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receptor-destroying-enzyme of V. cholerae.
This is consonant with our observation(3)
that the glycoprotein obtained by the pre-
viously described procedure from red cells
pre-treated with influenza viruses is devoid
of hemagglutination inhibitory activity. The
similarity in chemical composition and in
sensitivity to neuraminidase between the
stromal hemagglutination inhibitor and the
M-N blood group mucoids has led us to sus-
pect that these may be the same substance.
However, Klenk and Uhlenbruck(5,7,8) have
suggested that they are different because
M-N blood group active mucoids can be iso-
lated from the supernatant solutions of eryth-
rocytes treated with proteolytic enzymes such
as trypsin, papain, ficin, or bromelin at which
time the erythrocytes were still agglutinable
by influenza viruses. The soluble mucoids
were not inhibitors of viral hemagglutination.
The latter observation can be explained by
the studies of Gottschalk(9) as well as our
own observations, which indicate that a cer-
tain minimum moleculer weight is essential
for a glycopeptide to function as a viral
hemagglutination inhibitor irrespective of the
structural aspects of the oligosaccharide
moiety with which the viruses would inter-
act. Their observation that erythrocytes can
be agglutinated even after proteolytic removal
of M-N specific mucoids may be due to in-
complete removal of sialic acid-containing
substances. Mikeld et @l(10) showed that
only about half of the sialic acid is lost from
red cells by trypsin. The remainder of the
sialo-mucoids may continue to function as
sites for viral attachment.

We are now preparing stromal hemagglu-

tination inhibitory glycoprotein from pure M
or pure N human red cells to look for differ-
ences between them. No obvious differences
have been found in carbohydrate composition.
Summary. The data reported indicate that
a stromal glycoprotein, homogeneous by sev-
eral criteria, is an active inhibitor of viral
hemagglutination and has M-N blood group
specificity. Both properties decrease in ac-
tivity when the protein is removed from solu-
tion by mixing with influenza virus and cen-
trifuging the mixture or when it is reacted
with anti-M-N serum. It has always been
observed that the disappearance of the one
property of the protein is accompanied by
the disappearance of the other. These results
are interpreted as an indication that a single
protein possesses both of these properties.
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Antagonism of Morphine and of Reserpine by Levorotatory and Dextro-
rotatory Isomers of 2,2.Diphenyl-4- (2-Piperidyl)-1,3-Dioxolane HCI. (28595)

Joun Hiparco anp CHARLES R. THOMPSON
Research Division, Cutter Laboratories, Berkeley, Calif.

The compound, 2,2-diphenyl-4-(2-piperi-
dyl)-1,3-dioxolane HCl, has 2 asymmetric
carbon atoms and is composed of 2 racemates
of different melting points. The lower melt-

ing racemate, dioxadrol*, was separated into
the d isomer, dexoxadrol*, and the [ isomer,
levoxadrol*(1).

* Generic names.
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~The d and ! isomers were found to have
significantly different pharmacologic prop-
erties(2). One of the differences between the
two optical isomers is that the d isomer, but
not the ! isomer, exhibited the unusual prop-
erty of shortening the response time of mice
subjected to a thermal stimulus. This was
characterized as ‘“hyperalgesia” or “hyper-
acuity.” The two optical isomers were, there-
fore, studied for their effects on morphine
analgesia and reserpine antagonism. Reser-
pine antagonism was investigated because it
has been shown(3) that reserpine, like mor-
phine, prolongs the reaction time of mice
subjected to a thermal stimulus.

Methods. 1. Determination of ‘“hyperal-
gesic” effect and morphine antagonsim. Two
methods were employed. a. The reaction
times of mice were determined by the hot
plate method(4) before and after drug ad-
ministration. Levoxadrol and dexoxadrol
were administered in single oral doses alone
and in combination with morphine sulfate
subcutaneously.

The effects of repeated administration of
dexoxadrol on the reaction times of mice were
also determined. The reaction times of 2
groups of 10 mice each were determined on
day 1 at 0800. Dexoxadrol, 50 mg/kg orally,
was then administered to one group and
saline to the other group. Thirty minutes
later, the reaction times were redetermined
and the mice which had been fasted over-
night were returned to their cage and allowed

access to food. At 1600, they were admin- -

istered a second identical dose of dexoxadrol
or saline. Dosage was repeated on days 2
and 3. After the second dose on day 3, food
was withdrawn. On day 4, both groups were
dosed in the A.M. only and tested 30 minutes
later. b. The effect of levoxadrol and dexoxa-
drol on the number of writhes induced by
phenylquinone in mice(5) was determined
alone and in combination with the subcutane-
ous dose of morphine sulfate that decreased
the number of writhes by 50%.

