
Although a linear relation can be ex- 
pected for the spread of subthreshold po- 
tentials between A and B when the C 
group is quiescent, the relation when the 
C group is active will be complex. The in- 
hibition and disinhibition will both be 
somewhat delayed. Saturation will occur 
when the C group is completely blocked, 
as may have happened in the experiment 
of Fig. lb, and nonlinearities could arise 
both in excitation of the C group and in 
its effects on cell B; a further factor in 
the input-output relation will be the ef- 
fect of the C group back on cell A. Final- 
ly, synaptic inputs may modulate electro- 
tonic spread between cells A and B. 

Synaptic relations similar to those il- 
lustrated in Fig. 3 are found elsewhere in 
the Nav(anax buccal ganglia; subthresh- 
old depolarizations of the expansion- 
controlling motoneurons excite neurons 
that inhibit them (6), but the effects are 
much weaker than in the circumferential 
neurons. Also, in the stomatogastric 
ganglion of the spiny lobster there are 
neurons connected both electrotonically 
and by inhibitory synapses (7). In one in- 
stance inhibition apparently causes the 
cells to fire out of phase when both are 
excited; however, during prolonged exci- 
tation the cells come to fire more or less 
synchronously, perhaps due to fatigue of 
the inhibition. Aside from this transition, 
no phenomena similar to the change in 
sign of effective coupling were noted. In 
addition, it was suggested that uncoup- 
ling produced by inhibition might be im- 
portant in this preparation. The circuitry 
of Fig. 3 could account for the gating phe- 
nomenon described by Murray (8) in the 
cerebral ganglia of Navanax. In this case 
subthreshold polarizations in certain cells 
affect electrotonically mediated trans- 
mission of impulses from one set of cells 
to another set that have not been record- 
ed from intracellularly. The cells that 
Murray calls gate cells could be elec- 
trotonically coupled to cells like the C 
group that inhibit the postsynaptic ele- 
ments. 

The flexibility of the circuitry de- 
scribed here may allow mediation and 
perhaps initiation of different patterns of 
movement involving the same neurons. 
When the C group neurons are inactive 
and not excited by the circumferential 
neurons, the latter cells are coupled typi- 
cally and tend to fire synchronously. 
When activity of the C group is modulat- 
ed by the circumferential neurons, the re- 
lation between circumferential cells is 
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rons, and post-hyperpolarization firing 
may operate in initiating circumferential 
contractions for swallowing. The hyper- 
polarizations in the circumferential neu- 
rons would also alter C group excitabili- 
ty. The pharynx sucks in food and swal- 
lows it by peristalsis or rejects it, 
depending on the circumstances (9). Be- 
cause circumferential neurons control 
overlapping areas of the pharyngeal wall, 
synchronous and sequential activation 
will cause different kinds of movements. 
Understanding how the different pat- 
terns of movement are controlled seems 
feasible in this simple system. 
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cene in the bronchial mucosa. 

Experimental systems are being devel- 
oped to study the process of carcinogen- 
esis in human tissues which are targets of 
environmental chemical carcinogens (1). 
The human bronchus, for example, is ex- 
posed to such carcinogens as polynu- 
clear aromatic hydrocarbons (PAH) (2), 
which are present in the environment be- 
cause of the incomplete combustion of 
fossil fuels and because of tobacco 
smoke (3). The carcinogenic PAH are 
procarcinogens requiring enzymatic acti- 
vation into metabolites which bind cova- 
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Fig. 1. Section of cultured human bronchus 

showing three major cell types (mucous, ciliat- showing three major 
cells). The cells are well- ed cells, and basal cells). The cells are well- 

preserved, and are overlaid with autora- 
diographic grains after incubation of the 
bronchi with tritiated BP (7). 
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lently to cellular macromolecules (4). In 
some studies (5) a positive correlation 
has been found among binding of the 
PAH to DNA and their carcinogenicity. 
Whether this correlation will be found in 
studies of carcinogenesis in man is not 
known. 

Human bronchi maintained in explant 
culture have the capability to activate 
carcinogenic PAH into metabolites 
which bind to DNA (6). This binding is 
dependent on temperature of incubation, 
duration of exposure to PAH, and con- 
centration of PAH (7). By means of an 
autoradiographic assay, it has been 
shown that in the bronchial mucosa the 
epithelial cells bind more PAH than the 
fibroblasts. 7,8-Benzoflavone (7, 8), an 
inhibitor of aryl hydrocarbon hydroxyl- 
ase (benzopyrene hydroxylase; E.C. 
1.14.14.2), decreased the binding of a 
PAH, benzo[a]pyrene (BP), to DNA. 

Since the human population is geneti- 
cally very heterogeneous and the meta- 
bolic activation of PAH may be under ge- 
netic control, we have studied the inter- 
individual variation in the binding of BP 
to DNA in cultured human bronchial mu- 
cosa. 

