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Abstract:  
Background: Soft drinks are currently the most popular type of beverage worldwide, with many people drinking 

them on a daily basis. Several studies have linked severe health consequences to the excessive consumption of 

soft drinks. Thus, this study aims to determine the effects of soft drink on the degree of DNA fragmentation in the 
placenta tissue, disturbances of biochemical parameters in pregnant albino rats, and changes in fetuses' skeletal 

and morphological examination. 

Materials and Methods: Eighteen female rats, - weighing from 180g to 220 g -, were divided into three groups; 

(Group 1) was taken 1 ml/kg body weight of soft drink, (Group 2) was taken 2 ml/ kg body weight of soft drink, 

and finally; (Group 3) -control group- was taken distilled water. The period of soft drink intake was 15 days: 

from the 5th to the 19th day of gestation. 

Results: The study observed a significant increase of comet percent, tail length, percent DNA in tail and tail 

moment of placenta of both treated groups compared with control. Significant increase of serum glucose, ALT, 

AST, Creatinine, Total cholesterol and triglycerides of both treated groups compared with control. Also, a 

significant decrease in uterus weight, fetus weight, the number of viable fetuses and implant of group 2 was 

noticed. The skeletal examination, observed reduction of the ossification degree of the sternum, represented 
curved, rudimentary and costal ribs of both treated groups, incomplete ossification of all phalanges, 

metacarpals and metatarsals of group 2.  

Conclusion: The study concludes that the consumption of soft drinks during pregnancy could cause significant 

effects in pregnant rats and their offspring.  
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I. Introduction  
 The intake of all types of drinks increases with the advent of modern life, but the intake of cola drinks 

increases much more than any other drink1. Most soft drinks are made up of water, caffeine, sugar in the form of 

sucrose, phosphoric acid, and other chemicals in the form of flavors, preservatives and coloring agents2. 

Caffeine is known to increase liver enzymes, triacyl glycerol and free fatty acids and is known to produce 

hyperlipidemia
3
. The association between caffeine consumption and female fertility has been extensively 

investigated, with inconsistent results. Most studies have been retrospective, evaluating caffeine intake relative 

to pregnancy in women who are already pregnant. They have shown either decreased fertility or little 

association with fertility4. Soft drinks have become one of the critical harms with their increased consumption5. 
Soft drinks intake can be a sign of a bad diet because they can take the place of more healthy foods like milk and 

fresh fruit, as well as nutrients like fiber6. The consumption of soft drinks is a reflection of an unhealthy 

lifestyle7, 8. Cola drinks cause a greater decrease in bone density than other soft drinks1. Chronic soft drink 

consumption can increase blood pressure, as well as increase the risk of kidney disease, gout, and the 

development of coronary heart disease 9, 10. There is a link between excessive consumption of soft drinks and 

dental disease11. 

Although the association between soft drinks and the public health was reported before, there is limited 

data on the association between soft drinks and pregnant females and fetuses. The aim of this study was to 

determine the possible effects of soft drinks on pregnant females and their fetuses. 
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II. Material And Methods  
A mature females and males wistar albino rats were took from the animal house of the National 

Organization for Drug Control and Research (NODCAR), their weight was oscillated between (180 – 220 g). 

Eighteen female rats were separated into three groups, each involving six animals.  
Animals and trial Groups 

 Group 1: Rats were treated with 1 ml/kg body weight of orally administered soda, which is the equivalent dose 

for humans. (Human equivalent dose 355 ml/70kg body weight therefore, dose for rat= 1ml/200g body weight 
according to12. 

Group 2: Rats were treated with 2 ml/kg body weight of orally administered soda which is the overdose for 

humans. (Human over dose 710 ml/70kg body weight therefore, dose for rat= 2ml/200g body weight) 

Group 3: Control rats taken oral distilled water. 

