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Replacing sucrose with non-caloric sweeteners is an approach to avoid overweight and diabetes develop-
ment. Non-caloric sweeteners are classified into either artificial as sucralose or natural as stevia. Both of
them have been approved by FDA, but the effects of their chronic consumption are controversial. The pre-
sent study aimed to evaluate the effects of these two sweeteners, in male and female albino mice, on dif-
ferent blood biochemical parameters, enzymes activities and immunological parameters after 8 and
16 weeks of sweeteners administration. 40.5 mg/ml of sucrose, 5.2 mg/ml of sucralose and 4.2 mg/ml
of stevia were dissolved individually in distilled water. Mice were administrated by sweetener’s solution
for 5 h daily. Male and female mice showed a preference for water consumption with sucralose or stevia.
Both of the two sweeteners significantly reduced the hemoglobin level, HCT%, RBCs and WBCs count.
After 18 weeks, significant elevations in liver and kidney function enzymes were observed in male and
female mice administrated with both non-caloric sweeteners. Histopathological examination in sucralose
and stevia administrated groups confirmed the biochemical results; where it revealed a severe damage in
liver and kidney sections. While, sucrose administration elevated, only, the levels of ALT, AST and choles-
terol in male mice. A vigorous elevation in levels of different immunoglobulin (IgG, IgE and IgA) and pro-
inflammatory cytokines (IL-6 and -8), that was accompanied by a significant reduction in level of anti-
inflammatory cytokine IL-10, was observed in male and female mice groups administrated with sucralose
or stevia. On the other hand, sucrose administration led to an elevation in IgA and reduction in IL-10
levels.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Sucrose, a disaccharide composed of the monosaccharides fruc-
tose and glucose, constitutes 99.7% of normal table sugar. It is not
essential in nutrition due to its lack of vitamins and minerals
(Mathlouthi and Reiser, 1995). Excessive consumption of sucrose
promotes obesity and type II diabetes (Amchra et al., 2018). High
consumption of sucrose in drinks and diets has adverse effects
on body weight; and may cause other health problems as diabetes
and cardiovascular disease (Johnson et al., 2007). Moreover, animal
model experiments showed that high consumption of sucrose
leads to hyperinsulinemia, hyperglycemia, hypertension, and insu-
lin resistance (Amchra et al., 2018). The American Heart Associa-
tion limited sugar intake to 30 g (100 calories) per day for
average-sized women and 45 g (150 calories) for average-sized
men (Mitka, 2009). The last decade saw an intensive elevation in
the number of food products that contains non-caloric sweeteners
in order to overcome health problems associated with obesity and
diabetes. And many research studies have focused on sweetener
consumption in obese and diabetic patients. In both cases, the
main purpose was to reduce the caloric intake in their usual diet
(Gardner et al., 2012).

The increasing ratio of individuals suffering from chronic dis-
eases as diabetes and obesity increased the importance of sugar
substitutes as an alternative to sucrose. Sugar substitutes are food
additives that duplicate the sweeten taste of sucrose with less or
no calorie. It is classified into artificial sweeteners as sucralose, sac-
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charine, aspartame and cyclamate; and natural sweeteners as ste-
via (Tandel, 2011). The five artificial sweeteners, saccharin, acesul-
fame, aspartame, neotame, and sucralose, have been approved by
FDA. Stevia, a natural low-calorie sweetener, has also been
approved (Mattes and Popkin, 2009). The human body responds
to these sweeteners in a very complex way. The sweetness of
non-nutritive sweeteners is more potent than that of sucrose or
high-fructose corn syrup. Their frequent use over stimulates sugar
receptors and in turn limits the tolerance for less intensely sweet
foods, as fruit, and unsweet foods, as vegetables (Black et al.,
1993). Animal studies showed that artificial sweeteners are addic-
tive (Yang, 2010). Lenoir et al. (2007) reported that the intense
sweetness of saccharine can surpass cocaine reward, even in
drug-sensitized and addicted rats. The study of Mathur et al.
(2020) reported that people with type II diabetes who consumed
artificial sweeteners had a higher insulin resistance than others.
Also, Bueno-Hernández et al. (2019) found that artificial sweeten-
ers, depending on dose and duration of consumption, have a pro-
inflammatory effect combined with gastrointestinal disorders.
They related that to the elevation of gastrointestinal hormones
which control the motility of intestine. Emamat et al. (2020) added
that artificial sweeteners had an important role in alteration of
intestinal microbiota and dysbiosis.

The use of artificial sweeteners, as sucralose, has been increased
due to the health problems related to sucrose. Sucralose, 1,6-
dichloro-1,6-dideoxy-b-D-fructofuranosyl-4-chloro-4-deoxy-a-D-
galactopyranoside, is a synthetic disaccharide that is produced
from sucrose when three hydroxyl groups are replaced by three
chlorine atoms. Sucralose has 385–650 more sweetness than
sucrose depending upon the specific food application (Schiffman
et al., 2008). According to U.S. Food and Drug Administration, the
acceptable daily intake (ADI) level for sucralose is 5 mg/kg per
day (U.S. FDA, 1998); and according to Scientific Committee on
Food of the European Commission, DAI is 15 mg/kg/d (SCF, 2000).
Also, sucralose usage is permitted in pregnancy, nursing, with chil-
dren and patients with medical conditions (Schiffman and Rother,
2013).

However, sucralose chronic consumption has adverse health
effects that make its use a subject of controversy (Marti et al.,
2008; Greenhill, 2020; Sylvetsky et al., 2020). The hazardous
effects of artificial sweeteners have directed the consumers
towards natural sweeteners as stevia. Stevia is a sweet glycosides
extracted from Stevia rebaudiana (Arumugam et al., 2020). Stevia
extract has been used as a sweetener and traditional medicine
for several hundred years by local people in South America. Stevia
extracts contains a natural non-caloric sweetener known as steviol
glycosides. Stevioside (5–10% of total dry weight) and rebaudi-
auside A (2–4% of total dry weight) are the main steviol glycosides
isolated from stevia leaves. Stevioside and rebaudioside A are 250–
450 times sweeter than sucrose (Crammer and Ikan, 1986).

The present study aims to evaluate the effects of sucralose as an
artificial sweetener and stevia as a natural one on blood biochem-
ical parameters, enzyme activities and immunological parameters
in experimental male and female albino mice. Furthermore, liver
and kidney sections from all experimental groups will be subjected
to histopathological examination. Their effects will be compared to
those of sucrose to evaluate their safeness as sugar substitutes.
2. Materials and methods

2.1. Animals

The study was conducted on male and female BALB/c albino
mice, 6 weeks age and 18–20 g weight, purchased from Theodor
Bilharz Research Institute (TBRI), Giza, Egypt. Mice were hosed in
individual cages and allowed to acclimatize for one week, in the
animal house environment, before running out the experiment.
Experimental protocols were carried out according to the interna-
tional care and use of laboratory animals’ guidelines and approved
by the Institutional Animal Care and Use Committee (IACUC); Cairo
University, Faculty of Science, Egypt (CU I F 80 18). Mice groups
were maintained under controlled temperature, 21 ± 2 �C, and on
12/12 h light/dark cycle. Standard rat diet (18% crude protein, 5%
crude oil, 54% carbohydrates, vitamins, salts and minerals) was
allowed ad libitum through the entire experiment.

