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increases  a t  a r a t e  of 1 .9% per  day,  r each ing  a m a x i m u m  
of 8 .5% b y  t he  4 th  to  6 th  day.  Th i s  increase  in t h e  pro-  
po r t i on  of labeled  cells is a t t r i b u t a b l e  to  b o t h  large mono-  
nuc lea r  ceils a n d  smal l  l ymphocy tes .  The  l a t t e r  increase  
f rom 0.1% a t  zero t i m e  to  4 .9% b y  t he  4 t h  day.  

Pe r i t onea l  large m o n o n u c l e a r  cells are heav i ly  labeled 
20 m i n  a f te r  in j ec t ion  of 8 H T d R  (med ian  gra in  c o u n t  49, 
r ange  20-60), r e m a i n  a t  th i s  level  t h r o u g h  t he  4 th  day  
(44 grains/cell) ,  t h e n  fall  to  13 grains /cel l  ( range 7-34) b y  
t he  14th  day.  Smal l  l y m p h o c y t e s  in  b o t h  b lood a n d  peri-  
t onea l  f luid are  also heav i ly  labeled  on  t h e  1st day  
(med ian  gra in  c o u n t  35 for pe r i tonea l  l ymphocy te s ,  50 for 
b lood lymphocy tes )  b u t  t he  r ange  is s imi la r  in  b o t h  cases 
(20-60) and  t he  means  are no t  s t a t i s t i ca l ly  dif ferent .  

These  d a t a  are cons i s t en t  w i t h  t he  v iew t h a t  t he  labeled  
smal l  l y m p h o c y t e s  which  a p p e a r  in  pe r i tonea l  f luid origi- 
n a t e  in  t he  blood. A l t h o u g h  some l y m p h o c y t e s  m i g h t  
o r ig ina te  f rom div is ion  of large m o n o n u c l e a r  ceils w i t h i n  
t he  pe r i t oneum,  t h e  gra in  c o u n t s  and,  pa r t i cu la r ly ,  t he  
p a u c i t y  of mi to t i c  f igures in t he  large m o n o n u c l e a r  cell 
p o p u l a t i o n  ind ica te  t h a t  th i s  source is no t  q u a n t i t a t i v e l y  
i m p o r t a n t .  

The  pe r i tonea l  c a v i t y  of a 200 g r a t  con ta ins  approx i -  
m a t e l y  12.5 • 106 cells of which  60% (7 .6•  106) are smal l  
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Percent of labeled cells in rat peritoneal fluid after a single i.v. injec- 
tion of 3H-TdR. Each point was obtained by counting 5000 cells from 
a pooled sample obtained from 2 or 3 rats. The labeling after a single 
i.p. injection of 3H-TdR is also shown (A). Points on the lymphocyte 
curve represent a 3-point moving average calculated from the actual 
data. 

l y m p h o c y t e s  4. The  p r o p o r t i o n  of labeled  smal l  l y m p h o -  
cytes  increases  a t  a r a t e  of 1.7% per  d a y  d u r i n g  t he  f i rs t  
2 days  (Figure),  so (neglect ing ex i t  of labeled cells) a b o u t  
6.5 • 10* labeled  l y m p h o c y t e s  jo in  t he  p o p u l a t i o n  each  day,  
or 2.7 x 108 labeled  cells/h. Since less t h a n  2% of t h e  smal l  
l y m p h o c y t e s  in b lood are  labeled  du r ing  th i s  i n t e r v a l  6, t he  
t o t a l  in f lux  of sma l l  l y m p h o c y t e s  ( labeled plus  unlabe led)  
in to  t h e  pe r i t onea l  f luid m a y  be  as m u c h  as 50-fold 
greater ,  or 1 .4 •  105 cells/h. Since t he  t o t a l  n u m b e r  of 
pe r i tonea l  l y m p h o c y t e s  r ema ins  cons t an t ,  t h e  same  n u m -  
ber  of ceils m u s t  leave  t he  pe r i t onea l  f luid (or be  des t royed  
w i t h i n  it) as enter .  

