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along the  ent i re  l eng th  of t he  ductus.  However ,  chemical  
assay of ca techolamines  and  up take  of 3H-norepinephr ine  
b y  the  t issue suggested a nonun i fo rm dis t r ibu t ion  of 
adrenergic  nerves  a. 

Al though  the  q u a n t i t y  of smoo th  muscle in re la t ion 
to  the  suppor t ing  e lements  varies among  vessels f rom 
dif ferent  locations,  t i le muscu la r  vessels of med ium size 
general ly have  specific f luorescent  f ibers in t he  media  
while elastic vessels have  none  in the  same area 4. The  

duc tus  thus  shares  wi th  o ther  muscular  vessels the  fea ture  
of numerous  f luorescent  f ibers associated wi th  the  media.  

Using the  Cajal technique,  IDoYD 5 described a sensory  
innerva t ion  in the  r ab b i t  duc tus  similar  to t h a t  found in 
the  carot id  s inus and aort ic  arch. In  addit ion,  he found  
fine fibers t e r m i n a t i n g  in the  muscu la tu re  of the  duc tus  
which he p re sumed  to be ef ferent  bu t  whose na tu re  and  
origin were unclear.  I~ENNEDYS also observed fine 
mye l ina ted  fibers in t he  duc tus  and  suggested t h a t  the  
muscle fibers are i nne rva t ed ;  but ,  the  small  n u m b e r  of 
f ibers observed  does no t  seem to jus t i fy  th is  conclusion. 
He  pos tu la t ed  t h a t  since closure of the  ductus  followed 
inf la t ion of t he  lungs, a reflex m i g h t  be involved.  Sub- 
sequent ly ,  KENNEDY "/ a t t e m p t e d  denerva t ion  of the  
duc tus  and s t ressed the  impor t ance  of oxygen t ens ion  as a 
ma jor  d e t e r m i n a n t  of closure. 

Thus, the  neural  con t r ibu t ion  to duc tus  closure re- 
mains  obscure.  However ,  the  p resen t  demons t r a t i on  of 
adrenergic  inne rva t ion  associated wi th  the  well deve- 
loped muscu la tu re  suggests  t h a t  neural  control  m a y  be a 
factor  in the  in i t ia t ion and /o r  ma in t enance  of con t rac t ion  
of the  duc tus  8-10. 

Zusammenfassung. Nachweis  adrenergischer  Nerven-  
fasern in der  Media des Ductus  ar ter iosus yon Schaff6 ten  
mi t  Fa lck ' sche r  h i s tochemischer  F luoreszenzmethode .  
Z u s ammen  nl i t  der  gut  en twicke l ten  Muskula tur  m a c h t  
dies wahrscheinl ich,  dass  NerveD am Kon t rak t ions -  
geschehen des Ductus  ar ter iosus te i lnehmen.  
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Cross-section of the ductus arteriosus of the fetal lamb. A large 
number of nerve fibers with intense specific fluorescence are seen 
around vasa vasorum in the adventitia (top) and among the auto- 
fluorescent elastic fibers and the nonfluorescent smooth muscle cells 
of the media (bottom). Fluorescence microphotograph. • 315. 
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nerve  fibers in  the outer  t h i rd  of the media  in electron nfierographs 
of the duc tus  of the lamb.  
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R o s e t t e  F o r m a t i o n  in White  B l o o d  Cell Cu l tures  f r o m  Pat i en t s  w i t h  Acute  M y e l o b l a s t i c  L e u k e m i a  

Rose t t e - fo rma t ion  of ceils in v i t ro  is a wel l -known 
immunologica l  p h e n o m e n o n  observed under  var ious  ex- 
pe r imen ta l  condi t ions  1-8. In  cul tures  of h u m a n  leuko- 
cytes,  for example ,  typ ica l  rose t tes  develop af ter  addi t ion  
of red blood ceils which  have  been coated  wi th  immu n o -  
globulin G. I t  was a s sumed  t h a t  t he  mononuc lear  cells 
(macrophages ,  monocytes ,  large lymphocytes )  pa r t i c ipa t -  
ing in the  fo rma t ion  of these  roset tes ,  car ry  specific sur- 
face receptors  for immunoglobu l in  G which,  in vivo, m a y  

be involved in the  apprehens ion  and  des t ruc t ion  of ant i -  
body-coa ted  red  blood cells or par t ic les  4. 

