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Abstract

Artificial sweeteners (ASs), offer the sweetness of sugar without the calories. This research was
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to investigate the effect of mixing some the most widely used Ass on health using rat’'s models. 48
adult male albino rats fed on standard diet (one week) for adaptation then, they were divided
into six groups (n=8). First group fed on standard diet only as a control group. Second group fed
standard diet plus Aspartame (ASP), Acesulfame-k (ACS-k), and Sucralose (SUC). Third group
fed standard diet +ASP, ACS-k and Saccharin (SAC). Fourth group fed standard diet + ACS-k,
SUC and SAC. Fifth group fed standard diet + ASP, SUC and SAC. Sixth group fed standard
diet + ASP, ACS-k, SUC and SAC for 4 weeks. Glutathione (GSH) and Malondialdehyde (MDA)
were evaluated in liver, kidney and brain tissue of rats. Histopathology was examinated in same
organs and others for all groups. GSH and MDA values of liver and kidney tissues had significant
differences while brain tissue has no significant change between all groups. Histopathologic
changes were mostly encountered in brain, liver, kidneys and esophagus. This study showed that
organs tissue has changed it structure with safety dose from multi types of ASs.

INTRODUCTION

Artificial sweeteners (ASs) are substances used to replace
sugar in foods and beverages. They can be divided into two large
groups: nutritive sweeteners, which add some energy value
(calories) to food; and non-nutritive sweeteners, which are also
called high-intensity sweeteners because they are used in very
small quantities, adding no energy value to food [1]. (ASs) are
synthetic sugar substitutes but may be derived from naturally
occurring substances, including herbs or sugar itself. (ASs) are
also known as intense sweeteners because they are many times
sweeter than regular sugar [2].

(ASs) were introduced over a century ago as means for
providing sweet taste to foods without the associated high
energy content of caloric sugars. ASs consumption gained much
popularity owing to their reduced costs, low caloric intake and
perceived health benefits for weight reduction and normalization
of blood sugar levels. For these reasons, ASs are increasingly
introduced into commonly consumed foods such as diet sodas,
cereals and sugar-free desserts, and are being recommended for
weight loss and for individuals suffering from glucose intolerance
and type 2 diabetes mellitus [3] .

There are five (ASs) thathave been tested and approved by the

U.S. Food and Drug Administration (FDA): ACS-K, ASP, SAC, SUC,
neotame. The FDA (2014) established Acceptable Daily Intake
(ADI) levels for the approved high-intensity sweeteners. ADI is
the amount of the high-intensity sweetener that is considered
safe to consume each day over the course of a person’s lifetime.
Acceptable Daily Intake (ADI) is in milligrams per kilogram body
weight per day (mg/kg BW/d) [4].

Sucralose (SUC) is approved for use in food as a non-
nutritive sweetener. SUC is approximately 600 times as sweet as
sucrose. SUC is a general purpose sweetener that can be found
in a variety of foods including baked goods, beverages, chewing
gum, gelatins, and frozen dairy desserts. It is heat stable, meaning
that it stays sweet even when used at high temperatures during
baking. ADI:is 5 (mg/kg BW/d) [4].

Saccharin (SAC) is an artificial sweetener. The basic substance,
benzoic sulfilimine, has effectively no food energy and itis 200 to
700 times sweeter than table sugar (sucrose), but has a bitter or
metallic aftertaste, especially at high concentrations. ADI: is 15
(mg/kg BW/d) [4].

Acesulfame-K (ACS-K) and aspartame (ASP) are characterized
as artificial high-intensity sweeteners. They are also called
nonnutritive sweeteners. It is about 200 times sweeter than
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sugar and is often combined with other sweeteners.ASP (NL-
alpha-Aspartyl-L-phenylalanine 1- methyl ester) is a synthetic
sweetener of low caloric value formed from the union of two
amino acids, aspartic acid and phenylalanine, with sweetening
power 180 to 200 times greater than that of sucrose [5]. ADI of
ACS-K: is 15 (mg/kg bw/d) As ADI of ASP: is 50 (mg/kg bw/d)
respectively [4].

Some studies showed benefits for ASs consumption [6]
and little induction of a glycemic response [7], whereas others
demonstrated associations between ASs consumption and
weight gain [8] and increased type 2 diabetes risk [9].

However, interpretation is complicated by the fact that (ASs)
are typically consumed by individuals already suffering from
metabolic syndrome manifestations. Most ASs pass through the
human gastrointestinal tract without being digested by the host
[10,11] and thus directly encounter the intestinal microbiota,
which plays central roles in regulating multiple physiological
processes [12]. Microbiota composition [13] and function [14]
are modulated by diet in the healthy/lean state as well as in
obesity [15,16] and diabetes mellitus [17], and in turn microbiota
alterations have been associated with propensity to metabolic
syndrome [18].

Consuming artificial sweeteners is associated with negative
long-term effects on weight, heart disease, and diabetic [19].

