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Summary  

A series of cyc lohexylamine  derivat ives methyla ted  
bo th  on n i t rogen  a tom and  in posit ion 1, 2 and 6 of the 
cyc lohexane  r ing h a v e  been prepared.  Some of them 
showed considerable  hypotens ive  and ganglioplegic acti- 
vi ty .  The  most  in teres t ing compound  is N, N, 1, 2, 2-penta- 
me thy lcyc lohexy lamine  ( 'penhexamine ' )  whose ac t iv i ty  
compares  f avourab ly  wi th  mecamylamine  or  dimecamine. 

Albumin Synthesis  
in Regenerating Rat Liver Cells t 

In  a previous  repor t  deal ing wi th  the effects of the par- 
t ial  h e p a t e c t o m y  on the  ra t  l iver  soluble proteins (GuI- 
DOTTI and CLERICI a), evidence was given t h a t  these pro- 
teins f rom the  regenera t ing  l iver  present  essentially the 
same e lec t rophore t ic  pa t t e rn  as those from the resting 
one. However ,  no reliable da t a  on the  a lbumin  behaviour  
were obta ined ,  because our  t echn ique  failed to detect  this 
protein. 

Since the l iver  is the site of product ion  of albumin in 
the ra t  (MILLER et al.S,% JENSEN and  TARVER~), whose 
a lbumin  concen t ra t ion  in serum is c la imed to control  l iver 
regeneration (GLINOS and GEY ~, GLINOS7), an a t t empt  
has now been made  to inves t iga te  the in vitro tu rnover  of 
the above-ment ioned  pro te in  in t he  res t ing and regener-  
a t ing  r a t  l iver .  

Male albino rats,  "Wistar strain,  fed a s tandard  diet,  
were hepa tec tomized  according to HIGGINS and ANnEal- 
SON s. Af t e r  12 h fasting, normal  and opera ted  animals 
(72 h a f te r  hepa tec tomy)  were killed and their  livers per- 
fused wi th  saline solut ion in order  to r emove  complete ly  
the blood proteins  2. L ivers  were then  taken out, sliced, 
and pooled to ob ta in  12 g of wet  tissue slices. 6 g of tissue 
slices were  added  to  a ml  100 flask conta ining 20 ml of 
a cold lRinger med ium 9, and the  whole conten t  of the 
flask was qu ick ly  homogenized  and lyophilized. The re- 
maining 6 g of tissue slices were added to a second flask 
containing 20 ml  of the  above-ment ioned  medium sup- 
p lemented  wi th  20 lzM of glycine-l-x4C (specific ac t iv i ty  
1 [zc/~zM). Afte r  2 h of incuba t ion  in air  at  38°C, the flask 
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was cooled in a ice bath;  the conten t  was then homog-  
enized and lyophilized as indicated above.  

Soluble proteins were ext rac ted  according to the tech- 
nique of ADJtJTANTtS ~° as modif ied by  CIARANFI and 
DI SM~ATO n. 0'02 and 0.t14 mt of a 7% water  sohlt ion of 
proteins from each sample, and 0.02 ml of normal  ra t  
serum, were utilized for a paper  electrophoresis carried 
out  as described by  the above ment ioned au thors  ~°,n. 
All the  steps of this procedure were performed in a cold 
room (+ 2°C}. 

Amidoschwarz-stained strips were pho tomet r ica l ly  
scanned by means  of an FAphor photometer ,  and the  per- 
centage of the protein con ten t  was eva lua ted  by  plani- 
metry.  The a lbumin-carrying section of each str ip wits 
separated from the other  soluble proteins and hydrolizcd 
with HC1 5 N in sealed ampullcs  kept  a t  l l 6 ° C  for 16 h. 
The cloudy suspension obtained thereaf te r  was centr i-  
fuged; the superna tan t  fluid, ponred into sui table poly- 
thcne planchets, was dried under  a current  of warm air. 
Radioac t iv i ty  measurements  were performed by means  
of a windowless flow counter ;  counts  were corrected for 
self absorption. 

