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I n t e s t i n a l  A b s o r p t i o n  of  G l u c o s a m i n e  a n d  N - A c e t y l g l u c o s a m i n e  

This work  is i n t ended  as a s t u d y  of the  in tes t ina l  
absorp t ion  of g lucosamine and GleNAc (N-acetylglucos- 
amine) to  es tabl ish  whe the r  these  compounds  are absorbed  
wi th  or w i thou t  change  in the i r  chemical  s t ructure ,  by  
means  of ac t ive  t r a n s p o r t  and  wi th  or w i thou t  the  inter-  
ven t ion  of a carrier. 

For  our studies,  male  ra t s  of the  Wis t a r  s tock of the  
average weigh t  of 200 g were used. In  general,  two  experi-  
men t a l  condi t ions  were followed : A) Sacs of ever ted  small  
intest ine,  p repa red  according to  t he  indica t ions  of WlLSOZ~ 
and  WIS~MAN 1, were incuba ted  in 5 ml  of IKREBS- 
HENSELEIT 2 b ica rbona te  buffer  conta in ing  10 m M  
glucosamine or GlcNAc. W h e n  buffers  w i thou t  Na+ were 
used, Tris-HC1 buffer  (pH 7.4) was subs t i t u t ed  for NaC1 
in equimolar  fashion ~. 13) Transyerse ly  cut  segments  
(strips) were p repa red  according to  CRANE and  MANDEL- 
STAM 4. Four  segments ,  chosen according to  t he  indicat ions  
of ROSENBERG et  a l ) ,  were i ncuba ted  in 2 ml  of a solut ion 
as repor ted  by  SCHULTZ and  Y u - T u  5 The to ta l  osmolar i ty  
of the  solut ion used, which  also conta ined  glucosamine or 
GlcNAc plus Tris-HC1 (pH 7,4), was 320 milliosmols. 
W h e n  amino acids, sugars or amino  sugars  were added  to 
the  buffers,  the  concen t ra t ion  of Tris-HC1 was lowered so 
t h a t  t he  to ta l  osmolar i ty  of t he  solut ion remained  un- 
changed.  All the  solut ions used, in all cases, con ta ined  
also glucosamine 114C or GlcNAc 1~4C (10.000 coun t s /min  
per  ml). The GlcNAc 11~C was  chemical ly  syn thes ized  by  
following the  indica t ions  previous ly  reported% 

E v e r t e d  sacs, filled wi th  1 ml  of the  incuba t ion  medium,  
were incuba ted  for 15, 30 or 60 min.  The  t r ansmura l  
absorp t ion  of the  glucosamine was  eva lua ted  as the  con- 
cen t ra t ion  ra t io  (S/M) be tween  the  serosal (S) and  the  
mucosal  c o m p a r t m e n t  (M). In  t he  expe r imen t s  using 
strips,  these,  a f ter  10 min  of p re incuba t ion  in a med i u m 
wi thou t  amino sugars, were rap id ly  t r ans fe r red  into a new 
med ium  conta in ing  the  addi t ives  sui table  for each expert-  
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Effect of concentration on transport rate, plotted according to Line- 
weaver and Burk, for glucosamine (O) and N-acetylglucosamine (O). 
Each point is the average of 12 determinatiofls 4- S.E. S, the initial 
medium concentration (mM); V, the finaI tissue concentration 
(mmoles]l intracellular water). Strips were incubated for 15'min as 
described in text. Transport constants were derived as follows: 
Kt= I/x and Vmax = I/y.  x and y are means of 12 experiments. 
Glucosamine intercept on I/S axis: x, 3 • 10-3; S.E., ~ 0.17 • 10-3; 
99% confidence limits = 4-0.52• 10 -a. Intercept on I/V axis: y, 
8.5• S.E., 4- 0.68• 99% confidence limits = 4- 2.10x 
10 -3. K t = 1/3 • 10 -3 = 333 mM; Vmax = I/8.5 x 10 -~= 117 mM. 
N-acetylglucosamine: x and y are not significantly different from 
zero. 'Confidence limits' were obtained according to JERVlS and 
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m e n t  and  t h e n  incuba ted  for 15, 30 or 60 min.  At  t he  end of 
the  incuba t ion  period,  the  segments  were t aken  out  and  
excess incuba t ion  m e d i u m  removed  by  press ing t h e m  
agains t  the  sides of a glass beaker.  The s t r ips  were  t h e n  
weighed and  r insed in a m e d i u m  ident ical  to  t h a t  of t h e  
incuba t ion  bu t  w i t h o u t  g lucosamine 114C or GlcNAc ll~C. 
The segments  were t h e n  in t roduced  in to  tubes  con ta in ing  
2 ml  H20 and  these  were p laced  in a w a t e r - b a t h  a t  100~ 
for 10 min  and  cent r i fuged at  1000 r p m  for 5 rain 7. Tissue 
accumula t ion  of t he  (z~C) amino  sugars was expressed  as a 
d i s t r ibu t ion  rat io or 

counts / ra in  per  ml  in t racel lular  f luid (ICF) 

counts / ra in  per  ml  med i u m (ECF) 

