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Release of pre-absorbed cadmium from cultured cells by the addition of copper ion 

S. Meshi tsuka,  H. Ohshi ro  and  T. Nose l 

Department of Public Health, Tottori University School of Medicine, Yonago 683 (Japan), 19 April 1982 

Summary. The biological  in terac t ion be tween  c a d m i u m  and  copper  has  been  studied. C a d m i u m  uptake  o f  KB cells was 
specifically inh ib i t ed  by the addi t ion  of  copper  ions to the culture med ium.  C a d m i u m  which  had  a l ready b e e n  t aken  up  by 
the cells was released fol lowing the addi t ion  of  copper  ions. 

The  na tura l  biological  half-l ife o f  c a d m i u m  in the h u m a n  
body  has been  es t imated to be  several  tens of  years 2'3. 
M u c h  interest  exists in f inding ways to achieve earl ier  
release of  c a d m i u m  from tissues 4. The  most  notor ious  
env i ronmen ta l  disease which has  been  a t t r ibuted  to cad- 
m i u m  pol lut ion is Itai-itai disease. Most  of  the pat ients  are 
pos t -menopausa l  w o m e n  who have had  several deliveries 2. 
It has been  po in ted  out  that  the copper  concen t ra t ion  in the 
serum of  a p r egnan t  w o m a n  increases more  than  twice as 
m u c h  as tha t  for a n o n - p r e g n a n t  w o m a n  5. The  effect of  
h igh copper  concent ra t ion  on  c a d m i u m  accumula t ion  has  
been  of  interest  with  respect to Itai-i tai  disease as a trace- 
e l ement  in terac t ion be tween  cadm i um  and  copper  6-11. It 
has already been  repor ted that  c adm i um  is t aken  up 
consecutively and  is accumula ted  in cul tured cells 12-15. 

Materials and methods. KB cells were m a i n t a i n e d  in Eagle 's  
M E M  (Daigoeiyokagaku,  Osaka) with 100 u n i t s / m l  of  
penicill in,  100 ktg/ml of  s treptomycin,  and  2% n e w b o r n  calf  
serum (Microbiological  Associates, Maryland) .  KB cells, 
5 • 104, in 2 ml of  culture m e d i u m  were dis t r ibuted in each 
tube. Incuba t ion  was pe r fo rmed  by the s ta t ionary culture 
me thod  with a silicon s topper  at 37 ~ Cd was added  48 h 
af ter  the inocula t ion  of  the cells, when  the m e d i u m  was 
changed.  The  concent ra t ions  of  Cd and  Cu were measu red  
directly by f lame a tomic  absorp t ion  spectrometer .  
Results and discussion. The uptake  of  Cd in the presence of  
various essential meta l  ions is shown in the table.  A specific 
inhib i tory  effect by Cu on the Cd uptake  was observed.  
Other  micro-essent ia l  metal  ions did not  inhib i t  the Cd 
uptake.  The  inh ib i t ion  of  the Cd uptake  by Cu depended  
on the Cu concent ra t ion  as shown in the figure, a. The  
concent ra t ions  of  Cu in the culture m e d i u m  did not  change  

(fig., b). T h e n  Cu was added  to the culture m e d i u m  after  
the Cd concen t ra t ion  in the culture m e d i u m  reached  a 
s ta t ionary level, and  the changes  of  Cd and  Cu concent ra-  
t ions in the culture m e d i u m  were examined.  Cd which  had  
been  taken  up  by  the cells was released into the m e d i u m  on  
the add i t ion  of  Cu to the culture med ium.  No meta l  ions 
o ther  than  Cu caused such an  effect. The  release of  Cd 

Cadmium uptake by KB cells in the presence of various micro- 
nutrient metals 

Metal ions Concentra- Cd uptake b Relative 
tions a (lag/tube) uptake 
(lag/ml) (%) 

Cd 0.60 100 
Cd + Fe 0.36 0.55 92 
Cd + Fe 0.60 0.49 82 
Cd + Cu 0.51 0.04 7 
Cd + Cu 0.89 0.05 8 
Cd + Zn 0.60 0.55 92 
Cd + Zn 1.04 0.58 97 
Cd + Mn 0.39 0.57 95 
C d + M n  1.10 0.58 97 
Cd + Co 0.67 0.54 90 
Cd + Co 2.13 0.52 87 
Cd + Ni 0.69 0.51 85 
Cd + Ni 1.32 0.55 92 

