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number  of yeas t  part icles present  in thei r  cytoplasms.  
The P I  is defined as the  mean number  of ingested yeas t  
per  PMN. 

Il l  addi t ion to the  PMNs incubated  in P B S  wi thou t  LC, 
another  control  va lue  was obta ined  for each sample by  
de te rmin ing  the  P I  of PMNs exposed only to the  hea t -  
killed yeas t  wi thou t  prior  incubat ion  in the  salt  solution. 

Results. A three-fac tor  analysis of var iance  procedure 
was used to analyze all da t a  except  the  controls.  The  
three factors were concentra t ion,  incubat ion  period and 
sample. The  sources of interes t  were differences among  
concent ra t ion  means, among incubat ion period means,  
and the  in terac t ion  of concent ra t ion  and incubat ion  
periods. No significant  in terac t ion  (p > 0.10) was detected.  
The overal l  concent ra t ion  means  did no t  differ significant-  
ly  (p > 0.10) nor did the  overal l  incubat ion  period means. 
These da ta  are summar ized  in the  Table.  

The un incuba ted  control  da t a  were then  compared to 
the  da ta  of LC = 0 meq/1 by  a two factor  (sample, incu- 
ba t ion  period) analysis of var iance  procedure.  This  
revealed no significant  difference be tween  the  control  
mean  (PI = 4.25 • 0.96, one SD) and any  one of the  
o ther  incubat ion period means  (p > 0.10). (See the  3 
incubat ion  means for LC ~ 0 ill the  Table). In  addit ion,  
the  mean  of all the  incubat ion  da t a  f rom each sample was 
then  determined and the  paired t-test was performed on 
these mean  values  and the  associated control  da t a  which 
again showed no signif icant  difference (p > 0.10). The 
overal l  incubat ion  mean  is 4.20. 

Discussion. Granulocytopenia  is a t roublesome and 
f requent ly  l i fe- threatening cyclic or chronic phenom-  
enon in m a n y  pat ients .  Few therapeut ic  agents rel iably 
cause e levat ion  of the  absolute PMN count.  Granulocy-  
tosis can be induced wi th  cort icosteroid t he rapy  bu t  the  
long- term consequences of such the rapy  reduce the  u t i l i ty  
of these agents to the  t empora ry  s i tuat ion or as a diagnos- 

t ic  tes t  of mar row granulocyte  reserve 9. Ep inephr ine  
causes t rans ien t  granulocytosis  by  freeing the  marginal  
pool  of per ipheral  granulocytes  1~ This  drug has been 
used diagnosticMly n bu t  has no role in the  m a n a g e m e n t  
of granulocytopenic  pat ients .  Similary,  e t iocholanolone 
and endotoxin  have  diagnost ic  u t i l i ty  bu t  are f raught  
wi th  morb id i ty  and cannot  be considered for long- term 
use  i~-II. 

W h a t  is needed for managemen t  of these pat ients  is an 
inexpensive,  easily adminis te red  non- tox ic  agent  t h a t  
will  increase the  absolute  P M N  count  w i thou t  d is turbing 
the  PMNs '  funct ional  integri ty .  LC m a y  fi t  this  need. LC 
has been given to  thousands  of pa t ien ts  wi th  grea t  safety.  
Tox ic i ty  of LC is a direct  funct ion of serum Li  + concentra-  
t ion and this can be measured readily in most  clinicaI 
laboratories  al lowing careful moni tor ing  of pa t i en t  dosage. 
These features of LC imply  a possible role for this  agent  
in the  m a n a g e m e n t  of granulocytopenic  States or in the  
prepara t ion  of granulocyte  donors. Our da t a  indicate  t h a t  
one pa rame te r  of P M N  function,  the  ingest ion phase of 
phagocytosis ,  is no t  pe r tu rbed  by  LC at  therapeut ic  or 
toxic  concentrat ions.  
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Summary. The unesterif ied cholesterol con ten t  of p lasma samples can be eva lua ted  f rom the  ex ten t  of inhibi t ion of 
lucensomycin- induced hemolysis.  The  tes t  measures,  however ,  only  the  fract ion of cholesterol  which is avai lable  for 
in teract ion wi th  lucensomycin,  this  avai labi l i ty  being adverse ly  affected by  high phospholipid-cholesterol  ratios. 