2.2. Sweeteners

Dose calculation typically requires close attention because of
the pharmacokinetics and pharmacodynamic variations between
organisms. During the study, allometric scaling let us exchange
doses between species. It is usually used for the conversion of
doses among species and not within species. It is an empirical
approach where drug dose exchange is based on dose-to-body sur-
face normalization. This approach suggests that anatomic, physio-
logic and biochemical mechanisms between species have some
special characteristic when an allometric scale is used for potential
differences in the pharmacokinetic/physiological time (Chaturvedi
et al., 2001; Rhomberg and Lewandowski, 2006). In this study, Ani-
mal equivalent dose (AED) was calculated on the basis of body sur-
face area by multiplying the human dose (mg/kg) by the Km ratio
(AED = Human dose X Km ratio) according to Nair and Jacob
(2016). Km ratio was obtained from FDA draft guidelines (2005).
Sucralose was obtained as sweetal (Hygint pharmaceutical com-
pany) and stevia was obtained as SweetLeaf (Wisdom Natural
Brands). 40.5 mg/ml of sucrose (S5016), 5.20 mg/ml of sucralose
and 4.20 mg/ml of stevia were dissolved individually in distilled
water. Mice are nocturnal animals and their water intake is
strongly linked to the circadian rhythm of their waking/sleeping
behavior (Eckel-Mahan and Sassone-Corsi, 2013). The solutions
were placed in the waterers for 5 h (from 7 to 12 pm daily), then
replaced with normal drinking water. The body weight, food con-
sumption and volume of daily consumed water with and without
sweeteners were determined for all experimental groups at 8 and
16 weeks post administration.

2.3. Experimental design

80 mice (40 each male and female) were divided into eight
groups per sex:

Group I: Control group received normal drinking water without
sweeteners for 8 weeks,
Group II: Control group received normal drinking water without
sweeteners for 16 weeks,
Group III: Mice received sucrose dissolved in drinking water for
8 weeks,
Group IV: Mice received sucrose dissolved in drinking water for
16 weeks,
Group V: Mice received sucralose dissolved in drinking water
for 8 weeks,
Group VI: Mice received sucralose dissolved in drinking water
for 16 weeks,
Group VII: Mice received stevia dissolved in drinking water for
8 weeks,
Group VIII: Mice received stevia dissolved in drinking water for
16 weeks.

At the end of the experiment, mice were anaesthetized with
pentobarbital (80 mg/kg); and blood was collected by direct car-
diac puncture (Farid et al., 2020a). Cardiac puncture was advised
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to extract a single, high quality and large amount of blood from
mice model at the terminal stage of the study. Mice should be
under terminal anesthesia while gathering blood samples. Correct
needle is used for collecting the blood samples from the heart ven-
tricle (Parasuraman et al., 2010). Coagulated blood was cen-
trifuged, for 10 min at 2500 rpm, to separate the serum. Serum
aliquots were stored at �80 �C till biochemical and immunological
measurement. Heparinized blood was used for measuring haema-
tological parameters.
2.4. Blood picture, blood biochemical parameters, enzyme activities
and immunological parameters

Hemoglobin A1c (HbA1c), known as glycosylated or glucosy-
lated hemoglobin, is a minor component of hemoglobin to which
glucose is bound. It reflects the average blood glucose levels over
the prior 6–8 weeks. Its measurement was used to record the
effects of artificial sweeteners on blood glucose level in mice. Its
level was determined by mouse kit (E4657). Blood picture (Hb:
Hemoglobin, HCT: Hematocrit, RBCS: Red blood cells, WBCS: White
blood cells, PLT: Platelet, MCV: mean corpuscular volume, MCH:
mean cell hemoglobin, MCHC: mean corpuscular hemoglobin con-
centration) was evaluated in all experimental groups by an auto-
mated counter. Serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were assayed by mouse ELISA
kit (MBS264717 and MBS450720, respectively). Kidney function
parameters were measured by rat urea ELISA kit (MBS751125)
and rat creatinine ELISA kit (MBS763433). Oxidative stress
biomarkers, superoxide dismutase (SOD) and nitric oxide (NO)
were estimated by mouse SOD ELISA kit (MBS034842) and mouse
NO ELISA kit (MBS720290). Lipid profiles were determined by
Cholesterol (Chol) Assay Kit- high-density lipoproteins (HDL) and
low-density lipoproteins (LDL)/VLDL (ab65390) and Triglyceride
(TG) Assay Kit (STG-1-NC, Zenbio). Level of serum free fatty acids
(FFAs) was detected by Free Fatty Acid Assay Kit - Quantification
(ab65341). Circulating lipopolysaccharides (LPS) serum level was
measured by mouse LPS ELISA kit (Cat No. MBS700021). All mea-
sured immunological parameters were evaluated by sandwich
ELISA due to its effectivety and high efficacy in detection according
to (Farid et al., 2019; Farid et al., 2020b; Farid et al., 2020c; Farid
et al., 2020d). The concentrations of serum interleukin (IL)-6, -8
and -10 were measured by using mouse ELISA kit (ab100712,
MBS261967 and ab100697, respectively). Different immunoglobu-
lin (Ig) levels were estimated by Mouse IgG ELISA Kit (ab157719),
Mouse IgA ELISA Kit (ab157717) and Mouse IgE ELISA Kit
(ab157718).
2.5. Histopathological studied

Liver and kidney from all experimental groups were fixed
immediately in 10% neutral buffered formalin followed by the
dehydration in different grades of alcohol and clearing in xylol.
Organs were embedded in paraffin wax, sectioned at 4–6 l thick
and stained with Haematoxylin and Eosin to be examined micro-
scopically (Farid et al., 2020a).
2.6. Statistical analysis

The results were evaluated by One Way ANOVA test and com-
pared with Duncan’s Multiple Range test (DMRT). Results were
expressed as mean ± SD and values were considered significant
at P < 0.05.
3. Results

3.1. Body weight, food and water (with and without sweeteners)
consumption

Sucrose, sucralose and stevia administrated mice groups, male
and female, showed a reduction in water consumption without
sweeteners when compared to their corresponding control groups
(Table 1). Male and female mice groups V, VI, VII and VIII showed
an increase in consumption of water with sweeteners (sucralose or
stevia) when compared to sucrose administrated groups III and IV.
Sucrose, sucralose or stevia administration did not increase the
body weight in both male and female groups when compared to
control groups I and II. An insignificant decrease in food consump-
tion was observed in male and female mice groups administrated
with sucrose, sucralose or stevia at 8 and 16 weeks post
administration.
3.2. HbA1c level

The levels of HbA1c in control female mice groups I and II
were higher than those of control male mice either at 8 or
16 weeks (Fig. 1). The same was observed in sucrose, sucralose
and stevia administrated female mice groups (Table 2). Sucralose
and stevia administration, in female mice groups, significantly
elevated HbA1c after short and long term administration when
compared to control group I (group V: 8.08, group VI: 8.11, group
VII: 8.70 and group VIII: 8.74 vs group I: 6.58 and group II: 6.96).
In male group VI, administration of sucralose for 16 weeks, signif-
icantly elevated HbA1c to reach 7.24 ± 0.4 that was higher than
those of control groups and other sweetener administrated
groups.
3.3. Complete blood picture

