-smooth muscles) for 
histopathological and morphometric studies.
Results: Group (II) revealed changes of blood gases as PH, increase in PCO2, decrease PO2, high lipid profile, and increase 
Creatinine kinase-MB. There were different histopathological changes as cardiomyocyte damage, necrosis, and inflammation 
with increased fibrosis by Mallory stain. The morphometric results revealed an enlarged size of cardiac cells, decreased 
proliferation, and maturation. All these results were greatly improved in the group (III) when concomitant administration of 
vitamin D in the last protective group. 
Conclusion: Prolonged and excessive maternal use of Panadol extra greatly affect heart development.  Vitamin D has a 
potential effect on cardiac regeneration and development.
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INTRODUCTION                                                                        

The gestational period is a physiologic phenomenon;  
it is characterized by many changes as, mental, hormonal, 
and physical changes that may involve a wide variety 
of discomforts[1] as back pain, leg spasms, and other 
complaints enforcing the pregnant to use analgesics[2].

Acetaminophen is a non-steroidal anti-inflammatory 
drug and considered one of the most broadly used 
worldwide[3]. It acts as an antipyretic and analgesic 
prescribed for different pain states with effective 
antipyretic action[4]. Caffeine can reduce pain sensation 
through its direct effect by central or peripheral inhibition 
for adenosine  receptors'  actions which in turn control pain 
signaling on sensory afferents[5]. 

Acetaminophen with caffeine is a combination in 
which the caffeine is probably can augment the efficacy of 
acetaminophen. However, this combination may be more 
subjected to different side effects[6]. Administration of 
extensive amounts of paracetamol with caffeine could lead 

to liver damage[7], renal medullary necrosis[8], and increase 
the occurrence of rebound headache[9]. If this combination 
is used during pregnancy; it may increase the risk of low 
birth weight infants or may lead to spontaneous abortion 
either due to the effect of paracetamol reduce prostacyclin 
manufacture during pregnancy[10] or through caffeine 
ingestion toxic metabolites[11].

The embryonic rat heart begins to develop as a 
nearly bending tube consisting of an external layer of 
the myocardium and an internal layer of endocardium at 
embryonic day (E) 9.5[12] and becomes a fully mature organ 
at the embryonic day of (E) 16[13].

Recent searches found that Vitamin D has wide 
extraskeletal functions after administration including the 
regulation of cell proliferation and differentiation, the 
enunciation of the immune system, influence on pancreatic 
β-cell function, and may has a role in the regulation of 
cardiac contractility and hypertrophy[14].
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It has been observed recently; an increase in the use of 
analgesics during pregnancy without medical consulting. 
As there are very limited studies on the effect of large and 
prolonged use of Panadol extra during pregnancy on the 
fetal heart; so here we seek to establish for the first time the 
effect of maternal exposure to large doses of Panadol extra 
as a common analgesic on the development of embryonic 
hearts of rat’s offspring and possible protective effects of 
vitamin D.

MATERIALS AND METHODS                                                 

Chemicals
1.	 Panadol Extra: (Acetaminophen + Caffeine; 

500mg / 65mg).  Was gained from Glaxo Smith 
kline (GSK), dissolved in distilled water and orally 
administered by gastric intubation.  The maximum 
daily dose was given  (4000mg paracetamol/ 520 
mg caffeine) / kg/ day[15]. 

2.	 Vitamin D: Cholecalciferol (Vitamin D3) was 
obtained via Sigma-Aldrich Co., USA as a powder. 
It was taken in a dose of 400 IU/kg/day by oral 
gavage after dissolving in Corn oil[16]. 

3.	 Distilled water: purchased from a local market, 
which is used as a solvent.

Animals 
Forty-five albino rats; 30 adult females and 15 adult 

males, weighing 200-250g, were utilized for mating. 
These rats were bought from the Laboratory Animal Unit, 
Faculty of Veterinary, Suez Canal University.  They were 
lodged in good ventilated wide cages with stainless steel 
ends and wood splinters for bedding. The temperature was 
maintained at 24±2°c. The animals were good nitrified by 
an ordinary diet and water.  

The experiment was performed according to the "Guide 
for the Care and Use of Laboratory Animals" (Institutes 
of laboratory Animal Research)[17] and followings the 
guidelines of the Institutional Animal Care and Use 
Committee (IACUC), Faculty of Medicine, Suez Canal 
University, Egypt. 

Experimental design 
Two female rats were housed with one male rat in 

each cage. Then, vaginal smears were obtained to detect 
the occurrence of pregnancy. Microscopic detection of 
the sperms in the vaginal smears confirms the first day of 
gestation (GD 1). The pregnant female rats were divided 
into equal three groups; each one has (n= 10 rats) as 
follows: 

Group I (control group): which kept without any 
treatment to measure the normal values for comparisons 
with other study groups. 

Group II (treated group; Panadol extra alone): Each 
pregnant rat received the maximum daily dose (4000mg 
paracetamol/ 520 mg caffeine) / kg/ day.

Group III (protective group; Panadol Extra + 
vitamin D): Each rat received the previously mentioned 
dose of panadol extra plus vitamin D at a dose of 400 IU/
kg/day.

All the treatments were given by oral gavage from the 
1st day (GD 1) of pregnancy until day 19 (GD 19). 

Pregnant rats from all groups were sacrificed under 
sodium pentobarbital anesthesia[18] on day 19 of pregnancy 
and their pups were extracted & weighted, then sacrificed 
by decapitation. The chest of the pups was opened and 
blood samples were taken directly from the heart by a 
puncture for biochemical assessment then the hearts 
were extracted, rapidly dissected, delivered, rinsed 
with cold normal saline, and kept in formalin 10% for 
histopathological (Hematoxylin and Eosin & Mallory’s 
trichrome stain), Immunohistochemical (alpha-smooth 
muscles) and morphometric studies.

Heart Characteristics
The total body weight (BW) and heart weight (HW) of 

each pup were measured and the heart weight to body weight 
ratio (HW/BW) was calculated to assess the hemodynamic 
function of the heart (cardiac enlargement[19].

Biochemical assessment
The blood samples were taken from the hearts of pups 

via cardiac puncture from all groups. Plasma was obtained 
after centrifugation at 3500 rpm for 16 minutes. The plasma 
was collected into ordinary test tubes and stored at -20°C 
for analysis of the followings:-

1.	 Blood gas analysis: (PH, PCO2, and PO2), were 
assessed according to the method of Kaczmarczyk 
and Reinhardt[20].

2.	 Lipid profile: The plasma concentration of 
triglycerides and total cholesterol level were 
measured using spectrophotometric methods. The 
laboratory kit reagents (Randox Laboratory Ltd) 
were used for all the biochemical analysis of the 
study and their absorbance gradation were read 
utilizing of a UV-Vis spectrophotometer (DREL 
3000 HACH)[21].

3.	 Cardiac marker (creatinine kinase-MB (CK-MB): 
An enzyme marker for cardiac muscle damage. It 
was assessed by standard enzymatic kits according 
to the method of Gerhardt &Waldenström[22]. 