Study Location: at the animal house of Faculty of Science, Cairo University. They were housed in polyethylene 

cages (65×25×15 cm), with floors strewn with sawdust under light (12 h light & 12 h dark), temperature (20-23 

°c) and humidity (40-50 %) conditions with the access for the needed to food and water, and all animals were 

placed in their housing cages for one week to adapt to experimental conditions.  

Study Duration: The soft drink was given for 15 days during the 5th day to the 19th day of gestation.  

Anesthetic overdose with Sodium pentobarbital (at least 100 mg/kg body weight) is a method of euthanasia. The 

experiment was done under guideline of Cairo University, Faculty of science Institutional Animal Care and Use 

Committee (IACUC) (Egypt) with approval number (CU/I/F/10/20). 
Sample size: 18 Female Albino rats. 

Sample size calculation: Determine the sample size depend on fetal weight. 

 

Mating process 

           Male and female rats were housed for mating as the follow two females were chosen and caged with one 

male for a night. The following morning, vaginal smears were taken from female rats and tested. Using a pipette 

top, a small amount of saline was flushed into the rat's vaginal hole; then dropping into slide two drops of the 

resulting vaginal fluid contained cell suspension and covered with 0.1 % of methylene blue. When the smears 

had been dried, they were examined under a microscope using (100x) magnification. Hence, gestation day 0 was 

determined by the presence of sperm in the tested vaginal smears13. 

 

Soft drink 

         The used soft drink “Pepsi Cola” was obtained from a public market; highlighting the fact that this used 

brand is one of the most sold and popular brands around the world. 

 

Comet assay analysis 

           Comet assay was developed by14. Generally, 50 to 100 cells were randomly selected then every sample 

was evaluated. Komet 5 image analysis software developed by Kinetic Imaging Ltd. (Liverpool, UK) attached 

to a charge coupled device (CCD) camera, was used to measure the quantitative and qualitative extent of DNA 

damage in the cells. Tail length (μm) is the distance of DNA migration from the center of the nuclear core's 

body and is used to determine the extent of DNA damage. The tail moment is the product of the tail length and 

the fraction of total DNA in the tail. Image analysis software was used to measure both the tail length and tail 
moment automatically. 

 

Biochemical analysis 

           Blood samples were collected on plain tubes, allowed to be coagulated, and centrifuged at 4000 r.p.m for 

10 minutes. Serums were segregated and stored at −20◦C. The biochemical parameters were determined by 

using colorimetric methods. 

Serum glucose was estimated according to the method described by15. Alanine Amino Transferase (ALT) 

determined according to16, Aspartate Amino Transferase (AST)17, Creatinine18, Total Cholesterol 19, 

Triglycerides 20. 

 

Morphological examination of the uteri and fetuses 

           On the 20th day of pregnancy, pregnant females were sacrificed. A laparotomy was performed with 
exposure to the uterine horn. The uterus was removed, weighed then, opened from each female using a scissors, 

followed by separated fetuses. The numbers of implantation sites and live, dead and resorbed fetuses were 

calculated. The percentages were calculated for post-implantation loss and corrected weight gain. The live 

fetuses were dried on a filter paper, weighed, measured (crown-rump length) and scanned for external 

morphological abnormalities. 
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Skeletal Examination 

            For 10 days, the fetuses were skinned, eviscerated, then fixed in 95 % ethyl alcohol and put into a pure 

acetone solution to extract the fats. Alcian blue (300 mg in 100 ml 70 % ethanol) and alizarin red S (100 mg in 
100 ml 95 % ethanol) stains (1 volume alcian blue, 1 volume alizarin red S, 1 volume glacial acetic acid and 17 

volume 70 % ethyl alcohol) were stained for 4 days at 40º C. Then, they were then washed with tap water for a 

couple of hours. In the clearing process, fetuses were put in 2% aqueous KOH solution (2 g KOH in 100 ml 

distilled water) for 3 days, then in aqueous solution of 20% glycerin containing 1% KOH until the skeleton was 

clearly visible through the surrounding tissue. The cleaned fetuses were placed successively, for 7 days at each 

step, with 50%, 80% and 100% glycerin solution. The cartilage portions were blue, while the bones were red. 

