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Benzyloxycarbonyl-L-e-aminosub,  eric acid a - t - b u t y l  
ester (Z-Asu(OBut)-OH)~,% a key in te rmedia te  for the  
prepara t ion  of dicarba-analogs,  was synthet ized  according 
to a procedure modif ied by  MURAKAMI et  al. 5 for the  
prepara t ion  of a-esters. The sodium methox ide  t rea tment ,  

HCHO,  MeONa isobutylene 
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the  second step ill the  r eac t ion  scheme, was carried out  
overnight  a t  10 ~ in order to avoid possible racemizat ion.  
Since all in te rmedia tes  were obta ined  as oily compounds,  
complet ion  of each react ion was ascer ta ined by  thin-  
layer  chromatography,  and tile over-al l  yield of the  key 
in te rmedia te  was sat isfactory (66%). The  par t ia l ly  pro- 
tec ted  oc tapept ide  was synthe t ized  by step-wise elonga- 
t ion of H-Pro-Arg(Tos) -Gly-NH,  6 wi th  the  appropr ia te  
amino acid ac t ive  esters 3,4 (Figure). Compound V was 
smooth ly  conver ted  to the  ac t ive  ester VI  by  the  tr i-  
f luoroaceta te  m e t h o d L  A f t e r  remova l  of the  remaining 
pro tec t ing  groups f rom the  tyrosyl  residue, VI  was t rea ted  
wi th  pyr id ine  a t  50~ under  h igh-di lu t ion condit ions 
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Synthesis of deamino-dicarba-ArgS:vasopressin. 

(1 mmol/1), and a cyclic compound  V I I  was obta ined  in 
about  60% yield. R e m o v a l  of the  tosyl  group f rom V I I  
was achieved by  the  I-IF-procedure s a t  0 ~ for 1 h in the  
presence of anisole. Remain ing  hydrogen  fluoride in the  
crude p roduc t  was r emoved  by  passing the  aqueous solu- 
t ion th rough  a short  column of Amber l i te  IR-45 (OH-).  
The HF-f ree  product  was purif ied on a column of 
Sephadex G-25 wi th  0 . 1 N , A c O H  as the  solvent,  and the  
homogeneous  compound  was obta ined as lyophil izate  in a 
yield of 51%. Paper  ch roma tog raphy  showed this com- 
pound  to give a single spot  in 2 different  solvent  systems;  
RI  0.36 ( n - B u O H : A c O t l : w a t e r = 4 : l : l )  and Rf  0.19 
(n-BuOH : pyr id ine  : water  = 4 : 1~: 1) ; [e}~6 _ 69 ~ (c 0.38, 
0 .1N AcOH).  Anal.  calcd, for C4sHsTN14012.CH,COOH- 
2.5 H20:  C 52.81; H 6.74; N 17�9 Found  for a sample 
dried at  100 ~ for 10 h in vacuo : C 52.87 ; H 6.71 ; N 17.18. 
Ra t io  of amino acids af ter  acid hydrolysis :  Tyr0.s0, 
Phel.08, Glul.0,, Asp1.00, Asul.06, Pro0.96, Argl�9 Glyl.0P 
Pre l iminary  bioassay revealed tha t  deamino-dicarba-  
ArgS-vasopressin possesses app rox ima te ly  1/15 of the  
principal  act ivi t ies  of na tura l - type  deamino-ArgS-vaso - 
pressin (see Table). 

Zusammen/assungl Die Synthese und Resu l ta te  einer 
vorls  biologischen Pri i fung yon Desamino-di-  
carba-ArgS-vasopressin, e inem Neurohypophysenhor -  
mon-Analogon,  in dem die Schwefelbri icke durch eine 
~. thylengruppe e rse tz t  ist, werden beschrieben. 
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Inh ib i t i on  of  D N A  S y n t h e s i s  in R e g e n e r a t i n g  Rat  

The inhibi t ion of growth of lymphoid  tissues by  
adrenal  cort icosteroids is well documented  z-8. Na tu ra l  
cort icosteroids or thei r  analogs t lave also been shown to 
inhibi t  erythropoiesis  4 and the  prol iferat ion of fibro- 
blasts 5, to induce growth failure in neonata l  rats% to 
cause the  abnormal  deve lopment  or dea th  of embryonic  
tissues~, 8, and to cause the  regression of tumors  of 
lymphoid  origin ~-11. 

