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The effect of benzene on colony-forming activi ty of the bone mar row and spleen was studied in 
four groups of experiments .  In benzene hypoplasia of hematopoiesis ,  fewer colony-forming 
units were found in the hematopoietic organs although there was no ct~ange in the distribution of 
their  cell types. Incubation of normal bone mar row cells  with benzene did not reduce the effi-  
c iency of colony formation.  Injection of benzene into lethally i r radia ted mice af ter  t ransplan ta-  
t ion of a suspension of normal  bone mar row cells  into the animals caused a sharp  decrease  [n 
colony production, with inhibition chiefly of the formation of granulocytic colonies. These ob- 
servat ions  suggest  that during benzene poisoning the proper t ies  of the microenvironment  of the 
hematopoietic s tem cell a re  modified. 
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Many aspects  of the mechanism of act ion of benzene on hematopoiesis  still remain  unexplained. The view 
that in this condition the hematopoietic s tem cell is damaged [7, 9] has not been ver i f ied  experimentally.  

Data on the effect of benzene on colony-forming activity of the bone mar row and spleen are  given below. 

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

Colony formation was studied in four groups of experiments  on CBA mice of the same age and sex. In the 
exper iments  of group 1 the number of colony-forming units (CFU) was determined in the bone mar row and 
spleen of mice with benzene poisoning, caused by subcutaneous injection of benzene in a dose of 2 ml/kg body 
weight on al ternate days for 3-5 weeks. In the experiments  of group 2 the effect of benzene on bone marrow 
CFU was studied after  incubation of a suspension of normal  bone marrow cells in homologous serum,  to which 
benzene was added in a final concentrat ion of 100 mg %, for 45 min at 37~ In the experiments  of group 3 the 
effect of benzene was studied on colony format ion in vivo after  injection in a dose of 2 ml /kg  on the second, fourth, and 
sixth days  af ter  t ransplantat ion of a suspension of normal  bone m a r r o w  cel ls  into lethally i r rad ia ted  mice.  
In group 4 the colony-forming activi ty of normal  bone mar row was determined af ter  injection into lethally i r -  
radiated recipient  mice in which benzene poisoning had been produced. 

To determine the number  of CFU, cell suspensions were made up in medium No. 199 and injected in t ra-  
venously into lethally i r radia ted  (1000 rad) mice in a dose of 105 bone mar row cells  or  106 spleen cells. The 
conditions of i r radiat ion w e r e :  RUM-13 apparatus,  voltage 180 kV, current  10 mA, dose rate 16-18 R/min,  
f i l ters  Cu 0.5 mm and A1 1 mm. On the eighth daCe-after injection of the cells  the r e c ip i en tmicewerek i l l ed ,  the 
spleen was removed and fixed in Bouin's fluid, and the macroscopica l ly  visible colonies were counted. The 
number of endogenous colonies did not exceed 0.2 per  mouse. The experimental  a r rangements  and method of 
a s sess ing  colony formation on the whole followed the usual procedure  [4, 11]. The cell type of the colonies was 
determined histologically.  

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

Benzene poisoning was accompanied by a decrease  in the number of leukoeytes, e ry throcytes ,  and plate- 
lets in the per iphera l  blood and a decrease  in the number ofbone mar row and spleen cells  (Table 1), as was 
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TABLE 1. Number  of Cells and Number  of CFU in Bone Mar row and Spleen durir~g 
Benzene Poisoning (M • m) 

Animals 

Control 

Benzene 

~ 1 ceils in re" 
.~ [ rnur, mil- 

Z ~,1 lions 

I0 14,5mI,0 

9 7,2--0,6" 

Bone marrow Spleen 
number of CFU ./number of 

pc, 

389--- + 50 

33 -+- 10* 

number of CFU 

per l0 s 

1060~ 150 
520----- 70* 

cells 

7,3----- 1,1 
(20) 

7,3• i ,0 
(t8) 

per i0~ I per Spleen seo 

7,0~t,0(20) [ 2720--410 
6,3m0,6 210-----70" 

Number  of rec ip ien t s  shown in pa ren theses .  For  r e su l t s  m a r k e d  with 
a s t e r i sk ,  P.<- 0 .0L 

TABLE 2. Effect  of Benzene on Colony 
Format ion  in vivo 

Experimental o 
conditions .~ 

Without adminis- 
tration of ben- 
zene 

With adminislxa- 
tion of benzene 

I0 
20 

NumbercFu per of Types of% colonies, 

105~_+,ncells -~- ~ 1 mixed 

7,6-----0,9 1,2-- 0,2 
P<0,001 

M 

837~ ,4 ,0155 

Legend. E) e ry th ro id ,  G) granulocyt ic ,  M) 
megakaryocyt ic .  