Human bronchial specimens were ob- 
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Interindividual Variation in Binding of Benzo[a]pyrene 
to DNA in Cultured Human Bronchi 

Abstract. The binding of benzo[a]pyrene to DNA in cultured human bronchus was 
measured in specimens from 37patients. The binding values rangedfrom 2 to 151 pico- 
moles of benzo[a]pyrene per milligram of DNA with an overall mean + standard 
error of 34.2 + 5.2. This 75-fold interindividual variation in the binding of benzo[a]- 
pyrene to DNA is similar in magnitude to that found in pharmacogenetic studies of 
drug metabolism. Aryl hydrocarbon hydroxylase is also inducible by benz[a]anthra- 
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tained either at surgery or immediately 
after death from patients with and with- 
out lung cancer (9). The mean age of the 
cancer patients was 53 years (range 20 to 
79) compared to 36 years of the patients 
without cancer (range 14 to 59). Four to 
six explants (1 by 1 cm) of grossly nor- 
mal-appearing bronchi from each patient 
were cultured in a chemically defined me- 
dium (CMRL- 1066 containing, per mil- 
liliter, 0.1 /ig of hydrocortisone hem- 
isuccinate, 1 /fg of crystalline bovine in- 
sulin, 0.1 /ig of 8-retinyl acetate, 100 
units of penicillin G, and 100 ,ug of strep- 
tomycin) on a rocker platform in an atmo- 
sphere of 50 percent 02, 45 percent N2 and 
5 percent CO2 as previously described 
(10). After the explants had been cultured 
for 7 days, tritiated BP (40 /ic/ml; 1.5 /uM 
BP; 25 c/mmole; Amersham/Searle) dis- 
solved in dimethylsulfoxide (final con- 
centration 0.5 percent) was added to the 
culture medium for 24 hours. For mor- 
phological studies, bronchial specimens 
were fixed overnight in 2.7 percent gluta- 
raldehyde buffered by 0.1M s-collidine, 
pH 7.4, and then processed for examina- 
tion by high-resolution light microscopy 
(7). As before (3), the bronchial epithe- 
lium was consistently well preserved 
(Fig. 1). For biochemical studies, the 
bronchial mucosa was scraped from the 
supporting connective tissue of the other 
bronchial specimens, highly purified 
DNA was isolated from the cells on CsCl 

gradients, and the radioactivity bound to 
DNA was determined as described (6, 7). 
Previous studies in which the conditions 
were similar and 14C-labeled BP was sub- 
stituted for 3H-labeled BP demonstrated 
both that the bound radioactivity was not 
due to tritium exchange and that the in- 
traindividual variation due to experimen- 

Table 1. Induction of the enzyme aryl hydro- 
carbon hydroxylase by benz[a]anthracene in 
cultured human bronchus. Bronchial explants 
were cultured in a chemically defined medium 
for 7 days; then benz[a]anthracene (10 jug/ml; 
dissolved in dimethylsulfoxide) was added for 
24 hours. The culture medium was replaced 
with that containing [3H]benzo[a]pyrene (1.5 
1lM; 20 c/mM) for either 4 or 8 hours. Aryl hy- 
drocarbon hydroxylase activity, which was 
determined by measuring the formation of tri- 
tiated water by the method of Hayakawa and 
Udenfriend (17), is expressed as dis- 
integrations 
DNA. 

per minute per microgram of 

Time of Treatment Enzyme 
activity incubation prior to 

(hours)* incubation (dpmAg 

4 Benz[a]anthracene 42 + 0.2 
4 Control 13 ? 1.0 
8 Benz[a]anthracene 128 ? 4.0 
8 Control 95 ? 3.0 

*Incubation was with [3Hlbenzo[a]pyrene. 

tal methodology was small (coefficient of 
variation, 0.1) (7). 

The binding levels of BP to DNA in 
cultured bronchial mucosal cells from 
the 37 individual cases studied to date is 
shown in Fig. 2. The values range from 2 
to 151 pmole of BP per milligram of DNA 
with a ratio of 75.5 and a coefficient of 
variation of 0.94. The overall mean val- 
ue + standard error was 34.2 + 5.2; (for 
29 patients with lung cancer the mean 
value was 36.9 + 6.6, and for eight 
patients without lung cancer, 24 ? 6.3). 
The frequency distribution of the binding 
values observed is highly skewed (that 
is, there is a long tail) with the mode 
being about 17 to 19 and the median 
being 22.5. While this frequency distribu- 
tion appears to be unimodal (Fig. 3), 

more patients will have to be studied to 
determine whether there are human sub- 
populations that have different binding 
levels of BP. It is unlikely that this inter- 
individual variation was caused by differ- 
ences in levels of aryl hydrocarbon hy- 
droxylase induced by exogenous fac- 
tors, for example, tobacco smoke, in the 
patients studied; to allow induced levels 
of aryl hydrocarbon hydroxylase to 
reach basal levels, the bronchial speci- 
mens were cultured for 7 days prior to 
the addition of 3H-labeled BP. As moni- 
tored by high-resolution light microsco- 
py, viability of the bronchial epithelium 
was good; however, subtle changes in 
cellular physiology could, in part, ac- 
count for some of the observed differ- 
ences in the binding of BP to macromole- 
cules. In addition to maintaining good 
cellular morphology and being capable of 
metabolizing BP to intermediates that 
bind to DNA, the cultured bronchial mu- 
cosa has aryl hydrocarbon hydroxylase 
activity which is induced by benz[a]- 
anthracene (Table 1). 

