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does no t  appear ,  therefore,  to be associated wi th  a measur-  
able rise in bra in  amine  levels. 

The  d a t a  presented  here  show t h a t  monoamine  oxidase  
inhibi tors  e leva te  norep inephr ine  and  serotonin  bra in  
levels and  suppress the  tonic  ex tensor  c o m p o n e n t  of  elec- 
t roshock  seizures in rats.  I n  contras t ,  reserpine releases 
b ra in  amines  and  faci l i ta tes  e lec t roshock seizures. The  
results  do not  pe rmi t  the  conclusion t h a t  the  effects of the  
drugs  are a t t r i bu t ab l e  to changes in serotonin or norepine-  
phrine,  bu t  suggest  the  possibi l i ty  t h a t  a subs tance  re- 
leased by  reserpine and metabol ized  by  monoamine  oxi- 
dase is invo lved  n 

F u r t h e r  s tudies h a v e  demons t r a t ed  t h a t  J B  516 and 
J B  807 suppress the  tonic  ex tensor  phase of convuls ions 
evoked  by  in t ravenous ly  adminis te red  pen ty lene te t razo l  
in mice.  A detai led account  of these resul ts  will be pub-  
lished elsenwhere.  

The  possible chnical  usefulness of m o n o a m i n e  oxidase 
inhibi tors  in epi lepsy is now under  inves t igat ion.  

D. J .  PROCKOP*, P. A. SHORE, and B. B. BRODIE 
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Institute, U. S. Department o/Health, Education, and IVel- 
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Zusammen/assung 
Inh ib i to ren  der  Monoaminoxydase  haben  eine an t ikon-  

vuls ive  Wirkung,  die mi t  einer  ErhOhung des Serotonin-  
und Noradrena l ingeha l tes  im Gehirn  ve rbunden  ist. D a  
andersei ts  Reserp in  durch  Fre ise tzung zu einer Verminde-  
rung dieser Amine  im Gehirn f i ihrt  und die Kf i impfe  ver-  
st l irkt ,  is t  es wahrscheinl ich,  dass gewisse physiologisch 
ak t ive  Amine  bei der  E n t s t e h u n g  exper imente l le r  Kon-  
vuls ionen eine entscheidende Rolle  spielen. Die Resu l t a t e  
s t i i tzen die Annahme,  dass gewisse F o r m e n  v o n  l?;pilepsie 
auf  eine lokale S t6rung  im Stoffwechsel  der  Gehi rnamine  
zuri ickzufi ihren sind. 

n In preliminary experiments, harmaline, a reversibly acting 
monoamine oxidase inhibitor x2 was found to raise the brain levels 
of amines and block the tonic extensor phase of electroshock seizures 
in rats. 

12 S. UDENFRIEND, B. WITKOP, B, G. REDFIELD, and H. WEXSS- 
BACII, Biochem. Pharmacol., in press. 
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Regeneration of  C a r t i l a g i n o u s  M a t r i x  

f r o m  t h e  D i s s o c i a t e d  C h o n d r o c y t e s  in vitro 

Recent ly ,  i t  has  been well establ ished t h a t  the  const i-  
t uen t  cells of a precar t i laginous b las t ema  can,  af ter  disso- 
ciat ion,  reaggregate  into a chaot ic  assemblage and finally 
di f ferent ia te  into organised car t i lage 1. However ,  if the  
dissociat ion of the  cells is done in the  stages before the  
onset  of visible d i f ferent ia t ion  of carti lage,  the  second 
process, t h a t  is, the  t r ans fo rmat ion  of the  ini t ial  reaggre-  
gates in to  organised cart i lage,  can  be considered as essen- 
t ia l ly  the  same process as the di f ferent ia t ion of car t i lage 
f rom the  i n t ac t  precar t i lage  ~. This  provides ,  therefore,  
l i t t le  d i rec t  in fo rmat ion  as to the  re la t ive  impor tance  of 
t he  in tercel lular  m a t r i x  and  the  cons t i tuen t  ceils in t he  

main tenance  of the tissue archi tec ture .  I t  seemed to the  
present  au thor  t h a t  useful  in format ion  on this po in t  
migh t  be obta ined  by  s tudy ing  the  process of t issue re- 
const i tu t ion  from di f ferent ia ted  chondrocy tes  a f te r  freeing 
t h e m  from the  a l ready  depos i ted  ma t r ix .  I n  th is  paper ,  
the  results of an expe r imen t  a long  these  lines will be 
described.  