Sucrose administration did not affect hemoglobin levels, in both
male and female mice, either on short or long term (Fig. 1). While
sucralose administration caused a strong drop in hemoglobin (Hb)
levels in male groups V and VI (11.62 ± 2.5 and 12.26 ± 1.6, respec-
tively) when compared to control groups I and II. Stevia adminis-
tration for 16 weeks caused a significant reduction in
hemoglobin level of female group VIII (12.22 ± 1.2) more than that
of male group VIII (13.58 ± 2.2). In male and female mice groups,
Hematocrit (HCT) was significantly reduced after sucralose and
stevia administration, either for 8 or 16 weeks, in comparison to
control groups and sucrose administrated groups III and IV.
Sucrose administration, in male groups III and VI, showed no sig-
nificant change in red blood cells (RBCs) count (5.12 ± 0.9 and
5.05 ± 0.8, respectively); the same was observed among sucrose
administrated female groups III and VI (6.12 ± 5.1 and 6.02 ± 4.9,
respectively) when compared to female control groups I and II
(6.61 ± 1.7 and 5.92 ± 1.9). In male groups, sucralose or stevia
administration significantly reduced RBCs count in comparison to
male control groups (group V: 3.90 ± 0.9, group VI: 4.02 ± 0.5,
group VII: 4.42 ± 1 and group VIII: 4.56 ± 0.7 vs group I:
6.36 ± 1.8 and group II: 6.59 ± 8.3). On the other hand, sucralose
or stevia administration in female groups caused a gradual
decrease in RBCs count from 8 to 16 weeks of administration
(group V: 5.74 ± 1.9, group VI: 4.82 ± 1, group VII: 5.94 ± 1.51
and group VIII: 4.16 ± 0.4 vs group I: 6.61 ± 1.7 and group II:
5.92 ± 1.9). White blood cells (WBCs) count in all female mice
groups was higher than their corresponding male mice groups.
Sucrose administration in male groups III and VI did not show
any significant change inWBCs count when compared to male con-
trol groups (group III: 5.62 ± 0.86, group VI: 5.11 ± 0.7 vs group I:



Table 1
The effects of sucrose, sucralose and stevia administration on body weight, food and water consumption (with and without sweeteners) in male and female albino mice.

Parameters Control groups Sucrose Sucralose Stevia

Group I Group II Group III Group IV Group V Group VI Group VII Group VIII

Male mice Water consumption

(ml/mouse/day)
Without sweeteners 4.68 ± 1.5c 5.47 ± 5.6d 3.98 ± 9.4b 3.96 ± 0.3b 3.03 ± 5.3a 4.03 ± 2.4b 3.46 ± 7.1a 3.89 ± 1.3b

With sweeteners - - 2.14 ± 4.2a 3.14 ± 6.4b 3.10 ± 3.6b 4.56 ± 4.1c 3.60 ± 0.5b 4.91 ± 0.3c

Food consumption
(g/mouse/day)

4.31 ± 1.3b 5.60 ± 4.3c 3.86 ± 1.9a 4.98 ± 14.2b 3.98 ± 4.5a 5.03 ± 6.6c 3.65 ± 0.4a 5.44 ± 1.3c

Body weight (g) 32.44 ± 0.6a 37.54 ± 1.6b 33.04 ± 4.1a 38.55 ± 3.6b 34.65 ± 3.1a 39.63 ± 5.1b 33.51 ± 1.4a 39.96 ± 2.6b

Female mice Water consumption

(ml/mouse/day)
Without sweeteners 5.59 ± 0.4c 6.26 ± 0.9d 4.51 ± 2.1b 4.01 ± 5.6a 4.21 ± 4.1a 4.96 ± 1.9b 4.36 ± 4.3a 5.41 ± 0.6c

With sweeteners – – 2.54 ± 5.6a 3.47 ± 11.1b 3.94 ± 2.1b 4.10 ± 4.3c 4.05 ± 0.8c 4.81 ± 4.1c

Food consumption
(g/mouse/day)

5.31 ± 0.5a 6.4 ± 0.7c 4.92 ± 8.6a 5.88 ± 5.4b 4.56 ± 1.1a 5.96 ± 8.2b 4.43 ± 5.3a 5.88 ± 4.4b

Body weight (g) 33.11 ± 4.0a 38.47 ± 2.5b 34.47 ± 12.4a 39.78 ± 0.6b 34.57 ± 5.3a 39.41 ± 0.2b 34.25 ± 0.8a 39.81 ± 7.6b

Data were presented as mean ± SD. Means followed by the same letter within the same row were not significantly different (P > 0.05), whereas those marked with different
ones were significantly different (P < 0.05) using analysis of variance [ANOVA]; Duncan’s Multiple Range test (DMRT). Group I and II: Control groups receiving normal
drinking water without sweeteners for 8 and 16 weeks, Group III: Mice received sucrose for 8 weeks, group IV: Mice received sucrose for 16 weeks, group V: Mice received
sucralose for 8 weeks, Group VI: Mice received sucralose for 16 weeks, Group VII: Mice received stevia for 8 weeks, Group VIII: Mice received stevia for 16 weeks.

Fig. 1. The effects of sucrose, sucralose and stevia administration in male and female experimental groups on complete blood picture, NO, SOD and circulating LPS.
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5.96 ± 1.35 and group II: 5.03 ± 3.5); while its administration in
their corresponding female groups induced a significant reduction
in WBCs count (group III: 6.70 ± 1.3, group VI: 6.41 ± 0.8 vs group I:
8.24 ± 1.5 and group II: 7.75 ± 0.5). Sucralose administration, in
male groups only, showed a gradual decrease in WBCs count to
reach 4.42 ± 0.96 and 3.44 ± 1 after 8 and 16 weeks of administra-
tion, respectively. Stevia administration, either for short or long
term in male mice groups VII and VIII, did not showed any change
in WBCs count in comparison to control groups and sucrose
administrated groups III and VI. Stevia administration in female
mice groups VII and VIII showed a significant decrease in WBCs
count (6.88 ± 1.4 and 6.16 ± 0.7, respectively) when compared to
female control groups (8.24 ± 1.5 and 7.75 ± 0.5); and no change
when compared to sucrose or sucralose administrated female mice
groups. Male control groups showed platelets count higher than
that of female control groups. Platelets (PLT) count, in long term
administrated male groups with sucralose or stevia, showed
insignificant decrease when compared to control groups (group
VI: 181.63 ± 5.3, group VIII: 172.41 ± 4.7 vs group II: 203.47 ± 2.
5). Short term administration of sucralose, in female group V,
showed a significant reduction in platelets count (169.20 ± 8.3)
that continued to reach 155.80 ± 12 after 16 weeks of administra-
tion. Stevia administration in female group VII for 8 weeks did not
affect platelets count; but after 16 weeks of administration a sig-
nificant drop was observed in comparison to female control group
I (group VII: 184.60 ± 4.4, group VIII: 144.20 ± 13.9 vs group II: 186.
20 ± 4.2). No significant changes were observed in mean corpuscu-
lar volume (MCV), mean cell hemoglobin (MCH) or mean corpus-
cular hemoglobin concentration (MCHC) among experimental
groups for male and female mice (Table 2).



Table 2
The effects of sucrose, sucralose and stevia administration on HbA1c level and complete blood picture in male and female albino mice.

