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Abstract

Th ere are opposite hypotheses on the eff ect of saccharin. Our aim was reviewing the infl uence of chronically ingested saccharin on the func-

tion and histological structure of liver and pancreas and all this in light of gender diff erences. 

Th e rats were divided into control group – (Group C) and saccharin-treated group – (Group S) which was given a normal diet and . 

saccharin in drinking water for  weeks. Liver and pancreas were histologically processed and quantitative histological analysis was performed. 

Glucose blood levels and plasma activities of aspartate transaminase (AST) and alanine transaminase (ALT), body weight, and food intake 

were analyzed. 

Quantitative histological analysis determined that the values of diameter and volume density of both Langerhans islets and exocrine acini 

were signifi cantly higher in S group, especially in males. AST levels were signifi cantly higher in treated group. Glucose levels were higher in 

treated group, mainly due to the values of the female subgroup. Food intake was signifi cantly higher in control group, while weight gain was 

higher in treated group. Treated males had signifi cantly higher food intake and weight gain in comparison with treated females. 

Th e data presented here suggests that chronic saccharin intake aff ects the examined parameters. Reported facts refl ect various metabolic, hor-

monal and neural responses in males and females.  ©  Association of Basic Medical Sciences of FB&H. All rights reserved
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INTRODUCTION

Due to the growing interest in healthy living and the 

increase in the incidence of obesity and diabetes, arti-

ficial sweeteners like saccharin have gained popular-

ity [, ]. These non-nutritive sweeteners, better known 

as artificial, have no calories and typically exceed the 

sweetness of sucrose by a factor of  to . times [].

Saccharin is the fi rst artifi cial sweetener. It has been in use 

since  and is used to sweeten various products like 

soft drinks, baked goods, jams, chewing gum, canned fruit, 

candy, dessert toppings and salad dressings, as well as cos-

metic products (e.g., toothpaste, mouthwash, and lip gloss), 

vitamins, and medications []. After ingestion, saccharin is 

excreted unchanged via kidneys, and because it is not me-

tabolized, the FDA (Food and Drug administration) consid-

ers this compound safe. It obtained FDA approval in  

[]. However, a case of hepatotoxicity of saccharin with 

elevated concentrations of liver enzymes after oral admin-

istration of drugs containing the sweetener was reported 

in  []. Subsequent re-exposure to pure saccharin pro-

vided further proof of its role in pathogenesis of liver damage. 

Furthermore, the introduction of noncaloric, high-intensity 

sweeteners is correlated with current obesity trends []. Sev-

eral hypotheses on the eff ect of sweetness without energy 

have been posited so far. One of them states that energy-

reduced sweet foods help preventing weight gain, while oth-

ers suggest that ingestion of sweet beverages without energy 

increases appetite and subsequent food intake [, , , , ]. 

In humans, as well as animals, saccharin can elicit early in-

sulin secretion - cephalic phase insulin release (CPIR), char-

acterized by plasma insulin increase prior to food ingestion 

and the rise of blood glucose [, , ]. Th e excessive CPIR 
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might play a role in the development of dietary obesity be-

cause of the capacity of insulin to boost adipose tissue li-

pogenesis and triglyceride uptake []. Manipulation of the 

taste of food can affect pancreatic exocrine secretion, di-

gestive effi  ciency and food utilization as well. Th e two- to 

tenfold higher proteolytic activity in the small and large in-

testine and changes in intestinal pH were related to saccha-

rin and could be explained by its postingestive eff ects [].

Numerous studies provide conflicting results concerning 

the eff ect of artifi cial sweeteners on the intake of food and 

drinks and increase in body mass and glycemia; however, 

very few of them investigate the eff ect of artifi cial sweeten-

ers on the morphology of the pancreas and liver during these 

processes. Hence, our goal was to examine the influence 

of chronically ingested saccharin on endocrine pancreatic 

function, subsequent blood glucose levels, and hepatic func-

tion by monitoring the activity of liver enzymes, as well as 

by analyzing the histological structure of both organs and 

all this while taking gender diff erences into consideration.

MATERIALS AND METHODS

Animals and experimental design

Female and male Wistar rats (- g body weight) were 

housed at the Department of Pharmacology, Toxicology 

and Clinical Pharmacology, Faculty of Medicine in Novi 

Sad. Prior to the experiment, rats had free access to food and 

water and were kept under constant conditions of tempera-

ture (±°C) and humidity (-). Th ere were tree rats 

per cage on a -hour light/dark schedule. Rats were divided 

randomly into  groups ( animals per group) and treated 

for  weeks as follows: control group – (Group C) was given 

normal diet (laboratory rodent chows) and drinking water; 

treated group – (Group S) was given normal diet and . 

saccharin in drinking water. Body weight of each animal was 

measured weekly, while food intake of animals in each cage 

was measured every day. After  weeks, the rats were anes-

thetized by  solution of urethane in the dose of - mL/kg 

i.p. Blood samples were collected from the abdominal aorta, 

centrifuged ( rpm,  min) for serum aliquot and stored 

at -°C until biochemical analysis were performed, while liv-

er and pancreas were excised, rinsed with saline and weight-

ed, after which they were subjected to histological procedures. 

