
15. 9. 1974 Specialia 1083 

W h e n  female  r a t s  were in jec ted  w i t h  2 m g  of 7, 12- 
DlV[BA 3 t imes  a t  i n t e rva l s  of 3 days,  t he  m a j o r i t y  of 
t h e m  deve loped  m a m m a r y  t u m o r s ;  the  inc idence  was 
h igher  t h a n  90%.  A t  a dosage of 4 m g / r a t  a t  week ly  
in t e rva l s  (besides m a m m a r y  tumors )  a b o u t  10% of t h e  
r a t s  also de-)eloped leukemia .  T u m o r s  a r i s ing  in t he  cheek  
a rea  were obse rved  in b o t h  groups  regardless  of t he  dosage, 
t he  l e n g t h  of t h e  in t e rva l s  of in jec t ions  a n d  deve loped  
2-7  m o n t h s  a f t e r  t he  las t  in jec t ion .  These  neop lasms  
were h is to logica l ly  benign,  and  were p r o b a b l y  e i the r  of 
adnexa l  or s a l i va ry  g l and  origin,  and  a r c h i t e c t u r a l l y  
r e sembled  sebaceous  a d e n o m a s  to some ex ten t .  His to logic  
m o r p h o l o g y  was cha rac t e r i zed  b y  i n t e r c o n n e c t i n g  cords 
of un i fo rm ep i the l ia l  cells associa ted  w i t h  a mul t i foca l  
cen t r a l  c lus te r ing  of sebaceous  ceils (Figure).  

I t  appea red  t h a t  t h e  inc idence  of these  neop l a sms  was 
h igher  w i t h  ma le  t h a n  female  r a t s  (Table).  M a m m a r y  
t u m o r s  a n d  l eukemia  ra re ly  deve loped  in  t h e  same ra t ,  b u t  
s i m u l t a n e o u s  occurrence  of these  ben ign  t u m o r s  w i t h  
m a m m a r y  t u m o r s  or w i t h  l eukemia  was n o t  u n c o m m o n .  
The  a f f in i ty  of 7, 12 -DMBA for ce r t a in  specific t i ssues  in 
t h e  i n d u c t i o n  of t u m o r s  has  been  specu la ted  insofar  as i ts  
i n t e r ac t i o n  w i t h  t h e  nuc lea r  D N A  of t h a t  p a r t i c u l a r  t i ssue  
is concerned  3, 3, 5. The  m e t h o d  emp loyed  in th i s  l a b o r a t o r y  
in t h e  p r e p a r a t i o n  of the  7 ,12 -DMBA emuls ion  m a y  
fac i l i ta te  t h e  a f f in i ty  of t h i s  oneogenic  m a t e r i a l  for 
a n o t h e r  region,  namely ,  t h e  s a l iva ry  g land  or a d n e x a  in 
t h e  cheek  a rea  of t h e  ra t .  The  poss ib i l i ty  t h a t  these  b e n i g n  
t u m o r s  are u n r e l a t e d  to D M B A  c a n n o t  be  excluded.  
S p o n t a n e o u s  g r o w t h  of these  tumors ,  however ,  is ex- 
t r e m e l y  rare .  The  re la t ive  h igh  inc idence  of these  t u m o r s  
occur r ing  in th i s  s t u d y  suggests  a causal  r e l a t ionsh ip  to 
t h e  a d m i n i s t r a t i o n  of DMBA.  

Zusammen/assung. Die I n j e k t i o n  v o n  7 ,12-Dimethy l -  
b e n z ( a ) A n t h r a z o l  in  die S c h w a n z v e n e  y o n  R a t t e n  f i ihr te  
zu B i l d u n g  y o n  B r n s t t u m o r e n  u n d  in e in igen F~l len  zu 
Leuk/imie,  dabe i  wurde  auch,  m i t  gr6sserer  H~tufigkeit  bei  
m/ inn l i chen  R a t t e n ,  ein neue r  T u m o r t y p u s  im Geb ie t  der  
Ohrspeicheldr i i se  festgestel l t .  
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Histo-architecture of the tumors from the cheek area most closely 
resembled sebaceous adenomas. Interconnecting cords of uniform 
epithelial cells were interspersed by aggregates of foamy sebaceous 
cells (center). Epithelial cords were further subdivided by small 
irregular cystic spaces. Hematoxylin and eosin. • 240. 
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T h e  B l o o d  as  a n  E r y t h r o p o i e t i c  O r g a n  in A n a e m i c  

