
main coronary artery and three from the 
distal midventricular portion of the ar- 
tery). Two 5-ELm sections were cut from 
each block and stained with either hema- 
toxylin and eosin or Verhoeff-Van Gie- 
son stains. For each block, the percent- 
age of the apparent lumen occupied by 
atherosclerotic lesion (stenosis) was re- 
corded (Table 1). Consistent with the 
presence of atherosclerosis in all of the 
arteries except the thoracic aorta was the 
more extensive stenosis in the coronary 
artery of the vasectomized monkeys 
compared with the sham-vasectomized 
controls. From the gross appearance of 
the hearts, it seemed that the coronary 
artery atherosclerosis was more distally 
extended among the vasectomized ani- 
mals. For this reason, both proximal and 
distal segments of the left anterior de- 
scending artery were examined. Both 
gross and microscopic observations 
showed a greater difference in the distal 
segment. The mean stenosis of the proxi- 
mal segment of the left anterior descend- 
ing coronary artery of the vasectomized 
animals was 69.8 ? 4.3 compared with 
42.1 + 16.2 for the sham-vasectomized 
group. This difference was not statisti- 
cally significant (P < .20). However, the 
mean stenosis of the distal segment of 
the same artery in the vasectomized ani- 
mals was 67.0 ? 4.9, whereas in the 
sham-vasectomized group it was only 
25.6 + 11.4, and this difference was sta- 
tistically significant (P < .02). 

In our experiments, the monkeys were 
fed a diet containing about twice as much 
cholesterol as that consumed by the av- 
erage North American and the plasma 
cholesterol concentrations in these mon- 
keys were generally around 500 to 600 
mg/dl, in contrast to the usual concentra- 
tions of 220 to 250 mg/dl for North Amer- 
ican adult human males. Although the 
findings are statistically significant, the 
data are based on two groups of only five 
animals each. 

We suggest that the basis of the ob- 
served effects after vasectomy may be 
immunologic injury to the vascular endo- 
thelium, resulting in a rapid progression 
of the lesions. The data collected under 
the conditions of our study showed that 
vasectomy was associated with a marked 
exacerbation of diet-induced athero- 
sclerosis in M. fascicularis. 
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virginicus (Banks) and its three termi- 
tophiles, Trichopsenius depressus Le 
Conte, Xenistusa hexagonalis Seevers, 
and Philotermes howardi Kistner and 
Gut. 

Portions of three colonies of R. virgin- 
icus and their associated termitophiles 
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were collected in early April 1976 from 
fallen logs in the De Soto National For- 
est approximately 30 km north of Gulf- 
port, Mississippi. Colony 1 yielded 29 P. 
howardi, 9 X. hexagonalis, and 30 T. 
depressus. Colony 2 yielded 4 P. how- 
ardi, 2 T. depressus, and 1 X. hexagonal- 
is. Colony 3 yielded 18 P. howardi, noX. 
hexagonalis, and 6 T. depressus. The 
beetles from each source colony were 
placed with a representative mixture of 
about 200 of their host termites in petri 
dishes (14 cm) containing 13.5 g of mois- 
tened synthetic termite diet (3). Twenty- 
four hours were allowed for gallery es- 
tablishment before the beginning of be- 
havioral observations. A portion of a 
fourth colony of R. virginicus from the 
same area was collected during April 
1977 and was used as a source of termi- 
tophiles for the dissection experiments. 
Behavioral observations (4) were made 
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Fig. 1. Protozoan fragments isolated from 
hindguts of (A) Xenistusa hexagonalis See- 
vers and (B) Philotermes howardi Kistner and 
Gut. a, Spirotrichonympha sp.; b, Tricho- 
nymphia agilis Leidy; c, Pyrsonympha sp. 

with either a 10x hand lens or a dis- 
secting microscope with minimal illumi- 
nation. Hindguts of both beetles and ter- 
mites were dissected in insect Ringers 
solution and examined for protozoa by 
phase-contrast microscopy. 

Twenty-five hours of observation ex- 
tending over a 6-week interval revealed 
that the three beetle species both solicit- 
ed and received proctodeal and sto- 
modeal fluids from their hosts, and that 
they engaged in frequent allogrooming 
exchanges with them. All three species 
used the same behavioral sequence to 
solicit proctodeal fluids from the ter- 
mites. A beetle would first approach a 
termite from the rear and then vigorously 
tap the lateral margins of the termite's 
abdominal tip with its antennae and then 
with its mouthparts. This tapping usually 
resulted in the termite's secreting a drop 
of fluid, which was then quickly removed 
in whole or part by the beetle's mouth 
parts. On one occasion, X. hexagonalis 
was observed to grasp and hold onto a 
termite's abdominal tip with its man- 
dibles until the fluid was secreted (5). 
The complete sequence normally re- 
quired less than 30 seconds and was ob- 
served 10 times for T. depressus, 12 
times for X. hexagonalis, and 4 times for 
P. howardi. It closely mimicked behav- 
ior of R. virginicus larvae soliciting proc- 
todeal fluids from their nest mates. 

