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ABSTRACT: The aim of this study was to evaluate the effects of sodium cyclamate and saccharine combination on the
overall hematological parameters and brain catalase activity in Wistar rats. During a period of 8 weeks, the animals
were given the artificial sweeteners in a low (L; 15,4 mg/mL) and high dose (H; 22 mg/mL). Additionally, to determine
whether vitamin C can attenuate the changes induced by high doses, it was administered to a third group of animals
(H + vit G 22 mg/mL+25 mg/mL). Decreased hematocrit and hemoglobin values, low erythrocyte count and mean cell
volume in the groups treated with the artificial sweeteners were the main hematological changes causing microcytic
anemia. Catalase activity in brain tissue decreased with the increase of the sweeteners dose, which clearly indicates the
induction of oxidative stress. Further on, catalase was significantly increased in the H + vit C group compared to the H
group but there was no significant difference compared to controls. Collectively, these results suggest that sodium
cyclamate and saccharine induced considerable alterations in the hematology, an increased consumption of catalase
and a high efficiency of vitamin C to ameliorate the oxidative stress.
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1. INTRODUCTION

According to the World Health Organization, the amount of added sugars, i.e. sweeteners, should be
lowered to 5% relative to the daily caloric intake [1]. Saccharine is the oldest artificial sweetener and the initial
concerns about its carcinogenicity have been disregarded by extensive research on human populations where
no association between saccharine and cancer was found [2]. Cyclamate itself shows very low toxicity but it
may be metabolized by the human gut bacteria to cyclohexylamine which shows greater toxicity [3]. However,
recent studies have provided new data on the extent to which individuals recognized as converters metabolize
cyclamate to cyclohexylamine during long-term consumption [4].

Cyclamate is often blended with saccharine in order to improve palatability [5]. The LD50 (median lethal
dose) values for sodium cyclamate, sodium saccharine and their 10: 1 combination (15.25 = 1.15 mg/kg, p.o.;
14.2 £1.3 mg/kg p.o.; and 21.5 + 1.8 mg/kg, p.o. respectively) can be found in one of the early toxicity studies
on Wistar rats [6]. Brantom et al. [7] provided a slightly wider LD50 range for sodium cyclamate: 12 - 17 g/kg.
The human acceptable daily intake (ADI) was determined by the Scientific Committee on Food of sweeteners
permitted in the European Union [2] according to which the ADI for sodium cyclamate is limited to 0-7 mg/kg
and for saccharine the ADI is limited to 0 - 5 mg/kg. Given the widespread consumption of artificial
sweeteners, many studies have been performed to establish their correlation with various metabolic diseases,
oxidative stress and cancer incidence.

Much attention has been given to alterations of the lipid profile, [8,9] oxidative stress parameters, [10]
electrolytes, hormonal levels [11] and body weight [12]. Hematological parameters are less frequently
analyzed and the results of studies are not entirely consistent, which may be due to the differences in the
selected artificial sweetener and the dose or the treatment duration. The majority of reports are based on the
use of aspartame, saccharine or their combination [13]. The effects of aspartame on the redox status has been
extensively elaborated on rat experimental models, however there is a shortage of knowledge about the
reactive oxygen species (ROS) mediated damage and subsequent changes in antioxidant levels caused by the
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intake of saccharine and sodium cyclamate. Thus, one of the aims of this study was to determine the catalase
(CAT) activity in brain tissue homogenates. Compared with other organs, the brain is especially susceptible
to oxidative stress [14] and CAT (EC 1.11.1.6) is primarily responsible for the removal of hydrogen peroxide.

Finally, ascorbic acid or vitamin C was administered in combination with the artificial sweetener in
order to establish its potential efficiency in attenuating the oxidative stress processes evaluated by catalase
activity as well as alterations in the values of hematological parameters(blood cell count, erythrocyte indices
and hemoglobin values).

2. RESULTS

Among the analyzed hematological parameters, the following showed a statistically significant
difference between the experimental groups: RBC, Hb, HCT and MCV (Table 1). With the increase of the
sweetener dose, the number of erythrocytes, hemoglobin concentration, HCT and MCV values decreased
significantly. However, those values inclined significantly upon treatment with H + vit C. Vitamin C seemed
to have a beneficial role bringing the parameters close to the values observed in the control group (CG). The
opposite effect was observed in the case of the leukocyte count and MCHC values that increased with the
increasing sweetener dose. The H + vit C treatment again, caused a contrary finding, namely decreased WBC
and MCHC values.