The  process  of e ry th ropo ies i s  (blood cell fo rmat ion)  is of 
genera l  i n t e r e s t  s ince t he  b lood is a r ap id ly  t u r n i n g - o v e r  
t i ssue  w i t h  a t i g h t l y  con t ro l led  cell p o p u l a t i o n  size an d  a 
ve rsa t i l e  supp ly  s y s t e m  of s t e m  cells. I n  mos t  v e r t e b r a t e s  
so far  s tud ied  t he  b lood  cells are rep len i shed  b y  release of 
more  or less well  d i f f e r en t i a t ed  red  b lood cells f rom con-  
c e n t r a t i o n s  of e r y t h r o p o i e t i c  t i ssue  r e s iden t  in  ce r t a in  
b o d y  organs.  The  o rgan  s i tes  of t he  b lood  fo rming  t i ssues  
v a r y  w i th  t he  p a r t i c u l a r  a n i m a l  g roup  and  t he  age of t h e  
ind iv idua l ,  l iver,  spleen, k i d n e y  a n d  bone  m a r r o w  be ing  
t he  m o s t  f r e q u e n t  loca t ions  of e ry th ropo ie t i c  t i ssue  1. 

A useful  way  to  s t u d y  b lood  cell f o r m a t i o n  is to  
accelera te  t he  process  b y  t he  i n d u c t i o n  of a n a e m i a  
a l though ,  of course, t he  a n i m a l s '  r esponse  to  a n a e m i a  
m a y  no t  follow precise ly  t h e  same p a t t e r n  as n o r m a l  
e ry thropoies is .  W e  are here  r e p o r t i n g  our  obse rva t i o n s  on  
t he  response  of t he  a m p h i b i a n  Xenopus laevis to  p h en y l -  
h y d r a z i n e - i n d u c e d  anaemia ,  our  m a i n  conc lus ion  be ing  
t h a t  u n d e r  these  cond i t ions  m o s t  of t he  process  of e ry th ro -  
poiesis is a c i r cu la to ry  p h e n o m e n o n .  

A d u l t  Xenopus of b o t h  sexes were r ende red  a n aemi c  
b y  2 in jec t ions  of p h e n y l h y d r a z i n e ,  0.5 ml  of a 0 .5% 

X e n o p u s  

so lu t ion  on  2 successive days.  This  d rug  is chief ly  ac t ive  
in a n a e m i a  i n d u c t i o n  b y  d r a m a t i c a l l y  increas ing  t he  
f rag i l i ty  of t h e  ex i s t ing  e ry th rocy tes ,  wh ich  beg in  to 
b r e a k  up  an d  are r e m o v e d  f rom c i rcu la t ion  w i t h i n  a few 
days  of t h e  f i rs t  in jec t ion .  Tab le  I gives t h e  f igures for 
n u m b e r s  of e r y t h r o c y t e s  a n d  o the r  c i rcu la t ing  cells before  
a n d  d u r i n g  recovery  f rom anaemia .  I t  will be seen t h a t  
wi th in  15 days  of t h e  f i rs t  i n j ec t ion  of p h e n y l h y d r a z i n e ,  
t h e  b lood is essent ia l ly  devoid  of m a t u r e  e ry th rocy tes .  
This  closely paral le ls  t h e  f ind ings  of GRASSO 2, in work  on  
induced  a n a e m i a  in t h e  newt .  On d i f fe ren t  days  a f te r  t he  
i n d u c t i o n  of a n a e m i a  an ima l s  h a v e  been  bled b y  h e a r t  
p u n c t u r e  a n d  t h e  b lood ceils i n c u b a t e d  w i t h  nucleic  acid 
precursors .  This  p rocedure  was pe r fo rmed  as p rev ious ly  
descr ibed  3 excep t  t h a t  b o v i n e  se rum a l b u m i n  (12 mg/ml)  

