
In previous  invest igat ions the wr i t e r s  obtained data indicating that  t r a n s f e r  of the bone m a r r o w  m i c r o -  
envi ronment  takes  place  as a r e s u l t  of su rv iva l  of s t rorna l  rnechanocytes  with osteogenic  potential ,  and not 
rnacrophnges  [3]. I t  has  so f a r  proved  imposs ib le  to grow mouse  bone m a r r o w  f ibroblas ts  in cul ture  without 
admixture  of rnacrophages .  There  is r ea son  to suppose that  in cu l tures  of mouse  bone m a r r o w  cel l s  the 
rn ic roenvi ronment  is t r a n s f e r r e d  by adhes ive  osfeogenic f ib rob las t s ,  which have mul t ip l ied in cul ture .  The 
use  of  sponges for  t ransplant ing cel ls  grown in cul ture  enabled success fu l  t r a n s f e r  of the rn ic roenvi ronment  
to take place by s t rornal  ce l l s  f rom p r i m a r y  mouse  cu l tu res ,  which has hi therto been imposs ib le .  In the p r e sen t  
invest igat ion t r a n s f e r  took place m o r e  effect ively  and constant ly  than by t ransplanta t ion  of s t r a in s  of rabbi t  
bone m a r r o w  f ibroblas ts  (when sponges were  not used). I t  mus t  also be pointed out that  adhesive cei ls  f rom 
bone m a r r o w  cul tures  used to t r a n s f e r  the bone m a r r o w  rn ic roenvi ronment  during t ransplan ta t ion  were  f rom 
a line of mice  (CBA) whose adhesive ce l l s  a re  known not to main ta in  i ts  hernatopoietic m i c r o e n v i r o n m e n t  in 
cul ture  [7]. This  may  indicate a di f ference between the cel ls  respons ib le  for  each of these  two p r o c e s s e s .  It 
is in teres t ing to note that,  as  the l a rge  number  of osteogenic ce l l s  revea led ,  m o r e  of them accumula te  in the 
l aye r  of adhesive cel ls  of Dexter  cu l tures ,  evidently,  than in bone m a r r o w  used for  explantation.  
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S t romal  rnechanocytes (f ibroblasts)  of  hematopoie t ie  and lymphoid organs  play the leading ro le  in the 
local  regula t ion of hernatopoiesis  [3]. It  has recen t ly  been shown that  s t r o m a l  rnechanocytes  of di f ferent  h e m a t -  
opoietic organs  bind different ia ted granuloid ce l l s  in vi t ro to an equal degree  [2]. 

In the p r e sen t  investigation the abil i ty of s t rornal  f ib roblas t s  of bone m a r r o w  and thymus to in te rac t  in 
cul ture  with hernatopoietic p r e c u r s o r  cel ls  forming colonies of  rnyeloid ce l l s  was studied. 

E X P E R I M E N T A L  M E T H O D  

Noninbred guinea pigs weighing 180-250 g and (CBA x C 57BL)F 1 m i c e  weighing 18-22 g were  killed with 
ch lo ro fo rm.  F i l t e r ed  suspens ions  of  mouse  and guinea pig f e m o r a l  m a r r o w  cel l s  and m o u s e  thymus  ce i l s  
were  p r e p a r e d  by the s tandard  method [6] in F i she r r s  med ium.  Between lX l0  G and 2 x 106 bone m a r r o w  cel l s  
o r  6 x 10 ~ and 12 x 106 mouse  thymus ce l l s  were  explanted into p las t ic  f lasks  and P e t r i  dishes (the a r e a  of the 
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Fig. 1 Fig. 2 

Fig.  1. Foci  of myeloid cells on colonies of thymus f ibroblasts ,  on 4th day after secondary 
addition of bone m a r r o w  ceils .  Stained with Sudan black and methylene blue, objective 4, 

ocular  I0. 

Fig.  2. Region of myeloid focus in the same culture.  Myeloid cells  of different degrees 
of matur i ty  lie direct ly on the surface  of a f tbroblast .  Stained with Sudan black and 

methylene blue, objective 100, ocular  10. 

