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ABSTRACT 

1,3-Dichloropropene (1,3-DCP) i s  widely used as  a  

preplant  s o i l  fumigant f o r  the  cont ro l  of p a r a s i t i c  nematodes 

i n  cot ton,  vegetables,  f r u i t  t r e e s  and tobacco. Commercial 

formulations of 1,3-DCP a r e  comprised of c i s -  and t r ans -  

isomers and have been shown t o  be carcinogenic and mutagenic 

i n  laboratory animals. 1,3-DCP i s  absorbed by animals 

following dermal, o r a l  and inhala t ion  routes  of 

adminis trat ion.  Although inhala t ion  i s  t h e  main route  of 

occupational exposure, l i t t l e  i s  known of t h e  suble tha l  

e f f e c t s  and toxicokine t ics  of 1,3-DCP i n  animals following 

vapor inha la t ion .  

The purposes of t h i s  study were (1) t o  examine t h e  

absorption and el iminat ion of inhaled 1,3-DCP i n  r a t s  which 

were untreated o r  p re t rea ted  with chemicals, ( 2 )  t o  develop\ 

a  toxicokine t ic  model which descr ibes  the  absorption and 

clearance of inhaled 1,3-DCP, and (3)  t o  study t h e  suble tha l  

e f f e c t s  of 1,3-DCP i n  the  r a t s .  

Both isomers of 1,3-DCP were absorbed systemically by 

the  r a t  following vapor inhala t ion .  The blood concentration- 

time p r o f i l e s  could be described adequately by a  2- 

compartment open toxicokine t ic  model with zero-order 

absorption and sa turable  clearance processes.  Pretreatment 
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of r a t s  with a mixed-function oxidase i n h i b i t o r  (piperonyl 

butoxide) and a glutathione-depleting agent (d ie thy l  maleate) 

changed t h e  blood concentration-time p r o f i l e $  of t h e  1,3-DCP 

isomers.   ow ever, pretreatment of r a t s  with SKF-525A 

(another mixed-function oxidases i n h i b i t o r )  f a i l e d  t o  a l t e r  

t h e  metabolic d i spos i t ion  of 1,3-DCP i n  the  r a t .  1,3-DCP i n  

t h e  blood was removed rapidly by t h e  various t i s s u e s  of the  

r a t  but unchanged 1,3-DCP was detected only i n  t h e  adipose 

t i s s u e .  This f inding i s  cons is ten t  with the  rapid  conversion 

of 1,3-DCP t o  r eac t ive  and conjugated metabolites by t h e  r a t .  

Results from both i n  v i v o  and i n  v i t r o  s tud ies  s t rongly  

indica ted  t h a t  a r eac t ive  me tabo l i t e ( s )  of 1,3-DCP destroyed 

the  hepat ic  cytochrome P-450 of r a t s  exposed t o  1,3-DCP 

vapor. 
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$1. INTRODUCTION 

1,3-~ichloropropene (1,3-DCP) was introduced i n  1956 as  

a  preplant  s o i l  fumigant f o r  the  cont ro l  of p a r a s i t i c  

nematodes i n  cot ton,  vegetables, f r u i t  t r e e s  and tobacco. 

Agr icul tura l  uses of 1,3-DCP have increased markedly i n  

recent  years .  In 1 9 7 9 ,  over 5.4 mil l ion kilograms were used 

i n  Cal i forn ia  alone (Cal i forn ia  Department of Food and 

Agriculture,  1 9 7 9 ) .  This represents  almost a  fourfo ld  

increase over 1 9 7 7 .  

The commercial formulation of 1,3-DCP i s  an admixture of 

1,2-dibromoethane ( e  . g . DorloneB) o r  1,2-dichloropropane 

( e  .g .   elo one@, Dow Chemical Co., USA; D-D@ S o i l  Fumigant, 

Shel l  Chemical Co., USA). The major a c t i v e  cons t i tuents  of 

these  products a r e  c i s -  and t r ans -  1,3-DCP. However, t h e  

r e l a t i v e  amount of 1,3-DCP i n  these  fumigants has been 

changed over t h e  years,  e . g . ,  55% i n  D-D@ mixture, 78% i n  

Telone, 85% i n  Telone C and 92-98% i n  Telone 11. Other 

ch lor ina ted  hydrocarbons a l s o  may be present  a s  impuri t ies  i n  

t h e  products including chloropicr in,  isomers of 

dichloropropane and dichloropropene. Epichlorohydrin i s  

of ten  added t o  s t a b i l i z e  t h e  mater ial  and prevent corrosion.  

Some commercial products do not contain epichlorohydrin any 

more. Instead, epoxidized soybean o i l  i s  used t o  s t a b i l i z e  

the  preparat ion (Dow Chemical Co . , 1975) . 



Cis-1,3-DCP ( I )  and trans-1,3-DCP (11) has t h e  formula 

C3H4C12 and a  molecular weight 110.98. 

CI' \ ai, CI 

It  i s  a  c l e a r ,  l i g h t  straw-colored l i q u i d  with a  sharp, 

sweet and chloroform-like odor. The dens i ty  and vapor 

pressure a t  25OC a r e  1 . 2  and 28 mrn Hg, respect ive ly .  The 

bo i l ing  poin ts  of c i s -  1,3-DCP and t rans-  1,3-DCP a r e  104.3OC 

and 1 1 2 . 0 • ‹ C ,  respect ive ly .  The f l a s h  point ,  determined by 

t h e  t a g  closed cup method, i s  2 1 ' ~ .  The explosive l i m i t s  a re  

of t h e  order of 5  t o  14.5% by volume. I t  i s  soluble  i n  

severa l  organic solvents  including acetone and to luene .  I t s  

s o l u b i l i t y  i n  water a t  20•‹C i s  1000 ppm (Martin e t  a l . ,  

1 9 7 4 ) .  Spontaneous decomposition of t h e  mater ia l  w i l l  not 

occur under normal conditions i f  it i s  placed i n  a  s u i t a b l e  

conta iner .  However, polymerization may occur.  1,3-DCP 

r e a c t s  r ead i ly  with aluminum, aluminum a l loys ,  o ther  a c t i v e  

metals and some metal s a l t s  and halogens (Torkelson e t  a l . ,  

1 9 7 7 ,  Hayes, 1982).  



Single-dose o r a l  LDS0 of 1,3-DCP i n  both male and female 

JCL:ICR mice i s  640 mg/kg. In male and female Wistar r a t s  

the  o r a l  LDS0 i s  560 and 510 mg/kg, respect ive ly  (Toyoshima e t  

a l . ,  1978) .   or -male Sprague-Dawley r a t s ,  t h e  o r a l  LD50 i s  

325 mg/kg, t h e  in t rape r i tonea l  LD50 i s  175 mg/kg ( J e f f r e y  e t  

a l . ,  1985) .  

L i t t l e  information i s  avai lab le  on the  acute  inhala t ion  

t o x i c i t y  of 1,3-DCP. The s ing le  4 h r s  LCs0 i s  7 2 9  ppm f o r  

r a t s  (Shel l  Chemical Company, 1 9 7 7 ) .  A s ing le  exposure t o  

400 ppm of 1,3-DCP f o r  7 h r s  was l e t h a l  t o  guinea pig and 

severely in ju r ious  t o  r a t s .  

The dermal LDS0 i n  r abb i t s  i s  504 mg/kg (Torkelson e t  

a l . ,  1 9 7 7 ) .  After  appl ica t ion  t o  the  shaved back of r abb i t s ,  

dermal i r r i t a t i o n  was observed, with redness, edema and 

eventual necros is .  

After  1,3-DCP was i n s t i l l e d  i n t o  t h e  eyes of r abb i t s ,  

severe conjunctiva i r r i t a t i o n  and s l i g h t  t o  moderate corneal 

in ju ry  were seen. The in ju ry  gradually healed by the  8 th  day 

(Torkelson e t  a l . ,  1 9 7 7 )  . 

Early experiments showed t h a t  r a t s  and guinea pigs  

exposed t o  1,3-DCP vapor a t  e i t h e r  50 o r  11 ppm f o r  7 hrs/day 

(5  days/week f o r  1 month) produced l i v e r  and kidney damage 

(Torkelson e t  a l . ,  1 9 7 7 ) .  I n  con t ras t ,  more recent  da ta  



showed no gross o r  microscopic changes i n  t h e  l i v e r  and 

kidneys of mice o r  r a t s  exposed t o  up t o  93 ppm 1,3-DCP f o r  6 

hrs/day (5  days/week f o r  13 weeks). The only 1,3-DCP r e l a t e d  

e f f e c t s  were s l i g h t  reduction i n  body weight gain and s l i g h t  

e p i t h e l i a l  changes i n  the  nasal  tu rb ina tes  and septum i n  mice 

(Torkelson e t  a l . ,  1981) .  Degeneration of t h e  nasa l  

o l f ac to ry  epithelium and/or hyperplasia of t h e  r e sp i ra to ry  

epithelium were a l s o  observed i n  r a t s  and mice exposed t o  90,  

o r  150 ppm Telone I1 6 hrs/day ( 5  days/week f o r  13 weeks) 

( S t o t t  e t  a l . ,  1985) . 

The e f f e c t s  observed a f t e r  Fischer 344 r a t s  and CD-1 

mice were exposed t o  D-D@ vapor f o r  6 hrs/day, 5  days/week 

f o r  6 o r  1 2  weeks were s l i g h t  increases  i n  mean r a t i o s  of 

l iver/body weight and kidney/body weight of female r a t s  a t  

t h e  50 ppm exposure l e v e l .  The only compound-related 

his topathologic  changes were s l i g h t  t o  moderate d i f f u s e  

hepatocytic enlargement of the  male mice a f t e r  exposure t o  50 

ppm D-D@ vapor f o r  1 2  weeks. 

In separate  experiments, r a t s ,  guinea pigs ,  r a b b i t s  and 

dogs were exposed repeatedly t o  1,3-DCP mixture vapor a t  

e i t h e r  3  o r  1 ppm f o r  7 hrs/day ( 5  days/week f o r  6 months) 

(Torkelson e t  a l . ,  1977).  No gross adverse e f f e c t s  were 

detected i n  t h e  animals. The hematocrit,  WBC counts, 

hemoglobin and d i f f e r e n t i a l  count of WBC of t h e  animals 



remained unchanged. Only r a t s  exposed t o  3 ppm of 1,3-DCP 

showed a s l i g h t ,  r eve r s ib le  change i n  t h e  kidneys. 

The mutagen-icity of 1,3-DCP has been s tudied  i n  d e t a i l  

by severa l  l abora to r i e s .  C i s -  and t r ans -  1,3-DCP showed 

mutagenicity i n  Salmonella typhimurium s t r a i n s  TA 1535 and TA 

100 (De Lorenzo e t  a l . ,  1 9 7 7 ,  Neudecker e t  a l . ,  1 9 7 7 ,  1980, 

Stolzenberg e t  a l . ,  1980, Moryia e t  a l . ,  1983, Creedy, 1984) . 
Mutation i n  these  s t r a i n s  i s  an indica t ion  of base-pair 

s u b s t i t u t i o n  mutation. 

Confl ic t ing r e s u l t s  were reported on t h e  mutagenicity of 

1,3-DCP i n  t h e  presence of l i v e r  microsomes. Inclusion of 

r a t  l i v e r  post-mitochondria1 f r a c t i o n  ( S 9 )  i n  the  Ames t e s t  

enhanced t h e  mutagenicity of 1,3-DCP (Moryia, 1983) .  In 

con t ras t ,  De Lorenzo e t  a l .  ( 1 9 7 7 )  showed t h a t  t h e  l i v e r  

microsomal f r a c t i o n  made l i t t l e  o r  no d i f ference  on the  

r e s u l t s  of the  t e s t .    ow ever, t h e  addi t ion  of S9  t o  t h e  t e s t  

system caused a  3-fold decrease i n  the  mutagenicity of 1,3- 

DCP i n  TA 100 (Neudecker e t  a l . ,  1 9 7 7 ,  and 1980) . Recently, 

t h e  mutagenicity of 1,3-DCP has been re inves t iga ted  by 

Talcot t  (1984) using t e s t  s t r a i n  TA 100. Four commercially 

ava i l ab le  preparat ions of 1,3-DCP were examined f o r  

mutagenicity before and a f t e r  they were pur i f i ed  by s i l i c a  

ac id  chromatography. Although a l l  of these  1,3-DCP 

preparat ions showed mutagenic a c t i v i t y  before chromatographic 

p u r i f i c a t i o n ,  none of them retained t h e i r  mutagenic e f f e c t s  



after chromatography. The specific mutagenic activities of 

the unpurified 1,3-DCP preparations appeared to be caused by 

trace amounts of polar impurities. The two tentatively 

identified impurities, epichlorhydrin and 1,3-dichloro-2- 

propanol, are known mutagens. Watson et al. (1987) have 

confirmed that the impurities of 1,3-DCP are responsible for 

the direct mutagenicity previously observed in TA 100. The 

impurities have been identified as the autoxidation products 

of 1,3-DCP, cis- and trans-2-chloro-3 (chloromethyl) 

oxiranes. However, even purified cis-1,3-DCP can cause the 

bacterial mutation in the presence of rat hepatic S9 fraction 

or washed microsomes. 

1,3-DCP also induced a significant increase in sister 

chromatic exchange of Chinese hamster ovary cells, which 

occurred with and without metabolic activation (Tomkins et 

al., 1980) . 

The mutagenic activity of 1,3-DCP was not affected by 

SKF-525A (SKF) or 1, 1,l-trichlorprope-2,3-oxide (TCPO) , but 

it was clearly enhanced in the presence of cyanamide (CA) 

(Neudecker et al., 1986). SKF and TCPO are known inhibitors 

of microsomal oxygenase and epoxide hydrolase, respectively, 

whereas CA is an inhibitor of aldehyde dehydrogenase. 

1,3-DCP is a weak alkylation agent which binds linearly 

with DNA (Eder et al., 1982). The distribution of covalently 



bound 1,3-DCP t o  macromolecules was inves t iga ted  by Dietz 

(1984a).  Male Fischer 344 r a t s  and B6C3F1 mice were given 

s ing le  o r a l  doses of 0, 1, 50, o r  100 mg/kg of 14C-1, 3-DCP and 

t h e  forestomach - ( F S ) ,  glandular stomaches (GS) , l i v e r s ,  

kidneys and bladders were removed a t  2 h r s  post-dosing f o r  

ana lys i s .  Binding of 1,3-DCP t o  t h e  forestomachs and 

glandular stomachs was dose-dependent. Limited binding was 

a l s o  noted i n  t h e  l i v e r s ,  kidneys and ur inary bladders.  

