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MNeurological, electromyographical and motor conduction velocity exzaminations were
applied to © patients with aplastic aneinia and (wo cases of preleukemia due Lo chronic
exposure to penzene. In addition, sensory conduction velocities were measured m three
paiients. Neurological abnormakities were found in four out of $ix pancytopenic individuals.
There was a certain relationship between the presence of neurological sbnormalities and the
period of cessation of the exposure. In the two patients with pretenkemia similar neurologic
shnormalities were found.

INTRODUCTION

The effects of chronic benrene poisoning on hematopoictic tissue are well
known. However, although in his reports op benzeng Truhaut (1967, 1968) has
indicated the possibility of long-term effects of this chemical agent on the nervous
systam, such as polyneuritis of the lower extremities, there are very few detailed
studies showing the exact deleterious offect of chronic benzene poisoning o1 the
nervous system.

In the lasi few vears we have performed a nevrological study in eight cases of
chronic benzene poisoning. Six of them showed the findings of aplastic anemia

and the other two manifested those of preleukemia, The purpose of this paper 1s 10
report the results of this study.

CASE MATERIAL AND METHODS

The series consisted of seven males and one female ranging from 19 to 51 years
of age with an average of 35.3 years. Six patients were shoemakers in small shops.
One pa‘aien\i’ rease 3) manufactured objects made of leather. The benzene content
of the adhesives used ranged between g and 8% with a mean of 5% as deter-
chromatography in the taboratory of the Turkish Department of
: iy, Ankara {1972). Another patient (case 6) was engaged in a job
rnarnufe ing whistles. For this purpose she dipped plastic material into an open
vessel of benzene solution, containing 88.42% benzene and 9.25% ioluene deter-
mined by gas chromatography. The concentration of benzene in their working
environments, measured by a Dirgger— Spiirgerat MultiGas Detector, Model 21

mined by &
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458 BASLGO AND AKSOY
{Libeck) was recorded to reach 21
were used,

The hematclogical methods were all standard procedures and are describe
elsewhere (Aksoy er al., i972). Neurslogical, electromyographical, and mator
conduction velocity examinations weare applied in the cases studied. In addition,
sensory conduction velocities were measured in three patients {cases 1, §, and 6),-
In one patient {case 8) electromyographic (EMG) sexamination cotuld not he ap-
plied, but conduction vzlocity was measured. For EMG examination a DISa

{Denmark} type 14a30 three-channel eleciromyograph with a 13 X 05 concentrie
needle elecirode

0 or more when benzene-ccntaining adhesive

was used. Action potentials were visualized on a type 14B70 dis.
play monitor. A ratio of polvphasic motor unit potential (PMIIP) to normal poten.-
tials was over 2/10 and was considered as an increased level. In each case at least
three muscles, extensor digitorum brevis, tibialis anterior, and gastrocnemigs
{(EDB, TA, GO, were examined during rest, mild, and maximal contractions. in-
creased ratio of PMUP and insufficient interference patterns were accepted ag
neurogenic involvement and, moreover, fibrillation and/or sharp waves as dener-
vation. 13 K 62 surface electrodes and concentric needles were used to record
motor conduction velocity measurements. During sensory conduction velocity,
Teflon-coated needle electrodes were used for recording and 13 K 69 electrodes
for stimulation (Buchthal and Rosenfaick, 1965; Di Renedetke, 1570).

RESULTS
Clinical and Hematological Features

Some climical, hematological, and bone marrow find
3ix patients had anemia due to chronjc exposure to benzene. The period of expo-
sure varied from & months to & vears with a mean of 6 years. They all had a severe
or moderate pancytopenia. Bone marrow was hypocellular in four cases and nor-
mocellular in one. In one patient (case 1) bone marrow punctura was performed in
another hospital and, according to the statement of the attending physician, the
findings were consistent with the diagnosis of aplastic anemia. Duration of nonex-
posure, namely, the period between the cessation of exposure and the perfor-
mance of neurological examinations, varied between i and 96 months. Four pa-
tients recovered completely. Two died from bone marrow depression (cases 3 and
4). Two patients (cases 7 and 8) had preleukemia due to chronic exposure to
benzene. These patients are described elsewhere (Aksoy ef al., 1974). The criteria
for the diagnosis of preleukemia were similar to those of Winirohe ot af. {1974).
One of the patients (case 8) had in addition to preleukemia,

with normat levels of hemoglobing A, and F.

ings are given in Table 1.

o or @-thalassemia

Results of Neurological Examinations

In one patient {case 1) sensory vibration was decreased and there was a clobal
atrophy of the right leg, In three patients {cases 2, 3, and 8) deep reflexes of both
sides were exaggerated and in one (case 8) distal superficial sensory disturbance
was detected on upper extremities, while other cases were normal

TABLE !