2. Reserpine antagonism. Two methods
were employed. a. The effects of levoxadrol
and dexoxadrol on reserpine potentiated sleep
time induced by hexcobarbital was determined
in mice administered 5 mg/kg of reserpine

(Serpasil, Ciba) intraperitoneally one hour
before hexobarbital sodium, 100 mg/kg intra-
peritoneally. Levoxadrol and dexoxadrol were
administered orally as soon as the mice lost
the righting reflex. Other groups of mice
were administered hexobarbital alone, hexo-
barbital and levoxadrol or dexoxadrol, and
reserpine and hexobarbital. Control groups
were run simultaneously with each dose re-
sponse experiment. The normal variability of
the sleep time was reduced to a minimum
by employing male Swiss-Webster mice,
weighing 14-18 g, from the same storage cages
and fasted for the same period. b. The effect
of levoxadrol, dexoxadrol and amphetamine
on the reaction time of reserpine treated mice
to a thermal stimulus was determined. Reser-
pine was administered intraperitoneally in
doses of 1 mg/kg just after control reaction
times were obtained. Thirty minutes later,
levoxadrol, dexoxadrol, or amphetamine was
administered orally and reaction times re-
determined 1, 2, 3, and 6 hours after reser-
pine. One group of mice administered only
reserpine served as a control.

3. Statistical methods. Significance of
values was determined by the Student “T”
test(6). All p values < .05 were considered
significant. EDj¢’s and standard error were
estimated graphically (7).

Results. 1. “Hyperalgesic” and morphine
antagonism studies. a. Thermal stimulus.
The effects of dexoxadrol and levoxadrol on
the reaction time of mice (exposed to a ther-
al stimulus on the hot plate) are shown in
Table I. Dexoxadrol alone caused a highly
significant decrease in reaction time and in
doses of 50 mg/kg completely prevented the
prolongation in reaction time induced by mor-
phine, 5 mg/kg subcutaneously. Levoxadrol
had no effect in both procedures.

No tachyphylaxis to the effects of dexoxa-
drol could be demonstrated by the hot plate
method. The reaction times 30 minutes after
dexoxadrol were always significantly shorter
and varied little from day to day. The con-
trol group of mice injected with saline showed
a mean difference of 0.5 second or less
(range 6.3-6.8). The only finding of ques-
tionable significance was the slight daily in-
crease in reaction times of the mice adminis-
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TABLE I. Hyperalgesic Effect and Morphine Antagonism of Dexoxadrol and Levoxadrol in
Mice Exposed to a Thermal Stimulus,

Mean response time

N Y% change
Oral dose, 30 min after from
Treatment mg/kg No. mice  Control dosage control t P
Dexoxadrol 25 10 6.4 4.5 - 30 2.6 <.05
” 50 10 6.2 3.2 — 48 5.9 <.01
” 100 10 6.3 3.1 - 51 7.0 <.01
Morphine 5(8Q) 10 6.7 12.2 + 82 3.4 <.05
” 5 10 7.5 15.5 +107 5.0 <.01
Morphine* 5(8Q)
-+ Dexoxadrol 50 10 8.5 8.6 0 — —_
Levoxadrol 75 10 5.8 6.0 + 3 — —_
” 150 10 6.4 6.7 + 5 — —_
Morphine* 5(8Q)
-+ Levoxadrol 50 10 6.9 13.5 + 95 6.0 <.01

* Morphine and levoxadrol or dexoxadrol were administered in quick suceession.

tered dexoxadrol. The mean starting control
value on day 1 for this group of mice was
6.6 seconds; on day 4, it was 7.7 seconds
and the increase was in equal increments of
about 0.4 second/day.

b. Writhing test. Dexoxadrol increased the
number of writhes induced by intraperitoneal
phenylquinone in mice (Table IT). Levox-
adrol had no effect.

The subcutaneous EDjo (dose reducing the
number of writhes by 50%) of morphine
against phenylquinone induced writhing was
found to be 0.75 =+ .13 mg/kg. The ED;
of morphine in the presence of dexoxadrol,
12.5 mg/kg orally, was 0.53 =+ 0.09 mg/kg.

