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Abstract

Purpose
This study investigated the effect of Acesulfame-K administration during pregnancy on spermatogenesis.

Methods
Four groups of rats were intraperitoneally injected with Ace-K in doses of 50, 100, 200 and 400mg/kg body weight during
pregnancy. After lactation, the newborn male rats were divided into the "treated group" which received Ace-K as their
mothers had and the "untreated group" which reached puberty naturally. Blood samples were collected and LH, FSH, and
testosterone levels were measured. Sperm density, morphology, and motility were evaluated. The histopathology of the
testes tissue, weight changes and testis weight to body weight ratios were examined.

Results
Testosterone had signi�cantly increased in the "treated group" in the 50, 200, 400mg doses. FSH signi�cantly decreased
in the "treated group" in the 50, 100mg, and in the "untreated group" in the 50, 200, 400mg doses. Neonatal weight gain up
to puberty was signi�cantly higher in the "treated group" in the 50, 200mg doses. There was a signi�cant difference in the
weight gain of the pregnant rats in the 200mg dose. A signi�cant difference in the percentage of abnormal sperm was
observed in both groups in the 50mg dose. A signi�cant decrease in sperm motility was observed in the "treated group"
with 200 and 400mg doses, and signi�cant increase was seen in the "treated group" with the 50 and 100mg doses and
the "untreated group" with the 400mg dose. The results show no signi�cant difference in other measurements.

Conclusion
In this study, changes in hormone levels and spermatogenesis did not necessarily indicate any negative effects of Ace-K
on fertility.

1. Introduction
Today consumers prefer low-calorie foods and beverages in order to experience good-tasting sweet food and beverages
that are safe for the teeth and lower in calorie content; diabetics and obese people can also use these foods (Kroger et al.
2006). Acesulfame Potassium (also known as Acesulfame-K or Ace-K) was discovered in 1967 by the German chemist
Karl Clauss while working in the lab (Clauss and Jensen 1973). Acesulfame-K is marketed under the brand names Sunett
and Sweet One. It is used in a wide range of foods and beverages including, baked goods, chewing gum, sweets, jams and
a variety of canned products (Jain and Grover 2015). Acesulfame-K is one of the most potent sweeteners with the
molecular formula C4H4KNO4S. A study investigated rats’ exposure to Acesulfame-K during pregnancy or the lactation
period and results showed its transmission through breast milk (Rother et al. 2018; Zhang et al. 2011) or amniotic �uid.
Previous studies also found that Acesulfame-K has a genotoxic effect (Mukherjee and Chakrabarti 1997; Bandyopadhyay
et al. 2008). In a study on pregnant women, results showed that intake of arti�cially sweetened was associated with
increased risk of preterm delivery (Halldorsson et al. 2010; Englund-Ögge et al. 2012). A study showed positive
association between the intake of arti�cially-sweetened beverages during pregnancy and child asthma and allergic rhinitis
(Maslova et al. 2013). In a study, the effect of long-term Ace-K intake on cognitive functioning under dietary restriction
showed that Ace-k can affect the cognitive function via reducing cortical glucose levels (Ibi et al. 2018). Another study
showed that extended Ace-K exposure in normal mice had a moderate in�uence on metabolic homeostasis, mitochondrial
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bioenergetics in neuronal-like cells and hippocampal neurons (Cong et al. 2013). Given that there is little research on the
effect of Acesulfame-K on children and pregnant women, this study aimed to investigate the effect of intraperitoneal
administration of Acesulfame-K during pregnancy and after lactation on spermatogenesis in male rat offspring.