AIM OF SEARCH

The sweeteners may be better for some people than others,
and their use may depend on a person’s individual health profile
and prospects. For these reasons this study was carried out to
investigate the effects of the most widely used Ass with ADI as
a safety dose intake by rats for a reassessment of massive ASs
usage, also the effects of combined ASs.

MATERIALS AND METHODS

Materials

e Sweeteners: ASP, ACS-K, SUC and SAC; Chemicals and
other materials: DL-methionine, choline chloride,
vitamins, and minerals were obtained from Morgan and
El-Gomhorya Company for Chemicals, Cairo, Egypt.

e Skimmed milk and corn starch purchased from local
market- Cairo. Egypt.

e Animals: forty eight healthy adult male albino rats
“Sprague Dawley strain” weighing 150 + 10g obtained
from the animal colony, Helwan Farm, Vaccine and
Immunity Organization, Helwan Governorate, Egypt.

The standard diet prepared as described by Reeves et al. [20].
Methods

Biological experiment: Forty eight healthy adult male albino
rats “Sprague Dawley strain” kept in single wire cages with wire
bottoms under hygienic conditions and controlled laboratory
conditions of temperature (25°C), lighting and ventilation. Food
and water were provided ad-libitum and checked daily and was
approved by the experiments animal unit- National Nutrition
Institute, Cairo Governorate, Egypt.

Experimental design: Adult male albino rats fed on standard
diet for one week for adaptation then, they were divided into
six groups (n=8). The first group fed on standard diet only and
served as control group. The second group fed standard diet
with added combined safety dose from ASP, ACS- k, and SUC. The
third group fed standard diet with added combined safety dose
from ASP, ACS- k and SAC. The forth group fed standard diet with
added combined safety dose from ACS- k, SUC and SAC. The fifth
group fed standard diet with added combined safety dose from
ASP, SUC and SAC. The sixth group fed standard diet with added
combined safety dose from ASP (50mg/kg BW/d), ACS- k (15mg/
kg BW/d), SUC (5mg/kg BW/d) and SAC (15mg/kg BW/d)
according to FDA UAS [4] each time segment of the experiment.

At the end of the experiment period (four weeks), the animals
were sacrificed after being fasted (overnight). The organs (liver,
kidney, testes, spleen, brain, stomach and esophagus) of each
animal was quickly removed by careful dissection, washed in
saline solution (0.9%), dried using filter paper then rapidly
weighed and the portion from which putin 10% formaldehyde to
examine histopathology and other portion from liver, kidney, and
brain frozen at -20°C until biochemical analyzed.

Biochemical analysis: The assay of glutathione reduced
levels was performed using the spectrophotometric method [21].
It depends on the reduction of 5, 5’-dithiobis 2-nitrobenzoic acid
with glutathione to produce a yellow color whose absorbance
is measured at 405nm. Lipid peroxidation as Malondialdehyde
(MDA) reacts with thiobarbituric acid (TBA) in acidic medium
giving a pink colored TBA- complex that could be measured
calorimetrically according to the method of Uchiyama and Mihara
[22].

Histopathological examination: Tissues were dehydrated
in ascending grades of alcohol, cleared in xylene and embedded
in paraffin. Paraffin blocks were prepared and serially sectioned
into 4 microns thick sections, then stained with hematoxylin and
eosin for routine histopathologic study [23].

Statistical analysis: The data were expressed as means
+ standard error (mean * SE). All variables were tested for
normal distribution using one way analysis of variance (ANOVA)
(P<0.05). If the groups showed significant differences, Turkey’s
multiple comparison test was performed [24]. Statistical analysis
was carried out using the program of Statistical Package for
the Social Sciences (SPSS), PC statistical software (Version 16;
Untitled-SPSS Data Editor).

RESULTS AND DISCUSSION

The present study showed the effect of oral administration of
safety dose of mix some ASs on oxidative stress biomarkers (GSH
and MDA) for liver, kidney and brain tissues of male albino rats
at time periods.

Data in (Figure 1) represented those oxidative stress
biomarkers like GSH value in the liver, kidney and brain tissues
after four weeks of mix ASs administration. Groups fed standard
diet with added different safety doses of mix ASs had lower value
of tissues GSH than normal group. These differences among
normal group and other groups were significant except GSH
values in brain tissues. (Group 6) had the lowest level of GSH
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Figure 1 Mean of organs (liver, kidney and brain) tissues glutathione (GSH).

