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Abstract

The use of artificial sweeteners as non-nutritive food additive is becoming
very common nowadays. The aim of this research was to study the effect of
commercial artificial sweeteners consumption on the adult mouse mammary
gland in pregnancy (18-day pregnancy) and 3 weeks nursing. A commercial
artificial sweetener solution was given to pregnant mice of treated groups 50
mg/kg body weight, from day one of pregnancy till the end of 3 weeks nurs-
ing. Controls were given distilled water. The histological studies of the
mammary gland of treated animals showed some changes. In treated 18-day
pregnant mothers; the amount of adipose cells seemed to increase and the
amount of lipid droplets within the alveoli seemed to increase compared to
the controls. Also alveoli in the treated mammary gland sections appeared to
be larger and less in number compared to the controls. In 3 weeks treated
nursing mothers the amount of milk and lipid droplets in the alveoli de-
creased compared to the controls. The mammary gland circumference of
treated 18-day pregnant mothers was significantly smaller compared to the
controls, while it was significantly larger in 3 weeks treated nursing mothers
compared to the controls. These results show that artificial sweeteners dis-
turbed the arrangement of the histological structure in the mammary gland of
pregnant and nursing mice. Awareness should be raised to restrict the use of
artificial sweeteners to people with diabetes or who are in medical need.
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1. Introduction

Artificial sweeteners (A.S.) are being added by individuals to hot brewages such
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as coffee or tea. Also (A.S.) are being added to a wide range of manufactured
food products such as most sugar-free sweets and chewing gum, many baked
products, toothpaste and some medicines [1] [2] [3] [4] [5]. The commercial ar-
tificial sweeteners present in the markets, consist of a combination of several ar-
tificial sweeteners and some other substances; this can be seen clearly from the
ingredient labels of the different brands of artificial sweeteners.

The use of (A.S.) helped lots of people with diabetes to cope with their disease,
and also it helped obese persons to stick to diets in order to lose weight. Also
(A.S.) present in medicines helped with better acceptance of several medicines
by patients. While the presence of artificial sweeteners in toothpaste and sugar
free chewing gum helped reduce tooth decay. On the other hand, much recent
research showed that specific types of A.S. might have potential toxicity [6].
Chronic exposure was done on Wistar strain albino rats. Aspartame (75 mg/kg)
was given for 90 days orally. This led to detectable methanol circulation in the
blood. It is known that methanol metabolites may cause oxidative stress in brain
regions [7]. When (40 mg/kg) aspartame dissolved in distilled water was given
for 2, 4 and 6 weeks by gastric tube to adult Wistar strain albino rats, it was ob-
served that aspartame ingestion on the long-term caused oxidative stress induc-
tion in rat cerebral cortex [2]. When normal albino rats were given (10-mg sor-
bitol/kg-body weight/day), for 24 weeks, sorbitol toxicity was seen on the retinas
of these normal albino rats where it affected retinal micro vessels, pigment epi-
thelium, neural retina and glial cells. It was concluded that sorbitol may play a
role in the setup of diabetic retinopathy [8]. Sorbitol ingestion on the long-term
caused cataract and neuropathy in diabetic Sprague-Dawley rats, when given
(100 mg/kg) sorbitol for 40 weeks [9].

Mice are a very good mammalian model to use in research, as it is easy to
handle and manipulate [10].

All female mammals have important organs responsible for milk production
to nourish newborns; these organs are the mammary glands [11] [12] [13] [14].
The mouse has five pairs of mammary glands [15]. The mammary gland consists
of a connective tissue, or stroma also called the mammary fat pad [16]. The
stroma consists of cellular and noncellular components such as collagen and elas-
tin [17] [18]. It includes primarily fibroblasts, adipocytes, immune cells, blood
vessels, nerves, smooth muscle fibers and lymph nodes [19] [20]. The stroma or
fat pad supports the growth of epithelial tissue that forms several structures such
as ducts, ductules, terminal end buds, and alveoli [15]. Ducts merge in one pri-
mary collecting duct, which opens to the body surface by the nipple.