Experimental. Suspensions of chondrocy te s  were made  
f rom femora  and t ibiae of chick embryos  a f te r  8 days '  
incubat ion.  In  this material ,  a considerable  a m o u n t  of 
car t i laginous matr ix ,  which gives s t rong  m e t a e h r o m a t i c  
s ta ining wi th  toluidine blue, is deposi ted  intercel lular ly .  
The  demarca t ion  of diaphysial  and ep iphys ia l  zones is 
qu i te  clear in femora, and hype r t rophy  of chondrocy te s  
is conspicuous.  

The procedure  of making  cell suspension by  t ryps in  di- 
gest ion was essent ial ly the  same as tha t  es tabl ished by  
MOSCONA a excep t  for s l ight  modif icat ion =. With  the  pre-  
sent  mater ia l ,  however ,  m u c h  more prolonged t r e a t m e n t  
by  t ryps in  than  t h a t  appl ied to the precart i laginous ma te -  
r ial  was necessary,  in order  to  obta in  a soft mass which  
could then  be p ipe t tcd  wi th  a small-bore pipet te  or  syr inge 
to m a k e  a cell suspension. Approx ima te ly  30 rain pre- 
t r e a t m e n t  in Ca- and Mg-free saline, and a fur ther  one 
hour ' s  incubat ion  in the t ryps in  solution, proved ade-  
quate .  The  per iosteum, which was developed as a th in  
conical  cyl inder  around the  d iaphysis  of the femur, was so 
res is tant  to enzymat ic  digestion t h a t  i t  remained as a hard 
sheath,  even af ter  such prolonged t rea tment .  The final sus- 
pension did not,  therefore,  con ta in  any  cells of this tissue. 

The descript ion of the  sequence of even ts  which will be 
g iven below is based on 34 specimens  fixed in var ious 
steps of the  exper iment ,  toge ther  wi th  some smeared pre- 
pa ra t ions  of the  discrete ceils of the  suspension. For  the  
his tological  examina t ion ,  a l t e rna t ive  sect ions were made, 
half  being s ta ined wi th  h a e m a t o x y l i n e  (Meyer or  Heidcn-  
hain) and the  o the r  half  s ta ined wi th  toluidine blue for 
the  de tec t ion  of car t i laginous mat r ix .  

The  observa t ion  of the smeared  prepara t ions  of the 
discrete  chondrocy tes  showed only  the  s imple  spherical 
cells which are  c o m m o n l y  found in cell suspensions of 
any  k ind  of embryon ic  tissue, w i thou t  showing any  struc- 
tura l  character is t ics  of the ini t ial  chondrocytes ,  i. e. hyper-  
t rophic  and f la t tened  cells (Fig. A). Mor ta l i t y  of cells in 
the  suspension was much  higher  t h a n  in suspensions made 
f rom earl ier  embryonic  stages. A higher  mor t a l i t y  of dis- 
crete cells obta ined  from older t issue was also described 
for nervous  tissue 4. The  fatal  effect  of prolonged t rypsin  
t r e a t m e n t  and t r a u m a  by vigorous p ipe t t ing  are l ikely 
to be the  reasons for the  high percentages  of damaged  
cells. 

Reaggrega t ion  of the  discrete cells was t r ied  in two 
ways :  (i)  The  cu l t iva t ion  of the  v e r y  s l imy soft  mass ob- 
ta ined  af ter  cen t r igugat ion  of t he  suspension, or  (2) the  
cu l t iva t ion  of a dense suspension wi th in  a hollow ground 
slide or  solid watch-glass  filled wi th  the  l iquid medium. 
A mix tu r e  of modif ied Tyrode  5, horse serum, and embryo  
ex t r ac t  in equal  propor t ions  served as the  cul ture  medium.  