There were no de le ter ious  e f f e c t s  on t h e  l ib ido ,  

f e r t i l i t y ,  or  t h e  reproductive t r a c t  morphology of t h e  male 

and female Wistar r a t s  a f t e r  inhal ing 0, 1 0 ,  30, o r  90 ppm 

(v /v)  D-D@ ( c i s -  and t rans-  1,3-DCP were t h e  major 

cont inents )  6 hrs/day, 5 days/week f o r  10 weeks. No 

t reatment-related dominant l e t h a l  e f f e c t  was observed i n  the  

male r a t s  (Linnet t  e t  a l . ,  1988) . No evidence of te ra togenic  

o r  embryotoxic response was observed i n  pregnant Fischer 344 

r a t s  and New Zealand white r abb i t s  a f t e r  inhal ing 0 ,  20, 60,  

o r  120 ppm of 1,3-DCP f o r  6 hrs/day during the  ges ta t ion  

period.  S l igh t  f e t a l  t o x i c i t y  was observed only a t  t h e  l eve l  

which produced s i g n i f i c a n t  maternal t o x i c i t y  (Hanley e t  a l . ,  

1987).  

Van Durren e t  a l .  ( 1 9 7 9 )  have demonstrated t h a t  c i s -  

1,3-DCP caused fibrosarcomas a f t e r  it was in jec ted  

subcutaneously t o  male 1CR:Ha Swiss mice. The 

carcinogenici ty  of 1,3-DCP was confirmed by a  recent study of 



t he  National Toxicology Program (NTP, 1985).  Technical-grade 

1,3-DCP (Telone 11, w i t h  1% epichlorohydrin a s  a s t a b i l i z e r )  

increased t h e  incidence of tumors i n  t h e  forestomach and 

l i v e r  i n  male ~ 3 * 4 4 / ~  r a t s  and i n  t h e  forestomach i n  female 

F344/N r a t s .  An increase i n  the  incidence of forestomach, 

lung and ur inary  bladder tumors a l s o  was observed i n  t h e  male 

B6C3F1 and an increase i n  the  incidence of ur inary  bladder 

tumors was observed i n  t h e  female mice. In con t ras t ,  Lomax 

e t  a l .  (1989) reported t h a t  1,3-DCP did  not have carcinogenic 

e f f e c t s  on r a t s  and mice exposed t o  5, 20, o r  60 ppm 

technical-grade 1,3-DCP (Telone 11, with soybean o i l  a s  a 

s t a b i l i z e r )  f o r  1-yr o r  2-yr. 

1,3-DCP has been shown t o  be absorbed by t h e  skin,  the  

r e sp i ra to ry  system and the  g a s t r o i n t e s t i n a l  t r a c t  (Hayes, 

J r . ,  1978).  S t o t t  (1986) reported t h a t  t h e  uptake r a t e s  of 

1,3-DCP vapor by r a t s  decreased with increasing 1,3-DCP 

exposure l e v e l .  The r e s u l t s  were explained by a 1,3-DCP 

depression i n  t h e  v e n t i l a t i o n  frequency of r a t s .  The data  

obtained from t h e  su rg ica l ly  i s o l a t e d  upper r e sp i ra to ry  t r a c t  

(URT) and lower r e sp i ra to ry  t r a c t  (LRT)  of r a t s  showed t h a t  

about 20 t o  30% of t h e  inhaled vapor was absorbed by t h e  

upper r e sp i ra to ry  t r a c t .  The majority of t h e  inhaled 1,3-DCP 

was absorbed by t h e  lower r e sp i ra to ry  t r a c t  ( S t o t t  e t  a l . ,  

1986).  



1,3-DCP i s  eliminated mainly i n  t h e  ur ine  of laboratory 

animals. About 51-61% and 63-79% of an o r a l l y  administered 

dose was excreted within two days i n  t h e  ur ine  of r a t s  and 

mice, respect ive ly  (Dietz e t  a l . ,  1984b) . Feces and expired 

C02 el iminated roughly 18% and 6% of t h e  administered dose i n  

r a t s  and 15% and 1 4 %  of t h e  administered dose i n  mice, 

respect ive ly .  A t  t h e  end of 48 hrs ,  only 2-6% of t h e  

o r i g i n a l  dose remained i n  t h e  carcase.  Similar r e s u l t s  were 

seen i n  t h e  male and female Carworth Farm E r a t s ;  80%-90% of 

t h e  administered rad ioac t iv i ty  was found i n  t h e  ur ine  within 

2 4  h r s  a f t e r  a s ing le  o r a l  dose of 14C-cis-1,3-DC~ o r  14C 

trans-1,3-DCP (Hutson e t  a l . ,  1 9 7 1 )  . 

After  exposing r a t s  t o  30, 90, 300, o r  900 ppm of 1,3- 

DCP vapor f o r  3 h r s ,  both c i s -  and t r ans -  isomers were found 

t o  be el iminated rapid ly  from t h e  blood i n  a biphasic  manner 

( S t o t t  e t  a l . ,  1986).  The ha l f - l ives  of e l iminat ion f o r  c i s -  

1,3-DCP and t r ans -  1,3-DCP i n  t h e  f i r s t  e l iminat ion phase 

were 5 min and 6.3 min, respect ively,  i n  r a t s  exposed t o  300 

ppm for  3 h r s  and were increased t o  over 1 4  min and 27 min, 

respect ive ly ,  i n  r a t s  exposed t o  900 ppm. The ha l f - l ives  of 

both isomers f o r  t h e  following second el iminat ion phase were 

25 t o  43 min. I t  should be emphasized t h a t  p la teau  blood 

l e v e l s  of c i s -  and/or trans-1,3-DCP were not a t t a i n e d  a t  the  

conclusion of a 3-hr exposure per iod.  



There were marked d i f ference  between t h e  metabolism and 

t o x i c i t y  of t h e  c i s -  and t rans-  isomers of 1,3-DCP i n  r a t s .  

About 3 .9% and 83% of the  c i s -  isomer were recovered as  14C- 

l abe l l ed  carbon -dioxide and rad ioac t iv i ty  i n  t h e  ur ine,  

respect ive ly ,  from r a t s  dosed with 14~-cis-1,3-DCP. In 

con t ras t ,  about 23.6% of t h e  t rans-  isomer appeared as  14C- 

l abe l l ed  carbon dioxide and about 55.6-60.4% of t h e  

administered rad ioac t iv i ty  was recovered i n  t h e  ur ine  from 

r a t s  dosed with 14C-trans-1, 3-DCP (Hutson e t  a l . ,  1 9 7 1 )  . Cis- 

1,3-DCP was twice a s  mutagenic a s  t h e  t rans-  isomer 

(Neudecker e t  a l . ,  1977) :  Alkylation of DNA by cis-1,3-DCP 

was two f o l d  higher than by trans-1,3-DCP (Eder, 1982) . 
Similar ly,  glutathione-dependent de tox i f i ca t ion  of c i s -  

isomer was 4-5 fo ld  higher than t h a t  of t h e  t r ans -  isomer 

(Climie e t  a l . ,  1 9 7 9 )  . 

Glutathione plays a  key r o l e  i n  the  deac t iva t ion  of 1,3- 

D C P .  When cis-1,3-DCP was incubated with g lu ta th ione  and r a t  

l i v e r  cytosol  (containing glutathione S-alkyl t r a n s f e r a s e ) ,  a  

very rapid  l o s s  of c i s -  1,3-DCP was observed (Climie e t  a l . ,  

1 9 7 9 ) .  1,3-DCP was excreted pr imari ly  a s  i t s  de r iva t ives  of 

mercapturic acid,  N-acetyl-(3-chloroprop-2-eny1)cysteine and 

i t s  sulfoxide o r  sulfone, i n  t he  ur ine (Watson e t  a l . ,  1987, 

Dietz e t  a l . ,  1984b, Creedy e t  a l . ,  1984) . N-acetyl- (3- 

chloroprop-2-eny1)cysteine was a l s o  found i n  t h e  ur ine of 

exposed workers. The metabolite l e v e l s  co r re la t ed  well with 



exposure  l e v e l  and d u r a t i o n  of  exposure  ( O s t e r l o h  e t  a l . ,  

1 9 8 4 ) .  

A d e c r e a s e - i n  t h e  c o n t e n t s  of h e p a t i c  and r e n a l  G S H  was 

observed i n  r a t s  r e c e i v i n g  40 mg/kg o r  200 mg/kg of  1,3-DCP 

i p .  However, t h e  GSH l e v e l  was e i t h e r  back t o  o r  above t h e  

c o n t r o l  v a l u e s  i n  24 h r s  ( J e f f r e y  e t  a l . ,  1 9 8 5 ) .  Die tz  e t  

a l .  (1984a) a l s o  found t h a t  t i s s u e  non-prote in  s u l f h y d r y l  

c o n t e n t s  i n  t h e  forestomach of r a t s  and mice were d e p l e t e d  

a f t e r  o r a l  a d m i n i s t r a t i o n  o f  14C-1,3-DCP. The c o n t e n t s  of 

non-prote in  s u l f h y d r y l  were d e p l e t e d  up t o  80% i n  a  dose- 

dependent manner. The forestomach of r a t s  had been 

i d e n t i f i e d  a s  a  t a r g e t  t i s s u e  f o r  1,3-DCP upon prolonged o r a l  

a d m i n i s t r a t i o n  (NTP, 1 9 8 5 ) .  The non-prote in  s u l f h y d r y l  

c o n t e n t s  of  kidney (31%)  and l i v e r  ( 4 1 % )  i n  r a t s  exposed t o  

90 ppm 1,3-DCP vapor f o r  3  h r s  a l s o  were found t o  d e c r e a s e  

( S t o t t  e t  a l . ,  1 9 8 6 ) .  However, t h e r e  was no change i n  t h e  

non-prote in  s u l f h y d r y l  of  t h e  lung  which was t h e  pr imary  

p o r t a l - o f - e n t r y  t i s s u e  of 1,3-DCP vapor .  

Because o f  t h e  e x t e n s i v e  use  of  1,3-DCP and i t s  r e l a t i v e  

h i g h  vapor p r e s s u r e  (Maddy e t  a l . ,  1976) ,  i n h a l a t i o n  i s  t h e  

most impor tant  r o u t e  f o r  o c c u p a t i o n a l  exposure .  However, 

l i t t l e  in fo rmat ion  i s  a v a i l a b l e  on t h e  metabo l i c  d i s p o s i t i o n  

of i n h a l e d  1,3-DCP i n  an imals .  Techn ica l  g rade  1,3-DCP 

c o n t a i n s  a  mix tu re  of c i s -  and trans-1,3-DCP i somers .  

There fo re  it i s  impor tant  t o  c l a r i f y  t h e  metabo l i c  



d i spos i t ion  of these  isomers a s  a  mixture. The purposes of 

t h i s  t h e s i s  were t o  study the  suble tha l  e f f e c t s  of inhaled 

1,3-DCP, t o  study exposure concentration and treatment- 

r e l a t e d  changes i n  absorption and clearance and t o  develop a 

tox icok ine t i c  model f o r  inhaled 1,3-DCP i n  r a t s .  The 

following s tud ies  were undertaken t o  achieve t h e  objec t ives :  

1) t o  study t h e  t i s s u e  d i s t r i b u t i o n  of c i s -  and t rans-  

1,3-DCP i n  r a t s  a f t e r  inhal ing 1,3-DCP vapor, 

2 )  t o  inves t iga te  t h e  dose-dependent k i n e t i c s  of c i s -  

and trans-1,3-DCP i n  r a t s  a f t e r  inhal ing d i f f e r e n t  

concentrations of 1,3-DCP vapor and t h e  e f f e c t s  of 

p r e t r e a t i n g  r a t s  w i t h  i n h i b i t o r s  of MFO o r  w i t h  a  

glutathione-depleting agent on t h e  toxicokine t ics  of c i s -  and 

t r ans -  1,3-DCP, 

3) t o  examine t h e  e f f e c t s  of inhaled 1,3-DCP on t h e  

mixed-function oxidase system of r a t s ,  and 

4 )  t o  determine the  formation of 1,3-DCP reac t ive  

metabolites by r a t s  l i v e r  microsomes i n  v i t r o .  



2 . MATERIAL AND METHODS 

I, Animals. 

Male Wistar rats were purchased from the Animal Care 

Center of the University of British Columbia (Vancouver, 

B.C., Canada) and acclimated to the laboratory environment 

for at least 7 days prior to use. Rats were housed in the 

stainless steel cages (three or four per cage) with tap water 

and Rodent Laboratory Rat Chow (Purina Mills, Inc., St. 

Louis, MO) available &Q' libitum. Animals were housed in a 

room with a temperature of 20 f SOc and a relative humidity 

of 40-60%. The rats were maintained on a 12-hr light:12-hr 

dark photoperiod. 

11. Chemicals 

1,3- (14C-2) -dichloropropene (specific activity 5.7 

mCi/mmole) was purchased from Amersham International Inc., 

Amersham, UK. The radiochemical purity of the 1,3- (14C) -DCP 

was 93.3% as determined by thin-layer chromatography (TLC) on 

silica-gel plates using methylene chloride as the developing 

solvent. Unlabeled 1,3-dichloropropene (1,3-DCP) was 

obtained from Aldrich Chemical Company, Milwaukee, Wisconsin. 

Unlabeled 1,3-DCP was distilled under vacuum before use and 

its purity was 96.7% as shown by gas chromatographic 



analysis. Chlorocyclohexane (an internal standard for gas 

chromatographic analysis of 1,3-DCP) was purchased from 

Matheson Coleman & Bell, Norwood, Ohio. 

SKF-525A was obtained from the Medical Department, Smith 

Kline & French Inc., Montreal, Quebec. Piperonyl butoxide 

(80%) was obtained from INC Pharmaceuticals Inc., Life 

Sciences Group, Plainview, NY. Diethyl maleate was purchased 

from Aldrich Chemical Company, Inc., Milwaukee Wis. 

Glucose 6-phosphate, glucose 6-phosphate dehydrogenase, 

NADP, HEPES, benzo (a) pyrene, 7-ethoxycoumarin, 7- 

ethoxyresorufin, EDTA and butylated hydroxytoluene were 

purchased from Sigma Chemical Company, St. Louis, Missouri. 

Arninopyrene was obtained from Aldrich Chemical Company 

(Canada) Ltd., Montreal, Quebec. [ 3 ~ ]  -benzo (a) pyrene, 

Protosol and Biofluor were obtained from New England Nuclear, 

Lachine, Quebec. 

All other chemicals were obtained at the highest purity 

commercially available. 

111. Animal chambers. 

Two types of inhalation chambers were used for the study: 

whole-body and nose-only exposure chambers. Fig. M-1 shows 

the basic exposure system. 



Fig. M-1 

Basic inhalation exposure system components. 

* Whole-body exposure 

* *  Nose-only exposure 



1. Whole-body inhala t ion  chamber. 

F ig .  M-2 shows a  1 4  it3 (= 400 1) dynamic whole-body 

inhala t ion  chamber. The pyramidal top of t h e  chamber 

provides a  dispersion space required f o r  uniform flow 

throughout the  e n t i r e  chamber. Room a i r  i s  f i l t e r e d  through 

a  glove box f i l t e r  before enter ing  t h e  chamber and i s  

exhausted through a  drainage a t  t h e  bottom of t h e  chamber. 

