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6 week -old male albino rats were received 15 \.\g/ml cadmium containing water and normal rat food for 30 days and on 
day 30, under urethane anesthesia, their stomachs were reached and the components of gastric barrier as well as 
cadmium content were compared with those of control animals. 

In the cadmium exposed group blood cadmium levels increased from 3.89±1.45 to 9.42±3.02 ug/c/L (p<0.001) and 
mucosal cadmium content increased fromX).070±0.047 to 0.197±0.033 pg/g dry wt (p<0.01). 

Elevated mucosal lesions were associated with diminished gastric mucin and PGE2 contents in rats exposed to cadmium. 
Increased hemoglobin content and diminished acid output in gastric luminal fluid gave a good evidence for the breakdown 
of gastric barrier due to high cadmium intake. However the mucosal phospholipid and cholesterol which are accepted as 
mucosal surfactant were not changed in cadmium exposed rats. 

The present results suggested that oral exposure to high cadmium impaires the mucosal defence mechanism against 
noxious agents. [Turk J Med Res 1994; 12(2): 53-56] 
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I t h a s b e e n k n o w n tha t g a s t r i c m u c o s a l b a r r i e r 
prevents se l fd iges t ion o f m u c o s a by peps in a n d ac id 
v ia seve ra l c o m p o n e n t s . R i c h m u c o s a l b lood flow (1), 
sec re t ion of b i ca rbona te ions (2) and pros tag land in E2 
(3,4), cy topro tec t i v i t y o f g a s t r i c m u c o s a as we l l as 
m u c u s layer (4,5) a re inc luded into the c o m p o n e n t of 
th is ba r r i e r . G a s t r i c m u c i n p ro tec t s the u n d e r l y i n g 
ep i the l ia l c e l l s . B i c a r b o n a t s e c r e t i o n n e u t r a l i z e s the 
s e c r e t e d a c i d into l u m e n , p r e v e n t s backd i f f us i on o f 
h y d r o g e n i o n s into inter o r in t race l lu la r s p a c e s a n d 
d e c r e a s e s ac id i n d u c e d ce l lu lar d a m a g e (6). P r o s t a g 
landin E2 product ion potent ia tes the protect ive capac i ty 
o f gas t r i c m u c o s a by i nc reas ing m u c o s a l b lood f low 
and b icarbonat sec re t i on and inhibit ing ac id secre t ion 
(4) . G a s t r i c p h o s p h o l i p i d s f o r m i n g a h y d r o p h o b i c 
m u c o s a l su r f ace b e t w e e n lumina l sec re t ion repel the 
hydrogen Ions a n d k e e p the sur face of ep i the l ium dry 
a n d p r e v e n t t he c o n t a c t o f e p i t h e l i a l s u r f a c e w i th 
luminal acidi ty. Tha t ' s why m u c o s a l phospho l ip ids are 
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a c c e p t e d as the other c o m p o n e n t o f the barr ier and 
n a m e d as gast r ic sur factant [1,7). I t is wel l k n o w n that 
the dest ruct ive and protect ive capac i t i es s h o u l d 'be in 
wel l b a l a n c e d for the funct ional integrity of the gast r ic 
m u c o s a . A n y factor wh ich c a u s e s a d isequ i l ib r ium in 
the b a l a n c e b e t w e e n t h e s e two c a p a c i t i e s resu l ts in 
ce l l u l a r l e s i o n s a n d i s i n v o l v e d in t he e t h i o l o g y o f 
gast r ic u lcer (7,8). 

