
15.12. 1969 Specialia 1333 

typica l  neurological  symptoms  of the  virus infection were 
apparen t  af ter  the  usual incubat ion  period in the  mice of 
the  P H A  + LCM group also, and the  animals  died a t  the  
same ra te  as those of the  infected control  (C+LCM)  
group, on the  7 th -9 th  days. His tological  analysis showed 
in thei r  bra in  the  typ ica l  symptoms  of l ymphocy t i c  
choriomeningit is .  In  the  non-infected groups t rea ted  wi th  
P H A  none of the  animals  were lost, t h e y  were appa ren t ly  
hea l thy  and no loss of weight  could be observed as com- 
pared wi th  the  controls. The  phy tohaemagg lu t in in  t rea t -  
men t  did not  cause any  appreciable  change of the  number  
of c i rculat ing lymphocytes .  H a v i n g  lost the  animals  
infected wi th  the  LCM virus, the  mice of the  P H A  and 
control  groups were sacrificed. Splenomegaly was ob- 
served in the  mice which were kil led 2 days af ter  the  
admin is t ra t ion  of phy tohaemagglu t in in  (exper iment  4). 
Splenomegaly could not  be shown in the  animals  which 
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were sacrificed on the  5 th -10 th  days af ter  the  astl  
phy tohaemagg lu t in in  inject ion (experiments  1, 2 and 3). 
This  observat ion  is consistent  wi th  the  earlier findings 
which showed Splenomegaly to be the  most  pronounced 
on the  3rd day af ter  the  phy tohaemagg lu t in in  inj ection~O ~ 

I t  tu rned  out  f rom the  present  exper iments  t h a t  the  
phy tohaemagg lu t in in  t r e a t m e n t  did not  a f fec t ' the  devel-  
opmen t  of in t racerebral  LCM virus in~ection, the  
animals  died after  exhib i t ing  the  typ ica l  neurological  
symptoms  and in the  ce rebra l  tissues the  histological  
characteris t ics  of lymphocy t i c  choriomeningi t is  could be 
identified. Our earlier observat ions  as well as those of 
o ther  authors  have  shown t h a t  there  exists a re la t ionship 
be tween the  neurologic M s y m p t o m s  of the  LCM virus  
infect ion wi th  subsequent  deve lopment  of the  fatal  hyper-  
sens i t iv i ty  react ion and the  number  of c i rculat ing 
lymphoey tes  6, s, 11. Since the  phy tohaemagg lu t in in  t rea t -  
men t  does not  induce any  pe rmanen t  decrease in the  
number  of c i rcula t ing lymphocytes ,  this m a y  be the  
reason w h y  the  deve lopment  of fa ta l  l ymphocy t i c  
chor iomeningi t i s  could not  be suppressed by  the  phy to-  
haemagglu t in in  t rea tment .  

The  results  of the  present  invest igat ion,  which showed 
tha t  the  phy tohaemagg lu t in in  t r e a t m e n t  does not  
suppress the  immunologica l  r eac t ions  of mice to in t ra-  
cerebral  LCM virus  infection, confirm the  opinion o f  
those who do not  believe in the  immunosuppress ing  effect 
of phytohaemagglu t in in .  

Zusammen/assung. Es wurde festgestell t ,  dass die Virus- 
infekt ion in mi t  LCM-Virus in t razerebra l  infizierten 
3/I/iusen bei Phy toh / imagg lu t in in -Behand lung  gleich vet-  
1/tuft w i t  in unbehande l ten  Kontrol l t ieren.  Dies stf i tzt  
die Annahme,  Phytoh/ imagglut in is ie rung vermindere  die 
immunologische  Reaktivi t /~t  des Organismus nicht.  
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We have  recent ly  shown in exper iments  in v i t ro  tha t  
sera f rom normal  rabbi ts  conta in  chemotac t ic  ac t iv i ty  
for bo th  macrophages  and neutrophi ls  1. The  specific 
ac t iv i ty  in normal  sera for macrophages  was due to a 
f rac t ion wi th  the  app rox ima te  molecular  weight  of 
200,000, whereas  the  dis t inct  main  ac t iv i ty  for neutro-  
phils was located in a f ract ion wi th  a molecular  weight  
be tween 5000 and 35,000. Such low molecular  weight  
neu t rophi l  cy to tax ins  have  also been observed by  other  
workers  and were found to be spli t  p roducts  of comple-  
men t  components  ~-~. 

