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DILTIAZEM PREVENTS MONOSODIUM GLUTAMATE TOXICITY IN
THE RAT TESTES

Viadmila Bojani¢!, Stevo Najman?, Aleksandra Velickov3, Novica Bojani¢*, Jelena Milenkovic?

Increased exposure to food additives may exhibit harmful effect on the male
reproductive system. Neonatal application of high doses of popular taste enhancer monosodium
glutamate (MSG) to different kinds of animals cause lesions of the hypothalamic nuclei and the
retina. Later in adulthood, animals exhibit a series of neuroendocrine disorders (stunted growth,
obesity and decreased fertility).

The mechanism of MSG action is not completely explained yet. We hypothesized that
high concentration of MSG could alter permeability of neural membrane for calcium. The
objective of our study was to find out whether the pretreatment with diltiazem, a calcium
channel blocker, could prevent harmful effect of MSG in the rat testes. Male rat pups were
treated with: 0.9% sodium chloride (C group), 4 mg/g BW of MSG (M group), 5 mg/g BW of
diltiazem (D group) and diltiazem 5 mg/g BW with MSG (DM group) on 2™, 4%, 6%, 8", 10%
postnatal day. Animals were sacrificed at the age of six months. MSG treatment resulted in:
stunted growth (decreased naso-anal length and tail length; p < 0.05), decreased relative testis
weight (p < 0.05), and increased adipose tissue mass (Lee index; p < 0.05), testicular atrophy
and decreased histomorphometric parameters (tubular area, tubular perimeter, Feret diameter,
tubular diameter, epithelial height; p < 0.001). The rats of C, D and DM groups had normal
testicular histology and morphometric parameters. Pretreatment with diltiazem has prevented
the development of morphological disorders of testes. Our results suggest that calcium

overloading may play an important role among mechanisms of MSG testicular toxicity.
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Introduction

The decrease of male fertility has been re-
ported in numerous countries over the past few
decades. The meta-analyses data showed a decline
in both quality and quantity of human sperm (1-6).
A modern life style carries increased exposition to
different chemical, biological and physical etiologic
factors. The harmful effects on male fertility are the
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most often attributed to: infections, the negative
influence of alcohol, cigarette smoking habit, drug
addiction, exposition to heat, excessive exercising,
overweight or underweight, exposition to toxic pro-
ducts (lead, cadmium, etc.) and iatrogenic factors
(7-10).

A certain risk is hidden in increased use of
food additives like monosodium glutamate (MSG).
This popular taste enhancer is widely used in com-
mercial and domestic food preparation. MSG is the
salt of nonessential glutamic acid. It has a property
to enhance the perception that flavors are well
blended and full-bodied and disguise unwelcome
tastes. This additive is present in almost all food pro-
ducts: dehydrated soups or sauces, canned and
frozen foods and meals, fresh sausages, marinated
meats, and stuffed or seasoned chicken, bottled soy
or oriental sauces, manufactured meats, some hams,
flavored tuna, vegetarian burgers and sausages,
flavored chips and snacks (11-14).

Numerous studies have shown that applica-
tion of high doses of MSG (1-4 mg/g BW) especially
during the neonatal period may cause lesions of the
preoptic nuclei, arcuate nuclei, the circumventricular
organs and the retina in different kinds of animals
(mice, rats, rabbits, hamsters, dogs, and monkeys)
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(13, 15-26). During later life MSG treated animals
exhibit a series of neuroendocrine disorders: stunted
growth, obesity and decreased fertility (19, 20, 22,
23, 27-30). China Health and Nutrition Survey
showed that MSG is responsible for development of
obesity in human adults (31).

Negative influence of MSG on testes is docu-
mented by: decreased absolute and relative testes
weights in treated animals (32-40), testicular atro-
phy and alterations of testis structure (38, 41-43),
significant oligozoospermia and increased abnormal
sperm morphology in adose-dependent fashion (44),
and testicular hemorrhage, degene-ration and alte-
ration of sperm cell population and morphology
(42).

The way of MSG action is not completely ex-
plained yet. It is well known that MSG has high ex-
citotoxic potential. We hypothesized that high con-
centration of MSG could alter permeability of neural
membrane for calcium which could be involved in
the mechanisms of MSG toxicity.

The objective of the present study was to
examine whether the pretreatment with L-calcium
channel blocker, diltiazem, may prevent toxic effect
of MSG in Wistar rat testes.

