
15. VII. 1966 Speeialia 473 

sc in t i l l a t ion  c o u n t e r  was  used for  d e t e r m i n i n g  t h e  radio-  
ac t iv i ty .  

24 da i ly  doses (20 mg/kg)  of un labe l l ed  g u a n o x a n  were 
g iven  ora l ly  to  a male  beagle  dog (11.5 kg). These  were 
followed b y  a s imi la r  dose of r ad ioac t ive  g u a n o x a n  (3.24 
/~c). The  ur ine  was t h e n  col lected over  a per iod  of 4 days,  
c o n c e n t r a t e d  in vacuo  and  e x t r a c t e d  w i t h  m e t h a n o l .  
R a d i o a c t i v i t y  m e a s u r e m e n t s  a t  th i s  p o i n t  i nd i ca t ed  t h a t  
t he  r ecovery  of ~4C-labelled m e t abo l i t e s  was in t he  order  
of 5 2 - 5 3 %  of t he  a d m i n i s t e r e d  r ad ioac t ive  dose. 

The  f r a c t i o n a t i o n  of t he  ~4C-labelled m e t abo l i t e s  was  
car r ied  ou t  b y  two d i f fe ren t  m e t h o d s  s i m u l t aneous ly :  
(a) a b s o r p t i o n  on  Amber l i t e  I RC  50 resin,  buf fe red  to p H  
6.5 w i th  d i sod ium h y d r o g e n  p h o s p h a t e ,  t h e n  e lu t ion  of 
t he  me t abo l i t e s  w i t h  water ,  0 .SN HC1 and  1 .2N  HC1 in 
m e t h a n o l  success ively;  (b) p r e p a r a t i v e  t h i c k  p a p e r  
descend ing  c h r o m a t o g r a p h y  us ing  n - p r o p a n o l - a q u e o u s  
m o l a r  a m m o n i u m  c a r b o n a t e - c o n c e n t r a t e d  a m m o n i a  (0.88) 
(70 : 30: 2) as t he  deve lop ing  solvent .  

The  iden t i f i ca t ion  and  c h a r a c t e r i z a t i o n  of t he  m e t a b o -  
l i tes were ach ieved  b y  d i rec t  compar i son  of t he  Rf  va lues  
w i t h  those  of s t a n d a r d s  us ing  c h r o m a t o g r a p h i c ,  e lectro-  
phore t i c  and  combined  b i d i m e n s i o n a l  t echn iques ,  and  
also b y  the  p r e p a r a t i o n  of solid de r iva t i ve s  ( re ineckates ,  
p icra tes)  a n d  b y  compar i son  of these  w i t h  a u t h e n t i c  
der iva t ives ,  

F r a c t i o n a t i o n  b y  m e t h o d  (a) gave  t he  fol lowing label led  
me tabo l i t e s :  arginine ,  4 .3% ; c r ea t i ne -guan id inoace t i c  
acid, 12% ; c rea t in ine-urea ,  19% ; h y d r o x y l a t e d  g u a n o x a n ,  
4 %  ; g u a n o x a n  13.6%. F r a c t i o n a t i o n  accord ing  to (b) af- 
forded  the  same  metabo l i t e s ,  b u t  b e t t e r  s e p a r a t i o n  was 
ach ieved  b e t w e e n  c rea t in ine  and  u rea :  arginine ,  5 % ;  
c r ea t ine -guan id inoace t i c  acid, 9.5% ; c rea t in ine ,  15 .5%;  
urea,  3 .6%;  h y d r o x y l a t e d  guanoxan ,  4 .5%;  a n d  gua-  
noxan ,  15%. 

