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Results. The E B P - F C A  caused accumula t ion  of lympho-  
cytes  and large lymphoid  cells  in the  pa raco r t ex  and in 
the  medul la ry  cords which  was more  marked  t h a n  af ter  
in jec t ing  N B P - F C A  or FCA alone. The deve lopmen t  and 
a m o u n t  of g ranu lomatous  t issue in the  hi lar  area was 
more  p r o m i n e n t  in the  E B P - F C A  and N B P - F C A  groups. 
In  the  E B P - F C A  group, the  en la rgement  of the  para-  
cor tex  was especially p r o m i n e n t ;  the  t raff ic  of lympho-  
cytes  t h rough  the  high endo the l ium venules was ve ry  
intensive,  and a high propor t ion  of cells of the  p lasmo-  
cytic  series were p resen t  in the  medul la ry  cords which  
a lmost  compressed  the  sinuses. Autorad iographic  esti-  
ma tes  of cellular prol i fera t ive  ac t iv i ty  in the  nodes  
showed t h a t  num ber  of prol i fera t ing cells s ignif icant ly  
increased in bo th  exper imenta l  groups. In  the  control  
group, L.I .  ranged f rom 1.2% to 1.5%, in the  N B P - F C A  
group f rom 5.5% to 6.6% and in the  E B P - F C A  group it 
was app rox ima te ly  11~ in the  FCA group L.I.  was 
5.8% (table). 
Discussion. Previous  work a has shown t h a t  peak  LN wt  
inc remen t  involves a g rowth  of the  lymphoid  cell pop-  
ula t ion ma in ly  wi th in  the  first  4 days.  Following day  4, 
the  g row th  of non-specific g ranuloma prevails .  For  th is  
reason we concen t ra t ed  our observa t ions  in the  p resen t  
work  on the  early stages of disease induct ion.  According 
to previous  f indings a, LN growth  af ter  N B P - F C A  was 
s ignif icant ly  slower t h a n  af ter  E B P - F C A  in the  same t i m e  
interval .  P resen t  results  revealed t h a t  E B P - F C A  re- 

sul ted in a more  intense  accumula t ion  of lymphoid  ceils 
in the  pa racor t ex  and a greater  d e v e l o p m e n t  of g ranuloma 
t h a n  N B P - F C A  or FCA alone. Matu ra t ion  of p lasma 
cells was also accelerated af ter  E B P - F C A .  NBP-FCA,  as 
compared  wi th  FCA alone, increased s o mew h a t  the  
g rowth  of the  l ympho id  cell popula t ion  and the  medul la ry  
cords. The significance of the  la t t e r  must ,  however ,  be 
in te rp re ted  wi th  care, since compress ion f rom the  FCA 
developing l ipogranuloma subs tan t i a l ly  changes  the  cir- 
culat ion and a rch i tec ture  of t he  LN. The la t te r  migh t  be 
expressed more  clearly wi th  E B P  and N B P  w i t h o u t  the  
addi t ion  of FCA. El ic i t ing E A E  w i t h o u t  FCA is, how- 
ever, difficult,  if a t  all possible. Autorad iographic  da ta  
indicate  t h a t  the  nodal  g rowth  in b o t h  exper imenta l  
groups  involved prol i fera t ion of cells in situ. Previous 
r epor t  a showed t h a t  g rowth  of the  cell popula t ion  in- 
volves also migra t ion  of l y m p h o c y t e s  into the  LN. Fol- 
lowing N B P - F C A  injection,  b o t h  processes are therefore  
a p p a r e n t l y  less in tense  and app rox ima te  values for ad- 
min i s t ra t ion  of FCA alone. The differences in LN growth  
and prol i fera t ion observed af ter  admin i s t r a t ion  of E B P -  
FCA and N B P - F C A  show t h a t  non-specific s t imula t ion  
of LN by  basic p ro te in  w i t h o u t  encephal i togenic  deter-  
m i n a n t  (ED) is re la t ively  small.  The presence of ED in 
the  basic pro te in  molecule (EBP-FCA) marked ly  in- 
f luenced the  local react ion of the  LN draining the  site of 
in ject ion in t e rms  of increasing migra t ion  of cells into the  
nodes  and prol i fera t ion of cells in situ. 
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Summary. The effect of chemotac t i c  pept ides  which lack chemokine t ic  ac t iv i ty  has been inves t iga ted .  The neut rophi l  
response is p ropor t iona l  to the  logar i thm of the  s t imulus  in tens i ty ,  or a l t e rna t ive ly  a power  funct ion  wi th  an exponen t  
of 0.3. Equa l  responses  are ob ta ined  for equal  rat ios be tween  the  pep t ide  concen t ra t ion  in the  lower c o m p a r t m e n t  
and  the  th reshold  concent ra t ion .  The significance of W e b e r - F e c h n e r ' s  law in leucocyte  chemotax i s  is discussed. 

