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Effect of urine extracts from fasting and cachectic humans, and humans on a normal diet (control group) on the ketone bodies, liver fat and 
blood sugar in mice 6 h after s.c. injection (mean 4- S.E.; in parentheses the number of experimental animals in the test) 

Material tested Ketone bodies (mg%) Liver fat (%) Blood sugar (rag%) 

Extract from urine 
1. Placebo, 6.40 4- 0.93 (8) 5.85 4- 0.26 (9) 81.2 4- 7.93 (8) 

Controlb 5.53 4- 0.6~ (8) 5.22 4- 0.29 (9) 82.9 4- 4.60 {9) 
Fasting b ~.33 4- 0.~6 {9) o 4.92 4- 0.15 (9) d 90.1 ± 5.17 (8) 

¢. Control 4.75 4- 0.39 (9) 5.91 4- 0.20 (10) 83.6 4- 4.84 (9) 
Fasting 2.89 4- 0.39 (10) a 5.18 4- 0.~3 (10) ~ 86.2 4- 5.35 (10) 

3. Control 4.6~ 4- 0.~7 (11) 5.16 4- 0.16 (11) - -  
Cachectic 1.40 4- 0.15 (10)0 4.45 4- 0.12 (10) d - -  

'Fraction B' of extracts 
1. Placebo • 3.1~ 4- 0.27 (8) 5.76 4- 0.~2 (8) 96.7 -[- 5.40 (8) 

Control 3.28 4- 0.54 (7) 5.62 4- 0.15 (7) 99.9 4- 5.97 (7) 
2. Control 5.07 4- 0.44 (8) 5.55 4- 0.18 (1~) 84.0 -4- 7.27 (9) 

Fasting 1.87 4- 0.27 (16)~ 5.43 4- 0.09 (20) 92.8 4- 4.30 (18) 
3. Control 5.25 4- 0.21 (10) 6.41 4- 0.43 (10) 72.0 4- 4.14 (10) 

Cachectic 3.15 4- 0.~4 (8) ~ 4.81 4- 0.19 (8) a 81.1 4- 3.95 (8) 

The same volmne of solvent (0.5% Na2CO~ neutralized before injection). ~ Without adsorption on carboxymethyleellulose. ¢ Statistically 
significant for P ~ 0.001 ; o for P <~ 0.01 ; * for P <: 0.05. 

t h a n  oxycellulose was  used for adso rp t i on  in t h e  final  
s tage.  A p a r t  of each  e x t r a c t  was  fu r the r  f r ac t i ona t ed  on 
S e p h a d e x  G-25 in 0 .1N aqueous  a m m o n i a ;  t he  'T rac t ion  
B '  re fer red  to  be low was  ob ta ined  f rom the  pooled e luates  
con ta in ing  mate r ia l  wi th  d i s t r ibu t ion  coeff icients  ~, Ka: be- 
tween  a b o u t  0.05 and  0.25. The  ex t r ac t s  and  f rac t ions  
were  t e s t ed  by  subcu taneous  in jec t ion  in to  mice (H strain)  
in doses co r respond ing  to 50-100 ml  of t he  original  ur ine;  
a f t e r  6 h the  mice were exsangu ina t ed  and  the  b lood 
sugar  s a n d  ke tone  bodies  7 as well as t he  l iver fa t  c o n t e n t  
were  de t e rmined .  

The  resul ts  col lected in t h e  Table  show t h a t  t h e  ur ine 
e x t r a c t s  f rom the  fas t ing  and  cachect ic  groups,  and  the  
' F r a c t i o n  B'  of such  ex t rac t s ,  caused  a m a r k e d  d rop  in t he  
ke tone  b o d y  blood level. In  m o s t  cases th is  was  accom-  
pan ied  b y  a s ignif icant  decrease  in l iver  fa t  and  a sl ight,  
s ta t i s t i ca l ly  no t  s igni f icant  b u t  never the less  cons i s t en t ly  
repea ted ,  increase in t he  b lood sugar.  These  changes  did 
n o t  t a k e  place w h e n  the  co r respond ing  ex t rac t s ,  or t he i r  
f ract ions,  f rom the  con t ro l  groups  on no rma l  d ie t  were 
given.  I t  should  be n o t e d  t h a t  in some e x p e r i m e n t s  t he  
inh ib i to ry  effect  could be d e m o n s t r a t e d  in ur ine ex t r a c t s  
even  w i t h o u t  adso rp t ion  on ca rboxymethy lce l lu lose .  