1 N. MACLEAN and R. D. JURI), Biol. Rev. 47, 393 (1972). 
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Tab le  I. The  n u m b e r s  a n d  types  of cells p resen t  a t  d i f fe ren t  t imes  a f t e r  the  i n d u c t i o n  of a n a e m i a  

J~XPERIENTIA 30]9 

Days after last Number of cells present • 10~/ml blood 
phenylhydrazine Total Mature erythroeytes (%) 
injection expt. 1 expt. 2 Mean expt. 1 expt. 2 

Other circulating cells (%) 
Mean expt. 1 expt. 2 Mean 

5 a 13.8 22.0 17.9 66 92 79 34 8 21 
15 7.6 11.4 9.5 2 2 2 98 98 98 
20 17.2 20.8 19.0 0 0 0 100 100 100 
30 32.9 26.5 29.7 0 0 0 100 100 100 
Control 70.1 70.4 70.2 99 99 99 1 1 1 

Values were obtained by bleeding 2 animals for each time shown, i.e. 10 animals were used in all. ~ Many mature erythrocytes present on 
day 5 after the last phenylhydrazine injection are noticeably damaged and are later removed from circulation. Thus the drop in erythrocyte 
count from day 5 to day 15. 

Fig. 1. Autoradiograph of blood cells from animal bled 15 days after 
last phenylhydrazine injection. Ceils incubated with 200 [xCi/ml of 
SH-thymidine for 6 h, exposed for 20 days at 4 ~ Phase-contrast. 

Fig. 2. Autoradiograph of blood cells from animal bled 30 days after 
last phenylhydrazine injection. Experimental conditions as indicated 
in legend to Figure 1 but also counterstained with Giemsa. The 
number of labelled cells in this photograph is rather higher than 
usual for day 30; however the figure demonstrates the characteristic 
appearance of the maturing erythrocytes typical of this stage of 
recovery from anaemia. 

was somet imes  added  to solut ions used for the  washing  of 
the  blood cells to  p r ev en t  lysis of whi te  cells in the  blood. 
In  addi t ion,  blood smears  were made  on glass slides and 
subjec ted  to s ta in ing wi th  W r i g h t ' s  stain,  Giemsa, and 
o-dianisidine ~. The la t te r  gives a brown colour specifically 
in the  presence of haemoglobin ,  and thus  is invaluable  in 
de te rmin ing  when  haemoglob in  syn thes i s  commences ,  
and in which  cells. Au to rad iographs  were also made  of 
al iquots  of cells f rom the  in vi t ro  cultures,  as prev ious ly  
descr ibed a, and the  incorpora t ion  of t r i t i a t ed  t h y m i d i n e  
used to  de te rmine  the  p ropor t ions  of S phase  cells in 
circulation.  Table I I  t abu la tes  our da ta  on the  p ropor t ions  
of cells, incorpora t ing  thymid ine ,  and conta in ing  haemo-  
globin a t  d i f ferent  t imes  af ter  the  induc t ion  of anaemia.  
Mitot ic  figures were occasionally seen, especially a t  15 
days  af ter  t he  last  pheny lhydraz ine  injection.  Cells s ta ined 
wi th  o-dianisidine were also somet imes  in mitosis ,  in- 
d ica t ing  t h a t  some ceils in mitosis  have  a l ready begun 
syn thes iz ing  haemoglobin .  