Materials and methods

The study was carried out in 24 neonatal
male Wistar rats. The pups were injected sub-cuta-
neously interscapulary on the 2™, 4t 6%, 8% and
10t day of life with equal volume of: 0.9% of
sodium chloride solution (C group), 4 mg/g BW of
MSG (M group), 5 mg/g BW of diltiazem (D group)
and 5 mg/g BW of diltiazem and 60 minutes later
with 4 mg/g BW of MSG (DM group).The animals
were housed in standard cages under controlled
laboratory conditions. The room temperature was 23
+ 2 OC and air humidity 50 * 5%. The rhythm of
light and darkness was established (light phase from
6.00 a.m. to 6.00 p.m.). The pups were weaned at
age of 28 days and subsequently had free access to
tap water and to standard laboratory chow pellets
("Veterinarski zavod" Zemun). The animals were
sacrificed at the age of six months under pentobar-
bital sodium anesthesia (40 mg/kg BW intraperito-
neally). Biometric parameters were measured: body
weight, naso-anal length, tail length, absolute and
relative testis weight and Lee index. The Lee index
was used for assessment of obesity. It was calcu-
lated by the formula: cube root of body weight (g)
x103/naso-anal length (mm) for each animal (45-
47).

The testes were carefully removed, cleaned of
the surrounding tissue and weighed. The relative
testis weight was then calculated as: absolute testis
weight (g)/[body weight of rat (g)] x100 for each
animal (48). The testis tissue was prepared accord-
ing to appropriate procedures then stained routinely
with periodic acid-Schiff (PAS) and with haemato-
xylin-eosin (H-E methods), later analyzed and des-
cribed. Serial sections stained with haematoxylin
and eosin were subject of histomorphological exa-
minations. Histomorphometric analysis of the testes

was performed on Leica microscope equipped with
Leica DC 180 and DC 480 camera using Image J
v1.39d. programme. The tubular diameter was
measured on at least 30 randomly chosen tubular
profiles of round or nearly round shape for each of 3
sections per animal. Area, perimeter and diameter
were measured at x20 magnification. The height of
the seminal epithelium was measured at x40 magni-
fication at randomly chosen tubular profiles of oval
or round shape with at least 6 measurements per
tubule, including the highest and the shortest part.

Results of statistical analysis are expressed as
means * standard deviation (SD). Statistical signifi-
cance was determined with analysis of variance
(ANOVA) test. The differences were considered sig-
nificant at p < 0.05 or p < 0.001 level. All statistical
analyses were performed using the SPSS statistical
software (Version 15). All procedures on animals fol-
lowed Guideline for Work on Experimental Animals
approved by the Ethic Committee of Faculty of
Medicine, University of NiS.

Results

Statistically significant difference of mean
values between analyzed groups was present in all
analyzed biometric parameters except in body
weight (Table 1). Parameters: naso-anal length, tail
length, and Lee index in rats of M group were sig-
nificantly lower (p < 0.05) than in rats of the other
groups (C, D and DM). Absolute testis weight was
significantly lower in rats of M group than in rats of C
and D group. Relative testis weight was sig-nificantly
lower in M than in D group of rats.

Histological examination revealed testicular
atrophy in MSG treated rats. The most prominent
histological changes in testes of MSG treated rats
were: reduced diameters of the seminiferous tubules
with decreased numbers of germ cells and decrea-
sed spermatogenesis, edematous interstitium and
not prominent Leydig cells (Figure 1. M). Normal
testicular histology was found in animals of control
group, D and DM group (normal semini-ferous epi-
thelium rich with developing germ cells through con-
tinuous spermatogenesis and the semi-niferous tu-
bules containing spermatozoa) (Figure 1. C, D and
DM).

Histomorphometric parameters: tubular area,
tubular perimeter, Feret's diameter, tubular diame-
ter and epithelial height were determined (Table 2).
The lowest values of measured parameters were in
group M and they were significantly lower than in
groups D, DM and C (p < 0.001). The values of pa-
rameters in animals of group C were significantly
higher than in groups DM and M. The highest values
of all measured parameters (tubular area, tubular
perimeter, Feret's diameter, tubular diameter and
epithelial height) were found in animals of group D.
These parameters were significantly higher in group
D than in groups DM and M, but not significantly
higher in group D than in group C. All parameters in
animals of group DM were significantly higher than
in group M and lower than in groups D and C.
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Table 1. The mean values of biometric parameters in animals of C, M, D and DM group