TABLE I. Formation of Myeloid Foci from Colonies of Bone Marrow and Thymus Fibroblasts 

(M • m) 
Time after MeanDercent- Mean number ,~  �9 ~ Mean number 
transplantation Number of age of fibre- of myeIoid loci mean s.~ze ot u of myeloid ceils 

bIast colonies per occupied myetola toe s, per occupied Origin of fibre- of bone marrow cultures occupied by 
blasts cells, days myeloid ceils ribroblast number of colony ceils fibroblaStcolony 

Bone marrow 2--4 8 15,2_+3,3 2, I• 42,2• 90,6• 
5--7 22 13,7• 1,6• 87,0•  134,2• 

Thymus 2--4 7 35,4• 1 2,9• 86,6-+5,2 246,8• 
5--7 7 4l ,4• 3,0• 329,4• 983,7• 1 

bottom was taken to be 25 cm 2) together  with 7 x 106 to 10 x 106 guinea pig bone mar row cells  i r radia ted in a 
dose of 4000 fads ,  to act as the feeder.  The culture medium consisted of 80% F i s h e r ' s  medium and 20% em-  
bryonic calf  serum; for each 100 ml of medium 0.5 ml of 1M tlEPES buffer solution, 60 nag L-glutamine,  
and 6000 units each of penicillin and s t reptomycin also were added. Cultivation took place at 37~ in an a t -  
mosphere  consist ing of a mixture  of a ir  with 5% CO2, sa turated with water  vapor.  Half the medium was 
changed ai ter  7 days of cul ture.  On the l l th -14 th  day the medium with the floating cells was removed and a 
f reshly prepared suspension of syngeneie mouse  bone m a r r o w  cells  added to the p r ima ry  cul tures ha a dose 
of 1 x 105 to 2 • 105 cells  in RPMI-1640 meditma with 20% embryonic calf  se rum and with the additives mentioned 
above. Cultivation continued for a fa r the r  2-7 days, af ter  which the cul tures  were washed with medium No. 
199, fixed with c a l e i u m - f o r m o l ,  and stained with Sudan black [7] and counterstained with methylene blue. 
Some of the cul tures 3 days af ter  secondary addition of bone mar row cells  were t rea ted  with [3H]thymidine 
(specific activity 22.6 Ci /mmole)  in a concentrat ion of 0.2 ~Ci /ml .  Af te r  24 h these cultures were washed 
with medium No. 199 and fixed with ethyl alcohol. They were then t rea ted  with 3% perchlor ic  acid for  20 rain, 
coated with type M emulsion, and developed for 22 days.  

E X P E R I M E N T A L  R E S U L T S  

The l l - 1 4 - d a y  p r i m a r y  monolayer  cul tares of mouse bone mar row and thymus cells consisted of nu-  
merous  discrete  colonies of f ibroblasts  and a cer ta in  number  of macrophages  [6]. Sudan-posit ive cel ls  were  
not present  in these cul tures .  Conversely,  in cul tures fixed 2-7 days aRer  secondary transplantat ion of bone 
mar row cells d iscrete  loci of myeloid cel ls ,  giving a s trongly positive react ion to staining with Sudan black, 
were distributed. The effectiveness of formation of these loci in cul tures of bone m a r r o w  fibroblasts  was 
5-28 and in cul tures  of thymus f ibroblasts  27-82 per  105 added bone mar row cells.  The myeloid loci were  
present  only on the surface of the  f ibroblast  colonies (Fig. 1), and were  never  found on the surface  of the 
plast ic o r  on macrophages .  Most foei consis ted of myeloid cells  at different s tages of matur i ty .  Besides 
small ,  s t rongly Sudan-posit ive stab cells and polymorphonuelear  granulocytes ,  l a rge r  Sudan-positive fo rms  
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TABLE 2. Dependence of Format ion of Myeloid Foci  on Size of Fibroblas t  Colonies (data for 
cul tures fixed 5-7 days af ter  re t ransplantat ion of bone m a r r o w  ceils) 

Index 

Distribution amon~ all 
fibroblast colonies, % 

% of colonies occupied 
by myeloid cells 

Mean size of myeloid 
focus (number of 
cells) 