in kidney tissue and which was significantly different between
other groups except (Group 3) fed standard diet with added
mix from ASP, ACS- k and SAC. Brain tissue GSH value of groups
orally with combined alternative sweeteners was lower than
normal group and these differences were no-significant.ASP one
of ASs was metabolized and broken down in the gastrointestinal
tract to its constituents (i.e., aspartic acid, phenylalanine, and
methanol) [25]. Given that ASP is completely metabolized in
the gastrointestinal tract to phenylalanine, aspartic acid, and
methanol, it may be concluded that the observed the oxidative
stress markers were caused not by ASP itself but rather by its
metabolites. In particular, it cannot be disregarded that the
conversion of ASP methanol into formaldehyde in the liver may
result in a generation of formaldehyde adducts [26]. Stegink and
Filer [27], reported that the phenylalanine formed in the intestine
following ingestion of ASP is excreted in the form of CO,; most of
it is incorporated into the pool of amino acids and contributes
to protein synthesis like glutathione. Methanol is primarily
metabolized by oxidation to formaldehyde and then to format,
these processes are accompanied by the formation of superoxide
anion and hydrogen peroxide [28]. Pankow and Jagielki [29]
recorded the decrease in GSH activity have been caused by
methanol, because methanol metabolism depends upon presence
GSH. While Acesulfame K consists of a 1,2,3-oxathiazine ring, a
six-heterocyclic system in which oxygen, sulfur, and nitrogen
atoms are adjacent to each another [30]. The negative effects
exerted upon hexitol metabolism by saccharin, and acesulfame
k, may be due to their collective role in decreasing intracellular
levels of phosphoenolpyruvate (PEP) [31]. These results were
compatible with the study of Neacsu and Madar [31] who
reported that the ASs are very unhealthy despite the fact that
human consume them every day, and they are present almost in
every sweet-flavored food.

Results in (Figure 2) were showed the differences among
normal group and all groups remedy with mix non-nutritive
sweeteners of tissue MDA level in liver, kidney and brain. MDA
values showed that it's were the highest level in all organs
examined of groups fed blend safety dose of ASs. There were
significant differences between normal group and treated groups
of tissue MDA in liver and kidney while brain tissue MDA wasn’t
significant. (Group 3) had the lowest value of kidney tissue MDA
and had significant differences with compare treatment groups
and normal group. The increase in MDA level observed in this

study, which is an index of lipid oxidation, indicated organs cell
membrane damage after ASP and other sweeteners within ASs
administration. This is in harmony with Parthasarathy et al. [33],
who showed that methanol administration significantly increased
MDA level in the lymphoid organs; in addition, Zararsiz et al. [34],
who observed a significant increase in MDA level in the kidney of
rats after treatment with formaldehyde Abdel-Salam et al. [35],
recorded that findings suggest impaired memory performance
and increased brain oxidative stress by repeated aspartame
administration. The impaired memory performance is likely to
involve increased oxidative stress as well as decreased brain
glucose availability. Saccharin has been found to cause bladder
cancer in male rats and is considered a possible carcinogen by
the American Environmental Protection Agency. In the US, food
containing saccharin must be labeled with a warning that use of
this product may be hazardous to health and has caused cancer in
laboratory animals [36]. The toxicity of sweeteners has become
increasing and has attracted the concern of many scientists to
study their toxic effect. Several previous studies have revealed
that the use of artificial sweeteners may entail some hazards to
the users [37].

Histopathological results

Histopathologic changes were mostly encountered in liver,
brain, kidneys and esophagus. N.B. Atypia (mild dysplasia) was
noticed in brain, liver and esophagus.

Figure 3 Liver tissues, in all treated groups; with
hyperchromatic nuclei, coarse clumped chromatin and increased
nuclear: cytoplasmic ratio. Bi-nucleated liver cells were also
noticed. Liver fibrosis was noticed in (Group 5,6) with fibrous
tissue septae extending from portal tract fibrosis, entangling
inflammatory cells.

A: (Group 1) Control rat liver showing preserved liver
architecture. A central vein is seen surrounded by hepatocytes
arranged in single cell plate pattern. Nuclei are bland, vesicular
with ordinary nuclear: cytoplasmic ratio.

B: (Group 2) rat liver showing preserved liver architecture.
Hepatocytes showed nuclei with prominent basophilia and
clumped coarse chromatin. Scattered hepatocytes showed
binucleation. Hypertrophied Kupffer cells are seen.

C: (Group 3) rat liver showing binucleated hepatocytes with
increased nuclear: cytoplasmic ratio.

MDA (umol /g) of Organs Between Groups
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Figure 2 Mean of organs (liver, kidney and brain) tissue malondialdehyde
(MDA).
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Figure (F): Group 6 rat liver

Figure 3 Liver histology.

D: (Group 4) rat liver showing hepatocytes with nuclei
showing deep basophilia, hyperchromasia and increased nuclear:
cytoplasmic ratio.

E: (Group 5) rat liver showing mild fibrosis with scattered
chronic inflammatory cells.

F: (Group 6) rat liver showing moderate fibrosis within
portal tract with fibrous tissue septae extending into liver tissue.
Scattered chronic inflammatory cells are seen. Binucleated
liver cells are observed. Liver has a major role in aspartame
metabolism. Degeneration is a disturbance in the metabolism
of the cell resulting in morphologic abnormalities. Hydropic
degeneration means that mitochondrion is affected with the result
of lack of energy [38]. ASP must be considered a trans-species
carcinogenic agent in multiple sites, inducing a significantly
increased incidence of malignant tumors in: (a) multiple tissues
in male and female rats; (b) multiple organs in male mice; (c) an
earlier occurrence in treated animals and a higher incidence and
an anticipated onset of cancers when the treatment starts from
fetal life [39].

