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Introduction:

A high potential risk of a neurotoxic disorder may be invol­

ved in dealing with organic solvent mixtures containing

n-hexane, methyl-n-butyl-ketone or other solvents that

potentiate their effects. Such solvents have been widely

used both in industry and in the household.

Both reversible and irreversible neurological syndromes

have occurred in industrial workers exposed to solvent

mixtures containing n-hexane (Yamamura, 1969; Herskowitz, '

1971; Rizzuto, 1979; Spencer, 1980). N~urological damage

involves the peripheral nervous system and, to a lesser

extent, the central nervous system. Toxic neuropathies

with a very severe clinical course ,and, in some cases,

neuromyelopathies, have occurred in juveniles who repeatedly

inhaled hexane-containirig solvents as narcotics (Oh, 1976;

Altenldrch, 1977; Goto, 1974; Korobkin, 1975). An outbreak

nf toxic neuropathy among Berlin sniffers correlated tem­

p~rally with the addition of 11 % methyl-ethyl-ketone (MEK)

to a hexane-containing solvent mixture ,,,i th concomi tant

reduc tion of the n"'hex.:me from 31 % to 16 ~,. No further

neuropathies occurred after the removal of HEK lrom the

solvent mixtures, although the sniffing abuse of' the

hexQne-contail1il1~ fluid has continued up to the present

time. These data support the idea that the neurotoxic

properties of n-hexane are considerably potentiated by

methyl-ethyl-lc:etone (Altenkirch" 1977).

Experimental studies with laboratory rats have sho,,,n that

chronic exposure to n-hexane produces a peripheral neuro­

pathy characterized by distal retrograde axonal degenera­

tion in the spinal cord tracts and peripheral nerves

(Schaumburg, 1976; Spencer, 1980). Methyl-ethyl-ketone,

a compound unable to produce an experimental neuropathy,

nevertheless potentiates the neurotoxic (neuropathy­

inducing) properties of n-hexane when laboratory animals

.~_. --'.-
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are simultaneously exposed to mixtures of the two solvents

at high concentrations (Altenkirch, 1978). Organotypic

tissue. cultures have also demonstrated that ~IEK can induce

hexacarbon-speciric pathological alterations in cultures

treated with 'sub-neurotoxic doses of n-hexane and speed

the onset of pathology in cultures trea~ed with neurotoxic

doses (Veronesi, Lington, Spencer, 1961).

The present study deQls with two problems:

1. The effects on the nervous system of rats continuously

exposed by inhaiation to concentrations of n-hexane/

MEK mixtures roughly corresponding to threshold limit

values under occupational conditions.

2. The long-term effects of intermittent exposure to

n-hexane/NEK mixtures.

Mat~rial and methods:

Hale \Vistar rats (Hannover strain), aged q months and ini­

tially ''leighin~ 300 - 400 g, ''lere used for this study.

Animals ''lere kept in plastic chambers made of polymeth­

acrylic acid esters, each chamber containin,a: ::; onimQls.

Solven t vapors 'Y'ere ~enerated by per.fusor pwnps (Broun)

'Y'llich passed the sol\rCllt over a ,::;lass :frit throu~h ,,,.hich

an air stream ,,,.as conducted., Solven t concentrations ,,,.i thin

. the exposure chambers ''lerc determined by

a) Draeger indicator tubes for n-hexane, and

b) f'lamc-ioniza tioll-detec tion meosurements (13eclcman j;'IU) •

•
},' ID measurements ,,,.erc peri'ormed in termi t tent.Ly and the

chp,mber concentration colibrated doily. Chamber solvent

concentrations were also calculated from solvent consum­

tion and air flow per 'unit time. Ammonia concentration

(from decomposition of urine and fec~s) was reduced by

placing blotting paper impregnated with NaH
2

POq on the

chamber :rloor.

3
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Animals were rcd betwccn exposure periods with Altrumin A

containing a standardized vitamin content. Watcr waS

provided ad libitum. Body weight was monitored weekly

and compared with normal weight tables. Clinical status

was evaluated two to three times per week by examination

or:

a) general condition,

b) motor pcrformance and

c) hindlimb toe-spreading reflex.

In set. A of the experiments, the mode or exposure was

24 hours a day, 7 days a week up to a total period of

9 weeks. The actual exposure time amounted to about

22 hours per day, since the animals had to be taken out

of the chambers for reeding, .cleaning and examination.

