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The Effects of Taurine, Melatonin and N-Acetylcystein on Cadmium Exposure Bone Changes “The

Surprising Effect of Taurine”
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ABSTRACT

Background: Chronic environmental and occupational exposure to cadmium can
result in skeletal system changes. The main objective of the present study was to
investigate and compare the effects of taurine, melatonin and N-acetyl cysteine
on cadmium exposure induced bone density loss.

Methods: 90 adult male Sprague-Dawley rats were allocated into four main
groups: Group | was the control group; Group Il was the “cadmium exposure”
group; Group 3 was “cadmium exposure for 3 months + concurrent antioxidant
administration” group. The concept of Group 4 was cadmium exposure for 3
months + subsequent antioxidant administration. Bone mineral density values
were evaluated in all the groups. Serum calcium, phosphorus, alkaline
phosphatase (ALP) enzyme activities and 24 hours urine calcium excretion levels
were measured. Kruskal-Wallis test was used to compare the all groups.
Between two group comparisons, the Mann—Whitney U test was used.

Results: There was no significant difference in terms of bone mineral density
values only between control group and cadmium exposure group (p>0.05). Mean
bone mineral density values obtained in “cadmium + concurrent taurine” and
“cadmium + subsequent taurine” groups were significantly lower than all the
other groups (p<0.05). 24 hours urine calcium excretion levels were significantly
higher in groups which taurine and n-asetylcystein were administered after
cadmium exposure.

Conclusion: Taurine, which is thought to have protective effects as an
antioxidant caused a marked bone damage after exposure to cadmium. Further
studies are needed to clarify this effect of taurine.
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OZET

Amag: Kronik olarak gevresel ve mesleki kadmiyum maruziyeti, iskelet sistemi
Gzerinde degisikliklere neden olur. Bu g¢alismanin temel amaci ise taurin,
melatonin ve N-asetil sisteinin , kadmiyum maruziyetinin neden oldugu kemik
yogunluk kaybi Gzerindeki etkilerini incelemek ve karsilastirmaktir.

Yéntem: 90 adet yetiskin erkek Sprague-Dawley cinsi sican dort ana guruba
ayrilmistir. Birinci grup kontrol grubu, ikinci grup kadmiyum maruziyetinin oldugu
grup, Gglincl grup 3 ay kadmiyum maruziyeti ve es zamanl antioksidan verilen
gruptur. Dordiincl grubun ozelligi ise 3 ay kadmiyum maruziyeti ve daha
sonrasinda antioksidan verilmesidir. Bu c¢alismada serum kalsiyum, fosfor,
alkalen fosfataz (ALP) enzim aktivitesi ve 24 saat idrar kalsiyum atihm seviyeleri
dlglilmistiir. Butiin gruplar Kruskal-Wallis testi ile karsilastinimistir. iki grup
karsilastirma testleri ise Mann-Whitney U testi ile yapilmistir.

Bulgular: Kemik mineral yogunluklar agisindan kontrol grubu ile kadmiyum
maruziyeti olan grup arasinda anlamli fark yoktur (p>0.05). Kadmiyum ve
eszamanl taurin verilen grup ile kadmiyum ve daha sonra taurin verilen
gruplardan elde edilen ortalama kemik mineral yogunluklar diger butin
gruplardan duguktir (p<0.05). Kadmiyum maruziyeti sonrasinda taurin ve n-
asetilsistein verilen gruplarda 24 saatlik idrar kalsiyum atihm seviyeleri belirgin
olarak yuksektir.

Sonug: Kadmiyum maruziyeti sonrasi antioksidan olarak koruycu etkisi oldugu
dislnilen taurin, belirgin kemik hasari olusturmaktadir. Taurinin bu etkisini
netlestirmek ve agiga ¢ikarmak amaciyla daha fazla ¢alismaya ihtiyag vardir.
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INTRODUCTION

Cadmium, one of the non-essential, heavy metal elements is an important
industrial, environmental polluter and known to have various toxic effects on
living organisms (14). Chronic environmental and occupational exposure to
cadmium can result in skeletal system changes, such as osteopenia, osteoporosis
and osteomalasia, which all cause increased bone fragility. Sources of cadmium
affecting human life are refined food, water pipes, coffee, tea, coal burning,
shellfish, fertilizers and flue gases which occur during industrial production
processes. In addition, smoking is an important source of cadmium (One
cigarette contains 1-2 pg of cadmium) (10).

