Duck Hepatitis Virus Interactions with DDT

and Dieldrin in Adult Mallards
by M. Frienp® and D. O. TRAINER”

Department of Veterinary Science
University of Wisconsin

Madison, Wis. 53706

There has been considerable speculation regarding possible
interactions within biological systems between synthetic envi-
ronmental pollutants and infectious disease agents (1-11). This
type of interaction has been studied in our lsboratory using the
mallerd, Anas platyrhynchos, as & test species (5,6). Since
adult ducks are refractory to the overt manifestations of duck
virus hepatitis (DVH) (12) and because duck hepatitis virus (DHV)
has a predilection for the liver, the organ responsible for the
metabolism of many chemicals, (13) an experiment was undertaken
to determine if infection with DHV had any effect on the toxic-
ity to adult mallards of p,p'-DDT or technical grade dieldrin.

gzgerimental

Forty-eight hours prior to chemical exposure, adult
mallards were inoculated via the brachial vein with either |
106+5 duckling lethal dose 50's (DLD50) of & duckling lethal
strain of DHV or with a normal duck-liver-suspension. Test
groups of 20 birds each were utilized when exposure was to both
the virus and a pesticide; 60 bird test groups were used when
exposure was to only DDT, dieldrin, or neither (Table 1).
Virus-only controls were not employed in this study since the
inability of DHV to cause mortality among adult ducks has been
well documented (12).

Pesticide-treated rations were calculated to contain either
500 or 900 ppm of DDT, or 40 or 80 ppm of dieldrin, and were fed
from day 3 through 12 of the experimental period. A standard

duck-grover ration was provided during the remainder of the
22-day experiment. Birds were observed three times a day, at
which time dead birds were removed and mortality recorded.
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Results and Discussion

Mortality in all but one group receiving both DHV and either
pesticide was less than the mortality in the corresponding group
receiving only DDT or dieldrin (Table 1). The single exception
was the 40 ppm dieldrin exposure level where no birds died in
either test group. The greatest differences in mortality
occurred in the test groups which received 900 ppm of DDT in
their diet (30% vs. 10%). However, when tested by Chi-square,
these differences in mortality were not significant (P<.10>.05).

TABLE 1
Summary of mortality results of adult mallards

exposed to pesticides and pesticides plus
duck hepatitis virus

Mortality¥**
- | Pesticide only | DHV + Pesticide | Difference
Pesticide level* | No. % No. % (%)
500 ppm DDT 4/60 7 0/20 0 -7
900 ppm DDT 18/60 30 2/20 10 -20
40 ppm dieldrin | 0/60 0 0/20 0 0
80 ppm dieldrin | 16/60 27 2/20 10 -17

*ppm in the diet for 10 days of the 22-day experimental
period.

**Number dead/total number in test group.
DHV exposure = 10 '5'DLD50 of DHV 48 hours prior to pesticide
exposure.

The onset of mortality among test groups receiving DHV
prior to pesticide exposure was at least 2 days later when com-
pared with pesticide-only test groups. Also, deaths among the
DHV treated birds occurred during a shorter period of time than
those of pesticide-only test groups (Figure 1).

Chemical residue analyses¥* determined by gas chromato-
graphy indicated that the average ratios of brain to whole-
carcass pesticide residues for mallards at the end of the ex-
periment were approximately 2 to 3 times greater among pesti-
cide-only groups than for groups exposed to both DHV and a

*Residue analyses were done by the Wisconsin Alumni
Research Foundation, Madison, Wisconsin.
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pesticide. Sample sizes were small, however, only two specimens
from each high pesticide dosage level test group were assayed.
In birds, which had received 900 ppm DDT in the diet, the ratio
of brain to whole-carcass DDI** residues were .0960 for DHV-plus
DDT-exposed birds and .2245 for the DDT-only birds. In the

80 ppm dieldrin test groups the ratios were .0883 for birds ex-
posed to DHV plus dieldrin and .2873 for the dieldrin-only test
group.

Under the conditions of this experiment, adult mallards ex-
posed to DHV 48 hours prior to pesticide exposure had an
apparent "protective effect" against the toxicity of DDT and
dieldrin., - This "protective effect” was manifest as reduced
total mortality, delayed onset of mortality, and altered mor-
tality pattern. The failure to detect statistical differences
in the total mortality response may in part result from the low
power of the Chi-square method used for analysis, and also from
the length of the experimental period.
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Figure 1. Comparative mortality among different treatment groups
of adult male mallards in a DHV-pesticide interaction
experiment. Pesticide levels fed are given in ppm in
the diet. Virus exposure occurred 48 hours prior to
experimental day O. Sample size equals 20 for inter-
action groups and 60 for pesticide controls.

¥¥DDT plus DDD and DDE.
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The delay in onset of mortality appeared to be the most
significant biological observation, and was the basis for a
hypothesis that DHV may stimulate enzyme systems in the mallard
responsible for DDT and dieldrin metabolism, i.e., the micro-
somal-enzyme system. If this hypothesis is correct, larger
amounts of pesticides should be degraded in the liver of
mallards which received DHV and less chemical residue reaches
the brain. This would account for the delayed onset and re-
duction of mortality among groups receiving both DHV and pesti-
cides, and is supported by the reduced ratio of brain to
whole~-carcass pesticide residues in these birds as compared to
residue ratios in pesticide-only groups. The reduced ratios in
DHV-exposed birds were due to decreased brain levels of pesti-
cides rather than an increase in whole-carcass residues.

Since clinical DVH does not occur in adult mallards, (4)
stimulation of the microsomal-enzyme systems by DHV is probab-
1ly short-lived and the increased capacity of these stimulated
systems probably soon returns to normal. The systems may
operate in a manner analogous to the stimulation of hexobarbital
and strychnine metabolism reported for murine hepatitis virus

(1),

In other studies, (15) DHV by itself was found to slightly
decrease hepatic microsomal mixed-function oxidase activity in
adult mallards, but in combination with DDT appeared to enhance
hepatic microsomal mixed-function oxidase activity by DDI. In-
volvement of the microsomal-enzyme systems in interactions of
pesticides with other agents has been reviewed by Durham (3)
who noted that "the unifying concept which underlies many of the
interactions of pesticides with other factors involves the drug-
detoxifying enzyme systems in the liver microsomes”.

This study provides additional evidence of biological inter-
actions between organochlorine chemicals and an infectious dis-
ease agent, and further illustrates the complexity of these
interactions relative to host age and exposure time by con-
trasting with results from other studies with different age
mallards (4,5,6).
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