2. Materials And Methods

2.1. Animals
Thirty adult female rats with a mean body weight of 160 gr were used in this experimental study. They were maintained at
a controlled temperature of 21–23°C with a 12 hour light-dark cycle for 2 weeks. They were fed diets containing almost all
of the essential nutrients and vitamins needed for their body and had access to adequate water. After two weeks, they
were randomly divided into 5 groups and two male rats were put in each cage. After observing the vaginal plug, the males
were removed from the cages, that day being considered as the �rst day of pregnancy for the females. Groups 1, 2, 3 and
4 were intraperitoneally injected with Ace-K in doses of 50, 100, 200, and 400 mg/kg bw/d during pregnancy, respectively.
The control group received 0.5 ml of normal saline. Since in several studies signi�cant results have been reported in
relation to the side effects of Acesulfame-K in doses similar to those of the present study, (Mukherjee and Chakrabarti
1997; Bandyopadhyay et al. 2008) and also due to many concerns about the consumption of products containing this
sweetener, especially by pregnant mothers and children, a range of doses were used in the form of intraperitoneal
injection on mother rats from the beginning of pregnancy in order to compare the side effects of Acesulfame-K with those
of oral treatment in previous reports in the same doses, as well as ensuring the better transfer and absorption of its
desired dose in the developing fetuses. The body weight of the pregnant rats was daily recorded throughout pregnancy. In
the postpartum period, intraperitoneal administration of Acesulfame-K was stopped during lactation. The newborn male
rats in each group were separated from their mothers 30 days after birth and divided into “treated” and “untreated”
groups. Some newborn male rats were randomly selected from the untreated group which received no treatment and were
kept under standard conditions until puberty. Some newborn male rats were randomly selected from the treated group and
were given intraperitoneal injections of Ace-K daily until puberty. Groups 1, 2, 3 and 4 were intraperitoneally injected with
Ace-K in doses of 50, 100, 200, and 400 mg/kg bw/d for 30 days, respectively. The control group received 0.5 ml of
normal saline.

2.2. Sample collection
After the rats were anesthetized with ketamine, blood samples were taken from the heart and centrifuged for 10 min at
3000 rpm; testosterone levels were measured using the luminescence method with monobind kits (made in USA); blood
serum FSH and LH levels were measured using ELISA kits with a HuMax device. Three rats in each group were then
dissected and their testes removed. After recording body weight, the testes were placed in a solution of 10% formalin and
for each sample, three slides stained with a standard hematoxylin-eosin protocol were prepared (n = 45 slides). The tissue
sections were studied using a microscope (Model CX4IRF, Philippine). Sperm samples were obtained from the epididymal
tail, and sperm motion and morphology were examined using an Olympus microscope with a 2132v Canon video camera;
sperm density was examined using Neobar slides. An attempt was made to count and study the cross sections that were
similar to a full circle for all specimens and slides. Also, the morphologies of spermatogonia, spermatocytes and
spermatids in 10 �elds in the slides were carefully examined. To evaluate changes in the body weight of the male rats, it
was measured before injection of Acesulfame-K, after puberty and before dissection.

2.3. Data analysis
The mean values of the hormones mentioned above and the number of cells were compared by one-way ANOVA and
Duncan's post-hoc test. P < 0.05 was considered statistically signi�cant. The variations in maternal body weight during
pregnancy and the growth of the newborn rats were analyzed by repeated ANOVA measurements using SPSS version 22.



Page 4/12

3. Results
3.1. Measurement of testosterone, LH and FSH concentrations in plasma samples

Testosterone levels increased signi�cantly in the groups treated with doses of Ace-K (50, 200 and 400 mg/kg bw/d)
compared to the other groups (P<0.001). No signi�cant difference in LH levels was observed between the different
groups. Also, FSH levels decreased signi�cantly in the groups treated with doses of Ace-K (50 and 100 mg/kg bw/d) and
untreated groups with doses of (50, 200, and 400 mg/kg bw/d) (Table 1).

3.2. Neonatal and pregnant body weight and testis to body weight ratio

Neonatal weight gain up to puberty was signi�cantly higher in the groups treated with doses of Ace-K (50 and 200 mg/kg
bw/d) than in the other groups (P<0.05) (Table 2). Also, there was no signi�cant difference in the weight gain of the
pregnant rats except for the dose of 200 mg/kg Ace-K in 18 and 20 days after pregnancy (P<0.01) (Table 3). There was no
signi�cant difference between the groups with respect to testis to body weight ratio (Table 4).

