tween the adult and the embryonic struc-
tures from which the microsomes are
derived (4).

In order to gain a more general pic-
ture of the development of drug enzyme
systems, various pathways were studied.
These included the side-chain oxidation
of hexobarbital, the N-dealkylation of
Pyramidon, the deamination of amphet-
amine, the hydroxylation of the aromatic

Table 1. Development of drug-metaboliz-
ing enzymes in rabbit liver (7). For meth-
ods- used in determination of metabolism,
see Brodie (2) and others (8). The type
of metabolism represented by each sub-
strate is described in the text.

Drug metabolism
(umole/g) * at age

Preparation
2 wk 3 wk Adult
Hexobarbital
Homogenate 0.96 2.8 8.4
Supernatant 4.2 10.3 16.6

Aminopyrine
Homogenate 0.15 0.30 3.25
Supernatant 0.34 1.41 5.2

l-Amphetamine

Homogenate 1.3 1.9 8.8
Supernatant 1.9 15.1 21.1
Acetanilid
Homogenate 1.0 1.9 4.5
Supernatant 2.9 5.2 7.8
Chlorpromazinet

Supernatant  11.4 31.5 323

p-Nitrobenzoic acid
Homogenate 1.72 5.16 9.9
Supernatant .76  5.28 8.1

* Micromoles of drug metabolized, or of metabo-
lite formed, per gram of protein of liver fraction
used. The protein was determined spectrophoto-
metrically (9). Values given for the metabolism
of .drugs are those of typical experiments. Enzyme
activities for each metabolism at each age were
determined at least twice.

+ In these studies chlorpromazine metabolism could
not be followed satisfactorily in homogenates, due
to strong binding of the drug by nuclei or mito-
chondria.

Table 2. Effect of cell fractions from baby
rabbit liver on the metabolism of amphe-
tamine by adult rabbit liver.

Metabolism of
l-amphetamine

Description Inhi-
wmole* bition
(%)
Baby (homogenate) 0
Baby (supernatant) 0
Adult (supernatant) 3.25
Adult (supernatant) plus
baby (homogenate) 0.59 82
Adult (supernatant) plus
baby (supernatant) 3.34 0

* Micromoles of amphetamine metabolized by
homogenates or supernatants from 1 g of liver.
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ring of acetanilid, the oxidation of the
ring sulfur of chlorpromazine, and the
reduction of the aromatic nitro- group of
p-nitrobenzoic acid. In addition, both
the homogenate, containing all the par-
ticulate matter of the cell, and the su-
pernatant (9000g), containing only the
microsome and soluble fractions, were
used in this investigation. Table 1 pre-
sents our findings relative to six of these
pathways.

The newborn rabbit is essentially un-
able to metabolize any of the drugs used.
When it reaches the age of 2 weeks we
see an appearance of activity with re-
spect to all pathways, though the extent
of this activity is not the same in every
instance; it ranges from 5 to 37 percent
of the enzyme activity of adults. The
3-weck-old animals seem to have even
more enzyme activity, and the activity in
the liver of the 4-weck-old rabbit is in
most cases approximately equal to that
of the adult.

The apparent lack of enzyme activity
in the young animal could be due to (i)
an actual absence of enzyme protein;
(ii) a deficiency of cofactors—that is,
reduced coenzyme II [reduced triphos-
phopyridine nucleotide (TPNH)]; (iii)
the presence of inhibitors of the drug-
metabolizing enzymes; or (iv) differ-
ences in the nature of the enzymes in the
livers of baby and adult rabbits—for ex-
ample, differences in optimal pH or sub-
strate concentrations.

We tried to eliminate the second pos-
sibility by adding a TPNH-generating
system of glucose-6-phosphate, glucose-
6-phosphate dehydrogenase, triphospho-
pyridine nucleotide (5), and nicotina-
mide in all our determinations.