Using the dissecting binocular microscope, the stained skeletons were examined to determine the skeletal 

malformation, such as the degree of bone ossification, the number and shape of different sections of the bone21. 

 

Statistical analysis  

All the values were obtainable as means ± standard Deviation of the means (S.D.M). Comparison 
between more than two different groups was carried out using the one-way analysis of variance (ANOVA). Post 

hoc testing was performed for intergroup comparisons using the Duncan test, and a P value <0.05 was 

considered significant.  

 

III. Result  
Comet assay of DNA 
The results of comet assay parameters of placenta tissue at 19th of gestation day were presented in (Table 1, 

Figure 1). 

There was significant increase of comet percent, Tail Length, percent DNA in tail and Tail Moment in the both 
of treated groups (group 1 & 2) compared with the control group (group 3). In addition to, a significant increase 

of group 2 compared to group 1 in all this parameter. 

 

Table no 1: Shows comet assay parameters of placenta tissue for different studied groups. 

 

 

 

 

 

 

Group 1: treated 1 ml/kg body weight, Group 2: treated 2 ml/kg body weight and Group 3: control group 

 Values are expressed as Mean ± SDM. The statistical differences were analyzed by ANOVA test. a= P < 0.05 
compared with control and b= P < 0.05 compared with treated. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Shows Effect of soft drink on comet assay of different studies groups 

A: Group 3 (control Group), B&C: (treated group). 

 

Biochemical analysis 

Soft drinks intake was found to cause biochemical alterations (Table 2). There was significant increase of serum 

glucose level, liver enzymes activity (ALT and AST), serum creatinine and lipid profile (total cholesterol level 

and Triglycerides) of both treated groups (group 1 & 2) compared with control group (group 3). There was a 

significant increase of group 2 compared to group 1 in all this parameter except glucose. 

 

 
 

Item Group 1 Group 2 Group 3 

Comet % 14.46±1.27
a,b 

21.78±1.95
a,b 

8.43±0.91 

Tail Length(µm) 7.01±0.87
a,b 

8.22±1.25
a,b 

3.26±0.66 

% DNA in Tail 9.40±0.59
a,b 

11.94±0.36
a,b 

7.11±0.44 

Tail Moment 0.91±0.11
a,b 

1.50±0.29
a,b 

0.26±0.04 

A B 

C 
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Table no2: Shows Biochemical values of the blood samples (mean ± S.D.). 

  

 
 

 

 

 

 

 

 

 

Group 1: treated 1 ml/kg body weight, Group 2: treated 2 ml/kg body weight and Group 3: control group 

 Values are expressed as Mean ± SDM. The statistical differences were analyzed by ANOVA test. a= P < 0.05 

compared with control and b= P < 0.05 compared with treated. 

 

Effect of soft drink on pregnant females of albino rats 

The pregnant rats of the both treated groups during gestational period (5th - 19th day) revealed no 

external symptoms of toxicity. No mortality cases were recorded, and no dead cases were round during the 

experimental duration. The uterus from control group revealed normal distribution of the implanted fetuses 

between the two horns (Figure 2) while the uterus of pregnant rats of both groups which were treated with Soda 

showed asymmetrical distribution of fetuses in the two uteri horn (Figure 3), Also a decrease in uterus weight of 

both treated groups compared to the control group was highlighted. Also there is significant (P < 0.05) of group 

2 when compared with group 1 and group 3 (control group) (Table 3). Pregnant rats of all groups showed no 

post-implantation loss index. 

 

Effect on fetus 
There was a significant reduction in fetal body weight and in the number of a live fetus of group 2 with 

(P< 0.05) when compared with the group 3 (control group) and treated group 1 (Table 3). The fetuses of the 

control mothers have normal morphology, normal body weight, and the malformations found in fetuses of both 

treated groups are summarized in hematoma (red patches at different parts of the body) there was a significant 

elevation of hematoma after soda intake as compared with the control group (Table 3, Figure 4). 