As an  add i t iona l  cr i ter ion,  t he  in vitro release of f a t t y  
acids f rom r a t  ep id idyma l  fa t  pads  was  s tudied .  Add i t i on  
of t he  e x t r a c t s  of f rac t ions  ac t ive  in rive to  t he  m e d i u m  
(0.5-1.0 mg  per  ml  of K r e b s - R i n g e r  p h o s p h a t e  w i t h  3% 
albumin,  p H  7.4) caused  a s ignif icant  decrease,  b y  30-  
70%, of t he  release of free f a t t y  acids,  b o t h  in t h e  presence  
of glucose (100-150 m g % )  and  i ts  absence.  

The resul ts  ind ica te  t h a t  the  ur ine of fas t ing  or cachec-  
tic h u m a n s  con ta ins  a m ix tu r e  of subs tances  w i th  an tago-  
nistic effects on these  p a r a m e t e r s  of l ipid metabo l i sm.  In  
addi t ion  to a f rac t ion of re la t ive ly  low molecular  we igh t  
wi th  lipid mobil iz ing ac t iv i ty ,  we have  found  a f rac t ion of 

h igher  molecular  we igh t  showing the  oppos i te  ef fect  on 
lipid metabo l i sm.  The  presence  of th i s  l a t t e r  fac tor  m a y  
be  one of t he  reasons  for the  poor  reproduc ib i l i ty  of a t -  
t e m p t s  to  isolate t he  lipid mobi l iz ing fac tor  f rom the  
ur ine of d iabet ic  s or fas t ing  individuals .  The physiological  
s ignif icance and  chemical  na tu re  of these  factors  is be ing  
fu r the r  examined .  

Zusammenfassung. Ein  im Ur in  h u n g e r n d e r  oder  ka-  
chek t i scher  Pe r sonen  v o r b a n d e n e r  Fak to r ,  f i ihr t  bei  M/iu- 
sen  nach  s.c. I n j ek t i on  im Blu t  zur  Senkung  des K e t o n -  
kSrperspiegels .  Der  L e b e r f e t t g e h a l t  wird  h e r a b g e s e t z t  und  
eine schwache,  j edoch  regelmgss ig  a u f t r e t e n d e  E r h 6 h u n g  
des Blu tzuckerspiegels  herbeigef i ihr t .  Bei  der  R a t t e  h e m m t  
der  F a k t o r  in vitro die F re i se t zung  yon  Fe t t s~u ren  aus 
d e m  e p i d i d y m a l e n  Fe t tgewebe .  E r  bee inf luss t  m6gl icher-  
weise den  im H a m  h u n g e r n d e r  Menschen  v o r h a n d e n e n  
' l ipid mobi l iz ing fac tor '  an tagonis t i sch .  

T. BRAUN, P. F.~BRY, 
1~. PETRfi-SEK, and  J.  RUDINGER 

Physiological Department o/the Institute el Human Nutri-  
tion, Prague, and Institute o[ Organic Chemistry and Bio- 
chemistry, Czechoslovak Academy o[ Science, Prague 
(Czechoslovakia), December 28, 1963. 

5 p. FLOD1N, Dextran Gels and their Applications in Gel Filtration 
(Pharmacia, Uppsala 1962), p. 35. 

6 •. FRANK and E. KIRBERGER, Biochem. Z. 3~0, 359 (1950). 
7 S. P. BESSMAN and M. ANDERSON, Fed. Prec. 16, 154 (1957). 
s K. J. ANSELMIN0 and F. HOFFMANN, Endokrinologie 17, I (1936). 