Figure 4 Brain histology: Brain changes consisted mainly of
hyper cellularity, enlarged nuclei, hyperchromasia and increased
nuclear: cytoplasmic ratio (atypical changes- mildly dysplastic
changes); being most evident in group 6 rats. Neovascularization
was noticed with several newly formed vascular spaces, some
showing glomeruloid endothelial proliferation.

A: (Group 1) Control rat brain showing normocellular brain
tissue with ordinary astrocytes amidst glial tissue.

B: (Group 2) rat brain showing brain tissue with mild increase
in cellularity with astrocytes showing slightly enlarged nuclei.
One capillary vessel is seen at left side of the photograph.

C: (Group 3) rat brain showing hypercellularity with
astrocytes showing hyperchromatic nuclei with increased
nuclear: cytoplasmic ratio. Several thin walled capillaries are
seen.

D1: (Group 4) rat brain showing neovascularization and
glomeruloid vascular proliferation with prominent endothelial
cells.

D2: (Group 4) rat brain showing two vessels and gliosis.

E: (Group 5) rat brain showing prominently hyper cellular
brain tissue with astrocytes showing deeply basophilic,
hyperchromatic nuclei and increased nuclear: cytoplasmic ratio.

F1: (Group 6) rat brain showing cellular brain tissue with
astrocytes showing deeply basophilic, hyperchromatic nuclei and
increased nuclear: cytoplasmic ratio. One capillary vessel is seen
at the center of the photograph.

F2: (Group 6) rat brain showing congested blood vessel.

Soffritti et al. [40], who was studied effect of ASP on malignant

A: Group 1Control rat brain

B: Group 2 rat brain

BeP I

F1: Group 6 rat brain

Figure 4 Brain histology.

Ann Food Process Preserv 2(2): 1019 (2017)

4/8



@SCﬂ\/Ie(IlCe:ntl*z;i

Elsayes et al. (2017)
Email: Hanaa hamad2003@yahoo.com

A: Control rat kidney

Figure 5 kidney histology.
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C: Group 4 rat esophagus

D: Group 6 rat esophagus

Figure 6 Esophagus histology

tumors in brain of male and female rats, observed tumors in
both gender without dose relationship, in ASP-treated groups
compare with control group.

(Figure 5) kidney histology: Kidneys showed marked cloudy
swelling within renal tubules. Some tubules showed hydropic
degeneration, others showed vacuolar degeneration within lining
epithelium. Renal changes were most evident in group 6 rats.
Other Groups (2-5) showed no histological change compared to
control group.

A: Control rat kidney showing ordinary glomeruli and renal
tubules with patent lumina.

B: Group 6 rat kidney showing prominent cloudy swelling
within renal tubules. Other tubules showed hydropic and
vacuolar degeneration within lining epithelium.

(Figure 6) Esophagus histology: Esophagus; Groups (3,4,6)
showed stratified squamous epithelial lining cells with enlarged
nuclei, coarse clumped chromatin and focal atypia.

A: Control rat esophagus showing benign stratified squamous
epithelial lining.

B: (Group 3) rat esophagus showing acanthosis stratified
squamous epithelial lining. Nuclei showed enlargement with
clumped coarse chromatin.

C: (Group 4) rat esophagus showing stratified squamous
epithelial lining with enlarged nuclei and coarse chromatin.

D: (Group 6) rat esophagus showing stratified squamous
epithelial lining with enlarged nuclei and coarse clumped
chromatin and focal atypia

Figure 7 Lung histology: Lung tissues showed thick walled
blood vessels, inflammatory cell aggregates, averagely thick
alveolar walls with pneumocytes shedded into alveolar Lumina
and congestion within pulmonary interstitial tissues. Lung
changes were seen in all treated groups.

A: Control rat lung showing ordinary alveolar spaces with
averagely thick wall lined by regular pneumocytes.

B: (Group 2) rat lung showing a bronchus lined by benign
regular columnar mucus secreting epithelium with adjacent
averagely thick blood vessel.

C: (Group 3) rat lung showing alveolar spaces with averagely
thick walls lined by benign pneumocytes. Shedding of the
pneumocytes was seen surrounding a blood vessel.

D: (Group 4) rat lung showing aggregates of chronic

Figure 7 Lung histology.
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inflammatory cells surrounding a bronchus lined by benign,
regular, columnar mucus secreting epithelium.

E1: (Group 5) rat lung showing aggregates of chronic
inflammatory cells and macrophages. Sloughed pneumocytes
were seen shedded within alveolar lumina.

E2: (Group 5) rat lung showing a markedly thick walled blood
vessel.

F1: (Group 6) rat lung showing congestion within interstitial
tissues.

F2: (Group 6) rat lung showing congestion within a blood
vessel and within pulmonary interstitial tissues.

