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Response to morphine. F o u r  ma le  a lb ino  r a t s  weighing  
110-410 g i n j ec t ed  s u b c u t a n e o u s l y  w i t h  10 m g / k g  mor-  
p h i n e  su lpha t e ,  showed  a ta i l  r e a c t i o n  w i t h i n  30 rain 
s imi la r  to ,  b u t  less p r o n o u n c e d  t h a n ,  t h e  STRAUB o 
HERMANN ta i l  s ign in  mice.  T h e  n o r m a l  r a t  car r ies  i t s  tai l  
h o r i z o n t a l l y  a long  t h e  g r o u n d  a n d  if t h e  ta i l  is l i f ted up, 
i t  r e t u r n s  r ap i d l y  to  t h e  h o r i z o n t a l  (Fig. 1). Af t e r  mor-  
p h i n e  t h e  ta i l  t e n d s  to  be  s l igh t ly  ra i sed  t h o u g h  sti l l  
ho r i zon ta l ,  b u t  if l i f ted  u p  r e m a i n s  for  some  t i m e  in  an  
a l m o s t  ve r t i ca l  pos i t ion  whi le  t h e  a n i m a l  m o v e s  a r o u n d  
(Fig. 2), a n d  t h e n  s lowly r e t u r n s  to  t h e  ho r i zon ta l .  T h a t  
is to  say,  t h e  ta i l  is cur led  u p w a r d s  a n d  also lacks  tone.  
R a t s  g i v e n  m o r p h i n e  show no a b n o r m a l  g r a sp ing  ref lex 
a n d  t h e i r  eyes,  ha i r ,  a n d  p o s t u r e  r e m a i n  n o rma l ,  b u t  t he re  
is some  increase  in a c t i v i t y  w h e n  t h e  d r u g  ef fec t  is a t  i ts  
m a x i m u m .  

Fig. 5.--24 h apr~s l'injection; pose: 4 jour~ 
La densit6 des grains augmente dans les neurones et davantage en- 

core dans les fibres postganglionnaires 

e n  6v idence  d a n s  les p ro t6 ines  n e r v e u s e s  s,e, il r e s t e  ~ d6- 
m o n t r e r  Ia r6al i t6  d ' u n e  m i g r a t i o n  des  p ro t6 ines  61abor6es 
p a r  les cel lules g a n g l i o n n a i r e s L  

J .  VERNE e t  13. DROZ 

Laboraloire d'histologie, Facultd de mddecine de Paris, 
le 2 octobre 7959. 

Summary 

A m i g r a t i o n  of r a d i o - a c t i v i t y  is s h o w n  in  t h e  pos t -  
gangl ion ic  n e r v e s  of t he  s y m p a t h e t i c  gangl ion ,  if a n  in t e r -  
va l  is a l lowed to  e lapse b e t w e e n  t he  i n j e c t i o n  of Me th io -  
n ine  35S a n d  sacrifice.  Th i s  process  sugges t s  a m i g r a t i o n  
of p ro t e in s  e l a b o r a t e d  b y  t he  neurons .  

Fig. 1.--Normal rat R / I / l l  weight 360 g 

s A. V. PALLADIN et N. M. POLJAKOWA, 4 e Congr. Intern. Bio- 
chem., Vienne (1958), 2-12. 

e H. WAELSCH, 4e Congr. Intern. Biochem., Vienne (1958), Sym- 
pos. I I I .  

S. OcHs et E. BURGER, Amer. J.  Physiol. 194, 499 (1958). 

Contrast ing  Tai l  and other  R e s p o n s e s  
to Morphine  and Reserpine  in Rats  and Mice 1 

Introduction. T h e  m o u s e  t a i l  r e ac t i on  to  m o r p h i n e  
desc r ibed  b y  STRAUB 2 a n d  HERMANN a h a s  p r o v e d  of v a l u e  
in p h a r m a c o l o g i c a l  s tud ies  for  assess ing t h e  effects  a n d  
i n t e r a c t i o n  of va r ious  d rugs  on  t he  c e n t r a l  n e r v o u s  sy s t em,  
vide HOLTEN 4. 