In  a previous s tudy  ~ it  was shown t h a t  pharmaco-  
logical doses of hydrocor t i sone marked ly  inhibi t  R N A  
synthesis  in the  regenera t ing  l iver  of hypophysec tomized ,  
bu t  not  of in tac t  rats. The  results of o ther  studies suggest  
t h a t  adrenal  cort icosteroids inhibi t  mitosis  in the  re- 
generat ing l iver  of the  mouse 'a ,  14 and of ti le ra t  1~. 
Fur thermore ,  adrenocor t icotrophic  hormone  was shown 16 

Liver  b y  H y d r o c o r t i s o n e  

to decrease the  incorporat ion of t r i t i a ted  thymid ine  into 
nuclei of the  regenerat ing l iver  of the  rat .  In  view of thei r  
impor tance  as ant icancer  agents, the  growth inhibi t ing 
act ion of t i le cort icosteroids was s tudied further,  using 
the  regenera t ing  l iver  system. 

Male Sprague-Dawley  rats  (240-300 g) were main ta ined  
in plast ic  cages wi th  pur ina  chow and wate r  ad l ibi tum. 
Light ing  was control led f rom 06.00-18.00 h. Par t ia l  
hepa t ec tomy  involved  the  surgical r emova l  of approxi-  
ma te ly  70% of the  l iverl~; the  operat ions  were rout ine ly  
performed be tween  10.00-13.00 h. The  rats  were fasted 
in wire b o t t o m  cages following the  operat ion.  The  
labelled precursors, (3H-methyl) t hymid ine  or  6-1~C 
orotic acid, were injected i.p. 26 k af ter  par t ia l  hepatec-  
tomy,  when the  ra te  of D N A  synthesis  is approx imate ly  



15.12. 1969 Specialia 1241 

m a x i m a D  s, a n d  1 h before r emova l  of t he  regenera t ing  
l iver r emnan t .  Hydrocor f i sone  sod ium succinate  (Solu- 
corteI,  Upj ohn Co.) was  also admin i s t e red  by  i.p. inj ection. 

To de t e rmine  the  specific ac t iv i ty  of t he  DNA,  the  l iver 
was  homogenized  in 2 volumes  (w:v) of tris buffer  
(0.05M, p H  7.5). Un i fo rm sampl ing  of t he  h o m o g e n a t e  
was ensured by  di lu t ing the  l a t t e r  six-fold wi th  0.125% 
sodium deoxychola te .  The D N A  was ex t r ac t ed  f rom 
al iquots  of the  suspens ion  by  the  p rocedure  of FLECK and  
MUI~RO ~. The D N A  ex t r ac t ed  f rom a 2.5 ml  a l iquot  of 
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Fig. 1. Inhibition of incorporation of aH-thymidine into DNA in 
the 27 h regenerating liver by various doses of hydrocortisone 
sodium succinate. The indicated doses of the corticosteroid were 
administered at the time of partial hepatectomy and 12 h later. 
~H-thymidine (10 [zc/200 g) was injected 1 h before removal of the 
liver. Control rats received 0.9% saline in place of the steroid. Each 
point represents the average of 2-3 rats, with the exception of the 
control value which represents the mean of 7 rats. The standard 
errors are shown. 

t he  deoxych91ate- t rea ted  homogena t e  was dissolved in 
1.0 ml of NCS solubilizer (Nuclear Chicago Corporat ion),  
t h e n  counted  in 15 ml  of sc int i l lant  (5.0 g of PPO/1 of 
toluene).  The efficiency for  aH and  14C was app rox ima te ly  
30% and 90%, respect ively.  The D N A  ex t r ac t ed  f rom a 
5 mI a l iquot  was e s t ima ted  b y  use of t he  d ipheny lamine  
reagen t  2~ using deoxyadenos ine  as a s t andard .  The 
specific ac t iv i ty  of the  D N A  is repor ted  as cpm per  ~zg 
deoxyadenosine .  

