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or whole blood. The required virucidal dos-
age of HN2 is below 500 mg/] of blood or
plasma if the pH is at or near 7.0. The end
products of decomposition of the added HN2
are essentially nontoxic if the pH of the sys-
tem is not too low. No evidence of antigenic
or other toxic reactions has been produced
in two dogs and two humans receiving re-
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peated injections of treated plasma. Human
red blood cells withstand the application of
virucidal dosages of HN2 without hemolysis
and with only a slight increase in fragility.
Complement, immune bodies, phosphatase and
fibrinogen are only slightly affected by steri-
lizing dosages of HN2. Prothrombin time is
markedly prolonged by HN2.
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Timed Intravenous Infusion of Metrazol and Strychnine for Testing
Anticonvulsant Drugs.*
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From the Department of Pharmacology, University of Illinois College of Medicine, Chicago, Ill.

The validity of the use of metrazol for the
evaluation of anticonvulsant drugs has been
well established.”> When given to animals,
subconvulsant doses of metrazol will elicit
electro-encephalographic patterns similar to
those found in patients with petit mal3 The
marked antagonism between metrazol and
3,5,5-trimethyloxazolidine-2 4-dione  (Tridi-
one) and the success of this drug in the treat-
ment of petit mal epilepsy further substantiate
the validity of the metrazol antagonism test
as a method for screening anti-epileptic com-
pounds.

The present metrazol test method employs
the subcutaneous route of administration
whereby an effective dose of the anticonvul-
sant is injected into a group of animals, fol-
lowed, after time is allowed for absorption,
by a subcutaneous dose (usually 90 mg/kg)
of metrazol known to be convulsant in the
non-protected animal. If the animals fail to
have seizures, a second group is given a higher
dose of metrazol. This procedure is repeated

* This study was subsidized in part by grants
from the Bristol Laboratorics and the Mallinekrodt
Chemical Works.
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until a dose is attained which produces typical
convulsions. In this way the degree of pro-
tection (or metrazol antagonism) furnished
by a drug in question may be ascertained.

For several years we have used a timed in-
travenous infusion of metrazol in mice, and
have found it to have some distinct advan-
tages over the previous procedure. A similar
procedure has been evolved for the measure-
ment of strychnine antagonism by anticon-
vulsant drugs.

Method. The apparatus employed consists
of a cone-shaped mouse holder made of plexi-
glass and attached to a metal base. The
plexi-glass makes it possible to clearly observe
the reactions of the animal within the holder.
A slit, through which the tail of the mouse is
pulled, extends the length of the cone at its
top. Attached to the base is a small electric
light connected in series through a transformer
to a synchronous electrical timer., The syn-
chronous timer is set so that the electric bulb
lights every 10 seconds. The reflection of
the light is transmitted throughout the trans-
parent holder and thus is readily noted by
the observer.

The mouse is pulled into the holder by
drawing its tail through the slit in the cone,
and the injection is made into a tail vein,
using a 27 gauge needle. A 0.5% solution
of metrazol or a 0.01% solution of strychnine
sulfate is employed in all tests, and injected
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at the rate of 0.05 cc every 10 seconds. Ll - 2 ;

The reactions of the mouse to the timed gSE(E 7 2 8 T oa
intravenous infusion of metrazol follow a SRS
definite pattern. Three “signs” of reaction i
follow each other in strict sequence as the 2 ‘
concentration of metrazol is increased in the -::; Jlo o o o o2 o !
blood stream. The first of these is the “first R T T I B
twitch,” a sharp single twitching of the ani- =
mal’s entire body. This is followed very
shortly by a ‘“pseudoconvulsion,” a series of *5; 5
clonic movements usually accompanied by an ! g Moo oo
audible squeak. Very often the mouse pulls B & RN
his head down under his body. The “pseudo- HElE . . . ° {
convulsion” is followed by alternate clonic o i
movements and resting phases. The third
sign, or “persistent c9nvulsion,” appears at 29 |2 2 22 2 8 3
the highest concentration of metrazol, and is 88 "oaoe -*.Ace ,\O'
t%le final end—pqmt of the.m]ection. T-.he “per- glE E S ﬂ’g‘ﬂé‘ﬂ ;‘:’::Ig:l% 3;' ) i':_!\
sistent convulsion” consists of a tonic flexor Efl£ S [T RE552dRd2d
component followed by a usually lethal tonic |q
extensor component. =

