higher in the GBL-injected animals
than in the group injected with the
combination.

Concentrations of these compounds
were next determined at fixed times
after an ethanol injection of 6.51
mmole/100 g or a GBL dose of 0.25
mmole/100 g. The animals were killed
30 and 90 minutes later, the approxi-
mate waking times of the two groups
(Fig. 4). If one compares the effect of
ethanol alone with that of the combina-
tion for each tissue and each dose, at
30 and 90 minutes, there is only one
significant difference. The content of
ethanol in the livers of rats injected
with ethanol alone is significantly high-
er at 30 minutes than at 90 minutes
(P < .02); that is, there is a significant
decrease with time. There is no signifi-
cant decrease in the ethanol concentra-
tion in the livers of the combination-in-
jected animals from 30 to 90 minutes,
and there is no significant difference
between combination- and ethanol-in-
jected animals at 90 minutes. Bustos
et al. (I4) have shown that in rats
injected with or without pyrazole (a
known inhibitor of alcohol dehydro-
genase in vitro and in vivo) there is no
significant difference in the concentra-
tion of ethanol in the blood until 4 to 8
hours after ethanol injections. It might
also be added that in the work showing
a prolongation of ethanol sleeping time
after prior treatment with cortisone
there were no differences in concentra-
tions of ethanol in the blood upon
waking (3).

We have confirmed the observations
(4) that there is a peak corresponding
to GBL in flor sherry (15). This peak
cochromatographs with standard GBL
and is present at approximately 1.5
mmole/liter. This is much less than the
amount required for even the lowest
level of synergy that we have studied
in the rat. For a 70-kg man to ingest
GBL to a dose of 2.5 mmole/kg he
would have to drink 115 liters of
wine.

It would appear therefore that GBL
alone does not contribute significantly
to the well-known pharmacologic effect
of wine. However, we have observed a
behavioral interaction of ethanol with
GBL and GHB, known soporific com-
ponents of the central nervous system.
The metabolisms of both compounds
require NAD, and thus there is the
possibility of a competition for this co-
factor. Such an antagonism has con-
siderable precedent in the explanations
“for many of the known acute effects
of ethanol administration” (16). This
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increase in the tissue reductive capac-
ity accompanying alcohol metabolism
might tend to favor the conversion of
succinate semialdehyde to GHB. There
are similarities of actions that might
also play roles in the synergy of these
compounds. Acetaldehyde and GBL
both cause increases in brain acetyl-
choline (17). Hahn and co-workers
(18) have shown that there is a poten-
tiation of ethanol-induced sleep time
with an increase in brain dopamine;
and GHB and GBL have been shown
to cause increases in brain dopamine
(19). There is the possibility of an
active intermediate or intermediates
formed when both substances are pres-
ent simultaneously.

E. R. McCaBg, E. C. LAYNE

D. F. SAYLER
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Department of Pharmacology,
University of Southern California,
2025 Zonal Avenue, Los Angeles 90033

References and Notes

1. Synergy in this report refers to both the
additive and the potentiative interactions of
drugs.

2. J. Mardones, in Physiological Pharmacology—
A Comprehensive Treatise, W. S. Root and
F. G. Hofman, Eds. (Academic Press, New
York, 1963), vol. 1, section V, pp. 139-140.,

3. E. B. Goodsell, Fed. Proc. 20, 170 (1961).

4. A. D. Webb, R. E. Kepner, W. G. Galetto,
Amer. J. Enol. Viticul. 15, 1 (1964); A. D.

Webb, R. E. Kepner, L. Maggiora, ibid. 18,

190 (1967); C. J. van Wyck, R. E. Kepner,

A. D, Webb, J. Food Sci. 32, 669 (1968);

A. D, Webb, R. E. Kepner, L, Maggiora,

Amer, J. Enol. Viticul. 20, 16 (1969).

S. P. Bessman and W, N. Fishbein, Nature

200, 1207 (1963).