So far  no explana t ion  has  been pu t  forward for t he  
var iab le  presence of chemotac t ic  ac t iv i ty  in normal  
serum. The quest ion arises whether  these cy to tax ins  are 

a l ready present  in p lasma or whe ther  t hey  are formed 
dur ing the  blood clot t ing process. In  the  l a t t e r  case i t  is 
l ikely t h a t  a l ink be tween chemotaxis ,  blood coagulat ion 
and complement  ac t iva t ion  exists. 
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We  have  shown earlier, t ha t  react ion of normal  sera 
wi th  i m m u n e  complexes  results in an appreciable  increase 
in chemotac t ic  ac t iv i ty  for neutrophi ls  and a con- 
comi t an t  decrease for macrophages  1. The  present  note  
reports  on numerous  exper iments  compar ing  the  chemo- 
tac t ic  ac t iv i ty  of p lasma and serum for macrophages  and 
neutrophi ls  bo th  in the  presence and absence of immune  
complexes.  

Chemotaxis  was measured  by  t h e  me thod  of BOYDEN5 
as modif ied by  KELLER% Chemotac t ic  ac t iv i ty  present  in 
individual  samples and in pools of normal  rabb i t  serum 
(NIRS) and normal  rabb i t  p lasma (NRP) was eva lua ted  
both  before and af ter  t r e a t m e n t  wi th  immune  complexes  
consist ing of a 2% mix tu re  of H S A  and rabb i t  a n t i - H S A  
serum at  equivalence.  Neutrophi ls  were obta ined f rom the  
per i toneal  cav i ty  of rabbi ts  af ter  in ject ion of 40 ml  of a 
3.5 % solut ion of sodium caseinate  a t  p H  7 in physiological  
saline. The  per i toneal  exuda te  was collected 31/2 h la ter  
and conta ined an average of 98% neutrophils .  Macro- 
phages were obta ined  by  one i.p. in ject ion of 50 ml  of 
sterile heavy  paraff in  oil. The  exuda te  cell popula t ion  
collected 4 days la ter  consisted of approx ima te ly  85% 
large mononuclear  ceils, the  remaining  cells being main ly  
neutrophils .  

Table  I shows t im chemotac t ic  ac t iv i ty  for rabbi t  
neutrophi ls  and macrophages  present  in N R P  and NIRS 
before and af ter  t r e a t m e n t  wi th  i m m u n e  complexes.  The  
numbers  const i tu te  the  average figures of several  experi-  
ments  using 6 different  rabbi ts  as p lasma and serum 
donors;  c i t ra ted  as well  as hepar inized N R P  and also 
N R S  from individual  rabbi ts  were compared.  The  results  
ob ta ined  wi th  several  pools of N R P  and N R S  agreed well 
wi th  those f rom samples of individual  animals.  

The  results  shown in this Table  indicate  a number  of 
points :  (a) p lasma alone is no t  chemotac t ic  for ei ther  cell 
t ype ;  (b) serum alone is chemotac t ic  for bo th  types  of 
leukoeytes ;  (c) immune  complexes  genera te  chemotac t ic  
ac t iv i ty  in p lasma for bo th  cell types ;  (d) immune  com- 
plexes increase the  serum ac t iv i ty  for neutrophi ls  only 
and decrease the  ac t iv i ty  for macrophages.  

