group, for rhodopsin is much more stable
than opsin (13). If, as seems likely,
acetylation removes numbers of amino
groups that formerly had been engaged
in hydrogen bonding, this would loosen
the structure of the protein, making it
more susceptible to denaturation. Pre-
sumably, the structure in the neighbor-
hood of the prosthetic group is still in-
tact, as evidenced by the unchanged
optical properties. The bleaching process,
by dissociating the prosthetic group, re-
moves a further stabilizing influence, and
the liberated acetyl opsin readily de-
natures.

GENIA ALBRECHT
Biological Laboratories, Harvard
University, Cambridge, Massachusetts
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Route of Elimination of
Anthracene and 9-Methylanthracene
Involving Protein Binding

The emphasis of current research on
‘the mechanism of carcinogenesis has
been on the binding of the carcinogen
‘or its metabolites with tissue protein.
"The relationship between binding and
.carcinogenic potentiality has been stud-
ied by changing the chemical agent (for
-example, carcinogenic, weakly carcino-
.genic, and noncarcinogenic agents, azo
«dyes, polynuclear hydrocarbons, an aro-
matic amine, and an acridine), and the
tissue (for example, liver of rat, mouse,
.guinea pig, rabbit, cotton rat, and
-chicken; and skin of mouse, hamster,
‘rat, rabbit, and guinea pig).

From their correlations with azo dyes,
Miller and Miller proposed a protein- or
enzyme-deletion theory of carcinogenesis
(I, 2). These authors considered not
ronly the maximum value of protein bind-
ing but also the rates of increase and de-
«crease of the maximum (2). Following
ithe demonstration that the carcinogens
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3,4-benzpyrene (3) and 1,2,5,6-dibenz-
anthracene (4) were bound to mouse-
skin protein, three groups reported on
the relationship between skin protein
binding of hydrocarbons and the car-
cinogenic potential of the hydrocarbon-
tissue combination. Moodie, Reid, and
Wallick concluded that noncarcinogens
are either not bound to protein at all
or are much more weakly held than are
carcinogens (9). Woodhouse (6) found
no relationship between protein binding
and carcinogenic potentiality. Heidel-
berger and Moldenhauer (7) found a
positive relationship between the max-
imum value of protein binding and car-
cinogenic potential in seven out of eight
instances.

It was established that the binding
of 9,10-dimethyl-1,2-benzanthracene-9,-
10-C1* with mouse-skin protein was de-
pendent on the dose of carcinogen per
unit area of skin and related to the
weight response of the treated skin (8).
This study has now been extended to
several hydrocarbons, each of which was
applied in a series of graded doses (9).
A significant difference was observed in
the rates of elimination from mouse-skin
protein between two trinuclear hydrocar-
bons and two tetranuclear hydrocarbons.
Twenty-four hours after application to
mouse skin, the protein binding of an-
thracene-9,10-C1* (a noncarcinogen) and
of 9-methylanthracene-9,10-C** (a non-
carcinogen) (Tables 1 and 2) was shown
to be much lower than the protein bind-
ing of 9,10-dimethyl-1,2-benzanthracene-
9,10-C** (8) (a potent carcinogen) and
of 1,2-benzanthracene-9,10-C1¢ (10) (a
weak carcinogen, 11).

The relatively rapid elimination of an-
thracene-9,10-C# and of 9-methylanthra-
cene-9,10-C** might have taken place
through a transient protein-bound phase
or might not have involved any appre-
ciable protein binding. The previous ob-
servations (8, 10) with the series of
graded doses showed binding to be dose-
dependent and hence suggested that
measurements made within 24 hours
after the application of the highest dose
would be necessary to detect a transient
protein-bound phase.