Groups
C M D DM
Body weight (g) 531.67 £ 27.69 560.00 + 36.88 528.33 £ 33.71 550.00 + 41.47
Testis/AW (g) 3.13 £ 0.22 2.60 £ 0.31 %" 3.16 £ 0.20 3.20 £ 0.27
Testis/RW (g) 0.59 £ 0.05 0.47 £0.08 * 0.60 £ 0.07 0.59 £ 0.09
NA length (cm) 26.33 £ 0.41 23.58 £ 0,92 *" * 26.00 £ 0.63 26.50 +£ 1.14
Tail length (cm) 21.28 £1.11 19.58 + 0.80 *" ¥ 21.17 £ 0.61 22.25 £ 0.42
Lee index 0.31 £ 0.01 0.34 + 0.02 ™ *# 0.31 £ 0.01 0.31 £ 0.01

C - control group treated with 0,9% NaCl;

M - group treated with 4 mg/g of MSG;

D - group treated with 5 mg/g of diltiazem;

DM - group treated with 5 mg/g of diltiazem and 4 mg/g of MSG;

AW - absolute weight; RW - relative weight; NA — naso-anal.

Results are expressed as means + standard deviation.

Statistically significant difference (p < 0.05) between: * Mand C; t M and D; # M and DM.

C - control group treated with 0.9% NaCl;

M - group treated with 4 mg/g of MSG;

D - group treated with 5 mg/g of diltiazem;

DM - group treated with 5 mg/g of diltiazem and 4 mg/g of MSG.

Figure 1. Section of testes of rats from C, M, D and DM group;
PAS stained; magnification x40.

Table 2. Mean values of testes morphometric parameters in animals of group C, M, D and DM

Groups
C M D DM
Tubular area 77456.9 £+ 12231.4 37818.0 + 9789.6 82248.4 + 8137.8 57028.0 + 11014.7
Tubular perimeter 1013.3 £ 81.5 712.2 £ 88.4 1037.9 £ 55.8 874.2 £ 83.1
Feret's diameter 361.5 £ 40.1 258.7 £ 33.5 359.8 £ 34.0 313.7 £ 36.5
Tubule diameter 289.4 + 25.1 192.1 + 37.7 291.5 £ 25.9 237.7 £ 27.7
Epithelial height 48.6 £ 9.6 38.5 £11.0 48.0 £ 11.3 41.3£9.6

C - control group treated with 0.9% NaCl;

M - group treated with 4 mg/g of MSG;

D - group treated with 5 mg/g of diltiazem;

DM - group treated with 5 mg/g of diltiazem and 4 mg/g of MSG.

Results are expressed as means + standard deviation. The values of measured parameters in group M were significantly
lower than in groups D, DM and C (p < 0.001)
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Discussion

In recent years glutamate receptors has been
given a very important role in pathogenesis of dis-
orders induced by MSG. There are two basic types of
glutamate receptors: ionotropic [N-methyl-D-aspar-
tate (NMDA), a-amino-3-hydroxy-5-methyl-4-isoxa-
zolepropionic acid (AMPA) and kainate] and metabo-
tropic (mGIuR) (31, 49-51). Glutamate receptors are
present in different tissues: hypothalamus, heart,
lungs, liver, kidneys, endocrine system, ovaries, ute-
rus, testes, etc. (51-54).

It is referred that administration of high doses
of MSG to adult Wistar rats, after two weeks, in-
duced degenerative and atrophic changes in testes
(43, 55). Also, increased apoptotic changes in the
germinal epithelial cells and decreased germinal epi-
thelial thickness were registered in adult Wistar rats
treated with MSG (3 g/kg/BW/) by gavage for 30
days (55).

These findings could be explained by effect of
high concentration of MSG on glutamate receptors in
peripheral tissues as testes. Activation of glutamate
receptors by sustainable high concentration of MSG
could alter ionic permeability of neural membrane
and induce persistent depolarization (26, 56). Neural
death can be induced by such excessive activation of
glutamate receptors and overloading with intracellu-
lar calcium (38, 57).

The toxic effect of MSG on endocrine (male
reproductive system) has been explained for years
as the late consequence of hypothalamic nuclei im-
pairment and persisting disturbances of the hypo-
thalamic-pituitary-gonadal axis. Necrosis of hypo-
thalamic structures is the most clearly demonstrated
from three to five hours after application of MSG in
neonatal animals. It is demonstrated that 24 hours
after MSG application, necrotic cells are already pha-
gocytized and signs of edema have disappeared (21,
27).

