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An Analysis of the Convulsant Activity of Substituted Benzenc< in the
Mouse. ANGEL, A, and ROGERS. K. J. (1972y. Tuxicol. Appl. Phurrw o,
21, 214-229. A serics of monosubstituted benzenes, hydroxybeose:cs,
monuosubstituted phenols, and hydroxynaphthaleres WErE screen o for
their ability to produce convulsions in mice. Phenol was the only mena.
substituted benzencwhich possessed convulsant activity. Caseghal v »s (he
most potent hydroxybcnrenc. Substitution of various chemical groops in
the o-position 1n phenol was found io decrease (relative to catech~h, or
abolish the convuls.int activity. The relative potencies of the hyt=csy-
benzenes werc determined fromthe € D50 values and fromdose:cont ician
response curves; Close agreement between the 2 methods was o,
Pyrogaliol (1,2.3-rihydroxybenzene) did NOr produse convulsions, 1ot on
the contrary, produced somnolence when administered to normal amivls
ond diminished the excitatory cifect of d-amphetamine ON locomoior vat-
vity. Monohvdroxynaphthalencs or dihydroxynaphihalenes with both
hydroxyl groups on the same ring. did not produce convulsions. ¥ her
dihvdroxynaphihalenes (1.5-, 1.7- 2.6., and 2,7) were active and hid
potcncics similar o or less than phenol.

Certain polyhydroxylic phenols wcrc reported by Brieger (1879 and focq (1936) to
cause convulsions in cars. Morerccenrly it has been shownthat catechol ¢§ 2-<1hyvdroxy-
benzene) readily evokes convuisive activity in mice whereas pyregntol (1,2 3-tri-
Rydroxybenzene) is much Iess active { Angel and Rogers, 1968; Revers ef /., 1968).
Catechol also evokes convulsions in rats, rabbits, eats and monkeystAngcl, 1949), The
convulsive spectrum. produced by catechol, iSan unusual one characterizxd by tremor;
and violent muscular jerks which occur both spontaneously and in re. pon-2 to applicd
tactile or auditory stimuli. In the present study a number of phennlic e~mpounds and
subistituted benzenc derivatives have been tested for ability 1o proviucs sy iclonic con-
vulsions in mice, in an attempt to efucidate the chemical structure responsit-le for this
convulsant action. Additionally, a technigue for the quantitative analysis of the con-
vulsant etfect of polyhydroxybenzenes IS described.

METHODS

Assessment of Structure Activity Relationships. Male albino mice (Sheffield strain) in
the weight range 20~25 g were used. In preliminary studies With uaanesthetized mice,
© 1972 by Academuc Press, Inc. 214
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CONVULSIONS TROM SUBSTITUTED BENZFNLS IN MICE 215

it was found that the end point for myoclonic convulsions was d'#li;uti 1o evajuate
bezause OF rhc concomitant behavioral excitement which occurred m tl:: animal prior
io the convulsion, However, since catechol is able 10 elicit myocton:c ports i animals
anesthetized sufficiently deeply to "abolish reflex withdraw.al of 1he hindicy in repsonse
1o a Strong pinch ¢Angel, 1969).in the present insestigution the nuce weosv anssthetized
with urethane (2 g'kg) 10 achieve this level. Thisanesthetic was cheses because of tlic
long-lusting stable depth ofanesthesia obtained. The unesthetic was admmsere § 18 min
betore the convulsant compound in all cases. The anesthctited animals wery placed
the supine position. and the ambient temperature was maimained at 22 €, Mot eom.
pounds were dissolved in0.99 saline: in a few cases, howeser, it was nevassary o odd 3
small quantity oi sodium hydroxide to effect solubilization. All solutions = ere 1 Imini-
stered ip, Tlic doses which induced convulsions in 507, of the animals (C3Y were
determined using the method of Weil (19521 with groups of 6 mice. TIrc ¢:d point of the
convubvions was clearly indicated by myoclonic jerks of the limbsand tashs of the mice.
During the expueriments complete silence was maintained in order to avoid precipituting
the myoclonic jerks by auditory stanulus.