 

Table no 3: Shows Effect of soft drink on pregnancy outcomes and on fetal morphological abnormalities. 

  
 

 

 

 

 

 

 

 
 

 

Group 1: treated 1 ml/kg body weight, Group 2: treated 2 ml/kg body weight and Group 3: control group 

Values are expressed as Mean ± SDM. The statistical differences were analyzed by ANOVA test. a= P < 0.05 

compared with control and b= P < 0.05 compared with treated 

 

 

 

Parameter Group 1 Group 2 Group 3 

Glucose (mg/dl) 190±19.9
a 

202.3±14.08
a 

142.5±7.71 

ALT (IU/L) 98.66±9.30
a,b

 141.5±18.08
a,b

 67.1±8.88 

AST (IU/L) 358.83±37.44
a,b

 704.16±74.93
a,b

 201.8±32.76 

Creatinine (mg/dl) 1±0.11
a,b

 1.6±0.07
a,b

 0.6±0.08 

Total Cholesterol (mg/dl) 84.50±4.5
a,b

 108.1±11.1
a,b

 74.1±5.1 

Triglycerides (mg/dl) 690.8±99.1
a,b

 938.6±167.4
a,b

 324.1±29.43 

Group 3 Group 2 Group 1 Parameter 

50.88 ± 4.91 23.69 ± 10.93a,b 43.67 ± 6.27b Uterus Weight  (g) 

3.6±0.38 2.3±0.11a,b 3.64±0.33b Fetus weight (g) 

9.83±1.16 5.6±2.5a,b 8.0±0.89b No. of viable fetuses 

9.83±1.16 5.6±2.5a,b 8.0±0.89b No. of implant 

0 (0) 0 (0) 0 (0) No. of dead fetus 

0 (0) 0 (0) 0 (0) No. of resorbed 

0.3±0.8 2.6±0.81a 2.5±0.54a Hematoma 
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Figure 2: Shows Normal symmetrical distribution of fetuses in the two uteri horns. V= Vagina, P= placenta, F= 

fetuses. 

 

 
Figure 3: Shows Asymmetrical distribution of fetuses in the two uteri horn of both treated groups. 

 

 
Figure 4: Shows Hematoma of the both treated groups. 

 

Skeletal anomalies 

Generally, the fetal skeletal system consists of two main parts; the axial and the appendicular skeleton. 

The axial skeleton contains the bones of skull, vertebral column, ribs and sternum. The appendicular skeleton 

comprises the bones of pectoral, pelvic girdles and fore, hind limbs. The vertebral column of the examined 

fetuses from the mother of both treated groups with soft drink showed complete ossified degree in all vertebrae. 

There were signs of skeletal anomalies in sternum, in fetuses of treated group of 1 ml/kg body weight (group 1) 

the sternum showed incomplete ossified (10/48) (20.8%) and treated group of 2 ml/kg body weight (group 2) 

showed lack of ossified degree (5/34) (14.7%) and incomplete ossified of sternum (21/34) (61.7%), (Figure 5). 

In fetuses of treated group of 1 ml/kg body weight (group 1) the ribs anomalies represented in the curved ribs 
(16/48) (16.6%) and rudimentary (16/48) (16.6%), and treated group of 2 ml/kg body weight (group 2) the ribs 

anomalies represented in curved rib (26/34) (38.23%), rudimentary (8/34) (11.7%) and costal separation (4/34) 

(5.8%), (Figure 6).The pectoral girdle and fore limb of fetuses maternally treated with 2 ml/kg body weight of 

soda (group 2) showing incomplete ossification of all metacarpals (68/68) (100%), (Figure 7). The pelvic girdle 

and hind limb of fetuses maternally treated with 2 ml/kg body weight of soda (group 2) showing incomplete 

ossified degree in metatarsals (60/68) (88.2%) and lack of ossified degree in all metatarsals (4/68) (11.7%), 

(Figure 8). 
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Figure 5: Shows Effect of soft drink on fetal skeletal system (sternum) at 19th gestation day 

A: Group 3 (control Group), B: Group 1 (treated 1 ml/kg body weight) incomplete ossified (arrow) and C: 

Group 2 (treated 2 ml/kg body weight) incomplete ossified (arrow) and lack of ossified degree (head arrow). 