TABLE 3. Colony Format ion  in Lethal ly  I r -  
rad ia ted  Recipient  Mice with Benzene Po i son -  
ing 

1 Number I ~, of ~ ! Types of colonies, 
Experimental ~ ~ Ipcr i os I % 
conditions ~ cells I ' '  

t E I G M I mixea 
Without preliminary 

administration of 
benzene 

Benzene poisoning 

10 7,i----l.1 

18 7,2-----0,8 

70 15 

81 5 

0[5 
6 8 

obse rved  prev ious ly  [3, 6]. The eff ic iency of colony format ion,  e x p r e s s e d  as  the number  of CFU per  105 in- 
j ec ted  karyocy tes  [11], was v i r tua l ly  unchanged in benzene poisoning. However,  allowing for  the reduct ion in 
the number  of bone m a r r o w  and spleen cel ls ,  the absolute  number  of CFU was cons iderab ly  reduced  in benzene 
poisoning. On histological  invest igat ion no significant changes were  found in the dis t r ibut ion of the types  of 

colonies  formed.  

The r e su l t s  show that  during inhibition of hematopoies i s  caused  by benzene poisoning, as  in hypoplasias  
of  o ther  or igin [10, 12], the number  of s t em ce l l s  in the hematopoiet ic  organs  is reduced.  The m e c h a n i s m  of 
th is  dec r ea se  may  vary :  I t  may occur  e i ther  through changes in the hematopoiet ic  s t em cel l s  t hemse lves  or  
through changes in the i r  mic roenv i ronmea t .  To  t e s t  the f i r s t  of these  poss ib i l i t i es  the effect  of benzene was 
studied on the co lony- fo rming  ac t iv i ty  of bone m a r r o w  cel l s  incubated in v i t ro  with benzene in a concentra t ion  
of 100 mg % (exper iments  of group 2). This  concentra t ion  is c lose  to the poss ib le  max imum in the hemato-  
poiet ic  o rgans  of  man and an ima l s  with benzene poisoning [13]. The number  of colonies  growing under these  
c i r c u m s t a n c e s  was v i r tua l ly  unchanged: the eff ic iency of colony format ion  was 7.8 • 0.5 pe r  105 injected ce l l s  
(7.3 • 1.0 in the control).  Consequently, it can be postula ted  that  a d i rec t  harmful  effect  of benzene on the 
hematopoiet ie  s t em ce l l s  is hardly  l ikely to occur  even if the max ima l  poss ib le  concentra t ion of benzene is 
p r e sen t  in vivo. 
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After  injection of benzene into lethally i r radiated recipient mice following previous transplantat ion of a 
suspension of normal  bone mar row cells  (experiments of group 3), a sharp decrease  in the number of colonies 
was observed  (Table 2). The relat ive proport ions of the different colonies also were al tered:  The formation of 
granuloeytic colonies was sharply reduced whereas the proportion of erythroid  colonies was correspondingly 
increased.  Since marked poisoning could not ar ise  as the resul t  of three injections of benzene, the resu l t s  in 
Table 2 probably indicate that the direct  harmful action of benzene or  its metabolites in this case, as in the ex-  
per iments  of group 2, was unlikely. The observed decrease  in the number of colonies and also the change in 
their  cytological distr ibution were most probably connected with the effect of benzene on p rocesses  in the induc- 
ing microenvironment  of the hematopoietic stem cell. This hypothesis was confirmed to some extent also dur-  
ing the study of colony formation in lethally i r radia ted mice, in which benzene poisoning was produced before 
injection of normal  bone mar row (Table 3). The efficiency of colony formation under these c i rcumstances  was 
not reduced, but the distribution of cell types of the result ing colonies was al tered;  the proport ions of granulo- 
cytic and megakaryocyt ic  colonies were reduced and the proportion of e ry throid  colonies correspondingly in- 
creased.  The change in the cytological distribution of the colonies thus observed could probably also be a t t r i -  
bated to changes in the p roper t i e s  of the inducing mieroenvironment.  The resul ts  of the last two groups of ex- 
per iments  likewise still do not rule out the possibi l i ty of changes in committed s tem cells  as a result  e i ther  of 
direct  injury to them by benzene or of the microenvironment .  This view is supported by the change in the ability 
of the stem cells  to differentiate, as ref lected in changes in the relat ive percentages of the various colonies 
formed. It is interest ing to note that the higher sensit ivity of granulocytopoiesis  than of erythropoies is  to the 
harmful action of benzene was demonstrated by the wr i te r s  previously  by different methods [3, 6]. 

The ret iculum cel ls  of hematopoietic organs [4] are  known to be am important  microenvironmental  fac tor  
determining the ability of the s tem cells  to differentiate [5]. In this connection it is interest ing that the relative 
number of ret iculum cells  is increased in benzene poisoning [2, 3, 14], somet imes up to the stage of reactive 
re t iculos is  [1]. The importance of this phenomenon is insufficiently clear.  The view that differentiation of 
re t iculum into hematopoietic cells  is delayed in benzene poisoning [1, 14] must now be regarded  as obsolete, 
for it has been shown that the ret iculum cells  of hematopoietic organs do not change into hematopoietic cells 
[8]. The resul ts  descr ibed above suggest a cer tain connection between changes in the ret iculum cells and in the 
hematopoietic s tem cells  during benzene poisoning. 
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