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The conformat ion  of I is f ixed by  the  r ing fusion, and 
demands  t h a t  t he  ca rbon-carbon  bond a t  C t be quasi- 
equator ia l  to  the  seven-membered  ring. Consequent ly  the  
subs t i tuents  a t  C8, C7, and  C s will  be e', e', and  a', respect-  
ively. 

The  ass ignment  of  s t e reochemis t ry  to  the  remain ing  
substances,  desace ty l i so tenul in  (II), helenal in  (IV), ba ld-  
uilin (V, or  the  equ iva l en t  s t ruc tu re  wi th  the  lac tone  and 
ace toxyl  in terchanged) ,  and i sophotosantonic  tac tone 
(VI), rests on the  fol lowing arguments .  All of these  sub-  
stances have  been shown to  have  the  conf igura t ion  in- 
d icated a t  C1, C4 and C5 by  r o t a t o r y  dispersion studies 4. 
In add i t ion  tenul in ,  helenal in,  and  baldui l in  have  the  same 
conf igurat ion a t  C 7 and C~0 ~. These compounds ,  as well 
as geigerin (I), and i sophotosantonic  tac tone (VI) are  al l  
readi ly  h yd rogena t ed  to  s a tu ra t ed  ke tones  under  mild  con-  
dit ions 3,a. On  the  o the r  hand,  desace ty lneo tenu l in  (III) 
which has  u n n a t u r a l  s t e reochemis t ry  a t  Ct and is formed 
under  condi t ions  which  should n o t  d i s turb  the  conf igura-  
t ion a t  C 7, is no t  read i ly  hyd rogena t ed  4.6. Dur ing  this  
in terconvers ion,  in order  to  ma in ta in  t he  e '  conformat ion  
at the  r ing fusion i t  is necessary for the  seven membered  
ring to  flip to an  a l t e rna te  conformat ion ,  causing all the  
o ther  subs t i tuen t  groups to undergo  corresponding con- 
format iona l  changes.  The  differences in ease of hydro-  
genat ion m a y  then  be expla ined  by  the  presence of  a 
bulky  e '  g roup a t  C~ in tenul in ,  be ing  changed  to  a '  in 
desacetylneotenul in .  This  g roup  then  shields t he  double  
bond f rom hydrogena t ion .  On  this  basis the  s tereochemis-  
t ry  a t  C~ is assigned as shown in desmcetytisotenulin,  
helenalin,  baldui l in ,  and  i sophotosantonic  lactone.  
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The  ass ignment  of  conf igura t ion  to the  h y d r o x y l  groups  
rests upon  the  fol lowing observat ions .  Dihydro iso tenu l in  
on basic  hydrolys is  and subsequen t  reacidif icat ion affords 
desace ty ld ihydroiso tenul in  and an isomeric  lac tone re- 
sult ing f rom lac toniza t ion  a t  C a. On this  basis the  oxygens  
at  C 6 and C 8 m u s t  be equ iva l en t  (cis), and on the  basis of 
our assumpt ions  regarding  the  s t e reochemis t ry  of these  
lactones, vide supra, t h e y  m u s t  also be ¢is to the  ca rbon  
chain a t  C 7. This  gives rise to  the  par t ia l  s te reochemis t ry  
for desacety l i so tenul in  as i l lus t ra ted  (II). 

5 ~¢V. HERZ, R.B.  MITRA, and P. JAYARAMAN, Abstr. Papers 
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He lena l in  (IV), and its der iva t ives ,  on hydrolys is  and 
reacidif icat ion are recovered  unchanged  7, s indica t ing  t h a t  
the  groups a t  Cv and  Cs are  cis, and t h a t  the  C o h y d r o x y l  
is p robab ly  trans to  the  side chain. '  HERZ has recen t ly  
shown t h a t  baldui l in  (V) is ep imer ic  wi th  tenul in  a t  C,, 
and helenalin a t  C a s, g iv ing  baldui l in  the  s t ruc tu re  shown. 