Quuititative assessment of dose-acticity refationships. The rotal moier activity
induced by the consulsant chemical was assessed by a method descrited in bricf clse-
where tAngel, 1970), Busically the apparatus used consisted of a plastic beaker sus-
pendad by a stiT wire from a benin rigidly elamped to a short upright iron support in
such a way that the heaker hung suspended freely in space. The beam had mounted
epon it two semiconductor strain gauges. The anesthetized mice wers placed in the
heaker cither singly, Or in groups of 4; and the chemical under test was ad ninistered ip.
Motion of any part of the system resulied in a foree transmitted to tlic strain g uges.
This force resulied in an alicration of clectrical resistance which was converted into
seltage change by using the gauges as two arms of a Wheatstone bridpee. 7he other two
wrms of the bridge were composed OFone fixed and one variable resistance, tlic Intter
&ing used tO balance the bridge at the start of an experimental run. Tlic cutput from the
Sridge (B, Fig. 1b) was amplified with a differential amplifier (A}, Fig. 1by and the
apidficd voltage was AC coupled into a further stage of amplification ¢ A2, Fig. 1hy,
It Output fromihe second amplificr was then halt-wave rectified with a s.nchs diode,
=3 the rectified signal was integrated over fixed intervals of time with a furt ser opera-
waalamplifier having a low-Jeakage capacitor in its feedback loop. Expeiirentally it
¥35 shown that movement Of the animals in the beaker produced a veltogs trom the
vitput of A2 (Fig. 1b) whichvaried in peak-peak amplitude from 0.8 0 10 V. P+ ieeding
3 sae-wave signal into the integrator via the diode, it was shown that the interral

“aned over fixed intervals of time, was direcily proportional to the veltage of e input

' Tulakoveacertain value needed iomake the diode conducet {Fig. ta), Whanths “turn
: -'\'otmge for the diode hud been determiined the output from the second arophfise
-+th.2n ziven a constant bias equal to this voltage. The capacitor used in the fexcheck
& W the operational amplifier to perrorm the integration was discharged ai the ond
Tintzzrating time period (either 3, 20, or 30 sce) via a tield offect transistor cons

X ‘!atm‘.s it. This was turned on by applying a pulse 10 msec in duration gning from
o ¥ 7¢:0 derived from a digital timing device. The output Fram the integrator was
-3 om g cathode ray escilloscope for visual inspection; a permanent recerd was
‘-.‘-i with 3 pen recorder, The activity of unanesthetized mice was determined by
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216 ANGEL AND ROGERS

replacing the semiconductor strain gauge with one consisting of a continuous length of
silicon rubber tubing filled with mercury and passed back and Yurth between two
parallel supporting bars. The animal. in its normal ¢cage. was piaced nn the sling formed
by the gauge which formed part of a Wheatstone bridge circuit. In tivis case. movement
of the animal aitered the bore of the rubber tube and hcncc the resistance of the sling.
The rest of the apparatus was identical to that used for the anesthetized mice.

160
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100
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F1G. }.1a) The integral obtained as arbitrary units (ordinate) toa sine winr cizpit (10 147), with varios
peak-peak voltages (abscissa). The turn-on voitage for the diede 1c enven i the rerrcept of the erph
with the abscissasin thiscase 0 5 V. (b) Circuit diagram of the apparatus showing the bridee B, e two

stages uf amplitication A1 and A2, the integrator ( Nexus 1009 operational asnpliiier) and the discharging
¢ircuit tor the integrator formed by the f.e.t. 2N 3319,

RESULTS
Structure~Actirity Relarionships

Monosubstituted benzenes. Benzenc alone did not eveke mynclonic convulsions.
Phenol (sce Table 1) was the only monosubstituted benzene which was active. The
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following monosubstituted hentcncs werc tested. hut did net e vhe mynclonic com yl-
sions in sublcthal doses: aniline. fluorobenzene. chlorob ' ene. hromobenzeue,
tolucne, nitrohenzene, benzoic acid, benzaldehyde, benzy| alcohol, thiophenol, and
anisole (methoxybenzene).