The d i rec t ion  of ac t ively  moving  leucocytes  can be deter-  
mined  b y  chemical  subs tances  in the  env i ronment .  Since 
Leber ' s  s tudies  in 18883, it  is general ly bel ieved t h a t  th is  
process,  called chemotaxis ,  is i n s t rumen ta l  in leucocyte  
accumula t ion  at  i n f l a m m a t o r y  sites. The re la t ionship  
be tween  the  in t ens i ty  of the  chemotac t i c  signal and the  
di rect ion f inding of leucocytes,  as expressed in direct ional  
locomot ion  is still largely unknown.  The in t e rp re t a t i on  
of earlier da t a  4-6 was compl ica ted  by  the  fact  t h a t  the  
t e s t  mater ia l  inf luenced the  speed of the  cells, as well as 
the i r  d i rect ion of locomotion.  Thus  it had  chemokine t ic  
as well as chemotac t i c  act ivi ty .  I t  was therefore  necessary  
to eva lua te  the  re la t ionship  be tween  s t imulus  in tens i ty  
and d i rec t ional i ty  by  means  of purif ied c y t o t a x i n  prepa-  
ra t ions  exhib i t ing  chemotac t i c  ac t iv i ty  only. Par t i a l ly  
purif ied pep t ide  p repara t ions  conta in ing  classical ana-  
phy l a tox in  (S-CAT 1.5.1) ~, 8 were p repared  f rom dex t r an -  
ac t iva ted  swine serum for such exper iments .  This prepa-  
ra t ion  con ta ined  4% of chemotac t i ca l ly  act ive  pept ides  9. 
R a n d o m  and  direct ional  locomot ion  of h u m a n  per iphera l  
blood neut rophi l s  was assessed wi th  a modif ied  fil ter 
t echn ique  19, which  provides  for s table  g rad ien ts  (un- 
publ i shed  observat ions) .  The behaviour  of  responding  
ceils ( random vs direct ional  locomotion) was also de ter -  
mined  by  di rect  observat ion.  The results  ob ta ined  wi th  

these  2 t echn iques  were in agreement .  H u m a n  serum 
a lbumin  (HSA) had  to be p resen t  in the  tes t  sys tem to 
pe rmi t  eff icient  m o v e m e n t  of cells and t h e r eb y  the  ex- 
pression of chemotax i s  in form of direct ional  locomo- 
t ion 11. 
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W e  fo u n d  t h a t  S-CAT 1.5.1. is su i tab le  for t he  ana lys i s  
of t h e  c h e m o t a c t i c  response .  S-CAT 1.5.1. h a d  no m e a s u r -  
able a c t i v i t y  in absence  of h u m a n  s e r u m  a lbumin .  If  
H S A  was  p r e s e n t  in t he  m e d i u m ,  a pos i t ive  g r ad i en t  be- 
tween  the  2 c o m p a r t m e n t s  resu l t ed  in a t t r a c t i on ,  a nega-  
t ive  g r a d i e n t  in c h e m o t a c t i c  t r a p p i n g  of neu t roph i l s ,  b u t  
S-CAT 1.5.1. did no t  inf luence  r a n d o m  locomot ion  me a -  
sured  in absence  of a g r ad i en t  (table). Th i s  f ind ing  was 
c o n s i s t e n t  over  a wide c o n c e n t r a t i o n  range  of che mo-  
tac t ic  pep t ides  (1.27 Fg to 0.00127 [~g/ml). T h u s  S-CAT 
1.5.1. d e t e r m i n e s  the  d i rec t ion  of the  cells wi thou t  affect-  
ing t h e  ra te  of r a n d o m  locomot ion,  i.e. t h e  ra te  of r a n d o m  
t u r n i n g  an d /o r  the  speed of neu t roph i l s .  C o n s e q u e n t l y  
t he  increase  in the  n u m b e r  of cells which  h a v e  m o v e d  
t h r o u g h  t h e  fi l ter  ref lects  the  degree of d i rec t ion  f inding  
by  th i s  cell popu la t ion :  