There are two cell types of mammary epithelium: basal and luminal cells. The
basal epithelium consists of myoepithelial cells which surround the luminal epi-
thelium. These cells are responsible for the movement of milk during lactation,
and the secretion of basement membrane components during all developmental
stages. The myoepithelial cells are characterized by their thickness, and continu-
ity during development, but during pregnancy and lactation they become dis-

continuous and form stellate-shaped cells [15] [19]. The luminal cells are cu-
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boidal or columnar cells [16] [18] [19]. Their apical surface contacts the lumen
of ducts, ductules, and alveoli. These cells have no direct contact with the base-
ment membrane [19]. The luminal epithelium becomes functionally differen-
tiated during lactation, where it becomes responsible for milk synthesis and se-
cretion [18] [19]. Breast cancer arises in the luminal epithelial cells [21].

In mice and rats, the peak of mammary gland differentiation occurs in preg-
nant females during the 19 - 21 days of pregnancy. Where, rapid and continuous
increase in the mammary gland epithelium leads to the formation of alveolar
buds, which gives rise to alveolar lobules. The alveolar lobules increase in size
and number, while the stroma thins. This occurs in response to hormones (es-
trogen, progesterone and prolactin). By day 19 of pregnancy, the alveoli fill the
fat pad and the mammary gland is capable of milk production [15] [19].

Involution is the process by which the mammary gland returns to its
non-lactating state [15] [22]. It occurs due to several factors, including decreased
levels of prolactin, due to milk accumulation and compression of the vascula-
ture, factors in milk that promote apoptosis of the luminal epithelium, and in-
creased activity of basement membrane-degrading enzymes [19]. During involu-
tion alveoli begins to collapse and extra cellular matrix breakdown [14] [15]
[23]. Then alveolar epithelial cells start to undergo apoptosis, myoepithelium
becomes thick, and luminal epithelium degrading becomes clear. Followed by an
increase in adipocytes, and a decrease in the size of the alveolar lobules, also the
epithelium appears disorganized and dense stroma appears around the ducts.
Near the end of involution stage, all of the alveoli appear collapsed and disorga-
nized, and the amount of stroma surrounding alveoli increases [15] [19].

Malignant breast cancer is the ninth leading death cause in Saudi women [24]
[25] [26] [27] [28], and the second in the United States of America [29]. Some
studies predict an increase of breast cancer cases in Saudi Arabia in the coming
few decades [26] [30].

The debate on whether A.S. has a potential role in causing cancer is been
going on for some time in the scientific research, where some studies relate the
dosage of some A.S. to the induction of the formation of malignant tumors [31]
[32] [33] [34]. While other studies found no relation between A.S. consumption
and the incidence of malignant tumor formation [35].

Regarding the intense research done on causes of breast cancer, and the re-
search done on A.S. toxicity, it seemed interesting to test the effects of commer-
cial artificial sweeteners on adult mammary gland during pregnancy and end of
lactation period to detect the changes in its histological structure.

The uniqueness of this research lies in the use of normal doses of commercial
artificial sweeteners present in the market, mimicking the human use of these
sweeteners, therefore, replicating the actual scenario that takes place in everyday
life.

2. Methodology

All experimental procedure was approved by the Biology department at King
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Abdulaziz University. Experiments were done at King Fahd Medical Research
Center.

The animals were purchased from the Animal House Unit at King Fahd Med-
ical Research Center at King Abdul Aziz University. Swiss, white, roadless adult
mice (60 females and 30 males) were used, with body weight between 30 to 35
grams. Throughout the experiment, they were fed corn cob pellets with a water
bottle at 12:12 hour light: dark and temperature at 22°C £ 2°C.

A commercial artificial sweetener available in the market was purchased from
local supermarket and used for the experiment. It contained 98.4% sorbitol and
1.6% aspartame.

Mating;:

The estrus stage was determined by the method of [36]. Both male and female
(in estrus stage) were placed for 24 hours in one cage for mating. After 24 hours,
females were separated from males. Then the female vagina was examined for
the presence of a vaginal plug as a sign of fertilization. Day one was considered
the day of the presence of the vaginal plug.

Dose estimation and Administration:

According to the study of Al-Qudsi and Al-Hasan (2019), the dose used in
this research was 50 mg/kg body weight (as it was the most commonly used
dose). The preparation and administration of the dose was also done according
to the same study.