Osteoporosis is characterized by low bone density and micro-architectural
deterioration of bone tissue. There is an increasing interest in environmental
factors that may have potential to influence bone density. In this context heavy
metals are one of the major agents accused. Substantial amount of heavy metals
spread over the environment as a result of pollution due to continuous usage
and misusage (3). Recent studies indicate that relatively low exposure
concentration levels may also be associated with effects on the skeleton, such as
low bone mineral density (BMD) although data are not consistent (4, 19,20). The
negative effect of cadmium on bone has been supported by determined
associations between urinary cadmium and increased risk of fractures (1). Both
a direct effect on bone via increased bone resorption, and a secondary effect via
the kidney damage are plausible mechanisms (17). Long-term exposure to low-
dose cadmium has been associated with tubular impairment leading a loss of
reabsorptive capacity and abnormal urinary excretion for calcium (12). Besides it
has been reported that the inhibitory effects of cadmium on the activation of
vitamin D in renal cortical cells can lead to decreased calcium absorption and
negative calcium balance in cadmium-exposed rats (8). When the human
organism is exposed to the cadmium, it becomes a powerful competitor of
calcium in biochemical processes (24). This competition may play an important
role in deterioration of the bone quality.

Cadmium-induced cellular and structural damages are reported to be
associated with oxidative stress balance. Therefore, antioxidants should be
considered as molecules having protective effect against tissue damages that
may occur during the process [2]. Some of the antioxidant amino acids are known
to be used as protectors against cadmium exposure. Especially, melatonin the
main product of pineal gland is reported to catch free radicals in various tissues
and organs and to have indirect antioxidant activity (20).

Table 1. The distribution of all groups

Taurine, which is emphasized as having an antioxidant property in studies, can
be found freely in mammalian tissues. Taurine is an amino acid which is
synthesized from cysteine and does not get into the protein structure (16). N-
acetylcysteine has been reported to have protective effect against tissue damage
which happens due to free radicals (11). Taurine, melatonin and N-acetylcysteine
have been shown to play protective roles against tissue damage in many
experimental studies including cadmium usage as a tissue damage promoter
(11,16,20).

The main objective of the present study was to investigate and compare the
effect of taurin, melatonin and N-acetylcysteine on cadmium exposure bone.

METHODS

Animals

Ninety adult male Sprague-Dawley rats weighing 340-370 g were used. The
animals were housed in groups of nine per cage. They were maintained under
standard conditions (12/12 light—dark cycle, room temperature, 22+2°C) and fed
with standard rat chow. The animals were obtained from the “Animal Facility of
the Trakya University School of Medicine”.

Experimental groups

After the provision of the local ethics committee approval, 90 adult male
Sprague-Dawley rats were allocated into four main groups. The distribution
properties and the processes performed in the groups were as follows: Group 1
was the control group with no intervention; Group 2 was the “cadmium
exposure” group and the rats in this group were exposed to cadmium for 3
months by drinking 200 mg/L CdCI2 (cadmium chloride) (Fluka, U.S.A.) added
water; Group 3 was “cadmium exposure for 3 months + concurrent antioxidant
administration” group. The Group 3 concept was shared by 3 groups according
to the antioxidant administrated. Group 3a was Taurine group. (% 1 taurine
(Sigma, U.S.A.), Group 3b was melatonin group (0.02 % melatonin (Sigma, USA)
and finally Group 3c was N-acetylcysteine group (0.5 % N-acetylcysteine (Sigma,
U.S.A.). The concept of Group 4 was cadmium exposure for 3 months +
subsequent antioxidant administration which was shared again by 4 groups
according to the antioxidant administrated. Group 4a was Taurine group (%4),
Group 4b, Melatonin (%0.08) and Group 4c, N-acetylcysteine (%2), and finally
Group 4d, the control group of this subsection with tape water administration.
The details on group configurations can be seen in table 1.

DOSAGE

EXPOSURE

Group | n=10 Drinking water
Group Il n=10 200 ppm CdCl,
Group lll n=10 a.

“Cadmium exposure for 3 months + concurrent n=10 b.

antioxidant administration” n=10 c.

“Protective groups”

Group IV n=9 a.

“Cadmium exposure for 3 months + subsequent n=8 b.

antioxidant administration” n=10 c.
“Treatments groups” n=10 d.

200 ppm CdCl,
200 ppm CdCl,
200 ppm CdCl

200 ppm CdCl,
200 ppm CdCl,
200 ppm CdCl,
200 ppm CdCl,

% 1 taurine
%0.02 melatonin
%0.5 N-acetylcysteine

%4 taurine

%0.08 melatonin
%2 N-acetylcysteine
Drinking water

The animals were housed individually in metabolic cages, to collect 24-h urine
specimens for analyzing glomerular filtration rate (GFR). At the time of
sacrification, the rats were anesthetized with 10 mg/kg of xylazine (Rompun®,
Bayer, Turkey) and 50 mg/kg of ketamine (Ketalar®, Eczacibasi, Turkey)
(Sacrification time was planned after the protocol was completed in all rats).
Blood samples were collected by cardiac puncture. The femur bones of the
specimens were extracted under anesthesia. The rest of the bone tissue was
stored at —80°C. Blood samples were centrifuged (1,500 g for 10 min at 4°C)
immediately, and plasma samples were stored at —80°C until assayed.

