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enzene has found extensive comme}:ial
use in many industries including the leath
industry. both artificial and natural: th
manufacture of artificial rubber; in gilding.
bronzing and silvering. varnish, shellac. and
paint removing; in the printing industry
including rotogravure, lithography. and pho-

~ography; and in dry cleaning.'”* Benzene is a

-

constituent of high octane gasoline used in
airplane and automobile engines.*” In addi-
tion, benzene has been used in the manufac-
ture of expiosives, pesticides, plastics, syn-
thetic detergents, conditioners. antioxidants,
and medicinais.® Benzene is also used as a
solvent for rubber gums, resins, celluloid.
and alkaloids.'”

Althgugh the toxicity o¥BERZene was noted

as early as 1897 by Santesson and much work

was performed by Seiling in-1910-19 16." oniy
recently have the toxic effects of benzene
pained nationai aucntion: This was duetoan
emergency governmental order reducing the
permissible levels of benzene exposure to one
part per million in rne working atmosphere
per eight-hour day from the previous ieveis of
ten parts per million.' For most of this
century. however. :he acceptable levels nave
been considerably higher.*”

Clinical Toxicity of Benzene

Benzene toxicity has been classified 3s two
distinct phenomena. either acute or chronic.
The symptoms otacute toxicitv have generally
been related to the central nervous -~vstem.
The manifestations include muscle tremors,
convulsions. salivation. nystagmus. and
phenomena of very intense asphyxiation due
to paralysis of the medullary respiratory
center.”"""" Chronic benzene toxicity, on the

other hand. 15 - [CE TR O RS B C
hematopoici e P

tral nervous snuiet L

and gastroinienioan e i
suggested. The crent rer oy
findings on Historsy ARG AN Cal e mar naln
include loss f welghi  woaknoss it
epistaxis. dJdryness of motosa sl
and;or pyrosis, Caused oiloor L oerhiag
colic, palpitations. avsrnea  headachs e

ziness, nsommia, ethargy, rotabini
rash.’

The primary means of sntrance ot henzens
into the bhodv s via irhalaton Y study
humans exposed (0 benzene revealed that it
rapidly reaches equilibrium with the alveaiar
air. and that saturanon couid ne achieveg
within minutes. " In experiments carried out
in rats, the concentrations ot henzene :n the
blood were demonstrated to be narailel to the
concentration in the:nspired 2ir. ' The human
experiments also showed that benrene s
retatned in the bodv tor manv hours afier the
exposure has bheen termuinuied and  that
elimination of benzene +ia the iungs ac-

. e

[N

counted for only 277 uf the excretion duning
the hirst six hours atter exposure. The high
lipid solubility would lead vneto propose that
benzene is being stored within the tat deposits
of the body. Indeed. 1t has beensuggested that
overwcight exposed individuals have a higher
incidence of hematological chanees than
thoseé Who afe . normal or helvw normal
weight.”"" The high fipid content of the
nervous svstem might be significant :n the
acute phase of henzene toxaty.

Exposure to benzene can also be by direct
contact, although benzene absorption
through the skin is not very zreat. " When
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direct contact s achieved. the significant
toxicity is usually due to inhalation rather
than skin absorption.

The principal metabolites of benzene are
the phenols, formed bv enzymatic hvdroxvia-
tton.”""** The phenols are then further pro-
cessed by sulfation or glucuronization to give
the conjugated end products.”"'** It has also
been proposed that quinones may be pro-
duced by oxidation ot the phenols.'

Based on animal studiest appearsthat it:s
a metabolite of benzene that :s responsible for
hematopmetic toxicity. This subject has been
reviewed by Snvder.'

