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T h e  I n f l u e n c e  o f  C y c l o p h o s p h a m i d e  o n  t h e  P r o c e s s  o f  P r i m i n g  f o r  t h e  S e c o n d a r y  R e s p o n s e  

The pheno*menon of specific secondary  responsiveness 
remains  an  incomple te ly  unders tood prob lem in im- 
munology.  The  findings of LEDUC, COONS and CONNOLLY1 
indicated t h a t  ac t ive  an t ibody  synthesis  is no t  a pre- 
requis i te  for immunologica l  memory .  This  is in good 
agreement  wi th  the  results  of serological invest igat ions  
showing t h a t  the  secondary  response was no t  inhibi ted  
a t  all, if the  p r ima ry  response was suppressed by  6- 
mercap topur ine  2 or  chloramphenicol  3. On the  o ther  hand,  
the  process of p r iming  was p reven ted  by  chloram- 
phenicol  in the  serological studies of CRUCHAUD and 
CooNs 4. On the  basis of the  X - Y - Z  scheme 2, 5 the  prep- 
ara t ion  for the  secondary  response depends on the  
persistence of Y or m e m o r y  cells, which are the  result  of 
the  specific act ion of the  ant igen  on the  X cells. According 
to I~OSSAL, AUSTIN and ADA ~ m e m o r y  cell p roduc t ion  
m a y  develop concur ren t ly  with,  b u t  independen t ly  of, 
the  cellular prol i fera t ive  events  leading to an t ibody  
format ion.  Bu t  i t  has been poin ted  ou t  by  SERCARZ and 
]3VERS~ t h a t  the  t rans format ion  Of X cells into Y cells 
requires the  synthesis  of IgM. Thus i t  was of in teres t  to 
find out,  a t  the  cellular and h u m e r a l  level, whe ther  the  
inhibi t ion of the  p r imary  response by  t r e a t m e n t  wi th  a 
cy to tox ic  and a lkyla t ing  agent  such as cyc lophosphamide  
(CY) preven ts  the  p repara t ion  of the  lymphore t i cu la r  
t issue of mice for the  secondary  response. 

Adul t  male  mice of the  inbred s train NMR1 weighing 
18-24 g were immunized  i.p. wi th  4 • l0  s sheep erythro-  
cytes (SE) (group I). A second group of mice (group II) 
was t rea ted  by  addi t ional  i.p. in jec t ion  of CY (Endoxan,  
Asta,  Brackwede /Germany)  as a freshly made  saline 
solut ion conta in ing  4 mg/ml .  A to ta l  of 8 mg  CY was 
given per  an imal  as 4 dai ly divided doses s tar t ing 2 days 
before immuniza t ion ;  43 days af ter  the  p r ima ry  ant igenic  
s t imulus  a second dose of 4 • 10 s SE was in jec ted  i.p. into 
the  animals  of bo th  groups. At  different  in tervals  af ter  the  
p r imary  and secondary immuniza t ion ,  6 mice out  of each 
group and 2 animals  of the  corresponding controls  were 
sacrificed, the i r  spleens r emoved  asept ical ly  and thei r  
sera collected. For  the  quan t i t a t i ve  de te rmina t ion  of 
p laque- forming  ceils (PFC) the  direct  s and indirect  
t echnique  9 were employed.  Suspensions of spleen ceils in 
agarose (Behring-Werke Marburg /Germany)  were poured 
ou t  onto Oxoid  No. 3 a g a r / D E A E  dex t ran  under layers  
in petr i  dishes as described elsewhere ~~ ~. Serum hemo-  
lysin ac t iv i ty  of pooled serum samples f rom the  controls 
and 6 ident ica l ly  t rea ted  mice was de termined  spectro- 
pho tomet r i ca l ly  a t  530I lm according to the  50% 
hemolysis  m e t h o d  ~. Hemolys in  concentra t ions  are g iven  
in 50% hemolysis  uni ts  per  ml  of serum. Addi t iona l ly  
those fract ions of the  to t a l  hemolys in  ac t i v i t y  were 
de te rmined  which are res is tant  to t r e a t m e n t  by  0 .125M 
2-mercaptoe thanol  (2-ME). The  lowest  values  considered 
s ignif icant  were t en  50% hemolysis  units  ~3. 

