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SUMMARY 

The d i f f u s i o n  chamber system was used t o  mon i to r  t h e  t o x i c i t y  o f  

t r i v a l e n t  a r s e n i c  f o r  human t a r g e t  c e l l s  i n  v ivo .  Cel l - impermeable 

d i f f u s i o n  chambers c o n t a i n i n g  human embryonic l u n g  c e l l s  were imp lan ted  

i n t o  t h e  p e r i t o n e a l  c a v i t y  o f  hamsters t h a t  one day l a t e r  were i n j e c t e d  

i .v .  o r  i.p. w i t h  a r s e n i c  t r i o x i d e  (As203) as aqueous s o l u t i o n  (AsO;). 

C o n t r o l  an imals  rece ived  an e q u i v a l e n t  volume o f  water .  74AsO; was 

employed t o  q u a n t i t a t e  t h e  c o n c e n t r a t i o n  o f  a r s e n i c  reach i  ng t h e  chambered 

t a r g e t  c e l l s  and t o  desc r ibe  t h e  t o x i c o k i n e t i c s  o f  a r s e n i c  i n  t h e  hamster. 

T r i v a l e n t  a r s e n i c  induced a growth i n h i b i t i o n  i n  t h e  t a r g e t  c e l l s  w i t h  t h e  

dosage l e v e l  de te rm in ing  t h e  e x t e n t  o f  i n h i b i t i o n  a t  24 h and t h e  recovery 

o f  c e l l  p r o l i f e r a t i o n  a t  48 h. The maximum c o n c e n t r a t i o n  o f  a r s e n i c  i n  

t h e  chamber f l u i d  was de tec ted  2 h pos t  i.p. i n j e c t i o n ,  a f t e r  which t h e  

e l i m i n a t i o n  o f  74As f rom t h e  chamber f l u i d  p a r a l l e l e d  t h e  d e c l i n e  o f  7bAs 

a c t i v i t y  i n  t h e  plasma o f  t h e  hos t  animal. L i m i t e d  t i s s u e  d i s t r i b u t i o n  

s t u d i e s  showed t h a t  t h a t  a r s e n i c  was r e t a i n e d  p r i m a r i l y  i n  t h e  p e l t .  
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I NTRODUCP i8N 

A r s e n i c  has been i d e n t i f i e d  as a p o t e n t i a l l y  hwardoeas t r a c e  elemrr i t  

p o l l u t a n t  of t h e  enerq j  t echno log ies  assoc ia ted  w i t h  coal  as w ? 7 7  as a 

p o l l u t a n t  of t h e  s m e l t i n g  and process ing  o f  qon- fe r rous  metals [l-31. The 

t o x i c i t y  of t h i s  element i s  h i s t o r i c a l l y  s i g n i f i c a n t  and more r e c e n t l y  t h e  

mutagenic and ca rc inogen ic  p o t e n t i a l  of a r s e n i c  has been recognized C4,SJ. 

The t r i v a l e n t  form of a rsen ic  i s  more t o x i c  than  t h e  pen tava len t  spec ies 

due p r i i n a r i  ly t o  t h e  r e a c t i o n  of t r i v a l e n t  a r s e n i c a l s  w i t h  s u l f h y d r y l  

groups o f  enzymes [SI. Whereas bo th  valence forms o f  i no rgan ic  a r s e n i c  

a r e  methy la ted  i n  v ivo,  t he re  a re  d i f f e r e n c e s  i n  t h e  degree o f  m e t h y l a t i o n  

and i n  t h e  whole body r e t e n t i o n  o f  t h e  two species 173. 
A number of s t u d i e s  have descr ibed t h e  t o x i c i t y  o f  t r i v a l e n t  a r s e n i c  

a t  e i t h e r  t h e  organismal l e v e l  ( t h e  r e a c t i o n  o f  t h e  h o s t )  o r  a t  t h e  

c e l l u l a r  l e v e l  w i t h  t i s s u e  c u l t u r e  t a r g e t  c e l l s  [8-101. The d i f f u s i o n  

chamber system [l l ,  121 o f f e r s  a means o f  d e s c r i  b i  ny t h e  a rsen i  c - t a r g e t  

c e l l  i n t e r a c t i o n  w i t h i n  an i n  v i v o  environment. TWQ aspects o f  t h i s  i n  