Figure 1 shows a dose-response curve in which  t h e  
specific ac t iv i ty  of t he  l iver D N A  is p lo t t ed  as a func t ion  
of tile size of the  admin is te red  dose of hydrocor t i sone  
sodium succinate.  W i t h  the  excep t ion  of t he  controls  each 
r a t  received the  indica ted  dose a t  t he  t ime  of par t i a l  
h e p a t e c t o m y  wi th  a second dose 12 h la ter ;  th is  schedule  
was found to inhibi t  1RNA synthes is  in h y p o p h y s ec to -  
mized rats~Z The ~H-thymidine  was  admin i s t e red  1 h 
before removal  of the  l iver and  26 h a f te r  par t ia l  hepa tec -  
tomy.  I t  is clear f rom the  results  t h a t  low doses of 
hydrocor t i sone  cause a marked  inhib i t ion  (80%) of the  
incorpora t ion  of 8H- thymidine  in to  DNA.  The smal l  
f rac t ion of the  cells which appear  to  escape the  inh ib i to ry  
act ion of the  s teroid m a y  pas  t h rough  the  sensi t ive phase  
when  the  p l a sma  hydrocor t i sone  levels are low, since the  
clearance of t he  s teroid is v i r tua l ly  comple te  wi th in  3-4 h 
af ter  admin i s t r a t ion  2~. 

Shown in Figure  2 is the  specific ac t iv i ty  of t he  D N A  
as a func t ion  of the  t ime  a f te r  pa r t i a l  h e p a t e c t o m y  at  
which 50 mg/kg  of hydrocor t i sone  sod ium succinate  was 
adminis te red .  Al though  2 doses effect ively inhib i ted  R N A  
synthes is  when  given at  zero and  12 h (Figure 1), a single 
dose a t  12 h gave a sl ight  s t imula t ion .  M a x i m u m  inhibi-  
t ion (approx imate ly  80%) wi th  a single dose was ob- 
served  when  the  s teroid was  in jec ted  19 -23 h a f te r  par t ia l  
h e p a t e c t o m y .  This cor responds  to t he  per iod when  the  
ra te  of DNA synthes i s  rises exponent ia l ly ,  t hen  plateaus,  
in the  regenera t ing  l iver of young  adul t  ra ts  zs. 
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Fig. 2. Inhibition by one dose (50 mg/kg) of hydrocortisone sodium 
suceinate of the incorporation of aH-thymidine into DNA of re- 
generating liver as a function of the time of administration of the 
cortieosteroid. The rats were injected with 9H-thymidine (10 [ze/ 
300 g) 26 h after partial hepatectomy and 1 h before removal of the 
liver. With tile exception of the control value which is based on 18 
rats, each point is the mean of 3-9 rats. The standard errors are 
shown. 

1 J .  F. HOFBRT and A. WHITE, Endocrinology 82, 767 (1968). 
2 W. STEVENS, C. BEDKE and T. F. DOUGHERTY, J. reticuloendo- 

thelial Soc. d, 254 {1967). 
3 G. A. CARON, Int. Arch. Allergy 32, 191 (1967). 
4 A. S. GORDON, E. A. ~[IRAND and E. D. ZANJANI, Endocrinology 

87, 363 (1967). 
5 D. L. BERLINER and A. G. RUHMANN, J. invest. Derm. d9, i17 

(1967). 
6 M. WINICK and A. COSEIA, Pediat. Res. 2, 451 (1968). 
7 R. B. HILL and W. R. BLACKBURN, Lab. Invest. 17, 146 (1967). 
s C. C. STOCK, Ciba Foundation Colloquia on Endocrinology (Ed. 