The primary cffect observed in chronic
benzene toxicity is on the bone marrow.
Benzene has long heen implicated as having
many different toxic mamiestationsinciuding
pancytonenia and aptastic anemia. acute
mveioblastic leukerma, mveloid metaplasia,
and hemoivtic anemia. The most common
finding s pancytopenia.” One problem con-
cerning the relation of benzene to human
hematotoxicity is :hat exposure usually oc-
curs to a mixture of volaule compounds.
rather thanjustto benzene alone. Despite-this.
the overwhelming evidence points to ;in
association of hematopoietic discase with.
benzene exposure. I'he evidence includes the
apparent lack of such association with other
known volatile agents. eptdemiological
studies showing outbreaks ot hematotoxicity
temporally related to the introduction of
benzene to an industry which respond to
replaccment of benzene with other solvents.
and the ability to produce bone marrow
toxicity in various animal species exposed
only to benzene."® Much more information is
needed. however. concerning the effects of
other solvents on hematopoietic tissue and
particularly the effects of combined ex-
posures.

Pancytopenia has been clearly identified as
a consequence of prolonged benzene ex-
posure. However. no ligurcs are available as
to the incidence of this disorder. Although
human benzene hematotoxicity is often de-
scribed 3s an aplastic anemia. bone marrow
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studies have been variable. Investigators have
found the marrow to be hypoplastic,’’™**

M
normocetiular.

and even hyperplastic*"'""

The effectsof benzene on the Sone marrow
1s of particular interest when one considers the
preferential distribution of benzene to this
organ. It was shown in dogs chronicaily
exposed' to benzene (blood levels 1-2 mg/ dl)
that there was an approximately %fold
higher level in the marrow.” As the primary
entry of benzene & via the lungs. one would
expect it to pass through the marrow before
being presented to the liver for possible
detoxification. One might postulate that the
increase in benzene concentration found in
the marrow s associated with the high lipid
solubility ofthe agentand the high proportion
of fat cells in this location. In considering tne
effects of benzene toxiaity on the hemato-
poietic system. most studies have focused on
the circulating blood. A marked leukopeniais
generally ussociated with benzene toxiciy
irrespective of the status of the marrow.”"*
In one study benzene was demonstrated :o
decrease the proliferation of the rabbit
myeloid series within the marrow."" This was
found to occur at the myelocyte stage. The
peripheral leukopenia might casilv he at-
tributed 1o :he short survival time of these
cells within the circulation combined with the
decreased entrv of new cells.

Abnormalities in leukocyte function have
also been reported by a number of inves-
tigators. Among the granulocyte abnormal-
ities which occur in mild benezene hemato-
toxicity, and which may actually precede
pancytopenia, are a decrease in phagocytic
function,” a decrease in leukocyte alkaline
phosphatase activity,”"' an alteration in
granulocyte and monocyteosmoticfragility,"*
an alteration of the fluorescentcharacteristics
of leukocyte nuclei,”™ and the presence of the
Pelger-Huet anomaly. ™™’

Lymphocviopenia has also heen reported
to be acommon finding in benzene toxicity,""
and Goldwater™ has suggested that this is
more common than leukopenia. Other inves-
tigators. though. have failed to observe this
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and there have even been some reports of
lymphocytosis. **® Animal studies, however.
have demonstrated 'effects of benzene on
lymphocyies and lymphoid [issues.”™** Sny-
der et al** have recently-shown that lympho-
cylopenia,was a very early manifestation of
toxicity in rats and mice inhaling 100 to 300
ppm benzene. There have also been findings
suggesting altered immune function including
leukocyte agglutinins,*® altered serum im-
munoglobulin®** and complement levels,*
and antibodies against leukocytes. platelets.
and red ceils in patients chronically exposed
to benzene."’

An effect of benzene on lymphocvtes and
the immune response raises the possibility
that benzene association with leukemia might
result from an altered immune function. based
on the theoretical concept of the role of
immune surveillance in carcinogenesis. In
particular, assessment of whether the effect is
specific tor B or T lymphocytes und evaluu-
uun of the possible effect on suppressor
lymphocytes which are postulated to play a
role tn human aplastic anemia’*™ should be
performed.

