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T h e  E f f e c t s  o f  N e r v e  G r o w t h  F a c t o r  A n t i s e r u m  o n  A m b y s t o m a  

The nerve growth factor  (NGF), a p ro te in  isolated f rom 
cer ta in  t umors  ~, snake v e n o m  2, and  mouse  sa l ivary  
glands a, evokes g rowth  of sensory and  s y m p a t h e t i c  
neurons  in chick embryosd,  5, new-born  mice 6, young  
zebraf ishL and  g rowth  of t he  spinal  ganglia in t h e  
sa l amander  Ambys toma  8. W h e n  N G F  is in jec ted  along 
wi th  F reund ' s  a d j u v a n t  into adul t  rabbi t s ,  a specific 
an t i se rum can be p roduced  a. W h e n  th is  an t i se rum is in- 
jec ted into new-born  m a m m a l s  it causes ex tens ive  de- 
s t ruc t ion  of the  sympa the t i c  ganglia% Much cytological  
damage  to nucleus, mi tochondr i a  and r ibosomes  can be  
seen wi th in  the  cells 1~ The following expe r imen t  was 
unde r t aken  to de te rmine  the  effects of the  an t i se rum on 
Ambystoma.  

Eggs of A. mac ttlatum were raised in the  labora tory .  
T r e a t m e n t  was begun when  the  embryos  had  reached  
Harr i son  stage 39-40 (see HAMBUR~ERn). The animals  
were injected 3 t imes  a week for a per iod of 2 weeks wi th  
A b b o t t ' s  bovine an t i se rum (Abbot t  Laborator ies ,  N. 
Chicago, Illinois), the  s t r eng th  of which was 52,000 ant i -  
uni ts /ml.  

The jelly coat  was r emoved  f rom the  embryos  which 
were placed on the i r  sides and injected wi th  0.1 bd into the  
epaxial  muscle mass. in jec t ions  were pe r fo rmed  under  a 
dissect ing microscope by  means  of a microin jec t ion  appa-  
ra tus  on a mic romanipu la to r  as descr ibed previously  v. 
Motile embryos  were anaes the t i zed  pr ior  to the  in ject ion 
wi th  a 1 : 1000 solution of MS-222 (ethyl m-aminobenzoa t e  
methanesu l fona te ,  E a s t m a n  Organic Chemicals).  Control  
embryos  received similar  inject ions of saline solution. The 
animals  were ma in t a ined  at  20 ~ and had  reached stage 
43 by  the  end of the  exper iment .  They  were fixed in 
Bouin ' s  fluid, dehydra ted ,  embedded  in paraff in,  sec- 
t ioned  serially at  10 tz, and s ta ined wi th  Delafield 's  
hema toxy l in  and eosin. 

Analysis  was perfornmd on spinal ganglion No. 3, the  
first  brachia l  ganglion, on the  r ight  side (No. 3R). Paper  
recons t ruc t ions  were made  by  pro jec t ing  the  slides in a 
microprojec tor  to a magni f ica t ion  of ": 160, and t rac ing  
the  outl ine of the  ganglion on paper  for each sect ion in 
which the  ganglion appeared .  The outl ines of all sections 
were cut  out and weighed to get the  re la t ive  mass of the  
ganglion. The percentage  of error in th is  m e t h o d  is rela- 
t ively  small  as previously  de t e rminedL  Cell counts  were 
made  on the  same ganglion. Neuroblas t  nuclei were 
counted  in every sect ion,  and the  raw counts  were cor- 
rected bv the  Abercrombie  me thod  (as descr ibed by  
MARRABLE 1~') to compensa te  for errors resul t ing from 
count ing  the  same nucleus in ad jacen t  sections.  To esti-  
ma te  cell size, the long d iamete r s  of the  largest  oval- 
shaped  nuclei in t he  ganglion were measured  by  a 
ca l ibra ted  ocular micrometer .  To get an es t imate  of cell 
size dis t r ibut ion,  the  n u m b e r  of cells wi th  a nuclear  dia- 
me te r  of 5 U (6.25 bt) or less, re la t ive  to  the  to ta l  n u m b e r  
of ceils was de te rmined  in a sect ion th rough  the  middle  of 
the  ganglion. 