3.3. Tissue study

Although examination of testicular tissue sections showed some abnormalities such as disruption of spermatogenic cell
adhesion, the hollow central lumen of the seminiferous tubules and decrease in the density of different spermatogenic
cell types in the various groups, the results showed no signi�cant changes in comparison with the control group (Table
5). Also, the number of spermatogonium, spermatocyte and spermatid showed no signi�cant differences between the
different groups and in comparison with the control group (Table 6) (Figure 1). This showed normal spermatogenesis in
the treated groups.

3.4. Sperm study

A signi�cant difference in the percentage of abnormal sperm was observed in the "treated group" and in the "untreated
group"  with the dose of 50 mg/kg bw/d Ace-K compared to the controls (P<0.001). A signi�cant decrease in sperm
motility was observed in the "treated group" with 200 and 400 mg/kg bw/d and signi�cant increase in the "treated group"
with 50 and 100 mg/kg bw/d and the "untreated group" at a dose of 400 mg/kg bw/d Ace-K (P<0.001). The results
showed no signi�cant difference in sperm density in the groups compared to the control group (Table 7).

4. Discussion
Given the general concern for the daily intake of products containing Acesulfame-K in pregnant women and newborns, in
this study, we explored the adverse effects of its intraperitoneal administration on pregnant rats and on newborn male
rats; we then evaluated spermatogenesis after the neonatal rats reached puberty. The results of this study demonstrated
that FSH levels signi�cantly decreased in treated groups with doses of Ace-K 50 and 100 mg/kg bw/d and untreated
group with doses of Ace-K 50, 200 and 400 mg/kg bw/d compared to the controls. The results of the present study
showed the effect of Acesulfame-K on FSH independently of dose. Acesulfame-K injection did not cause any signi�cant
changes in serum LH levels. Testosterone levels signi�cantly increased in groups treated with doses of Acesulfame-K 50,
200 and 400 mg/kg bw/d compared to other groups. However, testosterone levels did not change signi�cantly in the
untreated groups. In this study, Acesulfame-K was also administered to pregnant rats by transferring it across the blood-
placental barrier into the developing fetuses (Zhang et al. 2011). Since testosterone levels remained unchanged in the
untreated groups, the effects of Acesulfame-K intake in the pregnant rats on the newborns up to puberty seem to have
been lightened. Testosterone levels signi�cantly increased in the treated groups compared to the controls, thus suggesting
that the continued consumption of Acesulfame-K after birth might signi�cantly change the synthesis and secretion of sex
hormones. Changes in FSH levels induced by Acesulfame-K injection were signi�cantly different from changes in
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testosterone levels and a signi�cant decrease which was not dose-dependent was observed in both the treated and
untreated groups in the different doses. These differences in the results may be attributed to differences in the pathways
and mechanisms of synthesis in gonadotropic and sex hormones, which respond differently to Acesulfame-K or its
metabolites in the blood. The sensitivity and responsiveness of developing fetal tissues and organs may also vary due to
the presence of a common substance. In this regard, the Acesulfame-K or its metabolites in the mother's body or in the
fetus's blood may have had more sustained effects on the receptors and mechanisms of FSH synthesis (Li and Bi 2018).
Some studies have shown the cytogenetic effects of different sweeteners such as Acesulfame-K (Fındıklı and Türkoğlu
2014; Silva et al. 2018). There are no studies directly assessing the transport of Acesulfame-K across the blood–brain
barrier, but in general, some studies conducted on the brain have reported a decrease in memory function (Cong et al.
2013, Ibi et al. 2018), and even a signi�cant decrease in brain glucose levels in the frontal cortex without signi�cant
changes in blood glucose levels (Ibi et al. 2018). One study found that Acesulfame-K intake did not induce signi�cant
changes in fasting and non-fasting blood glucose levels (Cong et al. 2013). Therefore, �ndings from previous studies
suggest that the transport of Acesulfame-K and its metabolites across the blood–brain barrier can exert cytogenetic
effects on the hypothalamic-pituitary-gonadal axis which may lead to alteration in the secretion of gonadotropins and sex