Polyenic  ant ibiot ics  are known to increase cell mem-  
brane permeabi l i ty  th rough  specific in terac t ion  wi th  
membrane  cholesteroN -a. I t  has been shown in model  
systems a,5 t h a t  complex  format ion  occurs wi th  free 
cholesterol,  cholesteryl  esters being comple te ly  ineffective.  
Since polyene- induced lysis of m a m m a l i a n  e ry throcytes  
is p reven ted  b y  the  presence of serum s , i t  seemed of 
interes t  to ver i fy  whether  this effect was somehow related 
to the  presence, in the  serum, of free cholesterol  and, if 
so, whether  o ther  factors cont r ibu ted  to it. 

Most exper iments  were per formed wi th  the  te t raenic  
macrol ide ant ib io t ic  lucensomycin;  in some cases the  
results were compared  to those obta ined  wi th  digitonin,  a 
saponin of steroidal  na ture  which is also specific for 
cholesterol  ~. 

Materials and methods. Lucensomycin  | a kind gift  of 
Prof. M. GHIONE, Farmita l ia ,  Milan, I ta ly ,  was dissolved, 

immedia te ly  before use, in a min imal  a m o u n t  of d imethy l -  
sulfoxide, and then  di luted in 0.140 M NaC1, 0.015 M 
phosphate  buffer, p H  7.0. Digi tonin  (Merck, Darms tad t ,  
Wes t  Germany) was s imilar ly dissolved in a min imal  
a m o u n t  of methanol ,  and then  di luted in the  same buffer. 
I n  bo th  cases, the  organic solvent  had  been di luted to 
such an ex ten t  ( _< 1 : 200, v/v)  t h a t  i t  had  no undesirable  
effects by  itself. 
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Table I. Variations of the increase of Lh0 by addition of plasmas having similar content of nnesterified cholesterol but different concentrations 
of cholesteryl esters and of phosphatides 

Experiment Plasma sample Unesterified cholesterol TotaI cholesterol Cholesteryl esters Phosphatides Increase of L,0 
(mg/100 mI) (mg/100 ml) (mg/100 ml) (rag/100 mI) (%) 

1 1 24.0 153.0 129.0 202 8 
4 24.0 119.6 95.6 140 15 

2 7 56.0 165.7 109.7 N.D. 32 
8 64.0 154.3 90,3 N.D. 25 

3 12 39.8 207.5 167.7 135 23 
6 38.7 103.2 64.5 164 17 
9 38.7 129.0 90.3 182 17 

All assays were performed with 108 erythrocytes in a final volume of 4 ml, which contained, when this was case, 0.5 ml of a 40-fold dilution of 
the plasma sample indicated. Within each experiment, the same erythrocytes suspension and the same lucensomyein solution were used. 

Table II. Effects of lecithin on the ability of added cholesterol to 
modify the sensitivity of bovine erythroeytes to lysis by lucensomycin 
and by digitonin 

Concentrations in the 
liposomes (mg/100 ml) 

Egg lecithin Cholesterol 

Increase of L~0 (%) Increase of Ds0 (%) 

