
The Pulmonary Excretion of ~CO.2 in Patients with Ileal Resection, Crohn's Disease and 
Control Subjects Following Administration of Glycine-l-~4C 

1/2 , 1, 11/3, 2, 3, 4, 6 and  8 h a f te r  inges t ion  of t he  t e s t  
dose and  t he  specific a c t i v i t y  of t he  exha led  ca rbon  
d ioxide  measured .  The  r a t e  of e l imina t ion  of radio-  
a c t i v i t y  in t he  b r e a t h  (Rcj) was e s t i m a t e d  b y  mu l t i p ly ing  
t he  specific a c t i v i t y  of t he  exha led  c a r b o n  dioxide  b y  the  
r a t e  of r e sp i r a t ion  of c a r b o n  dioxide  1, 2. The  a rea  u n d e r  
t he  curve  r e l a t i ng  Rc~ w i t h  t i m e  e lapsed a f te r  adn l in i s t r a -  
t ion  of t he  dose, gave  t he  a m o u n t  of t e s t  dose e l imina t ed  
in t he  b r e a t h  du r ing  t he  chosen t i m e  in te rva l .  

Results. The  f rac t ion  of the  or ig ina l  t e s t  dose excre ted  
in the  b r e a t h  of the  con t ro l  sub jec t s  in  the  per iod  0-8 h 
r anged  f rom 0.153 to 0.262; m e a n  0.210, SD 0.041. For  
p a t i e n t s  w i t h  ileal resec t ion  t he  r ange  was 0 .116-0.213;  
m e a n  0.157, SD 0.031 (Figure 2). The  r educ t i on  in t he  
p u l m o n a r y  excre t ion  of 1aCO2, in  t he  8 h fol lowing 
inges t ion  of glycine-l-l~C, obse rved  in p a t i e n t s  w i t h  ileal 
resec t ion  was s t a t i s t i ca l ly  s ign i f ican t  (p < 0.02). 

I n  b o t h  groups  of sub jec t s  t he  p u l m o n a r y  excre t ion  of 
14CO2 obeyed  b i - exponen t i a l  k ine t ics  (Figure 3) a n d  an  
a t t e m p t  was m a d e  to  ca lcu la te  the  theo re t i ca l  in i t ia l  sizes 
(C1 and  C~) of t he  two pools of 14CO2 and  t he  r a t e  c o n s t a n t s  
(k~ and  k2) for t he  processes of excre t ion  of 1~CO 2, b y  f i t t i ng  
t he  d a t a  d i rec t ly  to  t he  equa t i on  

The  t e c h n i q u e  descr ibed  b y  FROMM and  HOFMANN 1 tO 
t e s t  for bi le  sa l t  d e c o n j u g a t i o n  in p a t i e n t s  w i t h  i n t e s t i na l  
disease depends  on t he  convers ion  of glycine-l- l*C, 
re leased f rom an  oral  t e s t  dose of cholyl  glycine-l-~r to  
~4C-earbon d iox ide  wh ich  is de tec ted  in t he  b r ea th .  
Severa l  of t he  enzymes  m e d i a t i n g  glycine m e t a b o l i s m  
(Figure 1) are v i t a m i n  d e p e n d e n t  a n d  in p a t i e n t s  w i t h  
ileal disease and  ma labso rp t i on ,  p u l m o n a r y  excre t ion  of 
14CO~ m a y  be  a l t e red  c o m p a r e d  w i t h  n o r m a l  subjects .  
To e x a m i n e  t he  poss ib i l i ty  of such  a n  a l t e r a t i on  in t he  
p u h n o n a r y  exc re t ion  of ~4CO2, glycine-l-~4C was ad-  
min i s t e r ed  to p a t i e n t s  w i t h  bi le  sa l t  d e c o n j u g a t i o n  and  
to a con t ro l  g roup  w i t h  n o r m a l  ileal func t ion ,  and  t he  
exc re t ion  of 14CO~ in t he  b r e a t h  measured .  