Ne i the r  c i t ra ted  nor  hepar inized p lasma showed any  
ac t iv i ty  for neutrophi ls  or macrophages.  On the  o ther  
hand,  p lasma incuba ted  With i m m u n e  complexes  re- 
vealed  a s t rong chemotac t ic  effect for bo th  types  of 

leukocytes.  Among  the  13 N R P  tested, we found only 1 
sample drawn from an individual  animal,  which after  
t r e a t m e n t  wi th  immune  complexes failed to be enhanced 
in its ac t iv i ty  for macrophages.  Conversely,  N R S  alone 
conta ined a low to somet imes  modera te  ac t iv i ty  for 
neutrophils ,  while i t  usual ly  had  a marked  chemotact ic  
effect on mononuclear  cells. The  t r e a t m e n t  of N R S  w i t h  
immune  complexes  always led to an impressive increase 
of neut rophi l  chemotax is  as compared  to N R S  alone. In  
marked  cont ras t  to this s tands the  'na tura l ly-occurr ing '  
h igh ac t iv i ty  of N R S  for macrophages,  which was not  
enhanced by  ac t iva t ion  wi th  immune  complexes bu t  re- 
gularly s ignif icant ly  depressed. Only 1 except ion out  of 20 
N R S  samples was encountered in this  series of experi- 
ments  when  serum from a single normal  rabbi t  could 
repea ted ly  be shown to conta in  a s t r ikingly increased 
chemotac t ic  ac t iv i ty  for macrophages  after  its t r e a t m e n t  
wi th  immune  complex.  These clearcut  results and our 
previous ones ~ do not  agree wi th  those published by  
WARD 8, who repor ted  genera t ion  of chemotac t ic  ac t iv i ty  
for mononuclear  cells af ter  t r e a t m e n t  of N R S  wi th  im- 
mune  complexes.  The  f inding is also no tewor thy  t h a t  the  
s m a l l  minor i ty  of neutrophi ls  present  in the  mixed  cell 
popula t ion  of oil- induced exudates  migra ted  towards  t h e  
an t igen-an t ibody  ac t iva ted  serum jus t  as well as the  
neutrophi ls  present  in a lmost  pure  granulocyte  exudates  
elicited wi th  sodium caseinate.  Thus macrophages,  which 
migra ted  l i t t le  under  such conditions,  did no t  influence 
the  chemotac t ic  behaviour  of the  neutrophi ls  adversely.  

I t  has  been shown elsewhere 9 t h a t  incubat ion  of the  
granular  f ract ion f rom neutrophi ls  wi th  normal  serum re- 
resulted in a high chemotac t ic  ac t iv i ty  for neutrophils .  
As can be seen f rom Table  I I  this  does no t  hold t rue  for 
macrophages.  A pronounced  chemotac t ic  ac t iv i ty  for 
macrophages  is produced,  however,  if p lasma instead of 
serum is incuba ted  wi th  the  same granular  f ract ion f rom 
neutrophils .  Granules and immune  complexes  seem thus  
to exer t  s imilar  effects on p lasma result ing in generat ion 
of factors which are chemotac t ic  for macrophages.  
W h e t h e r  the  mechan ism under ly ing  this  cy to tax in  
fo rmat ion  is the  same is no t  known.  

The  quest ion as to the  origin of the  chemotac t ic  ac t iv i ty  
for macrophages  and neutrophi ls  in normal  serum is of 
interest .  Since p lasma showed no such ac t iv i ty  i t  is l ikely 

Table I. Chemotactic activities for rabbit neutrophiIs and macro- 
phages before and after activation of plasma and serum with immune 
complex (HSA/anti-HSA) 

Agents in Gey's solution Neutrophils Macrophages 
per field per field 

Controls 
Gey's solution 0 1 
Immune complex (2%) 1 5 

Citrated plasma 
Plasma alone (10%) 0 0 
Plasma + immune complex 303 49 

tteparinized plasma 
Plasma alone (10%) 0 0 
Plasma + immune complex 220 36 

Serum 
Serum alone (i0%) 62 104 
Serum + immune complex 344 45 

The 2 plasmas (citrate and heparin) and the sermn are from the 
same rabbit. 