The chamber i s  equipped w i t h  an i n l e t  o r i f i c e  p l a t e  (diameter 

2 7  cm) and a  b u t t e r f l y  damper i n  t h e  supply pipe.  The 

pressure d i f ference  between t h e  two s ides  of t h e  o r i f i c e  

p l a t e  was ca l ib ra ted  by an a i r  ve1ocit.y meter (Model 4 4 1 ;  

KURZ Instruments Inc.  Carmel Valley CA) and used t o  monitor 

the  r a t e  of a i r  flow i n t o  the  chamber. A negative s t a t i c  

pressure (0.3 inch of water) was maintained ins ide  t h e  

chamber during i t s  operat ion.  

1,3-DCP vapor was generated by a  J-tube system (Mil ler ,  

e t  a l ,  1980).  The generation system i s  shown i n  Fig .  M-3. 

The J-tube i s  f i l l e d  with 5-mm g lass  beads t o  provide a  large 

surface area  f o r  vaporizat ion.  1,3-DCP was metered i n t o  the  

J-tube v ia  a  pos i t ive  displacement p is ton  pump (FMI, Fluid 

Metering Inc . ,  Oyster Bay, N Y )  . Preheated compressed N, gas 

(10 l/min) passed through the  J-tube and c a r r i e d  the  1,3-DCP 

vapor i n t o  t h e  chamber. A heating tape  was used t o  help 

maintaining t h e  temperature of t h e  J-tube. 1,3-DCP vapor was 

d i l u t e d  w i t h  f i l t e r e d  a i r  (130 l/min) a t  the  chamber i n l e t .  



Fig M-2 

Whole body inhalation chamber. 



F i g .  M - 3  

J-Tube vaporization system f o r  generating 1,3-DCP. 

Compressed 

N, gas 

1. A i r  pressure regulator ,  

2 .  rotameter, 

3 .  e l e c t r i c a l  transformer, 

4 .  heat ing tape ,  

5 .  J-Tube assembly, 

6 .  chamber, 

7 .  F M I  Pump, 

8 .  chemical r e se rvo i r ,  

9 .  connecting tubes 



A i r  exhausted from the  chamber was cleansed by charcoal 

f i l t e r s  before being released i n t o  t h e  atmosphere. 

1,3-DCP con-centration i n  t h e  whole-body chamber was 

monitored continuously with a Miran-IA gas analyzer (Foxboro- 

Wilks, Norwald, Conn) . The closed-loop system, which was 

connected with t h e  gas analyzer and another pump, was used 

f o r  c a l i b r a t i o n  (Fig M - 4 ) :  1,3-DCP was in jec ted  i n t o  t h e  loop 

through t h e  septum, vaporized and c i rcu la ted  through t h e  c e l l  

and t h e  absorption were recorded. The following equation was 

used f o r  t h e  determination of 1,3-DCP concentration i n  a 

gaseous phase r e s u l t i n g  from in jec t ion  of a known volume of 

l i q u i d  1,3-DCP i n t o  t h e  system, 

where: V = sample volume ( p l )  . Total volume of c e l l  

and ca l ib ra t ion  system i s  5.64 l i t e r ,  

p = 1,3-DCP densi ty  (g/cm3) (1 .18) ,  

M = molecular weight of 1,3-DCP (110.98),  

= molar volume of gas ( 2 4 . 4  l i t e r  a t  standard 
( P )  

condi t ion)  . 

Monitoring wavelength was 13 pm. The c a l i b r a t i o n  range 

of 1,3-DCP concentration ranged from 5-45 ppm and 80-500 ppm. 



Fig. M-4 

Schematic diagram of closed loop calibration system for MIRAN 

Gas Analyzer. 

I - Cell outlet 

Septum 

Cell inlet 

H 
MIRAN Gas Analyzer 



The c a l i b r a t i o n  curves f o r  1,3-DCP w i t h  t h e  MIRAN gas 

analyzer a re  shown i n  Figs .  M-5 and M - 6 .  The curves were 

rechecked dur ing- the  exposure per iods.  

1,3-DCP concentration i n  t h e  chamber was a l s o  analyzed 

by gas chromatography every half-hour during the  experiments. 

An a i r  sample (0.2-1.5 m l )  was withdrawn from t h e  chamber 

with a  0.5-ml o r  2 . 0 - m l  gas- t ight  syringe (Hamilton Company, 

Reno, NV) and analyzed by a  Hew1ett.-Packard 5750 gas 

chromatograph equipped w i t h  an e l ec t ron  capture d e t e c t o r .  A 

6 f t  x  3/8 i n  i . d .  g l a s s  column packed w i t h  5% SE-30 Q (100- 

120) was used t o  determine 1,3-DCP concentration i n  the  

sample. The operat ing conditions of t h e  gas chromatograph 

were: column temperature, 40•‹C; i n j e c t i o n  por t  temperature, 

160 '~;  de tec to r  temperature, 250•‹C; c a r r i e r  gas (5% methanol- 

argon) flow 30 ml/min. The amount of 1,3-DCP i n  t h e  sample 

was estimated by the  area of the  chemical peak according t o  

the  following equation: 

Different  amounts of 1,3-DCP were in jec ted  i n t o  several  

a i r t i g h t  g las s  containers  of known volumes and mixed well .  

An a i r  sample was withdrawn from the  container  and analyzed 



Fig.M-5 

C a l i b r a t i o n  c u r v e  o f  MIRAN G a s  A n a l y z e r  f o r  1,3-DCP.* 

1 0  20 30 40 50 

1,3-DCP (ppm) 

* The c o n d i t i o n  f o r  a n a l y s i s  w a s  w a v e l e n g t h  13 pm, 

p a t h l e n g t h  1 5 . 7 5  m, s l i t  w i d t h  1 rnrn a n d  r a n g e  0  - 0 . 2 5  A .  



Fig. M - 6  

C a l i b r a t i o n  curve  of MIRAN Gas Analyzer f o r  1,3-DCP.* 

1,3-DCP (ppm) 

* The c o n d i t i o n  f o r  a n a l y s i s  was wavelength 13 pm, 

p a t h l e n g t h  6 . 7 5  m, s l i t  width 1 mrn and range 0 - 1 A .  



f o r  1,3-DCP by gas chromatography. The equation for  

c a l i b r a t i n g  t h e  standard concentration i s ,  

w t  of aqent 
MW of aqentxlo6 

Concstd. ( ppm) = V/v 

Where: w t  of agent = gram of 1,3-DCP. 

MW of agent = 110.98. 

V = volume of container ( l i t e r ) .  

v = molar volume of gas ( 2 4 . 4  l i t e r  a t  

standard condi t ion)  . 

2 .  Nose-only inhala t ion  chamber. 

A small (3 .6  l i t e r )  nose-only dynamic chamber was used 

i n  t h e  experiment (Fig.  M - 7 ) .  The chamber wall  has four 

holes t o  which a r e  connected the  r a t  exposure tubes .  Three 

t o  four r a t s  were exposed t o  the  chemical i n  each experiment 

The r a t s  were held indiv idual ly  i n  a p l a s t i c  r a t  exposure 

tube with only t h e i r  noses exposed t o  1,3-DCP vapor. The 

chamber was connected t o  a vapor generating and exhausting 

system. 

1,3-DCP vapor was generated from an impinge b o t t l e .  A 

magnetic s t i r r i n g  bar was placed on t h e  bottom of container 

t o  f a c i l i t a t e  complete vaporizat ion.  Compressed medical a i r  

was bubbled through t h e  1,3-DCP i n  the  b o t t l e  and ca r r i ed  the  



F i g .  M-7 

Nose-only i n h a l a t i o n  chamber. 



1,3-DCP vapor t o  t h e  chamber. Total  chamber a i r  flow was 

maintained a t  2 l/min by a ca l ib ra ted  gas flow meter 

(rotameter;  Matheson 603) .  Experimental a i r  was exhausted 

through a charcoal adsorption f i l t e r .  The whole system was 

put i n  a fume-hood t o  avoid contamination of t h e  working 

a r e a .  

Chamber concentration of 1,3-DCP was monitored by gas 

chromatography during the  experiment. An a i r  sample was 

withdrawn w i t h  an a i r - t i g h t  syringe and analyzed by gas 

chromatography as  previously described. 

I V .  Toxicokinetics of inhaled 1,3-DCP i n  r a t s .  

1. Dose-dependent toxicokine t ics  of inhaled ~ , ~ - D C P  i n  r a t s .  

Male Wistar r a t s  (250-300 g) were exposed t o  nominal 

concentrations of 100, 300, 500 ppm of 1,3-DCP mixture vapor 

i n  a nose-only chamber f o r  4 h r s .  C i s -  and trans-1,3-DCP 

concentration i n  the  whole blood of r a t s  during and a f t e r  

exposure were monitored a s  a function of t ime. 

A t  l e a s t  36 h r s  before exposure, t h e  r a t  was implanted 

s u r g i c a l l y  with a cannula i n  the  r i g h t  jugular vein f o r  

taking r e p e t i t i v e  blood samples, e s s e n t i a l l y  by t h e  methods 

of Harms and Ojeda ( 1 9 7 4 ) .  Br ief ly ,  a f t e r  t h e  r a t  was put 

under general  halothane anesthesia ,  a longi tudina l  skin 



i n c i s i o n  o f  a b o u t  2-cm was made o v e r  t h e  a r e a  where t h e  r i g h t  

e x t e r n a l  j u g u l a r  v e i n  p a s s e d  unde r  t h e  p e c t o r a l s  major  

musc le .  Another  i n c i s i o n  o f  a p p r o x i m a t e l y  1 - c m  w a s  made a t  

t h e  d o r s a l  m i d l i n e  a b o u t  3-cm b e h i n d  t h e  e a r s .  A t u b e  

( S i l a s t i c  Medica l  Grade Tubing, Dow Corning  Co.,  Midland 

Michigan;  i . d .  0 .02",  0 . d .  0 .037")  was i n s e r t e d  i n t o  t h e  

j u g u l a r  v e i n  a n d  advanced  down t h e  v e i n  towards  t h e  h e a r t .  

The f r e e  end  o f  c a n n u l a  was t h e n  f o r c e d  t h r o u g h  t h e  

c o n n e c t i v e  t i s s u e s  u n d e r n e a t h  t h e  s k i n  t o  t h e  d o r s a l  

i n c i s i o n .  The i n c i s i o n s  w e r e  s u t u r e d  by  A u t o c l i p s  (Clay  

Adams, P a r s i p p a r y ,  N J )  . The c a n n u l a  was f i l l e d  w i t h  

h e p a r i n i z e d  s a l i n e  (88 I . U . / m l ) ,  p lugged  and  a t t a c h e d  f i r m l y  

t o  t h e  back  o f  t h e  r a t .  The whole p r o c e d u r e  t o o k  

a p p r o x i m a t e l y  20 min.  

A b l o o d  sample (0 .25  m l )  was t a k e n  from t h e  r a t s  v i a  t h e  

j u g u l a r  v e i n  c a n n u l a  w i t h  a n  1 - m l  g l a s s  s y r i n g e  a t  2 ,  3 ,  3 . 5 ,  

and  4 h r  d u r i n g  1,3-DCP exposu re  a s  w e l l  as a t  2, 5, 10,  15,  

20, 30,  45, 60, 75, 90, a n d  120 min a f t e r  t h e  e x p o s u r e .  Each 

t i m e  a f t e r  a  b l o o d  sample was withdrawn, a b o u t  0 . 3  m l  o f  

h e p a r i n i z e d  s a l i n e  (44 I . U . / m l )  was i n j e c t e d  t o  f l u s h  t h e  

c a n n u l a  and  r e p l a c e  t h e  b l o o d .  An a l i q u o t  o f  t h e  b l o o d  

sample ( 0 . 2  m l )  w a s  t r a n s f e r r e d  t o  a n  i c e - c o l d  c e n t r i f u g e  

t u b e  c o n t a i n i n g  0 . 4  m l  o f  1 . 0  N H2S04. The m i x t u r e  was 

v o r t e x e d  v i g o r o u s l y  t o  p r e c i p i t a t e  b l o o d  p r o t e i n s  b e f o r e  

b e i n g  s t o r e d  a t  -20•‹c u n t i l  a n a l y s i s .  Depending on t h e  

c o n c e n t r a t i o n  o f  1,3-DCP i n  t h e  b lood ,  0 . 5  m l  t o  2 . 0  m l  o f  



hexanes,  c o n t a i n i n g  chlorocyclohexane a s  an i n t e r n a l  

s t a n d a r d ,  was used t o  e x t r a c t  a sample. The mix tu re  was 

shaken i n  an  Eberbach r e c i p r o c a t i n g  shaker  (Eberbach 

Corpora t ion ,  ~ n n  Arbor, Michigan) f o r  15 min and c e n t r i f u g e d  

a t  1,000 X g f o r  10 min. The e x t r a c t  was passed  th rough  a 

~ l o r i s i l @  (60-100 mesh) column and an  a l i q u o t  o f  t h e  e l u t e  (1 

p1) was i n j e c t e d  i n t o  t h e  gas  chromatograph. 

C i s -  and trans-1,3-DCP i n  t h e  hexane e x t r a c t  were 

de termined by a Hewlett-Packard Model 5880A gas  

chromatography which was equipped wi th  an  e l e c t r o n  c a p t u r e  

d e t e c t o r  and a 30 m x 0.32 rnm i . d .  f u s e d  s i l i c a  c a p i l l a r y  

column c o a t e d  w i t h  DB-1 (J & W S c i e n t i f i c ,  Folsom, CA) . 
Analys i s  was performed u s i n g  t h e  fo l lowing  GC c o n d i t i o n s :  

he l ium ( 1 . 5  ml/min) was t h e  c a r r i e r  g a s  and n i t r o g e n  (30 

ml/min) was employed a s  an ECD makeup g a s .  S p l i t  i n j e c t i o n  

was used a t  oven t empera tu re  4 0 ' ~ ;  t h e  i n j e c t o r  and d e t e c t o r  

t e m p e r a t u r e s  were main ta ined  a t  1 6 0 " ~  and 300•‹c, r e s p e c t i v e l y .  

The s i g n a l  from t h e  ECD was recorded  on a HP 5880A series 

t e r m i n a l .  Under t h e s e  c o n d i t i o n s  t h e  r e t e n t i o n  t i m e s  o f  cis- 

1,3-DCP and trans-1,3-DCP were 2 . 4  min and 2 . 7  min, 

r e s p e c t i v e l y .  

C a l i b r a t i o n  curve  was p repared  by adding i n c r e a s i n g  

q u a n t i t i e s  of  1,3-DCP l i q u i d  t o  0 .2  m l  b lood samples 

c o l l e c t e d  p r e v i o u s l y  from u n t r e a t e d  r a t s .  1,3-DCP i n  t h e  

b lood was e x t r a c t e d  wi th  hexanes c o n t a i n i n g  chlorocyclohexane 
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as a n  i n t e r n a l  s t a n d a r d  and  a n a l y z e d  b y  g a s  chromatography .  

The r e t e n t i o n  t i m e  o f  c h l o r o c y c l o h e x a n e  was 5 .74 min.  The 

c a l i b r a t i o n  r a n g e  o f  cis- and  trans-1,3-DCP m i x t u r e  

c o n c e n t r a t i o n  w a s  0.025-3 pg/ml ( F i g s .  M-8 a n d  M-9). 