Th e experimental procedures were approved by Ethical Com-

mittee for Animal Use in Experiments, University of Novi Sad.

Histopathologic studies

At the end of the treatment period, when rats were 

sacrificed, liver and pancreas were removed and 

fixed in  formalin saline. Sections were pre-

pared and stained with hematoxylin and eosin (H&E). 

Qualitative analysis

Qualitative analysis on the light microscopy was used to ob-

tain information on general tissue morphology and pathologi-

cal changes.

Quantitative analysis

Linear morphometry

Linear morphometry was performed on specimens of pan-

creas of both S and C group. Diameter of islets of Langerhans 

(dL) was measured using a linear scale which was incorpo-

rated in the eyepiece of the microscope. In order to provide 

results expressed in micrometers (μm) we multiplied the 

number of notches of the scale by index (k) determined for 

tenfold magnifi cation. For each specimen the diameter of all 

islets of Langerhans on every second serial paraffi  n section 

was measured, and mean diameter for each of the groups was 

calculated as the average value of specimens inside the group.

Stereological analysis

Stereological analysis was performed on tissue of both groups, 

on every second serial paraffi  n section using a multi-purpose 

stereological grid M. A total of  fi elds of vision per animal 

were analyzed under tenfold magnifi cation (liver) and x 

magnifi cation (pancreas) []. Th e volume densities of exo-

crine acini (VvA), islets of Langerhans (VvL), excretory ducts 

(VvD) and interlobar spaces (septae) (VvS) were determined 

in the pancreas. In liver, volume densities of lobules (VvLob), 

portal areas (VvP) and central veins (VvC) were determined.

Biochemical analyses

Serum activities of aspartate transaminase (AST) and ala-

nine transaminase (ALT) were measured using a spectro-

photometric method of commercial assay kit (Randox 

Laboratories LTD., Crumlin, United Kingdom). Blood glu-

cose levels (BGL) were measured by using ACCU-Chek 

Active system (Roche Diagnostics, Mannheim, Germany).

Statistical analysis

All results are expressed as means ± SD. The comparison 

between two independent groups was made by Student’s 

t-test. Multiple group comparisons were performed by 

ANOVA. P values less than . were considered signifi cant.

RESULTS

Qualitative analysis: Histological analysis of the pan-

creas specimens revealed minimal differences in C and 

S group. Specimens of the pancreas in both groups 

showed regular structure of the exocrine acini and uni-

form spread of the endocrine islets of Langerhans. In the 

S group islets of Langerhans seemed more numerous 
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than in C group. In the S group small and medium excre-

tory ducts appeared dilated and were filled with a dense 

acidophilic serous secretion (Figure , Figure ). No such 

feature was registered in the C group (Figure , Figure ).

Specimens of the liver in both groups showed regular, 

lobular liver organization and normal arrangement of 

the hepatocytes. Within the hepatocytes of the S group 

vacuolization of the cytoplasm was observed (prob-

ably mild parenchymatous degeneration). Necrosis or 

apoptosis of hepatocytes were not detected (Figure ).

Quantitative analysis of pancreas: Linear morphometry de-

termined signifi cantly larger mean diameter of islets of Lang-

erhans in the S group (p=.) (Table ). Volume density 

of islets (VvL) showed signifi cantly higher values in S group 

(p=.). Statistical analysis demonstrated signifi cant diff er-

ences between volume densities of exocrine acini between 

FIGURE 1.  Eff ect of saccharin on pancreas histology fi ndings of 

saccharin treated males (HE, x50)

FIGURE 3.  Microphotograph of pancreatic tissue of male animals 

in control group (HE, x50).

FIGURE 2.  Eff ect of saccharin on pancreas histology fi ndings of 

saccharin treated females (HE, x50).

FIGURE 4.  Microphotograph of pancreatic tissue of female ani-

mals in control group (HE, x50).

FIGURE 5.  Histological sections of liver in animals of saccharin 

treated group (HE, x400).
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C and S group (p=.) (Table ). Values of VvS and VvD 

showed no signifi cant diff erences between C and S group.

Significant differences were observed in VvA between 

treated males compared to treated females (p=.) 

and control males (p=.). VvL of saccharin treat-

ed males was significantly higher than treated females 

(p=.) and males in control group (p=.). No 

statistically significant differences were observed 

in VvS and VvD between analyzed groups (Table ).