G. E. W. WOLSTENHOLME; J. A. Churchill Ltd., London 1952), 
vol. 1, p. 135. 

o O. H. P~ARSON and L. P. ELtEL, Recent Proq. Horm. Res. 6, 
373 (1951). 

1i j .  A. STOCK, The Biology o] Cancer (Eda. E. J. AMBROSE and 
F. J. C. ROE; D. VanNostrand Ltd., London 1966), p. 176. 

1,~ T. E. WEBB and L. R. WOZNEV, Arch. Bi0ehem. Biophys. 725, 69 
(1968). 

la t ( .  B.  ROBERTS, H.  W.  tTLOREY a n d  W.  K. JOKLIK, Q. Jl. exp.  

Physiol. 37, 239 (1952). 
14 j .  C. DAVIS and T. A. HYDE, Cancer Res. 26, 217 (1966). 
is S. L. EINHORN, E. HIRSCHBERG a n d  A. GELLHORN, J .  gen.  Physiol. 

37, 559 (1954). 
t6 j .  W. GUZEK, Nature 207,930 (1964). 
17 G. M. HIGGINS and R. M. ANDERSON, Arch. Path. 12, 186 (1931). 
la N. R. L. BUCHER, New Engl. J. Med. 277, 738 (1967). 
19 A. FL~CK and H. M. MUNRO, Biochim. biophys. Acts 55, 571 

(1962). 
20 E. DZSCHE, The Nucleic Acids (Eds. E. CHARGAFF and J. N. 

DAVrDSON; Academic Press, New York 1955), vol. 1, p. 287. 
21 G. W. TEEBOR, F. 1:'. BECKER and I. SEmMAN, Nature 216, 396 

(1967). 



1242 Speeialia EXWEIENTIA 25/12 

The  inh ib i t i on  of D N A  syn thes i s  b y  hyd roco r t i sone  is 
also obse rved  w h e n  ~4C-orotic acid is used as t he  label led  
subs t r a t e .  The  d a t a  in  t h e  Tab le  show t h a t  t h e  pe r cen t  
i n h i b i t i o n  of t he  i n c o r p o r a t i o n  of labe l  f rom ~4C-orotic 
acid, wh ich  m u s t  en te r  D N A  v ia  t h e  de novo  p a t h w a y ,  is 
essent ia l ly  iden t ica l  to  t h a t  obse rved  w h e n  3H- thymid ine ,  
wh ich  en te r s  v ia  t he  sa lvage  p a t h w a y ,  is used. I n  these  
e x p e r i m e n t s  a single dose of hyd r oco r t i s one  (50 mg/kg)  
was a d m i n i s t e r e d  19 h pos t -opera t ive .  E i t h e r  10 ac of 3H- 
t h y m i d i n e  or 5 ~xc of l~C-orotic acid was a d m i n i s t e r e d  26 h 
a f te r  pa r t i a l  h e p a t e c t o m y  and  1 h before  r e m o v a l  of t h e  
l iver.  Sepa ra t e  e x p e r i m e n t s  conf i rmed  t h a t  t h e  incorpora -  
t ion  of labe l  f rom 14C-orotic acid in to  D N A  was l inea r  for 
1-2 h, a n d  t h a t  t he  i n c o r p o r a t i o n  of l abe l  in to  t he  acid- 
soluble  f r ac t ion  0.5 h a f te r  t he  a d m i n i s t r a t i o n  of e i the r  
precursor ,  was  5 - 1 0 %  h igher  in  t h e  hydrocor t i sone-  
t r e a t e d  r a t s  as c o m p a r e d  to  t h e  controls .  T he  va lues  for 
b o t h  t he  con t ro l  a n d  t r e a t e d  ra t s  h a v e  been  cor rec ted  for 
t h e  presence  of a smalI  a m o u n t  of R N A  c o n t a m i n a t i o n  
in t h e  D N A  prepa ra t ions ,  wh ich  con ta ins  l abe l  f rom the  
~C-orot ic  acid.  The  smal l  er ror  ( abou t  12%) was esti- 
m a t e d  b y  e x t r a c t i n g  t he  D N A  f rom t h e  12 h r egene r a t i ng  
l iver  of r a t s  t r e a t e d  as a b o v e ;  labe l  f rom ~4C-orotic acid 
would  a p p e a r  on ly  in  t h e  R N A  a t  th i s  t i m e  since D N A  
syn thes i s  is negligible.  T he  conclus ion  t h a t  t h e  changes  
in t he  labe l l ing  p a t t e r n  of D N A  are  a t r u e  i n d i c a t i o n  of 
t he  degree of i n h i b i t i o n  of D N A  syn thes i s  was  also sup-  