Malerials and methods. P a t i e n t s  were d iv ided  in to  
2 groups.  1. Cont ro ls :  4 p a t i e n t s  were recover ing  f rom 
m y o c a r d i a l  in farc t ion ,  1 f rom ce rebrovascu la r  th rombos i s ,  
a n d  2 were be ing  t r e a t e d  for p r o t r u s i o n  of an  in te r -  
v e r t e b r a l  disc. 2. I leal  resec t ion  and  Crohn ' s  disease:  
pos i t ive  evidence  of bi le  sa l t  d e c o n j u g a t i o n  was o b t a i n e d  
b y  the  de t ec t ion  of a b n o r m a l l y  h igh  a m o u n t s  of 1~CO2 in 
t h e i r  b r e a t h  fol lowing inges t ion  of cholyl  glycine-l-~4C. 
6 p a t i e n t s  h a d  Crohn ' s  disease w i t h  ileal resect ion,  1 
p a t i e n t  h a d  an  ileal resec t ion  fol lowing i schaemia  of t he  
smal l  in tes t ine ,  and  the  r e m a i n i n g  p a t i e n t  h a d  radiological  
ev idence  of Crohn ' s  disease. 

Procedure. 1 ml  of g l yc i ne - l - ~C  so lu t ion  (2.5 FCi per  ml  
90% e thanol ,  specific a c t i v i t y  55 mCi /mmole)  was  added  
to  a l i t t l e  w a t e r  a n d  g iven  to t h e  p a t i e n t  to  d r ink  imme-  
d i a t e ly  before  b reakfas t .  N o r m a l  meals  were al lowed 
t h r o u g h o u t  t he  day.  Ca rbon  dioxide  was col lected 1 a t  
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us ing  Seidel 's  m e t h o d  of successive a p p r o x i m a t i o n s  3. I n  
these  ca lcu la t ions  t he  r a t e  a t  1/2 h was no t  used because  
the  p u l m o n a r y  excre t ion  of 14CO2 h a d  no t  r eached  a 
m a x i m u m  a t  th i s  t ime  in t he  ileal resec t ion  group.  The  
resu l t s  are l i s ted  in t he  Table .  

Fig. 1. Metabolic pathways linking glycine, oxalate and carbon 
dioxide *-11. 
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Fig. 2. The pulmonary excretion of I4CO 2 (Rc~) in [~Ci/h following the 
administration of 2.5 ~xCi glycine-l-14C to patients with ileal resection 
and Crohn's disease (�9 8 subjects) and to a control group (0, 7 
subjects). Each point is the mean of observations in that group. The 
bar represents the standard error of the mean. 
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Fig. 3. The mean pulmonary excretion of 14CO~ (Rci) in ~xCi/h 
following glyeine-l-14C in patients with ileal resection and Crohn's 
disease (O) and a control group (S). Rcj is plotted on a logarithmic 
scale. 
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Discussion. Figure 4 shows t h a t  the  b i -exponen t ia l  
model  is p robab ly  correct  for b o t h  groups of pa t ien t s .  
Measurements  beyond  8 h m a y  indica te  more  compIex 
behaviour .  The pu lmona ry  excre t ion  of 14CO2 following 
glycine-2-~4C has been shown to have  4 components ,  the  
slowest  hav ing  a half  life of 71.5 d a y s !  The reduc t ion  in 
h~ and  C 1 in pa t i en t s  w i th  ileal disease has con t r ibu ted  
mos t  towards  the  reduc t ion  in p u l m o n a r y  excre t ion  of 
~4CO2, the  difference in cumula t ive  excre t ion  being 
grea tes t  in the  per iod 0-3 h following the  t e s t  dose. 