In  the  spleens of mice immunized  w i t h  4 •  10 s SE 
(group I), the  peak  values  of di rect  and indirect  P F C  
were found 5 days af ter  p r imary  immuniza t ion .  I n  con- 
trast ,  in the  CY-t rea ted  group (group I I )  the  m a x i m u m  
values  were reached 17 days  af ter  p r imary  immuniza t ion  
and amoun ted  only to 5% of e i ther  the  d i rec t  (i.e. 90 
direct  PFC/106 spleen cells) or the  indirect  P F C  (i.e., 
247 indirect  PFC/106 spleen cells) of the  corresponding 
controls  a t  day  5. Similar  results were ob ta ined  in 
previous studies ~4. As can be seen f rom the Figure,  
essential  amount s  of serum hemolys ins  (i.e. >= ten  50% 
hemolysis  units) were no t  demons t rab le  in the  sera of 
CY-t rea ted  mice dur ing the  43 days of observa t ion  af ter  
p r imary  immuniza t ion .  

As compared  wi th  the  p r imary  response, the  booster  
in ject ion of 4 • l0 s SE into the  mice of group I resulted 
in a marked ly  reduced format ion  of direct  P F C  represent-  
ing less t han  25% of the  peak  va lue  of the  p r imary  re- 
sponse (Table). Similar  numbers  were found in the  
spleens of CY-trea ted  mice (Table, group II). Fur thermore ,  
i t  can be seen f rom the  table  that ,  s imul taneously  wi th  
the deve lopmen t  of di rect  PFC, an increase of the  
numbers  of indi rec t  P F C  was demonstrable ,  reaching a 
peak  value  4 days af ter  the  secondary immuniza t ion .  In  
the  group I, a t  this  t ime, about  1.15% of all spleen cells 
were engaged in hemolys in  (7S) product ion,  and in the  
spleens of CY-trea ted  nlice (group II)  a peak  va lue  of 
0.5% could be detected.  This means  t h a t  the  inhibi t ion 
of the  p r imary  response by  t r e a t m e n t  wi th  CY does no t  
ac tua l ly  p reven t  the  unknown process of p r iming  for the  
secondary response. The  reduced secondary react ion of 
CY-t rea ted  mice is apparen t ly  due to the  cy to tox ic  effect 
of the  agent,  because the  in ject ion of high doses of CY 
results in the  decrease of the  spleen weights  to about  50%, 
character ized by  a near ly  complete  loss of the  red pulp ~5 
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Days a# r  primary immunizatien 

Suppression of the hemolysin production by treatment with cyclo- 
phosphamide (CY) after the primary immunization with 4X l0 s 
sheep erythrocytes (SE). C, untreated control. Hemolysin concentra- 
tion is given in 50% hemolysis units/ml of serum. O, total hemolysin 
activity; &, fractions of the total hemolysin activity resistant to 
2-mercaptoethanol. 
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Effect of an initial treatment with cyclopbosphamide on the development of antibody-forming spleen cells during the secondary immune 
response 

Days after Average numbers of plaque-forming cells/10 ~ spleen cells in the groups: 
second antigen Group I Group II 
injection 

XDPFC~ ~ s b XIPFC~ =csb XDPFC~ ~zs b pa XIPFC~ _Us b pa 

0 ~ 6 4.2 97 49.2 1 0.8 > 0.1 19 5.4 > 0.1 
2 21 7.7 378 107.7 38 7.5 > 0.1 85 15.8 < 0.05 
3 468 145.6 3762 703.1 276 110.6 > 0.1 827 271.7 < 0.05 
4 316 123.7 11497 2539.1 112 18.9 > 0.1 4960 112.4 < 0.05 
5 148 50.2 5840 2398.6 62 24.0 > 0.1 1958 760.9 > 0.1 
7 13 3.1 785 162.2 105 32.3 < 0.05 1058 267.8 > 0.1 

10 34 9.1 1347 475.6 60 18.7 > 0.1 729 323.5 > 0.1 
14 24 6.4 592 226.6 33 4.8 > 0.1 359 103.i > 0.1 
21 28 10.2 399 82.4 125 71.0 > 0.1 552 199.4 > 0.1 
28 16 3.9 304 71.8 8 3.0 > 0.1 129 36.5 < 0.05 
35 15 2.3 534 212.9 23 6.1 > 0.1 243 60.7 > 0.1 

Mean value of direct plaque-forming cells; b standard deviation; ~ mean value of indirect plaque-forming cells; * statistical significance 
evaluated according to the Student's t-test; ~ 43 days after primary immunization. 