After  incubation, a protein peak, whose migra t ion  ra te  
was similar to t ha t  of the serum albumin,  was always 
detected in both the electrophoret ic  pat terns  from rest ing 
and regenerating ra t  l iver slices, Therefore,  this peak,  
constant ly lacking in the clcctrophoret ic  pat tcrns  from 
non-incubated liver slices 2, was t en t a t i ve ly  identified 
with albumin, newly released. 

As for the evaluat ion of the amoun t  of a lbumin releas- 
ed during incubation, sonic errors may  arise from the 
following causes: (1) protein loss dur ing the ex t rac t ion  
procedure;  (2) inaccuracy of photometr ic  readings due to 
different affinity of the several  proteins towards  Amido-  
schwarz stain ; (3) uncertain separat ion of the over lapping 
planimetric peaks, and (4) contamina t ion  of the a lbumin  
peak from at-globulin. I t  has bccn es t imated,  however  by 
experience, tha t  with reasonable care these errors do not  
exceed -t- 10-15°/o of the found values. Rad ioac t iv i ty  
measurements,  which were referred to a nag of a lbumin,  
are more reliable because no t  biased by the  main  error  
source, i.e. by  number  (1). 

The results concerniug the amoun t  of a lbumin re- 
leased during incubation and the incorporat ion rate of the 
labelled glycine into the same protein are presented in 
the Table. 

I t  appears that ,  during incubation,  less a lbumin  is re- 
leased from the regenerat ing rat  liver, as compared to the  
resting one. However,  the difference is not  s ta t is t ica l ly  
significant (P  > 0.05). 

Furthermore,  the glycine incorpontt ion rate  into the  
albumin released from the regenerat ing l iver s ignif icant ly 
increases over  the resting one {P < 0.01). 

lo G. ADJUTANTIS , Nature  173, 539 (195.1); 174, 11)5.1 (195.1). 
n E. CtARANFI and G. I)~ SxuA'ro, Pubbl. Staz. zool. Napoli .°8, 

296 (1956). 

Table 

Type of tissue 
used 

Resting liver 
Regenerating liver 

Nunlber of 
experiments 

Albunfin release 
(mg/g of wet tissue/h) 

0"23 i 0"04* 
0.18 ± 0.01 

Glyeine.l-14C incorporation 
into albmnin (counts/rain/rag) 

23.8 :t: 3.0 
55.3 =t: 4.6 

* Mean =[: S.E. 
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Th i s  b e h a v i o u r  m a y  sugges t  t h a t  t h e  a l b u m i n  t u r n o v e r  
in  t he  r egene ra t i ng  l iver  is f a s t e r  t h a n  in the  r e s t ing  one 
a n d  t h a t  the  pa r t i a l  h e p a t e c t o m y ,  as far  as t he  a l b u m i n  
syn thes i s  is concerned ,  does  no t  i m p a i r  t h e  l iver  func t ion .  

The  above  resu l t s  ru le  o u t  t h e  a s s u m p t i o n s  x2 wh ich  a t -  
t r i b u t e  the  lower ing  of t he  s e r u m  a l b u m i n  levels in the  
h e p a t e c t o m i z e d  a n i m a l s  to  a decreased  p r o d u c t i o n  r a t e  
of a l b u m i n  f rom the  l iver  cells. On  t he  c o n t r a r y ,  t h e y  m a y  
sugges t  t h a t  t he  s e r u m  a l b u m i n  c o n c e n t r a t i o n  decreases  
a f t e r  o p e r a t i o n  because  of a n  inc reased  r a t e  of s e r u m  
a l b u m i n  u t i l i za t ion  b y  the  l iver  itself, in  o rder  to  rebu i ld  
i ts surg ica l ly  r e m o v e d  p a r e n c h i m a .  

G. GUIDOTTI, E.  CLERICI, G. SAMBO, and  E. BAZZANO 

Institute o/ General Pathology, University o/ Milan 
(Italy), September 29, 1958. 

