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The in vitro cloning efficiency of granulocytic stem cells from mouse bone marrow was completely 
inhibited or markedly reduced by lead and by materials from shale oil and coal liquefaction processes. 

The emphas i s on thi s project has been 
changed from absorption of pollutant metals 
by intact animals to a study of the effects 
of metals and fossil-fuel materials on hem
atopoietic stem cells. 

Information regarding the hematologic ef
fects of fossil-fuel materials is scarce. 
However, it is known that the general lipid 
solubility of hydrocarbon mixtures allows 
them to be absorbed through respi ratory 
epithelium, mucous membranes, gastrointes
tinal epithelium and epidermis. Following 
these various routes of exposure, petroleum 
products have been found in most tissues of 
rodents, primates and man. Thus, it is 
reasonable to assume that hematopoietic 
tissue is at risk from exposure to fossil
fue 1 products. 

We have performed pilot studies investigat
i ng the potential mye 1 otox i c effects of 
synthetic fuels and metals on the hemato
poietic stem cells in culture systems. 
These pilot studies were concerned with the 
growth and differentiation of granulocytic 
progeni tor cell s from mouse bone marrow, 
using modifications of a soft-agar culture 
technique. The colony stimulating factor 
(CSF) used in these assays was serum from 
mi ce injected wi th Sa lmone 11 a endotoxin, 
i.e., post-endotoxin serum (PES). Each lot 
of PES was assayed and added to culture 
plates so that 50-75 x 103 nucleated marrow 
cells would result in 25-50 colonies in 
1. O-ml cultures of marrow from control 
mice. For these studies, marrow was 
flushed from the femurs of several mice, 
using tissue culture media devoid of mag
nesium and calcium, to help prevent clot
ting. Cells were pooled and counted using 
a model ZH Coulter Counter. Eight cultures 
per materi alto be tested were incubated 
for 7 days at 37°C in 5% CO2 and 100% hu
midity. The numbers of colonies (>50 
cells) and clusters «50 cells) were 
then determi ned. 

A known myel otoxi c poll utant (1 ead) was 
incorporated into the culture medi a to 
evaluate the effect on mouse marrow cells 
in vitro. It has been shown that children 
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intoxicated by lead have marrow concentra
tions of lead ranging from 4-35 mg/IOO g of 
marrow. After determining that young adult 
mice had a femoral marrow weight of about 
2.1 ± 0.4 mg, lead (as the acetate) was 
added to mouse marrow cultures at concen
trations equivalent to those reported in 
children, i.e., 12.5, 25.0, and 50.0 mg of 
lead/IOO g of marrow. These concentrations 
reduced granulocytic colony formation by 
40, 54, and 60%, respectively, compared to 
control cultures without lead. 

As a continuation of these pilot studies, 
the effects of various fractions and mater
ials from shale oil and coal liquefaction 
processes were determined in the marrow 
culture system. Complete inhibition of 
granulocytic colony formation occurred with 
the following shale oil fractions: basic 
fraction at 620 mg/IOO g of marrow, poly
nuclear aromatic hydrocarbons at 1240 mg/ 
100 g of marrow, and the neutral fraction 
at 4960 mg/IOO g of marrow. Crude shale 
oil at 4960 mg/IOO g of marrow reduced the 
number of granulocytic colonies by 60% com
pared to control cultures of the same bone 
marrow suspension. Next, fractions from 
the SRC-I process were evaluated in the 
culture system. The following process ma
terials completely inhibited colony growth: 
wash solvent at 4960 mg/IOO g of marrow, 
process solvent at 12,400 mg/IOO g of mar
row, and light oil at 12,400 mg/IOO g of 
marrow. The concentrations of shale oil 
and SRC fractions selected were those re
ported by investigators at this laboratory 
to reduce growth 50% in VERO monkey kidney 
cells in tissue culture (Frazier et al., 
Annual Report, 1979). 

It should be noted that the synfuel materi
als used in this study are of pilot-plant 
origin and may not be representative of 
materials that would be produced in commer
cial facilities. 

Because the fossil-fuel stock-solution 
fractions used for these studies were in a 
dimethylsulfoxide (DMSO) solution, it was 
important to determine if DMSO might be 
inhibitory to granulocytic colony formation 



in vitro. The final concentration of DMSO 
in the culture system, when included with 
the fossil-fuel fractions, was 0.12%. To 
test the effects of DMSO, mouse bone marrow 
was cultured with 0.12% DMSO, along with 
control cultures not containing OMSO. 
There was a significant reduction in num
bers of colonies formed in those culture 
dishes containing DMSO: 

Control (n = 20 cultures) 

No. Colonies: 25.2 ± 
No. Clusters: 47.3 ± 

7.5 
10.3 

In addition to the culture of granulocyte
macrophage precursors, techniques for clon
ing erythrocyte and megakaryocyte progenitor 
ce 11 s have now been es tab 1 i shed in our 
1 aboratory. Thi s wi 11 permit a compari son 
of in vitro effects on hematopoietic stem 
ce 11 s with those observed in intact ani
mal s. 

Recently, mice were administered 0.8 mg/kg 
of hea\fy di still ate from SRC- II process in 
OMSO by intraperitoneal injection. Control 
mice received OMSO only. Portions of each 
group ,'ere ki 11ed 4, 10 and 19 days after 
injection to examine the effects on blood, 
bone marrow, and the cloning efficiency of 
granulocyte, erythrocyte and me!;lakaryocyte 
precursDrs. In addition, syngeneic mice 

OM SO (n = 16 cultures) p 

No. Colonies' 14.9 ± 3.1 
No. Clusters: 36.1 ± 8.9 

<0.01 
<0.001 
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were given 900 R total body irradiation, 
then injected with bone marrow from the 
SRC- or OMSO-injected mice to examine ef
fects on the ability of the pluripotential 
hematopo i et i c stem ce 11 to repopu1 ate the 
spleen (co10ny-forming-unit-sp1een assay of 
Till anc McCulloch). These data are pres
ently being evaluated. 