Groups of animals were exposed to the following nominal

solvent concentrations:

500 ppm n-hexane

700 ppm n-hexane

:;00 ppm n-hexane + 200 ppm methyl-ethyl-ketone

400 ppm n-hexane + 100 ppm methyl-ethyl-ketone

500 ppm n-hexane + 200 ppm methyl-ethyl-ketone.

A :further group of :Cive aninals ''las Itept under the same

condi tions but ''Ii thout solvent exposure. They were housed

in a chanlbcr and received hydrocarbon-:filtercd air.

Af'ter conclusion of the experiments in set A, the experi­

ments in set U ''lere per.form~d. In -this case, the mode of'

exposure '-las (3 hours per day, 7 days per '-leel.. up to a

period o:f 40 week~ and 1 1/2 day~. Two groups or animals

''lere exposed to 700, ppm n-hexane or 500 ppm n-hexane

plus 200 ppm MEK. Again, a third group received hydrocarbon­

filtered air.

After the treatment period, the animals were anesthetized

with sodium barbitone and perfused through the heart :Cor

10 minutes with 5 % glutaraldehyde solution in phosphate
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buffer (pH 7.4). Following perfusion, tissue was removed

from certain vulnerable areas of the brain, spinal cord

and peripheral nerves. Tissue segments were post-fixed

in 1 % osmium tetroxide in phosphate buffer (pH 7.4),
dehydrated stepwise and embedded in Araldite. One­

micrometer cross and longitudinal epoxy sections were

cut from hardened blocks and stained with methylene blue

or toluidine blue for examination by bright-field micro­

scopy. At least two sections were examined for each

sampled area.

Since age-dependent morphological alterations had to be

taken into account because of the long exposure time in

set B, a special, method \I1as used in the experiment f'or

histopathological assessment. Single-blind evaluation of

the tissue sections \I1as conducted by two examiners. The

controls consisted of' nerve tissue £rom age-matclled and

non-a~e-matched animals. Slides were randomly scl~cted

and qualitatively examined with X 40 and X 100 objective

lenses. The degree of patholo~ical chan~e was scored by

each observer on a scale from 0 (no·change) to 5 (maximal

change). The scores \iCre averaged, grouped and analyzed

after all data had been collected.

E~;nOSlJl'C Rtatus:

•ExcllrRiollr: in solvent concentration \I1ere not detected at

any til:lC during the exposure period. Solvent concentrations

\iere maintained to or at the desired levels.

Clinical status:

Set A:

All animals survived the exposure period. The solvent­

exposed animals sho\ied a marlced reduction in weight com­

pared to control animals. The rats treated with n-hcxane/

'1' Reproduced trom
best available copy. I
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1'.11::1\ Rho\ied an excessive hypersalivation. Orange-red discolo­

ration of' the skin and Cur was also seen in all rats with

the exception of the control animals. Narcosis was commonly

seen.

All solven~s&i animals developed limb \o{ea)cness commen­

cing by evasiOll or the hindlimbs leadin,-:!; to paralysis, and

eventuating in quadriplegia. Hindlimb paralysis as sho\'1n

in Fi~. t, lias regarded as the unequivocal f'unctional mani­

festation of' a neuropathy. These clinical signs occurred

at different times in the individual groups. A complete

hindlimb ,o{eakness ''las exhibited in the ninth ''leek by all

animals exposed to 5UO ppm ~-hexann, and in the ~ighth

week by groups treated with ~OO ppm n-hexane and" tOO ppm

methyl-ethyl-)cetonc, as \'1ell as ''lith 300 ppm hexane and

200 .Ppl:l mr.thyl-ethyl-ketone. In contrast, animals exposed

to 500 ppm n-hexane nnd 200 ppm methyl-ethyl-ketone or

700 ppm n-hexane diRP1.ayed hindlimb paral)rsis

in tile rom-til ,.,.ee)c of' intoxicatioa (Fig. 2).

Set U:

All animals survived the e~.:posure periou. i\nrcosis ,vas

not observed, and uodY-\'leight fl;ain \.,.ns the same in con­

trols anu treated ~roups. Solvent-trea ted animals sho\o{ed

fur uiscolora tion, -''lhich \'1as restric ted to an orange-red

co.llar around the neck. This discolorntiol1 appeared more

I;:nrl~cd in Llllimn 1.5 exposed to n-ilcxLllle/i'iEK-treated mixtures

t.han in the rats exposed to ll-hcx.:lnc nl.one. AlJuormal.. .

clinic.:ll si~ns ,..ere no t detected in any animals.