IN URFYHANESANISTHETIZID Mict

TABLE |
ACTIVITY OF HYDROXYBENZENES PRODUCING MyoacLunic CunvuLsIoNns

Chemical structure

Chsy
tmmoles k)

Compound
1 2 3 4 5
Phenol OH — — —
Catechol OH OH - —_—
Resorcinol o4 — OH — -
Quinot OH -— - OH -~
Pyrogallol o OH OH — -~
Phiurogiucinol OH — OH — OH

KA IRIUR ST I i)

03R  380 3]

0020704, 19)

[LRL R X TN Y bd )

5.71 (4.07-79)
--16

(95°, confidcnce limits)

— m e n ece————

Hydroxyhenzenes. Catechol (1.2-dihydroxybenzene) was found 1o ¢ the must potent
convulsant chemical Of this series (Table 1). Resorcinol and quinol the 1.2- and 1.4-
dihvdroxyvhenzenes, respectively, WCrcC similar to plienol in convulsont avtivity whereas
pyrogallol (1.2.3-trihydroxybenzene), was convulsant only at very high doses (5.71
mmoles/kg). Phloroglucinol (!,3.5-trihvdroxybenzenc) was inacune.

TABLE 2

ACTIVITY OF MONOSUBSTITUTED PRENOLS PROBUCING MYOCLONIC
CONVULSIONS IN URETHANE-ANESTHETIZFD MiCE

OH

Chemical structure

CDso
{mi L2y

Compound

2 3 4
o-Chlorophenni Cl - _
m-Chlorophenol ~— cl —
p-Chiorophenol - —_ Ci
o0-Crevol CH, — —
m-Creeal — Cl, —
p'Cl'CSOI [ — CH,
o-Aminophenol NH, — —
m-Aminophenol -— NH, —
p-Aminophenol — - NH,

T 6LO ST,
0.26 (0.72-1 Gy
09010711 1Yy
1.08 t0.81-1 2y
094 (N7 1 29
1.02 nLAR-L 5N
3.42 (25407
2.28 {1LAT-2 4 1)
2.53(1.49-3.36)

(95°, contidence limits)
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Monosubstituted phenols. Theconvulsant uctivity of phenol wasfoundto beenhanced by
chlora-sulsutution. was unchanged by methyl substitution and was decreased by amino-
subslititi g Fable 20 fneach group the o-. m-and p-derivaiives were of simalar potency.

Sinve catechol ta-hydroayphenol) was tie most potent hydroxyl-substituted phenol,
a it o of ether o-substututed phenols were sereened for myoclonic activity. Salicylic
auid. sl luldehivde, o-mitrophenol. und guaiacol (o-methoxyphenol) were inacuve;
o-fluorophenol was, however, convulsant [CD30 0.73 (0.54-0.96) mmoles 'kg].

Hooaaaphthaienes. The monohydroxs naphthalenes a- and S-napthol did not
evohe nivodonic convulsions in mice. However, four dihydroxynaphthalenes (1.5-,
1,7, 2.0- wad 2,74y were active (Table 3), the latter two compounds being of similar

TABLE 3

DINYDROXYNAPHTHALENES PRODUCING MyocLONIC CONVULSIONS IN
URETHANC-ANLSTHENZID MICE

CDso
Hydroxy! group mM )
Nuphthalene substitutien (95°, limutsy
15 1.90(1.55-2.33)
17 190(1.55-2.30
2.6 103¢0.85-1.27)
17 0.7740.34-1.72)
:2 NC_) myoclonic convulsions
2‘5 In sublethal duses
- TABLE 4
Rrt ATIVE ORDER OF CONVULSANT ACTIVITY OF PuENoLIC COMPOUNDS
CDSs0 Potency expressed
Phenolic compound {mM:kg) relative to phenol
Catechol 0.38 27
o-Fluorophenol 0.73 1.4
-t hilarephenol 0.77 1.4
2.7-0 s drovynaphthalene 0.77 1.4
-t b cophenol 0.86 1.2
On.t il 0‘)0 !:
p=-Cilwopheno! 0.9 1.2
Resoranol 0.92 1.1
C ool 094 1.1
pCresot .02 1.0
2.o-Iut droxynaphthalene 1.03 - 1.0
Phenat 1.04 1.0
U-Ch‘w\)l . 1.08 l.o
1.3-Din droxynaphthalene 1.90 0.5
1.7-Dandions naphthalene 1.90 0.5
- Asano phepol 2.2 0.5
p-Amno rhenol 2.53 0.4
a-Ana penol ’ 342 0.3
Py o i 571 0.2
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potency to phcnoi. The derivatives with both hydroxyl groups on the same ring (1,3-,
1.4-, and 2.3-) were inactive,

A summary of the relative order 0Of potcncy of the phenolic cons ulsants is given in
Table 4.