Even though dexoxadrol antagonized the
analgesic activity of morphine in the hot plate
method, it did not have any significant effect
on morphine analgesia in the writhing test.

2. Anti-reserpine studies. a. Effect on
reserpine potentiated hexobarbital hypnosis.

Dexoxadrol, 6.25 and 12.5 mg/kg orally,
and levoxadrol, 12.5 mg/kg orally, antago-

TABLE II. Effect of Dexoxadrol on Number of
Writhes Induced by Phenylquinone in Miece.

Dexoxadrol, No. Mean No.
mg/kg orally mice  of writhes t P
6.25 10 188
Controls 10 169 1.5 >.05
12.5 25 235
Controls 25 159 6 <.01
25 25 231
Controls 25 173 2 0.05

nized the reserpine induced prolongation of
hexobarbital hypnosis, Table III. A U-shaped
curve was obtained because oral doses of 50
mk/kg of either compound significantly pro-
longed the hypnosis induced by hexobarbital
alone, thus masking the reserpine antagonism.
The doses of levoxadrol and dexoxadrol which
antagonize the reserpine induced potentiation
of hexobarbital had no effect on the duration
of hypnosis induced by hexobarbital alone,
indicating that the antagonism was to the
effect of reserpine and not to that of the
barbiturate. This is in contrast to ampheta-
mine which in oral doses of 5 mg/kg antago-
nized both the reserpine induced potentiation
of hexobarbital hypnosis and the duration of
hexobarbital hypnosis. b. Effect on reserpine
induced changes in reaction time to a thermal
stimulus (Fig. 1). Reserpine, 1 mg/kg intra-
peritoneally, significantly shortened the reac-
tion time of the mice to a thermal stimulus
(p < 0.05) 30 and 60 minutes after dosage.
Two hours after dosage, reaction times were
significantly prolonged, began to plateau at
about 3 hours and were still prolonged 6
hours later. Dexoxadrol, 12.5 and 25 mg/kg
orally, administered 30 minutes after reser-
pine and tested 30 minutes after administra-
tion, decreased significantly the reaction time
of the mice more than reserpine alone. Levox-
adrol, 50 mg/kg, did not alter the decreased
reaction time induced by reserpine. Two and
3 hours after administration, both levoxadrol
and dexoxadrol significantly antagonized the
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TABLE III. Effect of Oral Dexoxadrol, Levoxadrol and Amphetamine on Duration of Hexo-
barbital Hypnosis and on Reserpine-Induced Prolongation of Hexobarbital Hypnosis in Miee.
Dexoxadrol, No. Mean sleep time % of
Treatment mg/kg mice (range), min controls P
Reserpine 4 hexobarbital*  — 10 46 (27-65) 100 —
Idem 6.25 10 28 (19-40) 61 <.05
” 12.5 10 25 (15-34) 50 <.05
Hexobarbitalt 50 10 56 (40-70) 278 <.05 vs hexobarb.
controls
Levoxadrol,
mg/kg
Reserpine 4+ hexobarbital — 10 41 (26-60) 100 —
Idem 12.5 10 25 (15-33) 60 < .05 vs reserpine
+ hexobarb.
Hexobarbital 50 10 56 (40-65) 255 <.05 vs hexobarb.
controls
Amphetamine,
mg/kg
Reserpine 4 hexobarbital — 10 37.5 (17-52) 100 —
Idem 5 10 20.6 (19-30) 55 <.05
Hexobarbital 5 10 13.2 ( 7-20) 70 <.05

* Reserpine, 5 mg/kg intraperitoneally, was administered 1 hr before hexobarbital, 100 mg/
kg intraperitoneally. Levoxadrol and dexoxadrol were administered orally immediately after
hexobarbital.

t Hexobarbital control groups of 10 mice were run with each dose response curve for a total
of 6 groups. Mean sleep times varied from 20 to 28 min; range was 14 to 35 min. Percentage
caleulations were based on the respective controls for each compound.