~ber  die Wirkung yon synthetischem A C T H  

(fll-Z4Corticotropin) beim Menschen 

Des  yon KAPPELER und  SCHWYZER I syn the t i s i e r t e  
fll-24Corticotropin (CIBA 30920-Ba) b e s t e h t  aus e iner  
K e t t e  yon  24 Aminos/iuren,  die in gleicher Reihenfolge  
wie die e r s ten  24 Aminos/ iuren des nat t i r l ichen Cortico- 

t rop ins  (mit  39 Aminos~uren)  a n g e o r d n e t  sind ~. Es  is t  
b e k a n n t ,  dass  die S t r u k t u r  des nat f i r l ichen Cor t ico t ropins  
n i ch t  be i  allen T ie ra r t en  gleich ist. Die Un te r sch i ede  be-  
s t e h e n  in der  Z u s a m m e n s e t z u n g  und  A n o r d n u n g  der  25. 

x H. KAFPELER und R. SCHWYZER, Helv. chim. Acta 4g, 1136 (1961). 
P. H. BELL, J. Anler. chem. Soc. 76, 5565 (1954). 
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bis  33. AminosAure.  M a n  k a n n  d e s h a l b  v e r m u t e n ,  dass  die 
b io logische  A k t i v i t ~ t  y o n  A C T H  in  e r s t e r  Linie  a n  die 
Re ihenfo lge  de r  e r s t en  24 AminosAuren  g e b u n d e n  ist. F i i r  
diese A n n a h m e  sp rechen  a u c h  die Resu l t a t e ,  die yon  
FORSHAM u n d  L I m i t  e inem s y n t h e t i s c h e n  Nonadeca -  
p e p t i d  3 sowie yon  HOFMANN 4 m i t  e inem P o l y p e p t i d  de r  
e r s t e n  23 A m i n o s ~ u r e n  e r h a l t e n  wurden .  Diese be iden  
P o l y p e p t i d e  ze ig ten  im b io logischen  V e r s uch  A C T H - A k t i -  
vitfi.t. 

f lz-24Corticotropin (CIBA 30 920-Ba) is t  das  l~ingste syn-  
t h e t i s c h e  Po lypep t id .  E s  i s t  i m  T i e r v e r s u c h  in  vivo 
(Sayers -Tes t )  u n d  in  vitro (Sa f f r an -Scha l ly -Tes t )  sehr  
wi rksam.  N a c h  s u b k u t a n e r  V e r a b r e i c h u n g  wurde  im 
Saye r s -Tes t  eine A k t i v i t g t  yon  106 I E / m g  g e f u n d e n  5. 

Methoden.  ]3ei u n s e r e n  V e r s u c h e n  f iber  die ad renoco r t i -  
co t rope  W i r k u n g  des s y n t h e t i s c h e n  P o l y p e p t i d e s  a m  Men-  
schen  wurde  die S u b s t a n z  e inhe i t l i ch  in e iner  8 h l a u f e n d e n  
I n f u s i o n  y o n  1000 m l  5 % - G l u k o s e  yon  8-16  U h r  i n t r a -  
ven6s  v e r a b r e i c h t .  Vo r  B e g i n n  de r  In fus ion  sowie n a c h  4 
u n d  8 h w u r d e n  je 15 m l  B t u t  e n t n o m m e n .  Die  B e s t i m -  
m u n g  de r  f re ien  17 -Hydroxyco r t i co ide  im P l a s m a  erfolgte  
n a c h  PETERSON O. De r  U r i n  w u r d e  sowohl  a m  Tage  v o r  der  
I n fus ion  als a u c h  a m  Tag  de r  In fus ion  yon  8 U h r  a n  w/ih- 
r end  je 24 h gesammel t .  Die B e s t i m m u n g  de r  To ta l -17-  
H y d r o x y c o r t i c o i d e  im U r i n  erfolgte  n a c h  LIDDLE u n d  
PETERSON~. t3ei den  V e r s u c h s p e r s o n e n  h a n d e l t e  es s ich 
u m  e n d o k r i n  gesunde  R e k o n v a l e s z e n t e n .  