D u r i n g  work  a t  p r e s e n t  in  p rogress  we h a v e  o b s e r v e d  
in r a t s  a t a i l  r e a c t i o n  to  R e s e r p i n e  w h i c h  seems  to  be  t h e  
oppos i te  to  t h e  STRAUB-HERMANN r e a c t i o n  to  m o r p h i n e  
in  mice,  a n d  as t h i s  l a t t e r  h a s  b e e n  so usefu l  to  p h a r m a -  
cologis ts  in  t h e  pas t ,  we feel t h a t  t a i l  r e a c t i o n s  of t h e s e  
r o d e n t s  to  Rese rp ine  s h o u l d  be  desc r ibed  a n d  c o n t r a s t e d  
w i t h  t h a t  seen a f t e r  m o r p h i n e .  

x This work was aided by a grant from the Medical Research 
Council. 

W. STRAUB, Dtsch. med. Wschr. 38, 1462 (1911). 
* O. HERMAUN, Bioehem. Z. 89, 216 (1912). 
4 C. H. HOLTEN, Acta pharmacol, toxicol. 13, 113 (1957). 

Fig. 2 . - R ] I / I 1  1 h after 10 mg]kg Morphine sulphate subcutane- 
ously. Note curling up tail and open eyes 

Response to Reserpine. T h i r t e e n  ma le  a lb ino  r a t s  
we igh ing  130-420 g i n j ec t ed  s u b c u t a n e o u s l y  w i t h  5 m g / k g  
R e s e r p i n e  s h o w e d  a ta i l  r eac t ion  d i a m e t r i c a l l y  oppos i te  
to  t h a t  seen  a f t e r  m o r p h i n e .  Th i s  a p p e a r e d  in some cases 
3 or  4 h,  b u t  in o t h e r s  n o t  for a b o u t  18 h, a f t e r  in jec t ion ,  
c o n t i n u e d  t o  be  v e r y  m a r k e d  for two  days ,  a n d  t h e r e a f t e r  
u sua l ly  decreased.  T h e  re sponse  was  q u i t e  u n m i s t a k a b l e  
a n d  recognised  b y  a m a r k e d  increase  in t one  in  t h e  tail ,  
a n d  b y  t h e  fac t  t h a t  i t  was  s l apped  d o w n  a f t e r  be ing  
l i f ted  to  t h e  ve r t i ca l  pos i t ion  a n d  released.  B u t  t h e  mos t  
s t r i k ing  p h e n o m e n o n  was  seen w h e n  a f inger  was  p laced  
u n d e r  t h e  p r o x i m a l  p o r t i o n  of t h e  ta i l  a n d  t h e  ta i l  l i f ted 
w i t h  a slow s t rok ing  m o v e m e n t .  W h e n  th i s  was  done  the  
ta i l  cur led  d o w n  a n d  r o u n d  t h e  f inger  w i t h  a g rasp ing  
m o v e m e n t  a n d  r e m a i n e d  f lexed (Fig. 3). 
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Tab le  I se ts  o u t  t h e  c o n t r a s t i n g  m o r p h i n e  a n d  Rese rp ine  
effects.  

Table I 

Contrasting Morphine and Reserpiue effects in rats 

Fig. 3.--R]I]12 340 g, 41]~ h after 5 mg]kg Reserpine subcutane- 
ously. Note down curling tail and closed eyes 

This  r e a c t i o n  c a n  be f ac i l i t a t ed  d u r i n g  t h e  onse t  a n d  
when  t he  effect  of t h e  d r u g  is d imin i sh ing ,  if t h e  s t imu lus  
is appl ied  r e p e a t e d l y  b y  s t r o k i n g  the  l e n g t h  of t he  ta i l  
wi th  a f inger  or  penci l  p l aced  u n d e r n e a t h  it.  