The  s te reochemis t ry  a t  C10 in i sophotosan ton ic  tac tone 
(VI) rests upon the  fol lowing a rgumen t .  D e h y d r a t i o n  of 
(VI) w i th  th ionyl  chloride in pyr id ine  affords  an exocyclic,  
non-conjugated  olefin s, while acid ca ta lyzed  dehydra t ion  
gives the doubly  unsa tu ra ted ,  con juga ted  ketone.  On this  
basis we propose t h a t  the  C10 h y d r o x y l  group is cis to 
the  hydrogen  at  C~, o therwise  d e h y d r a t i o n  wi th  th iony l  
chloride should have  afforded the  con juga t ed  isomer  via 
a trans el iminat ion invo lv ing  the  a c t i v a t e d  hydrogen  a t  
Cp The  conf igurat ion a t  C 8 is assigned as shown,  w i th  in- 
vers ion t ak ing  place dur ing the  fo rma t ion  of  VI  f rom 
san ton in  by  analogy wi th  the  san ton in -desmot roposan-  
ton in  conversion% The s t e reochemis t ry  of  t he  m e t h y l  
group in the  side chain is considered to  be unchanged  
f rom t h a t  in santonin 1°, in v iew of t he  fac t  t h a t  the  
condi t ions  for the  format ion of  VI  f rom san ton in  do no t  
appear  vigorous enough to cause ep imer iza t ion  of a group 
ad jacen t  to a sa tura ted  carbonyl .  A similar  a r g u m e n t  m a y  
be used in suppor t  of the proposed conf igura t ion  a t  C7, 
which is the  same as tha t  in santonin.  

J .  w .  HUFFMAN 

School of Chemistry, Georgia Institute o/ Technology, 
Atlanta (Georgia), August 17, 1959. 

Zusammen]assung 

Die Stereochemie  der Sesqui terpene Tenul in ,  Ba ldu i l in  
und Helani l in  sowie isophotosantonisches  L a k t o n  wi rd  
behande l t  und provisorische S t ruk tu r fo rmeln  fiir diese 
Subs tanzen  vorgeschlagen.  
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The Effect of I n s u l i n  

on Product ion  of Gr an u l a t i on  T i s s u e  in Rats  t 

The  effect of hormones  on connec t ive  t issue has  been  
ex tens ive ly  studied. The  fo rma t ion  of g ranu la t ion  t issue 
- one of the  basic react ions of the  m e s e n c h y m e  - is in- 
f luenced by  several  hormones .  The  s t imula t ion  of th is  
process by  STH,  thyroxine ,  and a ldos terone  and the  in- 
hibi t ion by  cortisone and  sexua l  s teroids  is well known 2-". 

1 Presented at the 25 th meeting of the Hungarian Physiological 
Society, Szeged, July 1959. 
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I n  r e c e n t  years  severa l  d a t a  b e c a m e  k n o w n  w h i c h  p o i n t  
to  a pa ra l l e l i sm of some m e t a b o l i c  effects  of S T H  a n d  
insul in .  Acco rd ing  to  LLTKENS, t h e  p r o t e i n  anabo l i c  ac t ion  
of S T H  is d e p e n d e n t  on  insu l in  ~0 G r o w t h  h o r m o n e  seems 
to  s t i m u l a t e  t h e  secre t ion  of insu l in  11. I n  v i ew  of t i le  
s t i m u l a t i n g  effect  of g r o w t h  h o r m o n e  on  g r a n u l a t i o n  
t i s sue  p roduc t i on ,  i t  s eemed  of i n t e r e s t  to  e x a m i n e  a pos-  
s ible  ef fec t  also of insul in.  F r o m  t h e  field of e x p e r i m e n t s  
dea l ing  w i t h  h o r m o n a l  inf luences  on  g r a n u l a t i o n  t issue,  
p r i m a r i l y  those  seemed c o n v i n c i n g  whe re in  d i rec t  (local) 
h o r m o n a l  effects  could  be  d e m o n s t r a t e d  1~-18. 