I f  we ignore t h e  m o v e m e n t  of ceils ou t  of t he  p o p u l a t i o n  
and  assume t h a t  pe r i t onea l  smal l  l y m p h o c y t e s  are h o m o -  
genous  w i t h  respec t  to  res idence- t ime  w i t h i n  t he  peri-  
t onea l  fluid, t he  t u r n o v e r  t i m e  ( t ime for  comple t e  
r ep lacemen t )  for these  cells is 7.6 • 10s/(6.5 • 104)(50) = 
23.4 days.  However ,  m a n y  l y m p h o c y t e  c o m p a r t m e n t s  
con t a in  a m i x t u r e  of shor t - l ived  and  long- l ived cells a n d  
if t h i s  is also t r ue  for t he  pe r i tonea l  f luid t he  ca lcu la ted  
t u r n o v e r  t i m e  is mere ly  t he  m e a n  for 2 (or more)  popu la -  
t ions.  Obviously ,  t he  ca lcu la ted  va lue  c a n n o t  be  t a k e n  too  
seriously un t i l  t h i s  m a t t e r  can  be  resolved,  since t he  cal- 
cu la t ion  will be  g rea t ly  inf luenced  b y  the  presence  of even  
a smal l  n u m b e r  of ve ry  shor t - l ived  or v e r y  long- l ived 
cells 9. 

Zusammen/assung. Zel lk ine t i sche  U n t e r s u c h u n g e n  an  
R a t t e n  n a c h  I n j e k t i o n  von  H~-Thymid in  e rgaben  eine 
rasche  M a r k i e r u n g  der  grossen m o n o n u k l e ~ r e n  Zellen 
i n n e r h a l b  von  20 Min und  eine l angsamere  M a r k i e r u n g  
der  k le inen  L y m p h o z y t e n ,  fiir welche eine T u r n o v e r - Z e i t  
von  23,4 Tagen  e r r echne t  wurde .  S t i indl ich  ge langen  ca. 
105 kleine L y m p h o z y t e n  in die Bauchh6hlenf l i i s s igke i t .  
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Calf T h y m u s  Fract ions :  E n h a n c e m e n t  and S u p p r e s s i o n  of I m m u n o c o m p e t e n t  Cells  in N e o n a t a l  Mice  

The  func t iona l  s ignif icance of t he  t h y m u s  ha s  been  an  
e n i g m a  for m a n y  years.  R e c e n t  s tudies  h a v e  ind ica t ed  
t h a t  the  t h y m u s  m a y  funct ion ,  a t  leas t  in pa r t ,  as a source 
of h u m o r a l  subs t ances  necessary  for d e v e l o p m e n t  of lym-  
pho id  t issue and  immuno log ica l  i n t eg r i ty  1. Ear l i e r  s tudies  
ind ica t ed  t h a t  t h y m u s  e x t r a c t s  m a y  induce  l y m p h o  
cytopoesis  and  increased  l y m p h o i d  t i ssue  size 2,3. More 
r ecen t  repor t s  h a v e  i nd i ca t ed  t h a t  t h y m u s  e x t r a c t s  can  
also p r e v e n t  was t ing  disease and  fa t a l  v i rus  infec t ions  in 
t h y m e c t o m i z e d  mice4 s. 

A f rac t ion  der ived  f rom calf t h y m u s ,  t e r m e d  t h y m o s i n ,  
was p r epa red  by  GOLDSTEIN, SLATER and  }VHITE 7 in 1966. 
This  fac tor  could s t i m u l a t e  l y m p h o i d  t i ssue  hype rp la s i a  

and  DNA,  R N A  a n d  p ro t e in  syn thes i s  in  vivo.  In  1967, 
HAND, CASTOR and  LUCKEY 8 p repa red  a bas ic  p ro t e in  
f rom calf t h y m u s  ex t rac t s .  Th i s  s u b s t a n c e  s t i m u l a t e d  
l ymphocy topoes i s  a n d  l y m p h o i d  t issue hype rp l a s i a  in  
mice w h e n  a d m i n i s t e r e d  in m i c r o g r a m  quan t i t i e s .  LAW 
and  AGNEW 9, and  LAW, GOLDSTEIN a n d  WHITE 10 r epo r t ed  
t h a t  t h y m o s i n  could res tore  immuno log ic  r e a c t i v i t y  of 
spleen cells of t h y m e c t o m i z e d  mice. Recent ly ,  TRAININ, 
SMALL a n d  GLOBERSON n d e m o n s t r a t e d  in a n  in v i t ro  
sys t em t h a t  a t h y m u s  e x t r a c t  could res tore  i m m u n o -  
c o m p e t e n c e  to spleen ceils f rom t h y m e c t o m i z e d  mice. 
However ,  r e la t ive ly  large a m o u n t s  of t he i r  s u b s t a n c e  
were necessary.  W e  now descr ibe  t he  effects of pur i f ied  



654 Specialia EXPERIENTIA 26/6 

calf t h y m u s  ex t rac t s  which,  in microgram quant i t ies ,  can 
e i ther  s t imula te  or inhibi t  deve lopmen t  of i m m u n o c o m -  
pe tence  in neona ta l  mice when  admin is te red  on the  day  of 
b i r th .  