CAT 1.5.1. induces chemotaxis without affecting the rate of random 
locomotion 

Test sohltion* Cell suspending Percent neutrophils 
medi um * migrated ** 

(lower compartment) (upper compartment) 

2% HSA 2% HSA 0.38 • 0.02 

CAT 1.5.1. in CAT 1.5.1. ill 
2% HSA 2% HSA 0 .36~  0.07 

CAT 1.5.1. in 
2% I[SA 2% HSA 21.8 • 2.9 

2% HSA CAT J.5.1. in 2% I-ISA < 0.007 

* The basic medium consisted of 2% human scram albumin (HSA) 
in f;ey's solution pH 7.2. CAT 1.5.1. (final concentration 1.27 [J.g 
chemotactic peptides/ml 2% tISA in (;ey's solution) was added to 
either the test solutiou {positive gradient), the cell suspeusion 
(uegative gradient) or to b{~th compartme, ts (u~ gradient}. 
** Vahles  r e p r e s e n t  the  p e r c e n t a g e  of neutrophils which have mi- 
grated through the entire thickuess (140 pun) of the filter ~ SI)K 
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Relation between imutrophil response and test concentration of 
S-CAT 1.5.1. A Locomotion (percent neutrophils migrated through 
the entire thickness [140 btm~ of the filter) of neutrophils suspended 
in 2% human serum albumin in Gey's solution with or without 
S-CAT 1.5.1. (0.635 b~g chemotactie peptides/ml) towards test solu- 
tions containing increasing concentrations of S-CAT 1.5.1. t3 Re- 
sponse of neutrophils which have been preincubated in either 2% 
HSA or 2% lISA containing S CAT 1.5.1. (0.635 ~zg chemotactic 
peptides/inl) for 30 inin at 37~ "lhe cells were then washed ex- 
tensively and resuspended in 2% HSA in Gey's solution. 