Parameters Control groups Sucrose Sucralose Stevia

Group I Group II Group III Group IV Group V Group VI Group VII Group VIII

Male mice HbA1c% 5.02 ± 1.28a 5.41 ± 2.1a 5.94 ± 0.9a 6.01 ± 2.5a 6.38 ± 1.9a 7.24 ± 0.4b 6.22 ± 1.1a 6.36 ± 0.8a

Hb (g/dl) 16.44 ± 3.03b 15.99 ± 2.3b 15.21 ± 2.91b 15.81 ± 5.4b 11.62 ± 2.5a 12.26 ± 1.6a 13.16 ± 3.2a 13.58 ± 2.2a

HCT (%) 47.21 ± 7.46b 47.71 ± 4.16b 48.11 ± 7.8b 44.21 ± 1.9b 35.61 ± 7.37a 35.54 ± 4.7a 40.43 ± 8.3a 39.44 ± 6.3a

RBCs (106/lL) 6.36 ± 1.8b 6.59 ± 8.3b 5.12 ± 0.9b 5.05 ± 0.8b 3.90 ± 0.9a 4.02 ± 0.5a 4.42 ± 1a 4.56 ± 0.7a

WBCs (103/lL) 5.96 ± 1.35b 5.03 ± 3.5b 5.62 ± 0.86b 5.11 ± 0.7b 4.42 ± 0.96ab 3.44 ± 1a 5.56 ± 1.2b 5.04 ± 0.9b

PLTS (103/lL) 200.04 ± 5.7a 203.47 ± 2.5a 209.02 ± 4.7a 199.21 ± 5.4a 190.45 ± 2.5a 181.63 ± 5.3a 202.62 ± 3.2a 172.41 ± 4.7a

MCV (fl) 90.76 ± 1.6a 91.02 ± 2.5a 94.54 ± 9.9a 93.41 ± 8.4a 91.16 ± 3.6a 88.48 ± 0.8a 91.90 ± 4.4a 86.28 ± 2.9a

MCH (pg) 30.91 ± 1.3a 31.00 ± 6.4a 29.42 ± 3.2a 29.14 ± 1.2a 29.73 ± 5.4a 30.14 ± 0.5a 29.12 ± 1.1a 29.65 ± 1.1a

MCHC (g/dl) 31.32 ± 1.4a 31.40 ± 4.2a 31.84 ± 3.3a 30.04 ± 1.3a 30.76 ± 1.17a 29.21 ± 0.4a 30.94 ± 1.5a 29.06 ± 0.8a

Female mice HBA1c% 6.58 ± 1.8a 6.96 ± 0.1a 7.04 ± 0.6a 7.71 ± 4.2ab 8.08 ± 1.3b 8.11 ± 0.7b 8.70 ± 1.6bc 8.74 ± 0.4bc

Hb (g/dl) 17.24 ± 2.8b 18.06. ± 5.4b 16.05 ± 2.6b 16.98 ± 1.3b 14.72 ± 3.2a 13.90 ± 1.5a 15.38 ± 2.1a 12.22 ± 1.2a

HCT (%) 48.00 ± 5.7b 47.87 ± 1.6b 47.07 ± 1.2b 46.88 ± 0.6b 41.60 ± 6.5a 39.18 ± 3.7a 42.80 ± 3.9a 35.06 ± 3.6a

RBCs (106/lL) 6.61 ± 1.7c 5.92 ± 1.9c 6.12 ± 5.1c 6.02 ± 4.9c 5.74 ± 1.9b 4.82 ± 1.8a 5.94 ± 1.51b 4.16 ± 0.4a

WBCs (103/lL) 8.24 ± 1.5b 7.75 ± 0.5b 6.70 ± 1.3a 6.41 ± 0.8a 6.02 ± 1.9a 6.31 ± 1.1a 6.88 ± 1.4a 6.16 ± 0.7a

PLTS (103/lL) 185.20 ± 14.1d 186.20 ± 4.2d 189.30 ± 6.1d 188.40 ± 5.7d 169.20 ± 8.3c 155.80 ± 12b 184.60 ± 4.4c 144.20 ± 13.9a

MCV (fl) 88.12 ± 1.4a 87.41 ± 9.3a 90.47 ± 8.1a 89.06 ± 7.2a 88.58 ± 2.5a 91.96 ± 0.7a 88.41 ± 1.1a 88.18 ± 1a

MCH (pg) 30.91 ± 1.3a 30.63 ± 6.8a 28.01 ± 4.3a 29.01 ± 0.1a 30.90 ± 1.3a 32.01 ± 0.7a 30.91 ± 1.3a 30.42 ± 0.5a

MCHC (g/dl) 30.44 ± 1.1a 30.04 ± 4.4a 29.99 ± 5.5a 30.09 ± 3.2a 30.62 ± 1.1a 29.06 ± 0.9a 30.16 ± 1.2a 29.20 ± 0.4a

Data were presented as mean ± SD. Means followed by the same letter within the same row were not significantly different (P > 0.05), whereas those marked with different
ones were significantly different (P < 0.05) using analysis of variance [ANOVA]; Duncan’s Multiple Range test (DMRT). Group I and II: Control groups receiving normal
drinking water without sweeteners for 8 and 16 weeks, Group III: Mice received sucrose for 8 weeks, group IV: Mice received sucrose for 16 weeks, group V: Mice received
sucralose for 8 weeks, Group VI: Mice received sucralose for 16 weeks, Group VII: Mice received stevia for 8 weeks, Group VIII: Mice received stevia for 16 weeks.
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3.4. Liver function enzymes

Sucrose administration increased alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels in male mice
groups III and IV in a significant way; while no significant change
was observed upon their administration in female mice groups
(Table 3, Fig. 2). Short and long term administration of sucralose,
in both male and female mice groups, significantly elevated ALT
and AST levels when compared to their corresponding control
groups or sucrose administrated groups III and IV. Stevia adminis-
tration for 8 weeks significantly increased ALT level, in both male
(48.44 ± 9.5) and female (48.44 ± 9.1) mice group VII; this increase
continued to reach the highest level among all experimental
groups (57.14 ± 3.6 and 56.14 ± 2.6 for male and female mice group
VIII, respectively). AST level, in stevia administrated female group
VII (42.21 ± 1.6) and VIII (49.08 ± 0.7), was significantly higher than
that of control groups I and II (25.62 ± 2.5 and 26.55 ± 19.4) and
sucrose administrated groups III and IV (29.30 ± 3.2 and
31.31 ± 0.4, respectively); but significantly lower than that of
sucralose administrated groups (52.01 ± 5.2 and 51.34 ± 0.8 for
group V and VI, respectively).

3.5. Kidney function parameters

Sucrose administration in male and female mice groups III and
VI did not affect urea and creatinine levels either on short or long
term (Table 3, Fig. 2). Sucralose administration, in male and female
groups V and VI, significantly elevated urea and creatinine levels
when compared to their corresponding control groups. The effect
of stevia on urea level, after 8 weeks of administration, was more
obvious in male group than in female ones (55.52 ± 9.8 and
42.61 ± 1.6, respectively); the same was observed after 18 weeks
of administration. Creatinine level, in female groups VII and VIII
(2.71 ± 1.5 and 2.91 ± 0.4, respectively), was higher than their cor-
responding male groups (1.81 ± 0.3 and 2.12 ± 7.1 for group VII and
VIII, respectively).

3.6. Free radicles and antioxidant enzymes

Levels of free radicle and antioxidant were higher in female
groups than in their corresponding male groups (Fig. 1). Short
and long term administration of sucrose and short term adminis-
tration of both stevia and sucralose did not affect nitric oxide
(NO) level in both male and female groups (Table 3). Only, long
term administration of sucralose or stevia significantly elevated
NO level in both male and female groups VI and VIII. A significant
reduction in Superoxide dismutase (SOD) level was observed after
8 weeks of administration of sucralose or stevia in both male and
female groups; however the reduction effect of sucralose was
higher than that of stevia. Male group VI, long term sucralose
administrated group, recorded the lowest SOD level (45.18 ± 1.6)
among all experimental groups.
3.7. Lipid profile

Sucrose administration for 8 and 16 weeks significantly ele-
vated cholesterol (Chol) level in both male (150.84 ± 13.1 and
149.14 ± 1.3 for groups III and IV, respectively) and female groups
(120.22 ± 5.2 and 124.04 ± 4.9 for groups III and IV, respectively)
when compared to their corresponding controls. Long term admin-
istration of sucralose and stevia significantly increased cholesterol
level in female groups VI and VIII (170.05 ± 8.4 and 157.92 ± 9.3,
respectively) when compared to short term administrated groups
V and VII (95.62 ± 23.7 and 95.21 ± 1.6, respectively). In male mice
groups, administration of sucralose or stevia for 8 weeks signifi-
cantly elevated cholesterol level; and this elevation continued to
reach 168.74 ± 10.7 and 166.90 ± 16 after 16 weeks. No significant
changes were observed in triglycerides (TG) level among all male
or female groups (Fig. 2). Long term administration of sucralose
or stevia significantly decreased serum high-density lipoproteins
(HDL) level and increased serum low-density lipoproteins (LDL)
level in male and female mice groups VI and VIII (Table 3). Levels
of free fatty acids in sucralose and stevia administrated groups,
either on short or long term, were significantly higher than those
of control or sucrose administrated groups (Table 3). Levels of liver
triglycerides and cholesterol in male mice groups were higher than
their corresponding in female mice groups. No significance differ-
ences were detected in liver triglycerides levels among all experi-
mental groups. Both sucralose and stevia administration, for
16 weeks, significantly elevated liver cholesterol level in both male
and female mice groups.