Study Design:

Pregnant mice were divided into two groups: Control group (C) and Treated
group (T) each of the control and treated groups were divided into two sub-
groups (C1 and T1) were sacrificed on day 18 of pregnancy to examine the effect
of A.S. on the mammary gland in late pregnancy, and subgroups (C2 and T2)
were sacrificed by the end of the third week of nursing to examine the effect of
A.S. on the mammary gland in the end of nursing period. Each subgroup was
composed of 5 mice. In the control group, pregnant mice were orally dosed by
gavage needle given 1 ml of distilled water until the end of nursing stage, while
in the treated group, pregnant mice were given (1 ml of the experimental solu-
tion) at a temperature of 40°C until the end of the nursing stage.

Sample Collection:

All mothers were monitored daily for activity and behavior. All experimental
mothers were weighed at the beginning of the experiment and before dissection,
then anesthetized and dissected. Mammary gland was taken from the mothers
according to the method of [37]. Mammary glands number (4) were taken for
whole mounting. Right mammary gland number 2, 3 were taken for histology.
See Figure 1.

Whole mount preparation:

Mammary gland whole mount was prepared according to the method of [37].

Histological techniques:

The Mammary gland was fixed in formalin solution 10%. Then, dehydrated,
and embedded in hard paraffin wax at a temperature of 58°C. Wax blocks were
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Figure 1. Method of measuring the circumference of mam-
mary gland number 2, 3 and 4.

cut to vertical sectioning of 4 micron thick. Sections were stained by Ehrlich’s
hematoxylin and eosin [38].

Photography:

All dissected mothers were photographed by an Ipad 4 for morphometry and
general anatomy. A ruler was put near the samples during photo taking as a
scale.

Slide photographing:

Stained sections were examined and photographed using a compound micro-
scope (Olympus BX51) connected to a camera model number (Olympus DP72)
while stained whole mounts were examined and photographed using a dissecting
microscope (Olympus SZX16) connected to a camera model number (Olympus
DP25) at King Fahd Center for Medical Research.

Morphometric studies:

Morphometric studies were performed on 18-day pregnant mothers, and 3
weeks nursing mothers. The circumference of mammary glands number 2, 3
and 4 was taken (see Figure 1). The measurements were taken from the

photos taken during dissection. Image tool program was downloaded free

from (http://cme.msu.edu/cmeias/), and was used to conduct morphological
measurements.

Statistical analysis:

Data was collected into excel, then transferred to (SPSS 22). The test used with

normal distribution was Anova, Student-Neuman Keul test. In case of abnormal
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distribution Man-Whitney U test was used from the non-parametric test. Signi-

ficance was at p < 0.05.

3. Results

Effect of artificial sweetener on mother’s weight:

A non-significant decrease in the weight of treated 18 day pregnant mothers
and 3 weeks nursing mothers was seen compared to the controls.

Effect of artificial sweetener on mother’s mammary gland circumference:

The circumference of mammary glands No 2, 3 and 4 in 18 day pregnant
treated mothers was less compared to the control. The decrease was very signifi-
cant in mammary gland 2 p < 0.001. While in 3 weeks treated nursing mothers
the circumference of mammary glands No 2, 3 increased. It was significantly in-
creased in mammary gland No 4 p = 0.028 compared to the controls (see Figure
2).

Effect of artificial sweetener on the histological structure of mice mammary
gland:

An examination of the cross section of control mammary gland from 18-day
pregnant mother showed that the mammary gland consisted of lobules separated
by loose inter-lobular connective tissue). Alveoli had one layer of cuboidal or
columnar luminal epithelium cells and myoepithelial cells based on the basal la-
mina. A loose intra-lobular connective tissue surrounded the alveoli. Alveoli
contained residual milk. Lipid droplets within apical parts of cells in the lumen.
It also contained blood vessels and adipose cells. See Figure 3(A) for low magni-
fication and Figure 4(A) for high magnification.