(Figure 8) Spleen histology: Spleen showed only numerous
foamy and hemosiderin laden macrophages within red pulp in
group 6 rats.

A: Control rat spleen showing white pulp in form of lymphoid
follicles with prominent germinal centers. Intervening red pulp
is seen.

B: (Group 2) rat spleen showing white pulp in form of
lymphoid follicle with prominent spiral arteriole. Surrounding
red pulp is seen.

C: (Group 3) rat spleen showing preserved architecture.
Lymphoid follicle of white pulp is seen surrounded by congested
red pulp.

A: Control rat spleen B: Group 2 rat spleen

E:Group 5 rat spleen

F: Group 6 rat spleen

Figure 8 Spleen histology.

B: Group 3 rat testis

C:Group 5 rat testis

Figure 9 Testis histology.
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B: Group 3 rat stomach

A: Control rat stomach

Figure 10 Stomach histology.

D: (Group 4) rat spleen showing preserved architecture,
white pulp in form of lymphoid follicles with prominent germinal
centers and intervening red pulp.

E: (Group 5) rat spleen showing preserved architecture, white
pulp in form of lymphoid follicles with prominent spiral arteriole.

F: (Group 6) rat spleen showing red pulp rich in histiocytes;
some foamy, others haemosiderin laden.

(Figure 9) Testis histology: Testis showed ordinary structure.

A: Control rat testis showing seminiferous tubules of average
caliber. Basement membrane showed average thickness. Lining
showed cells at different stages of spermatogenesis.

B: (Group 3) rat testis showing ordinary seminiferous
tubules of average caliber. Basement membrane showed
average thickness. Lining showed cells at different stages of
spermatogenesis.

C: (Group 5) rat testis showing ordinary seminiferous
tubules of average caliber. Basement membrane showed
average thickness. Lining showed cells at different stages of
spermatogenesis. (Figure 10) Stomach histology: Stomach
showed ordinary structure. A: Control rat stomach showing
ordinary mucosa formed of benign glands lined by regular mucus
secreting epithelium. B: (Group 3) rat stomach showing ordinary

Ann Food Process Preserv 2(2): 1019 (2017)

6/8



Elsayes et al. (2017)
Email: Hanaa hamad2003@yahoo.com

@SCil\/ledCentrai

mucosa formed of benign glands lined by regular epithelium. C1:
(Group 4) rat stomach showing mucosal glands lined by benign
epithelium with focal areas of mucin secretion. C2: (Group 4) rat
stomach showing mucosal glands lined by benign epithelium.

CONCLUSION

The oral administrations of safety dose of multi ASs affected
on oxidative stress biomarkers (GSH and MDA) of liver and
kidney. GSH and MDA brain tissue had no significant change
between all groups although reduction in GSH value and increase
in MDA value. Histopathologic changes were mostly encountered
in brain, liver, kidneys, spleen and esophagus.

REFERENCES

1. Mattes RD, Popkin BM. Nonnutritive sweetener consumption in
humans: effects on appetite and food intake and their putative
mechanisms. Am ] Clin Nutr. 2009; 89: 1-14.

2. Swithers SE, Davidson TL. A role for sweet taste: calorie predictive
relations in energy regulation by rats. Behav Neurosci. 2008; 122:
161-173.

3. Gardner C, Wylie-Rosett ], Gidding SS, Steffen LM, Johnson RK, Reader
D, etal. Nonnutritive sweeteners: current use and health perspectives:
a scientific statement from the American Heart Association and the
American Diabetes Association. Diabetes Care. 2012; 35: 1798-1808.

4. USA Food and drug Administration: Additional Information about
High-Intensity Sweeteners Permitted for use in Food in the United
States. FDA. 2014.

5. Arajo CLC, Vanzellotti IR, Lemos ]I, Azevedo MF. Stedman s medical
dictionary. Baltimore, Williams & Wilkins. 1990; 25: 117.

6. Fitch C, Keim KS. Academy of Nutrition and Dietetics. Position of the
Academy of Nutrition and Dietetics: use of nutritive and nonnutritive
sweeteners. ] Acad Nutr Diet. 2012; 112: 739-758.

7. Tordoff MG, Alleva AM. Effect of drinking soda sweetened with
aspartame or high-fructose corn syrup on food intake and body
weight. Am ] Clin Nutr. 1990; 51: 963-969.

8. Horwitz DL, McLane M, Kobe P. Response to single dose of aspartame
or saccharin by NIDDM patients. Diabetes Care. 1988; 11: 230-234.

9. Nettleton JA, Lutsey PL, Wang Y, Lima JA, Michos ED, Jacobs DR.
Diet soda intake and risk of incident metabolic syndrome and type
2 diabetes in the Multi-Ethnic Study of Atherosclerosis (MESA).
Diabetes Care. 2009; 32: 688-694.

10.Roberts A, Renwick AG, Sims |, Snodin DJ. Sucralose metabolism and
pharmacokinetics in man. Food Chem Toxicol. 2000; 38: 31-41.

