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controls  were ob ta ined  f rom the  autopsies  of non-cancer  
pa t ients .  The t issue was first  homogenized  in 0.1 N sulfuric 
acid (1:7 w/v) w i th  a ~Varing Blendor,  and t h e n  the  acid 
homogena te  was hea t ed  a t  80 ~ for i h in order  to  l ibera te  
the ketosidical ly  bonded  sialic acids ~. Af ter  removal  of 
the  sulfuric acid as insoluble ba r i um sulfate, the  hydro-  
lysate  plus 3 wa te r  washings  of t he  sed iment  were passed 
successively t h rough  vo lumns  (1 • 23 cm) of Dowex  50 W 
(H+) and Dowex I (formate).  The columns were washed  
wi th  dist i l led water ,  and  the  sialic acid was eluted f rom 
the  Dowex  I (formate) co lumn wi th  0.3 N formic acid. 
The eff luent  was collected in 10-ml f ract ions  w i th  an 
au toma t i c  f rac t ion collector. All sialic acid posi t ive  frac- 
t ions were pooled and  lyophil ized to remove  formic acid, 
and the  residue was dissolved in dist i l led water .  The sialic 
acid con t en t  was t h e n  de t e rmined  by  the  th iobarb i tu r ic  
acid m e t h o d  7 wi th  crysta l l ine  N A N A  as the  s tandard .  
Iden t i f i ca t ion  of NANA and N G N A  was accompl ished 
by  paper  c h r o m a t o g r a p h y  s on W h a t m a n  No. 1 Chromato-  
g raphy  paper  using n-butanol -n-propanol-0 .1  N HC1 
(1:2:1) and  the  sialic acids were de tec ted  wi th  the  thio-  
barb i tu r ic  acid sp ray- reagen t  s. A mixture  of s t and a rd  
N A N A  and N G N A  was run on the  same paper ,  nex t  to 
the  sialic acid isolated f rom tissues. 

Results and discussion. The chromatograph ic  analyses  
of the  sialic acids isolated f rom mal ignancies  found in 4 
d i f ferent  organs pancreas  (adenocarcinomal .  l iver 
(metas tas is  from pancrea t ic  adenocarc inoma) ,  skin 
(squamous cell carc inomaj  and para t rachea l  l ymph  node 
(metas tas is  f rom skin melanomal ,  revealed the  presence  of 
N A N A  bu t  no evidence for the  presence of NGNA was 
ever  obta ined.  

The sialic acid con t en t  of t he  cancerous t issues was 
considerably elevated.  The values ob ta ined  in the  analyses  
of pancrea t ic  t issues (expressed as mg of N A N A  per  100 g 
of fresh tissue'~ were 45.8 for normal  pancreas ,  187.0 for the  
adenocarc inoma and 75.5 for the  liver metas tas i s  of pan-  
creat ic  adenocarc inoma 

The results  of the  expe r imen t s  descr ibed indicate  tha t ,  
unlike the  s i tua t ion  observed  in t h e  rat ,  b o t h  normal  
and  cancerous  h u m a n  t issues conta in  only  NANA.  

Our q u a n t i t a t i v e  s tudies  suppor t  previous  f indings of 
BARKER et al. ~; since the  cancerous t issues of pancrea t ic  
origin were shown to  conta in  f rom 2 to 4 t imes  as much  
N A N A  as the  normal  control .  The cause of th is  sialic acid 
increase and its func t iona l  significance in maI ignancy  have  
ye t  to  be de te rmined .  Studies  of N A N A  concen t ra t ion  
and of t he  d i s t r ibu t ion  of the  various macromolecular  
species conta in ing  N A N A  in subcellular  f ract ions should  
help  to  e lucidate  th is  p rob lem :0. 

