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Hexachlorobenzene (HCB) is a chemically stable
benzene, substituted at every carbon atom with chlor-
ine; the molecule's considerable biopersistence is
directly related to its aromaticity and high degree
of chlorination. HCB is commonly used as a fungici-
dal dressing on cereal grains. Accidental ingestion
(SCHMID 1960, CAM and NIGOGOSYAN 1963) as well as
rising levels in the general environment (KOEMAN et al.
1969, BURNS and MILLER 1975) point to its potential
as a pollutant and health hazard. This study was
undertaken to investigate the susceptibility of rhesus
monkeys (Macaca Mulatta) to HCB poisoning. Findings
of clinical chemistry are presented herein; results
of histopathological examination were presented sep-
arately (IATROPOULOS et al. 1976).

METHODS

Adult, female rhesus monkeys were individually
housed, fed a controlled daily diet including monkey
biscuits (250 g) and fresh fruit, and given water
ad libitum. After a 30-day quarantine and an addi-
tional 30-day period in which to obtain baseline hema-
tology and clinical chemistry values, eight animals
were assigned to the study: Two animals received
128 mg HCB per kg body weight per day, one monkey
64 mg/kg/day, another 32 mg/kg/day and two monkeys
received 8 mg/kg/day. HCB (Fisher) was recrystalized
twice in benzene. Doses were suspended in one-per-
cent methyl cellulose in distilled water and admini-
stered daily by gastric intubation. Two animals re-
ceived methyl cellulose solution only and served as
vehicle controls. All monkeys were dosed daily for
60 days.

Animals were examined twice daily for behavior
and apparent health. Serum samples were obtained
from physically restrained monkyes by venipuncture
at two-week intervals beginning four weeks prior to
the first dose (Week 0). Serum samples were analyzed
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for HCB content, sodium, potassium, urea nitrogen,
total protein, glutamic oxaloacetic transaminase (GOT),
glutamic pyruvic transaminase (GPT), lactic dehydro-
genase (LDH) and total cholesterol. Whole blood tests
included red blood cell counts, total white blood cell
counts, hemoglobin and hematocrit.

All animals except one control and one receiv-
ing 8 mg/kg/day HCB were sacrificed at Day 60 of dos-
ing. Representative tissue samples were taken at
autopsy to determine HCB content. Serum samples for
HCB determination were extracted in hexane (10:1
hexane:serum) and analyzed directly by gas chromato-
graphy. Fat and bone marrow were homogenized in five
baths of hexane. Each extract was taken to dryness
and redissolved in a known amount of hexane. Sample
cleanup, if necessary, was accomplished by addition
of 1-2 ml concentrated sulfuric acid before gas chro-
matography. Extraction recoveries ranged from 90
to 100%.

RESULTS

Five of the six monkeys receiving HCB began to
lose weight by the fourth week of dosing. No signi-
ficant changes were seen in hematologic parameters.
Cholesterol was significantly (p<0.0l) depressed at
Weeks 3, 5 and 8 in 5 animals receiving HCB (Table
1). Samples taken from #618 (128 mg/kg) at Day 60
revealed depressed serum potassium (2.7 mEq/l),
elevated GOT (65 units/ml) and elevated blood urea
nitrogen (140 mg/100 ml serum) compared to this
animal's pretreatment control mean values of 4.1
mEq/1, 26 units/ml and 14 mg/100 ml serum respect-
ively. Monkey #627 (64 mg/kg/day) suffered severe
tremors and muscular weakness Day 58-60, whereas #618
showed marked lethargy and weakness by Day 52.