Histological study
Specimens of hearts for histological examination 

were fixed in 10% neutral formol saline, and processed in 
ascending grades of alcohol (50%, 70%, 90% and 95%), 
the samples were dehydrated each for one hour. Then, in 
absolute alcohol (100%), two changes one hour for each. 
After dealing with xylene, the cardiac tissue samples were 
fixed in soft paraffin wax at 50 ºC for two hours then, 
embedded in hard paraffin at 60 ºC for another two hours[23]. 
Sections of 5 µm thick paraffin sections were prepared 
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for Hematoxylin & eosin stain (for studying the general 
histopathological features) and, Mallory’s trichrome stain 
(for assessing the presence of fibrosis in cardiac tissues; 
collagen fibers were stained blue with Mallory’s trichrome 
stain)[23].

Immunohistochemical study
Anti- alpha-smooth muscle; primary mouse monoclonal 

antibody kit (IgG2a) was used (IgG2a specific; Southern 
Biotechnology) in this study for detection of distribution 
and quantitative evaluation of actin isoforms during heart 
development. The heart tissue slices at first incubated with 
a secondary biotinylated donkey antibody then exposed 
to the streptavidin-biotin-peroxidase reaction. Tissue 
specimens were stained with hematoxylin. All processes 
were achieved at ordinary room temperature. Sections were 
examined microscopically for detection of the presence of 
positive α-SMA cardiomyocytes as a marker of cardiac 
differentiation and development[24].

Morphometric Study
Stained sections with H & E, Mallory’s trichrome, 

and anti- α-SMA antibody stains were morphometrically 
analyzed using the ImageJ program (version 1.48v; 
National Institutes of Health)[25]. The microscopic images 
were calibrated to convert the measurement units (pixels) 
into actual micrometer units. Various fields were chosen 
and 5 readings were obtained from each slide for measuring 
the following:-  

1.	 Cardiomyocyte cross-sectional area: Sectional 
area of at least 50 cardiac cells, whose nuclei were 
clearly recognized in the center of the cardiac 
cells, were measured[26]. Hematoxylin and Eosin 
stained transverse sections ×400 magnification 
were used through manual drawing a line around 
the perimeter of cardiomyocytes showed visible 
central nuclei. The average mean of cross sectional 
areas was used as an indicator of cardiac cell size.

2.	 The percentage of binucleated cardiomyocytes. 
To assess the proliferative capacity of injured 
cardiomyocytes[27].

3.	 Percent of the area of fibrosis: for evaluation of 
interstitial fibrotic areas (Area percentage of 
the interstitial collagen fibers). 5 random fields 
of view from Mallory stain stained myocardial 
sections were manually selected from each group 
and imaged with an objective lens magnification 
at x 20. The images were converted to RGB stacks 
providing grayscale pictures then the red-blue 
contrast bands were converted to absolute values. 
From the resulting values, the red-blue contrast 
band was subtracted and a threshold of 50 – 400 
was selected to highlight blue collagen fibers[28].

4.	 Percent of alpha-smooth muscle:  a marker for 
cardiomyocyte differentiation and development. 
Through analyzing the tool of the ImageJ program, 

all areas of α-SMA expression in the interstitium, 
as well as the perimeter of the histological slide, 
were measured per square millimeter (mm2) after 
grid application at 20x magnification[29].

Statistical analysis
Data from all groups were expressed as mean ± 

standard deviation (X ± SD). SPSS program version 21 
(Chicago, USA) was used. One way analysis of variance 
(ANOVA) was used for statistically significant difference 
between groups, followed by Fisher's least significant 
difference multiple comparison test LSD test for multiple 
comparisons between the different study groups. P- value 
was < 0.05; is considered significant and highly significant 
when was < 0.001[30].

RESULTS                                                                                 

The Heart characteristics
The gross heart morphology of both the control and the 

protective rat hearts showed normal heart shapes, both atria 
appeared slightly brownish in color with clearly demarcated 
apex. The group that received Panadol extra (group II) 
appeared to had ventricular enlargement in comparison to 
other groups. The body weight of the treated group (II) by 
Panadol extra showed a statistically significant decrease in 
comparing to the control group (P-value < 0.05) but there 
was no significant difference in the body weight of the 
protective group (III) in comparing to the control group 
(Figure 1A). The heart weight of rats treated with Panadol 
extra (group II) showed a significant increase in comparing 
to the control group (P-value < 0.05) but also no significant 
difference in the heart weight of the protective group (III) 
in comparing to the control group (Figure 1B). There was 
a high statistically significant increase in the heart to body 
weight ratio in the treated group (II) (P-value < 0.01), 
and a significant increase in the protective group (III)                                                                                                               
(P-value < 0.05) in comparison to other groups                           
(Figure 1C). All the data of body weight, heart weight, and 
the heart weight to body weight ratio in study groups are 
presented in (Table 1).

Biochemical results 
The PH of the blood of the group (II) exposed to 

Panadol extra showed a significant decrease in its level in 
comparing to the control group (P-value < 0.05) but no 
difference between the protective group (III) and the control 
group. The value of PCO2 was increased in the protective 
group (II) (P-value < 0.05) but was a highly significant 
increase in the treated group (II) (P-value < 0.01) in 
comparison with the control group. There was a significant 
decrease in the level of PO2 in the protective group (III) 
(P-value < 0.05) but was a highly significant decreased in 
the treated group (II) (P-value < 0.01) in comparison with 
the control group and in comparing to the protective group 
(III) (P-value < 0.05). The serum triglyceride level showed 
a high statistical significant increase in the treated group 
(II) (P-value < 0.01) in comparison with the control group 
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greater than the protective group (III) (P-value < 0.05). No 
significant difference in the serum cholesterol level in the 
treated or the protective groups in comparing the control 
group. The serum creatinine kinase-MB (CK-MB) was 
increased in the protective group (II) (P-value < 0.05) but 
was a highly significant increase in the treated group (II) 
(P-value < 0.01) in comparison with the control group (I). 
All data of blood gas analysis, lipid profile, and cardiac 
marker levels of study groups were presented in (Table 2).

Light microscopic results

1) H&E stain
Examination of sections of rat cardiac muscle of the 

control rats (group I) showed elongated branching cardiac 
cells with cross striations exhibited oval vesicular centrally 
located nuclei with acidophilic sarcoplasm (Figure 2). 

Cardiac tissues of rats of the group (II) which their 
mothers were treated with panadol extra alone showed 
many histopathological changes, especially in the cardiac 
cells. There were disorganized cardiac cells with wide 
intercellular spaces in between.  Necrotic cardiac cells were 
seen with focal areas of total degeneration. Cardiomyocytes 
with deeply stained homogenous acidophilic sarcoplasm 
and deeply stained (pyknotic) nuclei but others showed 
pale acidophilic cytoplasm and small nuclei. Congestion 
and dilatation of blood vessels & capillaries with interstitial 
edema were seen. Marked cellular infiltrations were 
common in many sections (Figures 3 A,B,C,D).