11.Byard JL, Goldberg L. The metabolism of saccharin in laboratory
animals. Food Cosmet Toxicol. 1973; 11: 391-402.

12.Clemente JC, Ursell LK, Parfrey LW, Knight R. The impact of the gut
microbiota on human health: an integrative view. Cell. 2012; 148:
1258-1270.

13.Claesson M]J, Jeffery IB, Conde S, Power SE, O’Connor EM, Cusack S, et
al. Gut microbiota composition correlates with diet and health in the
elderly. Nature. 2012; 488: 178-184.

14.Muegge BD, Kuczynski ], Knights D, Clemente JC, Gonzalez A, Fontana
L, et al. Diet drives convergence in gut microbiome functions across
mammalian phylogeny and within humans. Science. 2011; 332: 970-
974.

15.Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon
JI. An obesity-associated gut microbiome with increased capacity for
energy harvest. Nature. 2006; 444: 1027-1031.

16.Ley RE, Turnbaugh PJ, Klein S, Gordon ]I. Microbial ecology: human
gut microbes associated with obesity. Nature. 2006; 444: 1022-1023.

17.Qin J, Li Y, Cai Z, Li S, Zhu ], Zhang F, et al. A metagenome-wide
association study of gut microbiota in type 2 diabetes. Nature. 2012;
490: 55-60.

18.Henao-Mejia ], Elinav E, Jin C, Hao L, Mehal WZ, Strowig T, et al.
Inflammasome-mediated dysbiosis regulates progression of NAFLD
and obesity. Nature. 2012; 482: 179-185.

19.Meghan B. Azad, Ahmed M. Abou-Setta, Bhupendrasinh F. Chauhan,
Rasheda Rabbani, Justin Lys, Leslie Copstein, et al. Nonnutritive
sweeteners and cardiometabolic health: a systematic review and
meta-analysis of randomized controlled trials and prospective cohort
studies. CMAJ. 2017; 189.

20.Reeves PG, Nielsen FH, Fahey GC. AIN-93 Purified diets for laboratory
rodents: Final report of the American Institute of Nutrition Ad Hoc
writing Committee on the Reformulation of the AIN-76. A Rodent diet.
J Nutr. 1993; 123: 1939-1951.

21.Beutler E, Duron O, Kelly BM. Improved method for the determination
of blood glutathione. ] Lab Clin Med. 1963; 61: 882-888.

22.Mihara M, Uchiyama M. Determination of malonaldehyde precursor in
tissues by thiobarbituric acid test. Anal Biochem. 1978; 86: 271-278.

23.Drury RA, Wallington EA, Cancerson R. Carleton’s Histology Technique.
4™ Edn. Oxford University Press. 1976.

24.Sendcor G, Cochran W. Statistical method. 6™ Edn. Lowa state collage.
USA. 1979; 841.

25.MacKinnon DK. Food Additives Data Book. Jim Smith, Lily Hong-Shum.
UK: Blackwell Science. 2003; 901-1003.

26.Trocho C, Pardo R, Rafecas |, Virgili ], Remesar X, Fernandez-Lépez JA,
et al. Formaldehyde derived from dietary aspartame binds to tissue
components in vivo. Life Sci. 1998; 63: 337-349.

27.Stegink LD, Filer LJ. Effects of aspartame ingestion on plasma
aspartate, phenylalanine and methanol concentrations in normal
adults. In: Tschanz C, Butchko HH, Stargel WW, Kotsonis FN. The
clinical evaluation of a food additive.Assessment of aspartame. Boca
Raton, New York, London, Tokyo: CRC Press. 1996; 67-86.

28.Parthasarathy NJ, Kumar RS, Manikandan S, Devi RS. Methanol-
induced oxidative stress in rat lymphoid organs. ] Occup Health. 2006;
48:20-27.

29.Pankow D, Jagielki S. Effect of methanol on modifications of hepatic
glutathione concentration on the metabolism of dichloromethane to
carbon monoxide in rats. Hum Exp Toxicol. 1993; 12: 227-231.

30.Zygler A, Wasik A, Namiesnik ]J. Analytical methodologies for
determination of artificial sweeteners in foodstuffs. Trends Anal.
Chem. 2009; 28: 1082-1102.

31.Brown AT, Best GM. Apparent Synergism between the Interaction of
Saccharin, Acesulfame K, and Fluoride with Hexitol Metabolism by
Streptococcus mutans. Caries Res. 1988; 22: 2-6.

32.Neacsu NA, Madar A. Artificial sweeteners versus natural sweeteners,
Bulletin of the Transilvania University of Brasov Series V. Economic
Sciences. 2014; 7.

33.Parthasarathy NJ, Kumar RS, Manikandan S, Devi RS. Methanol-
induced oxidative stress in rat lymphoid organs. ] Occup Health. 2006;
48:20-27.

