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ABSTRACT

Aspartame and Sodium cyclamate are two synthetic sweeteners used extensively in developing
world. The study aims to assess the comparative effect of these sweeteners on lipid profiles,
biochemical parameters of liver and kidney function and histological changes. Twenty male
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albino rats were separated into 5 groups of 4 rats each. Group 1 were fed normal diet and water,
whereas those in Groups 2, 3, 4, and 5 received 50 mg/kg sodium cyclamate, 500 mg/kg sodium
cyclamate, 50 mg/kg aspartame, and 500 mg/kg aspartame, respectively. After 7 weeks, the
animals were sacrificed; blood and tissue samples were taken to analyze lipid profiles,
biochemical parameters, and histology. The results showed that rats administered with low and
high doses of sweeteners had significant (P<0.05) increase in serum triglyceride (TG) (0.92+0.05
mg/dL to 1.95+0.04 mg/dL), total cholesterol (TC) (4.88+0.31mg/dL to 8.18+0.45 mg/dL), low
density lipoprotein (LDL) (3.59+0.26 mg/dL to 8.02+0.25 mg/dL), high density lipoprotein
(HDL) (0.76+0.05 mg/dL to 1.11£0.1 mg/dL), Creatinine (0.94+0.08 mg/dL to 1.77+0.04 mg/dL)
and urea (42.35+2.43 mg/dL to 57.3£1.79 mg/dL) levels in the treated group compared to the
control group. Significant increase (P<0.05) in AST (47.33+3.92 U/L to 158.01+5.07 U/L), ALP
(76.80+8.58 U/L to 124.01+1.51 U/L) and ALT (12.87+2.64 U/L to 37.74+5.76 U/L) levels was
also observed in experimental group compared to the control group. Moreover, high doses of
sweeteners caused more histological abnormalities in rats. Sodium cyclamate and aspartame
maybe harmful to kidney and liver especially when consumed at high dose for a long period.

INTRODUCTION

mixtures, and dairy products in high amounts as low-calorie
product. Although food and drug administration (FDA) has

Increased awareness concerning the dangers of excessive intake
of refined sugars has driven people to substitute them with
artificial sweeteners. Over the years, artificial sweeteners have
received increased attention from consumers due to their low-
calories, importance in body weight and diabetes management to
avoid the effect of sucrose [1]. Artificial sweeteners are
essentially sweeter than sucrose and therefore very small
amounts are required for sweetening foods. They are extensively
used in jams, carbonated drinks, baked products, powdered drink

licensed many sweeteners, majority of the sweeteners used are
synthetic and several excessive consumption has been reported
to cause adverse health effects in human and animal models [2].

Some of the low-calorie artificial sweeteners frequently
used by food industries include; aspartame, saccharin,
acesulfame-K to serve as substitute to sucrose [3]. Aspartame is
a synthetic methyl ester of the dipeptide consisting of L-aspartic
acid and L-phenylalanine which is about 180-200 times sweeter

-31-

This work is licensed under the terms of the Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.54987/jobimb.v10i1.660
mailto:jiddasnafiu@gsu.edu.ng

JOBIMB, 2022, Vol 10, No 1, 31-35
https://doi.org/10.54987/jobimb.v10i1.660

than sugar with low calorie value used in several countries. After
ingestion and absorption, aspartame is metabolized into
components like aspartic acid, phenylalanine, methanol. The
products are further metabolized to release formaldehyde, formic
acid and diketopiperazine [4,5]. Aspartame metabolite especially
formaldehyde and format which is metabolite of methanol, are
associated with most of its toxicity [6].

Sodium cyclamate is a synthetic non-nutritive sweetener
that is 30 times sweeter than sugar. In combination with
saccharin, cyclamate has a good sweetness. Even though
cyclamate dissolves in water, the solubility can be enhanced by
forming sodium or calcium salt [7]. Cyclamate has very low
toxicity but produces cyclohexylamine when broken down by gut
bacteria which exhibit higher toxicity [8]. Intestinal flora
metabolism of cyclamate and rate of elimination from circulation
are the major factors that determine the plasma concentrations of
cyclohexylamine after ingestion of cyclamate [7].