1 S. V. BOYDEN, Immuno logy  7, 474 (1964). 
A. BERKEN and  B. BENACERRAF, J.  exp. Med. 723, 119 (1966). 

3 U. STORB and R. S. WEISER, J. Reticuloendothelial Soc. 4, 51 
(1967). 

4 A. F. LOBUGLIO, R. S. COTRAN and J. H. JANDL, Science 758, 
15S2 (1967). 
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This  p a p e r  r epor t s  t he  o b s e r v a t i o n  of a r o se t t e - fo rma-  
t i on  in cu l tu res  of l eukocy tes  f rom p a t i e n t s  w i t h  acu te  
mye lob la s t i e  l eukemia  (AML). I n  these  s p o n t a n e o u s l y  
deve loped  roset tes ,  l eukemic  cells were found  to  adhe re  to  
single m o n o c y t e s  wh ich  of ten  c o n t a i n e d  p h a g o c y t o z e d  
ma te r i a l .  

Mater ials  and methods. Tota l  a n d  d i f fe ren t ia l  wh i t e  
b lood  cell coun t s  were m a d e  f rom capi l la ry  b lood f rom t h e  
fol lowing ind iv idua l s :  g roup  A: 5 cl inical ly  h e a l t h y  con- 
t ro l  persons ;  g roup  B:  3 p a t i e n t s  w i t h  chron ic  l y m p h o -  
cyt ic  l eukemia  (CLL); g roup  C: 2 p a t i e n t s  w i t h  chronic  
mye locy t i c  l eukemia  (CML), a n d  group D:  8 p a t i e n t s  
w i t h  acu t e  mye lob las t i c  l eukemia  (AML). S imul taneous ly ,  
20-80 m l  of v e n o u s  b lood  f rom each  i n d i v i d u a l  were  
a sp i r a t ed  in 20 ml  a l iquo t s  in to  hepa r in - r i n sed  25 ml  
syr inges  c o n t a i n i n g  4 mI  of d e x t r a n  ( P h a r m a c i a  F ine  
Chemicals ,  Upsa la ;  moI. wt.  250,000; 3% in 0.9% NaC1). 
Af te r  careful  mix ing ,  t he  syr inges  were f i t t ed  w i t h  cu rved  
20-gauge needles  and  i n c u b a t e d  in a ve r t i ca l  pos i t ion  
(needle upward)  a t  37 ~ 30 mil l  later ,  t he  l eukocy te - r i ch  
s u p e r n a t a n t  ove r l ay ing  t he  e ry th rocy t e s  was carefu l ly  
expel led f rom the  syr inges  and  cen t r i fuged  a t  200 g for  
10 m i n  (4 ~ The  re su l t ing  cell s ed imen t s  f rom each  indi~ 
v i d u a l  were pooled and  washed  twice  in Ea r l e ' s  b a l a n c e d  
sa l t  solut ion.  The  cells were t h e n  r e suspended  in 2 ml  of 
t h e  same  med ium.  A smal l  s ample  was w i t h d r a w n  for a 
v i ab i l i t y  tes t  w i th  t r y p a u  b lue  and  for  d e t e r m i n a t i o n  of the  
t o t a l  cell n u m b e r .  The  cells were s u b s e q u e n t l y  d ispensed 
a t  a c o n c e n t r a t i o n  of 2 x 10 ~ v iab le  cells per  ml in mini -  
m u m  essent ia l  m e d i u m  on Ea r l e ' s  base,  s u p p l e m e n t e d  
w i t h  15% feta l  calf  serum,  penic i l l in  (400 IU/ml )  an d  
s t r e p t o m y c i n  (400 y/ml).  This  cell suspens ion  was layered  
in 2 ml  a l iquots  over  Mill ipore f i l ters  ( type HA,  pore  size 
0.45 ~z, d i a m e t e r  23 mm) ,  p laced  a t  the  b o t t o m  of s ter i le  
l iqu id  sc in t i l l a t ion  coun te r  f lasks ( P a c k a r d )  The  f lasks 
were t i g h t l y  closed and  t h e n  m a i n t a i n e d  a t  37 ~ Af te r  
p r e d e t e r m i n e d  i n c u b a t i o n  periods,  t he  f i l ters ca r ry ing  the  
cells were r e m o v e d  f rom the  flasks,  s t a ined  b y  a m e t h y -  
lene-blue  pa r a fuchs in  p rocedure  5, d e h y d r a t e d ,  e m b e d d e d  
on  slides and  observed  l igh t  microscopical ly ,  

A t  the  t ime  of the  f i r s t  w i t h d r a w a l  of b lood for leuko- 
cy te  cu l tu r ing ,  t he  A M L - p a t i e n t s  were u n t r e a t e d .  T h e  
CML- and  C L L - p a t i e n t s  were in relapse a f t e r  p rev ious  
t r e a t m e n t .  L e u k o c y t e  cu l tu res  f rom all these  p a t i e n t s  
were r epea ted ly  pe r fo rmed  also a f te r  in i t i a t ion  or r e sump-  
t ion  of t he rapy .  