As one rat from each of Group 4a and 4b died during the study period,
evaluations in these groups were performed on the rest of the rats.

Biochemicals assay

Serum calcium, phosphorus, alkaline phosphatase (ALP) enzyme activities
and 24 hours urine calcium levels were measured spectrophotometrically using
a UniCel DxC 800 Synchron Clinical System (Beckman Coulter, USA) in the Central
Laboratory Unit.

Bone densitometry

DEXA scans were performed with a fan beam QDR 4500 densitometer
(Hologic, Inc., Bedford, MA) calibrated daily in accordance with the
manufacturer’s recommendations. The regional high-resolution mode of the
small animal scan protocol (scan field 5.0 [width] x 6.0 [height] cm2, pixel size
0.31 mm?, scan time 2 min) was used. The coefficient of variation (CV) for the
measurements (determined by ten separate scans in two control rat after
repositioning) was <2%.
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All densitometric parameters were analyzed by the same examiner, and
measurements in control and CdCI2 exposed rats after respective periods were
made on the same day.

Ethics
All experimental protocols were approved by the “Trakya University School
of Medicine Animal Care Ethics Committee”.

Statistical analysis

The results were expressed as mean + S.D.. Kruskal-Wallis test was used to
compare all the groups. In two group comparisons, the Mann-Whitney U test
was used. P values below 0.05 were considered to be statistically significant.

Table 2. The mean bone mineral density values of the groups

RESULTS

The study hypothesis anticipating that cadmium could have detrimental
effects on bone mineral density (BMD) has not been proved clearly. There was
no significant difference observed in comparison between Group | and Il
(p>0.05). Nevertheless the BMD values in the group which patients use
protective taurine with cadmium (Group llla) and use taurine after cadmium
exposure as a treatment agent (Group IVa) were significantly lower when
compared with all other groups (p<0.05). Mean BMD values of all the groups are
shown in table 2.

GRUPLAR BMD (gr/cm3)
Grup | (n=10) 0.1679 + 0.0093
Grup Il (n=10) 0.1654 + 0.0081
Grup llla (n=10) 0.1561 + 0.0019*
Grup lllb (n=10) 0.1671 £ 0.0010
Grup lllc (n=10) 0.1629 + 0.0065

Grup IVa (n=9)
Grup IVb (n=8)
Grup IVc (n=10)
Grup IVd (n=10)
Average(n=87)

0.1563 + 0.0097*
0.1665 +0.0015
0.1663 +0.0014
0.1707 +£0.0010

0.1644 £ 0.0011

*p<0.05

Group 1 was the control group; Group 2 was the cadmium exposure group, Group 3 was cadmium exposure for 3 months + concurrent antioxidant administration group (a.
Taurine, b. Melatonin, c. N-acetylcysteine), the concept of Group 4 was cadmium exposure for 3 months + subsequent antioxidant administration (a. Taurine, b. Melatonin,

c. N-acetylcysteine, d. Drinking water)

Cadmium exposure and antioxidant administration together or after cadmium
exposure have no effect on serum phosphorus, ALP and calcium levels. 24 hours

Table 3. The biochemical values of all groups.

urine calcium levels in Group IVa and the N-acetylcysteine group (Group IVc)
were significantly higher than the other groups (Table 3).

ALL GROUPS Calcium values Phosphorus values Alkaline phosphatase 24 hours urine calcium
excretion
Grup | (n=10) 9.16+0.77 5.14+0.81 83.20+17.83 3.82+2.02
Grup Il (n=10) 8.9840.45 5.74+0.64 87.40+36.41 6.9842.09
Grup llla (n=10) 8.95+0.66 5.54+1.02 81.10+22.84 6.24+1.53
Grup lllb (n=10) 9.01+0.87 5.45+0.99 69.20+20.90 6.63+1.15
Grup llic (n=10) 9.0340.45 5.7240.88 97.20+33.40 7.0742.68
Grup IVa (n=9) 8.81+0.50 5.72+0.41 105.56+35.37 18.3914.27*
Grup Vb (n=8) 8.83+0.45 6.03+0.71 87.50+26.16 4.72+0.88
Grup IVc (n=10) 8.48+0.35 5.56%0.58 98.90+33.75 11.62+4.79*
Grup IVd (n=10) 8.8340.79 5.87+0.80 106.90+49.04 5.3911.64
Average (n=87) 8.90+0.62 5.63+0.79 90.67+32.73 7.82+4.90
p >0.05 >0.05 >0.05 <0.05

