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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-  

: L. E. GI.YNN, in Internationcd Review of Connective Tissue Disease 
(Ed. D. A. HALL; Academic Press, New York 1964), p. 214. 

2 F. O. SCHM1T7", L. LEVlNE, l~f. P. DRAXR, A. L. RUBIN, D. PFAHL 
and P. F. DAVlSON, Proc. natn. Aead. Sci., USA 57,493 (1964). 

3 S. HISA, J. Allergy Tokyo 9, 555 (1962). 
J. P. BRAY, J. A. BAss and F. L. ]~STES, Tex. Rap. Biol. Med. 22, 
220 (1964). 

50.  OUCHTRRLO~Y, Acta path. microbiol, stand. 32, 231 (1953). 
6 j .  I{ILLANDER, Biochem. biophys. Acta 93, 1 (1964). 



1336 Specialia 

an t i body  react ion still was ob ta ined  when  the  p H  of t he  
guinea-pig an t i se rum was var ied (c, d., e). Only min imal  
reac t ion  was evidenced wi th  NSS  collagen af ter  120 h (b) 
when  the  p H  of t he  an t igen  or an t i body  were ad jus ted  
wi th  c i t ra te  to each p H  as s t a t ed  above for AS collagen. 
Acid prec ip i ta t ion  of s e rum pro te in  as the  source of a 
pseudo-pos i t ive  response is r emoved  f rom cons idera t ion  
by  the  absence of any  reac t ion  be tween  var ious  c i t ra te  
buffers  (pH 3.8-7.0) in t he  an t igen  wells a n d  guinea-pig 
ant iserum.  No reac t ion  was ob ta ined  wi th  neut ra l  salt  or 
c i t ra te  ex t r ac ted  collagen agains t  no rma l  guinea-pig or 
normal  ra t  sera. Small  differences favor ing c i t ra te  were 
ob ta ined  when  the  AS collagen was  redissolved in ci t rate ,  
ace ta te  or HC1 buffers  a t  p H  3.8, 5.5. or 7.0 pr ior  to  run-  
ning the  Ouch te r lony  assay.  

W h e n  each guinea-pig an t i se rum f rac t ion  ob ta ined  
f rom Sephadex  G-200 c h r o m a t o g r a p h y  was assayed 
aga ins t  AS collagen (2 mg/ml)  a t  a f ixed n i t rogen con- 
cen t ra t ion  (1.5% pro te in  n i t rogen;  0.02 ml  in each well), 
t he  a n t i b o d y  ac t iv i ty  was localized be tween  pooled peaks  
1 and  2. 

Dur ing  the  second week of t he  injection,  large wel ts  
appeared  at  the  sites of in ject ion which  pers i s ted  th roug  h 
the  t e s t  period.  

D i s c u s s i o n .  Ant isera  have  been p roduced  in r abb i t s  to 
a n u m b e r  of collagen f ract ions  and  derivatives~-4,  ~. 
I m m u n i z a t i o n  general ly was by  way  of r epea ted  s.c. in- 
jec t ion  of the  p ro te in  and  the  appearance  of an t i b o d y  
based on of ten  equivocaI evidence of a skin reac t ion  7_~0, 
the  precipi t in  reac t ion  4 or c o m p l e m e n t  f ixa t ion  2, ~. 

Cross-react ion wi th  insoluble collagen as t he  an t igen  
has been  d e m o n s t r a t e d  wi th  the  se rum of r h e u m a t o i d  
ar thr i t i s  pa t i en t s  n and  an a u t o i m m u n e  basis has  been  
proposed  ~ for several  connec t ive  t issue diseases. In  
no case, however ,  has  an an t i body  agains t  foreign pro te in  
been  isolated or has t he  specific an t igen  been  charac-  
ter ized.  

The presen t  s tudy  makes  use of a homogeneous  collagen 
f rac t ion  of r a t  ta i l  t endon  to  induce an t ibodies  in t he  
guinea-pig.  F rac t iona t ion  of the  an t i se rum by  Sephadex  
G-200 c h r o m a t o g r a p h y  resul ts  in purif ied an t i b o d y  
amenab le  to  t he  q u a n t i t a t i v e  s t u d y  of t he  role of ant i -  
bodies in connect ive  t issue degenerat ion.  

Injection and blood collection protocol for antibody production 

Week Protocol 

1-3 S.c. injection, 3 times weekly, 0.25 ml acid soluble col- 
lagen (AS) with 0.25 ml complete Freunds adjuvant 
(eFa). 

4-5 No injections. 

6-7 S.c. injection, 3 times weekly, 0.50 ml AS with 0.50 ml 
eFa. 