C o n c u r r e n t  w i t h  t h e  t a i l  r e ac t i on  t he  r a t s  also deve loped  
a ve ry  s t r o n g  g ra sp  ref lex in all  four  paws,  s imi la r  to  t h a t  
seen in  m o n k e y s  a f t e r  Reserp ine .  Th i s  ref lex could  be  
d e m o n s t r a t e d  b y  p lac ing  a t h i c k  wire or  smal l  s c r ewdr ive r  
in t he  fo re -paws  a n d  g e n t l y  r a i s ing  t h e  r a t  un t i l  i t  was  
suspended  (Fig. 4). D u r i n g  t h i s  s t age  some  r a t s  t e n d e d  to  
use t he  m o u t h  to  h a n g  on  wi th ,  a n d  to  cur l  up  a n d  g ra sp  
the  wire w i t h  al l  four  paws.  T h e  Rese rp ine  m o n k e y  will 
also do t h i s  l a t t e r  a n d  cl ing on  to  a n  a r m  e x t e n d e d  hori-  
zonta l ly  w i t h  al l  four  l imbs,  COLE a n d  GLEES s. 

Fig. 4.--R/1]12 5 h after 5 mglkg Reserpine subcutaneously 
showing strong grasp reflex 

A l t h o u g h  t h e  d u r a t i o n  of t h e  ta i l  a n d  g r a sp ing  ref lexes 
var ies  in  ind iv idua l s ,  we h a v e  f o u n d  t h a t  t h e y  t e n d  to  be  
more m a r k e d  a n d  to  l a s t  longer  in  a n i m a l s  o v e r  300 g. 
O t h e r  t y p i c a l  Rese rp ine  p h e n o m e n a  obse rved  inc lude  
decrease in  ac t i v i t y ,  p i loerec t ion ,  d i a r rhoea ,  closing of t he  
eyes, t r emor ,  a b n o r m a l  a n d  h u n c h e d  pos ture .  

J. COLE and P. GLEES, Lancet 1, 338 (1956). 

10 mg/kg Morphine 5 mg/kg Reserpine 

Tail 

Grasp reflex 
Eyes 
Piloerection 
Tremor 
Diarrhoea 
Activity 
Posture 

Curls up 
Weak tone 
Normal 
Open 
Absent  
Absent  
Absent  
Increased 
Normal 

Curls down 
Strong tone 
Very strong 
Closed 
Present  
Present  
Present  
Decreased 
Abnormal  

Also, two  ra t s  showing  t h e  full Rese rp ine  s y n d r o m e  
were g iven  10 m g  of M e t h y t - p h e n i d a t e  (Ri ta l in )  subcu-  
t aneous ly .  W i t h i n  20 min  the  Rese rp ine  s igns h a d  a l m o s t  
d i sappeared ,  b u t  t hey  r eappea red  12 h later .  Th i s  con f i rms  
the  a n t a g o n i s m  be tween  M e t h y l - p h e n i d a t e  a n d  Rese rp ine  
r epo r t ed  by  COLE a n d  GLEES in monkeys .  

Tai l  responses to Morphine and Reserpine in mice. T h e  
typ ica l  STRAUB-HERMANN ta i l  s ign was obse rved  in two  
mice g iven  10 m g / k g  m o r p h i n e  s u b c u t a n e o u s l y  for com-  
par i son  w i th  the  rats .  In  t en  mice g iven  5 m g / k g  Resei-- 
p ine  subcu taneous ly ,  a l t h o u g h  t h e  t e n d e n c y  for t h e  ta i ls  
to  cur l  r ound  t h e  f inger  w h e n  l if ted up  was  p e r h a p s  n o t  
qu i te  so m a r k e d  as in t h e  ra ts ,  t h e r e  was p r o n o u n c e d  in-  
crease in tone  an d  t h e  ta i l  was  ' p res sed '  d o w n  on  a f la t  
surface,  an d  would cur l  down  ove r  the  edge of a tab le .  

Mice in th i s  cond i t ion  g iven  m o r p h i n e  of a dose up  to  20 
mg /kg  held t he i r  ta i ls  a t  a n  angle  of a b o u t  45 °, b u t  such  
tai ls  unl ike  t h e  t r ue  STRAUB-HERMANN ta i l  t e n d e d  to  
grasp  when  a l i n g e r ' w a s  p laced  u n d e r n e a t h  t h e m .  Th i s  
general  obse rva t ion  m a d e  in mice for c o m p a r i s o n  w i th  t h e  
tai l  reac t ions  to  Reserp ine  a n d  m o r p h i n e  seen in o u r  r a t s  
m i g h t  indicate ,  as SCHNEIDER 6 suggets ,  t h a t  the  Reser-  
p ine -morph ine  r e l a t i onsh ip  is c o m p e t i t i v e  a t  va r ious  levels  
of t h e  cen t r a l  n e r v o u s  sys tem.  