The experimental procedure has been
described (8). The data (Tables 1 and
2) demonstrate that the relatively rapid
elimination of anthracene-9,10-C14 and
9-methylanthracene-9,10-C1# from mouse
skin involve a transient protein-bound
phase of at least the same order of
magnitude as that observed with 9,10-
dimethyl-1,2-benzanthracene-9,10-C14,
Thus, the maximum value of protein
binding is independent of the carcino-
genic activity and structure of the hydro-
carbon. Data were obtained by feeding
rats the five azo dyes 3’-methyl-4-di-
methylaminoazobenzene, 4-dimethylami-
noazobenzene, 4’methyl-4-dimethylami-
noazobenzene, 3-methyl-4-monomethyl-

Table 1. Incorporation of radioactivity
by mouse skin following the application
of anthracene-9,10-C* (0.208-percent
series). Each determination was made on
the pooled tissues of four mice. Each dose,
104 ng (1860% 10° count/min) was ap-
plied over 3.46 cm® of skin. The analyzed
dose was 76.3 pg (1365 x 10° count/min)
of hydrocarbon over 2.54 cm?® of skin.
Each result is the average of two determi-
nations.

. Total Specific activity
Time  activity (count/min mg)
after of whole
appli- homoge- .
cation nate Particu- Super-
(hr) (count/ late. natar}t

min) protein  protein

0.5 414,000 543 1150

17 62,800 205 667
24 42,100 76 157
aminoazobenzene, and 2-methyl-4-di-

methylaminoazobenzene. The last three
dyes were of low carcinogenic potenti-
ality, and two of these three experiments
did not support a positive relationship be-
tween carcinogenicity and extent of bind-
ing with liver protein (2). The results
with the polynuclear hydrocarbons differ
from the azo dye data (2); no positive
relationship was established between the
rate at which the maximum of protein
binding was attained and carcinogenic
potential. Also in contrast with the azo
dyes—specifically the very weakly carci-
nogenic dyes 2-methyl-4-dimethylamino-
azobenzene and 3-methyl-4-monomethyl-
aminoazobenzene (2)—the protein bind-
ing of anthracene and of 9-methylanthra-
cene receded faster from their observed
maxima than the protein binding of 9,-
10-dimethyl-1,2-benzanthracene and 1,-
2-benzanthracene.

Thus there is no experimental demon-

Table 2. Incorporation of radioactivity
by mouse skin following the application
of 9-methylanthracene-9,10-C*  (0.225-
percent series). Each determination was
made on the pooled tissues of four mice.
Each dose, 113 ug (1860 X 10° count/min)
was applied over 3.46 cm? of skin. The
analyzed dose was 83.7 ug (1365 X% 10°
count/min) of hydrocarbon over 2.54 cm?®
of skin. Each result is the average of two
determinations.

T(?t?l Specific activity
Time  activity (count/min mg)
after  of whole
li- homoge-
:;.)g(;n natg Particu- Super-
(hr) (count/ late‘ natant
min) protein  protein
0.5 1,490,000 1410 1600
17 31,400 35 50
24 18,400 30 *

* One determination yielded 43 count/min mg;
the other was too low to measure. .
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stration of a relationship between gross
protein binding of hydrocarbons and a
metabolic route that is specific to the
carcinogenic process (12). In this study
of contact carcinogenesis, there has been
no identification of a specific metabolic
route distinguishable from detoxication.
The degradation of a hydrocarbon ap-
plied to the skin should involve enzymes,
in view of which the results are reason-
able. It is of interest that two examples
of high metabolic activity in the skin
have been found.
HerBert I. HaDLER
VioLeT DARCHUN
KarHARINE LEE
Division of Oncology, Chicago
Medical School, Chicago, Illinois
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Sex Difference in Eosinophil
Counts in Tail Blood
of Mature B, Mice

Eosinophil counts in tail blood of mice
vary with the phase of the daily adrenal
cycle (I-4) in males (I, 4, 5) and in
females (6) of several inbred strains and
their hybrids. Strain differences in char-
acteristic eosinophil levels—obtained at
the daily time of high counts—have also
been described (7). The study reported
here (8) led to the additional detection
of sex differences in the eosinophil count
of mature mice of an inbred strain.