Resultate. Die gewAhlte V e r s u c h s a n o r d n u n g  e r l aub t ,  die 
a d r e n o c o r t i c o t r o p e  W i r k u n g  e iner  S u b s t a n z  a m  Menschen  
zu beur te i l en .  Der  Ans t i eg  de r  f re ien 17 - H ydr oxyco r t i -  
coide im P l a s m a  n a c h  A C T H  wi rd  besser  n a c h  4 h als n a c h  
8 h b e s t i m m t ,  weil  die K o n j u g a t i o n  de r  f re ien  Cort ico-  
s te ro ide  d a n n  n o c h  n i c h t  seh r  f o r t g e s c h r i t t e n  ist. I n  
F i g u r  1 is t  die Z u n a h m e  de r  f re ien 17 -Hydroxycor t i co ide  
4 h n a c h  f l l -~4Cor t ico t ropin- Infus ion  wiedergegeben .  Mi t  
1,5 E in  4 h i s t  ge rade  n o c h  ein ger inger  A ns t i eg  de r  f re ien 
17 -Hydroxyco r t i co ide  fes tzus te l len .  ]3ei S t e ige rung  de r  
Dosis  y o n  6 au f  12,5 E i n h e i t e n  is t  k a u m  m e h r  eine wei te re  
Z u n a h m e  de r  P l a s m a s t e r o i d e  nachzuweisen .  ]3ei de r  Be-  
s t i m m u n g  de r  17 -Hydr oxyco r t i co i de  im U r i n  werden  die 
f re ien  u n d  die a n  Glukurons~iure  g e b u n d e n e n  S te ro ide  ge- 
messen.  I n  F i g u r  2 s ind die bei  d e r  g le ichen Versuchs -  
pe r son  g e w o n n e n e n  E r g e b n i s s e  darges te l l t .  Es  g e h t  d a r a u s  
he rvor ,  dass  die Z u n a h m e  de r  A u s s c h e i d u n g  de r  17-Hy-  
d roxycor t i co ide  n a c h  f l l -~aCort icotropin in d i r e k t e r  Be-  
z i ehung  zur  Dosis  s t eh t .  Die R e s u l t a t e  de r  b i she r igen  Ver- 
suche  m i t  8s t / ind iger  In fus ion  u n d  ] 3 e s t i m m u n g  de r  Aus-  
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Fig. 1. Zunahme der freien 17-Hydroxycorticoide im Plasma gegen- 
fiber dem Ausgangswert nach 4stiindiger/~l-2¢ACTH-Infusion. 

s che idung  de r  17 -Hydroxycor t i co ide ,  welche  in F i g u r  3 
au fgeze ichne t  s ind,  lassen e ine  l ineare  B e z i e h u n g  zur  log- 
a r i t h m i s c h e n  Dosis e r k e n n e n .  
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Fig. 2. Ausscheidung der Cortieosteroide im 24-h-Urin nach 8stfin- 
diger/~l-24ACTH-Infusion bei einer Versuchsperson. 
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Fig. 3. Dosiswirkungskurve der Ausscheidung der 17-Hydroxycorti- 
coide im Urin naeh 8stfindiger fll-24ACTH-Infusion. 

a p.H. FORSHAM, V. C. DIRAIMONDO, E. G. BIGLIERI und CH. H, LI, 
Metabolism 10,335 (1961). 

4 A .  E .  A X E L R O D ,  A .  C .  T R A K A T E L L I S  und K. H O F M A N N ,  Nature 197, 
146 0963). 

a Die Versuchsmengen des synthetischen Corticotropins wurden uns 
ill verdankenswerter Weise yon der CIBA AG, Basel, zur Ver- 
fiigung gestellt. 

6 R.E. PI~TERSON, A. KARRER und S. L. GUERRA, Analyt. Chem. °,9, 
144 (1957). 

7 G.W. LIDDLE, J. E. RIC]IARD und R. E. PETERSON, Endocrinology 
57, 594 (1955). 



322 Br~vcs communications - Kurze Mitteilungen EXPER1ENTIA XIX]6 

Die e r s t en  ve rg l e i chenden  U n t e r s u c h u n g e n  zwischen  
s y n t h e t i s c h e m  u n d  d e m  v e r w e n d e t e n  na t f i r l i chem A C T H -  
P r i i p a r a t  (Cor t rophin  Organon)  sp rechen  dafi ir ,  dass  sie 
bezfigl ich W i r k u n g s e i n t r i t t  u n d  W i r k u n g s m a x i m u m  sieh 
wahrsche in l i ch  v o n e i n a n d e r  un t e r s che i den .  Die Z u n a h m e  
de r  Aussche idung  de r  17 -Hydroxycor t i co ide  im U r i n  s e t z t  
m i t  d e m  s y n t h e t i s c h e n  Cor t i co t rop in  schne l l e r  ein, h a l t  
abe r  n a c h  E n d e  de r  I n f u s i o n  weniger  l ange  an. 