R. H. Roth and N, J. Giarman, Biochem.

Pharmacol. 19, 1087 (1970).

M. Monnier and L. Hosli, Pflugers Archiv.

282, 60 (1965).

W. P. Koella, Sleep: Its Nature and Physio-

logical Organization (Thomas, Springfield, Ill.,

1967), chap. 8.

9. W. D. Winters and M. B. Wallach, in
Psychotomimetic Drugs, D. H. Efron, Ed.
(Raven Press, New York, 1970), pp. 193-214,

10. W. N. Fishbein and S. P. Bessman, J. Biol,
Chem. 241, 4835, 4842 (1966).,

11. S. P. Bessman, J, Rossen, E. C. Layne, ibid,
201, 385 (1953); W. N. Fishbein and S. P.
Bessman, ibid. 239, 357 (1964).

12. L. A. Serebryakov, Fed, Proc. (Transl. Suppl.)
24, P554 (1965).

13. R. Bonnichsen, -in Methods of Enzymatic
Analysis, H. U. Bergmeyer, Ed. (Academic
Press, New York, 1963), pp. 285-287.

14. G. O. Bustos, H. Kalant, J. M. Khanna, J.
Loth, Science 168, 1598 (1970).

15. Flor sherry from the solera of the University
of California, Davis; donated by Dr. R. E.
Kepner.

16. H. Kalant and J. M. Khanna, in Symposium
on Alcohol Metabolism, Detroit, 1968; Bio-
chemical and Clinical Aspects of Alcohol
Metabolism, V. M, Sardesai, Ed. (Thomas,
Springfield, 1ll., 1969), pp. 47-57.

17. J. F. Berry and E. Stotz, Quart. J. Study
Alcohol. 17, 190 (1956); N. J. Giarman and
K. F, Schmidt, Brit. J. Pharmacol. 20, 563
(1963).

18. J. W. Hahn, R, Owen, K. Blum, I Geller,
Pharmacologist 12, 276 (1970).

19. G. L. Gessa, L. Vargiu, F. Crabai, G. C.
Boero, F. Cabani, R, Camba, Life Sci. 5,
1921 (1966).

20. Supported by NIH grants NS 08525, 5 T01-
HE 05536, and 5 RO1-NB-08447.

5 October 1970 ]

® N e owm

Parthenogenesis: Does It Occur Spontaneously in Mice?

Abstract. If parthenogenesis occurred in bisexual organisms, it would produce
an excess of females and depress the sex ratio. The phenotypes of female mice,
from matings that produce an excess of females, were examined for evidence
of the presence of marker genes of paternal origin. All proved to be hybrids of
the maternal and paternal strains, thus excluding parthenogenesis as the cause

of the low sex ratio.

Limited parthenogenetic development
of mouse embryos has been observed
after electrification of the oviduct (7)
or treatment of ova in vitro with
hyaluronidase (2). Edwards (3) found
some gynogenetic development in eggs
of mice inseminated with sperm that
had been subjected to various treat-

ments. Gynogenesis is a special form of .

parthenogenesis that follows activation
of the egg by a sperm without contri-
bution of genetic material. Individuals
produced by parthenogenesis are called
parthenotes (4). Successful develop-
ment from haploid cells would be more
likely in the inbred strains of labora-
tory rodents or -their hybrids because
recessive lethal genes have been elimi-
nated by inbreeding. The related phe-
nomenon, the development of spon-

taneous teratomas from male diploid
primordial germ cells, is almost unique
for mice of inbred strain 129, but tera-
tomas can be induced experimentally
in several other inbred strains and hy-
brids (5).