 

 
Figure 6: Shows Effect of soft drink on fetal skeletal system (ribs) at 19th gestation day 

A: normal ribs, B: wavy rib (arrow) and C: costal separation (line). 

 

 
Figure 7: Shows Effect of soft drink on fetal skeletal system (pectoral girdles and forelimbs) at 19th gestation 

day 

 
A: Group 3 (control Group), B: Group 1 (treated 1 ml/kg body weight) and C: Group 2 (treated 2 ml/kg body 

weight) incomplete ossification in all metacarpals (arrow) and phalanges (head arrow). 
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Figure 8: Shows Effect of soft drink on fetal skeletal system (pelvic girdles and hind limbs) at 19th gestation 

day 

 

A: Group 3 (control Group), B: Group 1 (treated 1 ml/kg body weight) and C: Group 2 (treated 2 ml/kg body 

weight) incomplete and lack ossification in all metatarsals (arrow) and phalanges (head arrow). 

   

IV. Discussion  
Soft drink consumption has increased significantly in the recent decades, and their industry has 

continued to expand steadily7, 22. High level of caffeine consumption during pregnancy has been linked to 

miscarriage, low birth weight, growth restriction, stillbirth, and an increased risk of health problems later in 
life23, 24. 

Despite placenta being a transitory organ during pregnancy, it plays an important role in fetal growth. It 

is a multifunctional organ that serves as the liver, endocrine and exocrine glands, lung, kidney, and gut. It is the 

contact between the dam and the developing fetus25. 

The comet assay (also known as Single Cell Gel Electrophoresis, SCGE) is used to identify potential 

DNA damage after certain treatments. By monitoring the migration of DNA from immobilized nuclear 

chromatin, it detects DNA strand breaks and alkali-labile spots. 

In the current study, DNA damage in the cell of placenta was assessed by comet assay. There was 

significant increase of comet percent, tail length, percent DNA in tail and tail moment of placenta of the both 

treated groups compared with control group. 

Migration length is considered directly connected to the size of the fragment and proportional to the 
single-stranded breaks and alkalilabile sites26. 

This result agrees with previous results, that massive structural and numerical chromosomal 

abnormalities were reported together with a very large rise in the DNA fragmentation percentage in pregnant 

women's rats and their offspring at dose of around 50 mg/day when maternal aspartame was exposed. These 

findings were linked to the accumulation of Aspartame-derived methanol and metabolite formaldehyde adducts 

which exerted cytotoxicity through functional changes in proteins and DNA mutations leading to cell death or 

malignancy. Furthermore, as previously observed in rats that consume up to 1000 mg/kg/day, oxidative stress 

generated by aspartame metabolite can trigger nuclear damage27, 28. 

The presented study showed significant increase in biochemical parameters of both treated groups 

when compared with the control group. This is in line with many other studies that have discovered significant 

biochemical effects of soft drink consumption3. 
In the present study observed significant increase of serum glucose level, liver enzyme (ALT and 

AST), creatinine and lipid profile (Total cholesterol and Triglycerides) in the both treated groups as compared to 

control group was observed. There was a significant increase of group 2 (treated 2 ml/kg body weight) 

compared to group 1 (treated 1 ml/kg body weight) in all this parameter except glucose. 

The glucose/fructose concentration of daily Coca-Cola is relatively high. Sugar is replaced with 

artificial sweeteners such as acesulfame K, aspartame, and cyclamate in Coca-Cola caffeine-free, light, and 

zero29. Chronically elevated glucose/fructose consumption may contribute to insulin resistance and, as a result, 

high blood sugar levels, which can lead to glucotoxicity30. 