Colonies of thym us fibroblasts 
large 

16,8 

94,2 

433,5 

medium -sized 

22,3 

58,5 

198,5 

small 

60,9 

23,6 

158,8 

Colonies of bone marrow fibroblasts 
large medium -sized small 

15,3 

45,0 

131,2 

37,4 

10,9 

92,2 

47,3 

4,3 

66,3 
Mean number of myelok 

cells per coIony of 
fibroglas~s - 
(M• 2164,7• 479,6=t=38,4 291,i+_18,3 272,0:h40,6 115,2__18,0 68,3+--13,4 

* Fo r  eaeh of the three groups of colonies differences between colonies of  bone m a r r o w  f ibro-  
blasts  and thymus fibroblasts  a re  s ta t is t ical ly  significant (P < 0.001). 

also were found, with a r ing-shaped nucleus - rayelocytes and raetamyelocytes  (Fig. 2), and also (but much 
less  frequently) Sudan-negative promyelocytes  or myeloblasts .  The proport ion of mature  cells increased 
with an increase  in the duration of culture.  The size of the for t  also increased in the course  of culture.  The 
mos t  numerous loci in colonies of bone mar row fibroblasts  2-4 days after  secondary  t ransplantat ion were 
those containing 20-40 rayeloid cells,  but af ter  5-7 days the mos t  numerous colonies contained 50-100 cells; 
the corresponding numbers  for  colonies of thymus f ibroblasts  were 50-150 and 200-500 cells respect ively .  
Some loci attained a l a rge r  size (up to 550 cells  in bone m a r r o w  and up to 6400 cells in thymus cultures) .  
In both thymus and bone raarrow cultures f rom 88 to 100% of cells  of myeloid loci incorporated [3H]thymidine. 

The fract ion of f ibroblast  colonies occupied by myeloid cells was independent of the duration of culture 
(Table 1), but at the same t ime the fract ion of occupied colonies was g r ea t e r  in thymus f ibroblast  cul tures  
than in bone mar row cultures (P < 0.01). The mean size of the rayeloid focus and the mean nmnber  of myeloid 
cells per  occupied f ibroblast  colony increased significantly during" culture;  in both ear ly  and late cul tures both 
these values were significantly higher for  thymus f ibroblasts  than for bone m a r r o w  fibroblasts  (P < 0.001). 

Fibroblas t  colonies are  divided into three  groups in Table 2: large (over 5 ram in diameter) ,  medium-  
sized (2.5-5 ram), and smal l  (under 2.5 nun).  It will be c lea r  frora Table 2 that with a decrease  in s ize,  the 
fraction of colonies occupied by myeloid cells,  the mean size of the rayeloid focus, and the mean number  of 
rayeloid cells per  colony all decreased.  However,  all these indices in each group were significantly higher 
for colonies of  thymus fibroblasts than bone m a r r o w .  These  observat ions show that differences in the f o r m a -  
tion of raye lo id  loci on colonies of thymus and bone m a r r o w  fibroblasts  do not depend on differences in the size 
of these colonies. 

The dynamics of growth of the loci and autoradiographic data show that cells forming rayeloid loci are 
in a state of intensive proliferation. This fact, and also the discrete character of the loci, suggest that rnyeloid 
loci arise from a limited number of hematopotetic precursor cells present in the suspension of bone marrow 
cells added secondarily. W]qich cells in fact give rise to the loci is not clear. However, since many loci con- 
tain large nun~bers of rayeloid cells (from several hundreds to several thousands), it can be tentatively suggested 
that early, morphologically unidentifiable heraatopotetic precursor cells are concerned. 

Colonies of fibroblasts which developed in cultures in the cell densities used for primary explantation 
are clones of stroraal raechanocytes [I, 3]. Colonies of stroraal thymus fibroblasts stimulate the development 
of myeloid loci much better than colonies of stroraal bone marrow fibroblasts. Since rayeloid loci develop 
directly on the surface of the fibroblasts, this difference may perhaps be due to differences in the intercellular 
contacts between hematopoietic and stroraal cells. Thymus fibroblasts evidently bind or induce proliferation 
and differentiation of a greater number of heraatopoietic precursor cells than bone marrow fibroblasts, and 
they also coramunicate a greater proliferative stiraulus to the precursor cells. This result can also be ex- 
plained by the different ability of stromal cells of bone marrow and thymus origin to secrete substances with 
colony-stimulating activity [5], although the question of the necessity of a colony-stimulating factor for the 
maintenance of myeloid hematopoiesis  in cul tures  on a subst ra te  of s t romal  cells still r emains  highly con t r a -  
dictory [4, 8]. 