Zusammen/assung. Die Sial insgure welche im mensch-  
l ichen Krebsgewebe  v o r h a n d e n  ist, wurde  isoliert, charak-  
ter is ier t  und  gemessen.  I m  krebsar t igen  ~md normalen  
Gewebe wurde  nur  N-AcetylneuraminsSmre  gefunden.  Die 
SialinsS.ure im Pank rea s -Adenoka rz inom war  urns 4fache 
gr6sser als in normalen  Kontro l lgeweben.  
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T h e  Effect  of S u r g i c a l  T r a u m a  on Rat  S e c r e t o r y  

Sufficient evidence e lucidat ing the  character is t ic  mor-  
phophysiological  changes  m the  m a m m a l i a n  neurosecre-  
to ry  sy s t em in response  to t r a u m a t i c  stress has now accu- 
mula ted  in the  l i terature.  The stres~-ful procedures  
employed  to induce such responses are ex t r eme ly  var ied 
and range f rom pin  pricks on ra t s '  tai is  1 to severe t he rma l  
burns  on the  dorsal  skin of guinea pigs ~. However ,  the  
effects of p lanned  surgery - the  commones t  clinical 
event  - on the secre tory  sys t em have  largely escaped 
a t ten t ion ,  despi te  the  fact  t ha t~ the  complex  regulat ion 
of pos t -opera t ive  fluid dynam:cs  is a lmost  ent i re ly  govern-  
ed by  the  secre tory  axis. Consequent ly ,  the  effects of 
surgical s tress were inves t iga ted  and the p resen t  repor t  
describes the  s t ruc tu ra l  and secre tory  changes  in the  
roden t  neurosecre to ry  sys t em following an opera t ive  
t r a u m a  of modera t e  in tens i ty .  The morphological  effects 
of a more  severe surgical s tress (spinal t ransect ion)  were 
repor ted  earlier a, 4. 

Materials and methods. 20 male  Wis ta r  ra t s  (250-300 g) 
on wa te r  ad l ib i tum were used. Of these,  16 animals  were 
subjec ted  to  a 3" l inear incision on the i r  tai ls  (the incision 
being carr ied t h rough  the  skin and  subcutaneous  t issue 
upto  the  caudal  ver tebrae)  under  i.p. N e m b u t a l  anaes-  
thes ia  (6 mg/10 g wt.) and  were killed under  chloroform 
at  8 h in terva ls  in groups  of 2. Two each of the  4 contro l  

N e u r o n s  

rats were sacr:ficed under  chloroform at  0 and 16 h 
respec t ive ly  following init ial  anaes the t ic  doses of Nem-  
butal.  

Ha l f  the  to ta l  n u m b e r  of opera ted  and control  animals  
from each group were used for cytological  and  cy tomet r i c  
studies.  For  this  purpose,  paraf f in  sect ions of gluteral-  
dehyde-per fused  mater ia l  (2.5% g lu te ra ldehyde  solut ion 
buffered to p H  7.3 w i th  0 .067M cacodylate ,  conta in ing  
0.9% sodium chloride'~ of bra ins  and p i tu i t a ry  glands  
were s ta ined  wi th  1 ~ cresyl  fast  violet  acetate .  Cy tome t ry  
was carr ied out on the  supraopt ic  (SON) and  paraven t r i cu-  
lar (PVN) nuclei w i th  a mic romete r  eye-piece and the  
da t a  were processed and  analyzed in a computer .  

The remain ing  animals  were used for the  s tudy  of 
neurosecre tory  subs tance  (NSS). Al te rna te  paraf f in  
sect ions of formal in-f ixed mater ia l  were s ta ined  wi th  
c h r o m e - a l u m h a e m a t o x y l i n  ph lox in  (CAHP) ~ and  per- 
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Fig. 1. SON in control rat  showing typical resting features, 16 h after 
Nembutal  administration. Cresyl fast violet acetate, • 451. 
Fig. 2. PVN in control rat  showing presence of NSS, 16 h after 
Nembutal administratiom CAHP, • 112. 
Fig. 3. SON, 16 h after linear incision. Enlargement of all neuronal 
components and other features of stress (see text) are evident. Cresyl 
fast violet acetate. • 
Fig. 4. PVN, 16 h after operation. The nuclear area is devoid of NSS. 
CAHP, • 112. 
Fig. 5. SON, 32 h after operation. The cytology resembles control 
pattern. Cresyl fast violet ace ta te ,  x 451. 