v i v o  system a re  impor tan t :  1) t h e  a r s e n i c  can undergo m o d i f i c a t i o n s  (e.g., 

m e t h y l a t i o n )  be fo re  reach ing  t h e  t a r g e t  c e l l s ,  and 2 )  t h e  dynamic 

c o n c e n t r a t i o n  o f  t h e  a rsen ic  w i t h i n  t h e  chamber f l u i d  r e f l e c t s  t h e  

changing l e v e l s  i n  t h e  plasma, thus  s i m u l a t i n g  t h e  a rsen ic  i n t e r a c t i o n  a t  

t h e  t i s s u e  l e v e l .  There are  a d d i t i o n a l  b e n e f i t s  t o  t h e  d i f f u s i o n  chamber 

assay i n  t h a t  t a r g e t  c e l l s  f o r e i g n  t o  t h e  hos t  can be used f o r  study and 

t h e  c e l l s  can be e a s i l y  r e t r i e v e d  and enumerated f o r  t o x i c i t y  

de termi  n a t i  ons. 
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The purpose o f  t h i s  s tudy i s  t o  desc r ibe  t h e  dosage and temporal 

e f f e c t s  of a r s e n i c  t r i o x i d e  (As203) on t h e  p r o l i f e r a t i o n  o f  human t a r g e t  

c e l l s  w i t h i n  d i f f u s i o n  chambers imp lan ted  i n  hamsters. I n  a d d i t i o n ,  

74As02 was 

r e a c h i n g  t h e  t a r g e t  c e l l s  as w e l l  as o t h e r  s e l e c t e d  t i s s u e s  o f  t h e  

d i f f u s i o n  chamber host .  

used i n  o rde r  t o  determine t h e  c o n c e n t r a t i o n  o f  a r s e n i c  

MATERIALS AND METHODS 

Male S y r i a n  golden hamsters ( s t r a i n  LVK/LAK) were ob ta ined  f rom 

Char les  R i v e r  Lakeview and were between 5-13 weeks o f  age f o r  t h e  s tud ies .  

D r i n k i n g  water  and Pur ina  Lab Chow were p r o v i d e d  ad l i b i t u m .  

Arsen ic -74  was prepared by t h e  74Ge(p,n)74As nuc fea r  r e a c t i o n  on 

n a t u r a l  germanium. The germanium was d i s s o l v e d  i n  aqua r e g i a  (HN03 + 

HCl) ,  and then  t h e  excess H N O J  was removed by b o i l i n g  w i t h  12 - M HC1 

f o l l o w e d  by adjustment  t o  6 - M HC1. 

As203 c a r r i e r ,  C12 gas was bubbled th rough t h e  s o l u t i o n  t o  fo rm t h e  

n o n v o l a t i l e  As5+ o x i d a t i o n  s ta te ,  w h i l e  GeC14 was removed by d i s t i l l a t i o n .  

A r s e n i c  was reduced t o  t h e  v o l a t i l e  3+ o x i d a t i o n  s t a t e  by a d d i t i o n  o f  HBr 

and d i s t i l l e d  i n t o  an i ce -coo led  wa te r  t r a p .  A rsen ic  51- was reformed w i t h  

C12 gas p r i o r  t o  evapora t i on  o f  t h e  s o l u t i o n  t o  near  dryness. The res idue  

was d i s s o l v e d  i n  d i s t i l l e d  water ,  conver ted  t o  As3+ w i t h  SO2 gas, and t h e  

c o n c e n t r a t i o n  ad jus ted  t o  1.46 mg A s / m l .  The s o l u t i o n  was assayed by 

Spark Saurce Mass Spectrometry  which i n d i c a t e d  < 0.5 pg/rnl o f  Ge. 

o n l y  s i g n i f i c a n t  contaminant was s u l f u r  a t  -500 ug/ml which i s  c o n s i s t e n t  

w i t h  t h e  625 pg/ml expected f rom t h e  s t o i c h i o m e t r i c  r e d u c t i o n  o f  t h e  

a r s e n i c  5+ t o  3+ o x i d a t i o n  s t a t e  by SO2. 

A f t e r  a d d i t i o n  of 50 mg o f  

The 

S ince  d i l u t e  s o l u t i o n s  o f  As3+ 
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a r e  complete ly  hydro lyzed t u  arsenoii!s ac id ,  the s o l u t i o n  was considered 

e q u i v a l e n t  t o  aqueous s o l u t i o n s  of As203 (AsO,). 