The cardiac tissues of rats of the group (III) which 
their mothers were treated with Panadol extra concomitant 
with vitamin D showed a picture greatly resemble the 
control group especially for cardiomyocytes. Normally 
longitudinal or transverse cardiomyocytes with slightly 
wide intracellular spaces. Binucleated cardiomyocytes 
were found. Some cardiomyocytes showed flat & pale 
nuclei with pale cytoplasm were present, but others showed 
deeply stained homogenous acidophilic sarcoplasm and 
deeply stained (pyknotic) nuclei. Cellular infiltration 
was greatly decreased or totally absent. Very few areas 
of necrosis or degenerated cardiac cells.  Shrunken 
fibroblasts were observed. Also, congested blood 
capillaries and exudation were greatly decreased or absent                                                   
(Figures 4 A, B,C,D).

Mallory trichrome stain
On examination of sections of heart tissues stained with 

Mallory trichrome stain for detection of the presence of 
collagen tissues, it was noticed that the cardiac tissues of 
the control group showed few fine collagen fibers in the 
endomysium between the cardiac muscle fibers (Figure 5). 
The cardiac tissue section from rats of the treated group (II) 
showed an apparent increase in the amounts of the collagen 
fibers between the cardiac muscle fibers or deposited in 
focal areas and excessively deposited around congested 
blood vessels (Figures 6 A,B). The last group which was 
exposed to both Panadol extra with vitamin D group (III) 

showed a moderate amount of collagen fibers between 
the cardiac muscle fibers or around congested blood 
vessels with small focal areas of collagen fiber deposition                    
(Figures 7 A,B).

Immunohistochemical results
Alpha-smooth muscles actin immune-stained sections 

of the cardiac tissues of the control group (I) showed 
weak positive immunoreaction in the endomysium 
and perimysium connective tissues and around small 
blood capillaries (Figure 8). The cardiac tissues from 
rats of the group (II) showed variations in the positivity 
of immunoreaction either strong in the endomysial & 
perimysium connective tissues or very strong in other 
areas and in the walls of dilated blood vessels small 
capillary (Figures 9 A,B).  The cardiac tissues from rats 
of the protective group (III) showed a moderate positive 
immunoreaction around blood vessels, around the wall 
of small capillary, and in the endomysial & perimysial 
connective tissues (Figures 10 A,B).  

Morphometric measures

1. Myocyte cross‑sectional area
To assess the effect of maternal Panadol Extra 

administration on the offspring’s myocyte, we measured 
cross‑sectional area of cardiomyocyte in H and E stained 
myocardial transverse sections. Our data showed that, while 
Panadol extra exposed rats developed (group II) a highly 
significant increase in the cardiomyocyte cross‑sectional 
area compared to the control group (233.2 ± 3.7 μm² and 
85.7 ± 2.9 μm², respectively mean ± standard error of the 
mean, (P-value < 0.001), concomitant administration of 
vitamin D significantly improve the size of cardiomyocytes 
compared to the group received Panadol extra alone (157.4 
± 5.66 μm² and 233.2 ± 3.7 μm², respectively, mean ± 
SEM, P-value < 0. 01). However, the cross‑sectional 
area of myocytes in vitamin D (protective group III) rats 
remained significantly higher than that of the control group 
(Figures 11 A,B,C,D).

2. Percentage of binucleated cardiomyocytes
To assess the protective effect of maternal concomitant 

vitamin D with Panadol extra administration as an 
inductive to the proliferation of cardiac myocyte, we 
measured the percent of binucleated cardiomyocytes 
in H and E stained transverse sections. The percent of 
binucleated cardiomyocytes in Panadol extra-exposed rats 
(group II) showed a significant decrease in the percent 
of binucleated cardiomyocytes compared to the control 
group (5.3 ± 0.7 % and 8.2 ± 1.09 %, respectively mean ± 
standard error of the mean, (P-value < 0.05).  Concomitant 
administration of vitamin D increase the proliferation of 
the injured cardiomyocytes leading to a highly significant 
increase in the percent of binucleated cardiomyocytes                                              
(22.5 ± 4.6 %) compared to the control group and 
that group received Panadol extra alone (group III)                                                       
(P-value < 0.001) (Figures 12 A,B,C,D).
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3. Percent of interstitial fibrotic area
When assessing the area percentage of the interstitial 

collagen fibers deposition; the group that exposed to 
Panadol extra alone (group II) showed a high statistically 
significant increase in the percent of interstitial collagen 
fibers in comparing to the control group (8.6 ± 1.03 
and 1.8 ± 0.06 respectively mean ± standard deviation)                               
(P-value < 0.001). But after concomitant administration of 
vitamin D (group III), the percent of interstitial collagen 
fibers were significantly decreased (P-value < 0.01) in 
comparing the group exposed to Panadol extra alone 
(4.4 ± 1.01 and 8.6 ± 1.03 respectively mean ± standard 
deviation) (Figure 13).

4- Percent of positive α-SM cardiomyocytes 
expression 

The percent of positive expression of α- SM 
cardiomyocytes showed a highly significant increase 
(P-value < .001) in the group that exposed to Panadol extra 
alone (group II) in comparing to the control (22.7±4.08 
and 5.2±0.82 respectively) or in the group that exposed 
to Panadol extra concomitant with vitamin D (12.5±2.9; 
P-value < .01) which showed a significant decrease 
(P-value < .05) in the percent of positive expression of                  
α- SM cardiomyocytes in comparing to the treated group 
(II) (Figure 14).

Fig. 1: A: The difference in the body weight of the study group. B: The difference in the heart weight of the study group. C: The difference in heart to body 
weight ratio of the study group. *P-value < 0.05 in comparing to control group;   **P- value < 0.05 in comparing to control & treated groups