9 

Fig. 6. PVN, 2 4 h  after operation. Reaccumulation of a certain 
amount of NSS (predominantly intraLaxonal) is noticeable. CAHP, 
• 112. 
Fig. 7; Neurohypophysis in control rat, 16 h after Nembutal anaesthe-. 
sia. A moderate amount of NSS is seen dispersed throughout the 
parenehyma. PAB, • 44. 
Fig. 8. Neurohypophysis, 16 h after operation. A certain amount of 
NSS is seen in this section..The picture, however, may be variable 
(see text). PAB, x 44. 
Fig. 9. Neurohypophysis, 32 h after operation. Stainable materiaI can 
be seen dispersed throughout the parenehyma. PAB, • 44. 
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Time interval after Supraoptic Paraventricular 

operation or anaesthesia (h) Cyton Nucleus Nucleolus Cyton Nucleus Nucleolus 

Control 
16 h after Nembutal 1 6 2 . 0 8 3 - 5 . 5 7  43.60~-0.90 5 . 0 7 : E 0 . 1 8  1 5 5 . 7 8 2 - 5 . 1 4  40.98:3=1.31 4.23:z0.17 

8 174.67:z4.70 52.96• 1 . 5 2  6.972-0.28 167.853=4.52 55.67z= 1 . 5 7  7.36:z0.28 
0.10-0.05 <0.001 <0.001 0.10-0.05 %0.001 <0.001 

16 224.40325.78 84.39:t: 2 . 8 2  9 .753:_1.84 202.28n= 5 . 8 0  58.373-2.27 8.283-1.33 
<0.001 %0.001 0.02 0.01 %0.001 <0.001 0.05-0.001 

24 210.003:4.22 64.832-2.99 7.69zl.29 206.363250.09 62.373-2.79 6.233-0.17 
<0.001 %0.001 0.05-0.025 <0.001 < 0.001 %0.001 

32 183.72z=5.54 51.55.1.89 7 . 1 8 2 - 0 . 3 3  181 .023_4.54  54.132-l.29 6.842-1.28 
0.01-0.005 <0.001 %0.001 <0.001 <0.001 0.05-0.025 

The figures represent cross-sectional areas in square microns with their standard errors. The significance of the difference in means from the 
control values are shown in each case. Values of 2P<0.05 are significant. 

formic  acid-alcian blue (PAB) 6 and  every 3rd sect ion 
wi th  cresyl  fast  violet  acetate .  In  all cases, ne ighbour ing  
h y p o t h a l a m i c  neurons  were also examined  to de tec t  any  
changes  occuring due to f ixa t ion  or opera t ive  procedures.  

Resu l t s .  The neurons  m SON and P V N  of control  
an imals  showed large nuclei  and  p r o m i n e n t  nucleoli  and  
con ta ined  a b u n d a n t  chromidia l  mate r ia l  (Figure 1). A 
cer ta in  a m o u n t  of N S S  was p resen t  in b o t h  these  nuclear  
areas and  also in t he  neu rohypophyse s  (Figures 2 and  7). 
Neurons  wi th  these  fea tures  are subsequen t ly  deno ted  as 
' res t ing '  neurons.  

Fol lowing operat ion,  l i t t le  dev ia t ion  f rom the  control  
p a t t e r n  was no ted  upto  8 h. Dur ing  the  subsequen t  per iod 
SON and P V N  unde rwen t  progressiye enlargement ,  reach- 
ing a peak  at  16 h. F r e q u e n t  nuclear  eccent r ic i ty  and  
marg ina l  d i sp lacemen t  of t he  chromidia l  subs tance  were 
no ted  a t  th is  s tage (Figure 3). The secre tory  nuclear  areas 
were  also devoid of N S S  (Figure 4). Neurons  wi th  such 
charac te r i s t ic  appearances  are referred  to  as ' s t ressed '  for 
descr ip t ive  convenience.  Fea tu res  of s tress pers i s ted  a t  
24 h, a l though  the  f irs t  r eaccumula t ion  of N S S was observ-  
ed a t  the  end of th is  per iod (Figure 6). Dur ing  the  nex t  
8 h a fu r ther  re t rogress ion in neurona l  d imens ions  was 
no ted  (Figure 5) and  the  secre tory  fea tures  rever ted  to 
the  basa l  res t ing  p a t t e r n  a t  th is  stage. 

The  neu rohypophyse s  in all ope ra ted  cases exhib i ted  
wide var ia t ions  in the i r  secre tory  contents ,  b u t  were 
neve r  t o t a l l y  devoid  of t he  l a t t e r  a t  any  stage (Figures 
8 and  9). The a m o u n t  of N S S  did no t  appear  to bear  any  
def in i te  re la t ionship  wi th  t he  pos t -opera t ive  interval .  
The cy tome t r i c  resul ts  are t abu la t ed  in the  Table.  