Flow 2000 c e l l s  (human embryonic l u n g  c e l l s )  ob ta ined  f r o m  Flow Labs 

( R o c k v i l l e ,  MD) were mainta ined i n  monolayer c u l t u r e  on EaPle 's  Minimal 

E s s e n t i a l  Media (EMEM) c o n t a i n i n g  10% h e a t - i n a c t i v a t e d  f e t a l  c a l f  serum. 

These c e l l s  d i s p l a y  densi ty-dependent gro~idtii - i n h i b i t i o n  w i t h  a doub l i ng  

t inre of 24 h. 

D i f f u s i o n  chambers were prepared by f i x i n g  0.2 v m  p o r o s i t y  p e l y -  

carbonate f i l t e r s  (Nucleopore Corp., Pleasanton, C A )  t o  each s i d e  o f  14 mm 

L u c i t e  r i n g s  ( M i l l i p o r e  Corp., Bedford,  MA) w i t h  t h e  M i l l i p o r e  adhesive. 

The assembled d i f f u s i o n  chambers were s t e r i l i z e d  by 80' h e a t i n g  f o r  24 h 

p r i o r  t o  use. Target  c e l l s  were harvested f rom monolayer c u l t u r e  by 

t r y p s i n i z a t i o n  and s tandard i zed  t o  5x105 c e l l s / m l  i n  EMEM w i t h o u t  seruni. 

A 0.1 in1 volume o f  t h e  c e l l  suspension (5x104 c e l l s )  was dispensed i n t o  

each chamber th rough  t h e  r a d i a l  h o l e  i n  t h e  L u c i t e  r i n g ,  and t h e  chamber 

h o l e  sealed w i t h  p a r a f f i n .  The seeded d i f f u s i o n  chambers were imp lan ted  

s u r g i c a l l y  i n  t h e  p e r i t o n e a l  c a v i t y  o f  anesthes ized hamsters ( 3  chambers 

p e r  an imal ) .  One day f o l l o w i n g  chamber i m p l a n t a t i o n  t h e  hosts  rece ived  an 

i . v .  ( l a t e r a l  marg ina l  v e i n )  o r  i .p.  i n j e c t i o n  of aqueous s o l u t i o n  o f  

As203 (AsOi) or an e q u i v a l e n t  volume o f  water.  F o r  i .v. i n j e c t i o n s ,  t h e  

AsO; o r  wa te r  was mixed 1:l w i t h  hamster plasma. 

c o n c e n t r a t i o n  o f  As203 was 1.8 rng/ml s o l u t i o n ,  and t h e  volume admin i s te red  

was c a l c u l a t e d  f o r  each animal. 

I n  a l l  cases, t h e  

A t  24 h i n t e r v a l s  a f t e r  i n j e c t i o n  t h e  hamsters were k i l l e d  and t h e  

chambers removed. The e x t e r i o r  o f  t h e  chamber was wiped w i t h  gauze t o  
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remove adher ing  c e l l s .  A f t e r  removal of the chamber f l u i d ,  t h e  chamber 

i n t e r i o r  was t r e a t e d  w i t h  a 0.5% pronase s o l u t i o n  (Sigma Chemical Co,, S t .  

Lou is ,  MO) f o r  30 min a t  37°C t o  remove a t tached  t a r g e t  c e l l s  and t o  

o b t a i n  a s i n g l e  c e ? l  suspension f o r  count ing ,  The pronase s o l u t i o n  was 

combined w i t h  t h e  o r i g i n a l  chamber f l u i d  and d i l u t e d  t o  1.8 ml w i t h  

serum-f ree EMEM. C e l l s  were counted e i t h e r  by hemocytometer o r  i n  a Royco 

c e l l  coun te r  w i t h  p e r i o d i c  m ic roscop ic  e v a l u a t i o n  o f  the c e l l  p o p u l a t i o n  

u s i n g  t r y g a n  b l u e  dye e x c l u s i o n  t e s t  as a check f o r  c e l l  v i a b i l i t y .  S i x  

t o  n i n e  chambers comprised a t e s t  o r  c o n t r o l  group. The percentage o f  

i n h i t d t i o n  o f  c e l l  growth was c a l c u l a t e d  as: 
mean no. c e l l s  i n  t e s t  group 

mean no. c e l l s  i n  c o n t r o l  group 
1 -  

The d i f f e r e n c e s  i n  t h e  mean c e l l  counts  were eva lua ted  f o r  s t a t i s t i c a l  

s i g n i f i c a n c e  w i t h  Wi lcoxon two sample t e s t  [?s3]. 