hormones. Previous studies have shown that rat testicular leydig cells mainly use HDL cholesterol for steroidogenesis
(Travert et al. 2000). On the other hand, given the positive association between testosterone and HDL levels (Louei
monfared and Fazelipour 2013), in the present study, from a metabolic point of view, an increase in testosterone levels
may be attributed to increase in HDL levels since Cong et al. demonstrated a positive association between Acesulfame-K
intake and increase in LDL, HDL and total cholesterol levels (Cong et al. 2013). However, another study, found that there
was no positive association between Acesulfame-K and metabolic syndrome, and HDL levels did not show statistically
signi�cant differences in comparison with the control group (Hess et al. 2018). In the present study, the effect of
Acesulfame-K on the body weight of mothers as well as treated and untreated newborns was observed. Maternal body
weight in the 200 mg/kg bw/d group signi�cantly increased. The results showed a signi�cant increase in neonatal body
weight in the 50 and 200 mg/kg bw/d groups, while there was no signi�cant change in the neonatal body weight of the
untreated group. Given that there was a signi�cant increase in testosterone levels and body weight in the treated groups,
but testosterone levels and body weight did not change signi�cantly in the untreated group, weight gain in the newborns
and mothers can be attributed to increased testosterone levels and thus the stimulation of muscle and bone formation
(Illig and Prader 1970; Yue et al. 2018). Results from previous research shows that Ace-K signi�cantly increased body
weight gain in male mice (Bian et al. 2017). One study, however, found that long-term use of Ace-K showed no change in
body weight (Cong et al. 2013). In the present study, no signi�cant difference was found between the treated and control
groups with respect to testis weight/body weight ratio. Serum triglyceride levels are positively associated with testis
weight (Louei monfared and Fazelipour 2013). Results from one study also reported that Acesulfame-K did not show
signi�cant changes in serum triglyceride levels (Cong et al. 2013). In the present study, there was no signi�cant change in
testis weight as expected. Also, there were no signi�cant differences between the different groups with respect to the
mean percentage of cross sections of abnormal seminiferous tubules. Moreover, no signi�cant differences were observed
between the different groups in terms of the average number of various spermatogenic cells. The percentage of sperm
motility in the treated groups in all doses and in untreated groups showed a signi�cant decrease with dose of 400 mg/kg
bw/d. Abnormal sperm was observed in both the treated and untreated groups with dose of 50 mg/kg bw/d. On the other
hand, as triglyceride levels increased, sperm motility decreased (Ergün et al. 2007). Another study reported no signi�cant
change in triglyceride levels following the use of Acesulfame-K (Cong et al. 2013). It can be concluded that a signi�cant
decrease in sperm motility cannot be attributed to metabolic effects on fats or at least triglycerides. Also, given that FSH
plays a crucial role in the continuation of the spermatogenic function, it acts on the Sertoli cells to facilitate the last
stages of spermatid maturation and therefore decreased motility and abnormal morphology in sperm may be due to
either hormonal changes or the transport of Acesulfame-K across the blood–testis barrier and its direct effect on
spermatogenesis with a direct effect on the cells. Considering the role of testosterone and its increase in the treated
groups, one of the reasons for the increase in sperm density may due to elevated testosterone levels. Despite hormonal



Page 6/12

changes following intraperitoneal administration of Acesulfame-K, no signi�cant changes were observed in testicular
tissue. Although there are no studies directly investigating the effects of Acesulfame-K on spermatogenesis, some studies
have shown that Abscisic acid treatment may cause signi�cant hormonal changes without disruption of spermatogenesis
or change in the morphology of testicular tissue (Khatamsaz et al. 2013). This can be due to a plethora of reasons
including the failure of hormonal changes to reach threshold levels and the negative feedback effects of hormones on
each other. As our results showed, it seems Ace-K in�uences spermatogenesis by affecting sperm morphology and
motility. However it did not affect sperm density.