F o r  t he  q u a n t i t a t i v e  e x a m i n a t i o n  of g r a n u l a t i o n  t issue 
fo rma t ion ,  we e m p l o y e d  essen t i a l ly  t h e  m e t h o d  of MEIER, 
SCHULER, a n d  DESAULLES 12. A lb ino  r a t s  we igh ing  100 to  
150 g were  used.  C o t t o n  pe l le t s  we igh ing  50 m g  of t h e  
same  s h a p e  a n d  size were  p r e p a r e d  a n d  steri l ized.  T h e  
pel le ts  were  i m p r e g n a t e d  w i t h  i n su l i n  d isso lved  in 0.2 ml  
0.0033 N HC1. Con t ro l  pe l l e t s  were  i m p r e g n a t e d  w i t h  
0.2 ml  of t h e  s o l v e n t  alone.  A g lucagon- f ree  c rys t a l l i ne  
z inc in su l in  p r e p a r a t i o n  w i t h  a n  a c t i v i t y  of 25,3 U / m g  
was used.  To each  a n i m a l  one  pe l le t  c o n t a i n i n g  insu l in  
a n d  one  con t ro l  pe l l e t  were  i m p l a n t e d  s u b c u t a n e o u s l y  
u n d e r  t h e  a b d o m i n a l  skin,  2 c m  f rom t h e  mid l ine  on  b o t h  
sides. T h e  a n i m a l s  were ki l led 5 days  a f t e r  t h e  o p e r a t i o n  
a n d  t h e  g r a n u l o m a s  fo rmed  were  d i s sec ted  out .  Care was  
t a k e n  n o t  to  inc lude  a n y  p re -ex i s t i ng  s t ruc tu re .  The  gra-  
n u l o m a s  were  dr ied  to  c o n s t a n t  w e i g h t  a t  110°C a n d  
weighed.  T h e  insu l in  effect  r e p r e s e n t e d  t h e  di f ference be-  
t w e e n  t h e  d r y  w e i g h t  of  g r a n u l o m a s  f rom t h e  con t ro l  a n d  
t r a t e d  side. S imi la r ly  t h e  effect  of g r o w t h  h o r m o n e  a n d  
t h e  j o i n t  effect  of g r o w t h  h o r m o n e  a n d  insu l in  was  e x a m -  
ined.  I n  t h e  l a t t e r  g roup  a pe l l e t t  i m p r e g n a t e d  w i t h  S T H  
was i m p l a n t e d  on  one  side, a n d  a n o t h e r  one  c o n t a i n i n g  
t h e  s ame  a m o u n t  of S T H  bes ides  insu l in  o n  t h e  o t h e r  side.  
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T h e  resu l t s  were a n a l y z e d  s t a t i s t i c a l l y  b y  t h e  ' D D '  
m e t h o d  19 

T h e  re su l t s  a re  s u m m a r i z e d  in t h e  Table .  I t  c an  be  seen 
t h a t  s ign i f i can t ly  more  g r a n u l a t i o n  t i s sue  fo rmed  a r o u n d  
pe l le t s  i m p r e g n a t e d  w i t h  insul in .  O u r  r e su l t s  con f i rm  the  
s t i m u l a t i n g  ef fec t  of S T H  o n  g r a n u l a t i o n  t i s sue  a n d  show 
t h a t  in su l in  also exe r t s  i t s  effect  in t h e  p resence  of STH.  

T h e r e  was  a l inea r  r e l a t i o n s h i p b e t w e e n  t h e  log dose of 
insu l in  a n d  t h e  di f ference of d r y  w e i g h t  of g r a n u l o m a s  
f rom t r e a t e d  a n d  con t ro l  s ide (Fig,), 
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Relationship between the dose of insulin and its effect on granulation 
tissue production. Ordinate: difference between dry weight of gra- 
nulomas from treated and control side. Abscisse: dose of insulin ill 
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I n  h is to logica l  sect ions,  a cel l - r ich g r a n u l a t i o n  t issue 
could  be  seen c o n t a i n i n g  m a n y  capi l lar ies ,  f ib rob las t s ,  
p l a s m a  cells, a n d  g i a n t  fore ign  b o d y  t y p e  cells. N o  qual i -  
t a t i v e  di f ference was  r evea l ed  in  t h e  h is to logica l  ap p ea r -  
ance  of i n s u l i n - t r e a t e d  a n d  co n t ro l  t issue.  