T h e  careful  s t u d y  of TRIPOD et al. ~, in which  t h e y  
found t h a t  in  mice Rese rp ine  a n t a g o n i s e d  t h e  m o r p h i n e  
tai l -s ign b u t  was synerg i s t i c  wi th  m o r p h i n e  on  t h e  pupi l  
react ion,  suppo r t s  t h e  v iew t h a t  these  two d rugs  are  com- 
pe t i t ive  a t  va r ious  levels r a t h e r  t h a n  d i r ec t ly  a n t a g o n i s t i c  
as Reserp ine  a n d  M e t h y l - p h e n i d a t e  a p p e a r s  to  be. In  f ac t  
these  a u t h o r s  s t a t e  ' t h a t  a t r ue  a n t a g o n i s m  is un l ike ly ' .  

Controls. W e  tes t ed  t h e  ta i l  a n d  g rasp  ref lexes of 50 
n o r m a l  a lb ino  r a t s  of b o t h  sexes a n d  v a r y i n g  we igh t  f rom 
25-580 g. T h e  resu l t s  are  s h o w n  in  T a b l e  I I .  

B o t h  t h e  g rasp  an d  ta i l  s igns  found  were l i t t le  more  t h a n  
equ ivoca l  a n d  in no  case as p r o n o u n c e d  as those  seen a f t e r  
t h e  drugs.  The  d o w n w a r d  cur l ing  tai ls  wh ich  needed  m u c h  
faci l i ta t ion,  h a d  n o t  as m u c h  tone ,  n o r  were t h e y  s l apped  
d o w n  as was t h e  case a f t e r  Reserp ine .  T h e  t w o  up-cur l ing  
ta i ls  were  also d o u b t f u l ;  in  f ac t  c an  be s t  be  desc r ibed  as  
showing  a t e n d e n c y  to r e semble  t h e  m o r p h i n e  tail .  

s j .  A. SCItNEIDER, l'roc. Soc. exp. liiol. Med. 87, 614 (195-I). 
7 j .  TRIPOD, H. J. BEIN, and R. MEIER, Arch, int. Pharnlaeodyn. 

96, 406 (1954). 
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Table I I  
hlcidence of tail and grasp reflexes in 50 normal rats resembling 

those seen after Morphine or Reserpine 

Weight in g 

25-54 
25-°54 
55-99 
55-99 

100-249 
100o-249 
250-580 
250-580 

Sex 

M 
F 
M 
F 

M 
F 

No. 

6 
2 
3 
5 

10 
4 

15 
5 

Tail Grasp 

down I up reflex 

4 

1 
1 1 

4 

We are grateful to CIBA Laboratories for supplying Reserpine. 

J .  COLE a n d  D. P.  DEARNALEY 

University Laboratory o/Physiology and University De- 
partment o/Biochemistry, Ox[ord, October 9, 1959. 

Zusammen/assung 

C h a r a k t e r i s t i s c h  ve r s ch i edene  S c h w a n z s t e U u n g e n  zei- 
gen  A l b i n o - R a t t e n  u n d  -M~iuse als  M o r p h i u m -  bzw.  Re-  
s e rp in r eak t i on ,  Verst~irkte  S c h w a n z r e a k t i o n e n  e rhg l t  m a n  
bei  d e r  Maus  n a c h  M o r p h i u m ,  bei  d e r  R a t t e  n a c h  Rese r -  
pin.  M e t h y l p h e n i d a t  e rweis t  s ieh be i  de r  R a t t e  a n t a g o -  
n i s t i seh  gegen  Rese rp in ,  w~ihrend im M~tuseversuch n a c h  
R e s e r p i n  in j i z i e r t e s  M o r p h i u m  k o m p e t i t i v  zu w i r k e n  
sche in t ,  

D I  S P U T A N D U M  

L i g n i n  a n d  t h e  F o r m a t i o n  o f  W o o d  

T h e  p a p e r  b y  F. F. NORD a n d  W.  J .  SCHUBERT on  t h e  
t i t l e  s u b j e c t  in  E x p e r i e n t i a  75, 245 (1959) r equ i r e s  seve ra l  
a m e n d m e n t s  a n d  s u p p l e m e n t a r y  c o m m e n t s .  F o r  t h e  sake  
of b r e v i t y ,  t he  d iscuss ion  he re  h a s  b e e n  r e s t r i c t e d  to  t h e  
grosses t  i n a d e q u a c i e s  a n d  d i sc repanc ies .  