The hindguts of several beetles of each 
species from colony 4 were examined for 
the presence of the characteristic pro- 
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tozoa found in the hindguts of their host 
(6). Figure 1 depicts at least three such 
protozoan species (Fig. 1, a to c) in vari- 
ous stages of swelling and disintegration, 
dissected out of X. hexagonalis and P. 
howardi (7). Such fragments were found 
in two out of six specimens examined for 
each species. Four specimens of T. 
depressus were examined, but no recog- 
nizable protozoa were detected. In none 
of the preparations were any of the pro- 
tozoa found to be alive. Failure to find 
protozoa in most of the beetles examined 
is possibly a reflection of the length of 
time since their last proctodeal feeding. 
The three major species of protozoa 
found in the hindgut of the termites from 
colony 4, have been identified as Spiro- 
trichonympha sp. (Fig. 2, a), Tricho- 
nympha agilis Leidy (Fig. 2, b), and Pyr- 
sonympha sp. (Fig. 2, c). All were 
alive when the photograph was taken. 
Identifying the species of termite pro- 
tozoa is always difficult at best, and the 
swelling and disintegration present in 
these specimens dissected from beetles 
precludes their accurate identification. 
That they are members of the same gen- 
era as those found in R. virginicus seems 
certain, and since these genera are un- 
known from Coleoptera, they must have 
been procured from the termites. 

Successful procurement of stomodeal 
fluids from their host termites was also 
observed for these beetles, albeit for a 
lesser number of times than for the proc- 
todeal exchanges (four times for T. 
depressus, five times for X. hexagonalis, 
and eight times forP. howardi). Whether 
these frequencies are a reflection of the 
"ad lib" sampling procedure (4), or a 
true reflection of differential feeding be- 
havior, is not known. The behavioral se- 
quence followed was essentially the 
same for all three species and mimics 
closely that used by the termites. A 
beetle would approach the termite from 
the front and tap the termite's labium, 
frons, and mandibles vigorously with its 
antennae and mouthparts. Then the ter- 
mite usually regurgitated a drop of fluid 
between its mandibles (8) which was 
then quickly, wholly or in part, removed 
by the beetle's mouthparts. The com- 
plete sequence often lasted no more than 
15 seconds. 

The third form of possible trophic in- 
teraction observed between the beetles 
and R. virginicus was allogrooming (9). 
This behavior among social insects part- 
ly functions to remove solid debris from 
appendages not easily reached by the 

groomed individual. It can also function, 
however, as a mechanism for trans- 
mitting surface-borne chemicals among 

Fig. 2. Protozoa isolated from hindgut of Reti- 
culitermes virginicus (Banks). a, Spirotricho- 
nympha sp.; b, Trichonympha agilis Leidy; c, 
Pyrsonympha sp. 

colony members. One such class of sur- 
face-borne chemicals is cuticular lipids, 
which, aside from their possible roles as 
caste or colony recognition cues (10), 
might also function as potential energy 
sources. It is thus conceivable that the 
three termitophiles may be able to meet 
at least some of their dietary lipid re- 
quirement by ingestion of the cuticular 
lipids removed from the legs of their 
hosts during allogrooming. The behav- 
ioral sequence went like this. The beetle 
approached a termite from its side. Then 
with its mandibles the beetle grasped one 
of the termite's legs, usually at the tibia, 
occasionally at the femur. The termite 
then ceased locomotion, while the 
beetle, starting from the initial point of 
attachment down toward the tarsi, pro- 
ceeded to groom the termite's leg for up 
to a minute. When the beetle finished 
grooming and released the leg, the ter- 
mite then resumed locomotion. Such al- 
logrooming was observed 21 times for T. 
depressus, 13 times for X. hexagonalis, 
and 4 times for P. howardi. On at least 
two occasions, as many as three beetles 
were observed grooming one termite si- 
multaneously (one beetle per leg). De- 
spite the extended period of behavioral 
observation, no other feeding behavior 
(such as coprophagy or predation on 
eggs or larvae of R. virginicus) by the 
three beetles was noted. 