The  increase  in t he  n u m b e r  of n e u t r o p h i l s  which  h a v e  
m o v e d  t h r o u g h  t h e  en t i re  t h i c k n e s s  of t h e  filter is pro-  
por t iona l  to t he  l o g a r i t h m  of t he  c o n c e n t r a t i o n  of S-CAT 
1.5.1. in the  t e s t  c o m p a r t m e n t  (figure, A). T h u s  t h e  
re la t ive  i n c r e m e n t  in e x t e r n a l  e ne rgy  co r re sponds  to a 
c o n s t a n t  i n c r e m e n t  in the  r e sponse  as expressed  by  cell 
a c c u m u l a t i o n .  These  f ind ings  are compa t ib l e  w i th  our  
earlier h y p o t h e s i s  4 t h a t  c h e m o t a x i s  as expressed  b y  
d i rec t iona l  l ocomot ion  is d e t e r m i n e d  by  the  law of W e b e r -  
Fechner .  A l t e r n a t i v e l y  we h a v e  to cons ider  t h a t  the  re- 
sponse  m a y  be d e t e r m i n e d  b y  S t e ve ns '  power  law 1~. 
i t  is in fac t  d i f f icul t  to d i s t i n g u i s h  a s e m i l o g a r i t h m i c  
re l a t ionsh ip  (law of Webe r -Fechne r )  be tween  s t i m u l u s  
i n t e n s i t y  and  m a g n i t u d e  of r e sponse  f rom a double -  
l oga r i thmic  power  f u n c t i o n  w i th  an  e x p o n e n t  nea r  0.3 
(0.2-0.4), because  t h e y  m a y  h a v e  an  a l m o s t  iden t i ca l  
course  over  severa l  log uni t s" .  An  e x p o n e n t  nea r  0.3 h a s  
been  found  for h u m a n  vis ion  a n d  hear ing ,  while o the r  
s enso ry  func t i ons  h a v e  d i f fe ren t  e x p o n e n t s  for power  
func t i ons  r e l a t ing  sub jec t i ve  m a g n i t u d e  to s t i m u l u s  in- 
t e n s i t y lK  Such  a r e l a t ionsh ip  p rov ides  for a c o m p r e s s o r  
f unc t i on  to m a t c h  t he  s t i m u l u s  f rom ou t s ide  to t he  needs  
of the  cells. In  t h e  p r e s e n t  e x p e r i m e n t s ,  t he  range  of t he  
exponen t i a l  p a r t  of t he  response  is, however ,  qu i t e  sma l l  
as c o m p a r e d  to s e nso ry  func t i ons  of m a c r o o r g a n i s m s  vs. 
The  response  of n o r m a l  n e u t r o p h i l s  s u s p e n d e d  in 2% 
H S A  reaches  i ts  p l a t e a u  a t  a dose wh ich  is up  to 50 t i m e s  
above  the  t h r e sho ld  concen t r a t ion .  
The  ne u t roph i l s  can  also r e spond  c h e m o t a c t i c a l l y  w h e n  
S-CAT 1.5.1. is p r e s e n t  in bo th  c o m p a r t m e n t s  of t he  
c ha mbe r ,  p rov ide d  the re  is a c o n c e n t r a t i o n  g rad ien t .  
The  response  is aga in  p ropor t i ona l  to the  l o g a r i t h m  of the  
a t t r a c t a n t  c o n c e n t r a t i o n  in the  lower c o m p a r t m e n t  of the  
c h a m b e r  un t i l  a p l a t e a u  is reached.  The  slope of the  
regress ion line is no t  s ign i f i can t ly  d i f fe ren t  f rom t h a t  
ob ta ined  wi th  n e u t r o p h i l s  s u s p e n d e d  in 2% H S A  only  
(figure, A). Addi t ion  of S-CAT 1.5.1. to t he  ceil s u s p e n d i n g  
m e d i u m ,  however ,  a f fec ts  o the r  f ea tu res  of the  neu t roph i I  
response.  The  t h r e sho ld  is raised above  tile S-CAT 1.5.1. 
c o n c e n t r a t i o n  in the  ce l l - suspend ing  m e d i u m  (upper  com-  
p a r t m e n t ) ,  i nd ica t ing  t h a t  the  cells h a v e  r e sponded  to 
pos i t ive  c o n c e n t r a t i o n  g r a d i e n t s  r a t h e r  t h a n  to the  abso-  
lute  t es t  concen t r a t i on .  The  2 cu rves  t a ke  a para l le l  
course  (figure, A), sugge s t i ng  a genera l  re la t ionsh ip .  The  
increase in the  ne u t roph i l  response  is p ropor t i ona l  to the  
ra t io  be tween  the  a t t r a c t a n t  c o n c e n t r a t i o n  in t he  t e s t  
so lu t ion  (lower c o m p a r t m e n t )  a nd  the  abso lu te  t h r e sho ]d  
concentra t i<m ca lcu la ted  f rom the  regress ion  line 

[lower compartment 1 
[absolute threshold]. 

E q u a l  ra t ios  p roduce  equa l  r e sponses  of a pa r t i c u l a r  cell 
popu la t ion ,  even  if t he  t h r e sho ld  is sh i f t ed  to a d i f fe ren t  
level by  the  add i t i on  of S-CAT 1.5.1. to the  cell s u s p e n d -  
ing m e d i u m .  Th i s  is c ompa t i b l e  w i t h  W e b e r ' s  pr inciple  
which  says  t h a t  in order  to p roduce  a series of j u s t  not ice-  
able dif ferences  we m u s t  m a k e  a f ixed re la t ive  increase  in 
the  s t imu lus .  The  a dd i t i on  of S-CAT 1.5.1. also lowers 
t he  p l a t e a u  of t h e  response ,  i nd i ca t i ng  t h a t  the  c a p a c i t y  
for a d i rec t iona l  r esponse  to a pos i t ive  g r a d i e n t  is reduced.  
C o n s e q u e n t l y  the  l inear  r ange  in the  s e mi - l oga r i t hmic  
p lo t  of s t i m u l u s  i n t e n s i t y  ve r sus  response  m a g n i t u d e  is 
nar rowed.  Th i s  m a y ,  however ,  be more  a p p a r e n t  t h a n  
real, s ince these  cells are in t u r n  in a pos i t ion  to r e spond  
to a n e g a t i v e  g r a d i e n t  by  be ing  t r a p p e d  (table). The  