aConcentrations of micro-nutrient metal ions added. 
b Initial concentration of Cd was 0.52 lag/ml. Uptake amounts in 
10 h of incubation were obtained from the decreases of Cd 
concentrations in the culture medium. 
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The time course of changes of cadmium and copper 
concentration in the culture medium due to the 
uptake or release by KB cells. In each pair of figures 
the plots ( - - � 9  - - � 9  -- ,  - - � 9  and - - � 9  ~ 0.4 
correspond to the plots (-- �9 -- ,  - -  V - - ,  - -  [] -- ,  .~. 
and -- A -- )  respectively, depending on the concen- 
tration of Cu. The former represent the Cd concen- ~o 
trations and the latter represent the Cu concentra- 
tions, a and b Cd and Cu were added to the culture = 0.2 
medium simultaneously; c Cu was added to the 
culture medium 8 h after the addition of Cd; d Cu o o 
was added to the culture medium after the medium 
was replaced with fresh medium in the absence of 
Cd. 
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began soon after the addit ion of  Cu. The initial release rate 
of  Cd depended on the Cu concentration, as shown in the 
figure, c. The release rate o f  Cd was so rapid at 0.49 g g / m l  
of  Cu concentration that 63% of  the Cd taken up by the 
cells was released in 2 h. Cd was not released from the cells 
into the fresh medium without the addition of  Cu, and the 
release of  Cd was very slow even in the presence of  
E D T A  14. After  the uptake of  Cd by the cells, the culture 
medium was replaced with fresh medium not containing 
Cd. The release o f  Cd was again observed on the addition 
of  Cu, as shown in the figure, d. F rom the comparison 
between figures c and d it seemed likely that the rate of  Cd 
release did not depend on the concentration of  Cd outside 
the cells. The inhibit ion of  Cd uptake by Cu may be 
explained by the relationship between the rate of  the 
uptake of  Cd and that of  the release of  Cd in the presence 
o f  Cu. The organ distribution of  Cd and Cu may be 
explained by this kind of  interaction of  Cd and Cu tr-tS. 
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The effect of  urethane on histamine-induced contraction of guinea-pig tracheal smooth muscle 
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Summary. Urethane possesses a direct depressant action on histamine-induced contractions o f  guinea-pig tracheal smooth 
muscle both in vivo and in vitro. 

Urethane anesthesia appears to potentiate indirectly hista- 
mine- induced broncho-constriction through a reduction of  
sympathetic bronchodilator  tone 1. Since urethane depresses 
contraction of  vascular smooth muscle induced by vasoac- 
tive agents 2-6 it seemed worthwhile to determine whether  or 
not it also has a direct inhibitory effect on histamine- 
induced contractions of  guinea-pig tracheal smooth muscle 
as compared to a competit ive (receptor) antagonist (i.e. 

7 chlorpheniramine) o f  histamine in this preparation. 
Materials and methods. In vitro experiments: Male albino 
guinea-pigs weighing 300-400 g were stunned and bled, 
and the whole trachea rapidly removed and placed in 
oxygenated (96% 02+4% CO2) Krebs solution o f  the 
following composit ion in mM:  NaC1 119, NaHCO3 25, 
KC1 4.7, MgSO 4 1.5, KH2PO 4 1.2, CaC12 2.5 and glucose 11. 
The trachea was carefully cleaned of adhering connective 
tissue. Five rings o f  tracheal tissue were cut and arranged to 
form a chain as described by Castillo and De Beer 8. This 
chain was mounted  in a 5-ml organ bath (heated at 37 ~ 
by means o f  a Julabo Paratherm III water bath) under a 
constant load of  1 g and attached to an isometric force 
transducer (MARB 79 T1). Contractile tone and its varia- 
tions were delivered to a M A R B  776 DC preamplif ier  and 
recorded on a Hewlett  Packard 7402 A polygraph. After  a 
stabilization period o f  1 h concentration response curves 
(CRC) to histanaine were constructed according to Van 

7 Rossum at 15-rain intervals, until 2 or more reproducible 
curves were obtained. The effect of  urethane and chlorphe- 
niramine were evaluated after a 15-min incubation period. 
In additional experiments, after a 1-h stabilization period, 

tracheal chains were exposed to a high K + Ca ++ free 
depolarizing solution (mM composit ion;  NaC1 69, 
NaHCO3 25, KC1 54,7 MgSO4 1.5, KH2PO4 1.2, glucose 11, 
E D T A  0.77) for 1 h with successive washings with this 
solution every 15min. 
A cumulative CRC to CaC12 was then obtained at the end 
of  the which CaC12 was washed out with normal  Krebs 
solution, reincubated 'for 60 min and the high K + Ca ++ 
free depolarizing procedure repeated again as described 
above. 
A 2nd cumulat ive CRC for CaC12 was then obtained in the 
presence of  urethane or chlorpheniramine added to the 

Table 1. Effect of urethane aerosol on histamine-induced broncho- 
spasm in conscious guinea-pigs 

Treatment No. of Total dose 
animals nebulized (mg/kg) 

Time of appear- 
ance for 
histamine-in- 
duced broncho- 
spasm 
(sec, mean + SE) 

Controls 10 - -  62.7+ 3.5 
Urethane 8 10 83.5+ 3.8 a 
Urethane 8 50 109.2+ 6.7 b 
Urethane 8 100 139.0_+ 12.3 b 
Chlorpheniramine 8 0.35 504.8 _+ 34. I b 

a Significantly different from controls p < 0.02; b significantly different 
from controls p < 0.01. 