A to ta l  of 13 exper imen ta l  and  11 control  animals  sur- 
v ived to the  end of the  exper iment .  The mean  weight  of 
paper  recons t ruc t ions  (in h u n d r e d t h s  of a gram) of ganglia 
of exper imenta l  animals  was 47.5 • 3.5 ( s tandard  error), 
whereas  the  value for controls  was 6 8 . 6 ~  3.5. The T-  
value for the  difference be tween  these means  was 4.28, 
indicat ing significance beyond  the  0.005 level. 

The mean  cell counts  of the  expe r imen ta l  animals  was 
208 ~-8.7, whereas  t h a t  of t he  controls  was 292 ~ 12.9. 
The ' t ' -value for this  difference was 5.38, indica t ing  signi- 
f icance beyond  the  0.005 level. 

The nuclear  d i amete r s  of t he  largest  ganglion cells of 
b o t h  exper imen ta l s  and  cont ro ls  was  18-20 Ix. However ,  
t he  percen tage  of ceils smaller  t h a n  6.25 bt was 11.5% in 
tile exper imen ta l s  and  5.7% in the  controls,  indica t ing  a 
doubl ing  in pe rcen tage  of these  ' smal l '  ceils. I n  t e r m s  of 
absolute  numbers ,  in a sect ion t h ro u g h  the  middle  of the  
ganglion, exper imenta l s  averaged  6.8-4-0.59 ' smal l '  cells 
(out of a to ta l  n u m b e r  of 59.3), whereas  controls  averaged  
3.8 ~ 0.41 ' smal l '  cells (out of a to ta l  of 66.5 cells). The 
' t ' -value of 4.21 indica ted  significance beyond  0.005. These 
d a t a  are summar i zed  in t he  Table.  

I t  has  been d e m o n s t r a t e d  t h a t  a n t i - N G F  caused a re- 
duct ion  in size of the  spinal  ganglia of A .  maculatum.  The 
size decrease was due p r imar i ly  to  a decrease in cel 
number ,  t hough  the  cytological  appearance  of the  cells 
was normal .  This t ype  of response  has  been  seen in the  
coeliac ganglion of m a m m a l s  ~a and  the  spinal  ganglion of 
the  zebraf ishL The effects of an t i se rum on neona ta l  
m a m m a l s  are seen only in the  s y m p a t h e t i c  gangliag. The 
spinal  ganglia a t  th is  t ime  are essential ly ma tu re ,  and  are 
a p p a r e n t l y  re f rac tory  to the  ant i serum.  However ,  in the  
zebrafish,  an t i se rum t r e a t m e n t s  a t  the  t ime  when  the  
spinal  ganglia are act ively growing will reduce  the i r  size 7. 
I t  has  been shown previously  t h a t  dur ing the  period in- 
ves t igated,  the  spinal ganglia of A mbyostoma are ac t ively  
growing, p r imar i ly  by  an increase in cell n u m b e r  s. This 
process was appa ren t l y  inh ib i ted  by  the  ant i serum.  At  
the  s tages inves t iga ted  the  s y m p a t h e t i c  ganglia were so 
r u d i m e n t a r y  t h a t  no th ing  could be de t e rmined  abou t  
them.  