The presence of the central effect of MSG is
well known, but its mechanism is not clear yet. In
our experiment the effectiveness of the treatment
with MSG is confirmed with the next findings: stunt-
ed growth (significantly shorter naso-anal and tail
lengths) and obesity (p < 0.05). Although the MSG
treated rats were not significantly heavier than the
controls, they were significantly more obese, what is

confirmed with a significantly increased Lee index
(p < 0.05) (45, 58-62).

In MSG-treated rats, we registered a signifi-
cant reduction in absolute weight of testes and
gonadosomatic index (relative testis weight) com-
pared with these parameters in rats of C, D and DM
groups. Our results confirm findings of the studies
which registered the decrease of gonadal weights in
MSG treated animals (32-38, 40).

Decreased organ weight is a sign of toxic
injury. In our study, marked testicular atrophy is
shown by light microscopy in rats neonatally treated
with MSG. We confirmed alterations in testes struc-
ture reported by other authors (38, 41-43, 63, 64).

Normal testicular histology was present in
other groups of rats (C, D and DM). These findings
are strongly supported by the results of histomor-
phometric parameters analysis. We recorded highly
significantly decreased values of histomorphometric
parameters (tubular area, tubular perimeter, Feret's
diameter, tubular diameter and epithelial height)
(p < 0.001) in rats neonatally treated with MSG
compared with parameters in rats of C, D and DM
group.

Conclusion

The results of our study show that the pre-
treatment with diltiazem is efficient in prevention of
MSG toxicity on testes in Wistar rats. MSG harmful
effects: stunted growth, decreased relative testis
weight, increased adipose tissue mass, testicular
atrophy and decreased histomorphometric parame-
ters are prevented in rats pretreated with diltiazem.
We consider that excessive activation of glutamate
receptors and overloading with calcium could be res-
ponsible for neurotoxic potential of MSG. Sub-
sequent studies should be done to elucidate if pre-
treatment with slow calcium channel-blocking agents
could prevent toxic effect of MSG on testes in adult
animals.
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Povecana izlozenost aditivima hrani moZze uticati Stetno na muski reproduktivni sistem.
Neonatalna aplikacija velikin doza mononatrijum glutamata (MNG), popularnog poboljsivaca
ukusa, u neonatalnom periodu kod raznih Zivotinjskih vrsta izaziva lezije u jedrima hipo-
talamusa i mreZnjaci. Kasnije, u odraslom periodu, Zivotinje pokazuju niz neuroendokrinih
poremecaja: zastoj u rastu, gojaznost i smanjen fertilitet. Mehanizam delovanja MNG-a jos
nije u potpunosti objasnjen. Pretpostavili smo da velika koncentracija MNG-a moze izmeniti
propusnost membrane neurona za kalcijum. Cilj nase studije je proucavanje mogucnosti
sprecavanja Stetnih efekata MNG-a na testise pacova pretretmanom diltiazemom. MuZjaci
pacova tretirani su: 0,9% natrijum hloridom (C grupa), 4 mg/g TM MNG-a (M grupa), 5 m/g
TM diltiazemom (D grupa) i 5 m/g TM diltiazemom sa MNG-om (DM grupa) drugog, Cetvrtog,
Sestog, osmog i desetog postnatalnog dana. Zivotinje su zrtvovane posle Sest meseci. Kod
pacova tretiranih MNG-om registrovani su: zastoj u rastu (smanjena nazo-analna duzina i
duzina repa; p < 0,05), smanjene relativne mase testisa (p < 0,05) i povecanje koli¢ine
masnog tkiva (poveéan Lee indeks; p < 0,05), atrofija testisa i smanjenje histomorfo-
metrijskih parametara testisa: tubularne aree, tubularnog perimetra, Feret dijametra, tubu-
larnog dijametra i visine epitela (p < 0,001). Pacovi C, D i DM grupa imali su normalnu
histologiju i morfometrijske parametre. Prethodno tretiranje diltiazemom sprecilo je preopte-
re¢enje Celija kalcijumom i razvoj morfoloskih poremecaja testisa. Nasi rezultati sugerisu to da
preopterecenje Celija kalcijumom spada u mehanizme toksi¢nog delovanju MNG-a na testise.
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