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c a n n u l a t e d  (23 gauge s ta in less  s teel  c a n n u l a  guides) u n d e r  
sod ium p e n t o b a r b i t a l  (35 mg/kg)  anes thes ia .  The  t ip  of 
t h e  c a n n u l a  was  a imed  for t he  an t e r i o r  p reop t i c  a rea  of 
t he  h y p o t h a l a m u s  12. 1-2  weeks  a f t e r  surgery,  t he  r a t s  
were g iven  a c en t r a l  i n j ec t ion  of 2 txg of c a rbacho l  in  a 
v o l u m e  of 1 ~1 of i sotonic  sal ine solut ion.  B o d y  t e m p e r a -  
t u r e s  were r ecorded  b y  m e a n s  of a t h e r m i s t o r  p robe  t h a t  
was  inse r t ed  6-8  cm in to  t h e  r e c t u m  and  t a p e d  loosely 
to  t h e  tail .  The  an im a l s  were v i r t u a l l y  u n r e s t r a i n e d  whi le  
t e m p e r a t u r e s  were be ing  recorded.  
I n  t he  second e x p e r i m e n t  male  H o o d e d - W i s t a r  rats ,  
a p p r o x i m a t e l y  260-320 g a n d  90 days  old, were used. 
T h e y  were un i l a t e r a l l y  c a n n u l a t e d  in t he  an t e r i o r  p reop t ic  
a rea  a t  one of 2 s i tes:  A P  1.7, NiL 0.8-1.0,  D V  -8.511 
or A P  1.8, ML 1.5, D V - 8 . 5 1 3  in o rder  to  p roduce  e i t he ra  
h y p e r -  or  h y p o t h e r m i c  response,  respect ive ly .  B o d y  t em-  
p e r a t u r e s  were recorded  a f t e r  e i the r  2 /zg c a r b a c h o l  in 
1 ~1 isotonic  sal ine 12 or 5 ~g ca rbacho l  in 0.5 [xl i sotonic  
sal ine 11. 
The  resu l t s  of these  e x p e r i m e n t s  are s u m m a r i z e d  in t he  
t ab le .  The re  was a m e a n  decrease  of 2.7~ in 6 of t h e  11 
female  r a t s  wh ich  e x h i b i t e d  a n y  obv ious  change  in t e m -  
pe ra tu re .  His to logica l  e x a m i n a t i o n  revea led  t h a t  those  
6 wh ich  e x h i b i t e d  h y p o t h e r m i a  h a d  the i r  c a n n u l a  t ips  
in  t he  lower b o u n d a r y  of t he  a n t e r i o r  p reop t i c  area,  whi le  
those  w h i c h  d id  n o t  r e s pond  were found  to h a v e  t h e i r  
c a n n u l a  t ips  be low t he  lower b o r d e r  of the  a n t e r i o r  
p reop t i c  area.  
M a n y  of t he  ma le  r a t s  d is lodged the i r  c a n n u l a  guides  
before  t h e y  could  be  t es ted .  B o t h  an i m a l s  wh ich  were 
g iven  2 [xg of c a r b a c h o l  in  1 [xl of i sotonic  sal ine a t  t he  
coord ina tes  used b y  O v e r s t r e e t  e t  al. 12 exh ib i t ed  h y p o -  
t h e r m i a .  So did  those  an i m a l s  wh ich  h a d  c a n n u l a e  a imed  