Results. Total and di/ /erential  white blood cell counts. The  
Tab le  s u m m a r i z e s  the  resu l t s  of the  t o r s i  l eukocy te  
coun t s  in t he  cont ro l s  as well as in t he  l eukemic  pa t i en t s .  
F r o m  the  d a t a  of the  d i f fe ren t ia l  wh i t e  b lood cell counts ,  
on ly  t he  pe rcen tage  of monocyles in t he  pe r iphe ra l  b lood 
of t he  ind iv idua l s  is l isted, since th i s  cell t y p e  was found  
to  be  t he  only  one of i m p o r t a n c e  w i t h  respec t  to  t he  f ind-  
ings r epo r t ed  in th i s  s tudy .  

I n  t he  cont ro ls  (group A), t he  p e r c e n t a g e  of m o n o c y t e s  
was found  to v a r y  w i t h i n  n o r m a l  l imi ts .  I n  smea r s  f rom 
mul t ip le  b lood samples  t a k e n  a t  i n t e rva l s  f rom t h e  
p a t i e n t s  w i th  CLL (group B), no m o n o c y t e s  were ob- 
served.  In  cont ras t ,  a few typ ica l  m o n o c y t e s  were a lways  
p r e sen t  in the  b lood  smear s  of b o t h  p a t i e n t s  w i t h  CML 
(group C), a l t h o u g h  t h e  pe rcen t age  of th i s  cell t y p e  was 
cons i s t en t ly  low. 5 p a t i e n t s  w i t h  AML (group D) also 
e x h i b i t e d  typ ica l  m o n o c y t e s  in t he i r  pe r iphe ra l  blood, 
whi le  in 3 others ,  no such  cells were obse rved  before or 
d u r i n g  t he r apy .  

White  blood cell cultures on Mi l l@ore  filters. After  t h e  
f i rs t  4 h of i ncuba t ion ,  t h e  l eukocy te  cu l tu res  f rom t h e  
cont ro ls  and  f rom the  l eukemic  p a t i e n t s  showed  a r a n d o m  
d i s t r i bu t i on  of the  cells on  the  f i l ters  (Figure  1). In  the  
cu l tu res  f rom the  cont ro l s  (group A) a n d  f rom t h e  p a t i e n t s  

w i th  CLL (group B) an d  CML (group C), th i s  p a t t e r n  re- 
m a i n e d  u n c h a n g e d  even  a f t e r  22 h of i n cu b a t i o n .  In  some 
of t h e  specimens,  a few i r regu la r ly  a r r a n g e d  c lus te rs  con- 
s i s t ing  of va r ious  cell t ypes  ( inc luding n eu t ro p h i l i c  
g ranulocytes )  were obse rved  even  a t  ear ly  stages.  A 
rose t te - l ike  a r r a n g e m e n t  of cells was, however ,  n e v e r  
found  in r e p e a t e d l y  pe r fo rmed  Mil l ipore f i l t e r -cu l tu res  
f rom t h e  b lood  samples  of t h e  g roups  A, B a n d  C. 

I n  con t ras t ,  in  t h e  l eukocy te  cu l tu res  f rom 5 p a t i e n t s  
w i t h  A ML  (Table,  g roup  D) who  h a d  m o n o c y t e s  in  t he  
pe r iphe ra l  b lood ( ind iv idua ls  No. 1-5), d i s t i nc t  rose t t e s  

tqg. 1. Leukocyte culture from a patient with acute myeloblastic 
leukemia (AML), 4 h of incubation. • 390. 

Fig. 2. Rosette formation in AML-leukocyte culture after 8 h of 
incubation. • 470. 
Fig. 3. Single rosette with central inonocyte surrounded by elon- 
gated leukemic myeloblasts, 21 h of incubation. • 780. 

Fig. 4. Myeloblasts clustering around monocytes at higher cell con- 
centration in the culture medium. • 390. 

Fig. 5. Single rosette with elongated nlyeloblasts which are in direct 
contact with the monoeyte cell surface. Semi-thin section from 
Epon-embedded leukocyte culture, 20 h of incubation. • 1000. 

Fig. 6. Rosette with central monocyte (arrow) containing ingested 
cell revealing a pycnotic nucleus. A second monocyte (double arrow) 
is located among the peripherally distributed leukemic cens. The 
very pale monocyte cytoplasm is difficult to reproduce. • 1200. 

