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ABSTRAC T _ . S

n-Hexane is a chemical solvent produced during the crachng and fracnona[ dut:llat:on of cmde oil

and is used widely in industry (paints, varnishes, inks, plastics and rubber). In addition, n-hexane i is a ma-

Jor component of benzine and glue which are often sniffed to induce euphoria. The present study aimed to

| evaluate the effects of prolonged exposure to n-hexane. The experimental animals (albino rats) were
dosed with 5 mg/kg n-hexane dissolved in olive oil subcutaneounsly once q’dily, 6 dayshweek for 8 weeks.

The hematological findings revealed marked pancylopenia (anaemia, leucopenia, thrombocytopenia)
Much could be attributed histologically to necrosis and drffuse fi broszs in bone marrow. Hexane-induced

. neuromx:cuy was in the fmm of mild hemorrhage in brain cortex and could e,xp!am the marked decrease
S ._ in locomotor activity among hexane treated group. The lung tissue revealed moderare hemorrhage with
lymphocytic and macrophage infi Incman. There were patchy areas of focal hepatocellular necrosis. The
cardiac muscle reveafed fragmentation that could explain derangement of intracellular ions. There was a
significant reduction of myacardiﬁl contents of magnesium, potassinm and zine in treated group com-

- pared to control group that might have influence upon myocardial excitability. The serum concentration

of these elements revealed insign{ﬁca.nr difference between treated and control groups. The cardiotoxicity

and Reurotoxicity of n-hexane could e;\‘plain mortalities encountered among the treated group throughout

the study. The results of the study support the guidelines to minimize occupational exposure 1o n-hexane

and to fight giue, benzine and other solvent abuse.

- INTRODUCTION : they have been discarded as chemical
N o _ o wastes (Andrews and Snyder, 1991).
Solvents are a group of chemicals that
have two features: they are lquIldS and be- n-Hexane is one of these solvents used
rause of their w1despread use in com- for extraction of oils from seeds, and as a
merce, there is a potential for human ‘ex- component of paints, glues and gasoline.
posure both during their use and after Millions of workers may be exposed to n-
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hexane usually by inhalation in occupa-
tions such as cabinet flmshers shoes facto-

1y, synthetic rubber, petroleum distillation
and plastic manufacturing. Small amounts
of n-hexane may also leach from hazard-
ous waste sites to ground water sources
{Dunnick et al., 1989).

Recently, deliberate inhalation of sol-

vent vapours of a wide variety of sub-

stances to induce sensation of euphoria
has become a widespread practice. Ben-
zine and glue, which contain hexane in -
high concentrations, are often sniffed to

induce a pleasurable state (Khedun et al.,

1992). The sequelae of chronic solvent
abuse are brain damage (Lewis et al,’

1981), peripheral neuropathy (Anderson et

al 1982), cardiac arrythmias (Reinhardt et

- 1971), optic atrophy (Spencer et al.,

1980), hematotoxic and immunotoxic ef-
fects (Farris et al., 1997: Robmson et al '

1997).

Taking all these facts into considera-

tion, the present study aimed to evaluate
hematological, biochemical and histologi-
cal effects of prolonged exposure to n-
hexane.

MATERIAL AND METHODS

Chemicals : _

n-Hexane was obtained from El-Nasr
Company for Pharmaceutical Chemicals,
Cairo, Egypt. The pure form (exceeding

Mansoura J. Forensic Med. Clin. Toxicol.

28

- 99%) was colourless liquid W1th molecular
‘weight 86.18. The weight per ml was

about 0.66 gram.

Animals:

Fifty adult male albino rats weighing
150-180 grams were given food and water
ad libitum and maintained on 12 hours
light/dark cycle. The animals were al-
lowed to stabilize one week prior to the
experiment.

The animals were divided into two
groups: the control group (20 rats) and the
treated group (30 rats). The treated group
administered subcutaneous injections of 5
mg/kg n-hexane dissolved in olive oil
once daily, 6 days/week for 8 weeks. The
control group administered subcutaneous
injections of olive oil alone once daily for
the same period. The body weight of all
animals was recorded before starting and

- at the end of the experiment. All animals

were observed daily for water and food
consumption, Iocomotor activity and col-
our of fur.

At the end of the experiment, the anj-
mals were sacrificed by cut throat and in-
dividual blood samples were taken. Each
sample was divided into two halves, or
half was taken on EDTA tubes for the h
matological determination. The other hai
was left to clot at room temperature, cen~; :
trifuged at 3000 rpm for 10 minutes and
supernated serum was kept frozen at -
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200C for subsequent measurement of ser-

um elements (magnesium, potassium and
zinc).

