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Distal convoluted tubules showed increased nuclear
diameters. implying an increased perimeter, area and volume
of these nuclei in fetuses from both groups of treated rats
‘The shape of these nuclei (eccentricity, shape coefficient and
contourindex), presented a significant alterations in animals
given room temperature-treated aspartame (Table V).

‘Table V. Median values of nuclear parameters (n=50) of

Collecting ducts revealed significant variations of
parameters like the greater diameter, medium diameter, arca,
perimeter and volume/area ratio in the group given 40° C-
treated. dissolved aspartame. Tn both treated groups. volumes
increased significantly, but there was no significant variation
of nuclear shapes compared to controls (Table VT).

1ls of the distal convoluted tubules of the fetuses from controls, animals given

room temperature-treated aspartame and animals given 40° C-treated, dissolved aspartame, respectively.
Nuclear parameter Control Room temperature- 40°Catreated, 3
treated aspartame dissolved sspartame
Longest axis. 71550 88 10802155 12982133+ 0006%
Shorta axis 5342065 4221297 89280120 00310
Geometric mean axis 6.15:0.70 9825174 10855150 0.006%
Ratio D/d 1402011 1674020% 15840174 0031+
Volume (um') 128822 41321067 6334189° 0006%
Arca o) 302:63 706£38% 64256.17 0006
Perimeterium) 198223 305433 3074700 00310
Ratio V/A 41080 47 6142057 6.94208% 0031+
Eceentricity 06420 05 0742015 0554015 0003+
Shape fictor 09520 02 08240.13 0862011 0003
Countor index 36340 04 37240077 36840 56 00310

Mediana = imerquartiica diference ; * p< 0.05 vs. control
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Table VI Median values of nuelear parameters (n=50) of cells of the collecting ducts of the fetuses from controls, animals given room
temperature-treated aspartame and animals given 40° C-treated, dissolved aspartame. respectively.

Nuclear parareter Contol Room temperature-rcated 40 C-ated, diluted 3
aspartame aspurtame
Longestaxis 7545157 852051 108542.14° 006
Shortet axis 5945126 7422051 7974036 0060
Geometric mean axis T 7504067 9534137+ 0106°
Ratio Did 1452029 130013 155029 036
Volume (um’) 1512115 332463% 489+168* 0.006%
Area (um’) 3354158 4354103 TI0E135% 0.006%
Perimeter (im) 21843 257455 4152 0006
Ratio VIA 14292096 5392070 71580 60° 006
Eccenicity 0621021 0555007 0473044 0153
Shape factor 0942005 0972004 0932006 0453
Countorindex 36601 361014 368034 0765
Vidians = e erencs 1+ p <005 . conel.
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Stereology. The data shown on Table VII, present the
increase of cell and cytoplasm volumes of aspartame-treated
‘groups. On cell quantification, a significant reduction of the
proximal convoluted as well as disappearance of many of
these structures at the brush border of 40°C-treated. diluted
aspartame rat fetuses. At the distal convoluted whules, cell
nuclei also were found in lesser numbers.

Table

1. Overall picture of the medi

The glomeruli of the treated groups also showed all
their stereological parameters to be altered, with larger, but
a reduced number of epithelial cells. Nevertheless, the
collection ducts did not present statistical differences
regarding their numerical density.

s of stercological parameters of glomerulus. proximal convoluted tubule. distal convoluted tubule

and collcetion duct of ra fetuses of controls. of animals given room temperature-lrcatcd aspartame and of animals given 40° C-treatcd.

dissolved aspartame. respectively.

Stereological parameter Control Room temperature: 40" C-treated, diluted v
trested aspartame aspartame

Cell volume Glomerulus 53693 592437 615677 00077

P.C. whule 20187 25643 29564% 0006%

D.C. tubule 19653 24892 237200 0026%

Collection duct 17563 1935.5° 223547 006"

Cytoplasm volume Glomerulus 65057 6607 8% 695507 00077

P.C. twbule 38973 41220 4625.3% 0.006%

D.C. whule 25653 20356+ 302427 00307

Collection duct 18543 21654+ 256320 0007+

Ratio nuclei/ cytoplasm.  Glomerulus 05137 05568% 075337 00077
P.C. whule 01574 0.1823 0.1960 069

D. Caubule 01355 0.1412¢ 0.1563% 0.006%

Collection duct 0.1023 0.1255% 013337 0007%

Cell mumericd dersity  Glomerulus 245425 15058 148967 00077

P.C. twbule 150588 165598 130566¢ 0007+

D.C. whule 132561 125658¢ 112500 % 0026%

Collection duct 12367 125438 1095433 0082

Mediana £ interquartilica diference - * 1 < 0.05 vs. control.
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DISCUSSION

The present study showed that daily orogastric
administration of 14mg/ke of aspartame on the 9. 10° and
117 day of pregnancy. led to alterations in the development of
renal structures.

imited studies had been performed and published by
stered aspartame from the 7% to the 14°
day of pregnancy. an important period for organogenesis in
the rat (Sturtevant, 1985; Holder, 1989 Lennon ef al..1950).