Owing to their use as food additives, numerous studies have
shown that artificial sweeteners interfere with many
physiological processes, Some researchers have reported the
effect of artificial sweeteners on biochemical parameters [9,10].
Others focuses on the effect on behavioral and histological
changes in rat brain [11], hematological and brain catalase
activity [12].

Even though research works have been done on the effects
of artificial sweeteners, the data available is not sufficient and the
outcomes of various research are not consistent, maybe because
of dissimilarities in the chosen sweeteners, dose administration
or duration of study. Furthermore, little or no information is
available on the comparative study of sodium cyclamate and
aspartame sweeteners at low and high doses. In this study, we
aim to compare the effect of aspartame and sodium cyclamate on
the biochemical parameters of liver, kidney and lipid profile in
male albino rats. Also the histological study of liver and kidney
was conducted. The result of the histological assessment showed
infiltration in kidney and liver of treated groups at low and high
dose of both sweeteners. The research will provide more insight
into the toxicity of the sweeteners.

MATERIAL AND METHODS

Sweeteners

Sweeteners were selected based on the frequency of usage in the
local food and drinks. It was purchased from solag Allied
Chemicals Nigeria limited.

Experimental Animals

Twenty (20) male albino rats weighting 65 — 80 grams were
purchased from the Biological Science Department of Bayero
University Kano and used for the study. The albino rats were kept
in cages and maintained under standard laboratory condition for
temperature and controlled environment (12 hours light/dark
cycle). Acclimatization was done for one week prior to
experimentation with water and rat feeds provided ad libitum.

Ethical consideration

All the experimental procedures in the present study were done
in accordance with “Institutional animal ethics committee
guidelines for the use of animals for research”.

Experimental Design

The sweeteners were administered orally once daily to the rats
for seven weeks based on their individual body weight using
gavage technique. Two solutions of sodium cyclamate and
aspartame (low and high dose) were prepared by dissolving the
component in distilled water respectively. Group I (normal
control) were fed normal diet and water ad libitum; Group II were
fed sodium cyclamate (50 mg/kg bw); Group III were fed sodium
cyclamate (500 mg/kg bw); Group 1V were fed aspartame (50
mg/kg bw); Group V were fed aspartame (500 mg/kg bw). The
lower dose was the recommended daily intake (RDI) of the
sweeteners while the higher dose (10 of the lower dose) was
administered to the animals to ascertain the effect on the
biochemical parameters of the animals.

Sample collection and preparation

Prior to dissection, both control and treated rats were fasted
overnight. The animals were sacrificed after seven weeks under
anesthesia (chloroform suffocation) and blood samples were
collected through slaughter into tubes. Centrifugation at 4000
rpm for 15 minutes at room temperature was used to separate
blood sera from cells. The serum was then used for the
measurement of the biochemical parameters. For histological
investigations, specimens were harvested from the liver and
kidney, formalin fixed-paraftin embedded technique (FFPE) was
used. Samples were immediately submerged in cold phosphate
buffer and cut into small slices. Fixation was done in cold neutral
buffered formalin (10%) for 24 hours and grossing carried out.

Serum biochemical analysis

The serum activities of ALT and AST were evaluated based on
the method of Reitman and Frankel, [13]. The ALP level was
estimated using colorimetric method. TC was estimated by
enzymatic colorimetric method of Kenny, [14]. TG was
estimated by enzymatic colorimetric method. HDL was
estimated by enzymatic colorimetric method using Randox kit
according to the method of Mcgowan et al., [15]. LDL was
calculated using the formular; LDL = [Total Cholesterol — (HDL
+ triglycerides/5)]. The creatinine and urea levels were evaluated
following the methods of Husdan and Rapoport, [16] and Patton
and Crouch, [17] respectively.