Fig. 2: A photomicrograph of cardiac muscles from the control rats group (I) showing normal elongated branching and anastomosing muscle fibers (F) having 
central oval vesicular nuclei (arrows) and acidophilic sarcoplasm (star). Flat dark nuclei of the fibroblasts of the connective tissue of endomysium (arrow heads) 
are noticed. (H&E, × 400)
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Fig. 3: A photomicrograph of cardiac muscles from rats of treated group (II; Panadol extra) showing; A: Focal areas of degenerated cardiac muscle fibers 
(Stars), multiple extravasted red blood cells (arrows), necrosis of cardiomyocytes (arrow heads),  congested & dilated blood vessels (BV). B: the cardiac 
tissues showed focal areas of marked cellular infiltrations (I), cardiomyocytes with deeply stained homogenous acidophilic sarcoplasm and deeply stained 
(pyknotic) nuclei (arrow heads), areas of necrotized cardiac cells (arrows) and interstitial congestion & edema (Stars). C: marked congested blood vessels (BV) 
& capillaries (BC) and between the cardiac cells (arrow heads), some cardiac cells shows   pale acidophilic cytoplasm and small nuclei (arrows). D: Marked 
disorganized cardiac cells with wide intercellular spaces in between, necrotized cardiac cells (thick arrows), interstitial extravasted blood (arrow heads) & 
edema (Stars). (H&E, × 400).
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Fig. 4: A photomicrograph of cardiac muscles from rats of protective group (III) Panadol extra + vitamin D showing; A: Normal longitudinal cardiac cells 
(arrow heads), normal transverse cardiac cells (detached arrows), perivascular necrosis (arrows), focal area of cellular infiltration (I), normal blood vessels & 
capillaries (BC). B: Normal elongated cardiac cells (double heads arrows), intra-cardiac cellular spaces (arrows), shrunken fibroblast cells (detached arrows), 
congested blood capillaries (CB) and extravasted blood (arrow heads) with exudation (star). C: normal longitudinal (double heads arrows) & transverse (arrow 
heads) cardiac cells, cardiac cells with flat & pale nuclei (elbow arrows) with focal degeneration of cardiac cells (stars), binucleated cardiomyocytes (pointed 
arrows). D: Normal longitudinal cardiomyocytes (elbow arrows), transverse cardiomyocytes (detached arrows), slightly wide intracellular spaces (stars) and 
cardiomyocytes with deeply stained homogenous acidophilic sarcoplasm and deeply stained (pyknotic) nuclei (arrows). (H&E, × 400).

Fig. 5: A photomicrograph of control group I showing few fine collagen fibers in the endomysium between the cardiac muscle fibers (arrows). (Mallory’s 
trichrome stain, × 400).
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Fig. 6: A photomicrograph of cardiac muscles from rats of treated group (II; Panadol extra) showing; A: an apparent increase in the amounts of collagen fibers 
between the cardiac muscle fibers (blue color) with focal areas of excessive increase in collagen fiber (arrows). (Mallory’s trichrome stain, × 200). B: excessive 
deposition of collagen fibers around congested blood vessels (BV) and between cardiac cells (arrows). (Mallory’s trichrome stain, × 100).

Fig. 7: A photomicrograph of cardiac muscles from rats of protective group (III) Panadol Extra + vitamin D showing; A: moderate amount of collagen fibers 
between the cardiac muscle fibers (arrows). (Mallory’s trichrome stain, × 200). B:  around congested blood vessels (BV) with focal areas of increase in collagen 
fiber (arrows) (Mallory’s trichrome stain, × 100)

Fig. 8: A photomicrograph of control group showing weak positive immunoreaction in the endomysium and perimysium connective tissues (faint brown color) 
and around small blood capillaries (arrows). (Immunostaining SMA, X 200)
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Fig. 9: A photomicrograph of cardiac tissues from rats of treated group (II; Panadol extra) showing; A: a strong positive immunoreaction in the endomysial 
& perimysium connective tissues (arrow heads) and very strong in another areas (arrows) and in the walls of blood vessels (BV). B: very strong positive stain 
around dilated blood vessels (BV) and around small capillary (arrow). (Immunostaining SMA, X 200)

Fig. 10: A photomicrograph of cardiac tissues from rats of protective group (III) Panadol extra + vitamin D showing, A: moderate positive immunoreaction 
around blood vessels (BV) and around small capillary (arrow). B: moderate positive immunoreaction in the endomysial & perimysial connective tissues (arrow, 
light brown color). (Immunostaining SMA, X 200)
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Fig. 11:  Panadol extra ‑induced hyper trophy of cardiomyocyte. Representative micrographs of the transverse sections of the heart myocardium of (A) control 
group, (B) Panadol extra exposed group (II) showing increased cardiomyocyte cross‑sectional area. (C) Protective group (III, vitamin D) showing decreased 
myocytes cross‑sectional area compared to treated group II. (H & E), dashed area, representative example for cross‑sectional area measurement, scale bar = 20 
μm. (D) Bar chart showing quantitative measurements of myocytes cross‑sectional area among the experimental groups. Data are presented as mean ± standard 
error of mean, ***P-value < 0.001 in comparing to control group, **P-value < 0.01 in comparing to Panadol extra exposed group.
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Fig. 12:  Concomitant administration of vitamin D with Panadol extra induce cardiomyocytes proliferation. Representative micrographs of the transverse 
sections of the heart myocardium of (A) control group, (B) Extra panadol exposed group (II) showing decrease in percent of binucleated cardiomyocyte. (C) 
Concomitant administration of vitamin D high significantly increase in percent of binucleated cardiomyocyte compared to Panadol extra ‑ exposed group 
& control group. (H&E), dashed area, representative example for cross‑sectional area measurement, scale bar = 20 μm. (D) Bar chart showing quantitative 
measurements of in percent of binucleated cardiomyocyte among the experimental groups. Data are presented as mean ± standard error of mean, *P-value 
< 0.05 in comparing to control group, **P-value < 0.001 in comparing to control group & Panadol extra exposed group, ∆ P-value < 0.001 in comparing to 
vitamin D group (III).

Fig. 13:  Bar graph showing % fibrosis in the study groups. Each bar 
represents mean ± S.E.M. *P-value < .001 versus control group; #P-value 
< .01 versus treated group (II).

Fig. 14:  Bar graph showing % of positive α - SM cardiomyocytes 
expression in the study groups. Each bar represents mean ± S.E.M. 
*P-value < .001 versus control group; ˣ P-value < .01 versus protective 
group (III), # P-value < .05 versus group (II)
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DISCUSSION                                                                              

In recent years, the safety of paracetamol and caffeine 
in pregnancy has come under increasing inquiry. Both 
paracetamol and caffeine and their metabolites cross the 
placenta[31,32] and experience different pharmacokinetic /
pharmacodynamics processes in neonates than in adults[33]. 
As cardiovascular diseases are the most cause of mortality 
and morbidity at young age worldwide[34] we investigate 
the effects of maternal use of Panadol extra on the heart 
of their offspring and the possible protective of vitamin D. 

In the present study, results of fetal heart characteristics 
revealed the treated group (II) by Panadol extra showed 
a significant decrease in body weight following an 
excessive overdose of acetaminophen. The saturation of 
the conjugation metabolism pathways of acetaminophen 
occurred in the liver, resulting in more amount of this 
drug being oxidized into the toxic metabolite, N-acetyl-
p-benzoquinone imine (NAPQI), by the cytochrome P450 
(CYP450) enzyme, CYP2E1. Following a high therapeutic 
dose, this highly reactive metabolite is detoxified by 
conjugation with glutathione which was immature in 
fetuses, resulting in a build-up of a lot of toxic metabolites 
that accumulated in most of the developing fetal tissues and 
fitting well the development and so low body weight[35]. 
The high lipid solubility and low molecular weight 
characteristics of caffeine metabolites can cross through 
the placenta easily resulting in high blood level of these 
toxic metabolites in both mother and fetus, but as the fetus 
has no enzymes to metabolize them, so; accumulation of 
caffeine metabolites in the fetal tissues influencing organs' 
development, and decreasing the body weight[36]. The 
resulting significant increase in the heart weight and heart 
\body weight ratio of this group (II) indicate fetal cardiac 

enlargement as an ordinary response to maternal or fetal 
hypertension induced by large & prolonged doses of both 
acetaminophen[37] and caffeine[38].