The e f f i c i e n c y  o f  r e c o v e r y  o f  1,3-DCP from b l o o d  was 

d e t e r m i n e d  by  s p i k i n g  chemica l  (100-400 ng)  t o  t h e  b l o o d  ( 0 . 2  

m l )  which c o l l e c t e d  from u n t r e a t e d  r a t s  and  e x t r a c t i n g  w i t h  

v a r i o u s  volumes (0 .5-2 .0  m l )  o f  hexanes .  The samples  w e r e  

shaken  a n d  c e n t r i f u g e d .  The hexane e x t r a c t  was p a s s e d  

t h r o u g h  a ~ l o r i s i l ~  column a n d  t h e  c o n t e n t s  o f  cis-  a n d  

t r a n s -  1,3-DCP i n  t h e  e l u t e  were a n a l y z e d  by  g a s  

chromatograph .  

The pos t - exposu re  b l o o d  c o n c e n t r a t i o n - t i m e  d a t a  o f  cis- 

and  trans-1,3-DCP from t h e  b l o o d  were f i t t e d  i n i t i a l l y  t o  t h e  

f o l l o w i n g  e x p o n e n t i a l  e q u a t i o n  t o  d e t e r m i n e  t h e  number o f  

compartments  t o  b e s t  d e s c r i b e  t h e  d a t a :  
n 

where CB i s  t h e  b l o o d  c o n c e n t r a t i o n  o f  1,3-DCP a t  t i m e  t and  

Ai and  Xi a r e  t h e  c o e f f i c i e n t  and  c o n s t a n t  o f  t h e  e x p o n e n t i a l  

components,  r e s p e c t i v e l y .  The p a r a m e t e r s  o f  t h e  e q u a t i o n  

w e r e  d e t e r m i n e d  by n o n l i n e a r ,  l e a s t - s q u a r e  r e g r e s s i o n  

a n a l y s i s .  Curve f i t t i n g  was per formed w i t h  NONLIN ( M e t z l e r  

e t  a l ,  1 9 7 4 ) .  The best number o f  compartments  t o  d e s c r i b e  



Fig. M - 8  

Blood c a l i b r a t i o n  curve of cis-1,3-DCP. 

Fig. M - 9  

Blood ca l ib ra t ion  curve of trans-1,3-DCP. 



t h e  post-exposure blood data  was obtained b y  t h e  method of 

Akaike's Information Cr i te r ion  ( A I C )  (Yamaoka e t  a l ,  1978).  

The combined exposure and post-exposure blood da ta  was 

then f i t t e d  t o  a  two-compartment open tox icok ine t i c  model 

( see  Resul ts)  with N O N L I N  (Metzler e t  a l . ,  1 9 7 4 )  t o  obtain 

t h e  toxicokine t ic  parameters f o r  t h e  model. Computer 

simulation was ca r r i ed  out w i t h  t h e  optimized toxicokine t ic  

parameters using CSMP (IBM, 1 9 7 2 ) .  This technique was 

described i n  d e t a i l  by Ramsey e t  a 1  (1980).  

2 .  The e f f e c t s  of chemical pretreatments on t h e  

toxicokine t ics  of 1,3-DCP. 

The toxicokine t ics  of 1,3-DCP i n  t h e  r a t s  a l s o  were 

s tudied  a f t e r  p r e t r e a t i n g  the  animals w i t h  i n h i b i t o r s  of 

mixed-function oxidase (MFO) o r  with a  hepat ic  glutathione-  

deple t ing  agent .  SKF-525A (SKF) , dissolved i n  s a l i n e  (50 

mg/kg) or  piperonyl butoxide ( P I P ,  1 ml/kg), was administered 

i p  t o  r a t s .  Diethyl maleate (DEM, 0 . 7  ml/kg) was given t o  

r a t s  i p .  Control animals received s a l i n e  i p .  The in jec t ion  

volume was adjusted t o  about 0.2-0.3 m l .  One hour a f t e r  

chemical pretreatment,  t h e  r a t s  were put indiv idual ly  i n t o  

t h e  r a t  exposure tubes and exposed t o  a  nominal 300 ppm 

concentration of 1,3-DCP vapor f o r  4 h r s  i n  a  nose-only 

exposure chamber. The time course of c i s -  and trans-1,3-DCP 

concentrations i n  the  whole blood of r a t s  p re t rea ted  w i t h  



chemica l  was o b t a i n e d  by p r o c e d u r e  s imi lar  t o  t h a t  u s e d  f o r  

t h e  u n t r e a t e d  ra ts  (see I V .  1 . )  . 

3 .  T i s s u e  d i s t r i b u t i o n  o f  1,3-DCP i n  r a t s .  

a .  Exposure  o f  r a t s  t o  14C-1,  3-DCP. 

Twenty r a t s  i n  g roups  o f  4-5 were u s e d  i n  t h i s  s t u d y .  

R a t s  w e r e  exposed  t o  a nominal  c o n c e n t r a t i o n  o f  100 ppm 14C- 

1,3-DCP ( s p e c i f i c  a c t i v i t y  0.0128 pCi/pmol) m i x t u r e  vapor  f o r  

3 h r s  i n  a nose-only  exposu re  chamber.  They w e r e  s a c r i f i c e d  

by  C 0 2  a t  v a r i o u s  t i m e s  a f t e r  exposu re  ( 0 ,  3 ,  6,  12 and  24 

h r )  . The f o l l o w i n g  t i s s u e s  were removed f o r  14C a n a l y s i s :  

l i v e r ,  b r a i n ,  s p l e e n ,  k idney ,  h e a r t ,  l ung ,  t r a c h e a ,  stomach 

(empty o f  c o n t e n t s ) ,  s m a l l  i n t e s t i n e  sample (empty of  

c o n t e n t s ) ,  l a r g e  i n t e s t i n e  sample (empty o f  c o n t e n t s ) ,  

u r i n a r y  bladder (empty o f  c o n t e n t s ) ,  tes tes ,  e p i d i d y m i s ,  

subcu taneous  f a t  sample,  p e r i r e n a l  f a t  sample and  musc le  . 

The removed t i s s u e s  were r i n s e d  w i t h  s a l i n e  ( 0 . 9 %  NaCl) ,  

d r i e d  w i t h  t i s s u e  p a p e r  and  s t o r e d  a t  -20•‹c u n t i l  a n a l y s i s .  

R a d i o a c t i v i t y  i n  t h e  t i s s u e s  was d e t e r m i n e d  a c c o r d i n g  t o  t h e  

method d e s c r i b e d  by Law ( 1 9 8 1 ) .  B r i e f l y ,  t h e  t i s s u e s  were 

minced and  d i v i d e d  i n t o  p o r t i o n s  s u i t a b l e  f o r  combust ion 

(200-300 mg) i n  a Packa rd  Tr i -Carb  B i o l o g i c a l  M a t e r i a l  

O x i d i z e r .  T i s s u e  14C was c o n v e r t e d  t o  14C02 which was t r a p p e d  

i n  ~ a r b o - s o r b @  a n d  mixed w i t h  t o l u e n e  b a s e d  pe rmaf luo r@ 

s c i n t i l l a t i o n  c o c k t a i l  (Canber ra  Packard ,  M i s s i s s a u g e ,  O n t . )  . 
32 



The r a d i o a c t i v i t y  i n  t h e  sample was determined i n  a  Beckman 

LS 8000 l i q u i d  s c i n t i l l a t i o n  counter (Beckman Instrument Co., 

Chicago, I L )  using t h e  automatic ex te rna l  standard method. 

After  exposure, the  r a t s  were put indiv idual ly  i n  a  

metabolic cage f o r  co l l ec t ion  of ur ine and feces .  Urine was 

co l l ec ted  a t  3, 6,  1 2 ,  and 2 4  h r s  a f t e r  exposure. Aliquots 

of ur ine  sample (0.5 m l )  were added d i r e c t l y  t o  a  g las s  

l i q u i d  s c i n t i l l a t i o n  v i a l  which contained 10 m l  of Bioflour 

cock ta i l  f o r  14C determination. Feces were weighed and added 

t o  capped v i a l s  t h a t  contained 5  m l  of 1% Tri ton X-100. The 

v i a l s  were allowed t o  s tand a t  room temperature overnight.  

Duplicate samples (< 300 mg) of t h e  so lub i l i zed  feces  were 

combusted t o  14C0, i n  a  Packard Tri-Carb Biological  Material  

Oxidizer a s  described above. 

Total  r a d i o a c t i v i t y  i n  t h e  blood was determined by 

l i q u i d  s c i n t i l l a t i o n  counting. A blood sample (0.2 m l )  was 

p ipe t t ed  i n t o  a  g las s  s c i n t i l l a t i o n  v i a l  t h a t  contained 1 m l  

of a  Protosol  and ethanol mixture (1:l v / v ) .  The v i a l  was 

capped and l e f t  a t  room temperature overnight f o r  d iges t ion .  

After  the  addi t ion  of conc. H C 1  (0 .3 m l )  and 30% H z 0 2  so lu t ion  

( 0 . 3  m l )  t o  t h e  sample f o r  neut ra l iz ing  and decolorizing, the  

r a d i o a c t i v i t y  i n  t h e  blooQas determined by a  s c i n t i l l a t i o n  

counter.  

b .  Exposure of r a t s  t o  unlabeled 1,3-DCP. 



Twenty-six male Sprague-Dawley r a t s  (= 300 g )  purchased 

from Char les  R ive r  Canada, I n c . ,  S t .  Constant ,  Quebec were 

used i n  t h i s  exper iment .  Rats  were exposed t o  a  nominal 300 

ppm c o n c e n t r a t i o n  of 1,3-DCP mixture  vapor f o r  4 h r s  i n  t h e  

whole-body i n h a l a t i o n  chamber. Three o r  f o u r  r a t s  were 

removed from t h e  chamber a t  s e l e c t e d  t ime  i n t e r v a l s  (0,  0 .5,  

1, 2, 3,  6, 12, 18 h r s )  a f t e r  exposure and immediately 

s a c r i f i c e d  by C 0 2 .  Blood samples were o b t a i n e d  by h e a r t  

punc tu re  and s t o r e d  i n  i n d i v i d u a l  capped v i a l s  which 

c o n t a i n e d  a  p i n c h  of  h e p a r i n .  The fo l lowing  t i s s u e s  were 

removed f o r  1,3-DCP a n a l y s i s  from each r a t :  l i v e r ,  k idneys ,  

b r a i n ,  lungs ,  stomach (empty of c o n t e n t s ) ,  s m a l l  i n t e s t i n e s  

(empty of c o n t e n t s ) ,  p e r i r e n a l  f a t  samples and muscles .  The 

removed t i s s u e s  w e r e  r i n s e d  wi th  s a l i n e ,  d r i e d  wi th  t i s s u e  

paper  and s t o r e d  i n  a  -20•‹c f r e e z e r  u n t i l  a n a l y s i s .  

Approximately 0.5-g o f  t i s s u e  was weighed and 

t r a n s f e r r e d  t o  a  g l a s s  homogenizer t u b e .  The t i s s u e  was 

homogenized i n  2  m l  H20 a t  low speed.  A s o l u t i o n  c o n t a i n i n g  2  

m l  o f  1 N  H2SO4 and 5  m l  e t h e r  and 25 pg/ml chlorocyclohexane 

a s  an i n t e r n a l  s t a n d a r d  were added t o  t h e  t i s s u e  homogenate. 

The mix tu re  was shaken i n  a  r e c i p r o c a t i n g  shaker  f o r  10 min 

and c e n t r i f u g e d  a t  1,000 X g  f o r  10 min. The e t h e r  e x t r a c t  

was passed  th rough  a  ~ l o r i s i l ~  column b e f o r e  b e i n g  analyzed 

by gas  chromatography, u s i n g  c o n d i t i o n s  a s  d e s c r i b e d  b e f o r e .  



Recovery of 1,3-DCP from t i s s u e s  was estimated by 

introducing a known amount of t h e  chemical d i r e c t l y  i n t o  

t i s s u e  samples co l l ec ted  from untreated r a t s  and ex t rac t ing  

w i t h  e t h e r  a s  described above. 

V .  Ef fec ts  of 1,3-DCP on t h e  MFO system. 

1. Ef fec t s  of inhaled 1,3-DCP on the  hepat ic  and renal  MFO 

systems of the  r a t .  

Twenty-two male Wistar r a t s  (- 300 g)  i n  groups of four 

(4-6  ra ts /group ) were exposed t o  d i f f e r e n t  nominal 

concentrations of 1,3-DCP vapor (0, 35, 150, 300 ppm) 6 

hrs/day f o r  3  days i n  a  whole-body exposure chamber. The 

r a t s  were housed indiv idual ly  i n  s t a i n l e s s - s t e e l  wire mesh 

cages located on t h e  same l e v e l  of the  whole-body chamber. 

Exposure began a t  0630 t o  0700 every day. After a  6  h r s  

exposure each day, t h e  r a t s  were removed from t h e  inhala t ion  

chamber and kept i n  a  separate  room. Purina r a t  chow and 

water were provided & l i b i t u m  except during t h e  exposure 

per iods.  

The r a t s  were s a c r i f i c e d  by decapi ta t ion  on t h e  t h i r d  

day immediately a f t e r  the  6-hr period exposure. The l i v e r s  

and kidneys were quickly excised. The samples were r insed  

with ice-cold 1.15% KC1-0.05 M HEPES buffer  (pH 7 .3)  and 

s to red  separa te ly  i n  cooled beakers. 



The l i v e r s  and  k i d n e y s  were d i s s e c t e d  f r e e  o f  any  p i e c e s  

o f  c o n n e c t i v e  t i s s u e ,  g e n t l y  b l o t t e d  d r y  w i t h  t i s s u e  p a p e r  

and  weighed.    he samples  were suspended  (1 :4  w/v) i n  1 . 1 5 %  

KC1-0.05 M HEPES b u f f e r  (pH 7 . 3 )  and  homogenized w i t h  a 

motor -dr iven  T e f l o n - g l a s s  homogenizer ( 4  s t r o k e s )  a s  

d e s c r i b e d  by  Bend e t  a 1  ( 1 9 7 2 ) .  The homogenate w a s  

c e n t r i f u g e d  f o r  30 min a t  10,000 X g i n  a S o r v a l l  RC-5B 

r e f r i g e r a t e d  s u p e r s p e e d  c e n t r i f u g e  (DuPont Company, Newtown, 

CT) . The p o s t - m i t o c h o n d r i a 1  s u p e r n a t a n t  was t r a n s f e r r e d  t o  

a n o t h e r  c e n t r i f u g e  t u b e  and  c e n t r i f u g e d  a t  105,000 X g  f o r  60 

min i n  a  S o r v a l l  p r e p a r a t i v e  U l t r a c e n t r i f u g e  OTD 75B (DuPont 

Company, Newtown CT) . The microsomal p e l l e t  w a s  r e suspended  

i n  HEPES-KC1 b u f f e r  a n d  r e c e n t r i f u g e d  a t  105,000 X g  f o r  60 

min.  The washed microsomes were f i n a l l y  suspended  i n  HEPES- 

K C 1  b u f f e r  (pH 7 . 3 )  a t  a  c o n c e n t r a t i o n  o f  6  mg p r o t e i n / m l .  