Histological analysis

The liver and kidney fixed specimens were implanted in paraffin
blocks after drying with ascending alcohol grades. Staining with
haematoxylin and eosin (H and E) was done after cutting to a
thickness of around 4um. The slides were examined under
microscope to check for any histological abnormalities in each
organ.

Statistical analysis

Statistical Package for Social Sciences (SPSS) version 20 was
employed for the analysis. The differences between test and
control groups were analyzed by one-way ANOVA. The values
reported as mean +standard deviation (SD). The results were
considered significant at P-values of less than 0.05 (P < 0.05).

RESULTS

Lipid profile

The result of the effect of sweeteners on serum levels of TG, TC,
HDL, and LDL in rats is presented in Table 1. There was
significant increase (P < 0.05) in the levels TG, TC, LDL levels
and a significant decrease in HDL level of experimental groups
compared to the control group.
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Similarly, there was significant increase (P < 0.05) in the lipid
profile between groups administered low dose (50 mg/kg)
aspartame and (50 mg/kg) sodium cyclamate and high dose (500
mg/kg) aspartame and (500 mg/kg) sodium cyclamate
respectively. However, there was no significant difference
between low dose of aspartame (50 mg/kg) and low dose of
sodium cyclamate (50 mg/kg). Also, no significant difference
between high dose of aspartame (500 mg/kg) and high dose of
sodium cyclamate (500 mg/kg).

Table 1. Serum levels of TG, TC, HDL and LDL in rats orally
administered with sweeteners for seven weeks.

TC
Parameters TG (mg/dL) (mg/dL) HDL (mg/dL) LDL (mg/dL)
Group 1 0.92+0.05* 4.88+0.31° 1.11£0.10*  3.59+0.26*
control

Group II b b b b
SC 50 mgkg 1.43£0.11°  7.2940.32° 0.96+0.07°  6.04+0.34
Group III . B . .
SC 500 mgkg 1.92£0.04° 9.21+0.24° 0.80+0.02°  8.02+0.25
Group VI 1.4940.02° 7.48+0.51° 1.03£0.03®  6.15+0.53"
Asp 50 mg/kg

Group V- Asp 500 9540 04c  9.33£0.12¢ 0.88£0.03°  8.0740.15°
mg/kg

Values are Mean+SD of four estimations. Means having different letter(s) within a column are
significantly different (P < 0.05) (Tukey’s HSD test). Sodium cyclamate (SC), Aspartame (Asp).

Effect of sweeteners on Kidney

The result of the effect of sweeteners on kidney function indices
(creatinine and urea) is presented in (Table 2). There was
significant increase (P < 0.05) in creatinine and urea levels of rats
administered both sweeteners (aspartame and sodium cyclamate)
at high (500 mg/kg) and low (50 mg/kg) dose of aspartame
compared to the control. There was significant increase in
creatinine and urea levels between groups administered low
doses of aspartame (50 mg/kg) and sodium cyclamate (50 mg/kg)
and high doses of aspartame (500 mg/kg) and sodium cyclamate
(500 mg/kg) respectively. However, no significant difference in
urea level between groups administered low dose of aspartame
(50 mg/kg) and low dose of sodium cyclamate (50 mg/kg).
Furthermore, no significant difference in urea level between
groups administered high dose (500 mg/kg) of both sweeteners.

Table 2. Serum levels of creatinine and urea in rats orally administered
sweeteners for seven weeks.

Parameters Creatinine (mg/dL) Urea (mg/dL)
Group I (Control) 0.97+0.05* 42.35+2.43*
Group II (SC 50 mg/kg)  1.19+0.05° 47.69+1.84°
Group III (SC 500 mg/kg) 1.47+0.02¢ 55.16+3.16°
Group VI (Asp 50 mg/kg) 1.56+0.05¢ 45.20£1.79%
Group V (Asp 500 mg/kg) 1.77+0.04¢ 57.30+1.79¢

Note: Values are Mean+SD of four estimations. Means having different letter(s) within a column
are significantly different (P < 0.05) (Tukey’s HSD test). Sodium cyclamate (SC), aspartame
(ASP).