The rat's body weight was greatly improved to mimic 
the control group after concomitant maternal administration 
of vitamin D with Panadol extra group (III) due to 
proliferative actions of vitamin D on most of fetal tissues as 
skin, skeletal tissues, parathyroid gland,  immune system, 
and pancreas as well as the small intestine and colon[39]. 
Moreover, vitamin D helps keep normal levels of glucose 
and regulate calcium homeostasis[40], so; improving the rat 
body weight. Our results were in accordant with a previous 
study[41]. Better heart weight and heart\body weight ratio 
in the same group (III) as receptors vitamin D are well 
expressed in vascular smooth muscle cells, endothelial 
cells, and cardiomyocytes exerting beneficial effects on 
them[42]. Vitamin D plays an important role in lowering 
hypertension by regulating the renin-angiotensin system 
and decreasing the coagulation according to previous 
studies[43,44].

Analysis of results of the blood gases of rats’ offspring 
exposed to by Panadol extra group (II) revealed tissues 
hypoxia, hypoventilation, or acidosis as indicated by 
significant decreased PH, increased pCO2, and decreased 
pO2 blood levels. These changes are attributed to the effect 
of prolonged and high doses of maternal paracetamol and 
caffeine. The toxic metabolites of paracetamol in Panadol 
extra, N-acetyl-p-benzoquinone imine, prevents electron 
transmission to the mitochondrial respiratory chain and thus 
blocks aerobic respiration of developing fetal tissues[45]. 
Acetaminophen metabolites could cause oxidative damage 
to red blood cells through oxidative stress which increases 
the intracellular reactive oxygen species (ROS). So, the iron 

Table 1: Mean ± SD of body weight, heart weight and the heart weight to body weight ratio in study groups

Control group (I) Treated group (II) Protective group (III)

Body weight 8.2±0.07 5.4±0.06* 7.8±0.03

Heart weight 0.04±0.002 0.088±0.003* 0.05±0.003

Heart \ body weight ratio % 0.48±0.05 1.05±0.2* 0.64±0.04**

*P value < 0.05 in comparing to control group
**P value < 0.05 in comparing to control & treated groups

Table 2: Mean ± SD of blood gas analysis, lipid profile and cardiac marker levels (enzyme creatinine kinase-MB (CK-MB) of study groups

Control group (I) Treated group (II) Protective group (III)

PH 7.4±1.02 5.03±1.08ª 7.03±0.72

PCO2 (mmHg) 35.1±3.02 85.3±6.2ᵇ 42.6±4.2ª

PO2(mmHg) 98.5±6.5 65.5±8.3ᵇ,ͨ 78.7±7.2ª,ᵈ

Triglyceride level(mg\dl) 42.3±4.04 75.2±7.2ᵇ 53.3±5.3ª

Total cholesterol level(mg\dl) 53.4±5.7 58.3±6.3 55.6±4.8

Creatinine kinase-MB (CK-MB) (IU\L) 40.3±4.02 84.3±6.32ᵇ 57.3±6.01ª,ᵈ

a: P value < 0.05 in comparing to control group
b: P value < 0.01 in comparing to control group
c: P value < 0.05 in comparing to protective group
d: P value < 0.05 in comparing to treated group
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component of hemoglobin is changed decreasing oxygen 
transport to body cells resulting in tissue hypoxia[46]. Excess 
metabolites of caffeine ingestion in Panadol extra enter the 
fetal circulation, but are metabolized slowly as the placenta 
or the fetus itself has cytochrome P450 which metabolize 
it, leading to additional toxic metabolites resulting in tissue 
hypoxia[47]. Blood gases levels were greatly improved after 
administration of vitamin D in the group (III) caused by 
the protective effect of Vitamin D3 through inhibition of 
ROS generation improving tissue oxygenation[48]. Previous 
studies reported that vitamin D3 supplementation recovers 
blood acidosis through regulation of renal bicarbonate 
reabsorption[49,50].

The lipid profile (total triglycerides and cholesterol) 
of this study revealed no changes in the level of total 
cholesterol in all study groups, but there was a significant 
increase in level of triglycerides in the group (II) that are 
exposed to Panadol extra. This can be attributed to the high 
level of acetaminophen which inhibits myeloperoxidase 
enzyme action decreasing the oxidation of both low- 
and high-density lipoproteins by HOCl resulting in high 
serum level[51]. The caffeine components of Panadol extra 
have thermogenic effects and can stimulate fat oxidation, 
either through sympathetic activation of the central 
nervous system or through its xanthine metabolites that 
make mitochondrial reactive oxygen species (ROS)[52] 

increasing fat oxidation. Serum triglycerides level showed 
a significant decrease in the protective group (III) through 
the regulatory action of vitamin D via increasing the 
activity of lipoprotein lipase in adipose tissues. Vitamin 
D3 has a lowering action on fatty acid absorption through 
the formation of insoluble calcium–fatty complexes in the 
intestine resulting in decreased absorption of fat, chiefly 
saturated fatty acids, so reducing the level of high-density 
lipoprotein[53]. Also, vitamin D could activate calcium 
reabsorption which in turn increases the transformation of 
cholesterol to bile acids due to its ability for bind with it[54]. 
Our results are in accordance with others who regard there 
was an inverse relation between vitamin D deficiency and 
lipid profile[55].

Cardiac marker level (enzyme creatinine kinase-MB 
(CK-MB) is a biomarker measured to evaluate the heart 
function or cardiac injury in the study groups. It was 
noticed a highly significant increase in the level of CK-
MB in treated group (II) by Panadol extra than in the 
protective group by vitamin D which still increased in 
comparing control group (I). Armour and Slater reported 
similar results and described  direct toxic myocarditis from 
autopsy from paracetamol toxicity case with evidence of 
myocardial injury being present in the endocardium[56]. 
Previous results explained increased cardiac enzyme 
marker in paracetamol overdoses by the presence of 
a metabolic enzyme (Cytochrome p450s) in the heart 
and suggested the possibility of metabolic activation of 
paracetamol metabolites; N-acetyl-p-benzoquinoneimine. 
One explanation indicates the direct toxic effect of 
paracetamol on the heart tissue suggests that myocardial 

