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This laboratory developed an in vitro technique which semiquanti- 
tatively reproduced in vivo metabolic processes of the insecticide 
carbaryl in dog, guinea pig, rat and man (SULLIVAN et al. 1972, 
CHIN et al. 197#, 1979). 

The object of this study was to evaluate whether the in vitro 
technique is also operative when the hydrocarbon product - ~ e ~  
ethylbenzene isomers (MEB) - is used as the test chemical in rats 
and dogs. To meet this requirement, metabolic profiles of the 
test chemical in the urine of rats and dogs exposed to the vapors 
of the test chemical were generated and these profiles were com- 
pared with in vitro liver-generated metabolic profiles which re- 
sulted from the incubation of the test chemical with livers from 
rats and dogs. The liver was the organ of choice for this inves- 
tigation because many metabo l i tes  formed in l i v e r  were found in 
the ur ine (PARKE 1968, CHIN e t  a l .  1979). 

MATERIALS AND METHODS 

14C-ring l ab l e l ed  MEB, having s p e c i f i c  a c t i v i t y  o f  approx imate ly  5 
mCi/mmole, was obta ined from New England Nuclear,  Inc.  Unlabeled 
MEB was obtained from P f a l t z  & Bauer, Inc .  The sample o f  MEB was 
a mix tu re  o f  o r tho ,  meta, and para isomers at a r a t i o  o f  approx i -  
mately 1:2:1 r e s p e c t i v e l y .  The s tock so lu t i ons  o f  r a d i o a c t i v e  MEB 
isomers used were d i l u t e d 6 w i t h  corresponding nonrad ioac t i ve  sam- 
p les to g ive  2 to  3 x 10 cpm (counts per min) /uL o f  s o l u t i o n .  
The r a t i o  o f  isomers fo r  the sample o f  MEB was same between l a b e l -  
ed and unlabeled ma te r i a l .  

Rat I n h a l a t i o n .  Three Har lan-Wistar  ra t s  (100-120 g) were exposed 
f o r  6 h to  MEB vapor a t  an approximate concen t ra t i on  o f  I mg/L. 
Deta i led  chamber design and methodologies are descr ibed in CHIN e t  
a l .  (1980b) and CARPENTER et  a l .  (1975). 

Dog I n h a l a t i o n .  A r e s t r a i n e r  at tached to a 12-L P lex i g l as  | box 
was used fo r  head exposure o f  a 6 -yea r -o ld  female beagle dog 
weighing 11 kg. The head of  the beagle was conf ined in the box by 
means of  a s p l i t  Masonite | p la te  f i t t e d  to  the neck s i ze  o f  the 
average adu l t  beagle,  and gasketed wi th  rubber to insure  an a i r -  
t i g h t  f i t .  A 4-L p l a s t i c  bag at tached to  one o u t l e t  was used to  
minimize the pressure changes produced in the box dur ing r e s p i r -  
a t i on .  
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A Komhyr Teflon | pump delivering I L/min was used to circulate the 
air and an Asearite | trap used to collect the CO 2 built up during 
respiration. Oxygen was delivered into the system at approxi- 
mately 70 mL/min to maintain an oxygen concentration of 20.9% in 
the system. 

In V i t r o  Studies.  L ivers  from Harlan-Wistar ra ts  (100-120 g) from 
our breeding colony were used. A mature # .5-year -o ld  female 
beagle dog was anesthetized deeply with 10-15 mL methyoxyflurane 
and exsanguinated. The l i v e r  was then removed and immediately 
prepared for  the in v i t r o  metabolism s tud ies .  

L iver explants were prepared and t rans fe r red  to a GO x 15 mm p e t r i  
dish containing 3 mL of  TROWELL T8 (1959) medium according to the 
methods of  SULLIVAN et a l .  (1972), then the dish was placed in a 
l e a k - t i g h t  2-L s ta in less  s tee l  chamber. The en t i re  un i t  was 
f lushed with a 95% oxygen; 5% carbon d iox ide mixture at the ra te  
of  1.5 L/min for  10 min and the appropr iate dose o f  tes t  chemical 
was in jec ted .  

For a l l  in v i t r o  s tud ies ,  a stock so lu t ion  o f  r ing  1#C-labeled MEB 
with s p e ~ f z ~ t i v i t y  of 0. I m~i/mg was d i l u t ed  with non-radio-  
ac t i ve  MEB to give 16 to 30 x 10 cpm (counts per min)/v~ of  solu-  
t i on .  For a l l  in v i t r o  s tud ies ,  a dose of  10 uL of  " C-MEB per 
2-L s ta in less  s tee l  chamber was used. Under these cond i t ions ,  the 
uptake ra te  of  r a d i o a c t i v i t y  by var ious t i ssues  in an in v i t r o  
chamber was 0.5 to 3% of  the administered dose; which i s  su f ' ~ -  
c ient  for fu r the r  column chromatographic analyses. 

