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Metabo l i sm in vivo of carbon disulf ide to carbonyl  sulfide and carbon dioxide 

in the rat 

(Received 9 July 1977; accepted 19 October 1977} 

Carbon disulfide (CS~) is metabolized to carbonyl  sulfide 
(COS) by rat hepatic mic rosomes  [ I ]. The  react ion requires  
N A D P H ,  is inhibited by carbon monoxide ,  and is s t imu- 
lated by pre t rea tment  of  the rats with phenobarbi tal .  Thus ,  
it appears  that the metabol i sm in vitro of CS~. to COS is 
catalyzed by the cy tochrome  P-450 containing mono-  
oxygenase  sys t ems .  Additional s tudies  have  indicated that 
COS is metabol ized in vitro to CO.,, again in a reaction 
catalyzed by the rat hepatic cy tochrome  P-450 containing 
mono-oxygenase  sys tem[2] .  Studies  by DeMat te is  and 
Seawright  [3] have  shown  that [t4C]CS2 is metabol ized in 
vivo in rats to [~4C]CO.z. The  purpose  of the present  s tudies  
was to de termine  if [~4C]CSz, adminis tered  in vivo to rats,  
was also excre ted  in the breath as [~4C]COS. 

In these  exper iments ,  untreated or phenobarbi tal-  
pretreated male Sprague-Dawley  rats (250-275 g) were 
given [~4C]CS2 dissolved in corn oil by i.p. injection and 
placed individually in a 3-1. metabolic appara tus .  The  
phenobarbi ta l -pret reated rats received i.p. inject ions of 50 
mg/kg of sod ium phenobarbi tal  in distilled water  for 5 days  
followed by adminis t ra t ion of  the  [14C]CS.z 24 hr after  the 
last injection. The  expired air was drawn through a trap 
containing 200 ml of 1 N NaOH and,  in turn,  through two 
traps,  each containing 35 ml of a95% e thano l -d ie thy lamine  
mixture (1: 1, v/v). The airflow through the sys t em was 

approximate ly  1.5 I./min. Three doses  of [~4C]CSz were 
given:  these  were 0.0625. 0.125 and 0 .250m-mole /kg ,  
represent ing 5.64, 11.28 and 22.55/zCi/kg respectively.  
There were three animals  at each dose.  The expired air 
was collected for 4 hr. Preliminary exper iments  indicated 
that expirat ion of radioactivity after  adminis t ra t ion of 
[~C]CS.~ was essential ly complete  in 3 hr. DeMatte is  and 
Seawright[3]  reported that the exhalat ion of intraperi- 
toneally adminis tered [~4C]CSz was virtually complete  in 
4 h r .  

Exper iments  in which ['~C]CS,. was introduced into the 
metabolic appara tus  indicated that only a trace of the 
[~4C]CS~ was retained in the first trap (1 N NaOH).  The 
majori ty was retained in the second trap (95c~ e thano l -  
d ie thylamine,  I : 1, v/v) with a small amount  appearing in 
the third trap, which contained the same solution as the 
second.  Similar exper iments  using ['4C]COS showed that 
about  28 per cent  was retained by the first trap and the 
remainder  was found in the second trap. No  at tempt  was 
made to determine the distr ibution of ['4CICO~ among  the 
various traps.  However ,  the NaOH trap worked very 
efficiently for CO~, and the possibility of spillover of 
[~4C]CO., into the second and third traps appeared re- 
mote.  ['4C]CO2 format ion after  adminis t ra t ion in vivo of 
I~4C]CS~ was determined by liquid scintillation count ing of 

Table 1. [~4C]CO~ and COS content  of  expired air of  untreated rats adminis tered ['~C]CS~* 

Amoun t  Amoun t  Amoun t  Amount  Total 
Dose [14C]CS2 [t4CICO~ [14CICOS [~4C]CS~ recovery of 

1~4C]CS2 adminis tered excreted excreted excreted adminis tered 
(m-mole/kg) (,umoles) (,umoles) (/zmoles) (/~moles} dose (%} 

0.0625 16.54 ± 0.93 1.82 _+ 0.06 4.20 ± 0.19 4.94 + 0.79 66.8 ± I 1,2 
0.125 32.52 ± 3.24 2.23 ± 0.08 4.32 ± 0.38 12.59 + 1.78 59.5 = I 1.4 
0.250 60.57 ± 4.86 4.06 ± 0.25 4.48 ± 0.20 43.99 + 6.89 86.5 = 4.42 

* Each value is the mean  ± S.D. of the da ta  obtained f rom three rats. 
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Table 2. [14C]CO~ and COS content  of expired air of phenobarbi ta l -pret reated rats adminis tered  ['4CICS._,* 