a t  t he  coo rd ina t e s  of A v e r y  11, as can  be seen in t he  table .  
H y p o t h e r m i a  was obse rved  regardless  of the  dose or 
v o l u m e  of in jec t ions .  Con t ro l  in jec t ions  of isotonic  sal ine 
p roduced  no  obv ious  t e m p e r a t u r e  va r i a t i on .  
These  resu l t s  h a v e  conf i rmed  t he  r epo r t s  of m a n y  p rev ious  
worker s l - e ,  13 wh ich  h a v e  shown  t h a t  i n t r a h y p o t h a l a m i c  
a d m i n i s t r a t i o n  of chol inergic  agonis t s  p roduces  a hypo-  
t h e r m i c  response,  b u t  h a v e  failed to rep l ica te  t he  f ind ings  
of A v e r y  ~-11 of h y p e r t h e r m i a  fol lowing i n t r a h y p o t h a l a m i c  
in jec t ions .  Since the  p r e s e n t  e x p e r i m e n t s  used t he  same 
a n a t o m i c a l  coord ina tes ,  p a r a m e t e r s  of in j ec t ion  and  
s t r a i n  a n d  sex of r a t s  used in p rev ious  conf l ic t ing  repor ts ,  
t hese  va r i ab le s  do n o t  a p p e a r  to  be  t he  cr i t ica l  ones  in 
a c c o u n t i n g  for differences  in  f indings.  However ,  because  
of loosening of the  cannu lae ,  the  a c t u a l  si tes of in jec t ions  
could n o t  be conc lus ive ly  p in -po in ted ,  Therefore ,  the  
poss ib i l i ty  t h a t  t he re  are 2 chol inergic  t h e r m o r e g u l a t o r y  
centres ,  one for h e a t  loss and  one for h e a t  gain,  m u s t  
r e m a i n  open.  
Never the less ,  i t  should  be  e m p h a s i z e d  t h a t  t he  ev idence  
for a chol inergic  s y s t e m  m e d i a t i n g  h e a t  loss m e c h a n i s m s  
in r a t s  in  m u c h  more  compel l ing .  One example  is t h a t  
a t rop ine  ha s  been  shown  to  b lock  t he  h y p o t h e r m i c  effects 
of c en t r a l l y  a d m i n i s t e r e d  c a r b a c h o l  1~, b u t  t he re  is no  
ev idence  on  w h e t h e r  i t  b locks  t he  h y p e r t h e r m i c  effects  
of th i s  cho l inomimet ic .  U n t i l  such ev idence  is fo r thcoming ,  
we sugges t  t h a t  t he  chol inergic  s y s t e m  in the  an t e r i o r  
p r eop t i ca  a rea  is p r e d o m i n a n t l y  i nvo lved  in h e a t  loss 
m e c h a n i s m s  in r a t s  and  t h a t  t he  models  of t h e r m o r e g u l a -  
t ion  p rev ious ly  repor ted~  1~ should  be  r ega rded  w i t h  
cau t ion .  

13 W.E.  Kirkpatrick, Life Sci. 6, 2273 (1967). 

Demonstrat ion  of 'microtubule  independent! protein secretion from ! rat  l iver 

B. F. Mande l l  a n d  Ph .  D. S t a h l  

Dept. o/Physiology and Biophysics, Washington University School o/Medicine, St. Louis (Missouri 63110, USA), 
2 May 1977 

Summary. The  induced  secre t ion  of r a t  l iver  mic rosoma l  f l -glucuronidase in to  se rum is, un l ike  o t h e r  p ro te ins  secre ted 
f rom liver, n o t  d e p e n d e n t  u p o n  an  i n t a c t  m i c r o t u b u l e  a p p a r a t u s .  