These  resu l t s  sugges t  t h a t  the  guan id ino  g roup  of 
g u a n o x a n  u n d e r w e n t  t r a n s a m i d i n a t i o n  in the  presence  of 
o r n i t h i n e  and  glycine, to  give arg in ine  a n d  guan id ino  
acet ic  acid respect ively ,  the  l a t t e r  g iv ing rise to  c rea t ine  
and  crea t in ine .  Hydro lys i s  of the  guan id ino  group  to 

u r ea  does no t  a p p e a r  to  be  v e r y  ex tens ive  j udg ing  b y  t he  
smal l  a m o u n t  of label led  urea found  (3 -4%) .  I t  is a s sumed  
t h a t  de s imida t i on  does no t  t ake  place because  t he  m e t a -  
bolic p roduc t ,  N - [ 2 ( 1 , 4 - b e n z o d i o x a n y l ) m e t h y l ] u r e a ,  was  
no t  de t ec t ed  even  in t races .  The  pos i t ion  of the  h y d r o x y l a -  
t ion  in t he  a r o m a t i c  r ing  was no t  e s tab l i shed  fully, b u t  t he  
c h r o m a t o g r a p h i c  b e h a v i o u r  of a phenol ic  m e t a b o l i t e  was  
iden t ica l  to  t h a t  of s y n t h e t i c  2 -guan id inomethy l -7 -  
hydroxy-1 ,  4 -benzod ioxan  su lpha te ,  m.p.  263-264.5  ~ 

The  l a t t e r  was p r e p a r e d  f rom 2-ch loromethy l -7-  
h y d r o x y - l , 4 - b e n z o d i o x a n  ~a b y  convers ion  to t he  azide 
(b.p. 158-164~ mm)  followed b y  h y d r o g e n a t i o n  to  
the  2 - a m i n o m e t h y l - 7 - h y d r o x y - l : 4 - b e n z o d i o x a n  (hydro-  
gen malea te ,  m.p.  184 185 ~ and  g u a n y l a t i o n  w i th  1- 
amidino-3 ,  5 -d ime thy lpy razo l e  su lpha te .  

The  m e t a b o l i c  fa te  of t he  benzod ioxan  r ing  s y s t e m  will 
be discussed in t he  fu ture .  

Resumen. El  sul fa to  de 2 - g u a n i d i n o m e t i l - l : 4 - b e n z o -  
d ioxano  (guanid ino  14C) se s in te t iz6  a p a r t i r  del 2-amino-  
m e t i l - l : 4 - b e n z o d i o x a n o  y el su l fa to  de S -met i l t iou ron io  
(uronio 14C). U n  5 2 - 5 3 %  de la dosis r a d i o a c t i v a  admin i -  
s t r a d a  a los perros  se r ecuper6  en la o r ina  en  la fo rma  de 
los s iguientes  compues tos  r ad ioac t ivos  : a rg in ina ,  c rea t ina ,  
acido guan id ino  ac6tico, c rea t in ina ,  urea,  2 -guanid ino-  
metil-l:4-benzodioxano y un  de r ivado  h id rox i l ado  (fen6- 
lico) del an ter ior .  Se s in te t i z6  t a m b i e n  el su l fa to  de 2- 
guan id inomet i l -7 -h id rox i -1  : 4 -benzodioxano .  
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Phosphorylat ion of Thiamine in the Intestinal 
Wall During Absorption in vivo 

Several  e x p e r i m e n t s  in  v i t ro  1-3 h a v e  shown  t h a t  in tes -  
t i na l  t issue is able  to  p h o s p h o r y l a t e  t h i amine .  T he  pos- 
s ib i l i ty  t h a t  t h i a m i n e  is p h o s p h o r y l a t e d  d u r i n g  i ts  in- 
t e s t i na l  a b s o r p t i o n  ha s  been  sugges ted  b y  some authors*,5 
a n d  denied  b y  o thers  6. However ,  a clear  e x p e r i m e n t a l  
ev idence  of t he  r e l a t ionsh ip  be t w een  t h i a m i n e  phos-  
p h o r y l a t i o n  a n d  its i n t e s t i na l  a b s o r p t i o n  has  n e v e r  been  
produced ,  a l t h o u g h  MACHIDA 7 found  some t h i a m i n e  phos-  
p h a t e s  in t he  wal l  of i sola ted i n t e s t i na l  t r a c t s  of the  r a t  
a f t e r  i n c u b a t i o n  w i t h  th i amine .  