Three of the  pa t i en t s  w i th  ileal resect ion had  low serum 
pyr idoxa l  p h o s p h a t e  concen t ra t ions  and 2 subnormal  
serum folates. Par t iaI  metabol ic  blocks due to deficiency 
of d ie t a ry  co-factors  m a y  be the  cause of t he  reduc t ion  

Mean values for the constants describing the bi-exponential pul- 
monary excretion of 14CO2 from 2 groups of subjects following the 
administration of glycine-l-~4C 

Constant Control Ileal resection Significance 
(mean 4- SD) (mean 4- SD) of difference 

k 1 (h -1) 1.738 4- 0.235 1.092 4- 0.356 ] 
k 2 (h -1) 0.240 4- 0.023 0.267 4- 0.025 
C1 ([xCi) 0.287 4- 0.038 0.097 4- 0.030 
C~ (~Ci) 0.5O7 4- 0.028 0.415 4- 0.018 

p < 0.01 

The significance of the differences between the 2 groups was tested 
by the t-test using 6 degrees of freedom. 

in the  a m o u n t  of glycine metabol ized  to  carbon dioxide.  
In  our 2 groups of subjects  normal  absorp t ion  of glycine 
m a y  be expec ted  because the  p rox imal  small  in tes t ine  is 
the  site of absorp t ion  of amino  acids 5, and in Crohn 's  
disease, the  t e rmina l  i leum is the  p a r t  of the  small  in tes t ine  
affected.  F u r t h e r  expe r imen t s  using i.v. glycine-l- l*C 
would be necessary  to  conf i rm this  point .  

Al though  a reduc t ion  in the  p u l m o n a r y  excre t ion  of 
14CO~ in pa t i en t s  wi th  Crohn 's  disease and ileal resect ion 
has  been  demons t r a t ed ,  i t  is no t  of suff icient  magn i tude  
to  inval ida te  t he  use of the  bile salt  deconjuga t ion  t es t  
of FROM~ and  HOFMANN 1. The m e a s u r e m e n t  of laCO 2 
excre t ion  following oral glycine-l-~4C is a wor thwhi le  
p re l iminary  to  t he  bile salt  deconjuga t ion  test .  An 
erroneous impress ion of the  ex t en t  of in tes t ina l  bile salt  
deconjuga t ion  m a y  be ob ta ined  if the re  is no pr ior  
knowledge of the  p a t i e n t ' s  ab i l i ty  to  conver t  glycine-1- 
14C to  14CO 2. 

Zusammen/assung. Mittels  Cholinglycin-l~C-Atemtest  
fiir eine bakter iel le  Kon juga t i on  im D a r m  wird  gezeigt, 
dass der  Glyc inmetabol i smus  zwischei1 Normalpe r sonen  
und  solchen mi t  I l eumresek t ion  und  Morbus Crohn 
unterschied t ieh  ist, 
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Fig. 4. The rates of pulmonary excretion of 14CO 2 calculated for 
2 groups of patients from the parameters in the Table. Circles rep- 
resent the mean observed rates for patients with ileal resection and 
Crohn's disease (�9 and the control group (Q). 
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I n t e r a c t i o n  of C h i n o f o r m  w i t h  E l e c t r o n  T r a n s f e r  

Since mass ive  dosage of chinoforrn, 5-chloro 7-iodo 
8-quinolinol,  has  been bel ieved in J a p a n  to  cause a 
neu ropa thy ,  called SMON (subacute  myelo-opt ico neuro-  
pa thy) ,  t he  tox ic i ty  of th is  drug  should be s tudied  f rom 
the  v iewpoin t  of i ts  me tabo l i sm in t he  an imal  body.  
Al though  the  de tox ica t ion  of th is  drug  th rough  i ts  
esterif icat ion,  such as g lucuroniza t ion  and  sulfation,  has  
been r epo r t ed  1,~, the  me tabo l i sm of th is  drug  in micro-  
somes has to  be inves t iga ted .  The p re sen t  paper ,  therefore ,  
deals w i th  in te rac t ion  of th is  drug  wi th  l iver  microsomal  
e lectron t rans fe r  sys tem.  

S y s t e m  of  Rat  L i v e r  M i c r o s o m e s  

As exper imen ta l  animals,  male Wis t a r  rats,  weighing 
abou t  100 g, were used. Liver  microsomes  were p repa red  
as usual. The perfused  l iver  was homogenized  in 5 
volumes  of 1.15% KC1 and  the  nuc lear -mi tochondr ia l  
f ract ion was r emoved  by  cen t r i fuga t ion  at  10,000 g for 
10 min.  The microsomes  were collected by  cent r i fugat ion  
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