Figure 1 presents the obtained results describing the antioxidative activity in tissue homogenates and
serum samples determined by measuring the CAT activity in three time intervals. In all time intervals, both
sweetener doses lead to a decrease in CAT activity, implying a higher consumption of the enzyme during
oxidative stress. When compared to the CG, this change was significant for the high dose, only. Interesting
findings were observed in the group treated with H + vit C. The CAT activity was higher compared to H and
L, reaching values that are close to the controls. This observation suggests a protective role of vitamin C that
is potentially reducing the enzyme’s activity that would be normally required to quench or neutralize the
damage caused by free radicals.

3. DISCUSSION

Literature review revealed that the majority of animal experimental studies that aimed to evaluate the
potentially harmful effects of artificial sweeteners were based on aspartame [8,9,15] and that rather a moderate
number of studies is oriented towards the combination of sodium cyclamate and saccharine. Both doses caused
a statistically significant decrease in RBC, HCT, Hb and MCV values compared to the control group. This is in
line with an early study conducted by Dhabar and McEwen [16] where mice were fed with saccharine.
Similarly, Abdallah [17] reported that rats fed on saccharine for 30 days developed anemia as indicated by the
decrease in RBC and Hb. The same effect was also observed in aspartame treated mice for 30 days [18]. The
depletion of RBC was also confirmed using aspartame alone or in combination with saccharine [19]. Opposing
results were presented by Iroghama et al. [20] who recorded a significant increase in RBC caused by both
aspartame and saccharine. Our results (Table 1) showed a linear reduction of RBC, HCT, Hb and MCV with
the dose increase compared to controls. The statistical difference between those parameters was also evident
between the low and high dose.

While the mechanism behind these changes is not fully understood, it may be attributed to the
depressed erythropoesis caused by the direct action of the sweeteners on hematopoietic tissue [18]. The
administration of vitamin C proved to be beneficial. The supplementation with vitamin C significantly
increased all four parameters in comparison with the high dose. Thus, in case of RBC and Hb the content of
the high dose was 4.34 + 0.69 x 1012/L and 120.09 + 0.11 g/L, respectively whereas in the group exposed with
the high dose and vitamin C those values increased to 4.63 + 0.27 x 1012/L of erythrocytes and 129.00 + 0.27
g/ L, respectively. Similar results were obtained by Abdelaziz and Ashour [13] who reported that vitamin C
or E (150 mg/kg) were able to reduce the effects of saccharine intake. The brain CAT activity was measured
to gain an insight into the oxidative status. Catalase is an active and first enzyme that shows alteration,
following oxidative stress [21]. It is one of the components of the endogenous antioxidant that has a key role
in the enzymatic defense of the cells converting reactive oxygen species into harmless products [22]. The
results obtained in this study consistently showed an inverse correlation between CAT activity and the
artificial sweetener dose. While both doses caused a decrease in CAT activity compared to the control group,
a significant change was only evident for the high dose in all three time intervals observed.
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Table 1. Hematological parameters in the investigated groups and a statistically significant difference.

Parameter CG L H H +vitC Sig.
RBC (x1012/L) 6.15+0.27 5.30 +0.02* 4.34 +0.69*# 4.63 £0.27*#a 0.032**
WBC (x109/L) 4.29+0.57 6.62+0.13 6.97+0.55 5.97+0.47 0.105

Hb (g/L) 14252 +£0.33  139.69 £0.02*  120.09 £0.11*#  129.00 £ 0.27*#4 0.047**

HCT (L/L) 0.52+0.02 0.47 +0.37% 0.28 £0.21 *# 0.30 £ 0.32*#4 0.025**

MCV (fL) 84.70 £0.33 69.82+0.32%  6151+£034*#  64.79 +0.42%#4 0.034**

MCH (pg) 17.297+0.98 17.92+1.27 14.92+7.43 16.38+0.92 0.087
MCHC (g/L) 405.79445.08  337.154+23.81 375.36+20.05 353.82+34.53 0.138

* Post Hoc Tukey test: vs controls, # vs. low dose, 4 vs. high dose
**statistically significant at 0.05
CG - Control group; L - low dose; H - high dose; H+vit C - high dose and vitamin C
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Figure 1. Catalase activity in brain tissue homogenates expressed in U/ g f.t. in three-time intervals: 1-2 min
(A), 2-3 min (B) and 1-7 min (C).