Dur ing  24 hours '  cu l t iva t ion  wi th in  tl le l iquid medium,  
the  isolated cells assembled spontaneous ly  into small  
reaggregates ,  whilst  the  s l imy aggregates  formed by  cen-  
t r i fuging lost the i r  s t ickness and became more or less 
f irm, p robab ly  owing to t he  cont rac t ion  of a ve ry  viscous 
subs tance  which surrounds  the in tac t  cells and appears  
first af ter  centr i fuging.  These init ial  aggregated  masses 

I A. MoscoNA and H. MosCONA, J. Anat. 86, 287 (1952). - 
P. WEiss and A. MOSCONA, J. Embryol. exp. Morph. 6, 238 (1958). 

2 T. S. OKADA, Exp. Celt Res. 16, 437 (1959). 

a A. Mosco~cA, Exp. Cell Res. 3, 535 (1952). 
4 M. CAVANAVG}I, Exp. Cell Res. 9, 42 (1955). 
'~ M. JoNEs and S. L. BONTL~O, Exp. Cell Res. 10, 631 (1956). 
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were colonies of loosely packed  spher ica l  p recar t i l age- l ike  
cells ; t he  in te rce l lu la r  space  gave  no  m e t a c h r o m a t i c  s t a i n -  
ing wi th  to tu id ine  blue (Fig. B). N e i t h e r  h y p e r t r o p h i e d  
no r  f l a t t ened  cells were found  in th i s  s tage.  The  p e r i p h e r y  
of such  reaggrega te  was a l r eady  s u r r o u n d e d  b y  one  or  
two layers  of f l a t t ened  m e s e n c h y m a l  cells a n d  was re- 
min i scen t  of pe r i chond ra l  o rgan i sa t ion .  

~ . i  i i~ i 

i ?  

Fig. A.- Smear  of a cell suspension of the chondroeytes from 8-day 
embryo (Meyer Haematoxyline) 

Fig. B,~--Initial reaggregate of the dissociated chondrocytes, showing 
the assemblage of spherical cells (Heidenhain ttaematoxyline) 

Fig. C,--Regeneration of matr ix after 2 days'  culturing on lens paper 
(Toluidine blue} 

Fig. I).--Colony of cartilaginous nodules formed after 3-5 days' cuI- 
"turiug on lens paper (Heidenhain Haematoxyline) 

Af te r  f u r t h e r  cu l t i va t i on  of the  r eaggrega tes  in fesh 
l iquid m e d i u m  for 24 hours ,  severa l  smal l  foci of chondr i -  
f ica t ion  b e g a n  to a p p e a r  ; here  the  in te rce l lu la r  space  gave  
fa in t  m e t a c h r o m a t i c  s t a i n i n g  w i th  to lu id ine  blue.  A t  t h i s  
s tage t he  reaggrega tes  were t r an s f e r r ed  to lens pape r s  
p laced over  t h e  l iquid  m e d i u m  ~. I n  t h i s  cu l tu re  c o n d i t i o n  

e j .  M, CHEN, Exp. Cell Res. 7, 518 (1954). -T .  S, OKADA (in pre- 
paration). 

ch o n d r i f i c a t i o n  p roceeded  qu i t e  well. Sec t ions  of t h e  cul-  
t u r e s  f ixed a f t e r  36 h o u r s '  c u l t i v a t i o n  u p o n  lens  p a p e r  
showed  t h e  p r o d u c t i o n  of consp icuous  a m o u n t s  of rec ta -  
c h r o m a t i c  s u b s t a n c e  w i t h i n  t h e  in t e rce l lu l a r  spaces  
(Fig. C). 