Quantitative analysis of liver: No statistically sig-

nificant differences were observed after stereo-

logical  analys is  of  the l iver  t issue (Table  ) .

Th e measurement of BGL in the th week of experimental 

procedure revealed higher values in the S group than in C 

group (p=.), mainly due to the values of the saccharin 

treated female subgroup (Table ). Serum activity of AST 

was signifi cantly higher (p=.) in S group, but no diff er-

ence was observed between gender subgroups (Table ).

Food intake in the fi rst week was equal in both groups, while 

from the second week onward, food intake in the con-

trol (C) group was signifi cantly higher (p= .) (Figure ).

In the S group, a significantly higher food intake was ob-

served among male (Sm) ani-

mals than in the female sub-

group (Sf) (p=.) (Figure ). 

At the beginning of the experiment 

the saccharin-treated group had 

a slightly lower average weight, 

but the difference was not sta-

tistically significant. Although 

weight gain was higher in the S 

group compared to the C group 

FIGURE 6.  Food intake in control (C) and saccharin treated (S) 

group during a period of 6 weeks.

FIGURE 7.  Food intake in female (Sf ) and male (Sm) subgroups of 

saccharin treated group during a period of 6 weeks.

Parameter
C 

(X±1SD)

S 

(X±1SD)

dL (10 μm) 60±22.18 77.5±36.15*

VvA (mm0) 0.091±0.006 0.086±0.012*

VvL (mm0) 0.001±0.001 0.003±0.005*

VvS (mm0) 0.009±0.015 0.01±0.001

VvD (mm0) 0.001±0.002 0.002±0.003

Parameter C (X±1SD) S (X±1SD)

VvLob 0.096±0.002 0.096±0.002

VvP 0.002±0.002 0.001±0.002

VvC 0.002±0.002 0.003±0.002

TABLE 1.  Median values of linear and stereological parameters in 

the pancreas of control and treated animals.

TABLE 3.  Median values of stereological parameters in the liver 

of control and treated animals.

(Legend: (C) control animals, (S) treated animals, dL -the mean linear 

diameter of islets of Langerhans, VvA- volume density of: egzocrine acini, 

VvL – volume density of islets of Langerhans, VvS - volume density of 

septa, volume density of, VvD - volume density of excretory ducts)

* p<0.05 - saccharin treated vs. control group

(Legend: (C) control animals, (S) treated animals, Vv Lob - volume density 

of: lobules, VvP - volume density of portal areas, VvC - volume density of 

central veins).

Parameter

C 

(X±1SD)

S 

(X±1SD)

Female Male Female Male

VvA (mm0) 0.093±0.005 0.093±0.007 0.093±0.008 0.078±0.011*

VvL (mm0) 0.001±0.001 0.001±0.001 0.001±0.001 0.005±0.007*§

VvS (mm0) 0.009±0.021 0.008±0.007 0.005±0.007 0.015±0.011

VvD (mm0) 0.002±0.002 0.001±0.003 0.001±0.004 0.002±0.003

TABLE 2.  Values of stereological parameters of the pancreas 

compartments in male and female animals of control and treated 

group.

(Legend: (C) control group, (S) treated group, VvA- volume density of: eg-

zocrine acini, VvL – volume density of islets of Langerhans , VvS - volume 

density of septa, volume density of, VvD - volume density of excretory ducts)

* p<0.05 - saccharin treated males vs. saccharin treated females
§ p<0.05 - saccharin treated males vs. control males

S group C group

All Female Male All Female Male

BGL (mmol/l) 6.13± 0.32* 6.13 ± 0.21 6.15 ± 034 5.83 ± 0.39 5.73 ± 0.35 6.30 ± 0.14

ALT (U/l) 10.67±7.39 10.60±8.15 11±1 15.33±14.51 17.30±15.20 5.5±1.5

AST (U/l) 173.42±30.72* 175.80±32.88 161.5±12.5 260.75±103.46 255.30 ±102.61 288±103

TABLE 4.  Blood glucose levels, serum levels of alanine aminotransferase and aspartate ami-

notransferase in saccharine treated and control group.

(Legend: Blood glucose levels (BGL), serum levels of alanine aminotransferase (ALT), serum levels of 

aspartate aminotransferase (AST), saccharine treated (S), control (C) group).

* p<0.05 - saccharin treated vs. control group
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during all  weeks, it was not statistically significant in re-

lation to the weight gain in the C group (Figure ). Weight 

gain in S group at the end of the experiment (compared to 

the weight at the beginning of the experiment), showed 

no statistical signifi cance. Th ere was a diff erence in favour 

of Sm subgroup whose average increase in body weight 

was . times higher than in females of the same group.

DISCUSSION 

Although research on saccharin has been extensive, the 

available data on the effect of chronic consumption of 

saccharin in literature is rather controversial [, , , , ].