Compar i son  of sp ina l  gang l ion  No. 3R f rom a n t i s e r u m - t r e a t e d  a n d  
ccmtrol  A mbysloma 

E x p c r i m e n t a l s  Contro ls  

Wt .  of r e cons t ruc t i ons  47.5 ~c 3.5 68.6 • 3.5 ~ 
Cell coun t s  2(18 • 8.7 292 t 12.9"  
No. cel ls /sect ion u n d e r  6.25 g. 6.8 ~ 0.59 3.8 4_ 0.41 
% cells u n d e r  6.25 b~ 11.5% 5.7% 
D i a m e t e r  of l a rges t  (,ells 18 20 [• 18-20  b~ 

' t ' - va lue  4.28; s igni f icant  b e y o n d  the  0.005 level,  b ' t ' - va lue  5.38; 
s ign i f ican t  b e y o n d  the  0.005 level .  ~ ' t ' - va lne  4.21 ; s ign i f i can t  b e y o n d  
the 0.005 level.  
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Although  there  was no difference in the  m a x i m u m  size 
of neurons  in the  ganglia of exper imen ta l s  and controls,  
the re  appa ren t l y  was a change  in cell size d is t r ibut ion ,  
w i th  the  an t i s e rum- t r ea t ed  ganglia hav ing  a grea ter  pro- 
por t ion  of smaller  cells t h a n  the  controls.  Pe rhaps  the  
an t i se rum in ter fered  to  some ex ten t  wi th  the  g rowth  
processes of t he  neuroblas ts .  I t  is also possible t h a t  the  
increased n u m b e r  of small  cells was due to degenera t ive  
processes t ak ing  place in some neuroblasts ,  since m a n y  of 
these  small  cells were pyknot ic .  

The N G F  and  its an t i se rum opera te  ex tens ive ly  over  
phylogene t ic  lines. N G F  has  been de tec ted  in fishes 1., 
amph ib i ans  is, and birds  16, as well as rept i les  and mammals ,  
and  N G F  has  comparab le  effects  in these  var ious  classes 
of ver tebra tes .  Similarly,  an t i se rum produced  by  a cow 
agains t  mouse  N G F  will cross-react  w i th  snake v e n o m  
NGF,  as seen by  c o m p l e m e n t  f ixation~L BURi)MAN and  
GOLDSTEINIS found par t ia l  c ross- reac t iv i ty  of goat  ant i -  
mouse  N G F  wi th  N G F  f rom chi ldren wi th  neurob las toma,  
a t u m o r  of neural  crest  origin. Fur the rmore ,  it  has  been  
shown t h a t  bovine  an t i se rum agains t  mouse  N G F  will 
inac t iva te  N G F  f rom the  axial  regions of the  chick, t ad-  
pole, and goldfish, indica t ing  immunologica l  s imi lar i ty  of 
the  molecules ~5. This  ex tens ive  cross- reac t iv i ty  of the  
an t i se rum is suff icient  to cause biological effects  across 
phylogene t ic  lines, ex tend ing  now to the  amph ib i a  as well 
as the  o ther  classes of ver tebra tes .  

Rdssmd. Des inject ions  d ' un  s6rum spfci f ique cont re  le 
fac teur  de croissance nerveuse  (ant i -NGF) p r o v o q u e n t  
une r6duct ion de la tail le des ganglions rachidiens  de la 
sa lamandre  Ambystoma par  suite de la r6duct ion de la 
masse cellulaire du ganglion. I1 y a aussi un plus grand  
nombre  de <~petites~ cellules (d 'un diam~tre  nucl6aire de 
moins  de 6,25 ix) dans  les ganglions des an imaux  utilis6s. 
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Effect of a G r o w t h - P r o m o t i n g  Factor f r o m  Calf Muscles  on the Weight  Gain of H y p o p h y s e c t o m i z e d  
Rats  

SALMON and  DAUGHADAY 1 proposed  the  hypo thes i s  
t h a t  the  ac t ion  of g rowth  ho rmone  on cart i lage m a y  be 
med ia t ed  by  a c o m p o n e n t  of serum called sulfat ion factor.  
H y p o p h y s e c t o m y  causes a marked  decrease in the  sulfa- 
t ion ac t iv i ty  of serum;  th is  ac t iv i ty  can by res tored  by  
in jec t ions  of g rowth  hormone,  but  no t  by add ing  the  
ho rmone  to  t he  se rum in vi tro.  In  a s t u d y  of var ious  
t issues it was found t h a t  t issue ex t rac t s  exhib i t  d i f ferent  
degrees of sulfat ion ac t iv i ty .  High  act ivi t ies  were mea-  
sured in ex t r ac t s  of ra t  skeletal  muscles~. Prev ious  
repor t s  on snl fa t ion ac t iv i ty  were based  on resul ts  ob- 
t a ined  in vi tro.  Here  we r epo r t  a m e t h o d  for ex t r ac t ion  
and  separa t ion  of the  act ive mater ia l  f rom calf muscles.  
We  also inves t iga ted  the  effect  of the  separa ted  mater ia l  
on the  g rowth  ho rmone  act ion in h y p o p h y s e c t o m i z e d  
rats .  