Table 3
The effects of sucrose, sucralose and stevia administration on serum levels of liver and kidney functions parameters, oxidative stress biomarkers and lipid profile in male and
female albino mice.

Parameters Control groups Sucrose Sucralose Stevia

Group I Group II Group III Group IV Group V Group VI Group VII Group VIII

Male
mice

ALT (U/L) 35.81 ± 6.36a 36.42 ± 6.6a 45.41 ± 6.79b 47.10 ± 7.2b 54.24 ± 2.3c 56.38 ± 1.9c 48.44 ± 9.5b 57.14 ± 3.6c

AST (U/L) 21.76 ± 6.5a 20.63 ± 4.5a 37.98 ± 5.6b 39.18 ± 6.2b 53.22 ± 21.6 cd 49.18 ± 0.4c 47.21 ± 2.7c 61.92 ± 1.6e

Urea (mg/dl) 41.68 ± 5.7a 42.03 ± 0.8a 43.96 ± 4.0a 43.01 ± 4.1a 56.3 ± 14.9b 57.34 ± 3.6b 55.52 ± 9.8b 53.32 ± 4.8b

Creatinine
(mg/dl)

0.90 ± 1.43a 1.03 ± 4.3a 1.18 ± 0.08a 1.20 ± 0.1a 1.91 ± 0.4ab 2.60 ± 6.5b 1.81 ± 0.3ab 2.12 ± 7.1b

NO (umol/L) 28.01 ± 1.16a 28.21 ± 6.1a 27.88 ± 4.2a 29.44 ± 3.5a 30.12 ± 1.1a 55.82 ± 3.7b 28.16 ± 6.9a 58.3 ± 5.6b

SOD (U/L) 97.80 ± 1.16d 96.85 ± 5.4d 96.19 ± 2.5d 93.24 ± 5.3d 65.46 ± 1.5c 45.18 ± 1.6a 71.61 ± 3.3c 56.11 ± 2.7b

Chol (mg/dl) 120.61 ± 18.73a 121.52 ± 8.4.a 150.84 ± 13.1b 149.14 ± 1.3b 159.56 ± 54.3c 168.74 ± 10.7d 151.34 ± 35.2b 166.90 ± 16d

TG (mg/dl) 127.21 ± 13.6a 126.08 ± 8.6a 130.51 ± 10.5a 130.91 ± 1.4a 128.44 ± 38.8a 130.30 ± 25.9a 120.96 ± 25.4a 126.74 ± 13a

HDL (mg/dl) 50.64 ± 10.26c 49.85 ± 6.7c 44.81 ± 6.8c 42.46 ± 5.2b 50.51 ± 6.7c 36.26 ± 5.5a 49.92 ± 6.8c 43.84 ± 7.4b

LDL (mg/dl) 42.55 ± 5.79a 42.01 ± 7.5a 44.72 ± 11.5a 46.11 ± 2.3a 46.98 ± 40.8a 59.43 ± 6.4b 49.83 ± 29.3a 62.71 ± 10b

FFAs (mmol/
L)

0.62 ± 0.1a 0.64 ± 0.2a 0.59 ± 0.4a 0.60 ± 0.9a 0.94 ± 0.1b 1.01 ± 0.5b 0.86 ± 0.3b 0.9 ± 0.6b

Liver TG (mg/
g)

105.16 ± 0.65a 103.44 ± 0.4a 102.41 ± 1.3a 103.21 ± 3.1a 100.78 ± 0.8a 101.36 ± 2.7a 108.67 ± 0.5a 102.77 ± 6.7a

Liver Chol
(mg/g)

87.13 ± 4.03a 89.46 ± 0.6a 95.77 ± 2.4b 100.41 ± 1.1b 101.49 ± 5.2b 121.77 ± 9.2c 105.11 ± 2.9b 130.43 ± 11.4c

Female
mice

ALT (U/L) 32.22 ± 3.6a 33.20 ± 7.6a 36.32 ± 7.9a 39.92 ± 5.1a 54.24 ± 23.3c 56.38 ± 1.9c 48.44 ± 9.1b 56.14 ± 2.6c

AST (U/L) 25.62 ± 2.5a 26.55 ± 19.4a 29.30 ± 3.2a 31.31 ± 0.4a 52.01 ± 5.2c 51.34 ± 0.8c 42.21 ± 1.6b 49.08 ± 0.7c

Urea (mg/dl) 39.18 ± 3.6a 38.07 ± 2.6a 41.23 ± 0.6a 45.34 ± 6.1ab 49.62 ± 6.1b 51.32 ± 2.9b 42.61 ± 1.6a 48.02 ± 2.8b

Creatinine
(mg/dl)

0.82 ± 1.4a 0.91 ± 7.4a 1.01 ± 4.4a 1.21 ± 4.6a 2.06 ± 1.2b 2.04 ± 0.8b 2.71 ± 1.5c 2.91 ± 0.4c

NO (umol/L) 37.48 ± 6.6a 36.77 ± 4.3a 37.03 ± 6.1a 39.74 ± 7.6a 39.62 ± 1.6a 59.78 ± 3.2b 41.31 ± 1.6a 55.32 ± 3.1b

SOD (U/L) 112.14 ± 1.1d 113.63 ± 12.4d 106.03 ± 2.4d 104.14 ± 7.3d 87.14 ± 1.17b 69.61 ± 4.1a 91.80 ± 1.6c 72.66 ± 2.3b

Chol (mg/dl) 100.91 ± 7.2a 101.13 ± 4.9a 120.22 ± 5.2b 124.04 ± 4.9b 95.62 ± 23.7a 170.05 ± 8.4d 95.21 ± 1.6a 157.92 ± 9.3c

TG (mg/dl) 71.34 ± 7.8a 70.03 ± 7.6a 69.03 ± 0.4a 70.43 ± 4.8a 67.21 ± 16.8a 69.92 ± 7.2a 68.62 ± 1.6a 69.68 ± 14.5a

HDL (mg/dl) 44.06 ± 3.1b 43.65 ± 6.1b 45.36 ± 1.6b 43.61 ± 1.3b 41.22 ± 5.9b 33.34 ± 3.5a 40.52 ± 1.6b 32.41 ± 4.1a

LDL (mg/dl) 47.61 ± 2.5a 46.97 ± 0.5a 48.11 ± 4.8a 49.54 ± 0.4a 49.90 ± 14.5a 90.48 ± 4.9b 46.98 ± 0.3a 85.16 ± 6.4b

FFAs (mmol/
L)