prolonged reaction times induced by reser- .
plne' . :_:: :::2::‘::0:_ MZGS/KMGG):G ORAL <+ RESERPINE
Amphetamine alone, 10 mg/kg orally, had I8 e LevoxAOROL 50 MO/KS ORAL+ RESERPINE
no significant effect on the reaction time of v
> I——
the mice. Oral doses of 5 and 10 mg/kg ad- - Y
ministered 30 minutes after reserpine and .
tested 30 minutes after administration did fe
not significantly modify the effect of reserpine I z
nor decrease reaction time. Two and 3 hours » .
after administration, amphetamine signifi- & |- // ,/
cantly prevented the increase in reaction time & R
induced by reserpine. z /)
Discussion and summary. The d (dexoxa- 2 /7
drol and the / (levoxadrol) isomers of the = iy
. . . . z o /7
lower melting racemic modification of 2,2- & : 7/
diphenyl-4-( Z:piperidxl }-1,3-dioxolane H(;l o /‘//
have surprisingly different pharmacologic /
properties. //
Dexoxadrol, but not levoxadrol, produces a—— "ﬁ/
“hyperalgesia” or “hyperacuity” as evidenced
by shortening of the reaction time of mice
. . . l ! ! |
to a thermal stimulus and increasing the num- 4o 260 MIN
TIME

ber of writhes following the intraperitoneal
administration of phenylquinone. Tachyphy-
laxis does not occur to the “hyperalgesia”
produced by dexoxadrol.

Dexoxadrol, but not levoxadrol, antago-
nizes the analgesic activity of morphine in

FIG. 1. Effect of levoxadrol and dexoxadrol on
reaction time to a thermal stimulus of reserpine-
treated mice. Levoxadrol and dexoxadrol were ad-
ministered 30 min after reserpine. Control mice
administered saline at 0 hr and tested at same
time intervals varied from 7.6 to 8.2 sec during 6
hr test period.
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mice subjected to a thermal stimulus. Both
are ineffective in those administered phenyl-
quinone. This difference is possibly related
to differences between visceral and somatic
pain.

Both isomers antagonize the effects of reser-
pine as measured by the reversal of the reser-
pine induced prolongation of hexobarbital
hypnosis and the reserpine induced proionga-
tion of the reaction time of mice exposed to
a thermal stimulus.

This unusual “hyperalgesia” or “hyper-
acuity” property of dexoxadrol suggests that
it may be an agent which will increase aware-
ness.

The authors wish to express their gratitude to

Inez Grigsby and Beatriz Williams for dedicated as-
sistance.
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Effect of Environmental Temperature on Tetanus Intoxication in Mice.*

(28596)

M. F. SHEFF, M. PERRY AND S. 1. ZACKS
(Introduced by W. E. Ehrich)
Department of Neurology and Ayer Clinical Laboratory, Pennsylvania Hospital, Philadelphia

While studying acute tetanus poisoning in
mice we observed that body temperature be-
gan to fall at an early stage in intoxication.
Attempts to maintain body temperature by
keeping the poisoned animals at an ambient
temperature of 35°C resulted in a consider-
able decrease in survival time. More com-
plete studies were therefore undertaken to
determine the effect of environmental temper-
ature and dosage on survival time.

Method. The toxin used was a sterile fil-
trate from cultures of Cl. tetani prepared by
Wyeth Labs., Radnor, Pa. The effective toxin
content, estimated by nitrogen determinations
and electrophoretic analysis, was 180 ug/ml.

The animals used were white female Swiss
mice weighing from 23 to 30 g. They had
been kept in an animal house at temperatures
of 15° to 22°C, and were thus acclimated to
one of the experimental temperatures (21°C).

Groups of 21 mice were injected via the

* This study was supported by a grant from John
A. Hartford Foundation, Inc.,, New York.

intraperitoneal route with 1 of 6 graded doses
(0.01 to 0.8 ml of the toxin filtrate, equiva-
lent to 1.8 to 144 ug of toxin). These groups
were then divided into 3 sub-groups of 7 ani-
mals each. Each sub-group was then kept at
either 5°C, 21°C or 35°C and closely ob-
served until the animals died. Survival times
of the individual animals were recorded in
minutes. For the 72 pug dose, 2 sets of 21
animals were used. Groups of control animals
were also kept at these 3 temperatures. None
of these died during the experiments.

To quantitate the original observation on
the fall of body temperature noticed in the
animals kept at room temperature (21°C)
after poisoning, the internal and surface tem-
peratures of control and poisoned animals
were measured with thermistor probes. Yellow
Springs Instruments probe #402 was used for
measurements of rectal temperature and YSI
probe #409 was used for measuring the sur-
face temperature. This latter probe was taped
to the unshaven abdomen of the animal. The
probes were kept in place by a small harness



