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(Figure 1) These part icles ranged from 0.5 to 1.5 ~zm in 
d iamete r  and several  inclusions were found in some cells. 
They  reacted pos i t ive ly  wi th  methy lene  blue (blue), 
toluidine blue (blue), Nile blue sulphate  (blue), and 
Prussian blue. Negat ive  react ions were obta ined  wi th  
o ther  dyes. The neutrophi le  granulocytes  exhibi ted  a ve ry  
marked  posi t ive  alkal ine phosphatase  reaction. 

Ul t ras t ruc tu ra l  observat ions  revealed the  presence of 
med ium and large lymphoid  cells wi th  undula ted  cyto-  
plasmic membrane  and irregular nuclear  surface. Nuclear  
pockets  and nuclear  inclusions were also observed 
(Figures 2 arid 3). The cy top lasm contained mi tochondr ia  
and the  rough endoplasmic re t icu lum was poorly  developed.  
Few lysosomes could be seen in the  cytoplasm.  

Phagocy t ic  vacuoles  conta in ing electron-dense mater ia l  
of different  consis tency were regular ly  found in the  
lymphoid  cells. A unit  membrane  surrounding the  
phagocyt ic  vacuoles was always present.  The mater ia l  
included in the  vacuoles  had  an electron-dense appearance  
in unsta ined as well as in s tained sections. High  vol tage 
electron microscopy of the  uns ta ined mater ia l  revealed 
character is t ic  Ierr i t in granules (Figures 4 and 5). 

The supposi t ion tha t  the  cytoplasmic  inclusions de- 
scribed here are composed of serum-binding protein,  most  
p robably  hemosiderin,  as suggested f rom cytochemical  
evidence by KoszEwsKI ~, was borne out  by the  electron 
micrographs presented in this article. KOSZEWSKI 1 and 
KOSZEWSKI et al. ~ in thei r  previous studies have  dem- 
ons t ra ted  the  appearance  of similar  inclusions in man  
and animals  t rea ted  wi th  saccharated iron oxide com- 
pounds. I n  the  case described here, iron the rapy  was 
omi t ted  but  a few blood transfusions were adminis tered.  
Fur thermore ,  KoszEwsKI et al. ~ described the  phagocyt ic  
ac t iv i ty  of non-mal ignan t  lymphocytes .  The  present  
s tudy  showed tha t  the  same phenomenon  could be brought  
about  by the  mal ignant  lymphoid  cells. Another  hypothesis  

related to the  presence of hemosider in  in lymphoid  cells 
should be considered. I t  is still not  known whether  the  
lymphocy tes  serve as cells of origin of the  blood cor- 
puscules ~,.2. In  pa t ien ts  wi th  a mal ignan t  lymphoid  
disease t rea ted  wi th  var ious an t i leukemia  drugs, there is a 
possibi l i ty of the  appearance  of ery throid  cells in the  
peripheral  blood tha t  are otherwise morphological ly  
similar  to the  per ipheral  lymphocytes .  I t  is suggested tha t  
fur ther  studies, as well as re t rospect ive  observat ions  on this 
phenomenon,  should be per formed in order  to clarify the  
under laying mechanism. 

Zusammen/assung. In  den lymphoiden  Zellen eines an 
chronischer lymphat i scher  Leukgmie  und Lymphosa rcoma  
leidenden Pa t i en ten  wurden  cytoplasmische,  Haemoside-  
t in  en tha l tende  und yon E inze lmembranen  umgebene  
Einschlussk6rper  gefunden. Es ist  ungewiss, ob diese 
Erscheinung erh6hter  phagocyt ischer  Akt iv i t / i t  oder dem 
Auf t re ten  anomaler  per ipherer  e ry throider  Zellen im 
per ipheren Blur  zuzuschreiben ist. 
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Suppression of Adjuvant Disease by Bacillus CALMETTE-GUI~RIN (BCG) 

Modificat ions of the  host  immune  mechan ism produced 
by BCG are though t  to be i m p o r t a n t  in the  response of 
pa t ien ts  wi th  var ious  malignancies  af ter  t r e a t m e n t  wi th  
t h a t  agent  1-3. We describe here the  suppressive effect 
of BCG in a non-mal ignan t  exper imenta l  model, a d j u v a n t  
disease in the  ra t  ~. 

This is a polysys temic  syndrome of incomple te ly  
defined pathogenesis  p robab ly  involv ing  immune  responses 
to one or several  ant igens 5 9. I t  was induced in inbred 
male  adul t  W i s t a r - F u r t h  ra ts  as described ~~ by intrader-  
maI  in jec t ion  of a d j u v a n t  m ix tu r e  in to  the left  h ind  paw. 
The arthri t is ,  which appears  beginning at  about  day  10, 
is a major  feature  of the  syndrome,  and was scored on a 
four  poin t  scale (0-3) based on the degree of invo lvemen t  
in each of the  l imbs (exclusive of the  ad juvan t - in jec ted  
hind paw)l~ Ra ts  were d iv ided into 8 groups of 10, as 
shown in tire Table.  BCG was g iven  according to 1 of 
3 schedules to the  appropr ia te  groups. Each  inject ion 
consisted of 25 mg BCG (BCG-S frais, Ins t i tu te  Pasteur,  
Paris, France) in 1.0 ml  sterile 0.9% w / v  NaCI in wate r  
g iven i.p. 