Still other leukocyte findings have been
reported including an absoiute ecosino-
philia™"*' and monocytosis with the presence
of immature and abnormal monocytes™ inthe
peripheral blood.

A number of investigators have prescnted
evidence of decreased platelet iuncrion associ-
ated with benzene toxicity. ™' This appears
to be due to intrinsic platelet abnormalitics
which magniiy the effect of a decrease in
absolute platelet count. Morphological ab-
normalities of both circulating platelets and
their megakaryocytic precursors have also
been reported. *"**"* In addition. there have
been suggestions that abnormalities of co-
agulation factors might also be present.**"**

‘The most frequently reported erythrocyte
abnormality associated with benzene toxicity
is macrocvtosis.” " ™ It is not known
whether this macrocytosis reflects an aitered
stem cell population. an effect on DNA
svnthesis. or is due to some other red cell
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abnormality. Macroervthroblasts have been
noted in the bone marrow by Gornini et ai*’
and by Curletto and Ciconali.,®™ who also
emphasized the marked polymorphism and
occasional giant multinuclear forms of meg-
aloblastic ervthrocyte bone marrow pre-
cursors. ,Macrocytosis of red cells has been
suggested to be of prognostic importance”
and to be an excellent warning signai of
hensene-induced. hematotoxicity in occupa-
tionally exposed mdﬁw%uals. -» However, mac-
rocytic red cells have not been notea by all
authors who have investigated individuals
with henzene-induced hematotoxicity.

Significant hemolysis has been occasionally
reported 1o benzene-exposed individu-
als.” ' " including a few cases of paroxysmal
nocturnal hemoglobinuria."*""™ Aithough
anemia is usually due primarily to a failure of
red cell production. there mav be a somewhat
shortened red celi life span in many il not most
cases of benzene hematotoxicity.
shouid he investigated further.

Further cvidence that red cells arc quaii-
tatively abnormal in benzene-exposed in-
dividuals inciude the observation ot abnormal
erythrocyte incubated osmotic fragility de-
spire normal values using the standard
osmotic fragility test.™" There are also
reports of changes in blood and urine
porphyrin levels and amnolevulinic acid,
possibly reflecting altered heme synthesis. *™**
Of note in this regard are the reports of
improvement in benzene-poisoned patients
with pyridoxine.*" an essential cotactor in
heme synthesis.

It is gencrally accepted !hat benzene
exposure fesults T df increased incidence of ~
acute myelogenous leukemia and related
disorders (eg, ¢rythroleukemia, acute myelo-
monocytic leukemia). Theevidence favoringa

causal relationship ® not simply the more

than 100 case reports which, individually,
could be fortuitous. Strong.suppart for the
causal role of benzene has been obtained jp
surveys of areas which-have historically had

shstantial onmbers of individuals oceing-

tonally exposed to high levels of benzene'in

This point




poorly regulated crrcumsiances. most notably
iy France ltaiv. and Turkev The evidence
includes thie observation by Vighan and Saita
in ltalv’ i 1 perhaps 20 umes greater
leukemia sk 1n benzene exposed workers
than 1n the general population. and the
reports bv Girard et ai «n France revealing a
signticantly greater positive story of ben-
zene exposure in patients With acute leukemia
rhan n a control group.” *" More recently.
Turkish investigators hare described ar least
:en  cases of acute leukemia”™™ mostly
mvelioblastic. Recentlv in the United States.
Intante and co-workers”™ " pertormed an
epidemiological evaluation of workers ex-
posedtolow levels of benzene intwo factories.
These nvestigators reported .at least a five-
foid increased risk of totai leukemia and a ten-
roid :ncreased risk of acute mvyeloblastic
leukerma (or itS variant mvyelomonocytic
leukemia] in these workers Accordingly, a
causai refationship between benzene exposure
and uacute myeloblastic leukemia appears
proven.