Ten rats from each group were dissect-
ed out and their hearts were quickly re-
moved, frozen immediately and stored at -
20°C for subsequent measurement of myo-

cardial elements (magnesium, potassium
and zinc).

The remaining animals were dissect-
ed out, then their brain, heart, lung, liver
and bone marrow were taken and fixed in
10% neutral buffered formalin. Bone mar-
row was decalcified for one hour and all
tissue specimens were embedded in paraf-
fin wax. For every specimen, serial sec-
tions (5 u) were taken, stained with hema-
toxylin & eosin for light microscopic
examination. Bone marrow was also
stained with reticulin stain by silver im-
pregnation.

Hematology:

Red blood cells count (RBCs), hemoglo-
bin concentration (Hb), hematocrit (HT),
mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration
(MCHC), total white blood cells count
(WBCs) and platelets count were deter-
rnined by automatic hematological analyz-
er Sysmex E-4000. Blood films were
stained with May-Grunwald/Giemsa.
Morphological findings and white blood
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cells differentiation were observed under
the microscope.

Measurement of myocardial elements
(magnesium, potassium and zinc):

Excised hearts were placed in a 100 ml
beaker containing 5 ml of 55% nitric acid.
The beaker was placed in a hot boiling
bath and digestion allowed to proceed un-
til the heart was completely dissolved. A
second beaker containing 10 ml of 60%
perchloric acid was placed in a sand bath
in a specialised fume cupboard. Anti-
bumping granules were added and the
perchloric acid allowed to come to boil
slowly. The nitric acid solution was added
drop by drop to the boiling perchloric
acid and the reaction continued until dry-
ness. Distilled water was added to the
cooled beaker to a volume of 10 ml and
the solution stored at -20°C for subsequent
analysis. Tissue magnesium and zinc were
analysed by atomic absorption spectro-
photometry. Potassium was assayed by
flame photometer using caesium chloride
as internal standard (Khedun et al., 1992).

Measurement of serum elements (mag-
nesium, potassium and zinc):

Serum magnesium was analysed by
atomic absorption spectrophotometry ac-
cording to Hansen and Freier (1967). Ser-
um potassium was assayed by flame pho-
tometry with lithium as internal standard
according to Bugyi et al. (1969). Serum
zinc was analysed by atomic absorption
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spectrophotemetry according to the meth-
od of Sinaha and Gabriall (1970).

Statistical analysis:
Data were analyzed by Student’s t test

and percentage accordmg to Arrmtage
(1983). e

- RESULTS

Survival, body’ welghts and clinical
sngns

Five mortalities were encountered in
the treated group and recorded after 38
days (one case), 43 days (2 cases) and 52
days (2 cases). There was a decrease in
food consumption among treated group
relative to control. The final body weight
of treated group revealed 12.2% decrease
relative to control weight (Table 1). There
was a decrease in locomotor activity in the
treated group observed from the end of
the fourth week and increased gradually
in severity till the end of the experiment.

Hematological results:

Pancytopenia was the most common
hematological finding in n-hexane treated
rats as there was significant decrease in
the RBCs, WBCs and platelets count com-
pared to the control (Table 2). - -

Biochemical results: -

Serum  levels of magnesium, potas-
sium and zinc in treated group was
lower than that in control. The reduc-
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tion was insignificant as illustrated in ta~
ble (3).

Myocardial concentrations of these ele-
ments are shown in table (4) revealing sig-
nificant reduction in the hearts of n-
hexane treated group compared with con-
trol group.

Histopathological results:

The bone marrow, stained with Reticu-
lin stain, revealed necrosis and mild dif-
fuse fibrosis which was encountered in all
cases (100%) and illustrated in fig. (1). Vas-
cular changes in the form of endothelial
swelling and subendothelial deposition
of hyaline-like material in small arteries
(Fig. 2) were seen in 12 cases (80%).

The lung tissue of n-hexane treated
group, as shown in fig.(3), revealed mod-
erate hemorrhage, congestion, with mono-
nuclear inflammatory cell infiltration,
mainly lymphocytes. Some of the macro-
phages were very large and distended
with hemosiderin derived from the ingest-
ed red cells. These findings were encoun-
The heart
showed diffuse fragmentation of myocrr-
dial fibers (Fig. 4) which was encountey !
in 80% of cases. There was mild her’ N\
rhage in the brain cortex (100% of cases)"
shown in fig. (5). The liver revealec _
patchy areas of focal hepatocellular necro- .
sis (F1g 6) which was encountered in 80%
of cases.
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DISCUSSION

~ The petroleum derivative, n-hexane is
an aliphatic hydrocarbon which is used
widely as a solvent for many industrial
purposes. This chemical solvent is present
in high concentrations in glue and benzine
which are often sniffed to induce euphoria
(Goldfrank et al., 1982; Harada et al,
1999).