The doses of a 0.5% solution of metrazol “E )
at which the above-mentioned reactions occur 3 E 5285583
were determined in control animals. Results Sf 28|~ fsfctefototia
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appear for groups made up of mice weighing :l 3 Fo il B Reh Sob Behi
15-17 g, and another series weighing 18-20 g 7| & |s>¥e~s¥svsSoow
(Table I). It will be noted that the thresholds §.
of the mice weighing 15-17 g are lower, but
that the mg/kg dosage is approximately the é e ® o @ o= o e
same. Al s EE88EEEZ

In determining the efficacy of an anticon- =)l &8 +|8 :r,lgﬂf* HGHG?HGHQ &
vulsant drug, observations were made on the K g:;igggﬁg:gggz 2
ability of the compound to elevate the “first 2 SVE S LSS TS TS by
twitch,” “pseudoconvulsion,” and “persistent & o | B
convulsion” thresholds. Also, the ability of g =
a compound to protect the animals from death $8lc ¢ o © o o o |% '§
and to modify the severity of the clonic con- ART S s s s s Rl e
vulsions was considered. g é

The intravenous infusion of strychnine was | E -
likewise undertaken because of the chemical el g
similarity of phenurone (phenyl acetyl urea) n B g % s
to myanesin (ortho-tolyl glycerol ether) and H q « g8
the fact that clinically a few patients report £ o A é" S =
muscular weakness as a side effect of phenu- o & B o E
rone therapy.* Berger and Bradley® have 3 i\‘n & E S &
shown that myanesin protects against strych- b wg g g = B A
nine convulsions. From our data this test 2 228 8 e g & | 2
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TABLE II.
Intravenous and Subeutaneous Metrazol in Mice.

Intravenous

p
Control group—80 mice

~

Tridione 500 mg/kg L.P. 1 hr—20 mice

o Y e N
Dose S.D. S.E. Dose S.D. S.E. No. of 8.D. above Ratio:
mg/kg mg/kg wmg/kg mg/kg mg/kg mg/kg  control threshold  Tridione/control
First twitch 42 7 8 111 19 4 9.9 2.6
Pscudoconvul. 51 13 1.4 131 32 7 6.2 2.6
Persistent 134 36 4 259 38 8.5 3.5 1.9
convul. and
death
Subeutuneous
(2 ™
80 mice 50 mice
T - Y
CD-50 55 8 1.7 124 ar 6.7 8.6 2.3
CD-95 62 178 2.9
LD-30 09 17 o7 169 25 5.5 41 1.7
D495 121 200 1.7
may further elucidate the site of action of wvulsions.” Both phenobarbital (50 mg/kg)

potent anticonvulsants.

The apparatus and technique are essen-
tially the same as the metrazol method. A
0.01% solution of strychnine is injected at
the rate of 0.05 cc every 10 seconds in all
tests, after time has been allowed for absorp-
tion of the compound in question. The end-
point is the tonic extension of the animal’s
hind legs, 7.e., the peak of the strychnine con-
vulsion.

Strychnine thresholds were determined on
two control groups of mice in which the ani-
mals weighed 15-17 g, and 18-20 g respectively
(Table IIT).

Results. The results obtained with 3 anti-
convulsant drugs (sodium phenobarbital, tri-
dione, and phenurone) and myanesin illus-
trate the use of the timed intravenous infusion
method. These drugs were injected intra-
peritoneally at dosage levels which produced
slight central nervous system depression. The
mice were tested at the peak of drug action
(usually 30 to 120 minutes). Degree of
threshold elevation (Table I) is expressed as
a ratio of the mean of the thresholds of the
protected animals to the mean of the thresh-
olds of the appropriate group of control ani-
mals of similar weight.