The e n t i r e  p r o c e d u r e  was c a r r i e d  o u t  a t  0 ' -4"~ .  P r o t e i n  

c o n c e n t r a t i o n s  was d e t e r m i n e d  by  t h e  method o f  Lowry e t  a 1  

( 1 9 5 1 ) ,  u s i n g  b o v i n e  serum albumin a s  t h e  s t a n d a r d .  

Microsomal cytochrome P-450 and  cytochrome b5 c o n t e n t s  w e r e  

d e t e r m i n e d  by  t h e  method d e s c r i b e d  by Omura and  S a t o  ( 1 9 6 4 ) .  

A t y p i c a l  i n c u b a t i o n  m i x t u r e  f o r  MFO enzyme a s s a y  

c o n s i s t e d  o f  microsomal  p r o t e i n  ( 1 . 5  mg) , NADP ( 2 . 8  mM) , 

glucose-6-phosphate  ( 8  mM), glucose-6-phosphate  dehydrogenase  

(2  u n i t s ) ,  0 . 2 5  m l  1 . 0  M HEPES b u f f e r  (pH 7 .4  - 7 . 8 )  a n d  

s u b s t r a t e  as i n d i c a t e d .  The f i n a l  volume was a d j u s t e d  t o  2  



m l  w i t h  d i s t i l l e d  w a t e r .  I n c u b a t i o n  was c a r r i e d  o u t  a t  37OC 

i n  a  Dubnoff m e t a b o l i c  i n c u b a t o r  (GCA/Precision S c i e n t i f i c ) .  

The i n c u b a t i o n  m i x t u r e  was p r e - i n c u b a t e d  f o r  5  min t o  

g e n e r a t e  NADPH b e f o r e  t h e  a d d i t i o n  o f  s u b s t r a t e .  I n c u b a t i o n  

t i m e  was e i t h e r  10 min o r  15 min. A b l a n k  sample c o n t a i n i n g  

no NADPH-generating sys tem a l s o  was i n c l u d e d  i n  t h e  a s s a y .  

S u b s t r a t e  c o n c e n t r a t i o n s  were aminopyrene, 5  pM; 7- 

e thoxycoumarin,  0 . 2  pM; 7 - e t h o x y r e s o r u f i n ,  0 . 1  mM; 

b e n z o ( a ) p y r e n e ,  0 . 1 6  pM. Aminopyrene N-demethylase a c t i v i t y  

was measured by t h e  f o r m a t i o n  o f  formaldehyde (S ladek  and  

Mannering 1 9 6 9 ) .  The a c t i v i t y  o f  7-ethoxycoumarin O- 

d e e t h y l a s e  was a s s a y e d  f l u o r i m e t r i c a l l y  by d e t e r m i n i n g  t h e  

p r o d u c t i o n  o f  7-hydroxycoumarin (Creaven e t  a l . ,  1 9 6 5 ) .  The 

a c t i v i t y  o f  7 - e t h o x y r e s o r u f i n  0 - d e e t h y l a s e  by microsomes was 

measured f l u o r i m e t r i c a l l y  by d e t e r m i n a t i o n  o f  t h e  amount o f  

r e s o r u f i n  produced  u s i n g  t h e  method deve loped  by Pohl  and  

F o u t s  ( 1 9 8 0 ) .  B e n z o ( a ) p y r e n e  hydroxy lase  was de t e rmined  by 

t h e  f o r m a t i o n  o f  w a t e r  s o l u b l e ,  r a d i o a c t i v e  m e t a b o l i t e s  

( D e p i e r r e  e t  a l . ,  1975) . 

2 .  I n  vitro d e s t r u c t i o n  o f  cytochrome P-450. 

Male W i s t a r  r a t s  (= 300 g )  were used  i n  t h e s e  s t u d i e s .  

The r a t s  were p r e t r e a t e d  i p  w i t h  80 mg/kg o f  p h e n o b a r b i t a l  

( P B )  ( d i s s o l v e d  i n  s a l i n e )  d a i l y  f o r  3 days  t o  i n d u c e  

cytochrome P-450. C o n t r o l  a n i m a l s  were treated i p  w i t h  

s a l i n e  o n l y .  The ra ts  were k i l l e d  a t  24 h r  a f t e r  t h e  l a s t  



pretreatment .  Liver microsomes were prepared a s  mentioned 

before.  

The incubat-ion mixture contained microsomal pro te in  ( 3  

mg) , NADP (2.8 mM) , glucose-6-phosphate ( 8  mM) , glucose-6- 

phosphate dehydrogenase ( 2  u n i t s ) ,  0.25 m l  1 . 0  M HEPES buffer  

(pH 7.8) , MgC1, (15 mM) , butylated hydroxytoluene ( 2 0  pM, 

dissolved i n  0.01 m l  e thano l ) ,  EDTA (1 .5  mM) and 10 mM or  1 

mM 1,3-DCP i n  a  f i n a l  volume of 2.0 m l .  The sample was 

preincubated a t  3 7 ' ~  f o r  5 min t o  generate NADPH and t h e  

reac t ion  was i n i t i a t e d  by the  addi t ion of 0.01 m l  of 1,3-DCP 

(dissolved i n  e t h a n o l ) .  A t  t he  conclusion of a  10 min  

incubation, t h e  mixture was d i l u t e d  w i t h  4 m l  1.15% KC1-0.05 

M HEPES buffer  (pH 7.3) and kept in  i c e .  The content of 

cytochrome P-450 was measured a s  described before.  

3 .  I n  v i t r o  metabolism and i r r e v e r s i b l e  binding of 14C-1,  3-DCP 

i n  r a t  microsomal p ro te in .  

Liver microsomes were prepared from untreated male 

Wistar r a t s  a s  described before.  A t y p i c a l  incubation 

contained microsomal pro te in ,  HEPES buffer  ( 1 . 0  M, pH 7 . 4 ) ,  

glucose-6-phosphate (8  m M ) ,  glucose-6-phosphate dehydrogenase 

( 2  u n i t s ) ,  NADP (2 .8 mM) and t e s t  substances a s  indica ted .  

The f i n a l  volume was adjusted with d i s t i l l e d  water t o  2 m l .  

The mixture was pre-incubated f o r  5 min a t  3 7 ' ~  t o  allow NADPH 

generat ion.  The reac t ion  was s t a r t e d  by the  addi t ion  of 14C- 

3 8 



1,3-DCP ( 0 . 1 2  nmole; 1 9  nCi i n  20 p1 ethanol)  and stopped by 

adding 1 m l  of e thanol .  Boiled microsomes were used as  

con t ro l s .  After  t h e  addi t ion of t r i c h l o r o a c e t i c  ac id  (TCA, 

3 0 % ) ,  t h e  mixture was poured i n t o  a  1 2 - m l  cent r i fuge  tube and 

centr i fuged a t  1,000 X g f o r  15 min. The supernatant was 

discarded, p r e c i p i t a t e d  pro te ins  were ext rac ted  repeatedly 

w i t h  methanol according t o  the  procedure described previously 

by Jollow e t  a 1  (1973).  Br ief ly ,  t h e  p r e c i p i t a t e d  pro te ins  

were resuspended i n  3  m l  80% methanol and vortexed thoroughly 

f o r  5  min i n  a  cent r i fuge  tube.  A narrow s t a i n l e s s - s t e e l  

spa tu la  was inse r t ed  i n  t h e  cent r i fuge  tube t o  f a c i l i t a t e  

mixing. The mixture was centr i fuged a t  1,000 X g  f o r  1 0  min, 

and t h e  supernatant f r a c t i o n  was discarded. Another 3  m l  

f r e sh  80% methanol was added i n t o  t h e  cent r i fuge  tube t o  

repeat  t h e  ex t rac t ion .  This procedure was repeated seven 

t imes.  No r a d i o a c t i v i t y  was found i n  t h e  methanol e x t r a c t  of 

the  l a s t  ex t rac t ion ,  indica t ing  t h a t  a l l  t h e  1,3-DCP and 

metabolites t h a t  were not bound covalently with t h e  hepat ic  

microsomal pro te in  had been removed completely. 

The pro te in  p r e c i p i t a t e s  then were digested i n  1 m l  of 

Protosol and ethanol mixture (1:l v/v) and t r ans fe r red  i n t o  a  

20-ml  l i q u i d  s c i n t i l l a t i o n  v i a l  which contained 10 m l  

Biofluor .  The rad ioac t iv i ty  i n  t h e  sample was measured i n  a 

Beckman LS 8000 l i q u i d  s c i n t i l l a t i o n  counter and represented 

t h e  amount of 14C-1, 3-DCP-derived r a d i o a c t i v i t y  bound 

i r r e v e r s i b l y  t o  microsomal pro te in .  



4 .  S t a t i s t i c a l  ana lys i s .  

Mean and standard deviat ions were ca lcula ted  f o r  each 

experimental group. The s t a t i s t i c a l  s igni f icance  of 

d i f ference  among t h e  means of t r e a t e d  and cont ro l  groups of 

r a t s  was determined using one-way anova t e s t  w i t h  p  < 0 . 0 5  

accepted a s  s i g n i f i c a n t .  



S3. RESULTS 

I .  ~ h a r m a c o k i n e t - i c s  of  i n h a l e d  1,3-DCP i n  r a t s .  

1. Dose-dependent pharmacokinet ics  of  1,3-DCP. 

1,3-DCP c o n c e n t r a t i o n  i n  t h e  exposure  chamber was s t a b l e  

d u r i n g  t h e  exposure  p e r i o d .  The nominal ( a c t u a l  mean f SD) 

c o n c e n t r a t i o n s  were 100 pprn ( 9 1 . 1  f 1 1 . 0  ppm); 300 pprn (294.3 

f 32 .9  ppm); and 500 pprn (487 .1  f 4 4 . 4  ppm). The a c t u a l  

c o n c e n t r a t i o n  was de termined from t h e  average  of  10 d i f f e r e n t  

gas  chromatographic d e t e r m i n a t i o n s  a t  30-min i n t e r v a l s  d u r i n g  

t h e  s t u d y .  

The e x t r a c t i o n  procedure  removed > 85% of t h e  1,3-DCP 

added t o  t h e  b lood  (Table  R-1)  . 

Concen t ra t ions  of  unchanged c i s -  and trans-1,3-DCP i n  

t h e  b lood of  r a t s  exposed t o  v a r i o u s  1,3-DCP mix tu re  vapor 

c o n c e n t r a t i o n s  a r e  shown i n  F i g .  R-1 and F i g .  R-2, 

r e s p e c t i v e l y .  Blood c o n c e n t r a t i o n s  of bo th  1,3-DCP isomers 

i n c r e a s e d  wi th  exposure  t ime  and reached a p l a t e a u  l e v e l  i n  

about  2-2.5 h r s  when r a t s  were exposed t o  100 pprn 1,3-DCP. 

The exposure  t ime  r e q u i r e d  by t h e  isomers t o  r e a c h  a p l a t e a u  

i n  t h e  b lood was extended t o  3-3.5 h r  i n  r a t s  exposed t o  300 

pprn o r  500 pprn 1,3-DCP. 



Table R-1 

Recovery ( % )  of cis- and trans-1,3-DCP from whole blood.* 

Solution (Hexane) 

extraction volume (ml) cis-DCP 

* Values represent mean f S.D. from 3 determinations. 



Fig. R-1 

B l o o d  k i n e t i c  d a t a  f o r  cis-1,3-DCP i n  r a t s  e x p o s e d  t o  100 ,  

300 a n d  500 ppm 1,3-DCP. 
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* Data are mean f S D  o f  3  r a t s .  



Fig. R-2 

B l o o d  k i n e t i c  data f o r  t rans-1,3-DCP a n d  i n  r a t s  e x p o s e d  t o  100 ,  

300 a n d  500 ppm 1,3-DCP. 

T i m e  ( m i n )  

L e g e n d  

* Data are mean k S D  o f  3  r a t s .  
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The average end-exposure blood l e v e l s  of c i s -  and t rans-  

1,3-DCP were 0 . 4 9  f 0.10 pg/ml and 0.38 f 0.06 pg/ml, 

respect ive ly  f o r  t h e  100 ppm r a t s ;  1.13 f 0.32 pg/ml and 0.75 

f 0.26 pg/ml, respect ive ly  f o r  t h e  300 ppm r a t s ;  and 1 . 6 6  f 

0.17 pg/ml and 1.34 f0.19 pg/ml, respect ive ly  f o r  the  500 ppm 

r a t s .  

A t  t h e  conclusion of a  4-hr exposure, blood 

concentration of c i s -  and trans-1,3-DCP i n  r a t s  decl ined 

rap id ly .  The post-exposure data  were analyzed by nonlinear,  

regression analys is  t o  determine t h e  number of compartments 

(or  exponentials)  which bes t  described t h e  blood elimination 

curve. 

Tables R-2 and R-3 show t h e  mean of t h e  weighed sum of 

square deviat ion (WSSR) and Akaikels information c r i t e r i o n  

( A I C )  of t h e  postexposure da ta .  The WSSR (WSSR = 

N 

wi( Pi - ~ i )  2, measures the  deviat ion between t h e  observed 
i = l  

points  and predicted values from t h e  f i t t e d  curve i n  

minimized regression analys is  (Balant and Garre t t ,  1983) .  

Akaikels information c r i t e r i o n  ( A I C )  (Yamaoka e t  a l ,  1978) i s  

defined as ,  A I C  = n x In WSSR + 2p, where n  i s  t h e  number of 

experimental da ta  poin ts  and p  i s  the  var iable  parameters i n  

an estimated model. The f i t  with a  smaller A I C  value i s  







considered t o  be bes t  f o r  the  experimental da ta .  A s  shown in  

Tables R-2 and R-3, a bi-exponential dec l ine  was t h e  bes t  t o  

descr ibe t h e  time course of t h e  c i s -  and t r ans -  isomers i n  

t h e  blood a f t e r  r a t s  were exposed t o  1,3-DCP mixture vapor in  

a nose-only exposure chamber. The ha l f - l ives  of t h e  post- 

exposure terminal  phase of c i s -  and trans-1,3-DCP were 34.4 

min and 26.5 min, respect ively,  i n  r a t s  exposed t o  100 ppm 

1,3-DCP; 54.5 min and 6 6 . 0  min, respect ive ly  i n  r a t s  exposed 

t o  300 ppm 1,3-DCP; and 49.8 min and 52.9 min, respect ive ly  

i n  r a t s  exposed t o  500 ppm 1,3-DCP. 

Since t h e  average blood l eve l s  of t h e  1,3-DCP isomers 

increased disproport ionately t o  the  exposure concentration 

and the  ca lcula ted  ha l f - l ives  of e l iminat ion were not 

constant ,  t h e  disappearance of t h e  1,3-DCP isomers from the  

blood was well described a s  a zero-order process r a the r  than 

f i r s t - o r d e r  process .  Therefore, t h e  exposure and post- 

exposure time course of 1,3-DCP isomers i n  t h e  blood could be 

described by a two-compartment open toxicokine t ic  model with 

zero-order absorption and sa turable  el iminat ion processes.  