D i s c u s s i o n .  W i t h  cer ta in  reserva t ions  the  en la rgemen t  
in the  hypo tha l amic  secre tory  neurons  coupled wi th  the  
d i sappearance  of NSS  have  been  regarded  as mani fes ta -  
t ions  of a u g m e n t e d  neurosecre to ry  ac t iv i ty  7,8. Based on 
such indices, the  p resen t  f indings  suggest  t h a t  an opera t ive  
procedure  of m ode ra t e  in t ens i ty  induces  progressive 
h y p o t h a l a m i c  act ivat ion.  Fol lowing an initial  per iod of 
iner t ia  t he  secre tory  neurons  are gradual ly  s t i r red into 
ac t iv i ty ,  reaching a peak  a round  16 h. The subsequen t  
per iod is marked  by  neurona l  re t rogress ion wi th  reac- 
cumula t ion  of N S S  - fea tures  which  indica te  a r e tu rn  
towards  the  res t ing  func t iona l  s ta te .  

F r o m  the  above response  p a t t e r n  it appears  t h a t  the  
h y p o t h a l a m i c  behav iour  follows a wel l -def ined and regular  
sequence.  The neu rohypophys i a l  secre tory  contents ,  
however ,  va ry  grea t ly  and  a p p a r e n t l y  bear  no relat ion-  

ship to act ivi t ies  in the  nuclear  region. Being in a cont inual  
s ta te  of flux, t he  neu rohypophys i a l  NSS  p ro b ab l y  repre-  
sents  the  more  labile and readi ly  avai lable  c o m p o n e n t  in 
this  b i - c o m p a r t m e n t a l  secre tory  axis. Conf i rmat ion  of the  
above hypo thes i s  has also been  ob ta ined  f rom more  
e labora te  s tudies  9. The source of neurohypophys ia l  N S S  
dur ing  its absence  f rom the  h y p o t h a l a m i c  areas (around 
16 h following t rauma)  is no t  clear. I t  is possible t h a t  the  
precursor  of ho rmone  molecules  are being act ively  syn-  
thes ized in t he  nuclear  areas to  be t r anspo r t ed  to the  
neu rohyp0phys i s  in submicroscopic  form. Al ternat ive ly ,  
t he  hypo thes i s  of hormone  b iosyn thes i s  occuring along the  
ent i re  length  of the  secre tory  axis as pos tu la ted ,  among  
others,  by  SACHS 1~ is no t  incons i s ten t  w i th  the  p resen t  
observat ions .  

The p resen t  cy t0met r i c  resul ts  (Table) indicate  t h a t  
the  overal l  response  of SON and  P V N  to the  l inear 
incision procedure  is similar.  However ,  employing  a more  
severe t r a u m a t i c  procedure,  C H O U D H U R Y  4 earlier r epor ted  
a different ia l  response  be tween  the  secre tory  nuclei  
(act ivat ion in SON being of longer dura t ion  and of grea ter  
ampl i tude  compared  to those  in PVN).  The significance 
of the  p resen t  f inding is diff icul t  to  in te rp re t  since the  
cur ren t  concep t  of secre tory  ac t iv i ty  suppor t s  the  exis- 
tence  of a func t iona l  difference be tween  SON and  P V N  1i. 

The increased ac t iv i ty  following opera t ive  stress is 
mos t  l ikely due  to an a t t e m p t  to snythes ise  and e labora te  
more  n eu ro h y p o p h y s i a l  hormones ,  par t icu lar ly  ADH,  since 
ant idiures is  is an inevi table  response  to  any  form of 
t rauma.  This  is indirect ly,  b u t  s t rongly  cor robora ted  by  
the  f indings of o the r  workers  of an increased p lasma  A D H  
ac t iv i ty  following painful  s t imula t ion  12,13. The na tu re  ot 
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MAGOUN; American Physiological Society, Washington (1960), 
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10 H. SACHS, J. Neurochem. 5, 297 (1960). 
n A. B. ROTHBALLER, in Endocrines and the Central Nervous System 