If the beetles' sole source of food is 
that proffered by their hosts, then possi- 
bly their trophic regime approximates 
that of a first or second instar termite lar- 
va (their biomass equivalent). The young 
larvae of Reticulitermes lucifugus Rossi 
are known to be fed predominantly sa- 
liva and proctodeal food with little, if 

any, regurgitated stomodeal food (11). 
The proportion of each food type fed to 
the larvae is not known, nor has the bio- 
chemical makeup of the two fluids been 
ascertained. From data on other ter- 
mites, however, it is possible to suggest 
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that the saliva functions to supply a car- 
bon source of energy-rich lipids (12) and 
that the proctodeal fluids constitute, at 
least for the beetles, a major source of 
nitrogen via the protoplasm of ingested 
symbiotes (13). Since there is no evi- 
dence of the beetles' proffering any of 
their digestive fluids to the termites, their 
trophic relationship with the termites 
seems to be undirectional. 

Much remains unknown regarding the 
trophic interactions between these 
beetles and their hosts. A quantitative 
measurement of the relative frequency of 
each type of feeding behavior as well as a 
biochemical characterization of the 
stomodeal, proctodeal, and surface lipid 
reservoirs will be necessary before a de- 
tailed understanding of the trophic inter- 
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Disulfiram Enhances Pharmacological Activity of 

Barbital and Impairs Its Urinary Elimination 

Abstract. Disulfiram or diethyldithiocarbamate significantly enhanced the sleep- 
ing time induced by barbital in rats. At identical time intervals after rats were inject- 
ed with barbital the concentration of barbital in the blood or brain of animals that 
had previously received disulfiram was significantly higher than the concentrations 
in the corresponding tissues of control animals. Urinary excretion of barbital was 
significantly reduced in disulfiram-treated animals. 
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has been in use in avoid- ported in patients receiving disulfiram. 
n certain cases of alcohol- For example, enhanced reduction of pro- 
years. Although disulfiram thrombin level and evidence of bleeding 
nerally regarded as a rela- were reported when an anticoagulant, 
ig, several cases of exag- warfarin, was administered to patients 
nses to some drugs, and taking disulfiram (1). Typical symptoms 
ic manifestations, were re- of phenytoin overdosage were observed 

in patients receiving this drug and disul- 
firam (2). Psychosis and confusion were 

Blood 810Blood reported in patients taking both disul- 
firam and metronidazole (3). It has been 
suggested that disulfiram impairs the 
biotransformation of these drugs and 
thus enhances their pharmacological ac- 
tivity (4). Rats treated with disulfiram 

Brain 
(200 mg/kg, intraperitoneally) 2 hours be- 
fore the administration of hexobarbital 

T^ , 
* 

Tslept three times as long as control rats 
(5). This effect was presumed to be due 
to a potentiation of the hexobarbital ac- 
tion in the central nervous system, be- 

_ Kid ney cause the amount of hexobarbital metab- 
T^fei~ ~olized by the whole body in 30 minutes 

was not significantly altered by prior ad- 
ministration of disulfiram. 

We have observed that disulfiram (400 
mg/kg, injected intraperitoneally) en- 

Liver hances the pharmacological activity and 
4~~~~T ~toxicity of barbital in the rat (6), although 
1|||M~ T ~barbital undergoes virtually no metabolic 

transformation in this species and is 
eliminated almost entirely in the urine 

6_ 
-_ 

2L I24H (7). This suggests that enhancement by 
disulfiram of the pharmacological activi- 

~Urine ty of certain drugs could involve some 
Urine 

aspects other than the impairment of en- 
zymes involved in the biotransformation 
of drugs. 

Here we report that treatment of rats 
with disulfiram is associated with 

Xt _ X _ changes in the distribution of barbital in 

6 12- 24 -- blood, brain, liver, and kidneys, and that 
Time interval (hours) urinary excretion of barbital is signifi- 

ancentrations of barbital in cantly reduced in disulfiram-treated rats. 
dneys, and liver (A), and the Male Sprague-Dawley rats (180 to 200 
ital excreted in urine (B) at 6, g) were used in all experiments. They 
after an intraperitoneal injec- were housed in temperature-regulated (100 mg/kg). The data in (B) 
s percentages of the dose ad- quarters (23? to 25?C) on a 12-hour light- 
haded bars, disulfiram-treated dark cycle (lights on from 0700 to 
.rs, CMC-treated rats. Each 1900) and given free access to food and 
the mean ? standard error of water. The animals were divided into 

led from a different group of 
,terisks indicate results statis- groups of six rats each. The rats in some 
from control (P < .05) by of the groups received an intraperitoneal 

nt's t-test. injection of 1 percent carboxymethyl- 
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