The d i f f e r e n t i a l  equations descr ibing the  dynamics of t h i s  

models a r e  given i n  equations ( I ) ,  ( 2 )  and (3)  : 



d A l  ( t )  kO, O < t < t b  VmaxV1 ------------- - - } + k21A2 ( t )  - [ k12 + XnV1+Al;t) ] A1 ( t )  (1) d t  

dA2 ( t )  -------------- = k12A1 ( t )  - k21A2 ( t )  
d t  

Where, 

k0 = Zero-order i n p u t  r a t e  c o n s t a n t  (pg/min) . 
k,,, k,, = Apparent f i r s t - o r d e r  mass t r a n s f e r  c o e f f i c i e n t s  

(min-I) . 
K, = Michae l i s  c o n s t a n t  (pg/ml) . 
V,,, = Enzymic a c t i v i t y  a t  s a t u r a t i o n  (pg/g min) . 
A , ( t )  = Amount of  a 1,3-DCP isomer i n  compartment 1 a t  t ime  

t (pg) . 
A 2 ( t )  = Amount of  a 1,3-DCP isomer i n  compartment 2 a t  t ime  

t (pg) . 
t = Elapsed t i m e  ( m i n ) .  

tb = Time a t  end of exposure p e r i o d  (min) . 
V1 = Apparent volume of  d i s t r i b u t i o n  of compartment 1 ( m l ) .  

The model ( F i g .  R-3) assumed t h a t  a c o n s t a n t  v a l u e  (kO)  

of  t h e  i n s p i r e d  1,3-DCP vapor was absorbed i n t o  compartment 1 

throughout  t h e  exposure  p e r i o d .  This  v a l u e  v a r i e d  wi th  t h e  

exposure  c o n c e n t r a t i o n  s i n c e  S t o t t  and K a s t l  (1986) r e p o r t e d  

t h a t  t h e  r e s p i r a t o r y  v e n t i l a t i o n  f requency o f  r a t s  exposed t o  

2 90 ppm 1,3-DCP decreased  wi th  i n c r e a s i n g  exposure  

c o n c e n t r a t i o n .  The k0 f o r  t h e  proposed model was e s t i m a t e d  



Fig. R-3 

Two-compartment toxicokine t ic  model with zero-order (constant 

r a t e )  input and sa turable  clearance descr ibing t h e  k i n e t i c s  

of inhaled 1,3-DCP vapour i n  r a t s .  

k O 
I COMPARTMENT 1 

sa turable  

r e sp i ra to ry  and 

metabolic clearance 



from t h e  uptake r a t e  reported by S t o t t  and Kast l  (1986) and 

the  r a t i o  of c i s / t r a n s  1,3-DCP i n  t h e  present  study. 

Therefore, t h e  uptake r a t e s  of 1,3-DCP f o r  t h e  100 pprn r a t s  

and 300 pprn r a t s  were 307 nmol/min and 880 nmol/min, 

respect ive ly .  For t h e  500ppm r a t s ,  t h e  uptake r a t e  was 1345 

nmol/min which was t h e  average uptake r a t e  of 300 pprn and 900 

pprn r a t s  reported by S t o t t  and Kastl  (1986) . The k0 were 

ca lcula ted  from these  uptake r a t e s  a f t e r  cor rec t ing  f o r  t h e  

c i s / t r a n s  isomer r a t i o  (1 .43) .  Therefore, t h e  k0 of cis-1,3- 

DCP (trans-1,3-DCP) were 1 9 . 4  pg/min (13.6 pg/min) , 55.7 

pg/min (39.1 pg/min) and 85.1 pg/min (59.7 pg/min) f o r  100 

ppm, 300 pprn and 500 pprn 1,3-DCP, respect ive ly ,  i n  t h e  

present study. Since t h e  empirical  values f o r  &,, V ,,,, k,,, k,, 

and V,were not ava i lab le ,  I determined values f o r  these  

parameters which produced t h e  bes t  f i t s  with t h e  blood da ta .  

Tables R-4 and R-5 show t h e  toxicokine t ic  parameters which 

produced the  bes t  f i t s  with the  empirical  da ta .  Computer 

simulated blood concentration-time curves generated from 

these  parameters a r e  shown i n  Figs .  R 4  - R 9 .  The model- 

predicted 1,3-DCP concentrations i n  t h e  blood agreed with the  

experimentally obtained concentrations only before t h e  315 

min time po in t .  Total  clearance,  C l t o t a l r  of absorbed 1,3-DCP 

from t h e  r a t  i s  given by equation ( 4 ) ,  

where, D = Total  dose absorbed (pg) ,  



Table R-4 

Toxicokinetic parameters descr ibing t h e  uptake and clearance 

of cis-1,3-DCP i n  t h e  blood of r a t s  exposed t o  d i f f e r e n t  1,3- 

DCP vapor concentration f o r  4 h r s . *  

Exposure concentration (ppm) 

k0 (pg/min) 19.4 55.7 85.1 

k12 (min-l) 0.157 0.225 0.120 

k 2 l  (min-1) 0.024 0.046 0.051 

V,,, (pg/g . min) 0.2 12 0.292 0.279 

Km (l@/ml) 0.293 0.198 0.610 

vl ( m l )  139 208 416 

CltOta1 (ml/min) 1.73 1.88 4.61 

* Values a re  mean of 3-4 r a t s  



Table R-5 

T o x i c o k i n e t i c  pa ramete r s  d e s c r i b i n g  t h e  uptake  and c l e a r a n c e  

of trans-1,3-DCP i n  t h e  b lood of  r a t s  exposed t o  d i f f e r e n t  

1,3-DCP vapor c o n c e n t r a t i o n  f o r  4 h r .  * 

Exposure c o n c e n t r a t i o n  (ppm) 

k0 (pg/min) 13.6 39.1 59.7 

k12 (min'l) 0.212 0.063 0.160 

kzl (min-1) 0.038 0.012 0.034 

V,,, (pg/g . min) 0.11 1 0.057 0.133 

Km (Pg/ml) 0.160 0.098 0.129 

V1 ( m l )  165 607 418 

Cl tOta l  (ml/min) 1.82 4.42 3.22 

* Values a r e  mean of 3-4 r a t s .  
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K, = Michaelis constant (pg/ml) , 

V,,, = Enzymic a c t i v i t y  a r  sa tu ra t ion  (pg/g.min), 

V1 = Apparent-volume of d i s t r i b u t i o n  of compartment 1 ( m l )  . 

Clearance i s  defined a s  t h e  volume of blood cleared of a 

toxicant  per u n i t  of time and it i s  dose-dependent. The 

ca lcula ted  C l t O t a l  of cis-1,3-DCP (trans-1,3-DCP) a r e  1.73 

ml/min (1.82 ml/min) , 1.88 ml/min ( 4 . 4 2  ml/min) and 4 . 6 1  

ml/min (3.22 ml/min) f o r  r a t s  exposed t o  100 ppm, 300 ppm and 

500 ppm 1,3-DCP, respect ive ly .  

To f u r t h e r  subs tan t i a t e  t h a t  1,3-DCP was el iminat ion 

from t h e  blood by a zero order process, at tempts were a l s o  

made t o  f i t  t he  blood data  t o  t h e  same model with a f i r s t  

order e l iminat ion process.  However, t h e  r e s u l t s  showed t h a t  

the  f i r s t  order e l iminat ion d i d n ' t  descr ibe adequately t h e  

experimental da ta .  

2 .  E f fec t s  of pretreatment of r a t s  with MFO i n h i b i t o r s  or  

g lu ta th ione  deplet ing agent on t h e  toxicokine t ics  of 1,3-DCP. 

The ac tua l  concentration of 1,3-DCP i n  the  exposure 

chamber f o r  t h i s  study was 298.8 f 36.1 (n = 40) .  A steady- 

s t a t e  blood concentration of c i s -  or  trans-1,3-DCP could not 

be achieved i n  r a t s  p re t rea ted  with d ie thy l  maleate and 

piperonyl butoxide a f t e r  they were exposed t o  1,3-DCP f o r  4 



h r s  ( F i g .  R-10, R - 1 1 ,  R-12, and R-13) . I n  c o n t r a s t ,  t h e  

b lood  c o n c e n t r a t i o n s  of  b o t h  1,3-DCP isomers  i n  r a t s  

p r e t r e a t e d  wi th  SKF-525A were s i m i l a r  t o  t h o s e  of  t h e  c o n t r o l  

r a t s  ( F i g .  R-14 *and R-15).  Both isomers reached t h e i r  

s t e a d y - s t a t e  b lood c o n c e n t r a t i o n s  a f t e r  approximate ly  3 . 5  h r s  

of  exposure .  The average  end-exposure b lood l e v e l s  f o r  c i s -  

and trans-1,3-DCP were: 1 . 1 3  f 0.32 pg/ml and 0 .75  f 0.26 

pg/ml, r e s p e c t i v e l y  i n  c o n t r o l  r a t s ;  1 . 0 1  f 0.20 pg/ml and 

0 .75  f 0.18 pg/ml, r e s p e c t i v e l y ,  i n  r a t s  p r e t r e a t e d  wi th  SKF- 

525A; 2.42 21.24 pg/ml and 2.46 f 1.20 pg/ml, r e s p e c t i v e l y ,  

i n  r a t s  p r e t r e a t e d  w i t h  p i p e r o n y l  bu tox ide ;  and 5 .47  f 1 .80  

pg/ml and 2.74 f 0 .71  pg/ml, r e s p e c t i v e l y ,  i n  r a t s  p r e t r e a t e d  

wi th  d i e t h y l  m a l e a t e .  

The model a l s o  was used t o  s i m u l a t e  t h e  t ime  course  of  

c i s -  and trans-1,3-DCP c o n c e n t r a t i o n  i n  t h e  b lood of  r a t s  

p r e t r e a t e d  wi th  MFO i n h i b i t o r s  and d i e t h y l  m a l e a t e .  The b e s t  

e s t i m a t e s  of  t h e  t o x i c o k i n e t i c  pa ramete r s  a r e  shown i n  Tables  

R-6 and R-7. Blood concen t ra t ion- t ime  curves  g e n e r a t e d  from 

t h e s e  pa ramete r s  a r e  shown i n  F i g s .  R-10 t o  R-15. A s  wi th  

t h e  c o n t r o l  r a t s  i p  s a l i n e ,  t h e  model-predicted 1,3-DCP 

c o n c e n t r a t i o n s  i n  t h e  b lood agreed  w i t h  t h e  exper imenta l  d a t a  

o n l y  d u r i n g  t h e  p e r i o d  b e f o r e  t h e  315 min t ime  p o i n t .  The 

c a l c u l a t e d  Cl tO ta l  o f  cis-1,3-DCP (trans-1,3-DCP) were 1 . 8 8  

ml/min (4.42 ml/min) , 5.42 ml/min (3 .85  ml/min) , 1 . 0 9  ml/min 

(2 .56  ml/min) ,  and 1 .05  ml/min (1 .83  ml/min) ,  f o r  s a l i n e - ,  
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Table R-6 

Toxicokinetic parameters descr ibing t h e  uptake and clearance 

of cis-1,3-DCP i n  the  blood of r a t s  p re t rea ted  with MFO 

i n h i b i t o r s  o r  a -g lu ta th ione  deplet ing agent .a  

SKF P I P  DEM Sal ine 

a .  Rats were p re t rea ted  with one of t h e  chemicals a s  

described i n  t h e  Methods before being exposed t o  300 ppm 1,3- 

DCP f o r  4 h r s  i n  a  nose-only inhala t ion  chamber. Values a re  

mean of 3-4 r a t s .  

b .  SKF, P I P ,  and DEM a r e  t h e  abbreviat ions of SKF-525A, 

piperonyl butoxide and d ie thy l  maleate, respect ive ly .  The 

r a t s  p re t rea ted  with s a l i n e  a re  a s  cont ro l .  



Table R-7 

Toxicokinetic parameters descr ibing t h e  uptake and clearance 

of trans-1,3-DCP i n  t h e  blood of r a t s  p re t rea ted  with MFO 

i n h i b i t o r s  o r  a glutathione deplet ing agent.a 

SKF P I P  DEM Sal ine 

a .  Rats were p re t rea ted  with one of t h e  chemicals a s  

described i n  t h e  Methods before being exposed t o  300 ppm 1,3- 

DCP f o r  4 hr  i n  a nose-only inhala t ion  chamber. 

b .  SKF, P I P ,  and DEM a r e  abbreviat ions of SKF-525Af 

piperonyl butoxide and d ie thy l  maleate, respect ive ly .  The 

r a t s  p re t rea ted  with s a l i n e  a r e  a s  con t ro l .  



SKF 525-A-, piperonyl butoxide- and d ie thy l  maleate- 

p re t rea ted  r a t s ,  respect ive ly .  

3 .  Tissue d i s t r i b u t i o n  of 1,3-DCP i n  r a t s .  

a .  Tissue d i s t r i b u t i o n  of 14C a f t e r  exposing r a t s  t o  14C-1,  3- 

DCP i n  a  nose-only exposure chamber. 

The a c t u a l  exposure concentration i n  t h e  chamber was 

97.35 f 7.73 ppm (n =30) . 14C was d i s t r i b u t e d  widely i n  t h e  

r a t  t i s s u e s  following a  3-hr exposure t o  1,3-(14C) -DCP. Table 

R-8 shows r a d i o a c t i v i t y  d i s t r i b u t i o n  i n  various t i s s u e s  

High 14C l e v e l s  were found i n  the  following organs: the  

ur inary  bladder (40.14 pg/g) , kidney (21.48 pg/g) , small 

i n t e s t i n e  (14.10 pg/g) and l i v e r  ( 7 . 9 2  pg /g ) .  They were 2 t o  

2 0  fo ld  higher than those i n  t h e  muscle, hea r t ,  t e s t e s ,  brain 

and f a t .  

Cumulative excret ion of 14C i n  t h e  ur ine  and feces  of 

r a t s  i s  shown i n  Fig R-16 .  The ur ine was t h e  major 

e l iminat ion route  of 1,3-DCP. Nearly a l l  1,3-DCP absorbed 

was excreted within 2 4  h r s .  

The concentration of 4C i n  t h e  blood increased with time 

during t h e  3  h r s  of exposure (Fig R - 1 7 ) .  Peak concentration 

of 14C i n  t h e  blood was about 5  pg/ml. 14C was eliminated 
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from t h e  blood i n  a  biphasic,  exponential  manner (Fig R - 1 7 ) .  

The equation f o r  t h e  best  f i t  of the  da ta  was 

F ( t )  = 2 - 4 9 9  e-0.025t  + 2 . 4 2 0  e-0 .000167 t  

where F ( t )  i s  t h e  f r a c t i o n  remaining t o  be excreted a t  time t 

(rnin). The estimated el iminat ion ha l f - l ives  of f a s t  and slow 

phases were 2 7 . 7 2  min (0.46 h r )  and 4 1 4 9 . 7  min ( 6 9 . 1 6  h r ) ,  

respect ive ly .  

b .  Tissue d i s t r i b u t i o n  of unchanged 1,3-DCP a f t e r  exposing 

r a t s  t o  unlabeled 1,3-DCP i n  a  whole-body chamber. 