Signif icant  suppression of the  disease by  all BCG 
t r e a t m e n t  schedules was observed,  as shown in the  
Figure.  In  F igure  A, it  is shown t h a t  p r e t r ea tmen t  wi th  
BCG signif icant ly  suppressed the  ar thr i t i s  re la t ive  to tha t  
of the  ad juvan t - in jec ted  controls (p < 0.02 on day 22), 
and also delayed its onset. BCG p re t r ea tmen t  followed by  
twice  weekly BCG for 50 days comple te ly  p reven ted  the 

disease unt i l  day  88. At  t h a t  t ime, 3 of 10 rats  developed 
mild, t rans ient  disease last ing only a few days. BCG 
the rapy  given af ter  the  a d j u v a n t  in ject ion (Figure I3), 
e i ther  before appearance  of the  ar thr i t is  or dur ing the  
acute  phase, s ignif icant ly  lessened the  disease re la t ive  
to tha t  of the  ad juvan t - in jec ted  control  group (p < 0.02 
on day  14 and 19 respectively) .  I t  should be noted,  
however,  t h a t  the  ar thr i t i s  in the  pos t -ad juvant ,  BCG- 
t rea ted  groups progressed following the  cessation of 
the rapy  to equal  t h a t  of the  non- t rea ted  ad juvan t -  
in jected control  rats. slCr-labelled thoracic  duc t  (TD) 
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Experimental design 
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Group No. No. of rats Day of adjuvant injection Days of BCG injections 

1 10 0 
2 10 
3 10 0 
4 10 0 
5 (a) 10 o 

(b) 10 0 
(c) 10 0 

6 20 - -  

- - 6 ,  --3, 0 
--6, - 3 ,  0 
--6, --3, 0, 3, 7, 10, 14, 17, 21, 24, 28, 31, 35, 38, 42, 45, 50 
5, 8, 11 
12, 15, 18 
19, 22, 25 

l y m p h o c y t e s  f rom normal  or BCG-t rea ted  donors  were 
in jec ted  i.v. into normal ,  BCG-trea ted ,  ad juvan t - in j ec t ed  
or BCG-t rea ted  + ad juvan t - in j ec t ed  recipients .  W h e n  
t h e y  were  killed, 5 days  later,  it  was found  t h a t  t he  
admin i s t r a t ion  of BCG to e i ther  donors  or recipients  
corre la ted  wi th  higher  ~Cr  counts  in t he  t h y m u s  (p < 
0.001), lower counts  in the  bone  mar row (p < 0.001) and  
no difference in counts  in blood, lungs, l iver dt  spleen when  
compared  to  no rma l  recipients  of normal  TD cells ~t. 

Suppress ion of a d j u v a n t  disease has  been observed  in 
expe r imen t s  in which  the  ad juvan t - in j ec t ed  ra ts  were 
p r e t r ea t ed  f rom the  neona ta l  per iod wi th  M .  tuberculosis 6. 
I t  has  also been  repor ted  t h a t  sens i t iza t ion  of adul t  ra t s  
w i th  M .  tuberculosis or its cell wall der iva t ives  given prior  
to  in jec t ion  of an a d j u v a n t  mix tu re  conta in ing  e i ther  
M .  tuberculosis or Nocardia can suppress  the  diaseaseL 

I t  is possible  t h a t  the  suppress ion  which  we observed 
and  t h a t  which  resul ts  f rom o ther  p r e t r e a t m e n t  sched-  
ules ~,~,~-x~ m a y  be med ia t ed  by  ant igenic  compet i -  
t ion  ~, ~, ~ to lerance ~ or immunologica l  para lys is  *, ~, as 
has been  suggested.  However ,  t he  marked  i m p r o v e m e n t  
of a r thr i t i s  occurr ing wi th in  4 h of a single BCG inject ion 
given dur ing  the  acute  phase  of the  disease is no t  cons is tent  
w i th  the  known  t i m e - d e p e n d e n t  effects of ant igenic  
compe t i t ion  ~, ~ or of to lerance ~s. In  addi t ion,  ra t s  w i th  
disease suppressed  by  BCG had  bone mar row-der ived  (B) 
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blood l y m p h o c y t e  percentages  which  were h igh  init ially,  
bu t  fell below normal  by  day  10; P H A  responsiveness  
was inversely  corre la ted wi th  t he  B-cell values~L These 
changes  in l y m p h o c y t e  subpopula t ions  and act ivi t ies  
m a y  indicate  increased he lper  cell ac t iv i ty lL  decreased 
suppressor  T-cell func t ion  20 or a combina t ion  of the  two.  