Experimental. The calf t h y m u s  ex t rac t s  were p repared  
by  f rac t iona t ion  procedures  descr ibed previously*.  Fresh  
pooled calf t h y m u s  glands were homogenized  in 0.85% 
sterile saline. Af ter  centr i fugat ion,  the  debris  was dis- 
carded and the  crude  saline ex t rac t  (CSE) was precipi-  
t a t ed  wi th  20% a m m o n i u m  sulfate.  The resul t ing precipi-  
t a t e  was dissolved in dist i l led wa te r  and  t r ea ted  wi th  
absolute  me theno l  a t  a ra t io  of 3 : 1. The resul t ing precipi-  
t a t e  was recovered and  dissolved in disti l led water .  This  
was considered the  par t ia l ly  purif ied ex t rac t  (PPE).  For  
fu r ther  f ract ionat ion,  th is  mater ia l  was subjec ted  to poly-  
acry lamide  gel electrophoresis ,  resul t ing in a n u m b e r  of 
d i s t inc t  fract ions.  F rac t ion  B-C, previously  found to  con- 
ta in  a lymphoid  cell s t imula tor ,  and fract ion D-E,  found 
to  oon ta in  an inh ib i to ry  material ,  were used for the  im- 
munologic  s tudies  descr ibed here. 

Non- inbred  p r egnan t  ICR mice were observed a t  
app rox ima te ly  8-h in tervals  and  the  t ime  of l i t ter  del ivery 
and num ber  was recorded.  Li t te rs  were in jec ted  i.p. wi th in  
12 h of b i r th  wi th  e i ther  CSE, P P E ,  or f ract ions  B-C or 
D-E.  Control  l i t ters  were in jec ted  wi th  saline only. Mice 
f rom each group were chal lenged wi th  0.1 ml  of a 50% 
suspension of sheep red blood cells (SRBC) af ter  t rea t -  
m e n t  a t  b i r t h  or 1, 2, 3, or 4 weeks thereaf ter .  

The im m une  response  was assayed 4 days  af ter  im- 
muniza t ion  by  means  of the  haemoly t i c  i m m u n o p l a q u e  

Effect of crude and prepared calf thymus extracts and fractions on 
development of immunocompetenee to sheep erythroeytes when in- 
jected into mice at birth and challenged with antigen at O, 7, 14, or 
28 days of age 

Substance injected 
at birth S 

Age at time of PFC determiimtion (days) 

4 11 18 32 

Plaque-forming cells per spleen 

None 18 5,100 40,300 94,000 

CSE 18 4,480 52,000 72,000 

PPE 40 20,000 62,500 145,000 

Fraction B-C 26 75,500 50,000 140,000 

Fraction D-E 25 109 16,000 94,500 

Plaque-forming cells per 10 e splenocytes 

None 3 54 210 331 

CSE 2 60 220 380 

PPE 8 140 245 4,250 

Fraction B-C 2 2,000 306 585 

Fraction D-E 3 3 32 521 

Mice injected on day of birth with 15 [xg of crude saline extract 
(CSE) or partially purified extract (PPE) or with 3 [xg of gel electro- 
phoresis fraction A-I3 or C-D and then challenged i.p. with 0.1 ml 
50% SRBC at indicated age. Average number of PFCs for 5 or more 
mice determined 4 days after immunization. 

assay, which  pe rmi t s  enumera t ion  of an t ibody  p laque-  
forming  cells (PFCs) 12. 

Results and discussion. As can be seen from the  Table,  
control  mice in jec ted  wi th  SRBC had  only the an t i c ipa ted  
progressive increase in the  n u m b e r  of PFCs wi th  age. 
Al though  new-born  and  1-week-old animals  had  few 
p laque- fo rming  cells a f ter  challenge, by  the  2nd to  4 th  
week of life these  animals  responded  wi th  40,000 to 90,000 
PFCs  per  spleen. The crude saline ex t rac t  did no t  
marked ly  affect  an t ibody- fo rming  po ten t ia l  in animals  of 
this  age group. 