625 0 3.2 0 
125 250 180 400 
300 250 112 373 
625 250 38 345 

Liposomes were prepared with lecithin and]or cholesterol at the 
concentrations indicated. As in Table I, all assays were performed 
with l0 s erythrocytes in a final volume of 4 ml, containing, when this 
was the case, 0.5 ml of a 40-fold dilution of the desired liposomal 
preparation. 
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Relation between the increase of La0 (expressed as percent of the 
value in the absence of plasma) and amount of plasma unesterified 
cholesterol added. Assays were performed, in a final volume of 4 ml 
and using 108 erythroeytes, with 0.5 ml of plasma diluted 1:40 ; each 
point corresponds to a different plasma, except those indicated by a 
full circle (@), for which different amounts (0.25, 0.50 and 1.00 ml) 
of the same plasma were used. Use of the same symbol indicates that 
the samples of plasma were assayed in the same experiment, i.e. 
with the same erythrocytes suspension and the same lucensomyein 
solution. The upper curve (broken line, full squares) was performed 
with digitonin instead of lucensomycin. 
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Egg  leci thin was p repared  according to PANGBORN s. 
Cholesterol  was recrysta l l ized f rom hot  acetic acid. 
Cholesteryl  s teara te  and  choles teryl  oleate were f rom 
BDH,  Peele ,  Eng land ,  and  f rom Merck, D a r m s t a d t ,  
W e s t  Germany,  respect ively.  Egg  leci thin  l iposomes wi th  
or w i t h o u t  cholesterol  and /o r  cholesteryl  esters  were  
formed in NaCl -phospha te  buffer  according to BANGHAM 
et  al.% 

For  lysis exper iments ,  a known  n u m b e r  of fresh bovine 
e ry th rocy te s  (usually a round  10 s) was mixed,  in a f inal  
vo lume of 4 ml  of NaCl -phospha te  buffer,  w i th  appropr i -  
a te  a m o u n t s  of p la sma  (or of l iposomes) and  scalar  con- 
cen t ra t ions  of lucensomycin  or d ig i tonin ;  a f ter  4 h, the  
degree of hemolys is  was eva lua ted  f rom the  concent ra-  
t ion of hemoglobin  in the  s u p e r n a t a n t  af ter  low-speed 
centr i fugat ion.  

Results  and discussion. The concen t ra t ion  of lucenso- 
mycin  causing 50% hemolys is  (Lh0) of a suspension of 
bovine  e ry th rocy te s  becomes  s ignif icant ly  higher  if 
h u m a n  p lasma  is added  to  the  assay. No s ignif icant  shif t  
( <  5%) occurs upon  use of e i ther  purif ied bovine  a lbumin  
or of  p l a sma  del ipidized by  ex t rac t ion  wi th  d ie thyl  e the r  
or  w i th  isopropanot .  Scalar a m o u n t s  of t he  same p lasma  
(full circles of t he  Figure) cause p ropor t iona l  increases of 
Lh0. Equa l  amo u n t s  of d i f ferent  p lasmas  shif t  La0 to  an 
e x t e n t  roughly  p ropor t iona l  to  the  concen t ra t ion  of 
unester i f ied cholesterol  (Figure). In  some samples,  how- 
ever, w i th  re la t ively  low concen t ra t ions  of phosphol ip ids  
and/or  h igh concen t ra t ions  of cholesteryl  esters,  devia t ions  
f rom a p a t t e r n  of s t r ic t  p ropor t iona l i ty  are found (Table 
I). 

By add i t ion  of l iposomes of known  compos i t ion  to the  
hemoly t ic  sys tem,  i t  can  be shown  t h a t  leci thin  has,  pe r  
se, no effect  on Lh0. Inclus ion of cholesterol  into the  lipo- 
seines increases the  Lho, t he  magn i tude  of t he  increase 
being however  s t rongly  d e p e n d e n t  no t  only  on the  abso- 
lute a m o u n t  of cholesterol  b u t  Mso on the  leci thin- to-  
cholesterol  rat io (Table II).  Cholesteryl  s teara te  and  
cholesteryl  oleate, even in amo u n t s  3 t imes  higher  (on a 
molar  basis) t h a n  cholesterol ,  were unable  to subs t i tu t e  
for it, or even  to  modi fy  the  effect  of h igh  lec i th in- to-  
cholesterol  ratios.  

Addi t ion  of choles terol -contMning p lasma  (or liposomes) 
cause also an increase of the  concen t ra t ion  of d igi tonin  
(Dh0) requi red  to  br ing  abou t  50% lysis of a given sus- 
pens ion of e ry t h ro cy t e s .  The magn i tude  of the  re la t ive 
increase of D~0 is h igher  as compared  wi th  t h a t  of Lh0, 
and  is  ve ry  s t r ic t ly  d e p e n d e n t  upon  the  a m o u n t  of 
unester i f ied cholesterol  added  (Figure, dashed  line). A t  
var iance  wi th  t he  results  ob ta ined  wi th  lucensomycin,  in 
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t h e  case of d ig i ton in  t h e  l ec i th in - to -cho les te ro l  ra t io  h a d  
v e r y  l i t t le  effect  (Table  II) .  