5 G. S. KISTLER and A. ]~[SCHOFF, Schweiz. reed. Wschr. 92, 863 
(1%2). 
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were v is ib le  a f t e r  8 h of i ncuba t ion .  All these  rose t t es  con- 
s is ted  of a m o n o n u c l e a r  cell s u r r o u n d e d  b y  va r ious  n u m -  
bers  of mye lob l a s t s  (Figures  2, 3, 5 a n d  6). T he  cen t r a l  
cells h a d  usua l ly  a n  oval- ,  k idney-  or ho r se shoe - shaped  
nuc leus  w i t h  one or  severa l  sma l l  nucleoli .  T he  a b u n d a n t ,  
pa le  and  poor ly  def ined  c y t o p l a s m  a p p e a r e d  homogenous .  
B y  cytological  cr i ter ia ,  these  cells were classified as mono-  
cytes.  F r e q u e n t l y ,  t h e y  were found  to  c o n t a i n  a phago-  
cy tozed  cell or cell  r e m n a n t s  (Figures  5 a n d  6). L e u k e m i c  
b l a s t  cells w i t h  a large, r o u n d  or ova l  nuc leus  c o n t a i n i n g  
one or severa l  p r o m i n e n t  a n d  deeply  s t a ined  nucleol i  were 
a s sembled  a r o u n d  t he  monocy te .  These  b l a s t  cells were 
usua l ly  e longa ted  a n d  o r i en ted  t o w a r d s  t he  cen t r a l  cell, 
t h e  cy top l a smic  process  o f ten  in d i r ec t  c o n t a c t  w i t h  t he  
surface  of t h e  m o n o c y t e  (Figure 5). 

A d d i t i o n a l  e x p e r i m e n t s  i n d i c a t e d  t h a t  t h e  in i t i a l  cell 
c o n c e n t r a t i o n  in t h e  cu l tu re  m e d i u m  was a n  i m p o r t a n t  
f ac to r  in  o b t a i n i n g  wel l -def ined roset tes .  I f  t h e  concen t r a -  
t i on  exceeded 3 • 10 ~ cells/ml, a loose m o n o l a y e r  deve-  
loped a n d  t h e  mye l ob l a s t s  t e n d e d  to  c lus te r  i r regu la r ly  
a r o u n d  t h e  m o n o c y t e s  (Figure  4). 

No rose t t e s  were  ev i den t  in  mu l t ip l e  wh i t e  b lood cell 
cu l tu res  f rom t h e  3 p a t i e n t s  w i t h  AML, whose  p e r i p h e r a l  
b lood  lacked m o n o c y t e s  (Table,  g roup  D;  i nd i v idua l s  
Nos. 6-8).  

Discussion. I n  th i s  s tudy ,  where  l eukocy te  cu l tu res  f rom 
p a t i e n t s  w i t h  AML, CML, CLL and  cu l tu res  f rom h e a l t h y  

Total white blood cell counts~, percentage of monocytes in the 
conventional dry smears and occurrence of rosettes in the leukocyte 
cultures on Millipore filters 

Group Patient Total cell % of Rosettes 
No. count monoeytes in 

(cells/mm 3) (dry smears) culture 

A 
Healthy 
controls 

B 
Chronic 
lymphocytic 
leukemia CLL 

C 
Chronic 
myelocytic 
leukemia CML 

D 
Acute 
myeloblastie 
leukemia 
AML 

5,200 5 
7,100 3.5 
3,500 4 
7,200 4 
4,550 8 

106,600 0 
111,000 0 
298,000 0 

1 74,000 1.5 
2 49,000 3 

m 

i 

12,800 4 + + 
5,200 2 + + 

186,000 1.5 + + 
216,000 2 + + 

23,000 22.5 + + 
49,000 0 - -  

168,000 0 - -  
37,500 0 - -  

Groups B and C: values before resumption of therapy. Group D: 
values before initiation of therapy. 

cont ro l s  were checked  for t he  presence  of roset tes ,  such  
cel lular  a r r a n g e m e n t s  were, w i t h o u t  a n y  except ion,  ob-  
served  on ly  in l eukocy te  cu l tu res  f rom A M L - p a t i e n t s  
having monocytes in  t h e  pe r iphe ra l  blood.  The  presence  of 
p h a g o c y t o z e d  m a t e r i a l  in  m a n y  of t he  cen t r a l ly  loca ted  
cells in  t h e  rose t tes  ind ica tes  t h a t  a t  leas t  p a r t  of these  
cells had,  in  t h e  cul tures ,  t r a n s f o r m e d  in to  mac rophages .  
Such  a t r a n s f o r m a t i o n  of m o n o c y t e s  in  v i t ro  is k n o w n  to  
occur  w i t h i n  a few hour s  of i n c u b a t i o n  s. 