In t h i s  experiment, t h e  ac tua l  1,3-DCP concentration i n  

the  whole-body chamber was 280.3 + 1 7 . 7  ppm (n = 8 ) .  Table 

R-9 shows t h e  percentage recoveries of c i s -  and trans-1,3-DCP 

by e the r  from various t i s s u e s .  Ether ex t rac t ion  recoved 

98.0% and 91.5%, respect ively,  of added c i s -  and trans-1,3- 

DCP t o  t i s s u e s .  

Among t h e  t i s s u e s  examined, c i s -  and trans-1,3-DCP were 

found i n  the  stomach and t h e  adipose t i s s u e  of r a t s  following 

1,3-DCP vapor exposure. About 2 . 1 9  mg/g and 4.35 mg/g of the  

c i s -  and trans-isomer, respect ively,  were found i n  t h e  f a t  

immediately a f t e r  1,3-DCP exposure (Table R - 1 0 ) .  Twelve 

hours a f t e r  exposure, the re  was no unchanged 1,3-DCP i n  the  

f a t .  Trans-1,3-DCP concentration i n  t h e  f a t  was 2-3 times 

higher than t h a t  of cis-1,3-DCP, although t h e  r a t i o  of 

c i s : t r a n s  isomers i n  the  exposure mixture was 1 . 3 : l .  About 



Table R-9 

Recovery ( % )  of cis- and  trans-1,3-DCP from r a t s  t i s s u e s . *  

L i v e r  

Kidney 

B r a i n  

Lung 

Stomach 

Smal l  i n t e s t i n e  

Muscle 

P e r i r e n a l  f a t  

* Values  a r e  r e p r e s e n t e d  a s  r e c o v e r y  ( % )  f s t a n d a r d  

d e v i a t i o n  from 4-5 d e t e r m i n a t i o n s .  The 1,3-DCP c o n c e n t r a t i o n  

r ange  was 50 ng/ml t o  500 ng/ml.  The r a t i o  of  t h e s e  two 

i somers  was 1 . 3  : 1 (c i s  : t r a n s )  . 



Table R-10 

Time course of c i s -  and trans-1,3-DCP concentration i n  the  

f a t  (pg/g) of r a t s  exposed t o  300 ppm of 1,3-DCP vapor f o r  4 

hours. 

Postexposure 

Time ( h r )  cis-1,3-DCP* trans-1.3-DCP 

* :  The values a r e  presented as  mean f S D  of 3 or  4 r a t s .  

a :  The values a re  presented as  one s ing le  r a t  value or  an 

average value of two r a t s .  

nd: not de tec table .  



53.1 pg/g trans-DCP could be detected i n  t h e  stomach 

immediately a f t e r  exposure(data not shown), but it 

disappeared i n  1 hr  a f t e r  exposure. No cis-1,3-DCP could be 

detected i n  the-stomach a t  any time a f t e r  exposure. 

111. Biotransformation of 1,3-DCP by r a t s .  

1. Ef fec t s  of inhaled 1,3-DCP on r a t s  MFO systems. 

As indica ted  by an on-line MIRAN in f ra red  

spectrophotometer and the  gas chromatography, chamber 

concentration of 1,3-DCP was very s t a b l e .  The nominal 

( ac tua l  a s  mean f SD) concentrations of t h e  chamber were: 35 

ppm, (35.3 f 2.8 ppm) ; 150 ppm, ( 1 4 0 . 7  + 1 4 . 4  ppm) ; and 300 

ppm, (295.9 f 28.0 ppm) . The ac tua l  concentrations were 

ca lcula ted  from 1 0  d i f f e r e n t  gas chromatographic 

determinations of each exposure. 

After  1,3-DCP exposure, body weight l o s s  was detected i n  

r a t s  a t  a l l  exposure l eve l s  (Table R - 1 1 )  . However, the re  

were no changes of l i v e r  t o  body weight and lung t o  body 

weight r a t i o s  between the  t r e a t e d  and cont ro l  r a t s .  In 

con t ras t ,  kidney t o  body weight r a t i o  of t h e  t r e a t e d  r a t s  was 

higher than t h a t  of t h e  control ,  e spec ia l ly  f o r  r a t s  exposed 

t o  35 ppm and 300 ppm 1,3-DCP (Table R-11)  . 
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Table R-12 summarizes the effects of 1,3-DCP on hepatic 

MFO activities and cytochrome P-450 and cytochrome b5 contents 

after exposing rats to 35, 150, and 300 ppm 1,3-DCP vapor for 

3 days. ~icrosomal cytochrome P-450 and cytochrome b5 

contents were significantly decreased. Hepatic microsomal 

MFO enzyme activities such as aminopyrene N-demethylase, 7- 

ethoxycoumarin 0-deethylase, 7-ethoxyresorufin 0-deethylase, 

benzo(a)pyrene hydroxylase also were significantly decreased 

in the rats exposed to 150 ppm and 300 ppm 1,3-DCP. In 

contrast, no significant change in the renal microsomal 

cytochrome P-450 content and 7-ethoxycoumarin 0-deethylase 

activity was detected in the 1,3-DCP-treated rats (Table R- 

13) . 

2. In vitro destruction of cytochrome P-450. 

Cytochrome P-450 content in liver microsomes of rats was 

lowered after incubation with 1,3-DCP (Table R-14). In the 

absence of 1,3-DCP or a NADPH generating system, cytochrome 

P-450 was not destroyed. Cytochrome P-450 destruction also 

was observed in microsomes prepared from untreated and 

phenobarbital-treated rats. A greater loss of cytochrome P- 

450 was found in the phenobarbital-treated rats than in the 

untreated rats. 

3. In vitro metabolism and irreversible binding of 14C- 

1,3-DCP to rat liver microsomal protein. 
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Table R-14 

1,3-DCP-mediated destruction of cytochrome P-450 in rat liver 

microsomes. 

Incubation An ima 1 Contents of P-450 (nmole/mg protein) 

substrate treatment +NADPH -NADPH 

10 mM 1,3-DCP None 0.35 f 0.03 0.59 f 0.09 

Phenobarbital 0.63 f 0.12 1.32 f 0.03" 

1 mM 1,3-DCP None 0.42 f 0.22 0.67 f 0.15* 

Phenobarbital 0.66 f 0.18 1.24 f 0.20* 

* Significantly different (P < 0.01); results are expressed 

as mean f S.D. (n = 3-4). 



14C-1,3-~Cp was incuba ted  f o r  v a r y i n g  l e n g t h s  of  t i m e  

w i t h  washed l i v e r  microsomes i n  t h e  p resence  of  a  NADPH- 

g e n e r a t i n g  system. F i g s .  R-18 and R-19 show t h a t  l i n e a r i t y  

of  b i n d i n g  t o  r a t  l i v e r  microsomal p r o t e i n  i s  a  f u n c t i o n  of 

b o t h  t i m e  and microsomal p r o t e i n  c o n c e n t r a t i o n s .  The b ind ing  

of 14C-1,3-DCP t o  microsomal p r o t e i n  was l i n e a r  f o r  about  10 

min i n c u b a t i o n  t ime  and up t o  2  mg/ml microsomal p r o t e i n  p e r  

i n c u b a t i o n .  

The e f f e c t s  of NADPH, a n a e r o b i c  (N, gas  a tmosphere ) ,  

carbon monoxide atmosphere ( 9 0 %  CO, 10% 02 ) ,  p i p e r o n y l  

bu tox ide  (1 mM) and SKF-525A (1 mM) on t h e  e x t e n t  of b ind ing  

of 14C-l,3-DCP d e r i v a t i v e s  t o  microsomal p r o t e i n  a r e  g iven i n  

Table R-15. No b i n d i n g  occur red  i n  t h e  absence  o f  NADPH. 

But 0, and CO d i d  no t  s i g n i f i c a n t l y  a f f e c t  b i n d i n g .  Addi t ion  

of SKF-525A (1 mM) d i d  n o t  change t h e  b i n d i n g  of  1,3-DCP t o  

microsomes. Addi t ion  of p i p e r o n y l  bu tox ide ,  a  

methylenedioxyphenyl MFO i n h i b i t o r ,  t o  t h e  i n c u b a t i o n  a t  1 mM 

s i g n i f i c a n t l y  dec reased  14C-1,3-DCP bound t o  t h e  microsomal 

p r o t e i n s .  



F i g .  R-18 

Linear i ty  of i r r e v e r s i b l e  binding of 1,3-DCP t o  r a t s  l i v e r  

microsomes. 

mg microsomal 
protein/ incubate  

* 1,3- (14c-2) -DCP were incubated with d i f f e r e n t  amount of 

r a t s  microsomes f o r  10 min a t  37OC i n  t h e  presence of a  

NADPH-generating system. 

Values a r e  mean of four  determinations.  



F i g .  R-19 

I n  v i t r o  i r r e v e r s i b l e  b i n d i n g  of 1,3-DCP t o  r a t s  l i v e r  

microsomes. 

0  10 20 30  40 50 60 70 
Durat ion  of i n c u b a t i o n  (min) 

* Rats  l i v e r  microsomal p r o t e i n  (2  mg/ml) were incuba ted  

wi th  1 4 c - 1 , 3 - ~ c p  f o r  v a r y i n g  l e n g t h s  o f  t i m e  i n  t h e  p resence  

of  a  NADPH-generating system. 

Values a r e  mean of f o u r  d e t e r m i n a t i o n s .  



Table R-15 

C o n d i t i o n s  f o r  i r r e v e r s i b l e  p r o t e i n  b i n d i n g  o f  1 4 C - 1 , 3 - ~ ~ ~  t o  

r a t s  l i v e r  m i c r o s o m a l  p r o t e i n .  

14C-1,  3-DCP bound ( n m o l e / i n c u b a t i o n )  b 

R e a c t i o n  M i x t u r e  

L i v e r  mic rosomes  

Completea  

-NADPH 

+N2 

+CO 

B o i l i n g  mic rosomes  

SKF-525A (1 mM) 

P i p e r o n y l  b u t o x i d e  (1 mM) 

a .  I n c u b a t i o n s  were c a r r i e d  o u t  w i t h  14C-1, 3-DCP ( 0 .  056mMf 

s p e c i f i c  a c t i v i t y  o f  14C-1,3-DCp w a s  0 . 1 5 6  nCi /nmole )  a n d  

a NADPH-generating s y s t e m ,  e x c e p t  as n o t e d .  

b .  I n c u b a t i o n  t i m e  w a s  1 0  min a n d  m i c r o s o m a l  p r o t e i n  

c o n c e n t r a t i o n  w a s  2  m g / i n c u b a t e .  

* s i g n i f i c a n t l y  d i f f e r e n t  ( p  < 0 . 0 5 )  f r o m  c o m p l e t e  r e a c t i o n  

m i x t u r e .  



S4. DISCUSSION 

When a  whole-body inhala t ion  chamber i s  operated 

normally under dynamic conditions,  the  flow r a t e  (F)  through 

the  chamber general ly  f a l l s  i n  t h e  range of 0.1-1.0 V (where: 

V = volume of chamber i n  l i t e r ,  MacFarland, H.N., 1983) . 

The equation of the  concentration-time curve i n  a  

dynamic inhala t ion  chamber i s  described by S i l v e r  ( 1 9 4 6 ) .  

where: C t  = t h e  concentrations a f t e r  t min of operation, 

f  = t o t a l  flow of agent through chamber ( l i t e r ) ,  

F = t o t a l  flow through chamber during 

operation ( l i t e r ) ,  

V = volume of chamber ( l i t e r ) .  

This equation assumes t h a t  f  and F remain constant and 

t h a t  t h e r e  i s  pe r fec t  mixing i n  the  chamber. Because of the  

exponential  form of t h e  equation, t h e  chamber t h e o r e t i c a l l y  

never a t t a i n s  equilibrium. Therefore, t h e  time required t o  

a t t a i n  a  given percentage of the  equilibrium concentration i n  

t h e  chamber i s  given by t h e  equation, 



where:  tx = t i m e  r e q u i r e d  t o  a t t a i n  x% o f  t h e  

e q u i l i b r i u m  c o n c e n t r a t i o n ,  

K = a " c o n s t a n t "  whose v a l u e  i s  d e t e r m i n e d  by 

t h e  v a l u e  o f  x,  e . g . ,  t g g ,  t h e  t i m e  

r e q u i r e d  t o  r e a c h  99% o f  t h e  e q u i l i b r i u m  

c o n c e n t r a t i o n s ,  K=4.605, 

F = t o t a l  f l ow t h r o u g h  chamber ( l i t e r ) ,  

V = volume o f  chamber ( l i t e r ) .  

The d u r a t i o n  o f  exposu re  t i m e  i s  d e f i n e d  as t h e  i n t e r v a l  

f rom t h e  a g e n t  b e g i n  t o  f l o w  t o  t h e  chamber t o  t h e  t i m e  when 

t h e  a g e n t  f l o w  i s  s t o p p e d .  I t  i s  s u g g e s t e d  t h e  d u r a t i o n  o f  

e x p o s u r e  s h o u l d  b e  a t  l e a s t  1 3  times t g g  (MacFarland, H . N . ,  

1976)  . 

I n  t h e  p r e s e n t  s t u d y ,  t h e  t o t a l  f l o w  r a t e  t h r o u g h  t h e  

whole-body chamber (F )  w a s  abou t  140 l / m i n  which i s  

e q u i v a l e n t  t o  35% o f  t h e  chamber volume (= 400 l i t e r s )  and  i s  

w i t h i n  t h e  normal  F r ange  r e q u i r e d  f o r  a  dynamic i n h a l a t i o n  

chamber.  Under t h e  e x p e r i m e n t a l  c o n d i t i o n s ,  t h e  c a l c u l a t e d  

t g g  was 1 3  min and  t h e  exposu re  p e r i o d s  s h o u l d  b e  more t h a n  

2 . 5  h r s .  S i n c e  ra ts  w e r e  exposed  t o  1,3-DCP i n  t h e  whole- 

body chamber f o r  more t h a n  4 h o u r s  i n  t h e  p r e s e n t  s t u d y ,  t h e  

e x p e r i m e n t a l  d e s i g n  h a s  m e t  a l l  t h e  e x p o s u r e  r e q u i r e m e n t  o f  a 

good i n h a l a t i o n  s t u d y .  