C a d m i u m h a s b e e n r e c o g n i z e d a s o n e o f the 
most toxic env i ronmenta l pol lutants d u e to its ability to 
induce seve re al terat ions in the funct ion of va r ious or
g a n s fol lowing either acu te or ch ron i c in take. E x p o s u r e 
to h igh c a d m i u m for h u m a n be ing s e e m s u n a v o i d a b l e 
s i n c e n u m e r o u s h u m a n act iv i t ies i n c r e a s e g radua l l y 
the re lease of c a d m i u m to the env i ronment wh ich in 
turn i n c r e a s e s the in take of c a d m i u m v ia inha la t ion of 
po l lu ted a i r or i nges t ion of f ood a n d d r ink ing water . 
T o b a c c o is a l s o an important s o u r c e o f c a d m i u m in
take for h u m a n (9,10). 

A m o n g the var ious h a z a r d o u s af fects o f c a d m i u m 
on b io log ica l s y s t e m s , its u l ce rogen i c effect on intest i 
nal m u c o s a has b e e n demons t ra ted by A n d e r s o n e t a l 
a n d T a s a r e n k o et a l (11,12). T h e resu l ts o f our pre
v ious s tudy on c a d m i u m i nduced hypoac id i t y (13) s u g -
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g e s t e d that o ra l c a d m i u m intake has a l so , s o m e a d 
v e r s e in f luence on gas t r i c funct ions. But the ef fects of 
c a d m i u m on gast r ic m u c o s a , we re not s tud ied be fo re . 

In th i s e x p e r i m e n t a l s tudy we i n v e s t i g a t e d the 
p o s s i b i l i t y o f c a d m i u m i n d u c e d c h a n g e s , the c o m 
p o n e n t s of gas t r ic m u c o s a l barr ier in rats sub jec ted to 
h igh c a d m i u m con ta in ing water for 30 d a y s . 

MATERIALS AND METHODS 
20 m a l e a lb ino rats we igh ing 190 -235 g we re u s e d in 
this exper imen ta l s tudy. T e n o f these an ima ls we re 
kept on no rma l f ood a n d tap wa te r ad l ib i tum for 4 
w e e k s wh i le the rema in ing 10 rats we re rece i ved 15 
ug/ml o f c a d m i u m as C d C t e in their dr ink ing wa te r for 
the s a m e per iod . 

At the 3 0 t h day , fo l lowing 24 h fast ing, all a n i m a l s 
w e r e a n e s t h e t i z e d with 1 g /kg of u r a t h a n e i.p. a n d 
their a b d o m e n w e r e o p e n e d with a mid l ine i nc i s i on . 
T h e l owermos t leve l o f the o e s o p h a g u s w a s t ied by 
p r e s e r v i n g v a g a l n e r v e s a n d v e s s e l s . A c a t h e h e r 
p l a c e d into their s t o m a c h through the d u o d e n u m w a s 
u s e d for gas t r i c f lush ing to r e m o v e the food remnant 
a s wel l a s s a m p l i n g . 

U s i n g this catheter , after repea ted w a s h i n g of the 
s t o m a c h with 3 7 ° C sa l i ne , 2 ml of dist i l led water (pH: 
7.0) a t 3 7 ° C w a s g i v e n into the s t o m a c h a n d kept 
there for 30 m in , a n d i t w a s u s e d for the m e a s u r e 
ment of s e c r e t e d a c i d concen t ra t i on by titration with 
0.01 N N a O H a n d i ts h e m o g l o b i n c o n t e n t b y t h e 
me thod o f c y a n m e t h e m o g l o b i n (14). T h e n the s t o m a c h 
w e r e o p e n e d th rough l e s s e r curvature and e x a m i n e d 
u s i n g a m a g n i f i e r fo r t h e n u m b e r s o f u l c e r s a n d 
pe tech ia l b l e e d i n g s . W h e n sco r ing o f the u lce rs three 
a r e a s o f p e t e c h i a l b l e e d i n g s w e r e a c c e p t e d a s o n e 
ulcer . 

T h e ac i d i c m u c o p o l y s a c c h a r i d e as an indicator o f 
gast r ic m u c o s a l barr ier w a s m e a s u r e d by the me thod 
o f C o m e e t a l . w h i c h w a s b a s e d on the a lc ian b lue 
b ind ing c a p a c i t y o f gas t r i c m u c o s a (19). 