We have  also examined  var ious  organs for evidence of 
e ry thropoies is  by sect ioning f ixed mater ia l  and  by  s ta in ing  
t issue impr in t s  on glass slides. The spleen shows an 
app rox ima te ly  2-fold increase in mass  dur ing  anaemia  
bu t  th is  is p robab ly  a response  re la ted  to the  ex tens ive  
red cell des t ruc t ion  following pheny lhydraz ine  t r e a t m e n t .  
There  is no obvious indica t ion  of increased e ry thropoie t i c  
ac t iv i ty  in the  liver, bone marrow,  k idney  or spleen 
dur ing  anaemia .  In teres t ingly ,  ve ry  few cells of any  
k ind  are p resen t  in t he  bone  mar row of Xenopus, w h e t he r  
normal  or anaemic,  and those  few are ma in ly  leucocytes.  
The evidence f rom the  in v i t ro  t h y m i d i n e  incorpora t ion  
s tudies  would suggest  t h a t  mos t  blood cells arise by  
repl icat ion and  division, in the  circulation, of a small  
n u m b e r  of precursor  cells (only 3.7 • 107/ml p resen t  a t  
5 days  af ter  p h en y l h y d raz i n e  injection).  I t  is therefore  
possible t h a t  the  failure to de tec t  any  change  in ery thro-  
poiet ic  ac t iv i ty  in the  organs s tudied  m a y  reflect  an 
inadequa te  sens i t iv i ty  of the  histological  t echniques  used 
to  de tec t  small  changes  which  migh t  be involved in 
producing  the  original precursor  ceils which  are shed into 
the  circulation.  

The normal  adul t  Xenopus gives a blood pic ture  in 
which 99% of the  cells are appa ren t l y  ma t u r e  e ry th rocy tes  
and  only 1% appear  as non-haemoglobin ized  l ymphocy te -  
like cells. I n t e rmed ia t e s  be tween  the  2 cell types  are rare or 
absent .  This  suggests  t h a t  in normal  ery thropoies is  in 

4 R. A. O'BRIEN, Stain Techn. 36, 57 (1961). 
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"Fable II. The percentage of cells incorporating aH-thymidirle and staining with o-dianisidine in phenylhydrazine injected toads 
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Days after last Cells incorporating thymidine ( % ) ~ Cells stained with o-dianisidine (%) 
phenylhydrazine injection expt. 1 expt. 2 Mean expt. 1 expt. 2 Mean 

5 2.5 0 1.25 88.7 84.3 86.5 
15 45.1 55.3 50.2 62.1 43.6 52.8 
20 5.0 8.4 6.7 87.0 73.0 80.0 
30 5.1 5.3 5.2 86.5 99.8 89.6 
Control 0 0 0 99.0 99.0 99.0 

Values were obtained by bleeding 2 animals for each time shown, i.e. 10 animals were used in all. ~ Experimental conditions as described in 
legend to Figure 1. 

Xenopus most  blood cell r ep len i shment  and e r y t h r o c y t e  
m a t u r a t i o n  occur outs ide  the  circulation.  But  the  process  
need only  be slow since the  a m p h i b i a n  e ry th rocy te  has  a 
life span  of abou t  100 days  5 in circulat ion,  o r p e r h a p s  more.  
During the  anaemia,  m a n y  cells resembl ing  l ymphocy te s  
make  the i r  appearance  in the  blood, a t  a concen t ra t ion  of 
3.7 • 107 cells/mI on day  5 of anaemia ,  and  the  con t inued  
rapid  p roduc t ion  of blood cells which accomplishes  
recovery  f rom anaemia  takes  place subs tan t i a l ly  by  
the  rapid  repl icat ion and /o r  d i f ferent ia t ion  of these cells 
and  the i r  der ived cells. I t  therefore  seems t h a t  essent ia l ly  
all the  s tages involved in ery thropoies is  and  e ry th rocy te  
d i f fe ren t ia t ion  can occur in the  blood circulat ion in the  
anaemic  amphib ian .  Granulocytes  are also a b u n d a n t  and 
15 days  af ter  the  induc t ion  of anaemia  t h e y  account  for 
be tween  5 and 10% of all blood ceils. Fu r the rmore ,  

5 M. J, CLINE and T. A. WALDMAN, Am. J. Physiol. 203, 401 (1962). 
6 We are grateful to the Medical Research Council for financial 

support of some of this work. 

haemoglob in  syn thes i s  begins  in cells which still resemble  
small  l ymphocy te s  and cer ta in ly  precedes  la ter  D N A  
replicat ion,  mitosis  and division of these  cells. Figures  1 
and 2 are au to rad iographs  of blood smears  f rom animals  
dur ing  early and la ter  response to  p h en y l h y d raz ine  
induced anaemia.  