0.59 ± 0.3a 0.54 ± 0.4a 0.56 ± 0.1a 0.58 ± 0.6a 0.99 ± 0.6c 1.1 ± 0.6c 0.73 ± 0.4b 0.83 ± 0.2b

Liver TG (mg/
g)

77.65 ± 1.1a 75.33 ± 0.9a 76.53 ± 4.1a 74.69 ± 2.4a 77.98 ± 3.1a 71.43 ± 0.8a 77.44 ± 3.4a 78.56 ± 6.1a

Liver Chol
(mg/g)

55.43 ± 2.0a 58.96 ± 0.4a 56.47 ± 3.2a 59.41 ± 2.3a 77.23 ± 0.9b 94.33 ± 1.3c 81.42 ± 1.9b 110.74 ± 7.1d

Data were presented as mean ± SD. Means followed by the same letter within the same row were not significantly different (P > 0.05), whereas those marked with different
ones were significantly differed (P < 0.05) using analysis of variance [ANOVA]; Duncan’s Multiple Range test (DMRT). Group I and II: Control groups receiving normal drinking
water without sweeteners for 8 and 16 weeks, Group III: Mice received sucrose for 8 weeks, group IV: Mice received sucrose for 16 weeks, group V: Mice received sucralose
for 8 weeks, Group VI: Mice received sucralose for 16 weeks, Group VII: Mice received stevia for 8 weeks, Group VIII: Mice received stevia for 16 weeks.

Fig. 2. The effects of sucrose, sucralose and stevia administration in male and female experimental groups on liver function enzymes, kidney function parameters, lipid
profile, immunoglobulins and cytokines.
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3.8. Immunological parameters

A significant elevation in levels of circulating LPS was observed
in both male and female mice groups, administrated with sucralose
or stevia, for 8 weeks (Fig. 1). This elevation continued to reach the
highest levels after 16 weeks of administration. No significant
change was observed in sucrose administrated groups III and IV.
Sucrose administration did not affect serum IgG or IgE levels either
in male or female mice groups III and IV when compared to their
corresponding control groups I and II (Table 4, Fig. 2). IgA level,
after short or long term of sucrose administration, was significantly
elevated in both male and female mice groups III and IV. Short term
administration of sucralose significantly elevated IgG level in both
male and female group V (929.01 ± 13.4 and 822.66 ± 17.7, respec-
tively); this elevation continued to reach 990.00 ± 15.8 and 912.2
1 ± 14.4 after 16 week of administration. Significant elevations in
levels of IgE (167.44 ± 11.1 and 178.10 ± 8.9) and IgA (318.70 ± 4.
2, 331.52 ± 3.9) were observed in male and female group VI,
respectively. Long term administration of stevia significantly
increased IgG, IgE and IgA levels in male (1630.21 ± 4.8, 174.88 ±
16.8 and 396.50 ± 13.3) and female (869.21 ± 2.2, 165.52 ± 1.9
and 316.6 ± 6.2) group VIII. In male mice, IL-10 level was reduced
after 8 weeks administration of sucrose, sucralose and stevia (145.
91 ± 8.95, 144.51 ± 18.8 and 148.71 ± 10.4, respectively) in compar-
ison to control group I (189.62 ± 9.9). The lowest IL-10 level was
recorded in male and female group VIII (113.18 ± 8.9 and 121.43
± 9.7, respectively). Pro-inflammatory cytokines, IL-6 and �8,

levels were significantly increased with sucralose and stevia
administration either on short or long term (Table 4). However,
IL-6 and -8 levels were higher in female groups than in male ones.
The effect of sucrose administration on pro-inflammatory cytoki-
nes was, only, observed in male group III and IV; no significant dif-
ference was observed among female groups I, II, III and IV (Fig. 2).
3.9. Histopathological result

Our results showed no significant differences in histopatholog-
ical sections of both sexes. Where, the severe damage upon stevia
or sucralose administration was the same in male groups and their
corresponding female ones. Therefore, we chose to present one fig-
ure for both male and female mice groups. Kidney section of con-
trol groups, either I or II, showed normal renal corpuscles with
Table 4
The effects of sucrose, sucralose and stevia administration on serum levels of circulating L

Parameters Control groups Sucrose

Group I Group II Group III Gr

Male mice LPS (EU/ml) 0.41 ± 3.6 a 0.39 ± 1.2 a 0.42 ± 9.1 a 0.4
IgG (mg/dl) 807.32 ± 9.3a 799.08 ± 6.1a 800.24 ± 8.3a 80
IgE (IU/ml) 139.40 ± 16.1a 135.71 ± 0.1a 124.08 ± 14.3a 13
IgA (mg/dl) 234.72 ± 1.3a 240.91 ± 5.2a 310.14 ± 5.6b 31
IL-10 (pg/
ml)

189.62 ± 9.9d 184.01 ± 11.4d 145.91 ± 8.95c 14

IL-8 (pg/ml) 542.20 ± 8.9a 552.14 ± 8.4a 808.52 ± 8.7c 81
IL-6 (pg/ml) 34.65 ± 0.1a 32.88 ± 10.5a 46.15 ± 0.2b 49
LPS (EU/ml) 0.53 ± 10.1 a 0.50 ± 2.6 a 0.51 ± 6.1 a 0.4

Female
mice

IgG (mg/dl) 782.51 ± 19.1a 770.04 ± 10.8a 798.40 ± 0.3a 78
IgE (IU/ml) 97.38 ± 48.1a 98.74 ± 8.4a 101.55 ± 4.4a 10
IgA (mg/dl) 210.06 ± 11.2a 208.41 ± 1.4a 263.19 ± 5.1c 26
IL-10 (pg/
ml)

180.81 ± 2.1d 182.23 ± 1.4d 162.92 ± 7.6c 16

IL-8 (pg/ml) 659.84 ± 2.1a 654.41 ± 8.1a 672.54 ± 4.1a 68
IL-6 (pg/ml) 55.15 ± 0.7a 54.66 ± 5.5a 59.41 ± 1.7a 62

Data were presented as mean ± SD, Means followed by the same letter within the same r
ones were significantly differed (P < 0.05) using analysis of variance [ANOVA]; Duncan’s M
water without sweeteners for 8 and 16 weeks, Group III: Mice received sucrose for 8 we
for 8 weeks, Group VI: Mice received sucralose for 16 weeks, Group VII: Mice received
average sized glomeruli and renal tubules (Fig. 3; A and B). Sucrose
administrated groups III and IV showed comparable results to con-
trol groups I and II, where no hemorrhage or lymphocyte infiltra-
tion was observed (Fig. 3; C and D). On the other hand, sucralose
administration severely affected the kidney of group V. Where,
Fig. 3(E) showed small sized glomeruli (G) with wide Bowman’s
space (BS) and areas of hemorrhage. Long and short term sucralose
administrated group V and VI showed proximal tubules with
markedly edematous epithelial lining and loss of brush borders
(Fig. 3; E and F). Group VII, short term stevia administrated group,
showed renal corpuscles with average glomeruli with a few
inflammatory infiltrate (Fig. 3, G). These changes continued until
16 weeks of stevia administration with the appearance of con-
gested blood vessels in group VIII (Fig. 3H). Liver section of control
groups (I and II) and sucrose administered groups (III and IV)
showed normal hepatic architecture with hepatocytes arranged
in single cell cords with average central vein (Fig. 4; A, B, C and
D). Group V, short term sucralose administrated group, showed
liver sections with loss of hepatic architecture. Long term adminis-
tration of sucralose in group VI revealed apoptotic hepatocyte,
intra-lobular inflammatory infiltrate and area of hemorrhage
(Fig. 4, F). Loss of hepatic architecture with intra-lobular inflamma-
tory infiltrate was observed in group VII and VIII (Fig. 4 G and H).
4. Discussion

Our results showed that stevia and sucralose administration
negatively affected both male and female mice. The idea of using
both sexes was to prove our hypothesis about the harmful effects
of non-caloric sweeteners either artificial or natural. If we used
one sex only, we would miss the effects in the other one. The dif-
ference in the levels of measured parameters, between male and
female mice, can be attributed to the difference in the metabolism
of both sexes in addition to the female estrus cycle. This study
reported that, male and female mice groups showed a preference
for water consumption with sucralose and stevia; a phenomenon
that can be explained by: 1- sucralose and stevia are many times
sweeter than sucrose, 2- male and female mice became addicted
to the intense sweet taste of sucralose and stevia. Chandrashekar
et al. (2006) reported that the sweet taste perception depends on
two G-protein-coupled subunit receptors on the tongue. The sweet
test stimulation of these receptors provokes a sensation that most
PS, different immunoglobulins and cytokines in male and female albino mice.