Secre t ion  in m a n y  cell s y s t em s  ha s  now  been  d o c u m e n t e d  
to be  a m i c r o t u b u l e  d e p e n d e n t ,  colchicine inh ib i t ab le ,  
cel lular  process.  S tudies  on  r o d e n t  liver,  b o t h  in v i t ro  
a n d  in vivo,  h a v e  i n d i c a t e d  t h a t  t h e  secre t ion  of newly  
syn thes i zed  a l b u m i n  in to  s e rum or i n c u b a t i o n  med ia  is 
m a r k e d l y  depressed  b y  colchic ine  or o t h e r  agen t s  wh ich  
d i s r u p t  t he  m i c r o t u b u l e  n e t w o r k l ,  2. These  s tud ies  h a v e  
s h o w n  t h a t  t o t a l  h e p a t i c  p r o t e i n  synthes is ,  as m e a s u r e d  
b y  amino  acid inco rpora t ion ,  is una f fec t ed  b y  t he  exper i -  
m e n t a l  cond i t ions  imposed.  A bu i ld -up  of label led  a l b u m i n  
ha s  been  de t ec t ed  w i t h i n  h e p a t o c y t e s  in t he  presence  of 
t h e  a n t i - m i c r o t u b u l e  agen t s  co inc iden t  w i t h  t he  depress ion  
of secret ion.  S imi la r  f ind ings  h a v e  been  r e p o r t e d  b y  
groups  s t u d y i n g  f ib r inogen  8 a n d  l ipopro te in  4 secre t ion  
f rom l iver  in to  serum.  A l t h o u g h  morpholog ic  ev idence  
for  comple te  m i c r o t u b u l e  d i s r u p t i o n  has  n o t  a lways  been  
o b t a i n a b l e  1, t h e  lack  of a n y  effect  of lumicolch ic ine  1,3 
suggests  a m i c r o t u b u l e  s i te  of ac t ion  for t he  colchicine 
effect.  
The  a d m i n i s t r a t i o n  of a n y  one of severa l  o rgano-  phos-  
p h a t e s  to  r a t s  ha s  been  s h o w n  to el ici t  a specific rise in  
s e r u m  f l -glucuronidase levels  5. This  rise is i n d e p e n d e n t  

of new p ro t e in  syn thes i s  a n d  the  source of t he  secre ted  
e n z y m e  is t he  m i c r o s o m a l  pool  of f l -glueuronidase 
c o n t a i n e d  in h e p a t o c y t e s  6. Microsomal  ma rke r s  inc lud ing  
g lucose -6 -phospha tase  a n d  mic rosoma l  a l b u m i n  ( immuno-  
logical ly  de tec tab le )  are  una f fec ted  b y  o r g a n o p h o s p h a t e  
in jec t ion .  I n  l igh t  of t he  a fo r emen t ioned  studies ,  t he  
d e p e n d e n c e  of d i i sop ropy l f luo rophospha t e  (DFP) induced  
secre t ion  of f l -glucuronidase on an  i n t a c t  m i c r o t u b u l e  
s y s t e m  was eva lua ted .  
Fas ted ,  anes the t i zed  200-g female  W i s t a r  r a t s  were used 
for all  s tudies .  A t  zero t ime,  25 [xCi of 14C D-leucine was 
in jec ted  in to  t he  femora l  ve in  w i t h  or  w i t h o u t  colchicine 

1 C.M. Redman, D. Banerjee, K. Howell and G. E. Palade, J. Cell 
Biol. 66, 42 (1975). 

2 Y. Le Marehand, C. Patzelt, F. Assimaeopoulos-Jeannet, E. G. 
Loten and B. Jeanrenaud, J. elin. Invest. 53, 1512 (1974). 

3 G. Feldmann, M. Maurice, C. Sapin and J. Benhamou, J. Cell 
Biol. 67, 237 (1975). 

4 O. Stein, L. Sanger and Y. Stein, J. Cell Biol. 62, 90 (1974). 
5 P. Stahl, B. Mandell, J. S. Rodman, P. Schlesinger and S. Lang, 

Arehs Bioehem. Biophys. 170, 536 (1975). 
6 B. Mandell and P. Stahl, J. Biocheln 764, 549 (1977). 
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Zero time 10 rain Serum ~-glucuronidase ~ CPM in serum b CPM in liver c 