If numbers of parthenotes develop,
one would expect to find an altered sex
ratio with females predominating. The
sex ratio of many inbred strains of
mice have been examined (6) but only
in PHL and BALB/cGnDgWt (7) is
there a significant excess of females
(58.2 and 60.8 percent, respectively).
In neither case is the mechanism under-
stood. The abnormal sex ratio appears
regularly in the offspring from matings
between PHL males and females from
other strains but only in certain geno-
types of the crosses that use BALB/cWt
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males. Reciprocal crosses of PHL or
BALB/cWt females with males of
other strains produce approximately
equal numbers of male and female
offspring. The BALB/cWt males pro-
duce about 30 percent morphologically
abnormal sperm (8), which suggested
the possibility that such sperm might
activate the egg and initiate gynogenesis.

When SJL/J females were mated
to BALB/cWt males 62.7 percent of
the offspring were females (451 male :
757 female), thus providing an oppor-
tunity to test for parthenogenesis. Par-
thenotes would be hemizygous or homo-
zygous for the maternal genotype and
could be distinguished from the hetero-
zygous hybrid offspring by phenotype
if certain marker genes characterized
the genotypes of the maternal and pa-
ternal strains.

Accordingly the blood from female
offspring of SJL/J-Hbbs/Hbb* Pgm-1%/
Pgm-1% females, mated to BALB/cWt-
Hbb?/ Hbb® Pgm-1¢/ Pgm-1° males, was
examined for the type of hemoglobin
beta-chain (Hbb) and the isozyme of
phosphoglucomutase (Pgm-1) present
in the erythrocytes (9). Fifteen fe-
males from four breeding pairs were
examined and all proved to be hetero-
zygous, that is, Hbb%/Hbb* and Pgm-
1%/ Pgm-1°. There were nine male sib-
lings, so the sample contained 62.5 per-
cent females which was typical of the
population. If parthenogenesis had oc-
curred at the rate predicted from the
sex ratio, the probability of 15 hetero-
zygotes out of 15 females examined
would be less than 0.01.

A similar but smaller excess of fe-
males (53.8 percent, 342 male : 399
female) occurred in the offspring of
129/Rr-A%/ A% ¢ p/c* p females
crossed with BALB/cWt-A/4 b/b
c+/c+ males. In these animals normal
hybrids are clearly distinguishable vis-
ually from those with the maternal
gentoype. So far, 88 females and 72
males have been produced from four
pairs and all were typical hybrids, that
is, A%w/A b/+ c®® p/c +. Again the
sample reflected the excess of females
(55.0 percent), and the probability of
not finding parthenogenetic individuals,
if present as predicted from the sex
ratio, is less than 0.001.

From these findings I conclude that
parthenotes from matings with BALB/
cWt males occur rarely, if ever, and
they are not responsible for the ob-
served excess of females (/0). Weir
(11) has reached a similar conclusion
for the offspring of matings with PHL
males. The reason for the excess of
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females in the progeny of PHL or
BALB/cWt males is still obscure.

Parthenogenetic adults have been re-
ported in several vertebrate orders but
Beatty considers the few reports of
such mammals unproven (72). They
were made upon noninbred rabbits,
and, now that inbred strains of this
and other species are becoming availa-
ble, it may be appropriate to reexamine
some of the claims. A low sex ratio
may yet prove to be an indicator of
spontaneous gynogenesis. The potential
value for genetic analysis of partheno-
genetic material particularly if it re-
mains haploid has been pointed out
(13).

W. K. WHITTEN

The Jackson Laboratory,
Bar Harbor, Maine 04609

References and Notes

1. A. K, Tarkowski, A. Witkowska, J. Nowicka,
Nature 226, 162 (1970).

2. C. F. Graham, ibid., p. 165.

3. R. G. Edwards, Proc. Roy. Soc. London Ser.

B 146, 469 (1956); ibid., p. 4 =* ibid. 149,
117 (1958).

4. See Webster’s Third New International Dic-
tionary (1961).

. L. C. Stevens, J. Nat. Cancer Inst. 38, 549
(1967); ibid. 44, 923 (1970).

. A. Howard, A. McLaren, D. Michie, G.