The  mate r ia l  used was 500 g of fresh calf mea t  ob ta ined  
d i rec t ly  f rom the  s laughterhouse.  The muscles  were incu- 
b a t e d  in 2000 rnl of steri l ized disti l led wa te r  for 3 h a t  
37 ~ Af te r  incuba t ion  the  muscles were d iscarded and  
the  fluid f i l tered th rough  a sterile Zeiss E K S  filter. The 
f i l t ra te  was  passed th rough  a Dowex-50W-X2(H)  resin, 
mesh  size 100-200, p H  6.0, which  was p repa red  according 
to t he  m e t h o d  originally descr ibed by  BOUCHER et al. ~ 
for the  ex t r ac t ion  of angio tens in  f rom plasma.  The act ive  
mate r ia l  was  e luted f rom the  column as angio tens in  is 
e luted using th is  me thod ,  and  the  eluate  was lyophylized.  
The residue was dissolved in sterile disti l led water ,  fil- 
t e red  again th rough  a steri le  Zeiss E K S  filter, and 
d i lu ted  to 25 ml  w i th  water .  This  solut ion was t h e n  passed 
t h rough  a Sephadex  G-25 (Pharmacia ,  superf ine grade) 
column.  The size of the  co lumn was 100 • 2.5 cm, and  the  
Sephadex  was  equi l ibra ted  wi th  0 .05M Trismabuffer 

(Sigma), p H  7.4. Three separa te  chromatograph ies  were 
pe r fo rmed  by  apply ing  a volume of 6 Inl on the  column in 
2 ins tances  and  4.45 ml  of the  solut ion conta in ing  the  
act ive mate r ia l  in one instance.  In  each separa t ion  the  
co lumn was e luted at  a flow ra te  of 30 ml/h. The vo lume 
of one f rac t ion  was 10 ml. The to ta l  a m o u n t  of t he  gel 
f i l t ra ted  solut ion (22.45 ml) cor responded to  329 g of 
muscles.  The biological act ivi t ies  of the  incubat ion  fluid, 
the  solut ion ob ta ined  af ter  Dowex and the  Sephadex  
fract ions were tes ted  in v i t ro  by  measur ing  the  incorpora-  
t ion of 3sS-labelled sulfate in the  pelvis of chick embryos  o,. 
The results  ob ta ined  by  separa t ion  on Sephadex  G-25, and 
the  sulfat ion ac t iv i ty  de te rmina t ions  are shown in the  
Figure. 

The Figure shows 3 d i f ferent  separat ions.  The separa t ion  
is fairly well r ep roduced  as can be seen f rom the  curves.  
The cor responding  f ract ions  f rom 3 separa t ions  were 
pooled, and the  biological ac t iv i ty  of the  pooled f ract ions  
was tes ted.  The  bars  show the  biological act ivi ty.  2 of the  
3 peaks  of the  biological ac t iv i ty  are well expressed - 
one cor responding  to f rac t ion  34, and one to f rac t ion 40. 
In  a p re l imina ry  expe r imen t  these  2 fractions,  toge the r  
wi th  h u m a n  g ro w t h  ho rmone  (HGH), were in jec ted  into 
h y p o p h y s e c t o m i z e d  rats .  Each  group consisted of 5 ra t s ;  
the  animals  were in jec ted  each day  for 6 days.  Tile 
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