~europatholo$icLll Cindin~s:

Set A:

Li~ht microscopic' examination of' peripheral ner~es revealed

the characteristic pattern of' scattered multifocal giant

axonal s,o{ellings. These 011 tera tions 'otere mainly localized

to the branches of the tibial nerve supplying the cal:f

muscles but also seen in ~ther portions of' the ischiatic
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nerve (see Fig. 3). Pnranodal myelin retraction ~ns evident

in the area of the nxonnl swellings. Dreakdown ofaxons

and myelin degradation (myeling ovoids) was visible distal

to the axonal swellings (see Fig. 4). Axonal swellings

were also observed in the gracile tract o£ the spinal cord

at cervical levels (Fig. 5). All these pathological changes

were visible irrespective of the degree o£ clinical neuro­

pathy. UI trastructural examination of the axonnl shTellings

revealed intra-axonal accumulations of 10-nm neurofilaments

(Fig. 6). Glycogen granules free in the axoplasm or deli­

mited by a single membrane were scattered in affected axons

(Fig. 7).

Light-microscope and ultrastructural examination of the

parotid and snlivary glands sho,..ed, pnrticularly in the ani­

mals treated ,.;i til HEK/n-hexane, n fatty degeneration and

widening of the glandulnr ducts, whicll could be associnted

-wi th the e~~cessive hypersalivation of the nnimals.

Set 13:
------ eNS and PNS areas
Special nttention "<LlS ~i\ren to/"lhich Clrc specinlly vulnerable

in l1-h~::al\e intoxicntion, i. c•. the terminal

porl:.ion of the ~racile trnct in the me<.lulla,oblonp.;atiJ. and

cervicLll cord, the ventro-medial trncts of the lumbar

spinal coni, <lnd thc tibial nerve nt the l~nee. l'atholo,a;ical

chanp.;eschnracterized by scattered nerve-fiber degeneration,

ma~nly in the form of fiber destruction and ovoid formntion,

,..ere detectcd variably at t1lese loci both in solvent-exposed

and control animals • Axonal s,..ellings ,v-ere not found

in the peripheral nervous system but ,..ere apparent in the

gracile tract of the spinal cord, especially at the level

of the gracile nucleus in medulln oblongnta. The younger

control animals were largely free of scattered peripheral

nerve-fiber degeneration.

- 7 -
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Discussion:

Our previous clinical observations and experimental animal

studies led to the conclusion that n-hexane, although defi­

nitely a neurotoxin with a specific mechanism of action,

has a low neurotoxic level which can be potentiated under

certain conditions. Such a potentiator is methyl-ethyl­

ketone (Altenkirch, 1977). foIixtures of HEK and hexacarbons

have been frequently implicated in outbreaks of neuropathy

(Table f).

\while the purpose of earlier experiments (Altenlcirch, 1978)
was to reproduce in the experimental animal ~odel the condi­

tions of very high concentrations occurring in solvent abuse,

the present study examines the- effects of solvent concentra­

tions which roughly correspond to reported occupational

e"'-posures. The resul ts in set A sho'17 that n-hexane-induced

hindlimb weakness manifests after 9 weeks or continuous

:I"_xposure to 500 ppm n-hexane, 'ihile a complete hindlimb

paralysis is already visible after ~ weeks with ~ mixture

of 500 ppm n-hexane and 200 ppm HEK. Paralysis also occur­

red after ~ weeks of continuous exposure to 700 ppm n-hexane.

Thus a clear and unequivocal I-iEK potentiation of' n-hexane

neurotoxicity hns been demonstrated under these conditions.

This stntement only npplies for the conditions of: continuous

e:\.-posure provided in se t A.- Thou~h the threshold lind t

VCl.l ues have heen set i'or an U-hour ,\"orkin~ day, this is

exceeded in a number of occupational situations in Europe,

e. ,t;. in the leather-proce~sin.c; industry in Italy, Spain,
•

Portu,c;al and Austria 'Y'here ,(orkin.c; place and household are

frequently combined and a morcor less continuous exposure

has occurred. A lar?,e number of the more than 'iOO cases

of occupational neuropathies among Italian shoemalc:ers

apparently developed under such conditions. Moreover,

affected individuals often sustain additional skin expo­

sure to the solvent mixture which is totally'ignored'by

the concept of the threshold limit value.

. -" - -,- ._,...~. :-~-"""""'-""--',,:,,""- .-:-. --

~rOduced from
; besl available copy.
i
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Inoue And co-workers assume that a hexane-neuropathy is

induced in workers after 3 to 7 months of daily 8-hour

exposure to 500 to 1000 ppm. In this connection, the

risk in the hobby and household Area, where continuous

long-term exposure is not uncommon, has so far been

totally disregarded.