Sander, Genetics 53, 200 (1954); G. Schlager

and T. H. Roderick, J. Hered. 59, 363 (1968).

J. A. Weir, Genetics 45, 1539 (1960); W. K.

Whitten and S. C. Carter, in preparation.

.J. H. D. Bryan, W. K. Whitten, S. C.
Carter, in preparation.

. The Hbb and Pgm-lI were characterized in
the laboratory of Dr. E. S. Russell by the
methods of J. J. Hutton [Biochem. Genet. 3,
551 (1969)] and of T. H. Shows, F. H. Ruddle,
and T. H. Roderick [ibid., p. 25].

10. The maximum rate of parthenogenesis con-
sistent with the combined data is 0.036. Com-
puted from Stevens’ Table, P = 0.025.

11. J. A. Weir, personal communication,

12. R. A. Beatty, in Fertilization, C. B, Metz and
A. Monroy, Eds. (Academic Press, New
York, 1967), p. 413,

=+ J. J. Freed and L. Mezger-Freed, Proc. Nat.
Acad. Sci. U.S. 65, 337 (1970); see also edi-
torial in Nature 226, 107 (1970).

14. I thank E. Russell, T. H, Roderick, and L. C,
Stevens for help and criticism, and S. C.
Carter and D. L. Dorr for assistance. Sup-
ported by NIH research grant HD-04083 and
an allocation from General Research Support
grant RR 05545 from the Division of Re-
search Resources to The Jackson Laboratory.

16 November 1970 u

N W

® 2

=]

Immunogenicity of Glucagon: Determinants Responsible
for Antibody Binding and Lymphocyte Stimulation

Abstract. Bovine glucagon, a polypeptide of 29 amino acids, is immunogenic
in rabbits and guinea pigs. The antigenic determinants of glucagon were in-
vestigated with isolated tryptic peptides of the hormone. Antibodies from virtual-
ly all of more than a dozen animals tested had specificity primarily for the amino-
terminal heptadecapeptide. However, only intact glucagon and its carboxy-terminal
dodecapeptide stimulated spleen or lymph node cells to synthesize DNA. It
thus appears that glucagon was cleaved along functional lines into two parts,
one of which contained the major antigenic determinant for serum antibody
and the other of which was “recognized” by antigen-reactive cells.

Recent investigations suggest that an
antigen must be “recognized” by at
least two functionally distinct lymphoid
cells in order to elicit a humoral anti-
body response (I), and consequently
must possess at least two antigenic
determinants (2). We now report our
study of a small immunogenic molecule
of defined structure. The study was
designed to resolve and characterize
the determinants for the two cell types.

New Zealand white rabbits and ran-
domly bred guinea pigs were immu-
nized with 0.1 to 2.0 mg of crystalline
bovine glucagon in complete Freund’s
adjuvant. Antiserums were assayed for
binding of [*25T]glucagon (3). Each of
more than a dozen animals immunized
made significant responses. The prepa-
ration of [125I]glucagon had a specific
activity of 33 pc/ug. When an amount
equal to 2000 count/min was used for
each assay, 50 ul of serum from an

immunized animal bound 50 to 80 per-
cent of the total radioactivity, whereas
the serum before immunization of the
animal bound less than 5 percent. In
addition, each animal developed spe-
cific delayed skin reactivity, which was
assessed by induration and erythema
24 to 48 hours after intradermal injec-
tion of glucagon.

The antigenic determinants of glu-
cagon were investigated by digesting
the molecule with trypsin (4). An
0.085 percent solution of glucagon was
incubated with trypsin treated with
TPCK (a chymotrypsin inhibitor)
(molar ratio 1:100) at 25°C, pH
7.8, for 2.5 hours with gentle shaking.
The digest was then adjusted to pH
3.0, heated at 90°C for 2 minutes, and
lyophilized. Glucagon contains one ly-
sine residue at position 12 and two
arginine residues at positions 17 and
18. The resulting three fragments and
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