The  increase  of Ds0 can  the re fore  be  ut i l ized,  as sug- 
ges ted  b y  SCttMIDT-THoM]~ a n d  AUGUSTIN 1~ to  o b t a i n  a 
s a t i s f ac to ry  e s t ima te  of t he  c o n c e n t r a t i o n  of unes te r i f ied  
choles tero l  in  p l a s m a  samples .  W i t h  lucensomycin ,  t h e  
Ls0 c o n c e n t r a t i o n  is in s t ead  af fec ted  also b y  o t h e r  factors,  
such  as t h e  phosphol ip id - to -cho les te ro l  ra t io .  I n t e r f e r ence  
of unes ter i f ied  choles terol  w i t h  l ucensomyc in - induced  
lysis occurs  on ly  if t he  s terol  is suf f ic ien t ly  free f rom 
in t e r ac t i ons  w i t h  phosphol ip ids .  

As a m a t t e r  of fact ,  in  t h e  l iposome sys tem,  phospho-  
l ip id- to-choles tero l  ra t ios  such  as e n c o u n t e r e d  in p l a smas  
would lead to a lmos t  full non - ava i l ab i l i t y  of the  choles terol  
p resen t .  I n  p lasma,  however ,  unes te r i f ied  choles terol  is 

associa ted on ly  w i t h  ce r t a in  classes of l ipoprote ins ,  a n d  
the re fore  on ly  w i t h  a f r ac t ion  of t he  t o t a I  phospho l ip ids  
presen t .  Choles tery l  es ters  do n o t  a p p a r e n t l y  exe r t  a n y  
effect. 

The  m e t h o d  descr ibed  in t he  p r e sen t  p a p e r  al lows a n  
e v a l u a t i o n  of t he  p l a s m a  c o n c e n t r a t i o n  of t h a t  f r ac t ion  
of unes ter i f ied  cholesterol ,  w h i c h  can  n o t  on ly  i n t e r a c t  
w i t h  lucensomycin  b u t  is also l ikely to be  m o s t  r ead i ly  
' ava i l ab l e '  for exchange  w i t h  t h e  choles tero l  of e r y t h r o -  
cy te  m e m b r a n e s  a n d  poss ib ly  for i n t e r a c t i o n  w i t h  o t h e r  
s t ruc tu res ,  e.g. t he  walls  of b lood  vessels.  

10 J. SCMMIDT-THOM]~ and H. AUGUST1N, Hoppe Seyler's Z. physiol. 
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Mit iga t ion  of G r a f t - V e r s u s - H o s t  D i s e a s e  in Rats  Trea ted  w i t h  A l l o g e n e i c  and X e n o g e n e i c  Ant i -  
l y m p h o c y t i c  Sera  1 
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Summary .  The  su rv iva l  of r a t s  rece iv ing  a sub l e tha l  dose of CY and  gra f ted  w i t h  al logeneic bone  mar row,  was p ro longed  
b y  t r e a t m e n t  w i t h  eflcher al logeneic or Xellogeneic a n t i - l y m p h o c y t i c  sera. These  seem to p r e v e n t  a f a t a l  G V H D  while  
a l lowing a t e m p o r a r y  ' t ake '  of t h e  graf t .  