Cont ra ry  to  the  s i tua t ion  a f te r  p r i m a r y  immuniza t ion ,  
the  m a j o r i t y  of t he  se rum hemolys ins  de te rmined  af ter  
t he  second an t igen  in jec t ion  was  res i s tan t  to t r e a t m e n t  
wi th  2-ME. In  the  sera of CY- t rea ted  mice (group II),  t he  
average peak  t i t re  of 7S hemolys ins  de te rmined  10 days  
af ter  secondary  immun iza t i on  was 132 50% hemolys is  
units .  This  value represen ted  60% of t he  peak  value of 
t he  cor responding  contro l  (group I) found  7 days  af ter  
the  secondary  ant igenic  s t imulus.  

In  consequence  it m a y  be concluded t h a t  m e m o r y  
cells can develop af ter  p r ima ry  immun iza t i on  w i t h o u t  
being act ively  engaged in an t i body  synthesis .  

Zusammen]assung. W u r d e  die pr imEre ImmunitS~ts- 
reakt ]on  von m i t  4 •  s Scha fe ry th rozy ten  immuni -  

s ier ten  Mgusen d u t c h  Cyc lophosphamid  unterdr i ickt ,  
f anden  sich wS~hrend der  43t~gigen t3eobachtungszei t  
keine nennenswer t en  Serumh~imolysin- n n d  Agglut inin-  
t i ter ,  und  in der  Milz solcher Tiere konn te  im Vergleich zur 
I~ontrolle nur  jeweils 5% der  d i rek t  und  indi rekt  Plaques  
b i ldenden  Milzzellen nachgewiesen  werden.  Dennoch  
f i ihr te  die Zwei t immunis ie rung  zu ether typ i schen  
Sekund/ i r reakt ion.  
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Media-Dependent Antagonism of Gentamicin Sulfate by Liquoid (Sodium Polyanetholsulfonate) 

Recen t ly  we repor ted  t h a t  sodium po lyane tho l su l fona te  
(Liquoid*) an tagonizes  the  ac t iv i ty  of b o t h  k a n a m y c i n  
sulfate and  p o l y m y x i n  B in v i t ro  1, conf i rming  earlier 
f indings by  o ther  inves t iga tors  wi th  regard  to  s t rep to-  
myc in  and  p o l y m y x i n  B ~, ~. Meanwhile  we have  ex t en d ed  
our  s tudies  to severs1 addi t iona l  ant ibiot ics .  Ne i the r  
carbenicil l in,  l incomycin ,  nor  ampho te r i c in  B were  
affected by  Liquoid  in vitro,  using a va r i e ty  of b r o t h  
media : ,  in the  absence  or presence  of fresh and  heat -  
i nac t iva ted  h u m a n  serum. However ,  as was to  be ex- 
pected ,  Liquoid  d imin ished  the  ac t iv i ty  of gen tamic in  
sulfate (Schering Corp., B l o o m f i e l d ,  N.J .)  marked ly  in 
nu t r i en t  b r o t h  (NB), b u t  m u c h  less so or no t  a t  all in 
Muel le r -Hin ton  (MHB), t ryp t i case  soy (TSB), and 
th ioglycol la te  (TGCB) bro th .  In  con t r a s t  to our earlier 
f indings wi th  regard  to k a n a m y c i n  sulfate  and poly-  
m y x i n  B, 10% fresh se rum did no t  enhance  the  antagonis-  
tic effect  of Liquoid  versus gentamic in .  The add i t ion  of 
Liquoid  (0.05%) to assay tubes  con ta in ing  serial twofold  
di lu t ions  of gen tamic in  in 10% i resh  serum, regardless  of 

the  b r o t h  employed,  gave rise to  a fa in t  t u rb id i t y  which 
increased in i n t ens i ty  over  several  hours '  incuba t ion  at  
37~ thus  render ing  the  min imal  inh ib i to ry  concent ra-  
t ion  (MIC) readings  r a the r  difficult .  This  t u rb id i t y  
p h e n o m e n o n  p r o m p t e d  us to  de t e rmine  the  min imal  
bacter ic idal  concen t ra t ion  (MBC) of gen tamic in  versus 
s t ra ins  of Escherichia colt and  Pseudomonas aeruginosa 
(the assay tubes  conta ined  1 .5 •  8 organis lns /ml  a t  
0 t ime).  As shown in the  Table,  the  MIC values  ob ta ined  
d e m o n s t r a t e  t h a t  the  an tagonis t i c  effect  of Liquoid 
agains t  gen tamic in  is m e d i a - d e p e n d e n t  (NB) and cer- 
t a in ly  no t  enhanced  in t he  presence  of 10% fresh serum. 
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