8 No injections. 

9-11 Collect blood retro-orbitally, average 3 ml from each eye 
per collection. 

12-14 No injection or blood collection. 

15 Single s.c. injection, 0.50 ml with 0.50 ml eFa. 

16-18 Collect blood retro-orbitally. 

19 No injection or blood collection. 

20-22 Collect blood retro-orbitally. 

EXPERIENTIA 25/12 

Cont ra ry  to the  suggest ion of O'DELL 1~ t h a t  t he  
an t igen ic i ty  of the  collagen molecule lies in its r ig id i ty  
r a the r  t h a n  in the  presence  of a romat ic  de t e rminan t s ,  
i t  is ev iden t  t h a t  N S S  collagen differs suff ic ient ly  in its 
p r i ma ry  s t ruc tu re  f rom the  AS f rac t ion  so t h a t  these  can 
be d i f fe rent ia ted  by  an an t i b o d y  p repared  specifically 
aga ins t  one of t hem.  Thus  the  na tu re  of tile ant igenic  
de t e rminan t s  in collagen remains  unknown.  

An increased Ouchte r lony  response  was  no ted  when  the  
assay of AS collagen was per fo rmed  below p H  7.0. F u r t h e r  
e n h a n c e m e n t  was man i fes t ed  when  the  p H  of t he  c i t ra te-  
ex t r ac ted  collagen was ma in t a ined  wi th  citric acid r a the r  
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Summary of the ouchterlony microdiffusion assay. In all cases, the 
2 outermost rows of holes contained guinea-pig antiserum at the pH 
indicated by the numerals. The antiserum was obtained against the 
citrate soluble fraction (AS) of rat tail tendon collagen. In general, 
the center row of holes contained AS collagen (antigen). The un- 
marked holes were not used. Except as noted, all results were ob- 
tained at 48 h. In slide (a), the center row contained no collagen but 
only 0.15M citric acid adjusted to the indicated pH. In slide (b) the 
antigen was the neutral salt soluble collagen fraction. The positive 
reaction was minimal only after 120 h. Slides (c)-(e) show the effect 
of varying the pH of the antiserum or of the AS collagen preparation. 
Slide (f) indicates the results of using different acids to redissolve the 
citrate soluble collagen fraction. 
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than  when other  acids were used to resolubil ize the  same 
prote in  preparat ion.  Thus i t  is possible t h a t  unknown 
chemical  de te rminants  in collagen assume 'more  favored '  
ant igenic conformat ions  under  acidic p H  as a funct ion of 
the  acid anion. Hence  h ighly  specific differences in con- 
nect ive  tissue proteins can be discerned immunological ly ,  
pe rmi t t ing  eva lua t ion  of collagen molecules conta in ing 
unusual  amino acids produced th rough  tissue cul ture  ~2 
in a u t o i m m u n e  pathogenesis  ~a 

Die Spezifit / i t  des AntikSrpers  soil fiir die wei tere  
Erforschung yon degenera t iven  A u t o i m m u n - K r a n k h e i t e n  
beni i tz t  werden. 

S. B. NEEDLEMAN and N. STEFANOVIC 

Radioisotope Service, V. A. Research Hospital, 
Chicago (Illinois 60511, USA), 19 June 1969. 

Zusammen/assu~zg. I m  Meerschweinchen wurde er- 
folgreich Ant ikgrper  gegen Ra t t en -Ko l l agenex t r ak t  er- 
zeugt. Dieser reagier t  mi t  der s/iurelCslichen Kollagen- 
fraktion,  nicht  aber  mi t  neutralsalzlCslichen Substanzen.  

~a This investigation has been supported, in part, by U.S. Public 
Health Service General Research Support Grant No. 1-501-FR- 
05370-02 and by a grant from Merck Sharp and Dohme Research 
Laboratories to one of us (S.B.N.). 

Mutagenic Effect of Isopropyl Methane Sulphonate 

The mutagen ic  effect of sulphonates  has been invest i-  
ga ted  in several  biological materials .  Fo r  some of them, 
chromosome breaking abi l i ty  was demons t ra ted  1. 