One of t he  obs tac les  in a successful  cl inical  bone  m a r r o w  
t r a n s p l a n t a t i o n  is t h e  g ra f t -ve r sus -hos t  disease (GVHD) 
which  accompan ies  t h e  ' t a k e '  of a g ra f t  m i s m a t c h e d  a t  t h e  
m a j o r  h i s t o c o m p a t i b i l i t y  complex  (MItC) and  is genera l ly  
fatal .  The  G V H D  is t he  r e su l t  of a n  immuno log i ca l  a t t a c k  
b y  t r a n s p l a n t e d  i m m u n o c o m p e t e n t ,  t h y m u s - d e p e n d e n t  
cells aga ins t  al logeneic hos t  t issues.  N u m e r o u s  a t t e m p t s  
h a v e  been  m a d e  to des t roy  or i n a c t i v a t e  these  ceils wi th -  
o u t  des t roy ing  t he  s t e m  cells necessa ry  for haemopo ie t i c  
r econs t i t u t i on .  A n t i - l y m p h o c y t i c  s e rum seems to  be  t he  
m o s t  p romiz ing  a g e n t  for  t he  p r e v e n t i o n  of G V H D  in 
b o t h  an ima l s  a n d  h u m a n s .  Xenogen ic  a n t i - I y m p h o c y t i c  
s e rum 2-7 a n d  al logenic a n t i l y m p h o c y t i c  s e rum 8-~t h a v e  
been  used successful ly  to  p r e v e n t  G V H D  in ce r t a in  cases. 
The  purpose  of t he  p r e s e n t  s t u d y  was to e v a l u a t e  t h e  
t h e r a p e u t i c  poss ibi l i t ies  of a n t i - l y m p h o c y t i c  sera in  a n  
a n i m a l  model .  

Materials and methods. I n d u c t i o n  of G V H D .  R e c i p i e n t  
r a t s  ( inbred  Lewis, Ag-B1) were t r e a t e d  w-ith 1 in j ec t ion  
i.p. of 225 m g / k g  of c y c l o p h o s p h a m i d e  (CY), 24 h before  
g ra f t i ng  ~2. Bone  m a r r o w  cells f rom t h e  f emora  a n d  t i b i a e  
of t he  donor  r a t s  ( inbred  DA, Ag-B4) were col lected in 
H a n k ' s  b a l a n c e d  sa l t  so lu t ion  (HBSS) .  1 ml  of t h e  sus- 
pens ion  c o n t a i n i n g  64 • 10 a cells was  in jec ted  i.v. i n to  
Lewis ra ts .  The  ' t a k e '  of t he  g ra f t  was  d e t e r m i n e d  b y  
t he  presence  of G V H D  s y m p t o m s  (weight  loss, de rmat i t i s ,  
p o s t - m o r t e m  we igh t  r a t io  of t he  spleen a n d  body)  and  b y  
t y p i n g  t h e  pe r iphe ra l  b lood l y m p h o c y t e s  w i t h  DA an t i -  
Lewis a n d  Lewis a n t i - D A  sera  us ing  t he  m i c r o l y m p h o c y t o -  
t ox i c i t y  t e s t  w i t h  gu inea-p ig  com pl em en t .  

P r e p a r a t i o n  o f  an t i se ra .  Allogeneic a n t i - l y m p h o c y t i c  
sera  were p roduced  in Lewis a n d  D A  ra t s  b y  cross- 
i m m u n i z a t i o n  w i t h  180-300 • 106 r a t  l y m p h  node  cells 
in j ec ted  once a week  for 3 weeks. Xenogene ic  a n t i - l y m -  
phocy t i c  sera  were p r e p a r e d  b y  i m m u n i z i n g  r a b b i t s  in 
t h e  same way  w i t h  l y m p h  node  cells f rom D A  ra t s  ~a. The  
an ima l s  were e x s a n g u i n a t e d  a n d  t he  i n d i v i d u a l  sera 
were  pooled in to  2 b a t c h e s  a n d  f rozen a t  --20~ 1 ml  

of pooled a n t i s e r u m  was a d m i n i s t e r e d  i.p. to  t he  r ec ip ien t  
24 h before  graf t ing .  I n  some expe r imen t s ,  bone  m a r r o w  
cells were  i n c u b a t e d  a t  37 ~ for  30 ra in  w i t h  xenogene ic  
an t i se rumt4 ,  x5 t h e n  w a s h e d  once in H B S S  and  in jec ted  
i.v. to  t he  r ec ip ien t  ra ts .  

1 This work was supported by Grant No. FOR 007. AK. 72 from the 
Ligue Suisse eontre le Cancer and Grant No. 3.8580.72 from the 
Fonds National Suisse de la Recherche Scientifique. 
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