The mice studied were of a subline of
the C;;-black stock (B;) which had been
maintained in the Division of Cancer
Biology at the University of Minnesota
by brother-to-sister mating for more than
20 generations. The animals were 814
months 1 week of age at the time of
study. For 7 days prior to the study, they
were singly housed in a room maintained
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at 25.6+0.6°C and illuminated from 6
A.M. to 6 p.M. and darkened from 6 p.M.
to 6 A.M. Purina Fox Chow and tap water
were available to the mice from the time
of weaning and throughout the study.
Except for the activities associated with
cleaning the cages, feeding the mice, and
filling the water bottles, the animals were
not intentionally disturbed from birth
until the time of study. The study was
begun at 8:30 a.Mm. and ended at 8:30
AM. the following day. It involved
eosinophil counts on tail blood obtained
from separate groups of mice at 4-hour
intervals. Each mouse was thus used for
venesection only once. The assembly-line
procedures employed for eosinophil
counts have been described (7).

Figure 1 shows the mean count *1
standard error for the two sexes. The
24-hour eosinophil rhythm stands out
clearly for each sex, in agreement with
the results of earlier work on this sub-
ject. But the level around which the
mean count cycles in the two sexes, which
was previously not compared, is not the
same in the two sexes as far as the stock
and age-group studied are concerned
(Fig. 1). The females exhibit lower
counts than the males, without any over-
lap of mean counts throughout the 24-
hour period. Subsequent work on the
same mice revealed that the mean paired
adrenal weights of the females were
higher than those of the males and that
the ascorbic acid concentrations in glands
from females were higher than in glands
from males.

The observation of a sex difference in
adrenal weight of B, mice extends to this
stock observations on the sexual dimorph-
ism of the adrenals, which was reported
earlier for several animal forms (9). The
sex difference in eosinophil count de-
serves more study, for it may be related
to sex differences in adrenal secretory

" behavior, as anticipated but not yet reli-

ably established (9).

The possible relation of the sex differ-
ence in eosinophil level to a sex differ-
ence in adrenal secretory activity comes
to mind in view of the known eosino-

Blood eosinophils
(cells /mm3 of blood)

¢.= Mean t SE

g0 1630 0030 0630
Time of day

Fig. 1. Sex difference in mean blood eosi-

nophil counts of B; mice approximately 8

months old. The number of mice used

given above each point; serially independ-

ent sampling.

penic effect of both cortical and medul-
lary adrenal hormones (2). The role
played by interaction of the longer estrus
cycle (10) with the daily adrenal cycle
(2, 4, 6) which maintains the eosinophil
rhythm must also be considered. But
whatever may underlie the differences
noted, it seems fair to conclude that, in
B, mice of the age group studied, eosino-
phil counts can be shown to be a function
not only of strain and of phase of daily
cycle but also of sex.
Franz HavLBERG
Orca HAMERSTON
Joun J. BrrrNER
Division of Cancer Biology, Department
of Physiology, University of Minnesota
Medical School, Minneapolis, and
Cambridge State School and Hospital,
Cambridge, Minnesota
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Tentative Correlation of Alaskan
Glacial Sequences, 1956

A tentative correlation of the Cook In-
let and other Alaskan glacial sequences
was published in 1953 (7). Since then,
additional field and radiocarbon data
have accumulated that necessitate some
revisions in the 1953 correlation chart.
These revisions (Fig. 1) include addi-
tions to earlier published glacial se-
quences and changes in correlation with
the type Pleistocene chronology.

Correlations with the standard North
American Pleistocene chronology have
been revised in accordance with new
radiocarbon data relating to both the
Mid-continent and Alaskan sequences.
Reruns of radiocarbon samples W-76,
W-77 (2), and also W-174 (3) by the
more gccurate gas-counting method
(these samples were originally analyzed
by the solid-carbon counting method)
indicate that the lower boundary of the
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