Riassunto 

Gli a u t o r i  h a n n o  s t u d i a t o  in vitro il p r o b l e m a  del la  sin-  
tes i  d e l l ' a l b u m i n s  in sezioni  di l ega to  n o r m a l e  e r igene-  
r a n t e  di r a t t o .  La  q u a n t i t ~  di a l b u m i n s  p r o d o t t a  d u r a n t e  
t ' i n c u b a z i o n e  n o n  p r e s e n t s  no tevo l i  va r i az ion i  nette due  
s i tuaz ion i  s tud ia te .  A1 e o n t r a r i o  l ' i nco rporaz ione  di gl ic ina 
m a r c a t a  ne l la  a l b u m i n s  del l ega to  r i g e n e r a n t e  r i su l t a  
n e t t a m e n t e  a u m e n t a t a  r i spe t t o  a que l ta  del  fegato  nor-  
male .  Ta le  c o m p o r t a m e n t o  v iene  i n t e r p r e t a t o  come  es- 
press ione  di un  r i c ambio  a l b u m i n i c o  pifl e l eva to  nel  lega to  
r i g e n e r a n t e  che  nel  no rma le .  

1~ N. H. MARTIN and A. NEUBERGER, Brit. reed. Bull. 13, 113 
0957). 

T h e  Loca l  O e d e m a - P r o d u c i n g  Effect  of  D i s o d i u m  
E t h y l e n d i a m i n e  T e t r a a c e t a t e  ( E D T A - N a 2 )  

I n  a series of e x p e r i m e n t s  CHAMBERS et al. ~, a n d  ZWEI- 
FACH 2 found  t h a t  one  of t he  s u b s t a n c e s  essen t ia l  to  t h e  
func t iona l  a n d  s t r u c t u r a l  s t a b i l i t y  of t he  cap i l l a ry  wall  
was ca lc ium p r e s e n t  in  t he  i n t e r e n d o t h e l i a l  c e m e n t  sub-  
s tance .  Since, a t  t he  p H  of t h e  o rgan i sm,  ca lc ium is b o u n d  
b y  E D T A - N a ,  more  ef fec t ive ly  t h a n  b y  sod ium c i t ra te ,  i t  
seemed w o r t h  whi le  to  s t u d y  t he  effect  of E D T A - N a  z on 
capil lar ies .  

Alb ino  r a t s  were in jec ted  s u b c u t a n e o u s l y  w i t h  a single 
dose of E D T A - N a ,  suspension (60 rag) in t he  i n t e r s c a p u l a r  
region.  Af te r  7 to  12 h a local, t umor - l i ke  o e d e m a  de- 
ve loped  a t  t h e  s i te  of i n j ec t i on  (Fig. 1). His to log ica l ly  i t  
showed o e d e m a t o u s  s t ruc tu re ,  poor  in  cells. Suspens ions  
of sod ium c i t r a t e  (200 rag), s o d i u m  a c e t a t e  (200-400 mg), 
a n d  pu lver i sed  g y p s u m  (200 rag) fai led to p roduce  oedema.  

The  o e d e m a - p r o d u c i n g  effect  of E D T A - N a ~  was also 
e x a m i n e d  w i t h  t h e  more  sens i t ive  m e t h o d  of ROWLEY a n d  
BENDITT a, b y  wh ich  the  s eve r i t y  of the  o e d e m a  could be 
m e a s u r e d  q u a n t i t a t i v e l y .  The  o e d e m a  p r o d u c e d  b y  a 
s u b s t a n c e  in jec ted  s u b c u t a n e o u s l y  i n to  t he  do r sa  of t h e  
h i n d  paws  of r a t s  was  d e m o n s t r a t e d  b y  i n t r a v e n o u s l y  in- 
j ec ted  E v a n s  blue,  which  s t a i ned  the  o e d e m a t o u s  t i ssues  
blue.  Fo r  de ta i l s  see Ref. z 

1 R. CHAMBERS et at., Acta Unio intern, contra Cancrum 6, 696 
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B. W. ZWEIFACrL Connective Tiss. Conf. Fifth Trans. (J. Macy 
Jr. Found., New York 1954), p. 42. 

a K. ROWLEV and E. BENmTT, J. exp. Med. 103, 399 (1956). 