Cul tures  on  lens p a p e r  l as ted  for 3.5 d a y s  w i t h o u t  
c h a n g i n g  med i u m.  A t  t h i s  t e r m i n a l  s tage,  all  cu l t u r e s  
were fixed, a n d  on  e x a m i n a t i o n  were found  to  be  colonies  
of ca r t i l ag inous  nodu les  s u r r o u n d e d  b y  a s h e a t h  of f la t-  
t e n e d  m e s e n c h y m a l  cells, wh ich  n o w  can  be safely cal led 
p e r i c h o n d r i u m  (Fig. D).  All c h o n d r o c y t e s  h a d  r ega ined  
the i r  or ig ina l  s t r u c t u r a l  charac te r i s t i c s .  

D i s c u s s i o n .  T h e  resu l t s  d e s c r i b e d  a b o v e  d e m o n s t r a t e  
t h a t  the  i so la ted  c h o n d r o c y t e s  of ful ly d i f f e r en t i a t ed  car-  
t i lage,  wh ich  were  o b t a i n e d  a f t e r  comple t e  t r y p s i n  di- 
ges t ion  of the  in te rce l lu la r  ma t r ix ,  are  ab le  to  r eaggrega te  
an d  to re -es tab l i sh  t h e  or ig ina l  h is to logica l  a r c h i t e c t u r e  
of car t i l age  b y  r e g e n e r a t i n g  t h e  in te rce l lu la r  ma t r i x .  I t  
is n o t e w o r t h y  t h a t  th i s  process  of the  m a t r i x  r e g e n e r a t i o n  
is a lways  a c c o m p a n i e d  b y  some s t r u c t u r a l  changes  in t h e  
c o n s t i t u e n t  cells; t h e  s imple  spher ica l  fo rm wh ich  chon-  
do rcy te s  a s sume  in t h e  in i t ia l  r eaggrega tes ,  c h a n g e s  a n d  
is rep laced  b y  t h e  or ig ina l  ce l lu lar  s t ruc tu re .  T h e  loss of 
the  s t r u c t u r a l  cha rac t e r i s t i c s  of chondrocy t e s ,  a c c o m p a -  
n ied  b y  the  d i s a p p e a r a n c e  of t h e  in te rce l lu la r  ma t r i x ,  h a s  
been  recorded  in t h e  cu l tu re  of ca r t i l ag inous  f r a g m e n t s  in 
a m e d i u m  c o n t a i n i n g  excess a m o u n t s  of V i t a m i n  AT. I n  
these  cases, however ,  b o t h  the  r ecove ry  of s y n t h e t i c  ac t i -  
v i t y  in  r e g e n e r a t i o n  of m a t r i x  a n d  t h e  r e t u r n  of or ig ina l  
ce l lu lar  s t r u c t u r e  were r epo r t ed  as v e r y  incomple te ,  a f t e r  
t r a n s f e r r i n g  in to  n o r m a l  m e d i u m  8, whereas  in  t h e  d i sc re te  
c h o n d r o e y t e s  here  descr ibed,  t h e  r ecove ry  was found  to 
be  n e a r l y  comple t e  b o t h  of t h e i r  m o r p h o l o g y  an d  of t h e i r  
f unc t i on  of sec re t ing  t h e  in te rce l lu la r  m a t r i x .  Therefore ,  
the  a l t e red  c h o n d r o c y t e s  a p p e a r i n g  in these  two d i f f e ren t  
e x p e r i m e n t s  m u s t  be  cons idered  as  s t r ik ing ly  d i f f e ren t  
f rom each  o t h e r  in  t h e i r  c a p a c i t y  for d i f f e ren t i a t ion .  

In  t h e  sequence  of t h e  e v e n t s  desc r ibed  in th i s  paper ,  
no m e t a c h r o m a t i c  s u b s t a n c e  was found  in t h e  in te rce l lu-  
lar  regions  of t h e  cell a s semblages  f ixed soon a f t e r  reaggre-  
ga t ion  of t h e  d issoc ia ted  cells. This  fac t  suggests  t h a t  t h e  
c o n t i g u i t y  a n d  s t a b i l i t y  of the  c h o n d r o c y t e s  in  t h e  in i t i a l  
r eaggrega te  m a y  n o t  be  m a i n t a i n e d  b y  t h e  same  c e m e n t -  
ing s u b s t a n c e  as t h a t  f i l l ing u p  t h e  in t e rce l lu l a r  spaces  of 
t h e  or ig ina l  car t i lage .  