The association of other types of leukemia
with benzene cxposure 1s unclear. In some of
the larger collections of benzene-induced
leukemia. including those ot Aksov et al in
Turkey“’ and Vigliani et al in Italv,”” chronic
lymphocytic leukemia has not been reported.
In contrast., French investigators™ ™ '™’
have rioted a relatively high incidence of
chronic 'vmphocytic leukemia. often exceed-
mng that of acute mvelogenous leukcmia.
Cases of chronic lymphocytic leukemia as-
sociated with exposure have also heen re-
ported elsewhere. including three from the
Soviet Union.™ Similarly. the French have
noted a higher incidence of* chronic myel-
vgenous icukemr  although not o theextent
of chronic lvmphauocvtic leukemta.

The reason for this difference is unclear. It
1s conceivable that the observed association of
chronic lymphocvtic leukemia with henzene
in France is fortuitous. One possible explana-
tion would be the presence of nthrr solvents
specifically in the French workplaces which
could possibly alter the expression ol benzene

ROVIREINAL BN

hematotoxicity  The observed differences
might also he explainable bv a longer fag
phase for chronic lvmphocyvtic leukemia and
the possibly longer benzene exposure of the
French patients in contrast to the apparentiv
more defined and recent exposure popuia-
tions investigated hv the Italian and Turkish
invcs“ga[ors. These expkan:mons are. of
course. speculative. There is also inconciusive
evidence suggesting that benzene may pro-
duce other lymphoproliferauve disorders,
including acute lymphoblastic leukemia and
tymphoma.™ ™ This would be consistent
with an apparent effect of benzene on
lymphocyte number and funciion observed in
pancytopenia cases. In addition to cnromic
mvelogenous leukemia. a few cases of mvelo-
fibrosis and mveloid metaplasia, another
myveloprohiferauve disorder. have also been
reported. '™

Although occupational exposure to hen-

7ene appears causally felated lo acute my ~ ~ -

ogenous Ieukem|a a number of Tmportant
questions pe :rsist which are darectly pertinent
to= permissible benzene exposure. Of par-
titular importanceis whether leukemogenesis
occurs only after high-dosehenzene exposure
leading t6 Significant bone.marrow damage,
whether it can result trom any degree of
cvtopenic stem cell toxicity. or. less tikeiv, :s
totally unrelated to the pancyvtopenic effect of
benzene. 1 is possible that benzene or its toxic
metaboiites dm:ctlv act as a carcinogen on

bone marrow hcmatopomuc cells. Alternateiy

the association with acute leukemia may
represent a secondary manifestation of ben-
zene-induced pancytopenia that is expressed
through an unrelated bone marrow aberra-
tion producing a stem cell that is liable io a
further mUtagemc -event. Such an event might
occur many_ vears _after discontinuation of
exposure. Benzene might therefore act as an
initiator or co-carcinogen. Support for these
hypotheses. or any other (cg, benzene ac-
tivates a leukemogenic virus) is conjectural.
The lack of an animal model of henzene-
induced leukemia hampers studv of this issue.

One possibly pertinent topic is that of
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preleukemia. This relatively poorly defined
diagnosis has been frequently made in ben-
zene-exposed individuals. Thereareanumber
of case reports of benzene-induced pan-
cytopenia in which morphologically abnor-
mal prenegplastic bone marrow precursor
cells progressively developed. eventually.re-
sulting in frank acute leukemija, """
Reported morphological abnormalities in-
clude bizarre red cell precursors which otten
have led to the diagnosis of erythroleukemia.
The subject of preleukernia, including the
effects of benzene, has been reviewed by
Pierre.""