injury occurs due to a similar mechanism in hepatic 
damage, as the toxic metabolite of paracetamol; N-acetyl-
p-benzoquinoneimine, cannot be modulated in neonates 
due to deficient glutathione could act as a direct toxin 
on the myocardium. Acetaminophen could bind with 
different kinds of proteins in both the liver and cardiac 
tissue resulting in the change of the protein structure 
and function, potentially triggering cytokine release 
and tissue injury[57]. Another explanation; cardiac injury 
resulting in ischemia caused by acetaminophen that can 
deplete sulfhydryl  groups, which interferes with nitric 
oxide production, leading to coronary ischemia. This 
sulfhydryl deficit interferes with endothelium-derived 
vascular relaxing factor leading to functional coronary 
ischemia[58] resulting in myocardial infarction, heart 
failure, and elevated enzyme marker. Excess caffeine 
intake in Panadol extra during pregnancy had been shown 
to increase intracellular calcium levels, renin activity, 
plasma catecholamines, adenylate cyclase and cyclic 
adenosine monophosphate levels inhibiting adenosine 
A1 and A2 receptors; different mechanisms can postulate 
atrial fibrillation (AF) that mediate heart dysfunction, 
and elevated its enzyme markers[59]. Prolonged caffeine 
metabolites potentiate stress-related neuronal changes as 
hyperactivity of intrinsic autonomic ganglia on the heart 
maintains an electrical activation which can initiate and 
maintain AF[60]. Persons possessing a slow metabolic 
profile especially during pregnancy have been shown to 
have a high prevalence of hypertension and myocardial 
infarction and so, elevated cardiac markers[61]. Metabolites 
of caffeine act on specific enzymes in the heart tissues. 
These heart enzymes are concerned the propagating the 
intensity of the heart's contractility, as they produce a 
stimulated action similar to that of adrenaline resulting in 
congestive heart failure[62]. It was found that the enzymes 
that metabolize caffeine metabolites act very slowly during 
pregnancy, allowing higher accumulations in blood and 
tissues so, a higher risk for adverse cardiovascular effects 
in both mother and fetus[63].

Zhao et al., reported that vitamin D3 was linked 
with improvements in cardiac function, so, increasing 
left ventricular ejection fraction and inhibits ventricular 
function restoration[64]. Several studies[65] have shown 
that vitamin D acts as an adverse regulator of the renin-
angiotensin-aldosterone system and moderates myocardial 
extracellular matrix turnover, improving cardiac functions 
supporting the beneficial effects of vitamin D in improving 
cardiovascular diseases. 

Regarding light microscopic examination of H&E 
sections of rat cardiac tissues of the group (II) which their 
mothers were treated with Panadol extra showed many 
histopathological changes as disorganization of cardiac 
cells with wide intercellular spaces in between, necrosis or 
totally degenerated cardiac muscle fibers. Congestion and 
dilatation of blood vessels & capillaries with interstitial 
hemorrhage and edema.  Marked cellular infiltrations 
were common in many sections. Khabazian Zadeh et al., 
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stated that the cardio toxic effect of paracetamol is due to 
a highly reactive metabolite, N-acetyl-p- benzoquinone 
imine could bind with cardiac cell macromolecules 
resulting in disturbance of protein structures and functions 
and releasing oxidative stress that decrease cellular ATP 
resulting in cardiac cell death, necrosis and apoptosis[58]. 
Same results obtained in the liver by Hinson et al who 
stated that a higher rate of oxidative stress caused by 
acetaminophen toxicity due to a higher synthesis of NAPQI 
leads to hepatic cell death, leukocytic infiltration, and 
necrosis. Paracetamol metabolites were found to have a 
sensitized reactions that leads to pericarditis[66,67]. Cr et al., 
and his worker suggested that the pathological characters 
of apoptosis (cell shrinkage, chromatin condensation, 
and margination, and apoptotic body formation) with 
massive necrosis were morphological criteria of toxic 
doses of acetaminophen. These reactive metabolites lead 
to congestive changes caused by the accumulation of red 
blood cells, microvascular injury, and endothelial cell 
damage[68].

Previous research to explain the toxicity of oxidative 
stress in acetaminophen overdose focused on iron mediated 
toxicity. The mediated-iron initiates cellular superoxide 
formation and its fragmentation to form higher hydrogen 
peroxide[69]. This means the reduction of peroxide by ferric 
ions forming a highly reactive hydroxyl free-radical which 
in turn oxidizes the lipids leading to lipid peroxidation as 
well as oxidation of proteins, and nucleic acids, agents cause 
tissue damage, necrosis and interstitial hemorrhage[70,71].

Cover et al., reported that acetaminophen toxicity 
occurred with activation of interstitial macrophages 
increasing both pro-inflammatory and anti-inflammatory 
cytokines. Cytokines have a significant role in inflammation, 
immunity, cell proliferation, and differentiation. Tumor 
necrotic factor (TNF-α) could increase oxidative stress 
through  formation of reactive oxygen species and reactive 
nitrogen species, also, could activate other inflammatory 
cells[72]. Bessems and Vermeulen, and another reported 
that the increased oxidative stress, possibly associated 
with alterations in calcium metabolism, initiation of 
signal transduction responses, mitochondrial permeability 
transition, loss of mitochondrial membrane potential and 
loss of the ability of the mitochondria to synthesize ATP 
which in conjunction with inflammatory events causes 
necrosis[73,74].

Caffeine mediated a cyclic adenosine monophosphate 
activation resulting in elevated levels of cyclic adenosine 
monophosphate, and protein kinase A, which results 
in increasing calcium elimination from the cytoplasm, 
elevated cyclic guanosine monophosphate and stimulation 
of protein kinase G, via nitric oxide, all of them increase 
levels of reactive oxygen species (ROS) causing tissue 
damage, necrosis and mediate inflammatory infiltration[75]. 
High levels of metabolized caffeine toxic metabolites result 
in potent diffuse vasoconstriction of the coronary arterial 
system with decreased myocardial perfusion that would 
lead to cardiovascular complications, such as myocardial 
ischemia and myocardial necrosis[76].

Our histopathological result was changed greatly after 
concomitant protection by vitamin D administration group 
(III) that, the cardiac tissues showed a picture greatly 
resemble the control group. Cardiomyocytes showed flat 
& pale nuclei with pale cytoplasm signifies recovery by 
the action of vitamin D. It is found that vascular smooth 
muscle cells, endothelial cells, and cardiomyocytes, 
expressed vitamin D producing 1α-hydroxylase, which 
converts 25-hydroxy vitamin D to calcitriol, which inhibits 
vascular smooth muscle cell proliferation, regulate the 
renin-angiotensin system, decrease coagulation, and 
exhibit anti-inflammatory properties[77]. Our results were 
in following Han et al., who suggested that vitamin D 
promotes cardiomyocyte proliferation and different ion 
during tissue growth, development, homeostasis, and 
injury-induced regeneration in zebrafish[78]. Vitamin D 
increased embryonic cell proliferation and size as indicated 
by elevated the number of cells with mitotic figures as 
binucleated cells[79].