In our experiment, chronic consumption of saccha-

rin has led to a statistically significant increase in volu-

metric distribution of the endocrine pancreatic tis-

sue in the treated group compared to the control 

one, and also in treated males compared to treated fe-

males, which was confirmed by quantitative analysis.

Previously published data pointed out that saccha-

rin is capable of inducing CPIR in rats [], which in 

our study might have led to hypertrophy of islets and 

increased VvL in treated animals, especially in males. 

Sweet taste of food stimulates the body to expect energy; 

insulin is secreted in the cephalic phase and when the body 

does not receive the expected energy by intake of food or 

drink with artifi cial sweeteners, the result is hypoglycemia, in-

creased appetite and greater food intake []. Increase in VvL 

in the treated group seems contradictory with the informa-

tion that at the end of the experimental procedure the treated 

animals had statistically signifi cantly higher BGL than the 

control group. Higher BGL in the S group probably comes 

from signifi cantly higher values in the S females than C fe-

males. Similar data was obtained using artifi cial sweeteners in 

the diet of both experimental animals, and patients of both 

genders who suff ered from diabetes []. All of this may call 

into question the justifi cation for the use of artifi cial sweeten-

ers in the diet of diabetic patients. It is notable that the highest 

VvL increase was in treated males (signifi cantly higher than in 

females) and it was followed by a decrease in BGL. Increased 

VvL provides a complete explanation for the fi ndings in the 

group of treated males: decreased BGLs increase the appetite 

and thus food intake, and this leads to a gain in body weight. 

Although C group in general had higher food intake, S group 

had a higher increase in body weight. A statistically sig-

nifi cant increase in food intake and body weight gain was 

confi rmed only in S group, in greater extent in males than 

in females. This data reflects the difference in metabolic, 

hormonal and neural responses occurring in males and fe-

males treated with saccharin. It is interesting that in most of 

the experiments performed on animals only male animals 

were used [, , ]. If animals of both sexes were used, the 

diff erences between sexes were not tested [, ]. On the 

other hand, in a human-based study on the eff ect of artifi -

cial sweeteners by Fowler et al. a higher long-term increase 

in body weight was observed in men than in women []. 

Th is can indicate either a diff erent gender response on sac-

charin intake, or a diff erent impact on appetite centres and 

insulin action. Some new clinical data shows, for the first 

time, the existence of gender differences in the appetite 

response to some substances; this is considered relevant 

for finding new gender-related weight-loss therapy []. 

In females, an increase of BGL was verified, but it was 

not followed by VvL enhancement. It is possible that dur-

ing chronic saccharin consumption in females certain 

changes in the dominant action of insulin occur. These 

changes could include a greater role of insulin in the 

lipid metabolism and neural regulation of hunger []. 

Th is would suggest that insulin under the infl uence of sac-

charin acts differently in males and females, and that in-

creased body weight in the S group can be explained by 

a higher triglyceride takeover and lipogenesis in females, 

and by hypoglycemia and increased food intake in males.

Postingestive effects of saccharin are debatable, given the 

fact that it is not considered to be metabolized []. Th e intro-

duction of saccharin in the diet of rats leads to disturbances 

in gut pH and proteolytic enzyme activity of the pancreas 

[], and these occurrences have been linked with posting-

estive effects of saccharin, rather than its taste properties. 

In the pancreatic ducts of treated animals, from the small-

est to the widest, a dense, eosinophilic secretion was found 

and it was not verifi ed in the control group. As the bile was 

not analyzed in our study, it cannot be stated with certainty 

that the histological findings are the consequence of sac-

charin action. There are several possible explanations for 

the decrease in the volume density of exocrine pancreatic 

acini in the treated group. Apart from postingestive eff ects 

of saccharin on acini, another viable explanation is morpho-

logical compensation due to hypertrophy of endocrine islets.

It appears that postingestive effects of saccharin are not 

FIGURE 8.  Weight gain in control (C) and saccharin treated (S) 

groups during a period of 6 weeks.
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limited solely to exocrine pancreas, but are also present 

in liver, since saccharin was previously confirmed to be 

an etiological factor of hepatotoxicity with increased ac-

tivity of liver enzymes []. In our study the S group had 

a significantly higher AST level, without differences re-

garding the gender of animals. There are no stereologi-

cal differences in the tissue of two groups, but some he-

patocytes did show mild parenchimatous degeneration.

CONCLUSIONS

Our experiment was focused on the chronic eff ect of saccha-

rin on both endocrine and exocrine pancreas, as well as its po-

tential infl uence on liver; however, any future studies should 

certainly be based on the investigation of acute saccharin in-

take, dose- and time-dependent experiments, which would 

involve a modifi cation of methods and experimental design.
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