AnD Bone Marrow Finpines 1w 5ix PATIENTS WITH APLASTIO

AMEMIA AND N TWO Wit h PREVEUREMIA
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Results of EMG and Conduction Velocities Motor and Sensory)

The results of BMG and motor conduction veloeity (MCV) are given in Table 3.
The results of sensory velocities of lower and upper extremities are summarized i
Tables 3 and 4. In case 1, three EMG examinations were performed during hjg
ilness (Fig. 1). He showed global atropiy and decreased sensory vibration of
lower extremities. While his aplastic anemin improved, the EMG neurogenic i1
volvement with denervation showed regression at the same time MOV values
increased (Tabie 2). This case was exposed to the toxic substance for 7 years,
excepting the last few months. Sensory conduction veloei ty of the peroneal nerve
was normal when it recovered (Table 3). In this patient global atrophy and de.
creased MCV suggested the presence of aeurcgenic invelvement due to anterior
horn and/or peripheral nerve lesions. In case Z, EMG revealed a neurogenic
mvolvement and MCV of peroneal and tibial nerves were normal (Table 2), by
MCV of the median nerve showed distal latency lengthening (Table 4). In this case
shight distal neurcgenic invelvement of upper limbs was detected. The patient had
been exposed to benzene for 6 vears before the performance of neurological
examination. Case 3 showed normal EMG and MOV of the peroneal nerve (Table
23, but MCVs of median and uinar nerves showed distal latency lengthening (Table
4). These findings suggested slight distaf neuropathy of opper extremities. He was
cxposed to benzene for & vears with the exclusion of the last 53 months.
Newrclogic findings were not severe, since the patient was not exposed to this
toxic agent for a long period. In case 4, EMG and MCV of peroneal and tibia
nerves were normal (Table 2). This patient had been exposed to benzene for §
years and the exposure ceased 96 mouths earlier. These normal results were
probably due to the long period of nonexposure. Case 5 shewed normal EMG and
normal MCY of peroneal, tibial, median, and ulnar nerves (Tables 2 and 4. In
addition, sensory conduction velocity of the median nerve was also normal. This
patient was exposed to the toxic agent for 8 vears, excepting the last 4 months, In
this case it is difficult to explain these normal resuits. They could be attributed to
less exposure to benzene rather than fo the short period of nonexposure.
Moreover, this patient recovered hematologically in a short period. In case 6, the
results of EMG examination and motor conduction studies were normal. But a
decrease in the sensory conduction velocities of the lower exiremities was ob-
served. In particular, the amplitudes of nerve action potentials were low. Briefly
four cut of six cases of aplastic anemia showed neurclogic abnormalities, but two
were normal. These findings suggested that benzene may show toxic effects on the
nervous system at the level of peripheral nerve and/or spinal cord.

Preleukemia

In case 7, EMG examination was normal but MCV of the peroneal nerve was
decreased (Table 2). MCV of the median nerve showed distal lengihening (Table
4) and sensory conduction velocity {SCV} of the same nerve was decreased. This
patient was exposed {0 benzene for 15 vears, excepting the last 8 months. Case §
has not accepted EM{ examination. For that reason, EMG examination and
MCV of peroneal and tibial nerves could not be applied. Only MV of the median
nerve was measured and distal latency lengthening was detected {Table 4), This
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NEURQOLOGICAL ABNORMALITIES IN BENZENE POISONING

TABLE 2
Tre RESULTS OF BLECTROMYOGRAPHIC AND Moror ConpucTioN VELOCITY STUDIES IN
iy PATIENTS WITH APLASTIC ANEMIA AND IN Two WITH PRELEUKEMIA
DUE To CHRONIC EXPOSURE TO BENZENE

Moior conduction velocity

{ase M. peronealis M. tibialis
No. Electromyography {m/sec) {m/sec)
1 First siudy:
Neurogenic involvement 42.5 31.5
Secend study:
Neurogenic involvement 44 52
and denervation
Third study:
Regression in mentioned 56 52
findings
s MNeurogenic inveivement 54 43
3 Normal G4 *
4 Normal 50 44
5 Normal - 64 33
] Mormal 56 ®
7 Maormal 42 44
8 b e P

Note. x = Not performed.