Inthe present experiments, we observed morphological
alterations that revealed that aspartame crossed the placenta
causing a reduction of fetal weight. following the
administration, when kept at room temperature or when diluted
and heated to 40°C This result agrees with those by others
that administered 20mg aspartame /kg body weight daily from
the 1010 the 14" day of pregnancy and detected delayed fetal

development. Our study suggests that administration of
aspartame on the 9", 10° and 11 day of pregnancy delays
fetal growth as expressed by cell damage during this period.

These findings demonstrate the usefulness of the ani-
‘mal model employed for the study of the effects of aspartame
on the developing kidney by karyometry and stereology
quantification, leading 1o the finding that there occurs an
alteration of kidney structures during pregnancy.

Our observations that aspartame toxicity became
more pronounced following its dilltion and heating to 40°
C,also agreed with those of Tsang (1985) who also used the
experimental model. Their study reports that any form of
heating of aspartame. rapidly causes the formation of
diketopiperazine (DKP) and free phenylalanine. Significant
amounts of DKP are also formed when aspartame is stored
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in solution at room temperature, but heating considerably
hastens this process.

Tt appears therefore that further work aimed at the
elucidation of the mechanisms by which this artficial sweetener
determines nuclear and cell alterations in the Kidney. is needed.

Based on our results it is (o be concluded that
karyometry and stereology analyses of groups of fetal rat
suggests nephrotoxicity 1o the glomerulus, proximal and
distal convoluted tubules and to a lesser degree. the collecting
ducts, of aspartame kept at room temperature or diluted and
heated to 40°C.

MARTINS, M. R. 1. & AZOUBEL, R. Efcctos del aspartame en el sndn fetal Estudios morlométrico y estercoldgico. . J. Morphol. 25(4)659-
94,2007

RESUMEN: El objeivo de ese estudio fuc evaluar las altcraciones morfoldgicas del aspartame cn glomérulos, tibulos contomeados distal y
proximal y ductos colectores, en rifones de rats, durante | organogénesis. S¢ utlizron raas prefads con un peso promedio de 24g, us que fucron
separadas en 3 rupos (n=5 cada uno): un ErUPO CORIFO, D ErUpO Co Falas ratedas COn ASPATLAME ¥ EXPUESLS & Lemperatura ambien(e Y un grupo de
atas ratadas con aspartame y mantenidas 4 40°C. A los snimales se ls administz6 14 mg/kg de aspartame via intragdstrics en as semanas 9, 10y 11 de
prefcz. Con téenicas cariométricas y esereoldgicas s estimaron los cambios morfoldgicos. - Una disminucion significativa del peso fetal sc abservo en el
rupo que recibid aspertame y mantenida & temperatura ambiente, comparado con los controles. La cariometra permitid I estimacion de significativas
variacioncs mucleares observadas en las céluls de los Elomérulos,tibulos contornesdos distal y proximal y ductos colectores, cn los fetos de s ratas
tratadas con aspartame. Los parimetros cscreol dgicos mostraron un incremento cstadisticamente significativo del volumen cclular y una disminucidn cn
Ta densida de nimero de us lulas, en rifones fetales derata tratadas con sspartame y mantenidas 4 40° C comparado con los controles. Estos esultados
indican que l uso del aspartame llva consigo altraciones en (ds s estructuras renales estudiads,lo que sugiere 4 nefrotoxicidad del producto

ALABRAS CLAVE: Aspartame; Rifion; Morfometria.
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Effects of Aspartame on Fetal Kidney:
A Morphometric and Stereological Study

Efectos del Aspartame en el Ri

n Fetal: Estudios Morfométrico y Estercoligico

Marielza R. Tsmael Martins & Reinaldo Azoubel

'MARTINS, M. R.I. & AZOUBEL, R. Effects of aspartame on fetal kidney: A morphometry and stcrcological study. Int.J. Morphol.,
25(4):689-694. 2007