34.Zararsiz 1, Sarsilmaz M, Tas U, Kus I, Meydan S, Ozan E. Protective
effect of melatonin against formaldehyde-induced kidney damage in
rats. Toxicol Ind Health. 2007; 23: 573-579.

35.Abdel-Salam OM, Salem NA, El-Shamarka ME, Hussein JS, Ahmed NA,

Ann Food Process Preserv 2(2): 1019 (2017)

7/8


https://www.ncbi.nlm.nih.gov/pubmed/19056571
https://www.ncbi.nlm.nih.gov/pubmed/19056571
https://www.ncbi.nlm.nih.gov/pubmed/19056571
http://www.ncbi.nlm.nih.gov/pubmed/18298259
http://www.ncbi.nlm.nih.gov/pubmed/18298259
http://www.ncbi.nlm.nih.gov/pubmed/18298259
http://www.ncbi.nlm.nih.gov/pubmed/22778165
http://www.ncbi.nlm.nih.gov/pubmed/22778165
http://www.ncbi.nlm.nih.gov/pubmed/22778165
http://www.ncbi.nlm.nih.gov/pubmed/22778165
https://www.fda.gov/food/ingredientspackaginglabeling/foodadditivesingredients/ucm397725.htm
https://www.fda.gov/food/ingredientspackaginglabeling/foodadditivesingredients/ucm397725.htm
https://www.fda.gov/food/ingredientspackaginglabeling/foodadditivesingredients/ucm397725.htm
https://www.abebooks.com/Stedmans-Medical-Dictionary-25th-Edition-Illustrated/4962179472/bd
https://www.abebooks.com/Stedmans-Medical-Dictionary-25th-Edition-Illustrated/4962179472/bd
http://www.ncbi.nlm.nih.gov/pubmed/22709780
http://www.ncbi.nlm.nih.gov/pubmed/22709780
http://www.ncbi.nlm.nih.gov/pubmed/22709780
http://www.ncbi.nlm.nih.gov/pubmed/2349932
http://www.ncbi.nlm.nih.gov/pubmed/2349932
http://www.ncbi.nlm.nih.gov/pubmed/2349932
http://www.ncbi.nlm.nih.gov/pubmed/3046854
http://www.ncbi.nlm.nih.gov/pubmed/3046854
http://www.ncbi.nlm.nih.gov/pubmed/19151203
http://www.ncbi.nlm.nih.gov/pubmed/19151203
http://www.ncbi.nlm.nih.gov/pubmed/19151203
http://www.ncbi.nlm.nih.gov/pubmed/19151203
http://www.ncbi.nlm.nih.gov/pubmed/10882816
http://www.ncbi.nlm.nih.gov/pubmed/10882816
http://www.ncbi.nlm.nih.gov/pubmed/4199497
http://www.ncbi.nlm.nih.gov/pubmed/4199497
http://www.ncbi.nlm.nih.gov/pubmed/22424233
http://www.ncbi.nlm.nih.gov/pubmed/22424233
http://www.ncbi.nlm.nih.gov/pubmed/22424233
http://www.ncbi.nlm.nih.gov/pubmed/22797518
http://www.ncbi.nlm.nih.gov/pubmed/22797518
http://www.ncbi.nlm.nih.gov/pubmed/22797518
https://www.ncbi.nlm.nih.gov/pubmed/21596990
https://www.ncbi.nlm.nih.gov/pubmed/21596990
https://www.ncbi.nlm.nih.gov/pubmed/21596990
https://www.ncbi.nlm.nih.gov/pubmed/21596990
http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://www.ncbi.nlm.nih.gov/pubmed/17183309
http://www.ncbi.nlm.nih.gov/pubmed/17183309
http://www.ncbi.nlm.nih.gov/pubmed/23023125
http://www.ncbi.nlm.nih.gov/pubmed/23023125
http://www.ncbi.nlm.nih.gov/pubmed/23023125
http://www.ncbi.nlm.nih.gov/pubmed/22297845
http://www.ncbi.nlm.nih.gov/pubmed/22297845
http://www.ncbi.nlm.nih.gov/pubmed/22297845
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5515645/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5515645/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5515645/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5515645/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5515645/
https://www.ncbi.nlm.nih.gov/pubmed/8229312
https://www.ncbi.nlm.nih.gov/pubmed/8229312
https://www.ncbi.nlm.nih.gov/pubmed/8229312
https://www.ncbi.nlm.nih.gov/pubmed/8229312
http://www.ncbi.nlm.nih.gov/pubmed/13967893
http://www.ncbi.nlm.nih.gov/pubmed/13967893
http://www.ncbi.nlm.nih.gov/pubmed/655387
http://www.ncbi.nlm.nih.gov/pubmed/655387
https://catalogue.nla.gov.au/Record/2864951
https://catalogue.nla.gov.au/Record/2864951
https://cetiquimica2.files.wordpress.com/2015/09/f00d_4dd1t1v35_d4t4_800k.pdf
https://cetiquimica2.files.wordpress.com/2015/09/f00d_4dd1t1v35_d4t4_800k.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9714421
http://www.ncbi.nlm.nih.gov/pubmed/9714421
http://www.ncbi.nlm.nih.gov/pubmed/9714421
http://www.ncbi.nlm.nih.gov/pubmed/16484759
http://www.ncbi.nlm.nih.gov/pubmed/16484759
http://www.ncbi.nlm.nih.gov/pubmed/16484759
https://www.ncbi.nlm.nih.gov/pubmed/8100433
https://www.ncbi.nlm.nih.gov/pubmed/8100433
https://www.ncbi.nlm.nih.gov/pubmed/8100433
https://www.scribd.com/document/264209742/Analytical-methodologies-for-determination-of-artificial-sweetners-in-foods-F-BUN-pdf
https://www.scribd.com/document/264209742/Analytical-methodologies-for-determination-of-artificial-sweetners-in-foods-F-BUN-pdf
https://www.scribd.com/document/264209742/Analytical-methodologies-for-determination-of-artificial-sweetners-in-foods-F-BUN-pdf
https://www.ncbi.nlm.nih.gov/pubmed/3121183
https://www.ncbi.nlm.nih.gov/pubmed/3121183
https://www.ncbi.nlm.nih.gov/pubmed/3121183
http://webbut.unitbv.ro/BU2014/Series V/BULETIN V PDF/08_NEACSU-MADAR A.pdf
http://webbut.unitbv.ro/BU2014/Series V/BULETIN V PDF/08_NEACSU-MADAR A.pdf
http://webbut.unitbv.ro/BU2014/Series V/BULETIN V PDF/08_NEACSU-MADAR A.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16484759
http://www.ncbi.nlm.nih.gov/pubmed/16484759
http://www.ncbi.nlm.nih.gov/pubmed/16484759
http://www.ncbi.nlm.nih.gov/pubmed/18717515
http://www.ncbi.nlm.nih.gov/pubmed/18717515
http://www.ncbi.nlm.nih.gov/pubmed/18717515
http://www.ncbi.nlm.nih.gov/pubmed/23280025