Amoun t  Amoun t  Amoun t  Amoun t  Total 
Dose  [~4CICS=, 1,4C1CO~ [,4CICO S 1,4CICS., recovery of 

i~C1CS,_, adminis tered  excreted excreted excreted adminis tered 
{m-mole/kg) (/~moles) ¢,umoles) ¢/zmoles) (/~moles) dose  (%) 

0.0625 15.66 +_ 1.05 4.27 ± 0.63 2.69 ± 0.84 I. I 1 ± 0.98 48.6 ± I 1.0 
0.125 32.98 ± 2.59 8.01 + 1.16 4.39 + 0.63 6.93 ± 0.53 58.9 ± 7.9 
0.250 69.58 ± 3.92 9.71 ± 1.97 5.23 ÷ 0.40 20.32 ± 3.88 51.0 ± 9.0 
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* Each value is the mean  + S.D. of the data  obtained from three rats. 

an aliquot f rom the first trap; this was corrected for the 
amoun t  of  COS present .  COS was de te rmined  by gas  
ch roma tography  [ 1 ] using essential ly the method  descr ibed 
by Thornsber ry  [4]. CS~ concent ra t ions  in the second and 
third traps were de te rmined  colorimetrically [5]. 

[.4C]CS~ {58mCi/m-mole)  was a product  of  the 
Amersham-Sea r l e  Corp. The  purity was greater  than 99 per 
cent ,  de te rmined  by gas ch romatography  [41. [ '4C]COS 
was syn thes ized  as descr ibed previously  121. 

Table I shows  the resul ts  of  ana lyses  of expired air of  
unt rea ted  rats given ['4C]CS~. The  recovery of the admin-  
istered dose as [L4C]CO~ ranged f rom 7 per cent  at 0.25 
m-mole  to I1 per cent  at 0.0625 m-mole/kg.  [ '4C]COS 
accounted  for 7 per cent  of the adminis tered  dose at 0.25 
m-mole/kg,  13 per cent  at 0.125 m-mole/kg,  and 25 per cent  
at 0.0625 m-mole/kg.  Recovery  of adminis tered radio- 
activity as unchanged  CS.., ranged f rom 30 per cent  at 
0.0625 m-mole /kg to 72 per cent  at 0.25 m-mole/kg.  
Total  recovery of adminis tered  radioactivity in expired air 
is shown  in the last co lumn of Table I. 

Table 2 lists the a m o u n t s  of  the var ious  doses  of  I'~CICS~ 
adminis tered  to phenobarbi ta l -pre t reated rats which were 
excreted in the breath as [t4CICO2 and [~4CICOS. In un- 
treated rats ,  the predominant  metaboli te  was COS. In the 
phenobarbi ta l -pret reated animals ,  CO2 was more  impor- 
tant,  ranging f rom 14 per cent  of  the adminis tered  dose  at 
0.25 m-mole /kg to 27 per cent  at 0.0625 m-mole/kg.  The  
COS was 8 per cent  of  the adminis te red  dose at 0.25 
m-mole/kg,  13 per cent  at 0.125 m-mole/kg,  and 17 per cent  
at 0.0625 m-mole/kg.  The  increased metabol i sm of CS._, to 
COS and CO2 in the phenobarbi ta l -pret reated rats is 
reflected in a decreased  recovery  of the adminis tered  dose 
as unchanged  CSz. An increased metabol i sm of CS2 to 
COz in phenobarbi ta l -pret reated rats has  been noted pre- 
viously [3]. Also,  as noted previously[31, there is a 
decreased  total recovery of the adminis tered  dose of 
[~4C]CS~ in phenobarbi ta l - t rea ted rats as compared  to 
untreated rats.  The  reason for this decreased  recovery 
is not known.  

F rom these  expe r imen t s  it is clear that CSz is metabo-  

lized to COS in vivo. In untreated rats it is the predominant  
metaboli te excre ted in the expired air. After  t rea tment  with 
phenobarbi tal ,  more of the adminis tered CSz is metabo-  
lized to COS and COz, with COz being the predominant  
metabofite.  This  increased rate of  metabol i sm in vivo of 
CS2 in phenobarbi tal-pretreated rats is in agreement  with 
in vitro data  showing an increased rate of  metabol ism of 
CS2 to COS using microsomes  f rom phenobarbi tal-  
pretreated rats [ 1 l- The in vitro data  [ I, 2] indicate that the 
metabol ism of CSz to COz involves,  first, the cy tochrome 
P-450 mono-oxygenase-ca ta lyzed  metabol i sm of CS., to 
COS,  followed by metabol ism of COS to CO2 by these 
same enzyme  sys t ems .  The present  exper iments  suggest  
that the same sequence  of react ions is operat ive in vivo. 
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