Inocu la t ion  of mice a t  bi r th  wi th  P P E  resul ted in a 
s ignif icant  e n h a n c e m e n t  of the  n u m b e r  of PFCs (Table). 
I m m u n i z a t i o n  of these mice a t  1 week of age resul ted  in 
abou t  4 t imes  as m a n y  PFCs  as controls.  Immun iza t i on  a t  
4 weeks of age resul ted in a lmos t  twice as m a n y  PFCs  as 
controls  when  calcula ted per  whole spleen, and  over  10 
t imes  as m a n y  when  calcula ted  per  million splenic 
leucocytes.  A P P E  prepared  f rom liver and k idney  was 
w i t h o u t  s t imu la to ry  effect  when  tes ted  under  s imilar  
condit ions.  

In jec t ion  of mice wi th  3 ~g of pur i f ied gel f ract ion A-B 
resul ted in an e n h a n c e m e n t  of PFC deve lopmen t  dur ing  
the  first  weeks of life. There  was a 15-40-fold enhance-  
m e n t  of the  n u m b e r  of PFCs  f rom mice following chM- 
lenge at  1 week of age (Table). There  was a 20-40% en- 
h a n c e m e n t  a t  2 and 4 weeks of age. 

In  cont ras t ,  f ract ion D-E  marked ly  suppressed deve-  
l opmen t  of immunocompe tence .  In jec t ion  of this  mater ia l  
a t  b i r t h  resul ted  in a 90-95% depress ion in the  n u m b e r  of 
PFCs  in the  spleens of an imals  chal lenged during the  first  
2 weeks of life (Table). At  the  4 th  week, injected an imals  
had  essent ia l ly  the  same n u m b e r  of PFCs  per  spleen as 
controls.  

The resul ts  of these s tudies  indicate  t h a t  f ract ions de- 
r ived f rom calf t h y m u s  glands m a y  influence deve lopmen t  
of i m m u n o c o m p e t e n c e  of neona ta l  mice. Crude saline 
ex t rac t s  had  l i t t le  effect, whereas  a par t ia l ly  purif ied ex- 
t r ac t  s t imu la t ed  an e n h a n c e m e n t  of P F C  deve lopment .  
The mos t  marked  enhanc ing  effect  occurred wi th  t he  
e lec t rophore t ic  fract ion B-C, previously  found to  s t imu-  
late  lymphocytopoes i s .  This f ract ion resul ted in a 15-40- 
fold e n h a n c e m e n t  in the  n u m b e r  of PFCs  dur ing the  f irs t  
2 weeks of life. A second gel fraction,  des ignated D-E  and  
previously  found to inhibi t  lymphocytopoes is ,  caused a 
marked  d iminu t ion  of t he  P F C  response.  
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The mechan i sm whereby  P P E  and  f rac t ion B-C s t imu-  
late  deve lopmen t  of an t ibody- fo rming  cells is not  known.  
I t  is possible t h a t  these  mater ia l s  affect  t he  pool of pre-  
cursor s t em ceils, which  were a l ready  p resen t  and  deve-  
loping in un t r ea t ed  animals ,  or provide  factors  necessary  
for more  rapid m a t u r a t i o n  and prol i fera t ion of all cells 
involved in immunogenes is .  

The re la t ionship  be tween  the  f ract ions  descr ibed here 
and  those  repor ted  by  o thers  is not  clear. The puri f ied 
f rac t ions  tes ted  in this  s t u d y  are effect ive when  adminis -  
te red  a t  dose levels much  less t h a n  those  repor ted  by  
others.  Nevertheless ,  it  seems plausible  t h a t  there  m a y  be 
close biochemical  and biological re la t ionships  among  all 
the  fract ions and ex t rac t s  s tudied  by various invest i -  
gators  13. 

Zusammen/assung. Nachweis ,  dass  eine aus K/ilber- 
T h y m u s  isolierte F rak t ion  auf die Ausbi ldung von  

H~molys in  p roduz ie renden  Zellen in neugeborenen  
M/iusen einen s t imul ie renden  Einf luss  haben  kann.  