 Owing to its widespread occupational
exposure and abuse by sniffing, it was
necessary to evaluate the toxic effects of n-
hexane. Being one of the hydrocarbons,
the present study aimed to investigate the
hematological, biochemical and histologi-
cal effects of prolonged administration of
n-hexane to albino rats.

The results of the study demonstrated
that long term exposure to n-hexane had
been associated with hematotoxicity and
hematopoietic dysfunction and was impli-
cated in the development of pancytopenia
(anaemia, leucopenia and thrombocytope-
nia). This hematotoxicity could be attribut-
ed to its direct inhibitory effect on hemato-
poietic  tissue _(bone marrow) which
revealed necrosis and diffuse fibrosis on
. microscopic examination. These findings
. support the fact that aplastic anaemia, leu-
copenia and thrombocytopenia are the
main hematotoxic effects associated with
hydrocarbons toxicity (Goldfrank et al,,
1982). The bone marrow vascular changes
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observed in the present study, could be at-

tributed to gamma globulin deposition by
the surrounding plasma cells, alternative-

ly, the result of immune complex deposi-
tion. The bone marrow fibrosis, in the
form of increased reticulin, can be ex-
plained by the increased proliferation
and/or necrosis of histiocytes (Farris et al.,
1997; Robinson et al., 1997).

The hepatotoxicity manifested by dif-
fuse hepatocellular necrosis and pulmo-
nary toxicity in the form of moderate hem-
orrhage and lymphocytic infiltration could
be attributed to the direct action of n-
hexane on thes_e target organs.

‘The mild hemorrhage in brain cortex of
n-hexane treated rats proved nervous tis-
sue damage and could explain the marked
decrease in their locomotor activity. These
findings support the results of Wuldron
(1981) who observed that n-hexane caused
degeneration of central and peripheral
nervous tissues in rats. Also, Cavender et
al. (1984) reported nerve damage after n-
hexane exposure at 10000 ppm for 13
weeks in rats. The n-hexane induced neu-
rotoxicity, as mentioned by Krasavage et
al. (1980} can be attributed to its major me-
tabolite 2, 5-hexanedione which is many

times more potent than the parent chemi-
cal.

‘The cardiac lesion was in the form of
myocardial fragmentation which indicat-
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ed the hypercontraction of the myocardi-
um. The cardiac lesions have a role in the
arrhythmogenesis and cardiac failure as
stated by Cunningham et al. (1987) who
reported primary ventricular fibrillation
and myocardial infarction in a patient fol-
lowing a prolonged period of glue sniff-
ing. Also, Maharaj et al. (1993) reported on
dissociation, reduction of diameter of the
myofilament, oedema and degeneration of
the mitochondria in hearts of n—hexane
treated rats. B

In the present study, n-hexane caused
derangement of the intracellular ions
within the myocardium resulting in myo-
cardial electrolyte deficiency. These elec-
trolytes, according to Khedun et al. (1992),
may have influence upon myocardial ex-
citability and consequently may play a
role in n-hexane induced arrhythmia.
Magnesium has an important role in cardi-
ac rhythmicity and loss of cellular magne-
sium may result in the reduction of Mg+2-
ATPase affecting the (Na*, K*) pump
thereby altering membrane potential and
consequently cardiac rthythm. Intracellular
potassium deficiency is associated with a
decrease in resting membrane potential
which increases’ myocardlal excitability.
Zinc frequently acts as an essentlal cofac-
tor to many enzymatic reactions.

The histological findings could explain
mortalities in this study which might be
combinations of cardiac, respiratory and
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central nervous system disorders. These
explanations could prove theories that had
been postulated as to how chronic solvent
exposure and abuse might cause death.
They include respiratory depression, car-
diac depression, inhalation of gastric con-
tents while unconscious, suffocation and
hypoxia. However, in many cases the col-
lapse is sudden suggesting a lethal Caldl-
ac arrhythmia (Streicher et al., 1981; Hara-
da et al,, 1999). It is thought that solvent
abuse causes sudden death directly or by
sens1t121ng the heart to the arrhythmogen—

ic actlon of adrenahne (Khedun et al,
1992) '

As the metabolism of hydrocarbons m
the rat has been shown to closely mimic
that of humans (Seaton et al,, 1995), the re-
sults of this study support the guidelines
to mnumlze human exposure to n—hexane

 The current Occupational Safety and
Health Adm1n1strat10n (OSHA) standard
for n-hexane i is 500 ppm (1800 mg/m3) av-
eraged over an 8 hour work shift. The
American Conference of Government In-
dustrial Hygienists recommended that the
permissible exposure limit for n-hexane is
50 ppm (180 mg/m3) averaged over a
work' shift of up to 10 hours/day, 4
hours/perxod (Dunruck etal,1989). .