12 S. S. Stevens, in: Handbook of Sensory 1)hysiology, vol. I, 
p. 226. Ed. \V. R. Loewenstein. Springer, Berlin 1971. 
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slope of the  regression lines var ied f rom expe r imen t  to 
expe r imen t  which  m a y  reflect  differences in the  average 
speed of these cell popula t ions .  
I t  has  been repor ted  t h a t  p re incuba t ion  of neut rophi l s  in 
a chemotac t i c  med ium renders  neut rophi l s  unrespons ive  
to fu r ther  chemotac t i c  s t imulat ion,  even if the  cells have  
been washed  extens ively .  This p h e n o m e n o n  has  been 
called 'deact ivat ion '~a.  We find t h a t  neutrophi ls ,  which 
have  been exposed to  S-CAT 1.5.1. and washed,  show 
normal  r a n d o m  locomotion.  They  behave  as if S-CAT 
1.5.1. were still  p resen t  in the  cell c o m p a r t m e n t .  The 
th resho ld  for a chemotac t i c  response of such cells is 
shif ted to a h igher  concen t ra t ion  of S-CAT 1.5.1. and  
app rox ima te s  the  cy to t ax in  concen t ra t ion  used for pre- 

incuba t ing  the  cells. The p la teau  of the  response is 
lowered (figure, B). This  may  be considered as a t achy-  
phylac t ic  s ta te  ill leucocyte  chemotaxis .  I t  m a y  reflect  a 
failure to r e ad ap t  eff icient ly to an  e n v i r o n m e n t  w i th  low 
st imulus  in tensi ty .  Adap ta t ion ,  e.g, in visual  percep t ion  14 
or in chemotax i s  of slime moulds  15, is a quite  complex  
phenomenon .  I t s  role in leucocyte  chemotax i s  remains  to 
be fu r ther  evaluated.  

13 P.A. Ward and E. L. Becker, J. exp. Med. 127, 693 (1968). 
14 P. Gouvas, in: Handbook of Sensory Physiology, voI. VII/2, 

p. 609. Ed. M, G. F. Fourtes. Springer, New York 1972. 
15 G. Gerisch and D. Malchow, in: Biochemistry of Sensory Func- 

tions, p. 279. Ed. L. Jaenicke. Springer, New York 1974. 

The inf luence  of l ong  t e r m  e s t r o g e n  t r e a t m e n t  on p l a s m a  pro lac t in  l e v e l s  induced  by e ther  
a n e s t h e s i a  in o v a r i e c t o m i z e d  rats  1 

G. T. Goodman  and D. M. Lawson  

Department o/ Physiology, Wayne State University, School o/Medicine, Detroit (Michigan 48201, USA),  
6 September 1976 

Summary. 2 m e thods  of cont inuous  es t rogen delivery,  polyes t radiol  phospha t e  in ject ion and imp lan ta t ion  of Silastic 
capsules of estradiol-17 fl, in ovar iec tomized  ra ts  induced increases in p lasma pro lac t in  in the  a f te rnoon  (15.00-17.00) 
beginning at  1 week and  cont inuing  for 4-8 weeks. In  addi t ion  these  me t h o d s  of es t rogen t r e a t m e n t  p o t e n t i a t e d  the 
e ther - induced  increase in p lasma prolac t in  in the  morn ing  (9.00-11.00) beginning  on week 2 and con t inu ing  for 3-8 
weeks. These results  indicate  t h a t  es t rogen ac t iva tes  the  mechan i sms  t h a t  cause an a f te rnoon  surge in prolact in  before 
po t en t i a t i ng  a morn ing  e levat ion induced by  e ther  anesthesia .  