Tridione (500 mg/kg) effectively elevates
the metrazol threshold. However, it does not
prevent death or modify the “persistent con-

and phenurone (400 mg/kg) elevate the
thresholds significantly. Phenobarbital modi-
fies the “persistent convulsions” into clonic
fits but fails to lower mortality. Phenurone
modifies the “persistent convulsions” and pre-
vents fatality in 709% of the animals. Myan-
esin raises the thresholds only slightly when
metrazol is infused, but the lethal outcome is
delayed.

For purposes of comparison, the results ob-
tained from the application of the subcutan-
eous metrazol method using tridione at the
same dose is presented (Table II). Control
experiments were performed and it was found
that 85 mg/kg of metrazol produced convul-
sions in 959% of the mice, severe seizures in
60%, and death in 20%. Metrazol, at a dose
of 125 mg/kg subcutaneously, produced severe
convulsions and death in all animals tested.

The greatest advantage of the timed intra-
venous infusion metrazol method is that it
makes possible an accurate graded evaluation
of anticonvulsant compounds requiring a mini-
mum of time and effort. Since the concen-
tration of metrazol within the animal’s blood
stream is increased at a constant rate during
each single trial, a complete picture of the
antagonistic properties of a drug may be ob-
tained from one series of animals using in-
crements in dosage of 12.5 mg/kg. The sub-
cutaneous method, however, necessitates a
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TABLE IIL
Intravenous Strychnine Infusion—Mice.
Ne. Convulsion, Mortality, .
Groups mice ce % Time of death
Normals, 15-17 g 60 0.19 =+ .044 100 Immediate
(1.00) o
” 18-20 g 20 0.21 =+ .028 100 ”
(1.00) .
Tridione, 500 mg/kg 1 hr 40 0.28 =+ 052 82.5 20 min.
(1.48)
Phenurone, 400 mg/kg 114 hr 20 0.28 - .042 60 - 28 min.
(1.50)
Phenobarbital, 50 mg/kg 2 hr 20 0.28 + .033 65 19 min.
(1.50)
Myanesin, 300 mg/kg 10 min, 20 0.36 *=.052 30 42 min,
(1.70)

number of series, each at a different concen-
tration of metrazol; thus, it calls for the use
of many more animals and much more time,
especially with effective drugs. For example:
To test the efficacy of tridione (500 mg/kg)
by the timed intravenous infusion method,
one group of 20 animals was used. The total
procedure (including weighing and injecting
the animals) required 334 hours. Employ-
ing the subcutaneous method to test tridione
(500 mg/kg), and increasing the dose of
metrazol in 25 mg/kg steps for each group of
mice, 50 mice were used, 10 at each dosage
level. The total procedure required 15 hours
when each group was tested separately.
Eighty mice were used to determine control
responses, LD-50 and CD-50 for statistical
analysis of the data for both groups.

The timed intravenous infusion method is
as accurate as the subcutaneous method.
Table II shows that the protection index for
tridione (Ratio: tridione/control) is approxi-
mately the same by both methods of testing.

The sensitivity of the intravenous infusion
method has been demonstrated frequently in
the testing of new anticonvulsant chemicals.
With one drug a 30% increase in dosage
caused a 36% elevation of the protection in-
dex. In another instance a 20% increase in

x
[ 3

dosage caused the ratio to increase almost
200%. :

The Timed Intravenous Infusion of Strych-
nine. The results obtained from tests made on
phenobarbital, tridione, and phenurone are
presented here to illustrate the validity of
strychnine infusion as a standard laboratory
procedure for screening anticonvulsant com-
pounds (Table IIT). All 3 compounds are
effective in elevating the strychnine threshold,
phenurone and phenobarbital being slightly
more antagonistic than tridione. 82.5% of
the mice die in the tridione tests, while phenu~
rone and phenobarbital show greater ability to
protect the animals from death. Myanesin is
the most effective of all since it affords pro-
tection from death in 70% of the animals and
produces the greatest rise in thresholds.

Summary. The timed intravenous infusion
metrazol test makes possible an accurate, eco-
nomical, and rapid evaluation of anticonvul-
sant compounds. It presents distinct advan-
tages over the subcutaneous method because:
(1) fewer animals are needed in order to draw
a statistically significant conclusion on the
drug being evaluated; (2) less time is neces-
sary to complete the testing procedure; and
(3) it is equal in accuracy to the subcutaneous
method.