The  b e s t  p r e p a r a t i o n  of wood l ignin  ava i l ab l e  a t  p r e s e n t  
is BJORKMAN'S mil led  wood l ignin  (MWL) x. MVVL p r e p a r e d  
f rom spruce  wood  c o n t a i n s  0.3 pheno l i c  h y d r o x y l  g roups  
pe r  C,-C3 un i t ,  whe rea s  t h e  m i n u t e  f r ac t i on  of l ign in l ike  
m a t e r i a l  w h i c h  is e x t r a c t a b l e  f rom s a w d u s t  a c c o r d i n g  to  
F.  BRAUNS c o n t a i n s  twice  th i s  a m o u n t  of pheno l i c  h y d r o -  
xy l  2,3a. He re  t h e  l a t t e r  p r e p a r a t i o n  was  e x t r a c t e d  f rom 
wood us ing  ace tone  in p re fe rence  to  a lcohol  a n d  t h e n  sepa-  
r a t e d  f rom l ignans  a n d  o t h e r  a d m i x t u r e s  b y  c o u n t e r -  
c u r r e n t  d i s t r i b u t i o n .  NORD a n d  SCHUBERT c l a i m  t h a t  
' e n z y m i c a l l y  l i b e r a t e d  l ign in '  is i den t i ca l  w i t h  BRAUNS' 
' n a t i v e  l ign in ' .  Th i s  impl ies  t he r e fo re  t h a t  i t  is n o t  iden-  
i t ca l  w i t h  t h e  m a i n  p a r t  of true wood  l ign in  or  p ro to t ign in .  

1 A. BJ6RKMAN, Svensk Papperstidning 59, 477 (1956). 
G. AVLIN-ERDT~m~ and L. HEGBOM, Svensk Papperstidning 6I, 

lS7 (195S). 
3 a) K. FREUDENBERO, in Biochemistry o/ Wood, Proc. 4 TM Int. 

Congr. Biochenl., Vol. 2, p. 125 (1959). - h) K. FREreDENBERG and 
K. DALL, Angew, Chem, 4Z, 606 (1955). 

Thus ,  for  i n s t ance ,  Ior  Scots  p ine ,  va lues  of 815 a n d  695 
were  f o u n d  b y  NORD et aL 4 for  t h e  mo lecu l a r  we igh t s  of 
n a t i v e  a n d  en zy mi ca l l y  l i b e r a t e d  l ign in  respect ive ly .  
Spruce  M W L  o n  t h e  o t h e r  h a n d ,  a l t h o u g h  p r o b a b l y  par-  
t i a l ly  d e g r a d e d  b y  mil l ing,  h a s  a m o l e c u l a r  w e i g h t  of 
I1 ,000 1, in  t h e  same  r a n g e  as t h a t  of FREUDENBERG'S bio- 
s y n t h e t i c  l ignin~L 

BROWN a n d  NEISH 5 were  t h e  f i r s t  to  show t h a t  radio-  
a c t i v e  sh ik imic  acid i n t r o d u c e d  i n to  p l a n t s  is i n c o r p o r a t e d  
i n to  l ign in  a n d  t h a t  r a d i o a c t i v e  van i l l i n  etc.  is fo rmed  on 
o x i d a t i o n  of such  l ignin.  I n d e p e n d e n t l y ,  EBERHARDT and  
NORD ~a c o n f i r m e d  t h i s  in  more  e l a b o r a t e  e x p e r i m e n t s .  
T h e  role of sh ik imic  acid in l ign in  f o r m a t i o n  is j u s t  the  
same  as in al l  o t h e r  cases of b i o s y n t h e s i s  of C~-Ca sub-  
s tances .  V a r i o u s  A m e r i c a n  a u t h o r s  h a v e  s h o w n  t h a t  
sh ik imic  acid is t r a n s f o r m e d  in to  p r e p h e n i e  acid an d  
t h e n c e  i n to  p h e n y l p y r u v i c  acid or  c i n n a m i c  acid or  p h en y l -  
a lan ine .  As FREUDENBERG h a s  shown,  labe l led  p h e n y l -  
a l an ine  is t r a n s f o r m e d  b y  sp ruce  sap l ings  e i t h e r  in  the  
needles  or  in  t h e  c a m b i u m  or  en  r o u t e  f rom t h e  needles  
to  t h e  c a m b i u m  in to  conifer in ,  w h i c h  was  i so la ted  in 
r a d i o a c t i v e  fo rm f rom c a m b i a l  sap  7 