I n  s t u d i e s  where 7bAsQ, was i n j e c t e d ,  t h e  animals  were k i l l e d  a t  

v a r i o u s  t imes  p r i o r  t o  t h e  24 and 48 h g r o w t h - i n h i b i t i o n  check. The 

t a r g e t  c e l l s  removed f rom t h e  chambers were i n i t i a l l y  counted under t h e  

microscope u s i n g  hemocytometers and then separa ted  f rom t h e  chamber f l u i d  

by f i l t r a t i o n  th rough a 0.45 ccm Swinnex f i l t e r  u n i t  ( M i l l i p o r e  Corp., 

Bedford,  MA) f o l l o w e d  by a wash w i t h  2 rnl of serum-free media. I n  some 

s t u d i e s ,  s e l e c t e d  hamster t i s s u e s  were a l s o  removed, washed w i t h  salinei 

b l o t t e d  dry ,  pu t  i n  s c i n t i l l a t i o n  v i a l s  and weighed. 

t h e  samples was measured i n  a Packard Autogamma counter .  

a c t i v i t y  i n  t h e  c e l l u l a r  f r a c t i o n  o f  b lood  was c a l c u l a t e d  as: 

( '74As i n  1 m l  b lood)  - (T4As i n  1 rnl plasma) (Vol. plasma i n  1 m l  b lood) .  

The 7'+As a c t i v i t y  i n  

The 74As 
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R E S U L YS 

Dosage e f f e c t  - o f  AsO, o ? - - ~ o f A  o f  t a r n e t  .-.<- c e l l s .  

When hamsters b e a r i n g  d i f f u s i o n  chambers were i n j e c i e d  i n t r a -  

p e r i t o n e a l l y  w i t h  AsO, a t  dosage l e v e l s  o f  2,5, 5.0, 7.5, o r  10.0 mg/kg 

A s ~ O ~ ,  t h e  mean t a r g e t  c e l l  numbers i n  t h e  chambers o f  a l l  a r s e n i c -  

exposed groups were s i g n i f i c a n t l y  lower (0.04 > p > 0,001) than  t h e  mean 

c e l l  count i n  chambers o f  c o n t r o l  hamsters 24 h a f t e r  i n j e c t i o n s .  I n  

F i g .  1 t h e  average c e l l  count o f  each group i s  p l o t t e d  a g a i n s t  t h e  dosage 

r? 

0 ORNL- DWG 80--12523 

8 

6 

4 

2 

w 
3 
6 

0 2.5 5.0 7.5 10.0 

OOSE OF As,O, ( r n g / k g )  

F i g .  1. E f f e c t  o f  AsO, exposure on Flow 2000 c e l l  number w i t h i n  
d i f f u s i o n  chambers 24 h a f t e r  i .p.  i n j e c t i o n .  



l e v e l  o f  As0, employed. F o r  these  s e l e c t e d  doses a l i n e a r  dose-response 

e x i s t s .  The 5.0 mg/kg dose was used i n  seve ra l  separa te  s t u d i e s  as a 

t e s t  o f  t h e  r e p r o d u c i b i l i t y  o f  t h e  d i f f u s i o n  chamber assay f o r  

a rsen ic - i nduced  i n h i b i t i o n  o f  c e l l  growth. 

r a n g i n g  f rom 6-13 weeks and t h e  r o u t e  of a d m i n i s t r a t i o n  e l t h e r  i.p. o r  

i.v., t h e r e  was c l o s e  agreement i n  t h e  percentages of growth i n h i b i t i o n  

induced by t h e  5.0 mg/kg dosage l e v e l  (Tab le  1). 

With t h e  age o f  hos t  animals 

T a b l e  1. I n h i b i t i o n  o f  c e l l  growth i n  chambers o f  hamsters i n j e c t e d  
w i t h  5.0 mg As$J/kg body weight .  

Age o f  animals (wk) I n j e c t i o n  r o u t e  % Growth i n h i b i t i o n  

6 

8 

11 

13 

i . p .  

i . p .  

i . p .  

i .v.  