5. Conclusions
Despite all changes, it may be concluded that the consumption of Acesulfame-K during pregnancy does not necessarily
cause infertility considering the fact that the amount of Acesulfame-K used in this experimental study was much higher
than that which is normally used. Some changes are unstable and may disappear after birth. The results of this study
suggest that cautious use of sweeteners containing Acesulfame-K is necessary, but further research must be conducted in
this regard.
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Tables
Table 1: Changes in hormone levels in treated and untreated groups 

Groups
(mg/kg)

FSH (ng/dl) LH (ng/dl) Testosterone (ng/ml)

Control 2.42±0.22 1.03±0.005 1.03±0.20

Treatments        
Nontreatments

Treatments      
 Nontreatments

Treatments          
Nontreatments

50 1.18**±0.25              
 1.49**±0.31

1.59±0.69                
 1.60±0.40

2.69***±0.60              0.99±0.12

100 1.41**±0.49                 2.71±0.27 1.38±0.12                
 1.23±0.14

0.82±0.25                   0.80±0.21

200 1.83±0.47                  
1.22**±0.32

0.92±0.14                
1.22±0.28

2.58***±0.90              1.10±0.52

400 2.18±0.84                  
1.47**±0.30

1.50±0.31                
 1.07±0.27

4.11***±1.96              1.10±0.68

P-Value 0.001 0.052 0.000

Testosterone levels increased signi�cantly in the groups treated with doses of Ace-K (50, 200 and 400 mg/kg bw/d)
compared to the other groups (P<0.001). No signi�cant difference in LH levels was observed between the different
groups. Also, FSH levels decreased signi�cantly in the groups treated with doses of Ace-K (50 and 100 mg/kg bw/d) and
untreated groups with doses of (50, 200, and 400 mg/kg bw/d).

Table 2: Changes in weight of infants treated with acesulfame potassium
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Weight (gr) Control 50 100 200 400 P-value

Weight 1

30th day

165.55±13.33 186.66**±10.32 182.50±8.86 202.22**±21.66 184±26.07 0.002

Weight 2

34th day

175.55±13.33 200±12.64 190±10.69 203.33±26.45 192±25.88  

Weight 3

38th day

181.11±14.52 211.66±14.71 202.50±14.88 211.11±28.03 196±20.73  

Weight 4

42thday

188.88±14.52 216.66±15.05 201.25±14.57 228.88±34.80 202±16.43  

Weight 5

46thday

186.66±18.02 223.33±10.32 208.75±11.25 235.55±33.58 212±13.03  

Weight 6

50thday

202.22±19.86 231.66±7.52 217.50±13.88 235.55±35.39 212±13.03  

Weight 7

54thday

205.55±16.66 240±14.14 226.25±13.02 237.77±36.66 222±13.03  

Weight 8

58thday

204.44±18.10 253.33±8.16 226.25±14.07 240±33.54 228±13.03  

Weight 9

60thday

218.88±20.27 251.66*±14.71 240±16.90 251.11*±34.80 228±13.03 0.040

Neonatal weight gain up to puberty was signi�cantly higher in the groups treated with doses of Ace-K (50 and 200 mg/kg
bw/d) than in the other groups (P<0.05)

Table 3: Changes in maternal weight during pregnancy, * signi�cant increase=0.008

40020010050ControlWeight (gr)