Analytical Procedures for Hydrocarbon Metabolites. Diethylamino- 
eth'yl-sephadex (DEAE-Sephadex) eolumns'"were 'used' for the analyses 
of al l  the metabolites present in animal urines or growth medium 
with the column prepared as follows: 

Fourteen g of  DEAE-Sephadex were weighed in to  a beaker and 100 mL 
0.01 N NH#OH added. This s l u r r y  was placed on a steam bath fo r  
approximately 2 h and then poured in to  a 1.2 x 2# cm glass column. 
The column was then washed with approximately 700 mL 0 . 0 1 N  NH. OH 
fol lowed by washing with 0.005 N ammonium acetate (pH 6.5) u n t i l  
the eluent  was brought to pH 6.5. The column was then ready to be 
run for  MEB metabol i tes .  The e lu t ion  gradients for  these columns 
consisted of  0.005 to 0.05, 0.05 to  0.5 and 0.5 to I N ammonium 
acetate u t i l i z i n g  300 mL o f  each concentrat ion g rad ien t .  Four mL 
f rac t ions  were co l lec ted ,  and every f i f t h  f r a c t i o n  was analyzed by 
l i q u i d  s c i n t i l l a t i o n  counting techniques. 

RESULTS 

A t yp i ca l  1~AE-Sephadex ehromatogram of  the in v ivo ra t  metabo- 
l i t e s  of  C-MEB in 2#-h ur ine specimens fol-~wi-~g-a G-h inha l -  
a t ion period of  MEB vapor i s  shown in Figure I .  The q u a n t i t a t i v e  
resu l t s  obtained from both the in r i ve  and in v i t r o  metabol i tes of  
MEB by ra t  and dog are given in--Tab--l"~1. 
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Major in vivo metabolites found i n  rat urine were B, C, and D 
representing 35, 29, and 31% of the radioactivity respectively. 
Minor metabolites were A~ E~ F, and O representing 0.8 to 2% of 
the dose applied to the column. 

Rat l iver produced al l  of the major in vivo MEB metabolites B, C, 
and D and minor in vivo metabol i tes-] [ , -~ and O. In addition to 
these metabolites, l iver made significant amounts of metabolite A. 

Major in vivo dog metabolites found were B, C and D representing 
19.8~ 27.9 and 48.5% respectively. ~hinor metabolites were A and F 
representing 1.0 and 2.2% of the ' 'C recovered from the column 
respectively. Dog l iver produced al l  of the major in vivo MEB 
metabolites B, C, and D. In addition to these metabolites~ l iver 
made significant amounts of metabolite A (neutral fractions). 
Minor in vivo MEBy~etabolites F and G found in dog l iver amounts 
to 1.1 to T~5-% of 'TC recovered from the column. 
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DISCUSSION 

A major portion (72%) of the absorbed MEB was excreted in the 
urine of the rat when rats were exposed to the average chamber 
concentration of Img MEB/L (CHIN et al. 1980b). Based on the 
profile analysis of the rat urine on DEAE-Sephadex, a total of 7 
unknown MEB metabolites were found. Two of the 7 metabolites 
accounted for 65% of the radioactivity in the 24-h urine. The 
identities of these major metabolites B to D~ which account for 
95% of the urinary metabolites are unknown. They have anionic 
characteristics and polarity similar to the major ethylbenzene 
(EB) metabolites (CHIN et al. 1980a) based on DEAE-Sephadex and 
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s i l i c a  gel column chromatographic p r o f i l e s .  Because i t  appears 
tha t  a l i p h a t i c  ox ida t ion  i s  r e a d i l y  accomplished (ELLIOTT et a l .  
1964) when there i s  a choice between a l i p h a t i c  and aromatic hydro- 
carbon ox ida t ion ,  the possib le major EMB metabol i tes would be very 
s im i l a r  to major EB metabo l i tes .  At leas t  one of  the major meta- 
b o l i t e  could be h ippur i c  acid (g lyc ine  conjugate of  a benzoic 
acid) because c h a r a c t e r i s t i c  e l u t i o n  pat tern of  the major EB 
metabol i te  by s i l i c a  gel  chromatography was the same as tha t  of  
the h ippur i c  acid by s i l i c a  gel chromatography (CHIN 1973). 

Chromatographic p r o f i l e s  of  EMB metabol i tes from dog were very 
s im i l a r  to those of  ra ts  q u a l i t a t i v e l y  and were s l i g h t l y  d i f f e r e n t  
q u a n t i t a t i v e l y .  

Based on the chromatographic p r o f i l e  ana lys is  o f  in  v i t r o  derived 
metabol i tes of  MEB in  r a t  and dog, the in  v i t r o  r e s u l t s  semiquan- 
t i t a t i v e l y  reproduced the in  r i v e  u r i na ry  me--t-~lism of  MEB in  the 
corresponding animal species. 

This in  v i t r o  study confirmed e a r l i e r  s tud ies (SULLIVAN et a l .  
1 9 7 2 ) - T h a - ~ e  in  v i t r o  technique i s  species spec i f i c  and there-  
fore o f fe rs  promise as a method to determine metabolism in man 
semiquan t i t a t i ve l y  wi thout  r eso r t i ng  to the d i r e c t  dosing of  a 
human sub jec t .  The metabol ic in format ion o f  man obtained by the 
in v i t r o  techniquecan f a c i l i t a t e  se lec t ion  of  animals wi th a 
metabol ic pat tern s im i l a r  to man to be used fo r  f u r the r  in-depth 
toxici ty studies, 

Asknowledgement. The authors are indebted to American Petroleum 
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