The interrelation of idiopathic aplastic
anemia, preleukemia, and acute leukemia has
been noted by a number of authors. Of
interest is the theoretical discussion of Dam-
ashek'* who added paroxysmal nocturnal
hemoglobinuria to this group. This rare
parancoplastic condition. in which there is an
abnormal population of circulating red cells
derived from asingle stemcell. may precede or
follow frank aplastic anemia. may znd as
acute leukemia. or may transiently occur
during leukemia states. Its reported occur-
rence in association with benzene exposure is
further suggestive evidence of benzene-

induced pancytopenia being linked to acute
leukemia, "™

Molecular Considerations

Investigators have tried to locate a nuclear
lesion within the precursor cells of animals
and humans exposed to benzene."™"" "
Chromosome abnormalities associated with
benzene exposure in humans include ring
chromosomes.' ™ dicentric or tricentric
chrornosomcs.''” and an erythroleukemic line
with a pseudodiploid karyotypew herethetwo
E chromosomes were replaced with
markers. "' However, it should be pointed out
that even though studies have shown statis-
tically significant increases in chromosomal
structural alterations in humans exposed to
benzene. most of these people had no
detectable clinical abnormalities. When per-

ipheral blood lymphocytes of individuals
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exposed to benzene were stimulated by
phytohemaygluti :in (PHA).chromosome al-
terations were noted even though there were
no detectable changes in the marrow.'””* The
chromosome aberrations included qualitative
changes of both a stable and unstable nature
(breaks. gaps) as well as frequently reported
quantitative changes (aneuploidy. poly-
ploidy). Individual variation was consider-
able. In studies by Girard™ and Forni.'""" the
significantly higher average chromosome
breakage rates of the exposed groups were
attributable to a few individuals. It should be
noted that although the chromosome altera-
tions were more evident in those who showed
initial clinical evidence of the benzene ex-
posure. the changes had persisted both inthe
symptomaticand nonsymptomatic groups for
many years after exposure.

Recently. the etfects of benzene on DNA
and RN A synthesis have been studied.”"?""[t
was shown that in those animals which
developed a pancytopenia. there was an
associated disturbance ofthe DNA and RN &
synthesis as well as chromosome aberra-
tions."* Evaluation of RNA synthesis in
rabbits using ‘H-cytidine showed a benzene
cffeet on the RN A synthesis of the basophilic
iiorrnoblast but not the pronormoblast.”” This
may indicate a maturation arrest between
these stages. It was further shown in mice that
the hemopoietic stem cell was intact as
determined by in vivo colony forming assay."
However. the nuclear integrity of this cell
could not be determined by this technique.

Experiments in rabbits using 'H-thymidine
showed a marked inhibition of DNA synthesis
with chronic benzene administration.”* This
was attributed primarily to an arrest of the
metaphase sequence at the pronormoblast
stage preventing differentiation of the baso-
philic normoblast. These staging results arein
accordance with the information available on
RNA synthesis discussed earlier.

Recentlv, studies in this laboratory have
looked to the effect of benzene directly on the
translational level. Lee et al''* had shown that
the incorporation of radioactive iron into
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mouse bone marrow was decreased after a
singlesubcutaneous injection of benzene. This
experiment raises the question of whether or
not benzene could directly affect heme
svnthesis. As heme is necessary for initiation
of orotetn synthesis in most. if not all. cells
{sce below) this could he a site of toxicity to
explain what is scen with henzene expasure.

Forte et al''' have shown that benzene
inhibits both human and rabbit reticulocyte
protein synthesis 7 vizro. The reticulocyte s
an anucleate cell. and thereis notranscription
occurring in this system. The effect on prorein
synthesis in reticuloeytes. thercfore, 1s due to
an inhihition of translation. The minimum
concentration of benrene necessarv to con-
sistently inhibit protein synthests in these
studies was 438 mg; 100 mi () 056 M) Hemin
(50 uM) prevented and reversed this inhib-
tion. This concentration of hemin has pre-
viously been show to maintain protein
synthesis in the absence ot added iron-
transieerin far heme ~svathesis. ;' Benrene
inhibition also occurred wheniron-transterrin
formaximum endogenous heme synthesis was
present. On the basis of these experiments it
appears that bhenzene s interfering with
endogenous heme svnthesis, at a site other
than incorporation of iron into the cell.