Ausscheidung tier 17-Hydroxyeorticoide im Urin nach 8stfindiger In- 
fusion yon 12,5 Einheiten ACTH w~hrend der ersten Urinsammel- 

periode von 8-16 h bei einer 53j/ihrigen Patientin 

8-16 16-24 0-8 Total 24 h 

~l-24Corticotropin 12,5 3,3 5,2 21,0 mg 
Cor trophin 8,1 7,1 23,6 38,8 nag 

E s  is t  d e n k b a r ,  dass  de r  A b b a u  des kf i rzeren  s y n t h e t i -  
s chen  P o l y p e p t i d e s  schne l l e r  e in se t z t  als der jen ige  de r  
l i ingeren P o l y p e p t i d k e t t e  des na t i i r l i chen  H o r m o n s .  Das  
f l l -2*Cort icotropin h i i t t e  n a c h  i n t r a v e n S s e r  V e r a b r e i c h u n g  
d e m n a c h  eine kt i rzere  biologische Ha lbwer t sze i t .  

Summary. S y n t h e t i c  f lx-2aCorticotropin (CIBA 30920-  
Ba)  a d m i n i s t e r e d  i n t r a v e n o u s l y  ove r  8 h to  h u m a n s  
p r o d u c e d  a s ign i f i can t  rise in  free p l a s m a  17-hydroxy-  
cort icoids,  u r i n a r y  17-hydroxycor t i co ids  a n d  17-keto-  
s teroids .  T h e  l o g a r i t h m i c  dose r e sponse  cu rve  of t h e  
u r i n a r y  17-hydroxycor t i co ids  was l i nea r  f rom 3 to  25 
uni t s .  The  c o m p a r i s o n  of t he  s te ro idogen ic  effect  of t h e  
s y n t h e t i c  a n d  n a t u r a l  A C T H  (Cor t rophin)  revea led  a more  
r ap id  b u t  less su s t a ined  a c t i v i t y  of t he  s y n t h e t i c  p roduc t .  

i .  WALSER u n d  F.  KOLLER 

Medizinische Universit?ilsklinik Basel (Schweiz), 
30. Apri l  ?963. 

D I S P U T A N D U M  

The Free A m i n o  A c i d  P a t t e r n  i n  Tadpole Tails 

W h i l e  s t u d y i n g  t h e  m a r k e d  increase  of c a t h e p s i n  in re- 
gress ing t a d p o l e ' s  t a i l  (Xenopus laevis), WEBER 1 p o i n t e d  
o u t  t h a t  n o t h i n g  de f in i t e  was  k n o w n  a b o u t  t h e  i a c t o r  
con t ro l l i ng  c a t h e p t i e  a c t i v i t y .  (This  increase  in c a t h e p t i c  
ac t ion  m e a n s  t h e  re lease  of lysosomal  enzymes .  BRACHET ~ 
a t t e m p t e d  to  genera l ize  th i s  p h e n o m e n o n  in  o rde r  to  ex- 
p la in  t he  regress ion  of Muel le r i an  duc t s  in  ch ick  e m b r y o  
a n d  of t he  ta i ls  of t adpo les ,  suf fer ing  m e t a m o r p h o s i s . )  
Howeve r ,  WEBER no t i ced  t h a t  p a p e r  c h r o m a t o g r a p h y  of 
m e t h a n o l  e x t r a c t s  of ta i l s  a l t e red  r e m a r k a b l y  d u r i n g  t h e  
regress ing  s tage.  More r ecen t l y  DEUCHAR a d e t e c t e d  a con-  
s ide rab le  inc rease  in c a t h e p t i c  a c t i v i t y  in  c h i c k  e m b r y o  
fol lowing t r e a t m e n t  w i t h  a n  a m i n o  acid (leucine) ana -  
logue. F u r t h e r ,  DINGLE* a n d  FELL et  al. 5 h a v e  s h o w n  t h a t  
v i t a m i n  A releases  p ro t ea se  f rom lysosmes  a n d  WEISS- 
MAN ~ h a s  d e t e c t e d  regress ion  of t a d p o l e ' s  t a i l  due  to  
h y p e r v i t a m i n o s i s .  S imi lar ly ,  BHATTACHARYA 7 a n d  BHAT- 
TACHARYA a n d  MEDDA s d e t e c t e d  a role  of v i t a m i n  1312 in  
t h e  m e t a m o r p h o s i s  of t adpo les .  Now,  a m i n o  acids m a y  
be  i n v o l v e d  in v i t a m i n  p r oduc t i on ,  e.g. b i o s yn t he s i s  of 
v i t a m i n  A m i g h t  ut i l ize  a pool  of leucine t h r o u g h  t he  
i n t e r m e d i a r y  of some  i soprene  like p r e c u r s o r L  Again ,  
GOODWIN a n d  M c E v o Y  x° found  c e r t a i n  a m i n o  acids  to  
i n h i b i t  r i bo f l av in  b iosyn thes i s .  