Soft drinks can have an impact on the liver due to overconsumption, resulting in liver damage and 

increased ALT activity31. Eating fast food or drinking sugar-sweetened drinks raises the risk of elevated ALT32. 

Elevated liver enzymes and liver diseases are linked to high glycemic index carbohydrates in energy-dense 

unhealthy foods, as well as high amounts of sweeteners like sucrose and fructose in soft drinks and sweet snacks 
33, 34. Fructose consumption can promote de novo lipogenesis while inhibiting mitochondrial beta-oxidation of 

fats, resulting in increased liver fat content and elevated liver enzyme levels
35

.  
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Increases in uric acid and creatinine levels in the blood are commonly linked to impaired kidney 

function 36. Caffeine caused increases in urea, uric acid, and creatinine by inhibiting A2A adenosine receptors, 

leading to interstitial inflammation, increased proteinuria, and harmful changes in renal function and structure37. 
Caffeine itself is not the only contributor to the reported kidney injury, as no cases of renal injury have been 

reported after drinking coffee 
38

. 

Soft drinks induce a significant increase in cholesterol and triglyceride levels in rats, indicating that 

they can cause severe cardiovascular issues 10. Soft drinks also have a dietary trend that includes higher trans 

and saturated fat and calorie intake, as well as lower fiber and dairy product consumption 39. High fructose 

intake is often associated with extremely high triglyceride levels in the bloodstream 40. 

The present study showed a significant reduction of the fetuses’ body weight in group 2 (treated 2 

ml/kg body weight) compared to group 1 (treated 1 ml/kg body weight) and group 3 (control group), it also 

observed other morphological malformations such as hematoma in fetus of the two treated group compared with 

control group, on the other hand, the study found decreased the number of implants and viable fetuses of the 

treated groups compared to the control group so its effect on uterus weight. This may be due to the ability of 
soda to transfer across the placenta and affect the fetuses, indicating that the fetuses aren't getting enough 

nutrients. 

Other studies have shown that excessive caffeine intake during pregnancy causes delayed conception 

and reduced maternal body weight gain, as well as increasing the risk of intrauterine growth retardation (IUGR) 

and fetus resorption 41. Caffeine consumption before and during pregnancy has been shown to have adverse 

impact on reproductive function and fetal growth in rodents 
42

. 

The present study was suitable for the study of skeletal malformation because of the high prevalence of 

skeletal malformation in the soft drink treated population. The types of skeletal anomalies that could be studied 

were the ossification degree of variety of bones of the sternum, fore, hind limbs was reduced in the animals of 

the both treated groups and curved and rudimentary ribs were observed. These results indicate that this may be 

due to the fact that decreased fetal weight has an effect on the development of the skeleton. 

These results agree with other studies that, in most cases a reduction in weight is associated with a 
significant inhibition of skeletal growth 43. A test compound may reduce the weight of the fetus by effects on 

maternal dietary intake, maternal physiology, or possibly direct effects on the fetus. Recovering body weight 

from offspring to control levels after delivery is common, and normal ossification is expected under these 

circumstances 44. Caffeine induces delayed ossification of the fetal sternum and distal limb bones in rats at doses 

up to 80 mg/kg/day, but no malformations or maternal toxicity at these dose levels 45. 

Wavy ribs have been classified as variations, fetal aberrations, or reversible pathologic findings rather 

than true malformations in rodent studies, unless they are extremely serious. Several studies have shown that 

wavy ribs can be reversed within a few days or weeks of birth 46. 

 

V. Conclusion 

The use of soft drinks during pregnancy could cause harmful effects to pregnant rats and their offspring 

as evidenced by the increase of DNA fragmentation of the placenta tissue and increase serum glucose level, 

liver enzyme (ALT and AST), creatinine and lipid profile (Total cholesterol and Triglycerides) and reduction of 

fetal weight and fetal skeletal anomalies. It was also concluded that the effects of soft drinks are dose dependent. 

This study is likely to be generalized to larger animals, different species of animals’ models and even to human 

beings. 
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