An examination of the cross section of mammary gland from treated 18-day
pregnant mothers showed that it was similar to the control. However, the adi-
pose cells seemed to be more than the control. Also lipid droplets within the al-

veoli seemed to be less than of the control. Alveoli in the treated sections

Effect of artificial sweeteners on mammary gland
circumference

2.5
I
I I
M control 18 day pregnant
1. M Treated 18 day pregnant
control 3 weeks nursing
0. M Treated 3 weeks nursing
0
MG2 MG3 MG4

Figure 2. Graph showing the effect of artificial sweetener on the circumference of mam-

[ v N

(%)

mammary gland circumference

mary gland number 2, 3 and 4 of 18 days pregnant and 3 weeks nursing mothers in con-
trol and treated groups. (MG) mammary gland Values are mean * standard error (M +
SE) taken from (5) samples for each group. (*) P < 0.05.
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Figure 3. Photomicrograph of cross section of mammary gland from 18 days pregnant
mother mice. Magnification 200x (H&E). (A) Control. (B) Treated. Adipose cells (AD),
Lobule (L), Alveoli (V), Connective tissue (CV), Residual milk (RM), Lipid droplets (LD).
Note the adipose cells in the treated pregnant mice seem to be more than the control. Al-
so lipid droplets within the alveoli seemed to be more abundant than of the control. Al-
veoli in the treated appear to be larger and less in number compared to the control.

el < i YR

Figure 4. Enlargement of the photomicrograph of cross section of mammary gland from
18 days pregnant mother mice in Figure 3. Magnification 400x (H&E). (A) Control. (B)
Treated.

appeared to be larger and less in number compared to the control. See Figure
3(B) for low magnification and Figure 4(B) for high magnification).

An examination of the cross section of control mammary gland from 3 weeks
nursing mother showed that the mammary gland consisted of lobules separated
by loose inter-lobular connective tissue. The alveoli filled the fat pad. Alveoli had
one layer of cuboidal or columnar luminal epithelium cells and myoepithelial
cells based on the basal lamina. A loose intra-lobular connective tissue sur-
rounded the alveoli. Alveoli contained residual milk. Lipid droplets within apical
parts of cells and in the lumen. It also contained blood vessels and adipose cells.
Myoepithelial cells formed a discontinuous layer around the alveoli. See Figure
5(A) for low magnification and Figure 6(A) for high magnification.

An examination of the cross section of the treated mammary gland from 3
weeks nursing mother showed that it was similar to the control. However, the
adipose cells in the treated mice seemed to be less compared to the control. Also
the amount of milk in the alveoli of treated groups seemed to be less than the
control group. And the lipid droplets seemed to be less than the control. Also the
fusion of several alveoli was seen. Also the alveoli in the treated section appeared
to be much bigger than the control. See Figure 5(B) for low magnification and

Figure 6(B) for high magnification. No difference was seen in the whole mount
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Figure 5. Photomicrograph of cross section of mammary gland from 3 weeks nursing
mother mice. Magnification 200x (H&E). (A) Control. (B) Treated. Adipose cells (AD),
Lobule (L), Alveoli (V), Connective tissue (CV), Residual milk (RM), Lipid droplets (LD),
Blood vessel (BV). Note the adipose cells in the treated mice seemed to be less compared
to the control. Also the amount of milk in the alveoli of the treated group seemed to be
less than the control group. The lipid droplets seem to be less than the control. Also the
fusion of several alveoli is seen (*). The alveoli in the treated section seen to be much big-
ger than the control.

Figure 6. Enlargement of the photomicrograph of cross section of mammary gland from
3 weeks nursing mother mice seen in Figure 5.

of the mammary gland number 4 of 18 days treated pregnant females compared
to the controls. However the mammary gland number 4 of the 3 weeks nursing
treated mothers appeared to have reduced amount of milk compared to the con-

trols, see Figure 7.

4. Discussion

In recent years, artificial sweeteners or sugar substitutes became more popular
and are used in most foods and beverages in today’s market. Women are using
artificial sweetener as means to help prevent weight gain or diabetes [2] [39].

In this study no significant decrease in weight of treated pregnant mothers of
18 days or 3 weeks nursing mothers was seen. This was mentioned in previous
studies when using maternal dosages of 500, 1000, 2000 and 4000 mg/kg body
weight aspartame on 15 - 18 days of pregnancy [40].

In this study the histological sections of the mammary gland of the control
group in 18 days pregnant and 3 weeks nursing mothers mice were typical to
other studies [15] [19] [41].