T. HAND, W. S. CEGLOWSKI 
and  H. FRIEDMAN 
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Die Wirkung von Vasopress in  und Oxytoc in  auf 

Zahlreiche Autoren  ~-6 konn ten  in den le tz ten  J a h r e n  
den Nachweis  ffir die Wi rksamke i t  verschiedener  Neuro-  
ho rmone  sowohl yon VVirbellosen als auch yon Wirbel-  
t ieren auf die spon tane  Impulsak t iv i t / i t  zen t ra lnerv6ser  
und per ipherer  N e r v e n s t r u k t u r e n  erbr ingen.  Da es sich 
bei den bisher  b e k a n n t e n  Neurohormonen  der  Wirbel losen 
wahrscheinl ich  um Oligopept ide  mi t  Disulf id-Bri icken 
hande l t  2,7, ergibt  sich auf Grund der zu v e r m u t e n d e n  
St ruktur / ihnl ichkei ten  bei wei tgehend  gleichart ig funk- 
t ionel lem Verha l ten  dieser Subs tanzen  die Frage,  ob und  
in welchem Masse die Funkt ionsweise  des NerveD- 
sys tems  yon Insek ten  durch die k6rper f remden  Neuro-  
hormone  Vasopressin  und Oxytoc in  beeinflusst  werden  
kann.  

Als Versuchst iere  d ien ten  adul te  amer ikanische  Kii- 
chenschaben  (Periplaneta americana L.). Die Impuls -  
akt iv i t / i ten  wurden  vom K o n n e k t i v  zwischen dem 5. und 
6. Abdomina lgangl ion  sowie vom efferenten und af fe ren ten  
Cercalnerven abgelei tet .  Die Subs tanzen  (Arginin-Vaso- 
pressin und syn the t i sches  Oxytocin)  wurden  in Insek ten-  
r inger nach  Roeder  (NaC1 9,0; KC1 0,2; CaC1 0,2; Glucose 
4,0 g; 10 ml Phospha tpu f f e r  pH 7,2 ad 1000 nil Aqua  
bidest.)  gel6st auf das 6. Abdominalgangl ion  aufgebrach t  

das N e r v e n s y s t e m  von Insekten 

beziehungsweise  mi t te l s  Kanii le  in den gespa l tenen  
Cereus appliziert .  Die Analyse  der  Impulsak t iv i t / i t  er- 
folgte mi t  dem Compute r  CAT 400 C. 

Vasopress in  ha t  exci ta tor i sche  Wi rkung  und  ve rursach t  
in einer K o n z e n t r a t i o n  yon 0,1 ~zE/ml eine E r h 6 h u n g  der  
Impuls f requenz  um 100 bis 200%, v e r b u n d e n  mi t  ver-  
s t~rkter  Salvenbi ldung.  H(Shere K o n z e n t r a t i o n e n  (20 m E /  
ml  und 250 mE/ml )  ffihren init ial  zu einer Frequenzsen-  
kung. Dabei  n i m m t  der Antei l  kurzer  In terval le  fiir die 
Dauer  von 30 mid zu. 

Oxytoc in  bewirk t  in allen un t e r such t en  Abschn i t t en  
des Ne rvensys t ems  eine F requenzsenkung  um 50~ Die 
st / irkste inhibi tor ische  YVirkung wird bei eiDer Konzen t r a -  
t ion yon  2 ~zE/ml beobach te t .  Dabei  n h n m t  die Zahl 
kurzer  Interval le ,  im Gegensatz  zur Vasopress inwirkung,  
s ta rk  ab. 

Beziiglich der ImpulsaktivitS~t nach  Wirks to f fgabe  
bes tehen  keine deut l ichen Unte r sch iede  zwischen efferen- 
ten und  af ferenten  Nervenbahnen .  D a m i t  erweisen sich 
die Neurohormone  Vasopressin  und  Oxytoc in  an Insek ten-  
nerveD als an tagonis t i sch  wi rksame Subs tanzen  mi t  um- 
gekehr t  konzent ra t ionsabhXngigem Verhal ten.  Es  ist zu 
ve rmuten ,  dass beide Neurohormone  die Membrandurch -  
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Fig. 1. Verfinderungen der hnpulsfroquenz des efferenteu und 
afferenten Cercalnerven nach Vasopressin- und Oxytocingaben. 
Vasopressin: O, efferenter Cercalnerv; 0, afferenter Cercalnerv. 

60 Din Oxytocin: V, efferenter Cercalnerv; T, afferenter Cercalnerv. 