Cellular infiltration in this group was greatly 
decreased or totally absent, so necrosis and degeneration 
of cardiac cells decreased. This improvement is caused 
by vitamin D which can modify the innate and adaptive 
immune responses. Studies on the tumor cells revealed 
that vitamin D exerts important regulatory effects on the 
key molecular pathways involved in inflammation[80]. 
Several mechanisms explain how vitamin D affects the 
inflammatory microenvironment including modifying the 
interaction between immune and tumor cells controlling 
the levels of cytokines, inhibiting NF-κB signaling 
pathway, up-regulating MKP5, and interfering with the 
prostaglandins pathway and immune cells (macrophages, 
neutrophils, B cells, and T cells)[44,81]. As a result of anti-
inflammatory properties, and vascular smooth muscle cell 
proliferative effect of vitamin D; the picture of congested 
blood capillaries, exudation and interstitial hemorrhage 
were decreased or absent in the group (III). Our results are 
similar to previous results of[82,83].

Regarding results of the examination of sections of 
heart tissues stained with Mallory trichrome stain in this 
study, the cardiac tissues from rats exposed to Panadol extra 
group (II) showed an apparent increase in the amounts of 
the collagen fibers between the cardiac muscle fibers or 
deposited in focal areas and excessively deposited around 
congested blood vessels. Similar findings have been also 
found from Sagor and Mohib[84]. Literature also discovered 
that once there is any necrosis or injury observed inside 
the organ, local fibroblast tissues are activated and secrete 
collagen as well as extracellular matrix[85,86]. Overdose of 
acetaminophen metabolite inhibits mitochondrial oxidative 
phosphorylation that further stops ATP synthesis resulted an 
increase of Ca++ level, decreases mitochondrial membrane 
permeability triggering oxidative stress that further induces 
immune cell infiltration, higher extracellular matrix 
production and cellular damage which finally activate 
fibroblast proliferation, and collagen deposition[87]. 



1064

GRAND EFFECT OF VIT-D ON PANADOL EXTRA

A decreasing amount of collagen fibers to be restricted 
around congested blood vessels or between cardiomyocytes 
in the group (III) denotes the antifibrotic action of vitamin 
D. Artaza and Norris and others reported that; vitamin 
D would increase the expression of specific antifibrotic 
agents that in turn would ameliorate the progression of 
chronic diseases. When vitamin D was added to the culture 
of mesenchymal stem cells; they found that its lower 
expression of TGFB1, and plasminogen activator inhibitor, 
two well-known profibrotic factors. Also, vitamin D 
could decrease expression of collagen I, III and other 
collagens isoforms; and increased expression of several 
antifibrotic factors such as TGFB1 antagonist, MMP8 a 
collagen breakdown inducer and follistatin, an inhibitor 
of the profibrotic factor myostatin resulting in decreasing 
profibrotic signaling pathway, and gene expression, so, 
decrease the collagen deposition[88]. Recent studies indicate 
that calcitriol induces anti-fibrotic hepatocyte growth 
factor expression, which in turn blocks the myofibroblast 
activation and matrix production in interstitial fibroblasts[89]. 
Furthermore, in vivo and in vitro studies demonstrate that 
active vitamin D effectively blocks tubular epithelial to 
mesenchymal transition (EMT), which plays a central role 
in the development of interstitial fibrosis[90]. The active 
vitamin D can prevent TGFβ1-mediated biochemical 
and functional pro-fibrotic changes in primary cardiac 
fibroblasts. A reverse relationship between vitamin D 
status and cardiac fibrosis in end stage heart failure support 
an inhibitory role for vitamin D in cardiac fibrosis[91].

Three types of α-muscle actin are consecutively 
expressed during in vivo cardiac development; α-Smooth 
muscle actin is the first and briefly expressed, followed by 
α-skeletal and finally α-cardiac actin[92]. α -SMA marks the 
onset of cardiomyocyte differentiation, and as development 
continues, it is sequentially replaced by α-SKA and α-CAA 
isoforms. α-muscle actin isoform is expressed initially 
from the beginning of development at day 8 (E.8), elevated 
at E.13, then greatly decreased or approximately absent at                                                                                                                       
day 17[93]. We use α-smooth muscles actin immune-staining 
as a marker of cardiac differentiation and development in 
this study. The cardiac tissues from rats of the group (II) 
which were exposed to Panadol extra showed strong positive 
immunoreaction either in the endomysial & perimysium 
connective tissues or in the walls of dilated blood vessels 
small capillary. As noticed previously from results of H&E 
and Mallory stains of this group which showed that, the 
paracetamol toxicity leads to inflammations, necrosis & 
degeneration of cardiomyocytes with excess collagen 
release and extracellular matrix and other effects caused 
by paracetamol and caffeine toxic metabolites and their 
free radicals in heart tissues would lead to undifferentiating 
cardiomyocytes at this stage and impaired development & 
turnover to mature cardiomyocytes resulting in the strong 
positive expression of α-smooth muscles actin immune-
staining and increase of its percent by morphometric 
measuring of this group. Our results are in accordance 
with previous results of Thiele et al. who found delayed 
development to most organs of the rats after prenatal 

acetaminophen exposure and elevated α-smooth muscles 
actin in skeletal and cardiac muscles[94] and with Ninh                 
et al., who noticed a high expression of α-smooth muscles 
actin in heart tissues after prenatal alcohol exposure[95]. 

The cardiac tissues from rats of the protective group 
(III) by vitamin D showed a decrease in the amount of 
positivity of immunoreaction to be restrictive around large 
blood vessels, in the wall of small capillary and little in 
the endomysial & perimysial connective tissues. Also, 
the percent of positive expression of α - SM was greatly 
decreased by morphometric measuring of this study due 
to antifibrotic, proliferative, and anti-inflammatory actions 
of vitamin D resulting in differentiation and processing of 
development of cardiomyocytes. Vitamin D is associated 
with cardiovascular health through activating its receptor 
that targets genes related to cardiovascular disease. 
Vitamin D deficiency is also linked to fibrosis and immune 
T-cell activation. Besides, vitamin D prevents liver fibrosis 
by interfering with fibrosis markers TGF-β1, collagen I, 
and α-SMA[96,97]. Results of Hlaing et al., indicate that 
vitamin D supplementation could prevent and/or improve 
cardiovascular disorders that are linked with abnormal 
cardiac differentiation and there was a good relationship 
between vitamin D status and cardiac development[98].

Regarding the morphometric results of this study, we 
measure the degree of cardiac enlargement by identifying 
the size and width of cardiomyocytes in a cross‑sectional 
area. Our data showed that the cardiomyocyte size and 
so the cardiomyocyte cross‑sectional area was a highly 
significant increase in Panadol extra exposed rats (group 
II) compared to other groups but these measures were 
greatly improved after concomitant administration of 
vitamin D. This increase in cardiomyocyte size is due to 
the effect of both paracetamol and caffeine toxicity, both 
paracetamol and caffeine metabolites and their ROS free 
radicals that lead to vasoconstriction, hypoxia, increased 
blood pressure \ volume and overloaded heart resulting in 
its enlargement[99,100]. Stress and inflammation caused by 
excess paracetamol and caffeine metabolites are another 
mechanisms for cardiac enlargement[101].