On the whole, by contras t  with the morphological ly  different granuloid cells which attach themselves  
equally to s troraal  raechanocytes of different hematopotetic organs  [2], p r e c u r s o r  cells  forming rayeloid loci 
in teract  unequally with stroraal  raechanocytes of bone m a r r o w  and thymus origin.  

681 



1. 
2. 
3. 

5. 
6. 

7~ 
8. 

L I T E R A T U R E  C I T E D  

E.  A. Luriya, Hematopoietic and Lymphoid Tissue in Culture [in Russian], Moscow (1972). 
E . A .  Luriya, S. A. Kuznetsov, and E.  N. Genkina, Byall. ]~ksp. Biol. Mad., No. 12, 703 (1979). 
A. Ya. Fridenshtein and E.  A. Luriya, The Cellular Basis of the Hematopoietie Microenvironment [in 
Russian], Moscow (1980). 
T. M. Dexter, T. D. Allen, and L. G. Lajtha, J. Cell. Physiol., 91, 335 (1977). 
T. M. Dexter and L. G. Lajtha, Br. J. Haemat., 28, 525 (1974). 
A. Ya. Fridenshtein (A. J. Friedenstein), Yu. F. Gorskaya (U. F. Gorskaja), and N. N. Kulagina, Exp. 
Hematol., _4, 267 (1976). 
W. R. PlaCt, Color Atlas and Textbook of Hematology, Philadelphia (1979). 
F. D. Wilson, L. O'Grady, C. 5. McNeil, et al., Exp. Hematol., 2, 343 (1974). 

EMBRYOTOXIC ACTION OF CYCLOPHOSPHAMIDE AFTER 

BIOTRANSFORMATION IN CULTURES OF POSTIMPLANTATION 

RAT EMBRYOS 

V. B. P o p o v ,  B. L. Vaisman, 
and V. F. Puchkov 

UDC 615.277.3.065 : 618.33-099 

KEY WORDS: culture of postflnplantation embryos; biotransformation of cyclophosphamide in 
culture. 

The rapidly increasing number of pharmacological agents and also of chemical compounds polluting the 
environment makes the development of highly sensitive test  systems for the detection of potential teratogens 
a particularly urgent task [1]. The use of cultures of postimplantation embryos of laboratory rodents for 
these purposes is spreading in the practice of research workers studying problems in applied teratology [4, 8]. 
However, the method of testing teratogens used in such cases, by direct addition of the test  substances to the 
culture media [4, 6, 8, 11], can be used to detect the embryotoxic properties of the substances themselves, 
but not of their possible metabolic products. 

Many workers are currently engaged on a search for approaches to the study of the embryotoxicity of 
metabolic conversion products of chemical substances formed directly in culture media to which either compo- 
nents of liver enzyme systems [7, 10] or cells of mammalian embryos [10] are added. 

The object of this investigation was to study the possibility of using the microsomal fraction (MF) of 
rat  liver and the essential cofactor NADPH [5] to bring about bio~ransformation of the known antitumor agent 
cyclophosphamide (CP) to teratogenic products in cultures of postimplantation rat  embryos and to compare 
the sensitivity of this test  system with that of the generally adopted method of studying embryotoxicity in 
pregnant animals [3]. 

EXPERIMENTAL M E T H O D  

Experiments were carried out on embryos of 50 noninbred albino rats .  On the 10th day of pregnancy the 
animals were killed by cervical dislocation and the uterus with embryos removed under sterile conditions. 
Embryos at the stage of formation of the ls t -3rd pairs of somites were cultured by New's method [12] at 37~C 
for 48 h in revolving (30 rpm) 100-cm 3 glass tubes containing 7.5 ml of homologous blood serttm. For bio- 
transformation of CP in vitro not more than 0.5 ml (total volume) of the necessary components were added to 
the incubation medium, so that their  final concentrations in the medium, depending on the character of the 
experiment, were: protein of MF 0.4-2.0 mg/ml,  NADPH i raM, CP 0.001-500/zg/ral. At the end of incubation 
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