56a 

52,b 52b 

51c 

53e 

a D i f f e r e n c e  f rom c o n t r o l ,  2 0.05 

b Di f fe rence  from c o n t r o l ,  e < 0.01 

C D i f f e r e n c e  f rom c o n t r o l ,  e < 0.001 

Two dosages (5  and 10 mg/kg) were s e l e c t e d  f o r  a temporal s tudy of 

a r s e n i c  e f f e c t s  on Flow 2000 cell  growth i n  t h e  chambers. In animals 

r e c e i v i n g  t h e  5 mg/kg dosage, t h e  growth i n h i b i t o r y  e f f e c t  observed a t  

24 h was temporary; by 48 h pos t  i n j e c t i o n ,  t h e  t a r g e t  c e l l s  had rega ined 

t h e  d o u b l i n g  t i m e  of c e l l s  i n  c o n t r o l  chambers (F ig .  2). I n  t h e  group 

r e c e i v i n g  t h e  10 mg/kg dosage, however, the i n h i b i t o r y  e f f e c t  was more 

p ro longed  i n  t h a t  these t a r g e t  c e l l s  never achieved t h e  c o n t r o l  growth 
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- 4  0 1 2 3 4 
DAYS POST INJECTION 

F i g .  2. E f f e c t  of As203 dosage (as AsO;) on t h e  p r o l i f e r a t i o n  of 
Flow 2000 c e l l s  i n  d i f f u s i o n  chambers. 

r a t e .  

i n j e c t i o n  was lower  than  t h a t  observed i n  e a r l i e r  s tud ies ,  bu t  t h i s  may 

have been due t o  t h e  change i n  methods o f  enumerat ing t h e  t a r g e t  ce l l s  

(i .e. e a r l i e r  s t u d i e s  were done w i t h  hemocytometers). 

I n  t h i s  study t h e  percentage growth i n h i b i t i o n  a t  24 h pos t -  

C o n c e n t r a t i o n  o f  74As i n  t i s s u e s  and f l u i d .  

Tab le  2 shows t h e  e a r l y  d i s t r i b u t i o n  o f  '74As i n  t h e  blood, plasma 

and chamber f l u i d  o f  hamsters i n j e c t e d  i.p. w i t h  74AsQ; (10 mg/kg). 
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T a b l e  2. D i s t r i b u t i o n  sf 74As i n  blood, p l a s m ,  and chamber f l u i d  o f  
hamsters i n j e c t e d  i . p .  w i t h  10 rng T44As;103/kg body weight  (% ~ ~ ~ ~ e / m ~  

Whole blood P I  asma Chantber f ' l u i d  

2 h  0.44 .C 0.06 0.30 2 0.05 2.26 * 0.62 

4 h  0.34 9 0.05 0.17 k 0.08 0.27 k 0.01 
0.30 14.05 0.14 t 0.05 0.18 0.05 
0.27 -t 0.01 0 0.23 -6 0.005 

24 h 0.11 0.05 
0.10 2 0.03 

0.05s - 8.04 k 0.01 
0.87 2 0.02 

a These va lues a re  the average o f  2 animals. A 1 1  o t h e r  values are 
means o f  3 an imals  (blood and pEasma) o r  6-9 chambers, 

A t  a l l  assay per iods ,  t h e  m a j o r i t y  o f  7bAs a c t i v i t y  found i n  whole b lood  

was determined t o  be assoc ia ted  w i t h  t h e  cellular component. A t  2 and 4 

h p o s t  i n j e c t i o n ,  t h e  l e v e l  o f  74As was h i g h e r  i n  chamber f l u i d  than i n  

c i r c u l a t i n g  plasma. By 8 h ,  however, t h e  7'+A5 a c t i v i t i e s  i n  plasma and 

chamber f l u i d  were comparable, v e r i f y i n g  t h e  f l u i d  p e r m e a b i l i t y  of t h e  

d i f f u s i o n  chamber. W i t h i n  t h e  s e l e c t e d  assay t imes,  t h e  maximum a r s e n i c  

c o n c e n t r a t i o n  c o n t a c t i n g  t h e  t a r g e t  c e l l s  i n  t h e  chambers was c a l c u l a t e d  

t o  be 110 $4 A s O i .  Leve ls  of 74As a c t i v i t y  assae ia ted  w i t h  the human 

t a r g e t  c e l l s  recovered f rom the chambers were q u i t e  low. The maxima? 

c o n c e n t r a t i o n s  (4  h p o s t - i n j e c t i o n )  was calculated t o  tie 2 ng Aslchamber 

c e l l  p a p u l a t i o n  o r  0.7 ng As/104 v i a b l e  c e l l s .  