Since the  m e t a c h r o m a t i c  m a t r i x  a lways  a p p e a r e d  in 
aggrega tes  f ixed a t  a l a t e r  t i m e  in t h e  course  of t h e  exper i -  
men t s ,  one h a s  t h e  impress ion  t h a t  m u t u a l  a s sembly  of 
t h e  d iscre te  cells m a y  be  t h e  p re requ i s i t e  cond i t i on  for t h e  
r ecove ry  of t h e i r  s y n t h e t i c  a c t i v i t y .  A t  p re sen t ,  n o t h i n g  
def in i t e  can  be  said on  t h i s  po in t ,  as  we do n o t  know- y e t  
w h e t h e r  or  n o t  the  d i ssoc ia ted  chondrocy t e s ,  h a d  t h e y  
been  c u l t u r e d  in such  e x p r i m e n t a l  cond i t i ons  as to  pre-  
v e n t  t he i r  r eaggrega t ion ,  could  rega in  t h e i r  cel lular  ac t i -  
v i t y  of sec re t ing  the  m a t r i x  s u b s t a n c e  as such.  One of t h e  
spec imens  w h i c h  was  f ixed a t  24 h a f t e r  c u l t u r i n g  t h e  
cen t r i fuged  s l imy  mass  may ,  however ,  h a v e  some b e a r i n g  
on  t h i s  po in t .  I n  t h i s  r eaggrega te  so m a n y  d a m a g e d  cells 
were i nco rpo ra t ed ,  t h a t  h e a l t h y  ceils were  s ingly  d i spersed  
a m o n g  t h e m ,  e x c e p t  for one  locus, where  10-15 h e a l t h y  
cells were assembled ,  a n d  i t  was j u s t  in th i s  region t h a t  
c h o n d r i f i c a t i o n  was  obse rved  to  h a v e  began .  Th i s  obser-  
v a t i o n ,  a l t h o u g h  far  f rom conclusive ,  seems to sugges t  
t h a t  t h e r e  is a l im i t i ng  m i n i m u m  mass ,  be low wh ich  t h e  
r e g e n e r a t i o n  of m a t r i x  a n d  r e - e s t a b l i s h m e n t  of car t i lag i -  
nous  t i ssue  a r c h i t e c t u r e  will n o t  occu rL  

7 H. B. FELL and E. MELLANBY, J. Physiol. 116, 320 (195~). 
8 M. A. HEBRETSON, J. Embryol. exp. Morph. 3, 355 (1955). 
9 A. MOSCONA, Proc. Soc. exp. Biol. Med. 92, 410 (1956). 
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Zusammen[assung 

Aus 8 Tage a l len  H i i h n e r e m b r y o n e n  wurden  durch  
V e r d a u u n g  der  intrazellul / i ren Mat r ix  des d i f ferenzier ten  
Knorpe lgewebes  dissozi ier te  C h o n d r o z y t e n  gewonnen .  
Diese C h o n d r o z y t e n  schlossen sich wieder  zu Kokmien  
lose gepack te r  sph/ i r ischer  Zellen zusammen .  Durch  Re-  
gene ra t ion  der  interzeltul/ tren Mat r ix  b i lde te  sich in den 
Organku l tu ren  solcher  Reaggrega te  die urspr i ingl iche 
K n o r p e l - A r c h i t e k t u r  w iede r  aus. 

Normal  Count and Physiological  Variability 
of Rabbit Blood Basophils  ~ 

R a b b i t  b lood con ta ins  an except iona l ly  grea t  n u m b e r  
of basophi l  granulocytes .  Basophi l  coun t ings  f rom rabb i t  
b lood smears  have  been  pe r fo rmed  by  var ious  au thors ,  
y ie ld ing h igh ly  va ry ing  results .  Using a di rect  c h a m b e r  
coun t ing  m e t h o d  -°, the  p resen t  s t u d y  of the  basophi l  
coun t  in r abb i t  b lood unde r  physiological  var ia t ions  
was unde r t aken .  