The ctfect of benzene also was associated
with a reversible conversion ufpolyrihnsohcx
to smuiter aggregates. predominantly mono-
ribosumes. These lindings are in agreement
with those of Trvhiates' ''* who found that
rat liver polyribosomes disaggregaicd alter
injection of the animals with benzene ut a dose
of 0.521t0 5.63 mM. The number of ribosomes
on messenger RNA is dircctly proportional to
the rate of initiation and inversely propor-
tional to the rate of release of ribosomes trom
mR SA. Thus, benzene polyribosomal disag-
gregation is consistent with an inhihition of
initiation with normal elongation and release.
as occurs with heme deficiency.""" This
conclusion s supported by experiments show-
ing that hemin bhoth prevents and reverses
benzene-induced polyribosomal disaggrega-
tion. as well as by experiments where benzene
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failed to disaggregate polvribosomes when
elongation was prevented by cycloheximide.

Direct demonstration of benzene inhibition
of heme synthesis was also presented in this
study. [t was observedthat benzene inhibition
occurred more rapidly when either hemin was
omitted from the incubation medium. or
when the cells were made iron deficient with
an iron-chelating agent. Possible interpreta-
tions of this finding include rapid uptake of
henzene into the cells and direct inhibition of
an enzyme rather than depletion of en-
dogenous iron. The interpretation that iron
was not depieted was supported further by the
reversal ot polyribosomal disaggregation
when benzene was removed and the cells
incubated in the absence of either :ron-
transferrin or hemin.

In order to more detfiminively determine the
site of benzene inkihition of heme synthesis.
the following experiments were performed by
Freedman et al.'' Benzzne t0.113 M) was
added to rabbit ceticulocyvte incubations and
both heme synthesis {L.-2-"'C glvcine incor-
poration) and protein synthesis(L.- 'C leucine
incorporation, were found to be inhibited by
approximately 507 However, when the
radioactive precurcor used was 4-'C amino-
levulinic acid (AL A), there was nosignificant
inhibition of heme svnthesis. Since ALA
measures heme svnthesis bevond the ensyme
ALA-svnthetase. it was conciuded that hen-
zene 15 inhibiting heme syvnthesis at or before
this enzymatic step. Similarly. | mM ALA
both protcctcd against and reversed the
benzene inhibition of protein synthesis. This
confirmed both the interdependence of heme
and globin synthesis as well as the inhibition
of the enzyme A LA-synthetase.

When pyridoxine (f mM) was added tothe
incubation mixture. there was also protection
against the benzene inhibition of both heme
and protein synthesis.””" The active form of
pyridoxine in cells, is pyridoxal phosphate.
Therefore. in this system at least a portion of
the pyridoxine has to be phosphorylated by
the enzyme pyridoxal phosphokinase. Since
pyridoxine was added in great excess. this
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study did not differentiale between benzene
competition with pyridoxal phosphate at the
site of ALA-synthetase, or benzene competi-
tion with pyridoxine for pyridoxine phospho-
kinase. Of note in this regard are the
uncontrolled observations suggesting that
pyridoxine may be of therapeutic value in
human benzene hematoxicity."'

More recently it has been shown that
elevated levels of intracellular cyclic AMP
also prevent and reverse benzene inhibition of
heme synthesis (and secondarily protein
synthesis).”"" Cyclic AM P has been shown to
exert its protective eifect against inhibition of
heme synthesis at the level of ALA-
synthetase. "'*