Percent inhibition of DNA synthesis 

Precursor Specific activity ~ S.E.. % 
Control Treated inhibition 

8H-thymidine (10 [xe) 50 • 3.7 (18) 11 =h 0.89 (9) 78 
l*C-orotie acid (5 Ixe) 13 ~ 1.9 (7) 3 =~ 0.75 (7) 77 

Number of rats shown in parenthesis. 

p o r t e d  b y  t he  resu l t s  of mi to t i c  counts .  Mitoses  were  
a b s e n t  in eos in -s ta ined  10 ~ sect ions  f rom the  30 h 
r egene ra t i ng  l iver  of r a t s  wh ich  received a single dose of 
50 m g / k g  or 100 m g / k g  of hyd roco r t i sone  19 h af te r  pa r t i a l  
h e p a t e c t o m y ;  a p p r o x i m a t e l y  3.5% of t he  cells were in 
m e t a p h a s e  in s imi la r  p r e p a r a t i o n s  f rom cont ro l  rats .  

These  resul t s  i nd i ca t e  t h a t  t he  r egene ra t i ng  l iver  is 
m o s t  sens i t ive  to  t he  s te ro id  if t he  l a t t e r  is a d m i n i s t e r e d  
du r ing  t he  per iod  O f r ap id  D N A  syn thes i s  in  t h e  p a r e n c h y -  
ma l  cells, wh ich  occurs  a p p r o x i m a t e l y  17-19 h post -  
ope ra t ion  in y o u n g  a d u l t  r a t s  ~s. I t  is th i s  l a t t e r  f i n d i n g  
wh ich  m a y  be  p e r t i n e n t  to  t he  p r o b l e m  of op t imiz ing  
schedules  for t he  use of cor t icos tero ids  as cancer  chemo-  
t h e r a p e u t i c  agents ,  s ince D N A  syn thes i s  shows a d iu rna l  
v a r i a t i o n  in some t u m o r s  2.% W h e t h e r  some t u m o r s  g rown 
in a h o s t  a n i m a l  exh ib i t  t h i s  m a r k e d  sens i t i v i ty  to  cort i -  
costeroids  w h e n  t h e y  are in  t he  v i c in i ty  of t he  S-phase  
m u s t  a w a i t  f u r t h e r  study23. 

Rdsumd. Dans  le  foie d n  r a t  el1 vote de r6g6n6rat ion,  la  
b iosyn th6se  de D N A  est  inhib6e  au m a x i m u m  p a r  le 
hyd roco r t i sone  17-19 h apr6s l 'op6ra t ion .  C 'es t  pou rquo i  
le foie en  r4g6n6ra t ion  est  le p lus  sensible  au  hydro -  
cor t i sone  s ' i l  es t  in jec t6  p e n d a n t  la p6r iode de la syn th6se  
m a x i m a l e  de DNA.  
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Fatty Acid Unsaturation and Cholesterol Content 