L i m i t e d  t i s s u e  d i s t r i b u t i o n  s t u d i e s  were per formed w i t h  hamsters 

r e c e i v i n g  t h e  10 mg/kg dose o f  'I4AsO; u s i n g  bo th  animals w i t h  and w i t h o u t  

imp lan ted  d i f f u s i o n  chambers. Tab le  3 shows t h e  7 4 A s  a c t i v i t y  i n  t h e  
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Tab le  3. D i s t r i b u t i o n  o f  74As i n  t i s s u e s  o f  hamsters - i n j e c t e d  i.p. w i t h  
10  mg 74As203/kg body we igh t  (% dose/gm t i s s u e :  I\: f S . D . ;  6 animals).  

4 h  24 h 

1 i vet- 2.22 * 0.19 
k i dney 1.17 ? 0.27 
sp leen  0.79 t 0.12 
h e a r t  0.65 fi 0.11 
s k e l e t a l  muscle 0.47 t 0.16 
p e l t  0.44 t 0.06 

0.71 9 0.25 
0.41 fi 0.07 
0.26 f. 0.09 
0.23 k 0.04 
0.32 4 0.06 
0.53 -f: 0.15 

s e l e c t e d  t i s s u e s  f o l l o w i n g  i.p. i n j e c t i o n .  The d e c l i n e  i n  a c t i v i t y  

between 4 and 24 h was 65-68% f o r  l i v e r ,  k idney, spleen and hear t .  

S k e l e t a l  muscle showed a s m a l l e r  l o s s  (24%); and, as expected, a r s e n i c  

was r e t a i n e d  i n  t h e  hamster p e l t .  

DISCUSSION 

The d i f f u s i o n  chamber assay p r o v i d e d  a means o f  examing t h e  i n t e r -  

a c t i o n  of t h e  a r s e n i c  w i t h  t i s s u e  c u l t u r e  grown c e l l s  i n  an i n  v i v o  

s e t t i n g .  Exposure of hamsters t o  t r i v a l e n t  a r s e n i c  i n  t h e  form o f  

AsO; r e s u l t e d  i n  an i n h i b i t i o n  of human c e l l  p r o l i f e r a t i o n  i r i  imp lan ted  

d i f f u s i o n  chambers, and t h e  dosage admin i s te red  determined bo th  t h e  

degree o f  i n h i b i t i o n  observed a t  1 d and t h e  r e v e r s i b i l i t y  o f  t h e  

i n h i b i t i o n  over a three-day pe r iod .  A s i m i l a r  e f f e c t  was observed by 

Gur ley  e t  a1 [ lo]  who desc r ibed  t h e  i n  v i t r o  response o f  Chinese hamster 

a v a r j  (CHO) c e l l s  t o  a r s e n i t e  exposure. I n  t h e i r  s t u d i e s  concen t ra t i ons  

of 25 and 50 uM a r s e n i t e  caused i r r e v e r s i b l e  i n h i b i t i o n  o f  CHO growth, 

whereas a t  lower  concen t ra t i ons  such as 10 uM, t h e  c e l l  d i v i s i o n  delay 

was f o l l o w e d  by a spontaneous recovery even i n  t h e  con t inued  presence o f  



t.he arsen ic .  I n  our s tud ies  a 0 m(a/kg dosage o f  ~ 2 0 3  t o  hamsters 

r e s u l t e d  i n  a 110 pM c o n c e n t r a t i o n  o f  arsenic,  i n  t h e  chamber f l u i d  2 h 

p o s t - i n j e c t i o n  and a s l g n i f i c a n t  i n h i b i t i o n  o f  t a r g e t  c e l l  growth i n  t h e  

chambers fo r  a three day per iod .  