I n  conifers  con i fe r in  a n d  in o t h e r  p l a n t s  c o r r e s p o n d i n g  
glucosides in  a d d i t i o n  a s s u m e  t h e  c a r d i n a l  pos i t ion  in 
t ign in  fo rma t ion .  These  a re  t h e  i m m e d i a t e  s t a r t i n g  ma-  
te r ia l s  for  l igni f ica t ion ,  as h a s  b e e n  d e m o n s t r a t e d  b y  
FREUDENBERG el al.S in  t h e  case of sp ruce  l ign in  us ing  
r a d i o a c t i v e  coni fer in .  

~NORD, SCHUBERT a n d  ACERBO 9 h a v e  s h o w n  t h a t  radio-  
ac t ive  p - h y d r o x y p h e n y l p y r u v i e  acid is i n c o r p o r a t e d  in to  
s u g a r  cane  l ign in  a n d  t h a t  s u c h  l ign in  fo rms  r ad i o ac t i v e  
a l d e h y d e s  on  o x i d a t i v e  d e g r a d a t i o n .  Th i s  i m p o r t a n t  
o b s e r v a t i o n  does  n o t  i n d i c a t e  h o w e v e r  t h a t  p - h y d r o x y -  
p h e n y l p y r u v i c  acid is t h e  o n l y o r  e v e n  a n  es sen t i a l  s t a r t i n g  
m a t e r i a l  for  l ign in  fo rma t ion ,  as NORD a n d  SCHUBERT 
suggest .  I n  a n  ana logous  e x p e r i m e n t  ca r r i ed  o u t  w i t h  
label led  ferul ic  acid,  FREUDENBERG 1° found  t h a t  l ignin  
is fo rmed  w h i c h  yields  r a d i o a c t i v e  k e t o n e s  o n  e thano lys i s  
a cco rd ing  to  HIBBERT. T h e  co r r ec t  i n t e r p r e t a t i o n  of  t h i s  
d a t a  is t h a t  p h e n y l p y r u v i c  acid or c i n n a m i c  acid or 
p h e n y l a l a n i n e  is ox id ized  on  t h e  w ay  lead ing  to  coni fer in  
in t h e  4 -pos i t ion  a n d  in t h e  3 - p o s i t i o n ,  w h i c h  is also 
m e t h y l a t e d .  T h e  ac ids  a re  r ed u ced  a t  t h e  c a r b o x y l  group,  
are  c o n v e r t e d  i n to  u n s a t u r a t e d  c o m p o u n d s  a n d  f ina l ly  
glucosidized.  T h e  abso lu t e  sequence  of t he se  ope ra t i ons  
h a s  n o t  y e t  b e e n  def in i t e ly  es tabl i shed11;  p - h y d r o x y -  
p h e n y l p y r u v i c  ac id  a n d  ferul ic  ac id  m a y  be  essen t i a l  
i n t e r m e d i a t e s  in  these  t r a n s f o r m a t i o n s  or  m a y  m e r e l y  be 
t r a n s f o r m e d  i n d e p e n d e n t l y  in  side r eac t i ons  i n to  coni fe r in  
a n d  o t h e r  glucosides.  T h e  role of p - h y d r o x y p h e n y l p y r u v i c  
acid is r a t h e r  u n c e r t a i n ,  as i t  h a s  b e e n  s h o w n  t h a t  i t s  in-  
c o r p o r a t i o n  i n t o  coni fe r  l ign in  p roceeds  r a t h e r  unsa t i s -  
f ac to r i ly  11,12. 
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