Sucralose Stevia

oup IV Group V Group VI Group VII Group VIII

3 ± 0.3 a 0.56 ± 2.6b 0.83 ± 11.2c 0.61 ± 8.8b 0.82 ± 4.3c

9.04 ± 4.8a 929.01 ± 13.4b 990.00 ± 15.8b 820.48 ± 7.4a 1630.21 ± 4.8c

0.09 ± 3.3a 121.76 ± 5.7a 167.44 ± 11.1b 131.56 ± 12.2a 174.88 ± 16.8b

5.98 ± 3.1b 304.38 ± 14.3b 318.70 ± 4.2b 328.92 ± 3.2c 396.50 ± 13.3d

0.02 ± 2.4c 144.51 ± 18.8c 123.04 ± 28.9b 148.71 ± 10.4c 113.18 ± 8.9a

2.71 ± 5.5c 843.29 ± 2.6d 851.28 ± 16.9d 711.91 ± 28.3b 831.83 ± 9.4d

.51 ± 0.2b 99.47 ± 1.6c 165.47 ± 0.2e 89.74 ± 0.1c 143.61 ± 0.4d

9 ± 7.6 a 0.76 ± 4.4b 0.92 ± 2.9d 0.79 ± 7.4b 0.82 ± 11.9c

6.74 ± 3.1a 822.66 ± 17.7b 912.21 ± 14.4c 859.31 ± 1.6b 869.21 ± 2.2b

4.47 ± 6.4a 123.63 ± 12.3b 178.10 ± 8.9c 128.60 ± 1.6b 165.52 ± 1.9c

8.22 ± 7.1c 282.12 ± 31.8c 331.52 ± 3.9d 241.1 ± 1.6b 316.6 ± 6.2d

0.63 ± 3.6c 134.24 ± 14.6b 127.42 ± 14.6a 137.74 ± 2.1b 121.43 ± 9.7a

7.91 ± 5.9a 850.31 ± 13.9c 836.92 ± 1.1c 766.91 ± 5.9b 784.69 ± 1.6b

.85 ± 2.5a 83.07 ± 0.1b 145.47 ± 0.2d 73.78 ± 1.4b 136.42 ± 0.4c

ow were not significantly different (P > 0.05), whereas those marked with different
ultiple Range test (DMRT). Group I and II: Control groups receiving normal drinking

eks, group IV: Mice received sucrose for 16 weeks, group V: Mice received sucralose
stevia for 8 weeks, Group VIII: Mice received stevia for 16 weeks.



Fig. 3. Haematoxylin and eosin mice kidney sections showing average tubule (arrow heads) and average glomeruli (arrows) in control groups I and II (A and B; X200 and
X400, respectively); average tubule (dashed arrow) and average sized glomeruli (arrows) in group III (C, X400); average tubule (dashed arrow) with no hemorrhage or
inflammatory infiltrate in group IV (D, X400), small sized glomeruli (G) with wide Bowman’s space (BS), areas of hemorrhage (arrow) and markedly edematous epithelial
lining with loss of brush borders (dashed arrow) in group V (E, X400); areas of hemorrhage (arrow) with inflammatory infiltrate (arrow head) and markedly edematous
epithelial lining with loss of brush borders (dashed arrow) in group VI (F, X400); average glomeruli (dashed arrows) and congested blood vessels (arrow) with inflammatory
infiltrate (arrow head) in group VII (G, X400); congested blood vessels (arrow) with inflammatory infiltrate (arrow head) in group VIII (H, X400).

Fig. 4. Haematoxylin and eosin mice liver sections showing average central veins (arrow) and average hepatocytes arranged in single cell cords (arrow head) in groups I, II, III
and IV (A, B, C and D, respectively; X400); loss of hepatic architecture with dilated central vein (arrow) in group V (E, X400); apoptotic hepatocyte (arrow) with intra-lobular
inflammatory infiltrate (arrow heads) with area of hemorrhage (dashed arrow) in group VI (F, X400); loss of hepatic architecture with intra-lobular inflammatory infiltrate
(arrow heads) in group VII and VIII (G and H, X400).

A. Farid et al. / Saudi Pharmaceutical Journal 28 (2020) 1290–1300 1297
mammals, especially rodents, find intensely rewarding (Sclafani,
2004). Lenoir et al. (2007) allowed rats to choose between saccha-
rin sweetened water and cocaine (a highly addictive substance);
they found that 94% of rats preferred the sweet taste of saccharin.
Shil et al. (2020) added that non-caloric sweeteners like sucralose
negatively affected the intestinal epithelium through these sweet
taste receptors. Wang et al. (2016) showed that sucralose adminis-
tration increased food consumption by direct stimulation of sweet
taste receptors and by indirect stimulation of taste-independent
neuronal mechanisms. Several large scale prospective cohort stud-
ies found a positive correlation between weight gain and chronic
artificial sweetener use. In the 1980 s, San Antonio Heart Study
examined 3,682 adults over 7–8 year period and reported an
increase in the body mass index with dose dependence of artificial
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sweeteners (Fowler et al., 2008). However, our study showed that
Sucralose and stevia are considered non-caloric sweetener, they
did not change the body weight of either male or female mice.

The present study showed that sucrose administration did not
affect HbA1c level, but prolonged administration of sucralose or
stevia significantly elevated its level especially in female groups.
These results are contradicted with other studies on diabetic rats;
as Chang et al. (2005) reported that stevia increase insulin sensitiv-
ity and Jeppesen et al. (2002) showed the anti-hyperglycemic
effects of stevia. These contradictory results can be explained by
the different physiologic conditions between diabetic models and
healthy one. Our study was carried out in healthy male and female
mice and not diabetic ones. Our results were confirmed by the pre-
vious study of Suez et al. (2004), who reported that artificial sweet-
eners (saccharin, sucralose or aspartame) consuming mice groups
developed a marked significant glucose intolerance (P < 0.001).
Also, Rosales-Gómez et al. (2018) showed that stevia has increased
glycaemia and the HOMA index, evidencing insulin resistance, in
healthy mice. Also, Becker et al. (2020) showed that stevia changed
the gut microbiota as did saccharin when consumed with a high fat
diet.