Table II. Chemotaxis of peritoneal macrophages induced by neutro- 
phil granules in the presence of plasma and serum 

Agents in Gey's solution Macrophages/field 

Controls 
Gey's solution alone 0 
Granular fraction of neutrophils 6 
(50 y protein/ml) 
Heparinized rabbit plasma 
Plasma alone (10%) 4 
Plasma + granular fraction of neutrophils 70 
Normal rabbit serum 
Serum alone (10~ 27 
Serum + granular fraction of neutrophils 26 
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tha t  i t  is genera ted  dur ing blood coagulat ion.  I t  would 
seem an a t t r ac t i ve  hypothes is  t h a t  the  proteoly t ic  en- 
zymes  p lasmin or t h rombin  formed dur ing blood coagula- 
t ion  migh t  be invo lved  in the  generat ion of this serum 
chemotac t i c  ac t iv i ty .  Indeed,  i t  has a l ready been shown 
t h a t  p lasmin splits complemen t  components  into chemo- 
tac t ica l ly  ac t ive  agents  4,~~ Al terna t ive ly ,  one m a y  
assume t h a t  analogous to our  findings wi th  chromato-  
graphed serum, chemotac t ic  factors are a l ready present  
in plasma,  bu t  masked by  inhibi tors  or  otherwise,  or t ha t  
t h e y  are unmasked  by  thei r  in te rac t ion  wi th  the  immune  
complexes  :. 

The  re la t ion of these findings in v i t ro  to the  accumula-  
t ion of granulocytes  and macrophages  in i n f l ammato ry  
sites is unknown.  However ,  i m m u n e  complex  induced 
accumula t ion  of bo th  neutrophi ls  and macrophages  does 
occur  in vivo.  Since the  accumula t ion  of the  2 cell types  
has been shown to be independen t  of each o the rm~L i t  is 
t e m p t i n g  to speculate  t ha t  the  in te rac t ion  of p lasma wi th  
an t igen-an t ibody  complexes  results  in t i le fo rmat ion  of 
different  cy to tax ins  specific for bo th  types  of leukocytes.  

In  conclusion, the  chemotac t ic  ac t iv i ty  of serum differs 
f rom t h a t  of p lasma in the  following ways :  (1) Norma l  
serum conta ins  chemotac t i c  factors for bo th  neutrophi ls  
and macrophages .  N o r m a l  p lasma has  no chemotac t i c  
a c t i v i t y  for e i ther  neutrophi ls  or macrophages.  (2) If  fresh 
serum is incuba ted  wi th  an t igen-an t ibody  complexes,  a 
great  rise in neu t rophi l  chemotac t i c  ac t iv i ty  is seen bu t  a 
drop is observed in macrophage  chemotac t ic  act ivi ty .  On 
the  o ther  hand,  the  incubat ion  of p lasma wi th  ant igen-  
an t ibody  complexes  causes a rise in ac t iv i ty  for bo th  
neutrophi ls  and macrophages.  Neut roph i l  granules upon 

incubat ion  wi th  p lasma genera te  chemotac t ic  ac t iv i ty  
for macrophages,  bu t  not  upon incubat ion  wi th  serum :8, ~. 

Zusammen/assung .  Die chemotak t i sche  Aktivit~it  yon 
Kaninchenp lasma  und -serum fiir neutrophi le  Leukozy ten  
und Makrophagen  ist  verschieden.  NormMes Serum 
enth/~lt im Gegensatz  zmn P lasma  chemotak t i sche  
Fak to ren  Iiir Neut rophi le  und Makrophagen.  Inkuba t ion  
yon Serum mi t  e inem I m m u n k o m p l e x  bewirk t  einen 
erheblichen Anst ieg der ehemotak t i schen  A k t i v i t g t  fiir 
Neutrophi le ,  dagegen eine Verminderung  fiir Makro-  
phagen. Die Inkuba t ion  yon P lasma m i t  I m m u n k o m p l e x  
bewirkt  einen s tarken Ans t ieg  f i r  beide Zell typen.  Nach  
Inkuba t ion  einer Granu la -Frak t ion  aus Neut roph i len  
mi t  P lasma  - nicht  aber  mi t  Serum - en t s teh t  chemo- 
tM:tische Ak t iv i t~ t  Itir Makrophagen.  Diese 13efunde 
lassen einen m6glichen Zusammenhang  zwischen Chemo- 
taxis  und I (oagula t ion  vermuten .  
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Production of Antibody for Rat Tail Tendon Collagen 