T h e l ip ids o f m u c o s a l s c r a p i n g s w e r e ex t rac ted 
b y the m e t h o d o f R a d i n (2) . T h e b l o o d a n d t h e 
m u c o s a l ext racts we re u s e d for the ana l ys i s 
of cho les te ro l (4) a n d p h o s p h o l i p i d (15), m u c i n (19) 
a s w e l l a s c a d m i u m . T h e P G E 2 c o n t e n t o f t h e 
g a s t r i c m u c o s a w e r e m e a s u r e d b y u s i n g H P L C 
( V a r i a n 5 0 2 0 ) by the m e t h o d o f C o c k r e l l a n d E l l i s 
(16). 

T h e m u c o s a l s c r a p i n g s w e r e dr ied overn ight a t 
70°C a n d d i s s o l v e d in nitr ic a n d perch lor ic ac id (6:1 
V / v ) . T h e g r a p h i t e f u r n a c e o f A t o m i c A b s o r b t i o n 
Spec t ropho tomet ry (Hi tachi Z 8000) w a s u s e d for c a d 
m i u m a n a l y s i s i n t h e m u c o s a a n d b l o o d s a m p l e s 
taken f rom the heart . T h e c a d m i u m content we re ex
p r e s s e d as ug /g dry we ight (wt), t i s sue a n d ug /L for 
b lood . 

T h e r e s u l t s w e r e e x p r e s s e d a s m e a n ± S D , 
a n d " s t u d e n t t t e s t " w a s u s e d f o r t he s t a t i s t i c a l 
ana lys i s . 

RESULTS 
B l o o d c a d m i u m leve l w a s found to be 3 .89±1 .45 ug /dL 
in contro l rats. Add i t ion of 15 ug /m l Cd CI2 into the 
d r ink ing w a t e r for 30 d a y s c a u s e d a s ign i f i can t in
c r e a s e in b lood c a d m i u m leve ls o f a n i m a l s (9 .42±3 .02 
ug /dL , p<0.001) (F igure 1). T h e m e a n c a d m i u m c o n 
tent o f m u c o s a l s c r a p i n g s w e r e a l s o i n c r e a s e d f rom 
0.070+0.047 to 0 .197±0 .033 ug /g dry wt due to h igh 
c a d m i u m intake (p<0.01). 

C h r o n i c c a d m i u m in take c a u s e d to d e c r e a s e in 
gas t r i c a c i d output . T h e m e a n a c i d w a s 37 .84±6 .02 
m E q / h a n d 25 .64+6 .93 m E q / h i n cont ro l a n d t reated 
rats, respect ive ly (p<0.01) (F igure 1). H e m o g l o b i n c o n 
tent of gas t r ic fluid i n c r e a s e d f rom the contro l va l ue of 

F igure 1. The changes of cadmium level of blood and gastric 
acid secretion. 
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T a b l e 1 . T h e leve ls o f phospho l ip id and cho les te ro l in b lood a n d gast r ic m u c o s a of rats e x p o s e d to c a d m i u m 

Cont ro l group C a d m i u m exposed group 

B lood 
Cholesterol (mg/dl) 67.91+7.23 63.58±8.95 
Phospholipid (mg/dl) 121.48±14.01 124.06+13.10 

Gast r ic m u c o s a 
Cholesterol (mg/g wet wt.) 2.84±0.41 2-.52+0.42 
Phospholipid (mg/g wet wt.) 6.59±0.45 6.65+0.93 

3 .39±1.42 ug/ml to 4 .47±1 .33 ug/ml in an ima l s rece iv
ing h igh c a d m i u m . 