Repea ted  inject ions of large amoun t s  of es t rogen for 
several  days  increases the  prolac t in  con ten t  in the  ra t  
p i tu i t a ry  2, a, as well as in the  serum 4 s. Es t rogen  m a y  
p romote  the  relase of prolac t in  into blood by  affect ing 
h y p o t h a l a m i c  neural  mechan i sms  g, 1% In  con t ras t  to the  
chronic s t imula to ry  effects  of estrogen,  several  types  of 
s t ressors  induce acute  e levat ions  in prolac t in  secretion. 
The mos t  widely  inves t iga ted  response is t h a t  to e ther  
inhalat ion.  E t h e r  has  been shown to increase p lasma  
protac t in  in ovar iec tomized  ra ts  n and the  response is 
exaggera ted  in the  ovar iec tomized  animal  t r ea t ed  wi th  
es t rogen for 1-3 weeks 12. The purpose  of the  p resen t  
s tudy  was to e lucidate  the  effects of long- te rm es t rogen 
t r e a t m e n t  on the  e the r  induced  rise of p r o l a c t i n  in the  
morn ing  when  the  levels are low, and in the  a f t e rnoon  
when  the  levels are e levated.  

Materials and methods. 30 mature ,  female Sprague-Dawley  
ra ts  (Spar tan  Research  Animals,  Inc.,  Has le t t ,  Michigan) 
weighing 200-250 g were r a n d o m l y  divided in to  6 groups. 
Af ter  7 days  of accl imat ion to  l ight ing condi t ions  (lights 
on f rom 6.00 to 20.00 h) all t he  ra t s  were b i la tera l ly  
ovar iectomized.  1 group was in jec ted  wi th  0.5 mg poly- 
es t radiol  p h o s p h a t e  ( P E P ;  1.0 mg E s t r a d u r i n  | Ayers t  
Laborator ies)  s.c.,  and 4 groups received s.c. Silastic im- 
p lants  con ta in ing  12.5 or 25 mg crystal l ine estradiol-17 /3 
a t  the  t ime of ovar iec tomy.  The implan t s  were similar to 
those used by  Legan et  al. ~4. 4 sizes of Silastic tub ing  were 
uti l ized : Dow Corning No. 602-265 1.57 m m  i.d. ,  2.41 m m  
o.d.  14 and  24 m m  in length  and Dow Corning No. 
602-285 1.57 m m  i.d. ,  3.18 m m  o.d.  also 14 and 24 m m  in 
length.  A 2 m m  wooden  p lug  was inser ted  into 1 end of the  
Silastic tub ing  and crysta l l ine  estradiol-17 /~ was packed 
into the  open end of the  tubing.  Ano the r  2 m m  plug was 
inser ted  into the  open end, and bo th  ends were coated 
wi th  Silastic Medical  Adhes ive  Silicone Type  A (No. 
890 Dow Corning). The implan t s  were incuba ted  for 30 
min in disti l led water  a t  20~ and wiped wi th  e thanol  
prior  to inser t ion in to  a s.c. pocket  in the  nape  of the  

neck. Vaginal  smears  were ob ta ined  dai ly to mon i to r  the  
effects of the  es t rogen t r ea tmen t s .  
Beginning 1 week af ter  ova r i ec tomy and  es t rogen  t rea t -  
m e n t  and cont inuing  once weekly  for 8 weeks, a 2 ml 
blood sample  was ob ta ined  f rom the  orbi ta l  venous  plexus 
using hepar in ized  capi l lary  tubes  af ter  5 rain of cont inuous  
e ther  anes thes ia  in the  morn ing  (9.00-11.00 a.m.)  and 
again in the  a f t e rnoon  (15.00 17.00 p .m.) .  Animals  were 
anes thes ized  by  an init ial  exposure  to e ther  vapor  in a 
large conta iner ,  followed by  ma in t enance  wi th  a nose 
cone. The samples  were cent r i fuged and the  p l a sma  was 
collected and s tored  a t  -20  ~ unt i l  assayed. 
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