Evidence  for direct  an t igen-an t ibody  react ions as the  
au to - immune  basis for m a n y  connect ive  t issue diseases 
has been largely c i rcumstan t ia l : ,  Though  collagen and 
re la ted proteins  have  been considered to be immuno-  
logically inert ,  recent  studies 2-4 have  shown tha t  even in 
the  absence of accepted ant igenic de terminants ,  collagen 
does possess a degree of ant igenici ty .  The  present  s tudy  
was under t aken  to produce purif ied ant ibodies  against  
specific f ract ions of collagen as the  prelude to de termining  
whether  such ant ibodies  migh t  induce changes in newly 
prol i fera t ing connect ive  tissue in exper imenta l  animals  
s imilar  to those noted in human  diseases associated wi th  
the  au to - immune  response. 

Mater ia l s  and methods. A to ta l  of 9 guinea-pigs (without  
considerat ion of sex) were g iven periodic inject ions of 
0.152~I c i t ra te  buffer  (pH 38)  ex t rac ted  ra t  ta i l  t endon 
collagen according to the  schedule out l ined in the  Table.  
Blood was collected retro-orbi tal ly ,  twice weekly  from 
a l te rna te  eyes, abou t  3 ml  f rom each eye per  collection, 
pe rmi t t ed  to clot  a t  37 ~ for 4 h and the  serum obta ined  
af ter  r i m m i n g  and cent r i fugat ion  a t  1000 • g for 20 min.  

The  collagen used as the  ant igen  was prepared f rom 
ta i l  tendons  of l abora to ry  ra ts  (175-225 g; Ho l t zman ,  
Madison, Wisc.). Tile wel l -minced tendons  were washed 
a t  4~ for 24 h wi th  50 ml /g  t endon  of a 3 g/1 sodium 
chloride solution. The  tendons,  recovered by  decanta t ion,  
were ex t rac ted  wi th  1 .0M sodium chloride (50 ml /g  
tendon) for 24 h at  4 ~ The solut ion thus  obta ined  con- 
ta ined  the  neut ra l  salt  soluble collagen (NSS). The 
tendons  then  were subjec ted  twice  to fur ther  ext rac t ions  

wi th  O.15M ci t ra te  buffer, p H  3.8 a t  4~ for 24 h. Af te r  
dialysis against  cold running tap  water ,  the  prec ip i ta ted  
acid soluble collagen (AS) was suspended in 1% saline 
(2 m g / m l  on a d ry  weight  basis). Only the  AS  fract ion was 
used as an ant igen in this exper iment .  

The  sara were qua l i t a t ive ly  assayed for the  presence 
of an t ibody  against  N S S  or AS  collagen by  the  Ouchter-  
lony me thod  5. F rac t iona t ion  of the  pooled guinea-pig sera 
on Sephadex G-200 was according to the  general  proce- 
dure of I~ILLANDER 6. Ni t rogen de te rmina t ions  on the  
ant igen  and an t ibody  fract ions were per formed wi th  a 
Coleman Ni t rogen Analyzer .  

Results .  The presence of an t i - ra t  ta i l  t endon  collagen 
an t ibody  in guinea-pig serum was indicated af ter  24 h by  
the  typica l  Ouchter lony  react ion as evidenced in the  
Figure  (a-f). A s t rong react ion was given against  the  AS  
tendon collagen whether  the  collagen an t ibody  was a t  the  
p H  of ex t rac t ion  (3.8), near  neu t ra l i ty  or a t  p H  5.5. The  
best response was given at  p H  5.5. (d). A posi t ive  ant igen-  
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