In c a d m i u m t reated rats, gast r ic m u c o s a lost its 
integrity a n d i n c r e a s e d pe tech ia l b l eed ings we re ob
se r ved in spi te of its bright co lo r and inteprity in cont
rol rats. T h e ulcer n u m b e r w a s 0.45+0.32 in rats ex
p o s e d to oral c a d m i u m . Wh i l e the m e a n a l c i an b lue 
b ind ing capac i t y w h i c h s h o w s the ac id ic m u c o p o l y s a c 
c h a r i d e con ten t o f g a s t r i c m u c i n w a s 188 .06+10 .76 
ug /g wet wt in cont ro l ra ts , Its leve l d e c r e a s e d s i g 
nif icantly to 158.41 ±22 .74 ug /g wet wt after the high 
c a d m i u m intake (p<0.01) (F igure 2). 

T h e m e a n P G E 2 l e v e l s d e c r e a s e d f r o m 
1321 .92±271 .65 ug/g wet wt. to 1030 .50±278 .51 ug/g 
wet wt. (p<0.05) in c a d m i u m treated rats (F igure 2). 
As dep ic ted in T a b l e 1 nei ther cho les te ro l nor p h o s 
phol ip id content of both m u c o s a and b lood c h a n g e d in 
rats e x p o s e d to high c a d m i u m . 

DISCUSSION 
O u r f ind ings s h o w e d that in rats rece iv ing h igh c a d 
m ium con ta in ing water for 30 d a y s , c a d m i u m leve ls in
c r e a s e d signi f icant ly i n b lood and gast r ic m u c o s a . B e -
c a u e of its cumu la t i ve nature c a d m i u m a c c u m u l a t e s in 
mos t t i s s u e s o f the body inc lud ing k idney a n d l iver 
(10 ,17 ) . T h e r e s u l t s o f p r e s e n t s t u d y s h o w e d that 
gast r ic m u c o s a c a n a l so be inc luded into the list of or
gans wh ich a re p re fe red by c a d m i u m . T o g e t h e r n e s s o f 
m u c o s a l e r o s i o n s s u c h as u lcer and petech ia l b leed
ings and h igh c a d m i u m in the gast r ic m u c o s a g ives an 
impress ion that accumu la t i on of c a d m i u m in the gast r ic 
m u c o s a m a y b e a c c o u n t e d for the b r e a k d o w n o f 
m u c o s a l bar r ier . G a s t r i c m u c u s ge l a d h e r i n g t o the 
gast r ic m u c o s a l su r f ace p lays an important role in the 
pro tec t ion o f the unde r l y i ng ep i the l i um aga ins t a c i d , 
peps in and m e c h a n i c a l d a m a g e (5,6). 

I t h a s b e e n r e p o r t e d by m a n y a u t h o r s that a 
d e c r e a s e in gas t r ic m u c u s content resul ts in a break
down of m u c o s a l barr ier (6,7,8). I nc reased les ions and 
pe tech ia l b l e e d i n g s w e r e a s s o c i a t e d with d e c r e a s e d 
gast r ic ac id output a n d i n c r e a s e d hemog lob in l eakage 
into gast r ic l u m e n . Pos i t i ve corre la t ion be tween ulcer 
a n d l u m i n a l h e m o g l o b i n w a s o b v i o u s e v i d e n c e o f 
b r e a k d o w n o f m u c o s a l b a r r i e r . D e s p i t e o f i t s 
m e c h a n i s m i s u n c l e a r , t he p r e s e n c e o f s i gn i f i can t 
nega t i ve co r re la t i on b e t w e e n d e c r e a s e d a c i d output 

and i n c r e a s e d m u c o s a l c a d m i u m (r=-0.764, p<0.01) 
suppor ts the resul ts of our p rev ious in vitro s tudy in 
d i c a t i n g c a d m i u m i n d u c e d h y p o a c i d i t y (10). I n t he 
p resen t s tudy c a d m i u m i n d u c e d hypoac id i t y m a y b e 
exp la ined by an i n c r e a s e in hy d r ogen ion backd i f fus ion 
as d e m o n s t r a t e d i n the b r o k e n g a s t r i c ba r r i e r s by 
Davenpor t et al (20). 