*p>0.05

Group 1 was the control group; Group 2 was the cadmium exposure group, Group 3 was cadmium exposure for 3 months + concurrent antioxidant administration group (a.
Taurine, b. Melatonin, c. N-acetylcysteine), the concept of Group 4 was cadmium exposure for 3 months + subsequent antioxidant administration (a. Taurine, b. Melatonin,

c. N-acetylcysteine, d. Drinking water)
DISCUSSION

There are many studies which emphasized the bone damage and consequent
bone loss effects of chronic cadmium exposure (4,14,19). The main purpose of
this study was to investigate the probable protective effects of some antioxidant
molecules such as taurine, melatonin and N-acetylcysteine against the bone
damage provided by three months cadmium exposure. However, the cadmium
exposure in the mentioned dosage did not reveal significant differences on bone
mineral density and did not generate expected damage in bone tissue. On the
other hand we have met a striking finding during general evaluation of the
findings. Our basic hypothesis that taurine would show a positive effect on bone
damage which occur due to oxidative stress collapsed and we observed
significantly lower bone mineral density in groups taking taurine
supplementation. Consistent to this finding, calcium excretion increased in
taurine administered group.

Antioxidant supplementation during cadmium exposure has been reported to
cause positive improvement by preventing lipid peroxidation. Taurine is thought
to be an effective agent for preventing the oxidative stress related bone damage.
Taurine has important roles in bone metabolism, and the taurine transporter
which is a specific transport system, is shown to be expressed in osteoblasts.
Taurine has been reported to inhibit experimental bone resorption and the
formation and survival of osteoclasts as well. Fernandez-Perez et al. (17) has
shown that striatal concentration on taurine decreases during cadmium
exposure. Sinha et al. (15,21,22), in their various studies, has reported the
preventing effect of taurine against hepatic oxidation, renal damage and
oxidative stress in erythrocyte which may happen after cadmium exposure.
Moreover, Choi (5,6) has claimed that there is no marked effect of taurine on
BMD. In our study, there are question marks remaining about the negative
effects of taurine. It is not clear this unexpected effect is due whether to direct
dosage effect or true direct effect of cadmium.
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As there is a consensus on the validity of dosage-time hypothesis about the effect
of taurine on bone tissue, we think that the BMD lowering effect observed in this
study may be due to the low dose of taurine administered and to the increasing
effect of taurine on calcium excretion. New studies investigating the effects of
taurin when used with cadmium and of the consequences of various dosages are
needed.

Kaplan et al. (13) has shown the favorable effects N-acetylcysteine against the
oxidative damage to the kidneys observed due to cadmium exposure. Doi et al.
(7) reported that the N-acetylcysteine, as pretreatment before cadmium
exposure, could have a protective role. Patrick (18) expressed the opinion that
amino acids may have positive impacts against toxic effects of cadmium. Besides
there are other studies revealing favorable effects of N-acetylcysteine by
effecting the calcium excretion from the kidneys. We could not find a marked
effect of N-acetylcysteine concurrently used with cadmium, on the amount of
urinary calcium excretion. However although there was no effect of N-
acetylcysteine on BMD when used after the cadmium exposure, 24 hours urinary
calcium excretion increased in this model. Various models are needed for a
detailed analysis on this effect.

There are some limitations in this study. One of the most basic limitations is
that the cadmium exposure could not form bone damage. In some studies,
deteriorations in bone metabolism have been observed with low cadmium dose
and in some of them related to the exposure time. Three months of exposure to
cadmium exposure to bone damage models were planned. However, in our study
there was no damage due to exposure. (23). Brzoska and Moniszk-Jakoniuk (4)
searched the bone damage using 1, 5 and 50 mgr Cd/L Cadmium for 3, 6, 9 and
12 months and observed significant BMD variations in bone tissue even with the
lowest dosage administered during 6 months. What we experienced in this study
was that it could not be possible to develop bone damage in dosages applied in
classic trial programs. Thus we think longer application periods would be more
efficient to construct this model.

Another question is that on what occasions can taurine cause bone damage,
with simultaneous application added to cadmium or after exposure or when
applied alone? The answer will clarify the direction of taurine effect when
applied with cadmium. New models are being arranged and will be put into
practice after the termination of this study.

We can conclude in the light of all analysis that taurine have generated
unfavorable effects when used together with cadmium and thereafter. Efficiently
planned studies are needed to answer the question whether there is a bone
damage effect of taurine supplementation during cadmium exposure or not.
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