I t  s eemed  poss ible  t h a t  t h i s  effect  of insu l in  is a non-  
specific one  a n d  is due  to  t h e  i r r i t a t i n g  effect  of t h e  insul in  
p r o t e i n  on  t i le  t issues.  There fo re  t h e  effect  of i n a c t i v a t e d  

19 I. JUVANCZ, in Klinikai Laboratoriumi Diagnosztiha (Mtivelt 
N6p., Budapest 1955), p. 989. 

Dose of hormone 

Insulin 10 uni ts  
Insulin 15 units  
Insul in  20 units  
STH 3 U S P  units  
STH 2 US P  units  

+ Insul in  15 uni ts  
Insulin 15 unites (inactivated) . . 
Insulin 20 units  
+ adrena lec tomy.  

Number of 
animals 

14 
11 
18 
15 

12 
11 

Granuloma weight in mg 

Treated side [ Control side 

148-7 4- 4"3 136"9 ± 2-9 
153.7 -I- 4,8 130'5 4- 4"2 
161"6 4- 5'5 128"3 -t- 3-1 
149.0 -t- 8,7 132"2 4- 2-4 

151,3 4- 3'2 140'0 ::[: 3-4 
132,5 -t- 1'0 

133'4 ± 1"8 
156-5 :t: 2"4 133'5 ± 4"6 

Difference 
in mg 

11.8 
23'2 
33.3 
16.8 

11.3 

- 0 , 9  
23'0 

P 

< 0"01 
< 0-01 
< 0.001 
< 0-01 

< 0.01 

> 0.1 
< 0.01 

Numbers preeeeded by 4- are standard errors of the mean 



[15. IlL 1960] Br~ves communications - Brevi comunicationi 123 

insulin was also examined. The inactivation of insulin was 
carried out according to the method of DIJ VIGNEAUD 
et al. 2~. The inactivated insulin which lost its blood-sugar- 
lowering effect was also ineffective in st imulating granu- 
lation tissue formation (Table). In this experiment the 
control pellets were impregnated with the cysteine solu- 
tion used in the inactivation procedure. To avoid any 
possible loss of insulin, no a t t empt  was made to separate 
insulin and cysteine after the reduction of insulin was 
accomplished. 

The granulation tissue-stimulating effect of insulin is 
also apparent  in the adrenalectomized animal (Table), 
The implantat ion of the pellets was carried out 4 days 
after adrenalectomy. The animals received i mg cortisol 
intramuscularly 24 and 48 h after adrenalectomy. The 
presence of the granulation tissue-stimulating hormone 
of the adrenal cortex, aldosterone ~ is therefore not ne- 
cessary for the insulin effect. 

Preliminary experiments carried out  on hypophysec- 
tomized animals suggest tha t  the presence of the hypo- 
physis is also not  necessary for the insulin effect. In 
accordance with the data  in the literature, we found a 
diminished production of granulation tissue in hypo- 
physectomized rats. 

The mechanism and significance of the granulation 
tissue-stimulating effect of insulin is not  known. In  our 
experiments, we succeeded in demonstrating a local effect 
of a highly purified insulin. This would suggest tha t  the 
effect is specific. Decreased production of granulation tis- 
sue in the diabetic organism, among other factors 21,~2, 
may play a role in the diminished resistance to infection 
and delayed wound healing. 

We are indebted to Dr. ~V. R. KIRTLEY of ]Eli Lilly and Company, 
for glucagon-free crystalline zinc insulin, Lot No. 499667 and to 
Dr. F. PAULSEN Of FelTing AB, Malm6, for growth hormone, supplied 
as 'Somacton'. Our thanks are due to Dr. L. Kiss for performance 
of the hypophysectomies. 

S. NAGY, A. ~{I~DEI, and S. KAR,~DY 

Institute of Pathophysiology, Medical University o] 
Szeged (Hungary), July 21, 1959. 