T h e s e c a d m i u m i n d u c e d c h a n g e s i n g a s t r i c 
m u c o s a l barr ier we re a l s o suppo r ted by a s igni f icant 
dec l ine in m u c o s a l PGE2 leve ls . T h e p r e s e n c e o f s i g 
nif icant nega t i ve cor re la t ion b e t w e e n m u c i n a n d c a d 
m ium leve ls o f m u c o s a (r= -0 .749 , p<0.01) a n d P G E 2 
a n d c a d m i u m c o n t e n t (r= - 0 . 9 0 8 , p<0 .001 ) i n th i s 
s tudy suppor t that the funct ions of m u c o s a l epi thel ia l 
ce l l s a re sens i t i ve aga ins t the a c c u m u l a t i o n o f c a d 
m ium . E x p o s u r e to h igh c a d m i u m p r o d u c e s a s e v e r e 
impai rment in gas t r ic m u c o s a l integrity. 

T h e other c o m p o n e n t o f m u c o s a l barr ier i s the 
h y d r o p h o b i c c a p a c i t y o f m u c o s a , i n o t h e r w o r d 
m u c o s a l p h o s p h o l i p i d c o n t e n t (1 ,7 ) . C a d m i u m a c 
cumu la t i on in the m u c o s a l ce l l h a s c h a n g e d nei ther 
p h o s p h o l i p i d s nor c h o l e s t e r o l c o n t e n t o f the gas t r i c 
m u c o s a o f rats e x p o s e d to h igh c a d m i u m . T h e s e f ind
ings are in of a c c o r d with the resu l ts of A m a n u m a a n d 
S u z u k i w h o s h o w e d no c a d m i u m i nduced al terat ion i n 
the content of lung surfactant w h i c h h a s c l o s e st ruc
tural s im i la r i t i es with g a s t r i c m u c o s a l p h o s p h o l i p i d s 
(18). 

I n c o n c l u s i o n , t h e s e r e s u l t s s u g g e s t that e x 
posu re to h igh c a d m i u m from pol lu ted env i ronmen t v i a 
inhalat ion of air, ingest ion of con tam ina ted food , s m o k 
ing o r d r ink ing water by w e a k e n i n g gas t r i c m u c o s a l 
barr ier aga ins t n o x i o u s a g e n t s , fac i l i ta tes the o c c u r 
rence o f m u c o s a l l es ions and m a y i n c r e a s e the s u s 
ceptibil i ty of gast r ic u lcer in the popu la t ion . H o w e v e r 
more and deta i led s tud ies a re n e e d e d in this topic . 

K a d m i y u m u n m i d e m u k o z a b a r i y e r i n e e t k i s i 

Kadmiyumun, midedeki mukozal bariyere etkisini 
incelemek amacıyla yapılan bu çalışmada, 30 gün 
süre ile 15 \\gjml Cd++ içeren su verilen sıçanların 
bulguları kontrol hayvanlarınki ile karşılaştırılmıştır. 
Beslenme süresinin sonunda, kanda ve mide mu
kozasında artan kadmiyumun, bazal asit salgısını 
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ve müküs miktarını azalttığı ve belirgin ülser 
oluşumuna yol açtığı gözlenmiştir. 

Kadmiyum alan sıçanlarda kan ve mide mokuza-
sındaki kolesterol ve fosfolipid miktarının değişme
mesine karşın, mukoza kazıntısındaki PGE2 dü
zeyinin azaldığı da dikkati çekmiştir. 

Sonuç olarak, bulgularımız, oral kadmiyum alınma
sının mide mukoza barlyerini zayıflatarak, ülsere 
eğilimi arttıracağını düşündürmektedir. [TurkJMed 
Res 1994; 12 (2): 53-56] 
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