Pathological changes which typify the onset of sub(~linical

n-hexane neuropathy consist of giant axonal swellings

f'illed ,'lith 10-run neurofilaments appearing concurrently

in the gracile trAct o~ the "medulla/cervical spinal cord

and tibial nerve nt the knee (Spencer and Schaumburs;, 1977).
Evidence that n-hexane has induced the neuropathy is depen­

dent on the identification ,dthin individual animals of

giant axonal swellings at all o~ these sites. At later

sta.~es, axonal sh'ellings appear more prOXimally in the

nf:fccted nerve tracts, so that they are also found in the

proximal section o:f the, sciatic nerve as ,,,ell as in the

~racile" tract in the thoracic or lumbar region or the

spinal cord. Furthermore, auimals ,... i th clinical si~ns 01'

a neuropathy also display speci~ic pntholo!J;ical chan~os

in tho ventro-me.dial tract of" the spinal cord AlS "1011 as

in the cereboJ.lar vermis nnd distal optic tracts." The exa­

mination described in set U has not evaluated the temporal

development of' morphological changes in exposed animals

nnd is limited to the nssessment of patholo~ical findil1~s

at a sin~le time-point. A potentii:l.l dif"ficulty ,'lith this

appronch is that the nervou.. system 01' rnts" displays nil

increasin.~ incidence o:f pathological change ,... ith incren­

sin~ a~e. These changes arc not oniy similar (upon light­

microscopic evaluation) to those which occur in hexacarbon

neuropathy, but are also localized in those nerve tracts

vulnerable to hexacarbon intoxication. Age-matched animals

in the present study displayed scattered nerve-eiber dege­

neration in the SAme loci and to a similar degree as in

solvent-exposed animals. Age-associated and hexacarbon-
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speci~ic changes can be distinguished ~rom each other by

four factors:

a) Axonal swellings filled with neuroCilaments occur con­

temporaneously in vulnerable loci of the PNS and CNS

in n-hexane neuropathy but not in normal aged animals,

where they only appear in the CNS.

b) Late stages of' nerve-fiber degeneration in n-hexane

neuropathy are always accompanied by earlier phases

(e. g. axonal swellings) in both the CNS and PNS.

c) Aged animals show specific pathological changes (not

seen in younger animals) in the axons (e. g. metachroma­

tic bodies and other dark-staining material) as well as

in the neurons (pigmentation); these occur in aged (but

not young)hexacarbon:-treated animDols (Spencer et al.,

1980) •

d) Ultrastructurally, hexacarbon-specif'ic DoxonalSliellings

are filled ld th neuro:filaments; whereas age-associated

swellings contDoin large numbers o~ tubulo-vesicular

profiles.

13ased on these patholo,c;ical criteria, it can be concluded

l'rom the present observations thDot age chDon):!;es lll'ere -promi­

nent in allsolvent-eA-posed animals and that no hexacarbon­

specif'ic abnormalities \Il'ere detected in any 01' tile sampled

tissue. This interpretation of the morpllolo~ical data is

substantiated by the absence of' abnornlal clinical si.a;ns and

an abnormal rate of body-l,,"cight .~aill. The fur di:;coloration

lias the only }lositive sir-;n lll'Jlich dis tin,c;uished e:\:posed and

control groups. The significance or this observDotion is

ur~nown, but the results in set U as well DoS previous studies

using high solvent concentrations 'have demonstrated that

:fur discoloration~:failure, to- gain weight normally and hyper­

salivation pre~ede and accompany the development o:f the

neuropa.thy. The present stUdy also sho,ll's that the degree o:f

fur discoloration- is more. extensive-in' animals treated with

MEK and n-hexane than in animals exposed to n-hexane alone.
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It cnn be said in sUDlmnry that animals exposed 8 hours II

day, 7 days a week ~or ~O weeks and 1 1/2 days to either

700 ppm n-hexane or 500 ppm n-hexane + 200 ppm MEK showed

no neuropathological or clinical signs o~ neuropathy, whereas

animals continuously exposed to the same concentrations 24
hours a day developed a clinically manifest neuropathy with

hexacarbon-specific morphological alterations after 4 weeks.