Thousands of workers may be exposed
to n-hexane usually by inhalation in occu-

pation for prolonged time. Also, benzine
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and glue, products consisting principally
of n-hexane, are bought freely by a large
number of street children and sniffed to
induce euphoria. In addition, the ground
water is a considerable source for water
consumption which may be contaminated
with hexane by leakage from hazardous
waste sites (Dunnick et al., 1989; Khedun
et al. 1992). Therefore, periodic measure-
ment of environmental concentration of n-
hexane in air and drinking water inside
and near industrial areas is recommended.
Also, periodic clinical examination and
blood cells counting of workers -at high
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- risk for n-hexane exposure is recommend-

ed to detect any signs of toxicity as early

as possible to get better prognosis.

It must be considered that the major
drawbacks of most studies on the toxi-
cology of solvents is that actual occu-
pational and environmental exposure is
not to the pure compounds used in toxico-
logical research but to commercial mix-
tures of solvents. Therefore, further re-
searches are recommended to develop
strategies for studying the toxicology of

.- solvent mixtures..
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Table (1) : Body weight of conn_'bﬁ and n-hexané treated groups.
e Body weight (gram)
Group Initial Wt. Final Wt.. ~ Final wt. % of
Mean +SD Mean +SD - control p
Control (=20} X o 164412 S 197+8 ' 100%
Treated (n=25) SERERED £33 = B S 17326 87.8% )

* Significant (P <0.05). .

Table (2) : Hematological picture i control and In-he_x_a_ne treated groups.

Hematological parameter | Control group (n=20) | Treated group (n= 25)
Mean = SD Mean + SD '
RBCs (X10° ful) 9.21%0.13 6.34+0.15%
Hb (g/dl) 16.3+0.6 13.2:40.3%
Ht (%) 47.2%1.1 39.7:£0.5%
MCV (1) 50.8%1.0 42.4+1 4%
MCH (pg) 18.120.3 15.3::0.5%
MCHC (g/dl) 35.4£0.5 31.540.0*
WBCs (X107 /ul) 6.2:0.3 3.7£0.5%
Neutrophils (%) 17.5:£5.7 14.8%4.0
Lymphocytes (%) 80.7+5.4 83.4+4.2
Monocytes (Yo} 0.8+£0.6 0.74£0.5
Eosinophtls {%) 1.0£0.9 [.1+0.8
Platelets (X10° /ul) 640+44 453+£36%

* Significant (P < 0.03).
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Table (3): Semm concentrations of magnesmm potassmm and zmc m control and n-

hexan treated rats

Group (mg/dl)

Magnesmm’ T

. (mEq/L) |

~ Zinc
~(ug/dl)

~Mean +SD- ._ 7

Mean£SD

" Mean = SD

Control (n= 20) 1.82&0.32 e

© 110.86+5.48

Treated (n= 25)

1685044

 106.64+6.18

insmmﬁcant (P’ > 0 05)

Table (4) : Concentrations of magnesium, potassium and zinc in the heart of control

and n—hexane treated rats.

Gmup : Magnesmm (ug/g)

Potassmm (ug/g)

_:._,Zinc (ug/g)

Mean = SD

- Mean:i:SD

o Mean + SD

| Control (n=10) |

20416 |

29462212 326462

Treated (n“ 10)

16224

e |

20.8+4.6*

Significant (P <0. 05)
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Fig. (2) : Section in the bone marrow showing endothelial cell swelling and subendothelial
deposition of hyaline like material. (H & E X 400)
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Fig. (3) : Section in the lung tissue showing moderate hemorrhage with mononuclear inflam-
matory cell infiltration, mainly lymphocytes. Some macrophages are very large
and distended with hemosiderin (brown pigment) derived from ingested red cells.

(H & E. X 200)

Fig. (4): Section in the cardiac muscle showing fragmentation of cardiac muscle fibers.
(H & E X 400)

Mansoura J. Forensic Med. Clin. Toxicol. Vol. X1 No.2, July 2003



Ashmawy , M. M.

38
Fig. (5) : Section in the brain tissue exhibiting mild he‘morrhage.: i (H & E X 400)
Fig. (6) : Section in the liver showing patchy areas of focal hepatocellular necrosis .
(H& E X 120)
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