Thus ,  a m i n o  acids m a y  p l a y  a role in  t h e  r u p t u r e  of 
lysosomes,  e i t h e r  d i rec t ly ,  as t h e  f ind ings  of WEBER or  
DEUCHAR m i g h t  suggest ,  or  ind i rec t ly ,  b y  b e i n g  i n v o l v e d  
in  v i t a m i n  p roduc t ion .  W i t h  t h i s  in  view, I r epea t ed  
WEBER'S work  w i t h  a local  a n u r a n  species, Bu/o melano- 
stictus. 

I n s t e a d  of us ing  m e t h a n o l  e x t r a c t s  of tai ls ,  I u sed  t he  
classic m e t h o d  of HhDOR~ a n d  MITCHELL 11, n a m e l y  to  
c rush  t h e  t i ssue  d i rec t ly  on  w h a t m a n  p a p e r  No. 1. T h e  
usefulness  of th i s  m e t h o d  ha s  been  e m p h a s i z e d  b y  BUZ- 
ZATI-TRAVERSO 12 who  p o i n t e d  out ,  on  t h e  bas is  of a re- 
m a r k a b l e  i nves t i ga t i on  b y  CHEN a n d  BALTZER la, t h a t  
d i r ec t  c rush ing  gives a more  cor rec t  p ic ture .  I h a v e  also 
f o u n d  14 t h a t  in  case of snails,  a m i n o  acids  are los t  in  t h e  
process  of ex t r ac t ion .  

I n  m o s t  cases I h a v e  t r i ed  (insects,  snails ,  seeds, p lan t s ) ,  
t h e  r e so lu t ion  fol lowing d i rec t  c ru sh ing  was poor  or  abso-  
l u t e ly  ni l  (i.e. one  long  s t reak) .  F o r t u n a t e l y ,  t he re  was 
qu i t e  a good r e so lu t i on  of n i n h y d r i n  pos i t ive  spo ts  on  
w h a t m a n  p a p e r  No.  1 a f t e r  d i r ec t  c rush ing  of t adpo l e  t a i l s  
a n d  deve lop ing  w i t h  t h e  so lvent ,  n - B u t a n o l :  acet ic  ac id :  
wa te r ,  4 : 1 : 1 .  Therefore ,  in  t h e  case of t a d p o l e  tai ls ,  one  
d imens iona l  c h r o m a t o g r a m s  could  c o n v e n i e n t l y  be  used.  

On t h e  bas is  of t h e  r e su l t s  ob t a ined ,  i t  is v e r y  c lear  t h a t ,  
un l ike  WEBER'S case, t h e r e  is p r ac t i ca l l y  no  c h a n g e  in t he  
p a t t e r n  of free a m i n o  acids in  regress ing  ta i l s  of Bu/o 
melanostictus. I t  is i n t e r e s t i n g  t h a t  in  t he  f i rs t  se t  of ex-  
p e r i m e n t s  t h e r e  were  four  spo ts  in  t h e  c h r o m a t o g r a m s  
deve loped  f r o m  non- reg res s ing  tai ls ,  b u t  two  of t h e m  
grew v e r y  f a i n t  in  case of regress ing  t adpo les .  H o w e v e r ,  
as all  t hese  t adpo le s  were e i t h e r  g iven  no  food a t  all  or  fed 
v e r y  spar ing ly ,  t he  e x p e r i m e n t  was  r e p e a t e d  w i t h  t a d -  
poles freshly caught f rom a big  pond .  A large n u m b e r  of 
spo t s  were now de t ec t ed  in  t he  c h r o m a t o g r a m ,  t h o u g h  t he  
r e so lu t ion  was no  longer  so good. A n u m b e r  of c h r o m a t o -  
g r a m s  was deve loped  a f t e r  c ru sh ing  on  t h e  s a m e  p a p e r  a 
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