Quantitarive Determination of Activity

Effect of anesthesiu. Comparison ofthe graphs in Fig. 2 shows that the time course of
the convulsive activity of 3 dosc of citechol (0.55mmioles hgy i dullerent in the unan-
esthetized compared to the anesthetized animal. In the unanesthetzed mouse the con-
vulsant activity usually lasts for 3-5 min tinean 4.68 min = 2.78 SD..¥  dinand is fol-
lowed by 1 prolonged period of postictal dcpression, whereas in the unesthetized mice

303
L8

€30

0.8

1ce
o4

W~

Fic. 2. The effect of an ip injection of catechol (0.55 mmote.kg) injected at time zev 0. on the activity
{ordinaic) of the ununesthetized mouse t——) and the anesthetized mouse (@-~-@ (trethane 2 g Lg).
Each curve is the mean effect of catechol in |2 individual inice. Note the ditferent ordinatc seales for the
unaneschetized (0-300) and anesthetized animals (0-1.2).

the convulsion {asts for {0-20 min (meun 13.93 min = 4.10 SD, .V = 20 Additionally,
the peak convulsive etfect is considerably reduced in intensity from a meaa £ 280 units
in the unanesthetized animal LV = 12) to a mean of | unit in the anesiotized animal
.V = 12). ftis of interest to note that the effect of catechol cannot be total'y inlwhijied by
incrcasing the anesthetic depth. The anesthetic agent always proved fwwal betore the
catechol convulsion could he blocked.

With large doses of catechol unanesthetized animals rarely showed a pha ¢ of 10nic
extensor spasm. I tonic extensor spusm was seen it would only last fur alsut 30 sec,
after which all convulsive activity would cease and be repluced with depression even if
the convulsive effect had only just commenced. Tome extensor spasmi in the unancs-
thetized mouse was rarcly fatal.

Quantitative dose-activity relarionships. The determination of the relatne patencies
of the hydroxy benzenes, monosubstituted phenols, and hydroavnaphthalenes from the
CD30¢sec Tabie 4) depends upon an all-or-none cffect. An attempt was nade, theretore,
to determine if a more precise measure could be obtained by deriving dose-nctivity
relationships tor some of these chemicals. Those used were: phenol, catechol, quinol,
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and 1.5-dihvdraxynaphthalene. The response produced by any one chemical was de- activiy,
Hiivd ds the toted wettvity produced in the §S-min period after the ip adminustration of ; relitn
o ciennieal o die ane Lhetized arimal. This measure ol the response was chosen from \ proda.
the oh et st that twice the CD320 for catechol (0.76 mmole, kg) produced a convul- . muasd
siot wineh ieted for approximately 20 min (see Fig. 3a). and that for high doses of '
pelyindiont b, cnestupto 10times the CD30), theanunals would survive foratleast 2hr. ;
400~ i
H
VI a uor b 13
' : {
3 ! 220~ ;c i
thy o/ H
tl yi -
WAL e .
300 — I Fob ¥ / L
N " ¢
L1 1¢} oud 1
J r
o 160}~ ° x ;
: ;
- 160 o {
200; - Relative !
- . 1204 [ ] H -
Activity ’J Activity %
100~ -
28 e~ b
- 80
100 - i 1] = }
[414] oo
L.
o . -
L0 z
(1] 1 - { g
L N ; 4 L | A 1 1 3 ]
0 5 10 1S mins. 02 0% L EL] S0 100 mM/hy }
Fic. 3. (3) The effect of increasing duses of catechol. injected at zero time, on the motor activity {
{ordinate) of gro v o 1our anesthetized mice. The doses, expressed as mig kg. are shown above the '
individual vunves an e esent doses o0 0,38, 0.76, 1.14, and 1.32 mmoles kg, from the bottom upward. 3
{b) Dusc-actinain oL tienstups for T hedrovs benzenes(catechol, C; quinol, #; and phenol. Pand 1:35- i
dihvdrony naptanidene « V), The activity (described in Methods) has been scaled so that the effect
produced by .l o ol S whel of 1.09 mmoles-hg is represented by 100 units (ordinate). The untilled —
symbaols un U.c wates hol aad phenol curves represeat the mean activity produced by 3 groups of 4 mice; L
the filled symibads, 102 mivan . tivity of 12 individual mice. Each point for Guinol and the single point for ©
1z S-diydrons nuphith icon 1cpresents the mean activity in 3 groups of 4 mice. The lines are the calen- i FiG.4. The:

lated rege ssiva sy i sact chemical and have coefficients of lincar regression of 0.98, 0.95, and 0.96

catechol. 1.UY -
for eatevchul, qutsed, Lad phcanol, respectively.