A l t h o u g h  t he  s ignif icance of the  spon t aneous  f o r m a t i o n  
of rose t t e s  in  these  Air [L- leukocyte  cul tures  is, a t  t h e  
p r e sen t  t ime ,  fa r  f rom be ing  clear, one m i g h t  specu la te  
t h a t  m e c h a n i s m s  s imi la r  to  those  ope ra t ive  in o t h e r  
ro se t t e - fo rming  sys tems  1 3 m a y  p l a y  a role. Thus ,  a 
rose t te - l ike  a r r a n g e m e n t  of e r y t h r o c y t e s  a r o u n d  macro -  
phages  could  be  observed,  w h e n  n o r m a l  sheep red b lood  
cells were added  to lung  mac rophages  f rom guinea-p igs  
wh ich  h a d  been  ac t ive ly  i m m u n i z e d  w i t h  sheep e ry th ro -  
cytes  3. The  cha rac t e r i s t i c  b ind ing  of these  2 cell t ypes  was  
t h o u g h t  to  be  due  to  t he  presence  of cytophilic antibodies ~, s 
e l abo ra t ed  in t he  an imal ,  wh ich  confer red  upon  i ts  mac ro -  
phages  t h e  ab i l i ty  to  adso rb  t he  specific an t igen .  

Should  a s imi la r  m e c h a n i s m  be  respons ib le  for t h e  
r o s e t t e - f o r m a t i o n  in t he  AML- leukocy te  cul tures ,  t h i s  
would  indica te ,  in t h e  p a t i e n t s '  se rum,  the  presence  of 
specific an t ibod ie s  aga ins t  t he  l eukemic  cells. The  f ind ing  
t h a t  g a m m a g l o b u l i n  G or  i ts  F c - f r a g m e n t  inh ib i t s ,  in  
solut ion,  t h e  f o r m a t i o n  of rose t t es  4, could  t h e r e b y  exp la in  
t he  absence  of such cel lular  a r r a n g e m e n t s  in vivo,  i.e. in  
t he  A M L - p a t i e n t s '  pe r iphe ra l  b lood 9. 

Zusammen/assung. I n  M o n o z y t e n  e n t h a l t e n d e n  Leuko-  
z y t e n - K u l t u r e n  yon  P a t i e n t e n  m i t  a k u t e r  mye lo i sche r  
Leuk~mie  e n t s t e h e n  n a c h  ungef i thr  8 h I n k u b a t i o n s z e i t  
Rose t t en ,  die aus  e inem v o n  Mye lob las t en  u m g e b e n e n  
M o n o z y t e n  bes tehen .  I n  Analogie  zu a n d e r e n  in v i t ro -  
Sys temen ,  in  welchen  sich eine R o s e t t e n b i l d u n g  be-  
o b a c h t e n  l~tsst, k 6 n n t e  diese zelluliire R e a k t i o n  auf  d e m  
V o r h a n d e n s e i n  yon  spezi f ischen A n t i k 6 r p e r n  i m  Pa -  
t i e n t e n - S e r u m  be ruhen ,  welche gegen die leuk~tmischen 
Mye lob la s t en  ge r i ch te t  sind. 
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R e la t ion  b e t w e e n  C a r c i n o g e n i c i t y  and Metabo l i c  R e d u c t i o n  of 4 - N i t r o q u i n o l i n e  1 -Ox ide  D e r i v a t i v e s  

The  r educ t i on  p r o d u c t  of 4 -n i t r oqu ino l ine - l -ox ide  
(4NQO), 4 - h y d r o x y l a m i n o q u i n o l i n e - l - o x i d e  (4HAQO) has  
been  r epo r t ed  to be  carc inogenic  1-3. T he  m e t a b o l i c  p a t h -  
way  w h i c h  conve r t s  4NQO to  4 H A Q O  was de t ec t ed  in 
a n i m a l  t i ssues  4-6. This  r epo r t  c o m p a r e s  t he  suscep t ib i l i ty  

of a n u m b e r  of de r iva t ives  of 4NQO to be  me tabo l i zed  to  
t i le  h y d r o x y l a m i n o  c o m p o u n d s  in r e l a t ion  to t he i r  carc ino-  
genici ty ,  as p a r t  of s tud ies  on  t h e i r  n l echan i sm of ac t ion .  

Materials and methods. All c o m p o u n d s  were syn thes i zed  
in  th i s  I n s t i t u t e .  C o m p o u n d s  dissolved in  a sma l l  a m o u n t  