The p h e n o m e n a  repor ted  here  p ro b ab l y  occurred 
because of the  effect  of BCG on the  i m m u n e  response,  as 
BCG has been  shown to  influence b o t h  af ferent  and 
efferent  i m m u n e  mechanisms~9, ~-32. I t  is conceivable  
t h a t  the  overal l  suppress ive  effect  of BCGJwhich we have  
no ted  m a y  be due to a d i rect  BCG-induced l y m p h o c y t e  
m e m b r a n e  a l te ra t ion  3~ or to the  in ter ference  of BCG wi th  
m a c r o p h a g e - t h y m u s - a n t i g e n  in te rac t ions  31, 32. This is 
suggested by  the  expe r imen t s  men t ioned  above n which  
showed increased homing  of TD l y m p h o c y t e s  f rom BCG- 
t r ea t ed  donors  to  t he  t h y m i  of normal  syngeneic  rec ipients  
and  by  the  increased homing  of no rma l  TD lympho-  
cytes  to  the  t h y m i  of BCG-t rea ted  rec ipients  3a. 
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Rdsumd. Par  l ' admin i s t ra t ion  du vaccin  BCG nous 
avons  observ6 la r6duct ion des sympt6mes  provoqu6s chez 
le ra t  par  1 ' injection in t r ade rmique  de l ' a d j u v a n t  compte~ 
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de Freund  (maladie ou a r thr i te  d ' ad juvan t ) .  Cet effet  
peu t  6tre a t t r ibu6 ~ une act ion directe du BCG sur 
cm~caines popula t ions  de lymphocytes .  
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Foetal Red Cell Macrocytosis Induced by Pyrimethamine; its Teratogenic Role 

Pyr ime thamine  (2, 4-diamino-5-p-chlorphenyl-6-ethyl-  
pyrimidine) ,  adminis te red  to p regnan t  rats, induces a 
va r ie ty  of malformat ions ,  including cleft  palate,  brachy-  
gna th ia  and l imb defects:  syndactyl ia ,  o l igodactyl ia  and 
phocomel ia  ~-4. I t s  b iochemical  effects are knownS: it  
inhibi ts  the  ac t iv i ty  of the  d ihydrofola te  reductase  and 
thus  the  fo rmat ion  of te t rahydrofo la te .  This  ac t ive  form 
of folio acid media tes  the t ransfer  of 'one-carbon uni ts '  in 
a series of essential  metabol ic  processes. The  megalo-  
Mastic anaemia-provoking  effect of folate antagonists ,  
e.g. pyr imethamine ,  v ia  a l tera t ions  in the  cell divis ion is 
deducible  f rom these key-funct ions  of folic acid 6. 

However ,  the  actual  te ra togenic  process of pyri-  
me thamine  and o ther  Iolate  antagonis ts  still  remains 
unknown.  In  this s tudy,  we t r ied to tes t  whether  a) pyri-  
me thamine  could p rovoke  red cell macrocytos is  in the  
foetus as it  does in the  adult ,  and b) whe ther  this  induced 
macrocytosis  could cause thrombosis  resul t ing in l imb 
amputa t ions .  An analogous process has been described in 
a rabbi t  s t rain 7 (brachydacty l ia  strain), in which the  
foetal  p r imordia l  red cells are  especial ly large and numer-  
ous and can give rise spontaneously,  be tween the  days 15 
and 16 of gestation,  to thrombosis ,  oedema,  haemorrhages  
and necrosis of the  foetal  ex t remi t ies  in the  l i t ter .  

For  s tudying  the  drug 's  influence on the  blood day  14 
of gestat ion was chosen, since the  nuclea ted  p r lmordml  
cells are  stil l  numerous  a t  t h a t  stage. Other  t rea ted  
foetuses were examined  Oil day  16, in order  to de te rmine  
whe ther  l imb haemorrhages  were present.  Their  presence 
would show t h a t  the  amputa t ions  are no t  due to a develop-  

menta l  failure of l imb buds, bu t  to a necrotic  process. In  
addit ion,  some t rea ted  foetuses were examined  af ter  
b i r th  for the  presence of ampu ta t ions  or deformities.  

Blood study in 1d-day-old/oetuses. 3 pregnan t  Sherman 
rats  were g iven daily 6 mg  py r ime thamine  in 2 ml  
isotonic saline i.p. on days 10 to 13. The  foetuses were 
r emoved  on day 14, blood smears were made  and s ta ined 
by  the  panopt ic  method.  The  d i ame te r  of 200 nuclea ted  
pr imordia l  cells was de te rmined  for each foetus (19 
t rea ted  foetuses from 4 mothers  and 16 control  foetuses 
f rom 4 mothers) .  A v e r y  obvious macrocytosis  was 
observed (Figure) : Blood cells hav ing  a d iamete r  >/12 Fm : 
approx.  37% in control  foetuses and approx.  94% in 
t rea ted  foetuses. 

Observations in 16-day-old /oetuses. 2 pregnan t  rats  
were g iven daily 6 mg py r ime thamine  f rom day  12 to 15 
of ges ta t ion;  23 l iving but  growth- re ta rded  foetuses were 
examined :  all presented severe haemorrhages  of the  
4 l imbs and haemorrhagic  areas on the  snout.  
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