Effect of sweeteners on Liver Biochemical Indices

The result of the effect of sweeteners on liver biochemical
indices; AST, ALT and ALP is presented in (Table 3). There was
significant increase (P < 0.05) in levels of AST, ALT and ALP
of rats administered both sweeteners at low (50 mg/kg) and high
(500 mg/kg) doses compared to the control group. There was also
significant increase between low doses of aspartame (50 mg/kg)
and sodium cyclamate (50 mg/kg) and high doses of aspartame
(500 mg/kg) and sodium cyclamate (500 mg/kg) respectively.
However, no significant increase (P > 0.05) between aspartame
and sodium cyclamate at low dose (50 mg/kg).

Table 3. Serum levels of AST, ALT and ALP in rats orally
administered sodium cyclamate and aspartame for seven weeks.

Parameters AST (ULL) _ ALT (UL) _ ALP (UL)
Group I (Control) 47.33+3.92* 12.87+2.64*  76.80+8.58*
Group ITSC30 76 5115740 230321320 95.6447.17
mg/kg)

Group IL(SC 500 44 1344 560 30,921,135 127.1242.71¢
mg/kg)

Group VI(ASp 30 g3 0813770 253741430 98.8346.93"
mg/kg)

Group Vi(Asp 500 56 0145070 45.7524.44°  131.4143.17¢
mg/kg)

Note: Values are Mean+SD of four estimations. Means having different letter(s) within a column
are significantly different (P < 0.05) (Tukey’s HSD test). Sodium cyclamate (SC), aspartame
(Asp).

Histology of kidney

The present findings revealed moderate mesangial cell
proliferation and narrowing of bowman’s space in kidney of rats
administered with low dose of sodium cyclamate (50 mg/kg)
(Fig. 2A) compared to control (Fig. 1) while high dose of sodium
cyclamate (500 mg/kg) showed focal mesangial cell proliferation
and narrowing of bowman’s space in the kidney of the rats (Fig.
2B). Findings of the present study revealed mesangial cell
proliferation in the kidney of rats administered aspartame (50
mg/kg) (Fig. 3A) while high dose of aspartame (500 mg/kg)
showed interstitial lymphocytic infiltrates in kidney of rats
administered higher aspartame dose (Fig. 3B).

Fig. 1. Photomicrograph of kidney H & E x400 of normal control
group.

Fig. 2. A Photomicrographs of the kidney H&Ex400 of rats administered
Sodium cyclamate at low and high dose.

Fig. 3. A Photomicrographs of the kidney H&E X400 of rats
administered aspartame at low and high dose
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Histology Result of the Liver

The groups treated with low and high doses of sodium cyclamate
and aspartame revealed severe histological changes in the liver.
The present findings revealed periportal inflammatory infiltrates
in rat’s hepatocytes administered with low dose (50 mg/kg) of
sodium cyclamate (Fig. 5A) compared to control (Fig. 4). High
dose of sodium cyclamate (500 mg/kg) showed periportal/lobular
inflammation with associated piecemeal necrosis (Fig. 5B).
Furthermore, periportal & lobular inflammation in hepatocytes
was observed in rats administered low (50 mg/kg) aspartame
(Fig. 6A) and high dose (500 mg/kg) aspartame showed
periportal lymphocytic infiltrates (Fig. 6B).

Fig. 4. Photomicrographs of the hepatocytes H&E (x400) in normal
control group.

Fig. 5. Photomicrograph of Liver H&E X400 of rats administered sodium
cyclamate at low and high dose.

A : B | !