Aided by grants from the Danish Rheumatism Association and 
Eli Lilly and Co., Indianapolis, Ind., U.S.A., to Dr. ASBoE-HANSEY. 

J. E. MOORE and G. W. Ja.~t~s, Proc. Soc. exp. Biol. Med. ;~o, 
601 (1953). 

Methods. 159 s ix -months -o ld  whi te  r abb i t s  of bo th  sexes 
and of known homogeneous  breed were used. They  were 
separa te ly  caged, a t  a t e m p e r a t u r e  of 20 ° ~ I°C, fed on 
oats,  hay,  and sugar beets.  The an imals  were careful ly  
handled  and t ra ined  to a c c o m m o d a t e  in b lood-sampl ing  
boxes, l"or blood sampling,  the  ear  was  t a p p e d  l ight ly  by  
finger to s t imulate  blood circulat ion,  and  a pr ick wi th  a 
14-gauge needle or a small  incision in one of t he  ear  ve ins  
usually secured a free flow of blood drops .  Af te r  d i sca rd ing  
the  first drop, 20 txl of blood was d r a w n  into  a s t a n d a r d  
blood pipet te ,  and quickly t rans fe r red  in to  a glass t ube  
conta in ing  lS0 ~zl of a modified Moore & J a m e s  to lu id ine  
blue solut ion ~. The tube was shaken unti l  c o m p l e t e  h e m o -  
lysis of the  red cells. A solution of 0.05% to lu id ine  blue in 
50% wate ry  propylene  glycol was used in few cases. The 
di luted bIood was then  t ransferred by  capi l lar i ty  to  Fuchs -  
Rosen tha l  count ing  chambers  (0.2 m m  deep) and  the  cells 
al lowed to settle.  Counting slides were kept  in a covered  
Pet r i  dish floored wi th  a d a m p  fil ter pape r  to  aw)id 
evapora t ion .  Two chambers  (ff 16 m m  ~ area each were 
coun ted  for basophils ,  and two big squares  of 1 m m  ~ area 
each  for ob ta in ing  to ta l  leucocyte counts .  A b inocular  
microscope wi th  × 10 oculars and a .'< 10 achromat i c  plane 
objec t ive  was used;  a blue filter con t ras ted  the  me ta -  
ch romat ica l ly  s ta ined basophils against  tile fa int ly  blue- 
s ta ined  leucocytes  of different  types.  

Results. Figure 1 presents  dis t r ibut ion curves, as well as 
mean  wdues  :}: s t an d a rd  error, s t andard  devia t ions  and  
range of 9 a . m .  basophi t  counts  (absolute and differential)  
of the  first  b lood samples  ever taken from all rabbi t s  unde r  
s tudy .  The curves  are more or less posi t ively skewed ~. 

A very  s l ight  var ia t ion  in the  morning count  from day  
to  day  was encoun te red  (Table). A s tudy  of diurnal  var ia-  
t ion in the  n u m b e r  of basophils  in 58 male rabbits ,  how- 
ever,  revealed a s ta t i s t ica l ly  significant ( P  < 0.001) in- 
crease in late a f t e rnoon  (3 p .m. )  as compared  to the  com-  
pa ra t ive ly  low morn ing  (9 a. m.) count  (Fig. 2). 

3 A.-W. A. lgosl.:n.A, Prue. Soc. exp. l~;iol. Med. 9s, lX-I (1958). 
4 The advice and help of Miss HANNI.: BA('KH;~VSEN with statistical 

amdysis are gratefully acknowledged, 
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Fig. l. -- Distribution c u r v e s  of  first absolute and relative basophil l e u c o c y t e  m o r n i n g  (~.~ a . m . )  eoun t~  e v e r  t a k e n  f r o m  1 I~1 m a l e  a n d  
43 female adult rabbit~. Mean :k standard error, standard deviation, and range are indicated. 