(Ed. R. LEVITE; William and Wilkins Co., Baltimore 1966), p. 86. 
12 I. A. MIRSKY, M. STEIN and G. PAULISH, Endocrinology 54, 491 

(1954). 
13 W. H .  MORAN, F.  W.  MILTENBERGER, W. A. SHUAYB a n d  t3. 
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causal  s t imul i  for h y p o t h a l a m i c  a c t i v a t i o n  a p p e a r  to  be  
complex  and  mul t i f ac to r i a l .  M e n i a l  stress, effects of 
anaes thes ia ,  a f fe ren t  impulses  f rom the  ope ra t ive  s i te  
(pain  in par t icu la r ) ,  b lood  loss, nox ious  p r o d u c t s  of cell 
d a m a g e  and  a n y  u n a p p r e c i a t e d  v a r i a t i o n s  in  pos t -opera -  
t ive  f luid u p t a k e  - all  are c o n t r i b u t o r y .  A m o n g s t  these,  
h u r t f u l  a f fe ren t  d ischarges  f rom t h e  ope ra t ive  si te  a p p e a r  
to  be mos t  d o m i n a n t .  Th i s  p o s t u l a t i o n  is s u p p o r t e d  b y  

14 S. R. CHOUDHURY, in preparation. 
~5 Acknowledgments. The author is grateful to Professor G. A. G. 
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is acknowledged for his assistance with the photographic material 
and Miss M. HARDMAN for secretarial help. 

d e n e r v a t i o n  e x p e r i m e n t s  wh ich  will  be r epo r t ed  sepa-  
r a t e ly  ~4. 

Zusammen/assung. Es  werden  Ze l l ve rgnde rungen  des 
H y p o t h a l a m u s  bei  t r a u m a t i s c h e n  H a u t s c h ~ d i g u n g e n  un-  
t e r s u c h t  u n d  Verg r6sse rungen  neurosek re to r i sche r  Zellen, 
Pro top lasmaver~Lnderungen  sowie V e r ~ n d e r u n g e n  der  
Sekre t ionsprozesse  festgestel l t .  
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Protektive Wirkung einer Vorbehandlung mit Glukose gegeniiber der Cyclophosphamid-Intoxikation 
bei weiblichen Mfiusen 

Die Frage  der  T o x i z i t ~ t s m i n d e r u n g  c h e m o t h e r a p e u t i s c h  
v e r w e n d e t e r  A l k y l a n t i e n  s te l l t  e in ak tue l les  P r o b l e m  dar,  
w e n n  es gelingt ,  die Gi f t igke i t  e iner  a lky l i e renden  Sub-  
s t anz  ohne  A b s c h w / i c h u n g  der  e rwf insch ten  c h e m o t h e -  
r a p e u t i s c h e n  W i r k s a m k e i t  zu v e r m i n d e r n .  Ar te renoD,  
S e r o t o n i n a n t a g o n i s t e n  2, 3, T h i o l ve r b i ndungen4 - 7  als a u c h  
das  A n t i h i s t a m i n i k u m  T r i p e l e n a m i n  s v e r m i n d e r n  die 
Tox iz i t~ t  ve r sch iedene r  N-Los t -Der iva t e .  Die vor l iegende  
U n t e r s u c h u n g  n a h m  ih ren  A u s g a n g s p u n k t  von  der  
Zu fa l l sbeobach tung ,  dass  weib l iche  M~use die i.v. In jek -  
l ion  von  C y c l o p h o s p h a m i d  (Endoxan)  besser  to le r ie r ten ,  
w e n n  als L 6 s u n g s m i t t e l  s t a t t  der  i ib l ichen 0 , 9 % i g e n  
NaC1-L6sung eine 10%ige  Glukose -L6sung  v e r w e n d e t  
wurde.  