Zusammen]assung 

Mit dem FremdkSrpergranulomtest  wurde festgestellt, 
dass lokal appliziertes Insulin die Bildung des Granula- 
tionsgewebes bei der Ra t te  f6rdert. Inaktiviertes Insulin 
bleibt ohne Effekt. Die Insulinwirkung finder auch in 
Anwesenheit des Wachstumshormons statt .  

discriminative tactile functions are subserved by the dor- 
sal column pathway. However,  i t  has been demonstrated 
tha t  in cat  evoked potentials in the somatic sensory areas 
remain after section of the dorsal column, but  disappear 
after a lesion in the dorsal par t  of the lateral funicleL 

Tactile placing is a cortical reflex requiring a high de- 
gree of spatial sensory discrimination. In the present 
experiments we have tested tacti le placing in the cat 's  
hindIimb, after lesions in the spinal cord had been made 
to interrupt  different ascending pathways.  Complete sec- 
tion of the dorsal column does not  interfer with tactile 
placing but ipsilateral tactile placing was entirely abol- 
ished after a small superficial lesion in the medio-dorsal 
part  of the lateral funicle. I t  is possible tha t  this lesion 
in the lateral funicle may have interrupted a small frac- 
t ion of pyramidal fibres, but  several findings indicate tha t  
the loss of placing is not  due to a motor  deficiency; the 
cats did not show any defects in movements  and visual 
placing could be performed accurately. There .was no loss 
of the placing reaction in either hindlimb after a large 
lesion in the ventral quadrant  interrupting pathways with . 
the classical location of the spino-thalamic tract.  

I t  is therefore concluded tha t  the afferent link of the 
placing reaction is an uncrossed pa thway in the medio- 
dorsal part  of the lateral funicle. 

Electrophysiological experiments have demonstrated 
the existance of eight pathways in the dorsal part  of the 
lateral funicle, five of which are functionally independent  
subdivisions of the dorsal spino-cerebellar t rac tL  One 
of these non spino-cerebellar pathways is act ivated ex- 
clusively by low threshold cutaneous afferents, the dis- 
charge being adequately elicited by very light touch from 
an extremely restricted receptive field. The axons of this 
pa thway are located medially to those of the dorsal 
spino-cerebellar t ractL Disappearance of tacti le placing 
was found after a medial lesion interrupting the axons of 
this pathway but  leaving the major i ty  of the dorsal 
spino-cerebellar axons. On the other hand, there was no 
loss of tactile placing after a more laterally placed lesion, 
which interrupted the majori ty  of the dorsal spino- 
cerebellar axons sparing the more medially located extero- 
ceptive pathway, 

I t  is assumed that  this ascending pa thway is the afferent 
link of the tactile placing reaction. 

A. LUNDBERG and U. NORSELL 

Institute o/ Physiology, University o[ Lund (Sweden), 
October 29, 1959. 
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Spinal  Afferent pathway of the Tactile Placing 
R e a c t i o n  

In  most  textbooks of physiology, the view is held that  
tactile discrimination depends on dorsal column pathways 
and to some extent  also on the crossed spino-thalamic 
tract. The assumption has been tha t  the most highly 

Zusammen/assung 

Die exterozeptive Aufsetzreaktion der Hinterpfote der 
Katze nach versehiedenartigen RiickenmarksverIetzun- 
gen ist untersucht  worden. Nach Entfernung des Hinter-  
stranges bleibt dieselbe erhalten, sic verschwindet nach 
oberfliichlicher Verletzung im medialen dorsalen Tell des 
Seitenstranges. Es wird angenommen, dass eine in diesem 
Riickenmarksteil  verlaufende exterozeptive Balm der 
afferente Schenkel der Aufsetzreaktion ist. 

1 F. MOR~N, Amer. J. Physiol. 183, '245 (1955). - J. V. CATALANO 
and G. LAMARCHE, Amer. J. Physiol. 189, 141 (1957). 

2 A. LUrrDBERG and O. OSCARSSON, Exper. 15, 195 {19591 and 
unpublished observations. 