R e c e n t l y  VJENTURA and  I{INDI 8 were able to  show an  
uph i l l  t r a n s p o r t  of t h i a m i n e  b y  the  eve r t ed  i n t e s t i n a l  sacs 
of the  r a t  in  vi t ro ,  and  p u t  forward  t he  h y p o t h e s i s  t h a t  
t h e  u n d e r l y i n g  m e c h a n i s m  of t r a n s p o r t  could be t h i a m i n e  
p h o s p h o r y l a t i o n .  

Here  we will  refer  to  some resul t s  we o b t a i n e d  in a n  
in v ivo  s t u d y  of t h i a m i n e  p h o s p h o r y l a t i o n  d u r i n g  t he  
i n t e s t i na l  a b s o r p t i o n  of e q u i v a l e n t  a m o u n t s  of t h i a m i n e  
hyd roch lo r ide  and  t h i a m i n e - p r o p y l - d i s u l p h i d e  (TPS),  a 

we l l -known t h i a m i n e  d e r i v a t i v e  r ap id ly  a b s o r b e d  a n d  
comple te ly  t r a n s f o r m e d  in to  t h i a m i n e  b y  t he  i n t e s t i n a l  
mucosa  9 11. 
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Thiamine phosphate content of rat intestinal wall during thiamine absorption. Mean • S.E. 

Compound Dose s No. of Content c, #g/g wet tissue pb 
administered mg rats 

TMP TDP TMP + TDP 

Saline (controls) - 5 0.25 4- 0.03 0.91 4- 0.11 1.16 4-4- 0.09 
T 0.1 3 0.31 -~ 0.02 1.69 4- 0.38 2.00 4- 0.36 0.05 -t- 0.02 
TPS 0.1 5 0.47 -4- 0.17 1.36 4- 0.16 1.83 -t- 0.19 0.05 4- 0.02 
T 1.0 3 0.14 4- 0.01 2.47 4-4- 0.47 2.61 4- 0.34 0.01 4- 0.001 
TPS 1.0 .6 0.65 4- 0.23 4.15 • 0.50 4.80 :t_ 0.44 < 0.001 

T = thiamine; TMP = thiamine monophosphate; TDP = thiaminediphosphate; TPS = thiamine propyldisulphide. ~Dissolved in 5 ml of 
saline, bCalculated for TMP + TDP, with Student's t test, in comparison with the controls. CExpressed as thiamine chloride hydroehloride. 

The in tes t ina l  abso rp t ion  was s tudied  by  a modif ica-  
t ion  9,13 of the  Cori t echn ique  on the  small  in tes t ine  in situ. 
The ra ts  were sacrificed 2 h af ter  the  in t roduc t ion  in to  
the  in tes t ine  of the  c o m p o u n d  used, dissolved in 5 ml of 
saline, since we found  in o the r  expe r imen t s  tha t ,  a t  t h a t  
t ime,  the  a m o u n t  of t h i amine  p h o s p h a t e  was the  grea tes t  11. 
The whole in tes t ine  was t h e n  rap id ly  taken,  empt ied ,  
b lo t t ed  on fi l ter  pape r  and  f inal ly homogenized  for 3 min 
b y  an U l t r a -Tur r ax  mod.  45/6 homogenizer  in 5% tri-  
chloracet ic  acid. The final  p H  was 0.80-0.85. 

W h e n  we used th iamine  hydrochlor ide ,  the  th iamine  
phospha t e  con t en t  was calcula ted by  the  difference be- 
tween  to ta l  t h i amine  and  free th iamine ,  b o t h  de t e rmined  
b y  the  th iochrome  m e t h o d  1~, following the  modif ica t ions  
sugges ted  by  MICKELSEN et  a1.14 in order  to lower the  
blanks.  