I t  i s  d i f f i c u l t  t o  compare t h e  a r s e n i c  c o n c e n t r a t i o n  and assoc ia ted  

b i o l o g i c a l  e f f e c t s  observed i n  t h e  chamber w i t h  t h e  r e s u l t s  repo r ted  f r o m  

i n  v i t r o  s t u d i e s  due t o  the d i f f e r e n c e s  between t h e  dynamic na tu re  of t h e  

d i f f u s i o n  chamber envi r o n w n t  where c o n c e n t r a t i o n s  are changing and the 

s t a t i c  cha rac te r  of t i s s u e  c u l t u r e  systems. Another complex i ty  i n  t h e  

comparison i s  t h e  f a c t  t h a t  a rsen ic  admin is te red  i n  v i v o  undergoes 

b i o t r a n s f o r m a t i o n  t o  rano- and d i m e t h y l a t e d  forms c7, 14-13]. A l though 

t h e  naetabolism aaf t r i v a l e n t  a rsen ic  Jn t h e  hamster has y e t  t o  be 

descr ibed,  t h e  metabol ism of p e n t a v a l e n t  a rsen ic  has been examined. I n  

hamsters 24 h a f t e r  i . w ,  dos ing  w i t h  7YWs-arsenic acid,  u r i n a r y  a n a l y s i s  

showed d i m e t h y l a r s e n i c  a c i d  t o  be t h e  predominant m e t a b o l i t e  (53% o f  

t o t a l  a c t i v i t y )  w i t h  i n o r g a n i c  a rsen ic  comprjsing 43% o f  t h e  74As 

a c t i v i t y  i n  t h e  u r i n e  [18), 

t h e  plasma of d i m e t h y l a t e d  a rsen ic  w i t h i n  6 h a f t e r  i.v. i n j e c t i o n  o f  

"+AsQ; [143. 

chamber f l u i d  r e j e c t s  a m ix tu re  o f  o rgan ic  and i n o r g a n i c  a rsen ic  species 

i n  a c o n s t a n t l y  changing r a t i o ,  a very d j f f e r e n t  s i t u a t i o n  f r o m  t h e  i n  

v i  vo condi  t i  on. 

I n  t h e  r a b b i t  t h e r e  is  a r a p i d  i nc rease  i n  

It i s  l i k e l y ,  t he re fo re ,  cha t  t h e  a rsen ic  de tec ted  i n  t h e  

Because o f  t h e  marked d i f f e r e n c e s  i n  the metabol ism o f  i n o r g a n i c  

a r s e n i c  by va r ious  animal species, s e l e c t i o n  o f  an animal model f o r  man 

i s  d i f f i c u l t .  The r a t  has been shown t o  be a poor choice because o f  an 

u n u s u a l l y  pro longed r e t e n t i o n  of a r r e ~ f c  due t~ t h e  accumulat ion o f  
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a r s e n i c  i n  red  b lood  c e l l s  [19] and a decreased a b i l i t y  t o  n e t h y l a t e  

i norgani  c a r s e n i c  [7]. 

c y t e s  do n o t  share  w i t h  t h e  r a t  t h e  h i g h  b i n d i n g  c a p a c i t y  f o r  a r s e n i c  

It has been demonstrated t n a t  hamster erythro- 

C201, b u t  t hus  f a r  t h e  s t u d i e s  on a r s e n i c  metabol ism and t i s s u e  

d i s t r i b u t i o n  have been l i m i t e d  t o  t h e  l e s s  t o x i c  pen tava len t  species 

211. A n a l y s i s  o f  t h e  b i o t r a n s f o r m a t i o n  p a t t e r n s  f o r  t r i v a l e n t  arsen 

hamsters m s t  be done be fo re  a f i n a l  d e c i s i o n  i s  made on t h e  s u i t a b i  

o f  t h e  hamster as an exper imenta l  animal model. 

I n  t h i s  study t h e  d i f f u s i o n  chamber' system p r o v i d e d  a m a n s  of 

examining t h e  i n  v i v o  t o x i c i t y  o f  a r s e n i c  f o r  human c e l l s .  The same 

system has been combined w i t h  t h e  s i s t e r  chromat id  exchange assay i n  

CIS, 

c i n  

i t y  

s t u d i e s  on t h e  i n  v i v o  mu tagen ic i t y  o f  cyclophasphamide [22]. 

a p p l i c a t i o n  o f  t h e  d i f f u s i o n  chamber system, s t u d i e s  on t h e  h e a l t h  

e f f e c t s  o f  a r s e n i c  can now be expanded t o  i n c l u d e  t h e  mutagenic p o t e n t i a l  

o f  a rsen i  c f o r  human f i b r o b l  as t s  and lymphocytes. 

l d i t h  t h i s  
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