While the binding of chemical carcino- 
gens to DNA in human tissues has not 
been previously compared among indi- 
viduals, the genetic control of aryl hydro- 
carbon hydroxylase has been studied in 
both human and mouse cells. Nebert and 
Gielen, (11) have shown that the induc- 
ibility of this microsomal enzyme in the 
liver varies among different strains of 
mice. They concluded that the induction 
of aryl hydrocarbon hydroxylase by 
PAH in mice is expressed as a simple 
autosomal dominant trait. However, the 
degree of inducibility appears to be tis- 
sue-specific. Wiebel et al. (12) found that 
in strains of mice in which hepatic aryl 
hydrocarbon hydroxylase is not induc- 
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Fig. 2 (left). The interindividual variation in the binding levels of BP to DNA in cultured human bronchi. The values marked with an asterisk are 
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ible, aryl hydrocarbon hydroxylase may 
be induced in the lung, kidney, and skin. 
In addition, Burki et al. (13) studied in- 
duction of aryl hydrocarbon hydroxylase 
in explants of fetal mouse liver. Their 
data suggest that its induction is under 
multifactorial genetic control. Therefore, 
the exact inheritance of aryl hydro- 
carbon hydroxylase induction in mice re- 
mains controversial. 

The genetic control of aryl hydro- 
carbon hydroxylase in human cells and 
tissues is also uncertain. Induction of 
aryl hydrocarbon hydroxylase by 3- 
methylcholanthrane has been studied in 
cultured human lymphocytes (14). In this 
study of 353 healthy individuals, both 
constitutive and 3-methylcholanthrane- 
induced levels of aryl hydrocarbon hy- 
droxylase were measured. Inducibility 
varied from 1.3- to 4.5-fold among indi- 
viduals, with three subpopulations con- 
sisting of individuals with low, inter- 
mediate, and high inducibility being evi- 
dent. Analysis of the data suggested a 
single locus of genetic control with gene 
frequences of low and high alleles being 
0.717 and 0.283, respectively. In a pre- 
liminary study (15), patients with lung 
cancer appeared to have a higher fre- 
quency of both intermediate and high in- 
ducibility than that of the patients serv- 
ing as controls. These findings await con- 
firmation. 

The level of aryl hydrocarbon hy- 
droxylase has also been measured in hu- 
man placenta: a 70-fold variation of aryl 
hydrocarbon hydroxylase among women 
who smoked 15 to 20 cigarettes daily was 
observed (16). This variation is similar in 
magnitude to the variation in the level of 
BP bound to DNA in the study reported 
here. The possibility that factors such as 
drug intake, tobacco smoking, or occupa- 
tion may have influenced our results is 
now being investigated. 

The possibility exists that subpopula- 
tions of humans may be unusually sus- 
ceptible to procarcinogens because of an 
enhanced genetically determined capa- 
bility to activate these chemical carcino- 
gens metabolically. This hypothesis re- 
quires further study (1). 
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tion of parathyroid hormone (3). The cal- 
cium-transporting function of such me- 
tabolites has usually been studied in the 
intestine (4). Recently, attention has 
turned to the binding of 25-(OH)D3 and 
1,25(OH)2D3 in mineralized tissues (5) 
where these metabolites participate in 
promoting cell-mediated bone calcium 
mobilization (6). As early as 1956 it was 
demonstrated that bones which included 
epiphyseal growth plates concentrated 
significant amounts of 14C-labeled vita- 
min D (7). However, no direct histo- 
logical evidence documents the effects of 
25-(OH)D3 on bone or cartilage, and the 
possible sites of action of 25-(OH)D3 in 
bone, such as in the epiphyseal growth 
plate undergoing endochondral ossifica- 
tion (a site of active mineralization and 
mineral mobilization), have not been dif- 
ferentiated. Although it is known that 25- 
(OH)D3 exerts a direct effect on epiphy- 
seal cartilage metabolism (8), the cellular 
and extracellular sites of incorporation 
of this metabolite in calcifying con- 
nective tissues have not been demon- 
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25-Hydroxyvitamin D3: Autoradiographic Evidence 

of Sites of Action in Epiphyseal Cartilage and Bone 

Abstract. Tritiated 25-hydroxyvitamin D3 was administered to growing rats to mor- 
phologically document its sites of action. Highly selective incorporation occurred in 
epiphyseal hypertrophic cells, epiphyseal matrix, osteoid, osteoblasts, and os- 
teocytes of metaphyseal bone spicules. The labeled metabolite appeared in chondro- 
cytic lacunar matrix coincident with hypertrophic cell death as evidenced by histo- 
logical examination. The tritiated 25-hydroxyvitamin D, became localized only in 
areas of active mineralization. 
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