Serum HCB levels (Table 2) did not appear dir-
ectly related to the amount of HCB ingested, although
levels generally increased during the duration of
dosing. Tissue levels of HCB showed higher levels
in fat and bone marrow than other tissues and sele-
tively higher levels in the adrenal cortex than
in the medulla.
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TABLE 1
Cholesterol (mg/100 ml)

Mean of Values

Monkey Dose Weeks 3,5,& 8 =+ BSE
613 128 1003, 9.5
618 128 80 19.3
627 64 7Oa 3.5
817 32 59a 2.7
1163 8 86 21,2
1184 8 140 7.3
1826 Control 121 10.5
1315 Control 159 6.1
a Significantly different (p<0.01) than a mean of
all monkeys pretreatment cholesterol determina-
tions (153 mg/100 ml)
b

No value for Week 8

DISCUSSION

As might be expected,” the greatest amounts of
HCB were generally found in tissues containing higher
lipid concentrations. Adrenal cortex concentrations
of HCB were selectively higher than adrenal medulla
suggesting the possibility of glucocorticoid response
to stress caused by HCB ingestion (WASSERMAN et al.
1973). Tissue distribution patterns found in this
study were in excellent agreement with previous pat-
terns (ROZMAN et al. 1975). Although extensive ovar-
ian changes were found in the monkeys in the present
study (IATROPOULOS 1976), HCB was not preferentially
concentrated in the ovaries.

Tissue and serum levels of HCB varied widely
between monkeys that received similar amounts of HCB.
Monkey #627 (64 mg/kg/day) had serum and selected
tissue levels much higher than the two animals that
received twice as much HCB. This variation seems in
large part due to the amount of body fat individual
animals possessed. Body fat appeared to serve as a
"protective" reservoir. Monkey #613 (128 mg/kg/day)
was a small, slight monkey whose fat stored more
HCB on a "per mg' basis than #618 (64 mg/kg/day),
although 618, an obese monkey, probably had a larger
total amount of HCB. The thinnest animal #627 (64
mg/kg/day), had almost no adipose tissue and had the
highest non-fat tissue and serum values. These data

245



10> €€ G0 0" 1T ¢'1 'z unxes
1°0> Z L VI 12 i aTosnK
1°0> 1 € €€ €2 9 SOTIBAQ
1°0> 8 Al 80T 61 x4 ureag
1°0> € 11 862 61 81 Kaupty
1°0> 0]3 0% co¢ 06 0z 19ATT
1°0> Vi 19 687 6 71 BTINPO TBUSIPY
1°0 0s 06 GZ¢ 0¢ 061 X3931I0) TBUIDPY
9°1 0s¢ (L4 0041 Gl 09% moxxel suog
11 08¢ 057 0%s ¢4 0€6 Jeg Lpog
0 8 z€ %9 971 871 (Lep /83 /3u) asoq
9781 €911 L18 LZ9 819 €19 "ON £@uol

(udd)

gDH JO ST9Ad7T SNSST]

¢ A4Vl

246



and the correlation between high brain levels and the
severe symptoms of neurological damage in 627 suggest
that physically thin individuals may be more suscep-

tible to HCB poisoning; and furthermore suggests that
rapid weight loss of a chronically dosed animal could
release amounts of HCB much larger than daily intake.

Findings of elevated blood urea nitrogen, ele-
vated GOT, and depressed blood potassium levels in
high dose animal #618 were associated with histopatho-
logical findings of liver and kidney damage
(IATROPOULOS et al. 1976). It is not clear why HCB
ingestion altered serum cholesterol levels (Table 1)
although one might speculate that it was due to liver
damage or unusual steroidogenic activity associated
with changes in ovarian morphology (IATROPOULOS et
al. 1976). It is possible that cholesterol levels
may have changed in response to changes in food con-
sumption. However, in a similar study of polychlori-
nated biphenyl ingestion undertaken at the same time,
animals with appetites similarly depressed showed
no such changes in cholesterol levels (KNAUF et al.
1978).

In general these data suggest: 1) primates can
tolerate short term exposure to HCB at fairly high
levels; 2) the first observable symptoms of HCB pois-
oning are lethargy and loss of appetite; 3) clinical
symptomatology and testing cannot detect or predict
toxicity at the lower dose levels which Iatropoulos
et al. (1976) found to cause significant changes in
the ovaries.
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