160±3.53159.40±2.60160.80±2.16159±3.162159.80±2.28Weight- day 1

161.66±7.52156.66±10.32158.33±4.08158.33±17.22156±11.40Weight- day  4

165±15.16163.33±13.66163.33±8.16161.66±16.02150±20Weight- day 10

171.66±18.34181.66±21.36168.33±13.29171.66±21.36158±20.49Weight- day 14

178.33±26.39204*±27.01173.33±13.66176.66±30.11158±17.69Weight- day 18

171.66±17.57192.50*±17.07175±5.77156.66±5.77160±18.25Weight 20- day

0.008P-Value

there was no signi�cant difference in the weight gain of the pregnant rats except for the dose of 200 mg/kg Ace-K in 18
and 20 days after pregnancy (P<0.01)
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Table 4: Changes in testis weight/body weight ratio in treated and untreated groups

Testis weight/body weight ratio (gr)

Control 0.0098±0.00028

Treatments                  Nontreatments

50 0.009±0.00005                  0.010±0.0006

100      0.010±0.0005                   0.010±0.0008

200  0.010±0.0018                 0.006±0.004

400 0.0097±0.0005              0.011±0.0010

There was no signi�cant difference between the groups with respect to testis to body weight ratio

Table 5: Change in percentage of sections of abnormal seminiferous tubes in treated and untreated groups

The results showed no signi�cant changes in comparison with the control group.

Table 6: Changes in Number of spermatogonia, spermatocytes and spermatids in treated and untreated groups
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number of
different cell
types

control   50 100 200 400

spermatogonium 39.33±11.56 treatments

non
treatments

37.80±9.68

33.70±11.63

45.20±10.11

37.20±8.58

35.10±15.45

42.22±12.75

30.30±6.20

40.87±10.30

spermatocyte 41±8.60 treatments

non
treatments

40.40±7.19

37.90±7.40

43.40±9.34

44.80±8.27

43.10±11.51

44.50±7.72

35.30±4.49

40.88±4.45

spermatid 155.55±26.15 treatments

non
treatments

162.70±31.51

160.77±22.92

139.20±23.29

163±22.71

142.40±22.87

157.40±33.36

153.60±18.69

160.62±22.43

The number of spermatogonium, spermatocyte and spermatid showed no signi�cant differences between the different
groups and in comparison with the control group.

 

Table 7: Changes in mobility, abnormality and concentration of sperm in treated and untreated groups 

Groups
(mg/kg)

Mobility Abnormality Density

Control 52.16±20.16 4.05±2.25 57.66±13.61

  Treatments          Nontreatments Treatments      
 Nontreatments

Treatments      
 Nontreatments

50 69.40***±10.76            
56.60±11.77

14.00***±2.37      
 7.68***±1.61

70.66±20.55          
 66.00±21.93

100 74.48***±4.2                 54.16±9.43 5.82±1.43                
5.70±1.22

108.33±18.61        
 54.66±14.97

200 30.72***a ±8.41              
52.24±14.83

3.63±1.29                
3.97±2.02

118.33±16.25        
 63.34±12.50

400 31.94***a±8.49        
 71.38***±12.93    

4.92±1.21                
6.08±1.39

86.00±19.00            
64.00±12.49

P-Value P<0.001 P<0.001 P>0.05

A signi�cant difference in the percentage of abnormal sperm was observed in the "treated group" and in the "untreated
group"   with the dose of 50 mg/kg bw/d Ace-K compared to the controls (P<0.001). A signi�cant decrease in sperm
motility was observed in the "treated group" with 200 and 400 mg/kg bw/d and signi�cant increase in the "treated group"
with 50 and 100 mg/kg bw/d and the "untreated group" at a dose of 400 mg/kg bw/d Ace-K (P<0.001). The results
showed no signi�cant difference in sperm density in the groups compared to the control group.

Figures
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Figure 1

Testis tissue sections by staining Hematoxylin-Eosin. S, spematogonium.SI, spermatocyte.LS, spermatide.MS, mature
sperm 40. (A) Control group, (B) treated group with 400 mg/kg acesulfame potassium, (C) untreated group with 400
mg/kg acesulfame potassium.
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