W h e n  we used TPS,  an analyt ica l  procedure  (to be 
publ i shed  in ex tenso  i5) was devised,  which  al lowed the  
s imul taneous  de t e rmina t i on  of free and phosphory l a t ed  
th iamine  as well as of T P S  by  the  th iochrome  m e t h o d  of 
MICKELSEN et  al. 14 

Recove ry  exper iments ,  add ing  to in tes t ina l  t issue 
known  a m o u n t s  of th iamine ,  T P S  and /o r  th i amine  di- 
phospha te ,  a lways gave reliable resul ts ;  no t r ans fo rma-  
t ion of T P S  was ever  not iced.  

The phospho ry l a t ed  th iamine  con ten t  of the  in tes t ina l  
wall, expressed  as % of the  contro l  con t en t  de t e rmined  
af ter  in t roduc t ion  in to  the  ra t  bowel  of 5 ml  of saline 
alone, dur ing  absorp t ion  of d i f ferent  amoun t s  of th i amine  
hydrochlor ide  of T P S  is shown ill the  Figure.  

The analysis  of var iance  of the  results  of the  de te rmina-  
t ions  showed a s ignif icant  difference among  the  doses:  
be tween  the  two compounds ,  t he  difference was signifi- 
can t  only  for the  doses of 1 and 10 rag. 

A conf i rmat ion  of these  results  came from some experi-  
men t s  where the  specific m e t h o d  of RINDI and DE 
GIUSEPPE 1~ was used to  de te rmine  separa te ly  t h i amine  
m o n o p h o s p h a t e  and th iamine  d iphospha te  in the  in- 
t es t ina l  wall dur ing  absorp t ion  of 0.1 and  1 mg of th ia-  
mine hydrochlor ide  or equ iva len t  amoun t s  of TPS.  The 
results  (Table), which  are in good accordance  wi th  those  
shown in the  Figure,  specify t h a t  the  increase of the  
phospho ry l a t ed  th i amine  con ten t  in the  walls was essen- 
t ia l ly  due to th iamine  d iphospha te .  Here  again, the  in- 
crease dur ing  absorp t ion  of 1 mg  of T P S  was s ignif icant ly  
grea te r  t h a n  t h a t  dur ing  absorp t ion  of 1 mg of t h i amine  
hydrochlor ide  (p < 0.001). 

In  conclusion, dur ing  the  in tes t ina l  absorp t ion  of th ia-  
mine  in vivo, a s ignif icant  increase of phospho ry l a t ed  
th iamine  ( th iamine d iphospha te )  in the  in tes t ina l  wall 
was demons t r a t ed ,  b o t h  wi th  an indi rec t  and  wi th  a 
d i rect  specific analy t ica l  procedure ,  2 h af ter  the  in t ro-  
duc t ion  of equ iva len t  a m o u n t s  of th i amine  hydrochlor ide  

or TPS.  The increase af ter  admin i s t r a t i on  of 1 and  10 mg 
of T P S  was higher  t h a n  af ter  the  equiva len t  q u a n t i t y  of 
th iamine .  

Some in v i t ro  expe r imen t s  w i th  labelled th iamine  are 
now in progress  to  inves t iga te  fu r the r  the  re la t ionship  
be tween  th iamine  phosphory l a t i on  and th iamine  intes-  
t inal  absorpt ion .  
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Thiamine phosphorylated contents of rat intestinal wall, expressed 
as percentage of the control content, during absorption of different 
amounts of thiamine hydrochloride or thiamine propyldisulphide. 

Riassunto. 2 h dopo l ' in t roduz ione  di t i amina  cloridrato 
o di t iaminpropi ld iso l furo  ne l l ' in tes t ino  tenue  di r a t to  in 
vivo si t r ova  un au men t o  s ignif icat ivo di t i amina  fosfori- 
la ta  nella pare te  intest inale ,  essenzia lmente  a carico del  
t iamindi fosfa to .  
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