On the basis ofthese studies, Freedman ct
al''” have postulated that the primary toxic
effect of benzene might conceivably he
inhibition of heme synthesis at or before
ALA-synthetase. Intracellular hemin hasheen
shown to control globin synthesis by prevent-
ing :he formation andsor reversing the
activity ai a hemin-controlled repressor
(HCR) of initiation of globin chain syn-
thesis.''*"**"'"* Hemin has also been shown to
be necessary for the synthesis of globin as weil
as a large variety of nonglobin proteins in
many cell types.' """ |t appears that hemin is
necessary for translation of most. if not ail.
proteins. The reported effects on DN/ and
RNA synthesis might then conceivably retlect
a decreased production of the enzymes tor
DNA and RNA synthesis. The effect on
marrow precursors other than ervthroid cells
could then result from a universal require-
ment :or hemin in the initiation of protein
synthesis.

in the past few years various investigators
have suggested that ALA-synthetase plays a
central role in erythropoiesis. Levere and
Gidari'* in a recent review, summarized the
data showingthat erythropoietin and the 5-g3-
H steroids stimulate erythropoiesis, heme and
globin synthesis in bone marrow cells, These
hormonesappear toexerta major part of their
action by primarily inducing the synthesis of
ALA-synthetase. Glass et al'*' in a murine
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bone marrow erythroid precursor system
showed that ervthrapoietin stimulated ALA-
synthetase and heme synthesis before any
stimulatory cffect on globin synthesis. These
investigators also showed that heme synthesis
is maximal in the earliest precursor cells and
decreases with cell maturity, while globin
synthesis increases with cell maturity. These:
results are compatible with the theory that
there must tirst be sufficient hemesynthesis to.
clevate intracellular hemin concentration.
Sutficient intracellular hemin might then
reverse preformed HCR which would allow
protein synthesis and erythropoiesis to pro-.
ceed. One possibility to explain this data I
that benzene by its action at or before ALA-.
synthetase. prevents hormonal activation of
heme svnthesis and derepression of HCR.
which in turn is necessary for globin synthesis,
and erythropoicsis. Furthermore. the hemin,
requirement in other cell types might explain,
why there iy involvement of the entire
marrow.

An inhibition of ALA-svathetase might.
also explain !hc apparent differential of
benzene toxicity between :he sexes. In both,
animal and human studies. females were:
shown to he more sensitive to the effects of
benzene, " AL Assynthetase is an in-
ducible enzyme whose activity is reiated tot he
prescnce of various steroids.'*’ Etiocholan-
olone. a metabolite of testosterone. in the
presence ot glucocorticoids, greatly increases
the actvity of ALA-syn tase.'™

This theory is also consistent with the views
that toxicity with any inhibitor of heme
synthesis might not necessarily lead to aplastic
anemia. In orderto develop aplasticanemia it
would he necessary to prevent heme synthesis
in very carly marrow precursor cells. Since
ALA-synthetase is the rate-limiting enzyme,
an inhibitor would have to either affect this
enzyme or decrease the other enzymes in the
pathway below the activity of ALA.
synthetase. Benzene is a likely candidate tq
af'fect early marrow cells as it is highly lipid
soluble with a pronounced affinity for the
bone marrow.”*
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't shou.d pe emphasiced. “hat

‘hat was I-’IVCS[IngEG iDOour studies was acute
benzene exposure 17 virro and that most cases
of benzene aplastic anema {oilow prolonged
\nd I'hese
experiments in reticulocvies must, theretore,
suil be mnterpreted with caution betore applv-
ing this data to climeal situations. Much more
work needs to be done to ascertain if indeed it
15 benzene or a metabolite which 1s toxic, the
dose at which benzene toxicity occurs, the
mechamsms o1 concentration in the marrow,
and the mechanism ot development of aplastic

aowever.

continuous exposure. MoNro

anemia and other clinicai hematological
conditions. Furthermore, the interaction With

other environmental poilutants, such as
lead** and alcohol.'* might accelerate the
development ot benzene toxicity. There Lire
stifl manv guesuons to he answered concern-
ing henzene toxicity. What we have discussed

in this review is a speculative theory that
hopetuily wiil <timuiate further research in

this very itmportant area.
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