Similarly, Amin and Al Muzafar [8] reported a significant decline in hepatic glutathione content and
CAT and superoxide dismutase (SOD) activities caused by a high dose of saccharine. Apart from the liver, the
changes in activity of antioxidative enzymes induced by various artificial sweeteners have been investigated
in other organs of high metabolic activity such as kidneys and brain. In a study by Adaramoye and Akanni [9]
the effects of long-term administration of aspartame in three doses (15 - 70 mg/kg) were determined in brain
and liver and it has been found that the higher doses not only reduced CAT activity but also other
antioxidative parameters such as SOD (superoxide desmutase), glutathione-S-transferase and glutathione
peroxidase. Our results are comparable to that considering that the CAT activity was measured by the same
method and that we applied two doses in a period of 8 weeks. Contrary findings were reported by Mourad
and Noor [15] who concluded that the induction of oxidative stress may depend on the treatment duration
since a delayed increase in CAT activity was observed only after 6 weeks but not after 2 and 4 weeks.
Carbonated soft drinks, having a high content of artificial sweeteners, are also a common subject of animal
studies in terms of oxidative stress induction in brain tissue. In that regard, carbonated soft drinks were
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observed to downregulate the expression of antioxidative parameters including CAT [23] when compared
with controls.

Aside from genetic mechanisms, Lebda et al. [11] went further in explaining the brain damage induced
by subchronic aspartame and soft drinks treatments in rats by stating that such damage may be driven via
pathways that involve energy production disruption, electrolytes and hormonal imbalance, oxidative stress
and neuronal apoptosis. Collectively, the decrease of CAT activity in the current and other studies previously
mentioned may be attributed to the increased consumption of the enzyme to compensate for the
overproduction of free radicals caused by the artificial sweeteners intake. These results were obtained using
different fish species as experimental models. Since the redox balance is of vital importance, one experimental
group of the current study, treated with a high dose of artificial sweetener was also given 500 mg vitamin C,
in order to establish its effects on CAT and whether this antioxidant can attenuate the oxidative stress.
Interestingly, the CAT activity of that experimental group was close to the CAT activity measured in the
controls. Furthermore, the CAT activity in rats treated with the high dose of artificial sweeteners and vitamin
C was significantly higher compared to the group treated with a high dose of artificial sweeteners only. Based
on these grounds, it appears reasonable to assume that vitamin C efficiently neutralized the harmful effects of
free radicals thereby decreasing the enzyme activity otherwise required to counteract the same damage.
Alternatively, it may be the synergistic action of both antioxidants which led to the smaller consumption of
CAT. In either case, the results prove that long-term administration of sodium cyclamate / saccharine
combination significantly decreased CAT activity while vitamin C attenuated some of the oxidative damage
in which case the enzyme activity was close to that in the controls.

4. CONCLUSION

In conclusion, this study demonstrated that a long-term treatment of Wistar rats with the combination
of sodium cyclamate and saccharine induced hematological changes e.g. decreased RBC, Hb, HCT and MCV
values. Hematological changes suggest the presence of microcytic anemia. Both, the low and high dose of the
sweeteners suggest oxidative stress processes in the brain tissue which was reflected in the decreased values
of CAT activity. Vitamin C, which was administered alternately with the high dose of sweeteners, proved to
be beneficial in terms of reducing the effects of the sweeteners on the hematological status. In addition, it may
be useful in ameliorating the oxidative stress. That conclusion is based on the reduced consumption of CAT
compared to the group which was given the high dose sweeteners, only. A more precise conclusion might be
drawn upon measuring other enzymatic and non-enzymatic antioxidants

5. MATERIALS AND METHODS
5.1. Animal maintenance and ethical approval

Male Wistar rats, Rattus norvegicus, (University of Sarajevo, Faculty of Science), weighing 200-250 g,
kept on 12h/12h light and dark cycle were used in all experiments. They were kept at controlled temperature
conditions (22 - 23 °C) and fed with pelleted food (Oxbow Essentials) with water ad libitum. The experiments
were conducted according to the European Communities Council Directive [24]. The Ethics Committee of the
Faculty of Science, University of Sarajevo, issued the approval for this study (01/01-215-2-2020). The animals
were housed and bred in the Laboratory for Biochemistry and Physiology, Faculty of Science, Sarajevo.

5.2. Animal exposure scenarios and dosing criteria

According to the producer’s declaration, one artificial Huxol sweetener tablet (Nutrisun GmbH & Co.
KG, Germany) contains 40 mg sodium-cyclamate and 4 mg saccharine. Other ingredients include sodium
bicarbonate, sodium citrate and lactose. Animals were randomized and assigned to four experimental groups,
as presented in Table 2. Each group contained six Wistar rats. The control group was given water and food ad
libitum. Three experimental groups were exposed with 20 mL of a low dose of sweetener (L; 15.4 mg/mL),
high dose of sweetener (H; 22 mg/mL) and high dose and vitamin C alternately (H + vit C; 22 mg/mL + 25
mg/mL), every other day. Using a dose of sweetener and vitamin C (Acidum ascorbicum Plivit C, Pliva,
Croatia) as tablets were previously dissolved in 20 mL of water. The doses were chosen upon literature review
[8,25]. The experimental period lasted 8 weeks.
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Table 2. Treatment regime of the experimental groups.