The presence, in the liver of the baby
rabbit of inhibitors of drug metabolism
was suggested by differences in the rate
of appearance of enzyme activity in
homogenates as compared with the rate
of appearance in the supernatant
(9000g). For several of the pathways
studied, relatively more enzyme activity
seemed to be present in this latter frac-
tion (see Table 1).

Table 2 shows that homogenates of
baby rabbit liver do indeed contain some
material which inhibits the metabolism
of amphetamine. Inhibitors of hexobar-
bital, acetanilid, and Pyramidon metabo-
lism have also been demonstrated in this
type of preparation.

This inhibition is usually not seen when
the supernatant (9000g) fraction of baby
rabbit liver is used. Thus, we seem to
be dealing with inhibitors present in the
nuclear or mitochondrial fractions.

Also of interest is the fact that this
material seems to disappear as the ani-
mal matures, at a rate inversely propor-
tional to drug-metabolizing enzyme ac-
tivity. However, since no inhibitors of

p-nitrobenzoic acid or chlorpromazine
metabolism seem to be present in baby
rabbit liver, it is probable that other fac-
tors are also responsible for the observed
lack of enzyme activity.

To date we have been unable to ob-
tain liver samples having one or more
metabolic pathways while lacking others.
All such pathways seem to appear at
about the same time, though the rate
of development is different. It may be,
then, that a single event triggers the
synthesis or unmasking of all the en-
zymes (6).

James R. FouTs
Ricuarp H. Apamson
Department of Pharmacology,
College of Medicine,
State University of ITowa, Iowa City
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Resistance to Sevin by BDT- and
Parathion-Resistant Houseflies
and Sesoxane as Sevin Synergist

Abstract. The new carbamate insecti-
cide, Sevin, has a low toxicity against
houseflies. However, it is activated effec-
tively by low concentrations of Sesoxane,
a pyrethrum synergist. This occurs with
normal nonselected flies and also with
strains selected for resistance to DDT and
Parathion, which have considerable cross
resistance to Sevin.

1-Naphthyl N-methyl carbamate (Se-
vin), a new insecticide introduced by
Union Carbide Chemicals Company,
shows great promise in the field because
of the success it has already had in the
control of many agricultural pests in the
field and because of its low toxicity to
mammals.

Recent investigations (/) on the house-
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fly, Musca domestica, have shown that
Sevin is only about one-tenth as toxic as
DDT (the LDy, values, for topical ap-
plication, are 0.2 pug per fly for DDT and
2.3 ng per fly for Sevin). In an attempt
to increase the effectiveness of Sevin,
several pyrethrin synergists were in-
vestigated. Of those investigated, 2-(3,4-
methylenedioxyphenoxy) - 3,6,9 - trioxau-
decane (Sesoxane), a pyrethrin syner-
gist discovered by Beroza (2) and
manufactured by Shulton, Inc., was
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Fig. 1. Dosage mortality curves for sus-
ceptible houseflies treated with Sevin and
DDT with and without Sesoxane.

Table 1. Mortality, after 24 hours, of sus-
ceptible and resistant houseflies topically
treated with Sevin and Sevin-Sesoxane
combinations. Twenty-five flies were
treated at each point. The percentages
represent the combined results of dupli-
cate tes’s.

Sevin Sesoxane Kill
(ng/fly) (ng/fly) (%)
: Susceptible
0.5 10
1.0 20
2.0 55
5.0 67
Parathion-resistant
5 10
10 10
30 10
DDT -resistant
5 20
10 40
30 60
Susceptible )
0.1 0.00 0
0.1 0.10 40
0.1 0.30 80
0.1 0.50 95
0.5 0.10 95
Parathion-resistant
1.0 0.00 0
1.0 1.00 60
1.0 5.00 100
1.0 10.00 100
DDT-resistant
1.0 0.00 10
1.0 0.50 100
1.0 1.00 100
1.0 5.00 100
0.1 5.00 100
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most effective. This compound has been
reported as having some synergistic ac-
tion for methoxychlor (3) and was found
in our laboratories to be a synergist for
DDT on German roaches. When tried
with DDT on houseflies, it showed little
synergism. However, Sesoxane in con-
junction with Sevin gave a greatly in-
creased toxicity for houseflies. Figure 1
shows the log dose—probit lines for DDT
and Sevin, with and without the syner-
gist, for the susceptible houseflies; dosage
is expressed as the logarithm of the num-
ber of micrograms applied, and mortal-
ity is expressed in probits.