14C Leu a DFP e 4.9 4- 0.84 9117 -4- 1483 1011 4- 35 
14C Leu + colchicinef DFP 4.8 4- 0.85 5619 4- 442 1423 • 144 
14C Leu Salineg 0.10 4- 0.05 8590 4- 1291 936 4-4- 87 
xlc Leu + colchicine Saline 0.07 4- 0.02 5845 4- 946 1383 4- 271 

, ~zmoles phenolphthalein released/h/ml at 70 min. b TCA precipitable counts in 50 ~1 aliquots, 70 min. c TCA precipitable counts in 50 [xl 
aliquots of 1 g homogenized liver diluted in 20 ml buffer, a 25 [xCi via femoral vein. e 1.25 mg/kg, i.p. in 0.25 ml saline. ~ 40 [xmoles/200-g-rat, 
via femoral vein. g 0.25 ml, i.p. Data are means 4- SD. 

(Sigma Chemical,  St. Louis, MO.) (40 ~moles). At  10 rain, 
D F P  (1.25 mg/kg) or saline (0.25 ml) was in jec ted  i.p. 
A t  70 min,  the  animals  were sacrificed by  cardiac punc tu re  
and  50 ~zl of se rum was added  to  i ml  of 5% tr ichloro-  
acet ic  acid (TCA) and  cent r i fuged for 1 min in a Beck man  
microfuge.  The TCA insoluble pel lets  were washed  twice 
wi th  5% TCA and resuspended  in 1 ml  0.1 N N a O H  and 
9 ml Biofluor (New Eng land  Nuclear,  Boston,  Mass.) for 
count ing.  An addi t iona l  25 tzl se rum sample  was used to 
de t e rmine  se rum fl-glucuronidase ac t iv i tyL  Liver  p ro te in  
syn thes i s  was eva lua ted  b y  measur ing  incorpora t ion  of 
14C-leucine into the  TCA insoluble pel le t  f rom a 50 ~zl 
a l iquot  of l iver h0mogena te .  The homogena t e  was pre-  
pared,  using a po ly t ron  homogen ize r  f rom 1 g of liver in 
20 ml of buffer.  An a l i q u o t  of t he  homogena t e  was 
t r ea t ed  i den t i ca l l y  to the  se rum sample  jus t  described.  
As can be seen in the  table ,  colchicine t r e a t m e n t  
s ignif icant ly  impai red  the  appea rance  of TCA-precipi table  
counts  in the  se rum and  led to the  bui ld-up of TCA- 
precipi table  counts  in t he  liver. Calculat ions on individual  
animals  indicate  t h a t  t o t a l  incorpora t ion  of 14C-leucine 
in to  TCA insoluble mate r ia l  was no t  adverse ly  affected,  
b u t  t h a t  these  doses of colchicine inh ib i ted  the  secret ion 
of newly  syn thes ized  protein .  This  is in marked  con t r a s t  
to  the  D F P  induced  secre t ion of f l-glucuronidase into the  
se rum of colchicine t r e a t ed  ra ts  which was unaf fec ted  by  
the  mass ive  colchicine dose util ized. This indicates  
a clear d i s t inc t ion  be tween  the  D F P  induced secret ion 
of fl-glucuronidase and  the  bulk  of the  p ro te in  syn thes ized  
and  secre ted  into the  se rum by  hepa tocy te s  I-4. An 