The results in set D of the experiments do not rule out the

possibility that neuropathy would have developed if exposure

times (both daily nnd total exposure) had been longer. This

is of great importance with regard to use of these solvent

mixtures in industrial ,.,orking situations or in the house­

hold. A clear potentiation by methyl-ethyl-ketone of hexa­

carbon neurotoxicity can be observed upon continuous exposure

to HEK/n-hexane mixtures, even at low concentrations. In

vie,., of all available clinical and experimental data, the

combinntion of MEK ,,,ith hexacarbon should be avoided in

commercial solvents, and appropriate ,.,arnings should accom­

pany these products." ,I ;.

sUnll:'lnry:

The ei'f'ects of lon,a;-term continuous and intermittent inhala-

tion exposure to selected concentrations.. of n-heXi1ne·and '"

mixtures of n-hexane and~methyl-ethyl-ketonc-{MEK)on'th~

nervous system of' rats ,,,erc investigated. Animnls exposed

continuously (2 l.l: hid, 7 d/,,,eeld to 500 ppm n-hexanc dis-

played complete hindlimb parnlysis nCter ? weeks. llistolo-

gical examination showed hexacnrbon-spcciCic axonal lesions
•

in peripheral nerves, partiCUlarly tibial branches to calf

muscles, and in the gracile trnct nt cervical levels of the

spinal cord. Similar clinical pathological'signs-of-neuro­

pathy appeared one week earlier in animals treated with

a mixture of 500 ppm n-hexane/l-IEK (4: 1 or 3: 2) and 5 weeks

earli,er with 700 ppm n-hexane/~lEK mixture (5: 2) or 700 ppm

of n-hexane alone. Rats exposed to the: iatter concentratioIlS :.

intermittently (8 hid, 7 d/,,,eek) for 40 weelts did not deve-

lop clinical or morphological signs of a hexacarbon neuro-

pathy.
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Table 1

Presence of MEK in solvent mixtures in cases of "hexane

neuropathy" reported in the literature

Goto, 1974

Oh, 1976

Gaultier, 1973

Vaucher, 1972

Carapella, 1975

DiBosco, 19711

Lima, 1977

·_·-.-;_~ •. ·r.,,_~·, ':'-'._,.,'~" ... -', --~._. -. --.

sniffer's neuropathy

huffer's neuropathy

industrial solvent
neuropathy

industrial solvent
neuropathy

industrial solvent
neuropathy

: industrial solven~~c;

neuropathy

industrial solvent
neuropathy _

..

MEK, n-hexane,
toluene

MEK, MIBK, toluene,
acetone

MEK, cyclohexan~,

toluene, industrial
benzine, type C

MEK, cyclohexane,
toluene, industrial
benzine type C

MEK, n-hexane,
toluene, in several
analyses

-=.~- : . MEK, n-hexane, _ _ .
tOluene, in several
analyses

MEK, MIBK, ~olucne,

acetone

.--.-



iii.':. "1:

Severc h:i.lltUiuol p"\l·csi~, in'".:\11 .:\l1il:1",l :1:n:-o
n-ile~~o.nc + 1'1::;1:. Cn.Ly o.nil:1o.1s o.t tilis stil)'!;
nal ir.lpo.irmcnt uere considered clcilrly ne



15

continuous exposure (24h I d; 7d I week)

H 700

HIM 500:200

HIM 300:200

HIM 400:100

H 500

1 2 3 4 5 6 7 a- 9 weeks

o pure n· hexane - lin. hexane I MEK - mixture

•

Fip;. 2:

Time of onset of severe functional impairment as shown
in Fig •. 1 t -:rollol'1ing e"'posure to different solvent.
mixt.ures.
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•

Fi$!:. 3:
Paranodal axonal swelling ,~ith prominent myelin retrac­
tion in the paranodal area and slightly increased density
of axoplasm. Methylene blue, x 1.500. n-hexane/MEK,
500 : 200 ppm, ~th,wee~•.
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Ovoid £ormntiondistnl to axonal swellings. Methylene
blue, x 1.500. n-hexane/l-lEK, 500 : 200 ppm, 4th week.
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Fi$!;. 5: .1'1.!!;. J:

Axonal sliclling in.gracile trac~. axonso~ the upper cer­
vical level. I-Jethylene blue, x 255. n-hexane/t-J£K, 400 :
100 ppm, 3th week.
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Fig. 6:
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Cross section of densely accumulated ncuro£ilaments in
axonal swellinga:Tb~umy~.lill~heat~ci~"abnormallyO\;j;.r, ,':':c.:. i,':")'

(x 26 .000J.! n-hexanetHEK,:!500!,~1'200, ppm', ltth:;,~ee~•.
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•

Fip;. 7:
Circumscribed accumulation of glycogen granules inmyeli-
nated axons"surrounded by. a.· membranous .struc.ture.~ (x .10.000.) .... :;;;. ---.:,;~~