Since both Sevin and Parathion are
strong cholinesterase inhibitors, it may
be expected that Parathion-resistant in-
sects will also be resistant to Sevin, and
this was found to be the case, as shown
in Table 1. However, only a compara-
tively low resistance, commonly called
vigor tolerance, was to be expected from
DDT-resistant flies (4). Table 1 shows
that DDT-resistant flies have about a
sevenfold resistance to Sevin—that is, the
LDy, for susceptible flies was 2.6 pg; for
DDT-resistant flies, 18 ng.

Since the combination of Sevin and
Sesoxane was effective on the DDT-sus-
ceptible flies, it was applied to DDT-re-
sistant flies. This combination proved to
be very effective even at small dosages.
All mortalities were obtained by apply-
ing the chemicals together in acetone
solutions topically to adult females.
Table 1 shows the results.

The outstanding feature is the high
effectiveness of the combination contain-
ing a low ratio of synergist to toxicant
in contrast to the usual situation, in
which large amounts of synergist are
necessary.

Comparison of the rates of penetration
between Sevin alone and Sevin-Sesoxane
combinations shows very little difference
between the two; this indicates that the
effectiveness of the Sevin-Sesoxane com-
bination is not due to increased penetra-
tion.

The effective synergistic action of
Sesoxane with Sevin gives hope for con-
trol of DDT- and phosphate-resistant in-
sects.

M. E. ELDEFRAWI
R. Miskus
W. M. HoskinNs
Department of Entomology and
Parasitology,
University of California, Berkeley
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Multiple Hemoglobins in Fishes

Abstract. Paper electrophoregrams of
the hemoglobins from 14 species of fresh-
and salt-water fish demonstrated from one
to three components. The relative distri-
bution of these fractions was determined
for all species. Mobilities of the three
hemoglobins of rainbow trout were calcu-
lated from moving-boundary patterns.
Low anodal mobility at pH 8.8 was char-
acteristic of many species examined.

Since the demonstration of abnormal
hemoglobin in man by Pauling et al. (1),
electrophoretic studies have been carried
out on many other species. The occur-
rence of multiple hemoglobins has been
reported in other mammals (2), in birds
(3), and in amphibians and reptiles (4).
Manwell (5) has recently reported a dif-
ference in alkaline denaturation between
adult and postlarval hemoglobins from
a teleost fish (Scorpaenichthys marmo-
ratus). Examination of fish hemoglobins
should therefore reveal some differences
which might be species characteristic and
perhaps even race dependent.

Samples of fish blood were collected
in heparinized tubes, either by cardiac
puncture of the larger fish or by ampu-
tating the peduncle of smaller fish and
collecting the droplets of blood from the
severed caudal vein and artery. The red
cells were separated from the plasma by
centrifugation and washed three times
with 0.9-percent sodium chloride. The
hemoglobin solutions used for analysis
(6) were prepared by adding 2 volumes
of distilled water to 1 volume of packed
red cells. After standing overnight in the
cold, the hemolyzates were centrifuged
at 25,000g for 1 hour. The supermatant

Table 1. Relative distribution of fish
hemoglobin components. Values are aver-
ages from at least two fish of each species.

Percentage of total

Elec- hemoglobin (%)
tropho-
regram Highest Medium  Lowest
mobility mobility  mobility
Steelhead trout
E 54-56 22-23 22-23
Rainbow trout
F 54-58 21-23 21-23
Blueback salmon
G 51-53 47-49
Shad
H 66-70 30-34
Largemouthed bass
1 60-64 36-40
Brook trout
56-64 18-22 18-22
Silver salmon
K 50-60 40-50
Chinook salmon
L 50-60 40-50
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