exp lana t ion  as to w h y  the  secret ion of liver microsomal  
fl-glucuronidase is a p p a r e n t l y  unique  in its micro tubule  
independence  is no t  readi ly  appa ren t .  I nduced  secret ion 
of s tored  or s lowly tu rn ing  over  cellular p roduc t s  f rom 
o the r  cells has  been shown to be inh ib i tab le  by  colchicine 8, 
so i t  is unl ikely t h a t  these  proper t ies  alone would lead to 
micro tubule  independence .  However ,  in the  l iver th is  has  
no t  been eva lua ted  and, indeed,  th is  f inding could  re- 
p re sen t  a f u n d a m e n t a l  d is t inc t ion  be tween  intercel lular  
packaging  and  secret ion of pro te ins  t h a t  are normal ly  
s tored  by  the  h e p a t o c y t e  (fl-glucuronidase) and  those  
p ro te ins  t h a t  are readi ly  secre ted  af ter  synthesis .  The 
lack of suscept ib i l i ty  to colchicine or v incr is t ine  (not 
shown) inhib i t ion  can be in t e rp re t ed  in one of two  ways.  
Firs t ,  i t  is possible t h a t  the  secret ion of microsomal  fl- 
g lucuronidase  occurs b y  a mechan i sm t ru ly  i n d e p e n d e n t  
of microtubules .  Al te rna t ive ly ,  the  secre t ion m a y  be 
micro tubule  dependen t ,  bu t  involve a pool of micro- 
t ubu la r  s t ruc tures  t h a t  are no t  avai lable for in te rac t ion  
wi th  colchicine or vincris t ine.  E x p e r i m e n t s  to da t e  do no t  
rule ou t  e i ther  in t e rp re ta t ion .  However ,  the  exis tence of 
an ex tens ive  pool of colchicine insensi t ive  mic ro tubu la r  
s t ruc tures  is cons i s ten t  wi th  the  f indings of R e d m a n  et  al.1. 
The exper imen t s  p resen ted  here p rov ide  an indicat ion 
t h a t  the  cont ro l  of p ro te in  secret ion f rom the  liver m a y  
be even more  complex  than  or iginal ly  envisioned.  

7 P. Stahl and O. Touster, J. biol. Chem. 2ff6, 5398 (1971). 
8 R.B.  Zurier, G. Weissman, S. Hoffstein, S. Kammerman and 

H. H. Tai, J. clin. Invest. 53, 297 (1974). 
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Summary. Al though  lead and  SQ20s81 are p o t e n t  in v i t ro  inh ib i tors  of kininase I I  ac t iv i ty ,  SQs0sSl does no t  a l ter  the  
sens i t iv i ty  of ra t s  to endotox in .  These results  indicate  t h a t  ma rk ed  changes  in p lasma  kininase ac t iv i ty  do no t  contr ib-  
ute  to endo tox in  m o r b i d i t y  and  t h a t  kininase inhib i t ion  is n o t  the  mechan i sm whereby  lead ions sensit ize ra ts  to 
endotox in .  

Lead  ions marked ly  sensit ize ra t s  to small  quant i t i es  of 
endo tox in  and e lucidat ion  of the  mechan i sm of th is  
synerg ism m a y  clarify t he  toxic  act ion of bacter ia l  lipo- 
polysacchar ides .  This  r epo r t  examines  the  hypo thes i s  
t h a t  one role of lead m a y  be to  inh ib i t  a kininase enzyme 
which  is responsible  for degrad ing  the  hypo tens ive  pept ide ,  
b radykin in .  In  th is  regard,  endo tox in  t r ea ted  animals  
do have  increased levels of c i rcula t ing b radyk in in  a which  
m a y  be the  resul t  of impa i red  kinin degrada t ion  as well 
as endo tox in  ac t iva t ion  of H a g e m a n  Fac to r  and  subse- 
q u e n t  kall ikrein format ion .  U n d e r  normal  condit ions,  

1 This investigation was supported by the Naval Medical Research 
and Development Command, NNMC, Department of the Navy, 
Research Task No. MR041.20.01.0435. The opinions and as- 
sertions contained herein are the private ones of the author, and 
are not to be construed as official or reflecting the views of the 
Navy Department or the naval service at large. 

2 The experiments reported herein were conducted according to 
the principles set forth in the 'Guide for the Care and Use of 
Laboratory Animals', Institute of Laboratory Animal Re- 
sources, National Research Council, DHEW Pub. No. (NIH) 
74-23. 

3 V.M. Sardesai and j .  C. Rosenberg , J. Trauma 14, 945 (1944). 