However ,  there  is still a great  need for exper iments  on 
mammals .  The  effects of Myleran, a difunct ional  sul- 
phonate ,  were observed on mouse spermatogenesis  e. A 
similar  inves t iga t ion  was carried out  wi th  a mono-  
funct ional  compound:  me thy l  me thane  sulphonate  in 
which we a t t e m p t e d  to correlate the  cytological  effect 
wi th  its genet ical  consequencesK More recently,  experi-  
ments  were designed to detect  dominan t  le thal  muta t ions  
induced in mouse by  a lkyla t ing  agents. Some mutagen ic  
effect Of the  compound  tes ted here were ment ioned  for 
the  mouse 4. This sulphonate  has been known for its 
mutagen ic i ty  in higher  plants  ~, 5. Ea r ly  works in mouse  
(unpublished data) showed tha t  isopropyl  me thane  
sulphonate  (IsoPMS) is able to induce chromosome 
aberrat ions which incited us to test  i ts mutagenic  power. 
The results of the  first  exper iments ,  dealing with  domi- 
nan t  le thal  mutat ions ,  are repor ted  here. 

Material and methods. Male mice of Call (4 months  old, 
weighing app rox ima te ly  30 g) previous ly  controlled dur ing 
4 years for spontaneous  chromosome aberrat ions,  were 
injected i.p. wi th  IsoPMS. Buffered solutions were pre- 
pared immed ia t e ly  before use. In jec ted  males were ma ted  
wi th  4 C~7BL females of a comple te ly  unrela ted strain. 
Vaginal  plugs were checked every  day  and fresh females 
were added. They  were sacrificed a t  14 days '  pregnalacy. 
D o m i n a n t  le thal  muta t ions  were recorded following 
classical procedure% The percentage  of dead implants  is 
for dec iduomata .  

Ea r ly  losses represent  both  deaths  of zygotic  origin and 
unfert i l ized eggs. 2 cri ter ia  were used to measure  dominan t  
le thal i ty .  One was the  rat io l ive embryo/corpus  lu teum.  
The o ther  cr i ter ion is the  l ive embryos  af ter  t r e a t m e n t  
expressed as percentage  of the  control,  

D o m i n a n t  le tha l  
mu tan t s  

t L ive  elnbryOs in t rea ted  grOup per  2 ) 
= 100 -- Live  embryos  in control  group per  ~ • 100 

This t echnique  does not  yield any  specific informat ion  
on the  na tu re  of muta t ions  involved.  

However ,  early deaths  should have  a higher  p robabi l i ty  
of gross chromosome abnormal i t ies  which would not  be 
the  case of dec iduomataL  This would help to dist inguish 
the  2 classes of dominan t  lethals. 

in Mouse 

Results. Toxic i ty  tests were first real izes  to semc~ noses 
useful in mutagenesis .  LDc0 ranged f rom 60-120 mg/kg  
for 4-month-old  animals  (according to the  strain). 

F r o m  these da ta  the  dose of 100 ml /kg  was chosen for 
fur ther  exper iments .  The  to ta l  period (60 days) dur ing 
which dominan t  le thal  muta t ions  were scored was 
divided in 4 subperlods:  (1) ma tu re  spermatozoa  f rom 
vas and epid idymis ;  (2) pos t -meiot ic  stages f rom testes;  
(3) meiot ic  stages (spermatocytes) ;  (4) pre-meiot ic  stages 
(spermatogonia).  This es t imate  is fronl OAKBERGTS 8 da ta  
on the  dura t ion  of the different  stages of spermatogenesi  s. 

The  effects on the  pre-meiot ic  stages could not  be 
r e c o r d e d  owing to the  sterile period which lasted f rom 
37 days to about  60 days af ter  inject ion.  D a t a  for the  3 
first  periods are given in the  Table.  They  show clearly 
tha t  I soPMS is an efficient mu tagen  in inducing dominan t  
le thal  mutat ions .  

There is no significant  difference be tween  the  a m o u n t  
of to ta l  muta t ions  induced dur ing the  3 periods. In  the  
th i rd  period (spermatocytes),  however,  there  are signifi- 
can t ly  less dead implants  and more early losses as 
compared  wi th  the  2 first periods. 

~r = 6.05 2 df P <  0.05 for dead implants ,  

Z 2 = 10.06 2 df P <  0.01 for early losses. 

Discussion. Some daily differences in the  a m o u n t  of 
induced dominan t  le thal  muta t ions  seem to ex i s t  bu t  the  
da ta  repor ted  here are still too scanty  to ascribe a more 
precise sensi t iv i ty  to a specific stage. As far as we can see, 
the  sensi t iv i ty  of spermatogonia  to I soPMS was so high 
t h a t  i t  resulted in a complete  sterili ty.  The  present  da t a  
are h?. agreement  wi th  previous ones in a t  least  2 respects 
(1) for a high mu ta t i on  ra te  induced by I soPMS (the 
higher  dose of 200 mg/kg  resulted in 80-90% dominan t  
le thal  mutat ions)4 and (2) the  occurrence of a sterile 
period (after 50 mg/kg  males  were sterile f rom 31-56 
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