The r e s u l t s  i n d i c a t e  t h a t  uptake  of b o t h  cis-1,3-DCP and 

trans-1,3-DCP by r a t s  i s  r a p i d .  During a  4-hr 1,3-DCP 

exposure,  t h e  isomers r each  a  s t e a d y  c o n c e n t r a t i o n  i n  t h e  

blood,  which does no t  i n c r e a s e  p r o p o r t i o n a t e l y  wi th  

i n c r e a s i n g  exposure  c o n c e n t r a t i o n s  ( F i g s .  R-1  and R-2). The 

c o n c e n t r a t i o n  of  c is - i somer  i n  b lood was h i g h e r  t h a n  t h a t  of 

t r ans - i somer  i n  t h e  b lood .  This  r e f l e c t s  t h e  c i s / t r a n s  

r a t i o s  (1 .3-1 .4)  of  t h e  1,3-DCP used i n  t h e  s t u d y .  I n  

c o n t r a s t ,  t h e  t r ans - i somer  c o n c e n t r a t i o n  was h i g h e r  t h a n  t h a t  

of  t h e  c i s - i somer  i n  t h e  post-exposure p e r i o d .  T h i s  i s  

c o n s i s t e n t  wi th  p r e v i o u s  r e p o r t s  t h a t  cis-1,3-DCP i s  

metabo l i zed  by g l u t a t h i o n e  con juga t ion  4-5 t i m e s  f a s t e r  t h a n  

t r ans - i somer  (Cl imie  e t  a 1  . , 197 9 )  . 

The e l i m i n a t i o n  of  b o t h  1,3-DCP isomers  from t h e  blood 

of  r a t s  f o l l o w i n g  i n h a l a t i o n  exposure i s  r e l a t e d  t o  t ime  i n  a  

b i - e x p o n e n t i a l  manner ( F i g s .  R-1 and R-2).  During t h e  course  

of  my work, S t o t t  and K a s t l  (1986) r e p o r t e d  s i m i l a r  b i p h a s i c  

e l i m i n a t i o n  curves  i n  t h e  blood of r a t s  exposed t o  v a r i o u s  

c o n c e n t r a t i o n s  of  t e c h n i c a l  g rade  1,3-DCP i n  a  nose-only 

chamber. These a u t h o r s  a l s o  showed t h a t  t h e  uptake  of 1 ,3 -  

DCP by r a t s  d i d  n o t  i n c r e a s e  p r o p o r t i o n a t e l y  wi th  i n c r e a s i n g  

exposure  c o n c e n t r a t i o n  due t o  an exposure  l e v e l - r e l a t e d  

d e c r e a s e  i n  t h e  r e s p i r a t o r y  v e n t i l a t i o n  f requency of  r a t s  

exposed t o  >90 ppm 1,3-DCP and t h e  s a t u r a t i o n  of 1,3-DCP 

metabolism i n  r a t s  exposed t o  >300 ppm 1,3-DCP. My r e s u l t s  



on t h e  end-exposure blood l eve l s  and t h e  ha l f - l ives  of the  

post-exposure terminal  phase of t h e  el iminat ion a r e  

cons is ten t  w i t h  t h e i r  f indings.  

Previous s tud ies  suggested t h a t  metabolic clearance i s  

the  major route  by which 1,3-DCP i s  eliminated from the  r a t  

(Dietz e t  a l . ,  1984 : Hutson e t  a l . ,  1 9 7 1 )  . Therefore, about 

50-80% of t h e  14c-labeled 1,3-DCP administered o r a l l y  was 

excreted i n  t h e  ur ine by r a t s  and mice. Another 1 4 - 1 7 %  of 

the  o r a l  dose was eliminated a s  14c02. Only < 0.6% of t h e  

administered 1,3-DCP was exhaled a s  a v o l a t i l e  organic 

mater ia l  (Dietz e t  a l . ,  1984) . Hutson e t  a l .  ( 1 9 7 1 )  a l s o  

showed t h a t  r a t s  which received 10 mg/kg of t h e  14c-labeled 

c i s -  o r  trans-1,3-DCP excreted about 81 and 57% of the  1,3- 

DCP-derived radio label ,  respect ively,  i n  t h e  ur ine w i t h i n  24  

h r .  Another 4 %  of t h e  c i s -  isomer and 2 4 %  of the  t rans-  

isomer were excreted as  C02 and l e s s  than 4 %  of both isomers 

were exhaled. A majority of t h e  absorbed 1,3-DCP i s  

conjugated with glutathione i n  r a t s  s ince  N-acetyl-S-(3- 

chloroprop-2-eny1)cysteine has been i d e n t i f i e d  as  the  primary 

ur inary  excret ion product (Climie e t  a l . ,  1979: Dietz e t  a . ,  

1984: Fisher  and Kilgore, 1988). The mercapturic ac id  

conjugate of cis-1,3-DCP a l s o  has been i d e n t i f i e d  i n  t h e  

ur ine  of fumigant app l i ca to r s  exposed t o  the  vapor of 1,3-DCP 

(Osterloh e t  a1  . , 1984) . In a recent study, Fisher  and 

Kilgore (1989) showed t h a t  glutathione conjugation of 1,3-DCP 



i n  t h e  r a t  may become sa tura ted  a t  an exposure l e v e l  a s  low 

a s  78 ppm 1,3-DCP. 

Total  clearance ( C l t o t a l )  represents  t h e  volume of plasma 

c leared  of 1,3-DCP, by a l l  e l iminat ion mechanisms, per un i t  

time. The ca lcula ted  C l t o t , l  of cis-1,3-DCP (trans-1,3-DCP) 

a r e  1.73 ml/min (1.82 ml/min) , 1.88 ml/min ( 4 . 4 2  ml/min) , and 

4 . 6 1  ml/min (3.22 m l / m i n )  f o r  r a t s  exposed t o  100 ppm, 300 

ppm, and 500 ppm vapor mixture of 1,3-DCP, respect ive ly .  The 

Cl to t , l  of both isomers i n  the  100 ppm 1,3-DCP exposed r a t s  

a r e  very s imi la r  s ince  they a re  cleared by a l i n e a r  process.  

The C l t o t a l  of trans-1,3-DCP i s  higher than t h a t  of cis-1,3- 

DCP i n  t h e  300 ppm exposed r a t s  s ince trans-1,3-DCP i s  

c leared  by a sa tu ra ted  (nonl inear)  process and cis-1,3-DCP 

s t i l l  c leared  by a l i n e a r  process.  The Cl to t a l  of cis-1,3-DCP 

i s  higher than t h a t  of t h e  t r ans -  isomer i n  t h e  500 ppm r a t s  

s ince  both isomers a r e  metabolized or  c leared  by the  maximal 

r a t e s  and cis-1,3-DCP has been shown t o  be metabolized a t  a 

f a s t e r  r a t e  than trans-1,3-DCP (Climie e t  a l . ,  1 9 7 9 )  . 

The r e s u l t s  presented i n  Table R-14 provide evidence 

t h a t  microsomal cytochrome P-450 content i s  lowered by a 

metabolite of 1,3-DCP, s ince the  l o s s  of cytochrome p-450 

occurs only i n  incubation with 1,3-DCP and i n  the  presence of 

a NADPH-generating system. Cytochrome P-450 des t ruc t ion  did 

not r e s u l t  from l i p i d  peroxidation, s ince  both EDTA and BHT 

( s t rong i n h i b i t o r s  of l i p i d  peroxidation) d id  not prevent the  



l o s s  of P-450 when added t o  t h e  incubation mixture. 

Destruction of cytochrome P-450 by chemicals containing a 

terminal  o l e f i n  group has previously been reported by O r t i z  

de Montellano and Correia (1983) . Results of t h e  present 

study (Table R-14 )  a r e  s imi la r  t o  those reported f o r  o ther  

o l e f i n s ,  which show a s imi la r  degree of cytochrome P-450 

des t ruc t ion  regardless  of concentration used ( O r t i z  de 

Montellano and Mico, 1980).  Ethylene and o ther  terminal  

o l e f i n s  were shown t o  destroy cytochrome P-450 by p ros the t i c  

heme a lkyla t ion  ( O r t i z  de Montellano and Correia, 1983).  

Several  o l e f i n i c  compounds, such a s  2,2-diethyl-4-pentenamide 

and secobarbi ta l ,  i nac t iva te  cytochrome P-450 by heme 

a lky la t ion  and a l s o  d i s rup t  heme biosynthesis  ( O r t i z  de 

Montellano and Correia, 1983).  I t  i s  unknown whether these  

mechanisms a r e  involved i n  the  des t ruc t ion  of cytochrome P- 

450 by 1,3-DCP. Nevertheless, inac t iva t ion  of cytochrome P- 

450 by 1,3-DCP may account f o r  t h e  i n  vivo l o s s  of l i v e r  

microsomal cytochrome P-450 contents and decrease of i t s  

metabolic a c t i v i t i e s  observed i n  r a t s  exposed t o  1,3-DCP 

vapor f o r  3 days (Table R - 1 2 ) .  

The chemical i d e n t i t y  of t h e  1,3-DCP metabolite 

responsible f o r  cytochrome P-450 des t ruc t ion  remains unknown, 

but i s  probably an epoxide or  a cat ion of 1,3-DCP. Van 

Durren e t  a l .  ( 1 9 7 9 )  have postulated t h a t  halogenated 

o l e f i n i c  hydrocarbons a re  metabolized by microsomal 

oxygenates t o  r eac t ive  epoxides which could reac t  with 



macromolecules and i n i t i a t e  carcinogenic o r  mutagenic 

processes .  More recent ly,  Neudecker and Henschler (1986) 

have shown t h a t  1,3-DCP i s  metabolized i n  v i t r o  by r a t  l i v e r  

post-mitochondrial supernatant v ia  a hydrolytic-oxidative 

pathway which includes cleavage of the  C1-leaving group i n  

the  a l l y l i c  pos i t ion  and t h e  oxidation of a l l y l i c  alcohol by 

alcohol dehydrogenase t o  1-chloro-acrolein. This metabolic 

pathway i s  not a f fec ted  by SKF-525A s ince  t h e  mutagenic 

a c t i v i t y  of 1,3-DCP i s  not changed by the  inclusion of SKF- 

5 2 5 A  i n  t h e  Salrnonella/rat microsome assay.  In Fig .  D - 1 ,  the  

metabolic pathways of 1,3-DCP presented. These metabolic 

pathways a r e  cons is ten t  w i t h  t he  report  t h a t  cis-1,3-DCP i s  

more a c t i v e  than trans-1,3-DCP a s  an a lky la t ing  compound 

s ince  t h e  c i s -  isomer favors ca t ion  s t a b i l i z a t i o n  due t o  

s t e r i c  hindrance and neighboring e f f e c t s  of t h e  chlor ine  

atoms (Neudecker e t  a l . ,  1980).  The formation of a ca t ion  

intermediate,  ins tead  of a 1,3-DCP oxide a s  a r eac t ive  

metabolite of 1,3-DCP, a l s o  i s  cons is ten t  w i t h  my f indings 

t h a t  1,3-DCP i s  metabolized t o  an a lky la t ing  agent which 

binds i r r e v e r s i b l y  t o  r a t  l i v e r  microsomes and t h a t  SKF-525A 

has no e f f e c t  on t h e  binding o r  the  formation of t h e  

metabolite (Table R-15). 

Toxicokinetics i s  t h e  study of t h e  time course of a 

toxicant  o r  i t s  metabolite l e v e l s  i n  d i f f e r e n t  f l u i d s ,  

t i s s u e s ,  and excreta  of t h e  body. B t ox icok ine t i c  model 

reduces complicated b io log ica l  processes i n t o  simple 





d i f f e r e n t i a l  equations which could be used t o  descr ibe the  

b io log ica l  f a t e s  of a  toxicant .  The following information 

has been incorporated i n t o  the  1,3-DCP model : ( a )  t h e  model 

i s  a  two compartment model s ince 1,3-DCP i s  eliminated from 

t h e  blood i n  a  biphasic  manner, (b)  a  decrease i n  the  

r e sp i ra to ry  v e n t i l a t i o n  frequency of r a t s  exposed t o  >90 ppm 

1,3-DCP, and ( c )  1,3-DCP absorbed by t h e  r a t  i s  metabolized 

by g lu ta th ione  conjugation, the  enzymic a c t i v i t y  of which i s  

sa tu rab le  a t  an exposure concentration of 78 ppm 1,3-DCP. 

This information appears t o  be e s s e n t i a l  f o r  t h e  successful  

development of a  1,3-DCP model. I have attempted 

unsuccessfully t o  use a  two-compartment tox icok ine t i c  model 

with zero-order (constant r a t e )  input and f i r s t - o r d e r  

( l i n e a r )  e l iminat ion t o  descr ibe t h e  time course of the  blood 

data;  although such a  model descr ibes  adequately the  blood 

da ta  of r a t s  exposed t o  100 ppm or  300 ppm 1,3-DCP it does 

not f i t  t h e  da ta  of r a t s  exposed t o  500 ppm 1,3-DCP (da ta  not 

shown) . 

The proposed toxicokine t ic  model f a i l s  t o  predic t  the  

blood concentration of 1,3-DCP i n  t h e  r a t s  beyond t h e  315 min 

time point  (F igs .  R-5 t o  R-15). This most l i k e l y  r e s u l t s  

from 1,3-DCP-induced hepat ic  cytochrome P-450 des t ruc t ion  

which begins t o  show i t s  e f f e c t s  on t h e  k i n e t i c s  of 1,3-DCP 

i n  t h e  blood a t  about 315 min a f t e r  t h e  i n i t i a t i o n  of t h e  

experiment. Since t h e  proposed k i n e t i c  model does not 

include cytochrome P-450 des t ruc t ion ,  the  model i s  v a l i d  only 



during t h e  per iod before t h e  315 min time po in t .  Several 

l i n e s  of evidence o f f e r  addi t ional  support t o  t h i s  

hypothesis:  (1) The discrepancy between t h e  model-predicted 

and experimental- blood concentration da ta  a f t e r  t h e  315 min 

experimental per iod exacerbates with increasing 1,3-DCP 

exposure concentrat ions.  This i s  expected s ince  1,3-DCP i s  

metabolized by r a t s  a t  r a t e s  approaching V,,, when they a re  

exposed t o  high 1,3-DCP vapor concentrat ions.  In other  

words, cytochrome P-450 des t ruc t ion  i s  more extensive i n  the  

500 ppm r a t s  than t h e  100 ppm r a t s .  Therefore, t h e  

d i f ference  between t h e  model-predicted and experimentally 

obtained blood concentration i s  l a r g e r  i n  t h e  500 ppm r a t s  

than i n  t h e  100 ppm r a t s .  ( 2 )  The discrepancy between the  
I 

model-predicted and experimental data  i s  more evident i n  the  

c i s -  isomer blood curve than the  t r ans -  isomer blood curve, 

s ince  t h e  c i s -  isomer blood curve i s  more s e n s i t i v e  t o  

cytochrome P-450 des t ruc t ion  than t h a t  of t h e  t r ans -  isomer. 

(3)  The discrepancy between the  model-predicted and 

experimental r e s u l t s  i s  most evident i n  r a t s  p re t rea ted  w i t h  

piperonyl butoxide (Figs .  R-12 and R-13). Since piperonyl 

butoxide i n h i b i t s  hepat ic  MFO a c t i v i t i e s ,  it has a  s imi la r  

e f f e c t  on t h e  k i n e t i c s  of 1,3-DCP a s  a  chemical which 

destroys cytochrome P-450. 
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