@SCiMedCenmﬁ

Elsayes et al. (2017)
Email: Hanaa hamad2003@yahoo.com

El-Nagar ME. Studies on the effects of aspartame on memory and
oxidative stress in brain of mice. Eur Rev Med Pharmacol Sci. 2012;
16:2092-2101.

36.Williams MH. Carbohydrates: The main energy food. In Nutirition for
Health, Fitness & Sport. 6" Edn. Mc Graw Hill, New York, San Francisco,
St. Louis. 2002; 145.

37.Mukhopadhyay M, Mukherjee A, Chakrabarti J. In vivo cytogenetic
studies on blends of aspartame and acesulfame-K. Food Chem Toxicol.
2000; 38: 75-77.

Cite this article

38.Abdin F. Cell and tissue damage. In Abdins General Pathology. 4" Edn.
1981.

39.Soffritti M, Belpoggi F, Tibaldi E, Esposti DD, Lauriola M. Lifespan
exposure to low doses of aspartame beginning during prenatal life
increases cancer effects in rats. Environ Health Perspect. 2007; 115:
1293-1297.

40.Soffritti M, Belpoggi F, Degli Esposti D, Lambertini L. Aspartame
induces lymphomas and leukaemiasin rats. Eur J Oncol. 2005; 10:
107-116.

Elsayes HH, Elkholy TA, El-Kewawy HEM (2017) Safety Dose Effect of Combining Some Atrtificial Sweeteners on Health by Rats. Ann Food Process Preserv

2(2): 1019.

Ann Food Process Preserv 2(2): 1019 (2017)

8/8


http://www.ncbi.nlm.nih.gov/pubmed/23280025
http://www.ncbi.nlm.nih.gov/pubmed/23280025
http://www.ncbi.nlm.nih.gov/pubmed/23280025
http://www.ncbi.nlm.nih.gov/pubmed/10685017
http://www.ncbi.nlm.nih.gov/pubmed/10685017
http://www.ncbi.nlm.nih.gov/pubmed/10685017
https://www.ncbi.nlm.nih.gov/pubmed/17805418
https://www.ncbi.nlm.nih.gov/pubmed/17805418
https://www.ncbi.nlm.nih.gov/pubmed/17805418
https://www.ncbi.nlm.nih.gov/pubmed/17805418
https://www.researchgate.net/publication/225029050_Aspartame_induces_lymphomas_and_leukaemias_in_rats
https://www.researchgate.net/publication/225029050_Aspartame_induces_lymphomas_and_leukaemias_in_rats
https://www.researchgate.net/publication/225029050_Aspartame_induces_lymphomas_and_leukaemias_in_rats

	Safety Dose Effect of Combining Some Artificial Sweeteners on Health by Rats
	Abstract
	Introduction
	Aim of Search 
	Materials and Methods 
	Materials
	Methods

	Results and Discussion  
	Histopathological results  
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10