F igure  2 shows t h a t  a solution c o n t a i n i n g  370 y of 
E D T A - N a  2 or 200 y of h i s t a m i n e  induces  p rac t i ca l ly  t h e  
same  degree  of b lue  colour ing,  i.e., t h e  two s u b s t a n c e s  
are  s imi la r ly  ef fec t ive  in p r o d u c i n g  oedema.  C a - E D T A -  
Na~, on  t h e  o t h e r  b a n d ,  n o t  be ing  able  to  b i n d  calc ium,  
p r o v e d  ineffect ive.  F igure  3 shows the  q u a n t i t a t i v e  d a t a  
o b t a i n e d  in t h e  course  of t h e  e x p e r i m e n t .  H i s t a m i n e  a n d  
E D T A - N a ~  are  nea r ly  s imi la r  in  t h e i r  effects,  whereas  
C a - E D T A - N a ~  (410 ;~), or sod ium c i t r a t e  (200 T) do n o t  
p roduce  oedema.  The  a n t i h i s t a m i n i c  agen t s  A n t i s t i n  a n d  
Synopen ,  or D i b en ami n e ,  wh ich  is a 5 - h y d r o x y t r y p t a m i n e  
a n t a g o n i s t  4, do n o t  i n h i b i t  o e d e m a  p r o d u c e d  b y  E D T A -  
Na~. 

Ill'llll . . . . . .  ] 

Fig. 1.--Local oedema developed 1 h after the subcutaneous injec- 
tion of 60 mg of an EDTA-Na 2 suspension (in 1 ml of saline) 

Discussion. Accord ing  to our  o b s e r v a t i o n s  s u b c u t a n e -  
ous ly  in jec ted  EDTA-Na.2 p roduces  o e d e m a  a t  t h e  s i te  of 
in jec t ion .  T h e  h i g h  p o t e n c y  of suspensions of E D T A - N a 2  
is due  to i ts  poor  so lub i l i ty  a t  t h e  p H  of the  o rgan i sm re- 
su l t i ng  in a p r o l o n g a t i o n  of t h e  effect.  Since t h e  r e m o v a l  
of ca lc ium f rom t h e  cap i l l a ry  wal l  increases  p e r m e a b i l i t y  ~, 
the  o e d e m a - p r o d u c i n g  p r o p e r t y  of E D T A - N a  2, w h i c h  is 
e ssen t i a l ly  g r e a t e r  t h a n  t h a t  of sod ium c i t ra te ,  m i g h t  be 

Fig. 2.--Blueing of rat paw skin g h after the injection of EDTA-Nae 
(370 y), histanfine (200 y), and Ca-EDTA-Naa (410 ~,), in 0-1 mI 

saline, respectively. Control: 0.1 ml saline 

due  to a more  s t ab le  b i n d i n g  of ca lc ium.  The  ineffect ive-  
ness  of Ant i s t in ,  Synopen ,  an d  D i b e n a m i n e  to  i n h i b i t  
E D T A - N a 2 - p r o d u c e d  o e d e m a  shows t h e  d i rec t  effect  of 
E D T A - N a  2. T h e  fac t  t h a t  C a - E D T A - N a  2 is n o t  a n  oe- 
d e m a - p r o d u c i n g  s u b s t a n c e  m a y  be  i n t e r p r e t e d  to m e a n  
t h a t  n o t  t h e  E D T A - N a 2  molecule  per se, b u t  i t s  ca lc ium-  
b i n d i n g  c a p a c i t y  is respons ib le  for t h e  oedema.  Accord ing  
to  CHAMBERS an d  Z'~VI~IFACH 5, m a g n e s i u m ,  w h i c h  is also 

a J. H. GADDUM and K. A. HAMEED, J. Pharmacol. 9, 24 (1954). 
s R. CHAMBERS and B. "~V. ZW~IFACtl, J. cell. comp. Physiol. 15, 
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