Fig. 6. Photomicrograph of Liver H&E X400 of rats administered
aspartame at low and high dose

DISCUSSION

The persistent increase in sweeteners consumption is expected to
increase in the nearest future and cuts across all ages and genders
[18]. The present study was conducted to determine toxicological
effect of sodium cyclamate and aspartame commonly used
worldwide, both at a low and high dose. The low dose is the RDI
while the higher dose is x10 the RDI. The present study showed
significant increase in TC, TG and LDL levels whereas HDL
levels were significantly decreased in all groups administered

low and high dose of sodium cyclamate and aspartame compared
with the control. Levels of lipid profile components in groups
administered high dose of sodium cyclamate and aspartame is
more significant than the groups administered low dose when
compared with control. The results are in accordance with the
findings of Helal et al., [9] for acesulfame-k and aspartame
treated rats. The effect of sweetener on lipid metabolism can be
seen in increased in lipid profile. It may be due to
biotransformation of the artificial sweeteners since different
sweeteners have different properties and are broken down
differently [18]. Damage in the liver affects lipid metabolism due
to the disruption of cell membrane integrity causing some
membrane lipids to be released into circulation and leading to
compromise of tissue effectiveness in regulating lipid
metabolism. Significant increase in the levels of ALT, AST and
ALP were observed in groups administered both low and high
dose of sodium cyclamate and aspartame compared with the
control.

The levels of liver enzymes were more significant in the
groups administered high dose of both sodium cyclamate and
aspartame. The findings is in line with the result obtained by
Helal et al., [9] who reported increased in ALT and AST levels
in rats administered acesulfame-k and aspartame. Similarly,
Abdallah, [19] reported increase in serum ALT, AST and ALP
activities in rats administered low and high dose of saccharin.
AST and ALT are important determinant for liver dysfunction
and damage since damaged cells release cytosolic enzymes into
the blood [20] . According to Kim et al., [21], the increase in the
activity of aminotransferase indicates an early diagnosis of
hepatotoxicity and considered a biomarker of tissue damage. The
more significant increase in groups administered high dose of
sodium cyclamate and aspartame agreed with Prokic et al., [22],
who stated alterations in levels of liver enzymes may depend on
exposure time and dose. The increase in serum aminotransferase
activity could be due to breakdown of liver parenchyma or related
to cellular membranes interaction with free radical [23]. The
hepatocellular impairment could be the cause of changes in liver
function [24] and subsequently, causes the release into blood of
intracellular enzymes in high levels.

Furthermore, increase in both levels of creatinine and urea
in rats administered high and low dose of sodium cyclamate and
aspartame are in accordance with the result from Azeez et al.,
[25] who reported increased in serum creatinine levels in rats
administered 2.5mg/kg, Smg/kg and 10 mg/kg of saccharin for 6
and 120 days. Similarly, Aboshanady et al., [26] also reported
increase in urea and creatinine levels in rats treated with
aspartame (250 mg/kg bw) for 6weeks. This could be because of
disruption in kidney functions leading to decreased glomerular
filtration rate and subsequently, withholding creatinine and urea
in the blood [27].

The biochemical changes observed in the liver and kidney
were supported by the histological findings. Periportal
inflammatory aggregates, mainly lymphocytes infiltration,
lobular inflammatory infiltrates, piecemeal necrosis in the rat’s
liver meanwhile, narrowing of the bowman’s space, interstitial
lymphocytic infiltrates, and periportal inflammation were
observed in the rats’ kidney in all treated groups. The histological
changes were more pronounced in rats treated with high dose of
sodium cyclamate and aspartame. The findings are in agreement
with the work of Othman and Jumah, [28] who reported
infiltration of inflammatory cells and congestion in liver and
kidney respectively for mice administered 500 mg/kg aspartame
for a month.
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CONCLUSIONS

In view of the results obtained for biochemical parameters and
histological changes for both low and high doses of aspartame
and sodium cyclamate, it may be obvious that the sweeteners
consumption especially at a higher dose for a long time may lead
to hepatic and renal damage. Therefore, consumption should be
minimized or be replaced with natural form of sweeteners.
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