SUMMARY: The objective of this study was the evaluation of aspartame effects on morphometric alierations of the glomerulus.
proximal and distal convoluted tubules and colleeting ducts of the rat fetal kidney during organogenesis. Fificen pregnant rats averaging
24 g body weight, were divided into 3 groups (n=5 cach) of controls, rats ireated with aspartame exposed 10 room temperature and rats
treated with aspartame heated to 40°C. Animals were given 14mg / kg aspartame by the intragastric routc on the 9%, 10%,and 1% days of
pregnancy. Karyometric and stercological techniques estimated morphological changes. A significant decrease of fetal body weight was
observed in the group given aspartame Kept at room temperature, compared to controls. Karyometry permitted the estimation of the
significant nuclear variations observed in the cells of the glomerulus. proximal and distal convoluted thules and collecting ducts of
aspartame-treated ral fetuscs. Stercolgical parameters showed statistically significantly increased cell volume and decreased numerical
cell density in fetal Kidneys of rats treated with aspartame heated to 40° compared to controls. These results indicate that the use of
aspartame leads o alterations in all renal structures studicd, suggesting this product's nephrotoxicity.
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INTRODUCTION

Aspartame is the methylester of N-alpha-aspartyl
phenylalanine. a polypeptide widely employed as an artifi-
cial, intense synthetic sweetener, having none or insignificant
caloric values and a sweeting power higher than that of
sucrose. Tts use in pharmaceutical products and in nearly
6000 food producs, has been approved; among s consumers
are those that replace natural foods by "light” ones (AFSSA,
2002).

Aspartame was discovered in 1965: it took 17 years
1o be approved for consumption by the United States Food
and Drug Administration (FDA) in 1981 (Stengik. 1987).
and 29 years for its approval by the European Union. in 1994
(ABIAD. 1994). These periods were marked by controversy
about ts innocuousness that led to requests for toxicological
research that still persists at the present time (AIC, 2005).

Several studies on laboratory animals have been made
to verify aspartame’s toxicity. Recently, a very large
experiment confirmed that it is is a multipotential
carcinogenic agent when given at a daily dose of 20 mg/kg

Post Graduate Program in Health Sciences - School of Medicine at $30 Jose do Rio Preto,

body weight,an amount well below the acceptable daily dose
of 40mykg body weight (Sofriti ef al., 2004).

Since 1976, several studies have discussed the need
of comments on wo aspects of aspartame metaholism:
production of phenylalanine and relationship to
phenylacetonuria, and the appearance of methanol leading to
the formation of methanolic acid. and extremely toxic
compound o our organism at already relatively low amounts
(Liesovouri & Heikki.1991: Davoli. 1986: Goerss eral..2000).

The increased market of dietary products and the
development of new synthetic sweetening compounds have
not been sufficiently explored. Thus, to verify the risks and
benefits of a substance present in our day-by-day use like
aspartame, leads us to worry about the actions of its
metabolites (aspartic acid. phenylalanine and methanol) to
our organism (Boehm & Bada, 1984; Ishi, 1981).

Although renal excretion is the major process for the
removal of toxic substances, renal participation in the

P, Brazil
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Jation of many substances including aspartame, has
not been considered.

Bearing in mind their indiscriminate utilization. the
understanding of how certain peptides are metabolized by
the kidney. may fill in up to now existing gaps in the
understanding of their morphometric effects on this organ
(Cardello et al.. 2001)

The aim of the present study was o evaluate the
effectof aspartame on the fetal Kidney of rats, by observing
through karyometry and stereology, structural changes in
the glomerulus, proximal and distal convoluted tbules and
collecting duct.

MATERIAL AND METHOD

Fifteen albino femaleWistar rats averaging 220-g
bodyweight were kept in individual cages and fed a
‘commercial ration and water ad libitum. The study protocol
was approved by the Ethics Committee for animal
experimentation of the Faculty of Medicine of Sao José do
Rio Preto, SP. Brazil. Animals were mated overnight with
males at the proportion of 1:4; in the morning their vaginal
smears were examined for presence of spermatozoids, and
if 50, were exposed on the 9°, 10 and 11° day of pregnancy
i.e., during the period of organogenesis (68). to a 14 mg/kg

largest and smallest diameters of the epithelial cell nuclei of
the proximal and distal convoluted twhules and the renal duct
collectors. Slices were analyzed under the above-described
microscope with a 100 x objective provided with a Leitz
Wetzlar camera lucida, at a final 1240 fold magnification.
“The contours of the 50 images obtained from each structure
were drawn as described above, care being taken (o annotate:
only elliptical images. A millimeter ruler was used (o obtain
the Targest (D) and the smallest (d) axis diameters of the
images. These diameters, as well as mean diameters, their
ratios, areas, perimeters, volume/area relations|
eccentricity, contour indexes, shape factor and coeflicients
were evaluated. For stercology, the Merz (Merz, 1968) erid
was utilized: slices were focussed under an optical
microscope with a 100x objective, and a camera lucida.
Tmages obtained were drawn on the grid. The aim was to
obtain cytoplasm volumes, cell volumes, nuclear/cytoplasm
relations and numerical density, by counting points remaining
superposed to the nuclei and cytoplasm of these cells and on
sinusoids of the fetal regions of treated groups. heat-treated
groups and controls respectively. totaling the utilization of
20 different fields.