When measuring the percent of binucleated 
cardiomyocyte as an indicator for cardiomyocyte 
proliferation in this study; we found that the group that 
was received extra panadol (group II), showed a significant 
decrease in the percent of the binucleated cardiomyocyte. 
It is well known that several factors such as hypoxia, 
glucocorticoids, hypertension, and hypertrophic stimuli 
increase the degree of cardiomyocyte multinucleation or 
regeneration[102]. As previously noted, all these factors 
resulted from toxic metabolites and ROS activity of 
both acetaminophen and caffeine overdose. Jin and Park 
revealed in their vitro study that acetaminophen was toxic 
to cardiomyocytes, and many critical genes responsible 
for cardiomyocytes proliferation were affected. Mainly 
caused by oxidative stress, DNA damage, and apoptosis. 
Suppressed genes included those associated with cell 
proliferation, myocardial contraction, and cell shape 
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control[57]. Also, caffeine-induced apoptosis through 
p53, Bax, and caspase-3 activation  polymerase cleavage 
responsible for the proliferation of many cell types as 
brain and heart[103]. But when concomitant administration 
of vitamin D, it increases the proliferative capacity of 
the injured cardiomyocytes leading to a high significant 
increase in the percent of the binucleated cardiomyocyte. 
Yao et al., demonstrate in their study that the vitamin D 
receptor is the original endogenous self-defensive and 
cardioprotective receptor against cardiac damage,  through 
lowering oxidative stress, and inhibiting apoptosis and 
autophagy dysfunction-mediated cell death[104]. The 
previous study demonstrates that the vitamin D receptors 
signaling system has direct on the heart tissues that can 
suppress the pro-hypertrophic calcineurin/NFAT/MCIP 
1 pathway identifying its anti-hypertrophic activity 
demonstrating the useful effects of vitamin D in the 
cardiovascular system[105].

The area percentage of the interstitial collagen fibers 
deposition in this work was greatly increased in the group 
that exposed to extra Panadol alone but after concomitant 
administration of vitamin D, the percent of interstitial 
collagen fibers were significantly decreased. The interstitial 
collagen fibers deposition developed in the group of Panadol 
extra in response to a loss of cardiomyocytes as previously 
confirmed in our histopathological results. It is considered 
to be reparative fibrosis which stimulated by myocyte 
necrosis which was resulted from injury and cell death 
caused by acetaminophen and caffeine metabolites[106]. 
Same results of collagen deposition and fibrosis were 
noticed in liver tissues after long-term acetaminophen 
treatment in mice[107]. After vitamin D administration in the 
group (III); the percentage was significantly decreased due 
to proliferative, anti-inflammatory, and anti-fibrotic effect 
of vitamin D. The antifibrotic effects of various vitamin D 
analogs in vitro and its probability for the treatment of liver 
fibrosis[108].

It could be concluded that prolonged and excessive 
maternal use of Panadol extra greatly affects the heart 
development as noticed from disturbance of the biochemical 
marker, histopathological changes, and morphometric 
abnormalities which greatly improved after concomitant 
administration of vitamin D. According to the result of this 
study, it is essential to survey the effect of Panadol extra on 
the fetus during pregnancy and the recommendation for the 
necessary use of vitamin D.
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الملخص العربى

تأثير تعرض الأم لبانادول اكسترا على القلب الجنيني لنسل الجرذ البيضاء والتأثير 
الوقائي المحتمل لفيتامين د

شيماء عنتر فريد1 وشيماء محمد حسن2 

1قسم التشريح والاجنة - كلية الطب - جامعة قناة السويس

2قسم علم الانسجة - كلية الطب - جامعة المنوفية

المقدمة: قد يؤدى الاستخدام المفرط للباراسيتامول مع الكافيين في البانادول اكسترا أثناء الحمل الى خطر الإجهاض 
التلقائي أو تغيرات مورفولوجية فى مختلف أعضاء الجنين خاصة منها القلب لانة اول عضو يتكون فى المراحل الاولى. 
وقد وجد ان يحفز فيتامين د لة وظائف متعددة غير تاثيرة على العظام مثل تكاثر خلايا عضلة القلب كما انة يحمي من 

الإصابة بالامراض المتعددة.
الهدف من العمل: التحقيق في تأثير تعرض الأمهات لجرعات كبيرة من بانادول إكسترا على القلوب الجنينية لنسل 

الفئران البيضاء والتأثيرات الوقائية المحتملة لفيتامين د
المواد والطرق: تضمن البحث خمسة وأربعون جرذاً ؛ تم استخدام 30 أنثى بالغة و 15 ذكرًا وتمت عملية التزواج. تم 
تقسيم الجرذان الحوامل إلى المجموعة الأولى كمجموعة ضابطة ولم تتعرض الى اى نوع من العلاج ، اما المجموعة 
الثانية )بانادول إكسترا فقط( فقد تلقت الجرعة اليومية القصوى )4000 مجم باراسيتامول / 520 مجم\ كافيين \ يوميا. 
بالنسبة للمجموعة الثالثة فقد تلقت الجرعة المذكورة سابقاً من بانادول إكسترا مع فيتامين د بجرعة 400 وحدة دولية 
/ كجم / يوم. تم إعطاء جميع العلاجات بالتطعيم الفموي من اليوم الأول للحمل حتى اليوم 19. تم التضحية بالفئران 
الحامل من جميع المجموعات في اليوم التاسع عشر من الحمل وتم استخلاص صغارها ووزنها ثم التضحية بها. تم 
أخذ عينات الدم للتقييم البيوكيميائي. وايضا تم اخذ عينات من الخلايا النسيجى لعضلة القلب وصبغها باستخدام صبفغة 
الايوسين, والمالورى والصبغة الهيستوكيمائية لمعادل الفا فى خلايا عضلة القلب وذلك للفحص الهيستولوجى. كما تم 

عمل احصائية مورفومترية. 
النتائج: أظهرت المجموعة الثانية تغيرات في غازات الدم مثل تغيرات في غازات الدم مثل التغير معدل لاقلوية الدم 
وانخفاض نسبة الاوكسجين وارتفاع نسبة ثانى اكسيد الكربون وارتفاع نسبة الهون عالية الاكسدة فى الدم. ايضا كانت 
هناك تغيرات نسيجية مرضية مختلفة مثل تلف خلايا عضلة القلب مع وجود خلايا التهاب مع زيادة التليف بواسطة 
صبغة مالوري.و أظهرت النتائج المورفومترية تضخم خلايا القلب وانخفاض تكاثرها ونضجها. ولكن وجد تحسن فى 

كل هذه النتائج بشكل كبير في المجموعة )الثالثة( عند تناول فيتامين د في مجموعة الحماية الأخيرة.
الخلاصة: إن استخدام الأم للبانادول اكسترا بشكل مفرط ولفترات طويلة يؤثر بشكل كبير على نمو القلب. ووجد ان 

فيتامين )د( له تأثير محتمل على تجديد القلب وتطوره.