According to our results, a reduction in hemoglobin level and
HCT % in male and female mice groups with a drop in RBCs, WBCs
and platelets’ count were observed upon short and long term
administration of sucralose or stevia. However, these adverse
effects were not seen in sucrose administrated groups. Sucralose
and stevia, especially after 16 weeks of administration in male
and female mice, significantly elevated levels of liver function
enzymes (ALT and AST), urea, creatinine, cholesterol, LDL and free
fatty acids. While, sucrose administration elevated levels of ALT,
AST and cholesterol levels in male mice only. Both of sucralose or
stevia administration led to oxidative stress in male and female
mice that was obvious by the elevated level of NO and the reduced
level of SOD. These alteration in kidney and liver function param-
eters in sucralose and stevia administrated groups were confirmed
by the histopathological results. Where, kidney section of sucralose
administrated groups V and VI showed small sized glomeruli with
wide Bowman’s space, proximal tubules with markedly edematous
epithelial lining, loss of brush borders and areas of hemorrhage.
Also, short term sucralose administrated group V showed liver sec-
tion with loss of hepatic architecture; and long term administrated
group VI revealed apoptotic hepatocyte, intra-lobular inflamma-
tory infiltrate and an area of hemorrhage. The adverse effects of
sucralose can be attributed to the fact that sucralose is not metab-
olized by the intestinal bacteria, not absorbed or transported
through intestinal epithelia and excreted through the kidney in
urine (Knight et al., 2011). Dhurandhar et al. (2018) reported that
liver of sucralose treated rats showed markable changes indicating
its toxic effects. Also, Helal et al. (2019) noticed an elevation in the
levels of AST and ALT, serum creatinine and urea in rat receiving
sucralose.

Our results reported that kidney sections of group VII, short
term stevia administrated group, showed renal corpuscles with
average glomeruli and a few inflammatory infiltrate. These
changes continued until the 16 weeks of stevia administration
with the appearance of congested blood vessels in group VIII. Loss
of hepatic architecture with intra-lobular inflammatory infiltrate
was observed in liver sections of stevia administrated groups VII
and VIII. The adverse effects of stevia administration, in our study,
were controversial to other studies that showed the hepatoprotec-
tive and anti-oxidant effect of Stevia rebaudiana leaf extract in
experimentally induced liver injury in rats (Ramos-Tovar et al.,
2018). This can be explained by other studies that examined the
pharmacokinetics of stevioside and were in agreement with our
results. Stevioside is a hydrophilic glycoside with a high molecular
weight that is not absorbed in the intestine; where the gastric juice
and digestive enzymes fail to degrade it (Koyama et al., 2003). But,
the intestinal flora of rats (Wingard et al., 1980), mice (Hutapea
et al., 1997), pigs (Geuns et al., 2003) and humans (Koyama
et al., 2003) convert stevioside into steviol. Geuns et al. (2007)
reported that after 3 days following a consumption of 750 mg/day
of stevioside in human volunteers, no measurable amount of ste-
vioside was detected in the feces of all subjects. Instead, free ste-
viol was found (Geuns et al., 2007). In 1986, Nakayama and his
collages were the first to examine the pharmacokinetics of ste-
vioside where they used administrated male wister rats by
125 mg/kg of 3H-stevioside through oral route. After 8 h, the max-
imum radioactivity level in blood reached 4.8 lg/ml with organ
accumulation in small and large bowel. Cardoso et al. (1996)
reported stevioside accumulation in liver, intestine and kidney;
and added that the highest accumulation was in liver. Steviol
was the major metabolite in bile by using high performance liquid
chromatography. However, the removal and excretion of steviol by
liver negatively affects the bile metabolism. Obviously, chronic ste-
via consumption puts stress on liver that results in an elevation in
ALT, AST and altered bile output. Bueno-Hernández et al. (2019)
reported that stevia and its derivatives have elevated the percent-
age of liver fat. Steviol, a toxic stevioside metabolite, is reabsorbed
from the intestine to the blood circulation and accumulated in the
kidney to be excreted in urine. The body begins to step up urina-
tion to facilitate its removal; a process known as diuresis. More-
over, Panichkul et al. (1988) and Toskulkao et al. (1994a, 1994b)
reported that rats administrated by 4.1 g/kg of stevioside suffered
from nephrotoxicity that was obvious by the elevation in levels of
blood urea nitrogen and serum creatinine. Toskulkao et al. (1994b)
added that the proximal tubules were the site for stevioside accu-
mulation because of the histopathological changes found in it. Tak-
ing into consideration that the proximal tubules are the site of
elimination of xenobiotics (drugs, food additives and environmen-
tal pollutants) via organic ions transporters (Pritchard and Miller,
1993) and any disturbance in this system will reduce xenobiotics
clearance.

In the present study, immunological measurement showed an
elevation in IgA level and a reduction in IL-10 level upon sucrose
administration in both male and female mice. On the other hand,
the adverse effects of sucralose and stevia were obvious in levels
of immunoglobulins and cytokines. Where, their consumption
has led to a vigorous increase in levels of different immunoglobulin
(IgG, IgE and IgA) and pro-inflammatory cytokines (IL-6 and -8).
This was accompanied by a significant reduction in level of the
anti-inflammatory cytokine IL-10.

The mucosal surface of colon hosts >100 trillion of microbes
that plays an important role in innate immune system (Ley et al.,
2006; Kamada et al., 2013). Under normal conditions, colonocytes
form a barrier through which fluid and electrolyte are transported
and serve as an innate immune sensor of intestinal flora (Sartor,
2008). This is accomplished by the interaction between toll-like
receptors (TLRs) of colonocytes and bacterial derived antigens as
lipopolysaccharides (LPS). This TLRs stimulation leads to the acti-
vation of NF-jB signaling pathway and subsequent secretion of
pro-inflammatory cytokines as IL-8. However several factors, as
food additives, can reshape these microbes (Ley et al., 2006;
Nicholson et al., 2012) and disrupt these intestinal barriers leading
to LPS translocation via the portal vein to liver. In liver, the hepatic
innate system will be activated leading to the secretion of pro-
inflammatory cytokines (Crispe, 2009). Thus, the high elevation
in LPS levels observed in our study with sucralose or stevia admin-
istration can be explained by the intestinal barrier disruption and
bacterial reshaping. It was found that sucralose inhibited the
growth of certain intestinal microbes (Omran et al., 2013) and
altered rat gut microbiota leading to inflammatory lymphocyte
infiltration (Abou-Donia et al., 2008)



A. Farid et al. / Saudi Pharmaceutical Journal 28 (2020) 1290–1300 1299
Several studies reported the anti-inflammatory effect of ste-
vioside in vitro and in vivo (Boonkaewwan et al., 2008). The
increased level of pro-inflammatory cytokines in this study can
be attributed to the accumulation of stevioside in liver and kidney
leading to their damage that was obvious by the elevation in liver
and kidney function parameters; and the increased oxidative stress
that results from high level of NO and low level of the anti-oxidant
enzyme SOD. Also, several studies showed that stevia chronic con-
sumption can decrease the beneficial intestinal bacteria and pro-
motes the unhealthy one. Where, Denin�a et al. (2014) reported
that the growth of Lactobacillus reuteri strains, a beneficial intesti-
nal bacteria that forms lactic acid, was inhibited by stevia sweeten-
ers stevioside and rebaudioside A. Sehar et al. (2008) found that
stevioside increased the proliferation of T and B lymphocytes and
added that stevioside is a potent stimulator of humoral and cellular
immune response.

In conclusion, non-caloric sweeteners either artificial (su-
cralose) or natural (stevia) hide several risks to their consumers.
They are responsible for: 1- increasing glycaemia in spite of their
lack of calories, 2- increasing liver enzymes due to the intestinal
flora reshaping, 3- elevation of urea and creatinine levels, 4- reduc-
tion of the anti-inflammatory cytokines and elevation of the pro-
inflammatory cytokines secretion. On the other hand, sucrose is a
caloric sweetener with some risks of course; but it is safer than
sucralose or stevia. So we recommend not using sucralose or stevia
and decreasing the used daily dose of sucrose instead.
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