The f indings  in th is  communica t ion  will be discussed 
more  fully in a fu ture  publ ica t ion.  

Rdsumd. On a d6t ru i t  t o u s l e s  6 ry throcy tes  de suje ts  
adul tes  de Xenopus laevis par  une double  in jec t ion  de 
ph6nylhydraz ine .  15 jours  aprbs avoir  provoqu~ l 'an6mie,  
on cons ta te  que le sang con t i en t  beancoup  de cellnles 
r e s semblan t  ~ des lymphocy tes .  L ' e x a m e n  de ces cellules 
laisse supposer  que, chez ces an imaux,  I '6rythropoi~se se 
r6tabl i t  dans  le circulation.  
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Prolonged Survival of AKR Mice Following Allogeneic Bone Marrow Transplantation 1 

Spon taneous  l eukemia - lymphoma  developing in inbred  
A K R  mice resembles  ma l ignan t  l y m p h o m a  in m a n  ~,3. 
The incidence of spon taneous  l e u k e m i a - l y m p h o m a  in 
A K R  mice is only min imal  unti l  6 m o n t h s  of age, bu t  
exceeds 90% before the  animals  reach one year  of age4; 
50% mor t a l i t y  is usual ly reached  at  abou t  9 m o n t h s  of 
age s,s. T r e a t m e n t s  a l ter ing the  na tu ra l  h i s to ry  of A K R  
spon taneous  l e u k e m i a - l y m p h o m a  m a y  fu r the r  our under-  
s t and ing  of t he  disease in mice and  may  have  re levance 
to its coun t e rpa r t  in man.  

The expe r imen t s  to  be descr ibed were des igned to 
assess the  sever i ty  of g ra f t -versus -hos t  (GVH) disease 
ill immunosuppres sed  young  A K R  mice t r a n s p l a n t e d  
wi th  bone  mar row and l y m p h  node  cells f rom allogeneic 
H-2 m a t c h e d  donors .  Almos t  all dea ths  a t t r i bu t ab l e  to  
GVH disease occurred wi th in  90 days  following t rans -  
p lan ta t ion .  Those A K R  mice surv iv ing  90 days  (at which 
t ime  t h e y  were 6 m o n t h s  of age), were observed dai ly  
t h rough  the i r  l ifespan. Immunosupp re s s ion  followed by  
bone  mar row and  l y m p h  node cell t r a n s p l a n t s  was 
of ten  associated wi th  an increase in the  m e a n  survival  
t ime  (lVIST) of those  A K R  mice no t  succumbing  to  GYH 
disease. Survival  var ied according to the  donor  strain.  

Materials and methods. All mice were purchased  f rom 
the  Jackson  Labora tory ,  Bar  Harbor ,  Maine, and were 12 
to 14 weeks old when used for these experiments. Female 
AKR (H-2 k) mice were given 400 R total body X- 
irradiation (TBR) and cyclophosphamide (CY) 185 mg/kg, 
followed by i.v. administration of 2 • 107 bone marrow 
and l0 T lymph node cells from syngeneic, or II-2 k matched 
female donors. The H-2 k donor strains employed were 
BI0-BR, CBA, C3H/He, C57BR/ed, C58, and RF. 
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s M. OMINE and S. PERRY, Cancer Res. 33, 2596 (1973). 
3 E. FRm, III, F. M. SCKABEL JR. and A. GOLDIN, Cancer Res. 3d, 

184 (1974). 
r D. METCALF, The Thymus, Recent Results in Cancer Research 

(Springer-Verlag, inc., New York 1966), vol. 5. 
5 H. E. SKIPPER, F. M. SCHABEL JR., M. W. TRADER, W, R. LASTER 

JR., g. SIMPSON-HERREN and H. H. LLOYD, Cancer Chemother. 
Rep. 56, 273 (1972). 

6 ]~. S. RUSSEL, in Biology o] the Laboratory Mouse, 2nd edn. 
(McGraw-Hill Inc., New York, 1966), p. 512. 