Ne t  t issue counts  were correc ted  for extracel lu lar  space 
values, calcula ted according to  the  indica t ions  of RO- 
SENBERG et al. s. Tota l  t issue wa te r  was de t e rmined  by  
the  difference be tween  wet  t issue weight  and  t issue weigh t  
af ter  d ry ing  at  110~ for 8 h. All t he  incuba t ions  were 
carried out  in a Dubnof f  metabol ic  shaker  a t  37~ in an 
a tmosphe re  of O2-CO 2 (95:5 v/v).  Rad ioac t iv i ty  was 
measured  wi th  a l iquid scint i l la t ion counte r  wi th  an 
efficiency of 81% for (14C), using 10 ml  of a solut ion com- 
posed of P P O  (4 g/l); P O P O P  (100 rag/l) in toluene-  
metylcel losolve solut ion (1:1 v/v).  The  channel  ra t io  
m e t h o d  was  used for d e t e rmi n a t i o n  of efficiency. The 
expe r imen t s  carr ied out  b o t h  on ever ted  sacs and  on 
in tes t ina l  segments  agree in ind ica t ing  t h a t  in t he  smal l  
in tes t ine  of the  ra t  there  is no act ive  accumula t ion  of glu- 
cosamine and GlcNAc. In  fact  the  d i s t r ibu t ion  rat io never  
showed values super ior  to 1. On the  o the r  hand,  b o t h  
s t r ips  and sacs of ever ted  small  in tes t ine  are able, unde r  
s t a n d a r d  condit ions,  t o  effect  concen t ra t ion  agains t  a 
g rad ien t  using glucose as a subs t ra te .  Fu r the rmore ,  the  
add i t ion  of 0.5 or 1 m M  of phlorizin,  the  subs t i tu t ion  of 
Na + wi th  Tris +, the  subs t i tu t ion  of the  gaseous mix tu re  
O2-CO ~ (95:5 v/v) w i th  air or N~, caused no percept ib le  
var ia t ions  in the  d i s t r ibu t ion  ratio.  The inf lux of glucos- 
amine  and  of GlcNAc s tudied  wi th  segments  of r a t ' s  
intest ines ,  in the  absence of Na+, is p lo t t ed  in the  Figure  
as a func t ion  of the  concen t ra t ion  of g lucosamine or of 
GlcNAc in t he  mucosat  solution.  For  glucosamine,  a 
L ineweaver -Burk  p lo t  of these  da t a  reaches  the  o rd ina te  
a t  a po in t  which  is s ignif icant ly  d i f ferent  f rom zero; th is  
snggestes  t h a t  t he  sugar in ques t ion  pene t r a t e s  t he  in tes t i -  
nal  cells b y  a sa turab le  process  w i th  a def ini te  Vmax .  On 
the  cont rary ,  the  L ineweaver -Burk  p lo t  d rawn  for GlcNAc 
(Figure) shows a line, the  in t e rcep t  of which  does no t  
differ s ignif icant ly  f rom the  original. Therefore  i t  was no t  
possible to  define a V m a x  for GlcNAc. We  r epea t ed  the  
exper iment ,  shown on the  Figure,  12 t imes.  In  all cases t he  
da4ca seem to indica te  t h a t  the  t r a n s p o r t  of g lucosamine 
in to  t he  in tes t ina l  cells is carr ier  med i a t ed  and  inde- 
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p e n d e n t  of Na+; on the  o ther  hand ,  the  inf lux of GlcNAc 
appears  to  be the  express ion  of a s imple  process  of diffu- 
sion. 

Finally,  in cer ta in  expe r imen t s  in which  ever ted  sacs 
were  used, an a t t e m p t  was  m a d e  to  f ind out  w h e t h e r  t he  
absorp t ion  of g lucosamine and  GlcNAc involved  modif ica-  
t ion  of the i r  molecular  s t ruc ture .  W i t h  th is  a im in view, 
the  glucosamine 1~4C or t he  GlcNAc 11~C were only  added  
to  t he  mucosal  l iquid. Af ter  1 h of incubat ion ,  the  glucos- 
amine  and  the  GlcNAc of the  mucosal  and  serosal  fluids 
were sepa r t ed  f rom one ano the r  on a Dowex  co lumn 
50 W • 8 H + (200-400 mesh) 9 I t  was  possible  to demon-  
s t r a t e  t h a t  b o t h  the  glucosamine and  the  GlcNAe are 
absorbed  w i t h o u t  modi f ica t ion  o f  the i r  molecular  s t ruc-  
ture.  I t  was thus  exc luded  t h a t  t he  absorp t ion  of GlcNAc 
involved deace ty la t ion .  