I n  t he  d e n e r v a t i o n  a t r o p h y  of muscle,  a m a r k e d  
increase  of t h e  e x t e n t  of phos pho l i p i d  labe l l ing  f rom pa2_ 
o r t o p h o s p h a t e  occurs, t o g e t h e r  w i t h  a n  i n c r e a s e d  in- 
co rpo ra t i on  of C~4-acetate in to  l ipids  1-< 

To eva iua t e  differences  in  l ip id  compos i t i on  b e t w e e n  
n o r m a l  a n d  d e n e r v a t e d  muscles,  e x p e r i m e n t s  h a v e  been  
car r ied  ou t  on  t h e  degree of u n s a t u r a t i o n  of f a t t y  acids 
a n d  t h e  r a t io  cho les t e ro l -phospho l ip id ,  wh ich  a p p e a r  to  
be  b o t h  r e l e v a n t  to  t h e  f u n c t i o n a l  p roper t i e s  of m e m -  
branes4-6.  

W i s t a r  r a t s  (200-250 g) were used in all  expe r imen t s .  
T h e y  were m a i n t a i n e d  on  s tock  d ie t  a n d  al lowed free 
access to  food. To p roduce  a t r o p h i c  muscles ,  t he  r a t s  were 
a n a e s t h e t i z e d  w i t h  e the r  a n d  t h e  lef t  sciat ic  n e r v e  of each  
was  cut .  I n  o thers ,  t h e  lef t  ga s t rocnemius  muscle  was 
t eno tomized .  The  an ima l s  were used  8-18 days  a f t e r  t h e  
opera t ion .  

Th ree  to  f ive a t roph i c  or con t ro l  muscles  were pooled 
a n d  homogen ized  ill c h l o r o f o r m - m e t h a n o l  (2:1),  t h e  
l ipids  were e x t r a c t e d  (under  n i t rogen)  accord ing  to  
FOLCH et  a ld  a n d  redissolved  in ch lo ro fo rm for t h e  
iodine  n u m b e r  d e t e r m i n a t i o n  fol lowing t h e  m e t h o d  of 

in Normal  and Denervated Muscle 

WtJs s. In para l le l  e x p e r i m e n t s  t h e  t o t a l  choles tero l  was  
d e t e r m i n e d  (8 days  a f t e r  t h e  opera t ion)  accord ing  to  t he  
p rocedure  of BLOORt 

The  resu l t s  p r e sen t ed  in Tab le  I show t h a t  in  t he  de- 
n e r v a t i o n  a t r o p h y  t h e  degree of f a t t y  acid u n s a t u r a t i o n  is 
s ign i f ican t ly  lowered,  whereas  no  change  has  been  found  
in t e n o t o m i z e d  muscles.  

M. ZATTI and F. RossI, Atti Accad. naz. Lincei Rc. Sed. solen. 32, 
756 (1962). 

2 F. R0ssI, M. ZATTI and A. TARTARINI, Sperimentale 773, 15 (1963). 
a G. L. A. GRAFF, A. J. HUDSON and K. P. STRICKLAHD, Biochim. 

biophys. Acta 104, 524 (1965). 
4 L. L. M. VAN DEENEN, in Regulatory Functions o] Biological 

Membranes (Ed. J. JXRNEFELT), BBA Library 11, 72 (1968). 
L. L. M. VAN DEEHEN, Ann. N.Y. Acad. Sci. 137, 717 (1966). 
D. O. SHAH and J. H. SCHULMAX, J. Lipid Res. 8, 215 (1967). 

7 j .  FOLCH, M. LEES and G. H. SLOAN-STAxLEY, J. biol. Chem. 226, 
497 (1957). 

8 j .  j .  A. WIjs, Z. Unters. Nahr.-Genussmittel 1, 561 (1898). 
W. R. BLOOR, J. biol. Chem. 24, 227 (1916). 