This study results have shown that the adipose cells in the treated 18 days preg-
nant mice mammary gland sections seemed to be more than those seen in the con-

trol sections. During this stage the mammary gland is preparing for lactation
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Figure 7. Whole mount of mammary glands number 4. (A) 18 days pregnant mother. (B)
3 weeks nursing mother. (Star) Lymph node. (Arrow) TEB. (C) Control. (T) Treated (all
same magnification see bar). Note the abundance of white parts (milk) of mammary
gland in control 3 weeks nursing mothers (BC3) on the left compared with the treated
one (CT3) on the right.

as offspring delivery in mice is on day 19 - 20. Usually in this phase the lobules
that contain the alveoli take a large part of the mammary gland while the adipose
tissue area is reduced. Mammary gland adipose tissue plays a vital role in the
formation of the ducts and alveoli during the nursing phase [42].

Scientists explained that estrogen is responsible for the organization of adi-
pose tissue, where the accumulation of alcohol urges to raise the levels of the
hormone estrogen and thus increase adipose cells during pregnancy [43] [44]
[45]. It seems that the branching of ducts and formation of alveoli was slower in
the treated mothers mammary glands compared to the controls; taking a longer
time to fill the fat pad. This is contradictory to what was seen with 4 weeks
mouse neonates from artificial sweetener fed mothers, where terminal end buds
were seen growing quickly and retracting as they reached the end of the fat pad
[46]. It seems that the effect of artificial sweeteners differs with age and hormone
balance.

In this study the mammary glands of treated 3 weeks nursing mothers showed
that the milk was removed quickly from the ducts during lactation as ducts
seemed to be empty, it might be also that the milk production was less than that
of the controls. This might indicate that artificial sweeteners altered phase
change timing in the mammary gland; such as duct and alveoli formation and
milk production in pregnant and nursing mouse mammary gland, and begin-
ning of involution process later on. [47] explained that alcohol affects the secre-
tion and function of numerous hormones especially the prolactin hormone re-

ducing milk secretion. Also studies suggested that the mammary gland adipose
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tissue played a vital role in duct and alveoli formation for lactation, then their
regression after lactation [42].

In this study, it seems that the artificial sweeteners had an effect on the mam-
mary gland adipose tissue which affected the epithelial tissue formation of ducts
and alveoli.

The histological changes taking place in the involution period or end of lacta-
tion period seem to be very interesting as they represent a complete reorder of
the dominant tissue in the mammary gland. The resistance of some cells or types
of tissue to go with the flow at this stage might result in uncontrolled niches that
might be the nucleus of tumors later on.

Breast cancer cases have increased dramatically in the last ten years and are
expected to be more in the coming years [24] [26] [29]. Studies have shown that
mammary gland adipose tissue plays a vital role in Breast cancer [48].

Regarding the histological and morphometric results of mammary gland in
this study, it could be concluded that, it seems that the factor giving the mam-
mary gland its dimension here is the area and number of the alveoli. As the
ducts seemed to be very small and few in the 18 days pregnant and more and
much larger in the 3 weeks nursing treated mothers compared to the controls.
Unfortunately we were not able to study milk quantity and composition of the
nursing mothers consuming artificial sweeteners, as its result might have shed
the light on its possible effects on offspring. More studies should be conducted
in this domain using the artificial sweetener present in the market with the dose
used by normal individuals.

It should be noted that the results of this study showed that commercial artifi-
cial sweeteners altered the histological structure and phase timing although the
study has just used commercial artificial sweeteners present in the market and
used the normal dose consumed by normal individuals. Regarding the amount
of dose taken on daily basis in real life by individuals it seems that In addition of
intaking some amounts of artificial sweeteners through medications and tooth-
paste, many pregnant and nursing females use these nonnutritive sweeteners to
avoid gaining excess weight during pregnancy and nursing which might increase
the dose taken daily to more than the permitted amount. Therefore more studies
should be done to understand the mechanism of the effect of the artificial swee-
teners commercial combinations and raise the awareness of the prospective role

of these nonnutritive sweeteners in different illnesses.

5. Conclusion and Recommendation

This study has shown the effect of daily consumption of commercial artificial
sweetener solution (50 mg/kg body weight) on mammary gland in pregnant and
nursing mice. It caused an increase in adipose cells, lipid droplets and larger al-
veoli in 18-day pregnant mice compared to the control, while decreasing adipose
cells, milk and lipid droplets in 3 weeks nursing mice. The dose used in this

study is the one used by many females in the cities of Makkah and Jeddah in
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Saudi Arabia. Moreover regarding the effects it had on the mother’s mammary
gland, therefore it is advisory to eliminate the use of artificial sweeteners in
normal diets and restrict it to patients who really need it.
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