Als Versuchs t i e re  d i e n t e n  NMRI-Mgmse  (SPF-Ko lo -  
n iezucht ,  S i iddeutsche  Versuchs t i e r f a rm,  T u t t l i ngen )  m i t  
e inem K 6 r p e r g e w i c h t  yon  28 31 g. C y c l o p h o s p h a m i d  k a m  
als NaCl-freie  S u b s t a n z  zur  A n w e n d u n g .  Aus V o r v e r s u c h e n  
e rgab  sich, dass  bei  p r o p h y l a k t i s c h e r  Gabe  von  2000 mg/  
kg Glukose s.c. eine ges te iger te  To le ranz  gegeni iber  der  
C y c l o p h o s p h a m i d - I n t o x i k a t i o n  au f t r a t .  Der  o p t i m a l e  
Z e i t a b s t a n d  zwischen der  p r o p h y l a k t i s c h e n  s.c. Glukose-  
i n j e k t i o n  und  der  s.c. Gabe  yon  C y c l o p h o s p h a m i d  zeigte 

Endoxan,57gmg/kg s.c. 
alukose,ZO0o raging s c nacn Zh [nd0xan 570mg/Kg s c 

l a ~ x  . . . . . .  Gluk0se,z0a0 . . . . . .  In . . . . .  
I~, ~%.  ---- rructas~,Z0O0 . . . . .  Zn ,, " 

I I  ~ ' -  . . . .  Fructose, ZOO0 . . . .  in . . . .  

e . . . . . . .  --, 

Z ~. 6 g lO lZ lt~ 
Tage na t#  [nOoxanga#8 

Absterbekurve weiblicher NMRI-M~use unter dem Einfluss der DLg0 
von Cyclophosphamid (Endoxan) bei prophylaktischer Gabe von 
Glukose, F~uetose oder physiologiseher Kochsalzl6sung. 

eine A b h ~ n g i g k e i t  von  der  R a u m t e m p e r a t u r .  Bei  einer  
t ~ a u m t e m p e r a t u r  yon  23~ erwiesen sich 2 h, bei  e iner  
R a u m t e m p e r a t u r  von  26 ~ 1 h als Ze i t i n t e rva l l  zwischen 
Glukose-  und  C y c l o p h o s p h a m i d a p p l i k a t J o n  als opt imal .  

Aus der  A b b i l d u n g  geht  hervor ,  dass  die p r o p h y l a k t i s c h e  
Gabe  yon  2000 m g / k g  Glukose die DLg0 v o n  Cyclophos-  
p h a m i d  we i tgehend  v e r r i n g e r n  kann .  H ingegen  e r h 6 h t  
die s te reoisomere  V e r b i n d u n g  der  Glukose,  die Fruktose ,  
die To le ranz  gegeni iber  der  DLg0 yon  C y c l o p h o s p h a m i d  
n icht .  E ine  gewisse Besch l eun igung  de r  A b s t e r b e r a t e  
1/isst s ich fests te l len,  w e n n  0,6 ml  phys io logische  Koch-  
sa lz l6sung eine S t u n d e  vor  der  DLg0 von  Cyc lophospha-  
m id  gegeben  wurde.  Versuche  a n  m~tnnlichen N M R I -  
M~Lusen zeigten,  dass  die To le ranz  gegent iber  der  Cyclo- 
p h o s p h a m i d - I n t o x i k a t i o n  d u r c h  Glukose weniger  deu t l i ch  
bee inf luss t  wird. H ingegen  k o m m t  es bei  kas t r i e r t en  
m~tnnlichen MSmsen, insbesondere  bei  mXnnl ichen  M~u- 
sen, welche fiber 8 Tage  0,1 m g / k g  Di~ thy ls t i lboes t ro l -  
p r o p i o n a t  s u b c u t a n  erhie l ten ,  zu Ergebnissen ,  welche 
m i t  den  in der  A b b i l d u n g  da rges te l l t en  we i tgehend  tiber- 
e i n s t i m m t e n .  Die F rage  des W i r k u n g s m e c h a n i s m u s  der  
T o l e r a n z e r h S h u n g  d u t c h  Glukose,  welche eine deut l iche  
H o r m o n a b h ~ n g i g k e i t  aufweist ,  b l e i b t  often. 

Summary. P r e t r e a t m e n t  of female  mice b y  2000 m g / k g  
glucose 1-2 h before  t he  app l i ca t i on  of t he  DL90 of cyclo- 
p h o s p h a m i d e  induced  a r e m a r k a b l e  p ro t ec t i ve  effect. A 
s imi la r  increased  to le rance  b y  glucose p r e t r e a t m e n t  in  
male  mice  succeeded only  in c a s t r a t e d  or d ie thy ls t i l -  
boes t ro l  t r e a t e d  animals .  
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