A computer program in Basic Advanced language,
developed by Professors Geraldo Maia Campos and Miguel
Angel Sala, from the Stomatology Department of the
Odontology School of Ribeirio Preto, USP, was utilized.
Comparisons between groups were performed by Mood's
test for medians, Kruskal-Wallis test, and the Mann-Whitnes
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during the period of organogenesis (68). o a 14 me/kg
body weight dose of aspartame.

A et

On the 20" day of pregnancy, the animals were
sacrificed, fetuses collected, immediately immersed in Alfac
solution, fixed for 5 days, and weighted on a precision ba-
lance. To obtain permanent histological preparations, samples
from 30% of the treated and control aleatorily chosen
offspring. were obtained. Fetal kidneys were dissected and
6 um slices cut in semi-serial way, and stabilized with
hematoxilin-cosin. Morphometry utilized Karyometric and
stereological evaluations of fetal kidney glomeruli,
convoluted proximal and distal whules and collector ducts.

Glomerular volumes were estimated using an optical
Hund 11500 Wetzlar microscope (Helmut Hund Gmbh,
Germany), with a 40x objective, and a Leitz Wetzlar camera
lucida, yielding a final 490-fold magnification. Glomerule
images were projected on white sulfite paper and their
contours drawn with a black, N°2 pencil. Twenty structure
drawings were obtained from each animal, totalizing 150
for each group.

Karyometry was employed to evaluate nuclear shape
and volume as well as their relationships, by averaging the
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test for medians, Kruskal-Wallis test, and the Mann-Whitney
test, when significant (P<0.05) differences had been found.

o AR S S

RESULTS

Results for initial and final body weight parameters.

Results for the quantitative parameters placenta
weight and umbilical — cord length for control rat fetuses
and those treated with aspartame are shown in Table TT.

Glomerulus. Itis (0 be noted that the kidney volume
of the kidney of animals given room temperature-treated
aspartame and animals given 40°C-treated, dissolved
preparation. were significantly higher than that of the con-
trol group (Table TID).

Proximal convoluted tubules. Results demonstrated
that there was no statistically significant difference between
the size of the lesser diameter and the ratio greatest/ smallest
diameters, and that there was no modification of the cell
shape factor corresponding to the eccentricity. contour
index and shape coefficient (Table TV)
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Table T. Average values of initial (T) and final (F) body weights (g) of controls animals
treated aspartame. or animals given 40° C-treated, dissolved aspartame. respectively

ven at the end of pre;

sancy. room temperaturc-

Control Room emperaure-treated 0 Crireatad dissolved
Parameter. aspartame. aspartame
Toital Final Toital Final Toital Final
Corporal weighi(z) TWTE0 365513 245058 W16 2IREI0 BN

“p= 0004 v, contrl.

Table IT. Average values of placenta weight (g) and umbilical cord length (cm) of control rats fetuses and treated with aspartame

Parameter Control Room temperature Areated, dissolved P
treated aspartame aspartame

Placenta weight 04657 0255107 026%5 0004+

Umbilical cord length 18656 18148 182210 0075

Tp <005 vs.control

Table 1. Median values of nuclear volumes of the glomerulus, in jm’, of fetuses from control rats, animals given room emperature-
treated aspartame and animals given 40° C-treated. dissolved aspartame. respeetively.

Fetuses Control Room emperature-reed aspartame 40 C-ieated, dikned sspartame
1 1599 2102 1750
2 618 2652 1531
3 1347 1637 254
4 1396 1793 1994
5 12 2109 271

Mediana 1396 2102¢ 19947
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“p <005 vs control; dIQ -interquartilica difcrence.

‘Table TV, Median values of nuclear parameters (n=50) of cells of the proximal convoluted whules of the fetuses from controls, animals
given room temperature-treated aspartame and animals given 40° C-treated. dissolved aspartame, respectively

Nucearparameter Control Room temperure: 40" Careated, dibaed P
reated uspartame. aspactame
Shortestaxis 7462194 S04 s 082
Geometric mean axs sa6182 5062042 107551420 a0+
Ratio Dt 1222037 1155014 122207 0343
Volume (um*) 3414182 4281212 685122 0006%
Area ey s69:223 6662109+ 680¢165° s+
Perimeter (um) 05153 w6260 s051430 a0+
Ratio ViA ssut21 6042028+ 65481550 oore
Becenticity 0528016 051007 054014 0.4
Shape fctor 0982001 0992001 0362020 0153
Countor index 358006 3561004 345105 0153

Nlediana = interquartiica diference. * p < 0.05 vs.conrol
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