Sodium .
Group Label Treatment cyclamate/dose Saccharine/ dose
Control group CG Food and water ad libitum - -
Low dose L 15.4 mg/mL sweetener (7 tablets in 20 14 mg/mL 1.4 mg/mL
mL water)
. 22 mg/mL sweetener (10 tablets in 20
High dose H mL water) 20 mg/mL 2 mg/mL
+
e 22 mg/mL sweetener + 25 mg/mL

H+vitC vitamin C (10 tablets in 20 mL water 20 mg/mL 2 mg/mL

(vitamin C) and 500 mg vit C in 20 mL water)

5.3. Blood sampling and assessment of hematological indices

At the end of experimental period (24 h after the last dose), the animals were anesthetized, followed by
euthanasia as described by Suljevic et al. [26]. Blood samples were collected via the cardiac puncture with the
small gauge needle (21G, Semikem, Bosnia and Herzegovina). Blood without anticoagulants was used for the
analysis of hematological parameters. The following hematological parameters were analyzed: erythrocytes
count (RBC), leukocyte count (WBC); hemoglobin concentration (Hb); hematocrit (HCT) and erythrocytes
indices (MCV - mean cell volume, MCH- mean corpuscular hemoglobin and MCHC- mean corpuscular
hemoglobin concentration).

RBC was determined using the Neubauer hemocytometer (Merck, Germany). To obtain the erythrocyte
count, the whole blood was diluted (1: 100) in the isotonic Hayem solution (Semikem, Bosnia and
Herzegovina). The total erythrocyte count per litre of blood was determined by multiplying the number of
counted erythrocytes x dilution (100) x depth of the chamber (10) x square surface (5) x 1072

WBC was determined by using of the Biirker-Tiirk hemocytometer (Merck, Germany). For analysis of
the leukocyte count, blood was diluted (1:500) in the Tiirk reagent (Semikem, Bosnia and Herzegovina). The
RBC and WBC were determined by counting cells in a hemocytometer and using the Olympus BX41
Microscope with Binocular Head (USA). The total lymphocyte count per litre of blood was determined by
multiplying the number of counted lymphocyte x dilution (500) x depth of the chamber (10) x square surface
(4) x 10°.

To perform the hematocrit test (HCT), blood was drawn using the heparinized microhematocrit
capillary tubes which were then placed into a centrifuge (16000 rpm, 10 min). The hematocrit is calculated as
the simple ratio of plasma to blood cells, which is measured by a graphical scale as per manufacturer’s
instructions (Hettich Haematokrit 24, Germany).

Hemoglobin concentration was determined spectrophotometrically by Drabkin’s method [27] using the
SPECTRONIC GENESYS™20 spectrophotometer. Oxidation of hemoglobin in solution finally forms
cyanmethemoglobin, with the maximum absorption at 546 nm.

MCV was calculated by dividing HCT by the total number of erythrocytes; MCH was calculated by
dividing the hemoglobin concentration by RBC, and MCHC was determined by dividing the hemoglobin
concentration by the hematocrit value.

5.4. Brain isolation, tissues processing and catalase activity assay

After euthanasia of the animals, brain isolation was performed. The brain was rapidly excised from each
animal, trimmed of connecting tissue, washed free of blood with 0.9% NaCl solution and distilled water. The
brain was homogenized with 0.1 M phosphate buffer saline at pH 7.4, to give a final concentration of 10% w/v
for the biochemical assays. The homogenates were centrifuged at 10000 rpm for 10 min at 4 °C and the
supernatants used for the determination of CAT (catalase) activity. Catalase activity was determined
according to Aebi [28].

The decomposition of H>O» can be followed directly by the decrease in absorbance at 240 nm. Briefly,
2.0 mL of diluted tissue homogenate was incubated with 1 mL of H>O> (30 mM). The control contained 2 mL
phosphate buffered saline (PBS; pH = 7.4) and 1 mL H>O (30 mM) - a solution that shows the absorbance A =
0.5. The difference in absorbance (A240) per time unit is a measure of the catalase activity. The Axy was recorded
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for 7 minutes and the CAT activity calculated for three time points: 1 - 2 min, 2 - 3 min and 1 - 7 min to account
for the consistency of the obtained results. One unit of activity was defined as the amount of enzyme catalyzing
the decomposition of 1 pmol H>O» per min, calculated from the extinction coefficient (36 M- cm™) for H>O» at
240 nm. All measurements were per formed in triplicate and results are expressed as mean values + SD.

5.5. Statistical Analysis

The generated data were analyzed using the Statistical package for social sciences (SPSS ver. 10). The
hematological parameters and CAT activity were interpreted upon performing the ANOVA and consecutively
the Post Hoc Tukey test. The statistical significance was set at P < 0.05.
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