d during the last 6 months he has
conduction distorbance was also
this abnormality

patient was exposed to benzene for 10 vears an
avoided it. In two patients with preleukemia,
detected . Because the outcome was fatal, it is difficult to explain

by a direct effect of benzene. it might be due 10 a toxic effect of leukemia,

COMMENT

It is generally accepied that in aplastic anemia changes in the nervous system
are found only when hemorrhage occurs there {Wintrobe er al., 1974). As can be
seen from Tables 7 through 4, neurclogical abnormalities were found in four out of
six pancytopenic individuals with chronic sxposure to benzene. This cannot be
atiributed to the presence of aplastic anemia. Although the clinical and
hematological findings of bone marrow depression were of severe or moderate
degree in two individuals {cases 3 and 4), they had either no or minimal neurologic
abnormalities. Interestingly, in these two patients with aplastic anemia a long
period between the cessation of benzene exposure and the performance of
neurciogic studies, 53 and 96 months, respectively, has been noted. Contrary 1o
this, the above-mentioned period was very short, 1.5 and 6 months, In three
pancytopenic individuals associated with changes in the nervous system. On the
other hand, in one pancytopenic individual {case 4) without neurciogical abnror-
malities the period of nonexposure was as shart as 4 months. The absence of
changes in nervous system i this patient can possibly be atiributed o the lower
amount of benzene involved in the period of exposure or to individual susceptibil-
ity. Omn the other hand, although in one patient (case &) with miid neurological
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NEUROLOGICAL ABNORMALITIES 1N BENZENE POISONING 463

TABLE 4
Tae RESULTS 05 THE STUDIES o8 MOTOR CoNBUCTION VELOCITIES OF N. MeEDiaNUS aND ULMNARIS
1N FouR PATIENTS WITH APLASTIC ANEMIA AND IN Two WiITH PRELEUKEMIA
DuE To CHRONIC BENZENE POISONING

N. medianus M. uinaris

Conduction velocity Conduction velocity

Distal latency Blhow 1o Axilla to Distal latency Eibow to Axifla to

Case to muscle wrist elhow 1o muscle wrist elbow

No. {msec) {m/sec) (m/sec) {msec) {m/sec) {m/sec)
2 5.8 55 56 3.8 66 5¢
3 58 64.5 76.5 48 33 56
5 4.5 73 8z 38 56
6 3.2 52.5 68 * ¥
7 5.8 50 63.5 X . x
8 5 48 g5 X X %

Note. > = Not performed.

Flo. 1. EMG in case . showing polyphasic motor unil potentials,
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abnermalities the period of expostre was as short as 6 months, during this Dering
she was exposed very heavily 10 benzene.

Polyneuritis {o n-hexane is well established by the studies of Tkada (1976) ang
Herskowitz ef af., {1971). The absence of this industrial compound i the adhe.
sives and benzene solution used eliminates the possibility of n-hexane polyneurity
in our patients. On the other hand, similar changes in the nervous system were
observed by an experimental study performed by Matsumato (1871) on chrane
toluene poisoning in rats. Blectric threshald velocities (motor nerves) were mesy.
sured after chronic exposure io toluene. An increase was noted in the ratio g¢
threshold stimulf and a decrease in the maximal conduction velocity. These
changes were atiributed to the influence of foluene on the nervous system. Cop.
trary to n-hexane, the role of toluens in the development of neurological abnor-
malities observed in our patients cannot be eliminated easily because of possible
presence of toluene in adhesives or in the solution used by our patients, although
at & low level ranging between 6.37 and 9.25%.

Kahn and Muzyka (1973) have observed that in 74 workers with benzene expo-
sure there were complaints indicating functional derangements in the activities of
the central nervous system, althongh hemateological abnormalities which are char-
acteristic of benzene poisoning were asually not seen. Many of the workers exam-

ined had increased S-aminolevulinic acid in erythrocytes and some increased cop-.

roporphyrin in urine. On the other hand, they experimentally showed that chronic
benzene intoxication has some effacts on the porphyrin metabeliam in rabbits. In
this study they have found that benzene poisoning causes changes in the levels of
S-aminofevulinic acid, perphobilinogen, and coproporphyrin in the central ner
vous system. In spite of these clinical and experimental findings they did not study
the peripheral nervous system. But porphyrinic polyneurcpathy is a well-known
entity and in our opinion this metabolic derangement may camgse polyneusropathy
in patients who were exposed to benzene.

in view of the above menticned facts we are strongly inclined to suggest that the
neurological abnormalities found in these four pancytopenic individuals are due to
the direct effect of benzene or toluene on peripheral nerves and/or the spinal cord.
This problem needs mvestigation, particularly using animal experiments,
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