In  conclusion, t he  inf lux of t he  g lucosamine in to  t he  
in tes t ina l  cells is carr ier  media ted ,  i n d e p e n d e n t  of Na  + 
and takes  place w i thou t  ac t ive  accumula t ion ,  GlcNAc is 
absorbed  by  a s imple  process  of diffusion w i thou t  de- 
ace ty la t ion  of t he  molecule.  

Riassunto. E s ta to  s tud ia to  l ' a s so rb imen to  della glucos- 
amina  e delia N-ace t i lg lucosamina  ut i l izzando segment i  

in tes t ina l i  tag l ia t i  t r a sve r sa lmen te  (strips) e sacche t t i  di 
in tes t ino  t enue  di ra t to .  I1 flusso di t r a spo r to  delia glucos- 
amina  nelle cellule in tes t ina l i  6 med ia to  da carrier, indi-  
p e n d e n t e  dallo Na+ e proced  e senza accumulo a t t ivo.  La  
N-ace t i lg lucosamina  sembra;  invece, essere assorbi ta  per  
mezzo di un semplice processo di diffusione. 

L ' a s so rb imen to ,  sia della g lucosamina che della N- 
acet i lg lucosamina non co mp o r t a  modif icazione della loro 
s t r u t t u r a  molecolare.  
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Allene versus Acetylene in Progestat ional  Steroids 

In  t he  d e v e l o p m e n t  of orally act ive  p roges ta t iona l  and  
estrogenic  agents ,  t he  i n t roduc t ion  of t he  ace ty lene  side 
chain  (17e-ethynyl)  was of unique  impor tance .  E t h i s t e r o n e  
(17e-e thynyl - tes tos terone)  p repa red  in 1938, was found  
to be an oral ly ac t ive  p roges t in  r a t he r  t h a n  the  expec ted  
androgen,  and  t h i r t y - t h r e e  years  la te r  we f ind t h a t  no t  
only  are v i r tua l ly  all con t racep t ive  proges t ins  on the  
marke t  stil l  of the  e t h y n y l - n o r t e s t o s t e r o n e  t y p e  1 b u t  also 
t h a t  the  mos t  widely  used es t rogens  (mestranol ,  e thyny l -  
estradiol)  incorpora te  th is  same fea ture  as well 2. Dur ing  
these  years  i nnumerab le  a t t e m p t s  to  f ind a side chain  
biologically super ior  to  t he  original  ace ty lene  have  
resul ted  in no s ignif icant  i m p r o v e m e n t  3 ; all t he  advances  
being achieved t h r o u g h  technologica l ly  demanding ,  
expens ive  ' skele ta l '  modif icat ions~.  

Some years  ago, we m a d e  the  surpr is ing  obse rva t ion  
t h a t  the  allenic c o m p o u n d  I ob ta ined  as a side p r o d u c t  in 
the  p r epa ra t i on  of I I  5, showed ac t iv i ty  in the  r ab b i t  
dec iduoma  tes t  6 (a t e s t  in which  a p roges t ines t rogen  
combina t ion  or a s teroid  w i t h  a proges ta t ionaI :es t rogenic  
profile would be active) whereas  I I  i tself  b e h a v e d  more  as 
an ' impeded-es t rogen ' ,  t yp ica l  in fact  of these  es t r io l - type  
compounds .  

OH 

-R __OC0CH~ 

I 
CHACO0 ~ ~ " - -  " 

I R=-C~C~CH 2 
II R=-CH2--C~C--CH 5 

Suspec t ing  t h a t  the  allene side chain of I migh t  have  
been  responsib le  for the  appea rance  of a p roges ta t iona l  
c o m p o n e n t  in t he  ac t iv i ty  and  hop ing  t h a t  by  a t t a c h m e n t  
of the  same allene to  a ' p r6ges ta t iona l '  skele ton h ighly  
act ive  proges t ins  could be obta ined ,  we p repa red  ~, 8 the  
'al lenologs '  of several  known  e thyny l -no r - t e s to s t e rone  
der iva t ives  and  s u b m i t t e d  t h e m  to t he  Clauberg assay.  
Typica l  responses  to  the  allenologs of no re th ind rone  are 
shown in Table  I. 

The r emarkab le  increase in ac t iv i ty  found  on pro-  
gressing f rom ace ty lene  to  allenes was  also observed  in 
o ther  re la ted  tes t s  (e.g., an t ies t rogenic i ty  9, inh ib i t ion  of 
ovula t ion  10). Moreover  these  increases appear  to  be quasi-  
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