mice. Each gra,
12 individual v

The activity curves for Jdoses of catechol of 1, 2, 3, and 4 times the CD30 are shown in
Fig. 3a. The duse rosponse relationships for 3 of the above 4 chemicals arc shown in 101 1.1.:.-

Fig. 3b. Only une poat was obtained for | : S-dihvdroxynaphthalene because its CD30 i 27.and 0.5 ¢
and LD3U are atmostadentical. As can be seen from the curves the dose response rela- i Having de.
tionship for [ il s not purallel to those for catechol and quinol, eiihcr uhcn the i devided to cor
1
i
;
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acuvity for individual or for groups of animals 1S taken Closuly samilar results for the
relative potencies determined from the dose response curves, tor smalt erfects (e.g., that
produced by 1.5-dihydroxynapthalenc), were found whicn comparcd 1o those deter-
mrncd firam the CDSO values. Thus from the graphsin Fig. 3b the relative potencies are

1

0
S

o

—

O,.
o
(L

7

Wy

Q.'
g
-  onmevassnd
L 1 1 1 Lol [ S NI i i s

Q 1 10 1§ W0 Bam o 5 00 15 20 a5mrs

Fic. 4. The temporal course of theactivity produced by (from top to bottam i phenel, Sntpemetes ks
eatechol, 1.09 mmoies kg: resorcinol, 2.0 mmoles:kg: and quinol 2.09 mre~iss de. in ancsrhetized
niive. Each graph shows the mean effect 1n 3 groups of 4 mice tleri-hand colurin) ur the mean ctivet in
12 individual mice (right-hand column).

1.0. 1.1. 2.4, and 0.3, whereas those {rom the CDS0 calzulations (T e dyare 10, 1.2,

¢cits CD20 2.7. and 0.5 for phenal, quinol, catechol, and 1,5-dihydroxynaphtiaisne, rositisely,
sonse rela- ! Having determined the dose response relations of these 3 hydross benzeics, it was
- when the decided to compare the intensity and time course of the activity produced by catechol,

3

i

i
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quinol, phenol, and resorcinol. From the graph of Fig. 3b. it was found that the theor-
ctival dose ol hivdroxybengene necded to produce 100 unuits of convuisive aciivity was
Lo, 2.0y, wid 303 munoles kg for catechol. quinol, and phenol, respectinely. Since
resurcmol ey oo same relative potency as quinol (Table 4), a dose of 2.09 mmoles‘hg
was b teod Ter thes chienucal. The ume course of the efleet of these doses for each of
the Jhenucdds s siovnsn big, 4 The graphs in Fig. 4 (right) represent the responses of
pioups of 4 unmiess and those in Fig. 4 tleft) the mean response for 6 animals deter-
voned mdividusdis The response for these 4 hydroxybenzencs. as defined above, was
doternnned snd was sor catechol, phenol. quinol, and sesorcinol; 100, 93.8, 112, and
Y38, respeanddy. This provides a measure of the degree of reliability one can place
on the duse-respeni wclationshups already derived.

L.“I‘L_;au_

1 1 1

1 J
[+ [{+] 20 IO ming

Fi6. 5. The increase in intcnsity and prolongation of the duration of the convulsion produced by
catechot (1.09 mmoles byt in animals pretreated with pyrogatiol (0.79 mmole. kg). The lower curve is
the anean vonvubsion paadiiced i 3 groups of 4 mice pretrcated with saline; she upper curve shows the
toadan torpotise ltum 3 gooups of 4 nuce pretreated with pyrogaliol.

It can boseen from g, 4 that time of onsct o response, duration of the response, and
time 1o produce peak etlect varied for each of the 4 chemicals tested. For example, the
thae 1o peak cticet was 2 min tor catechol and phenol. 8 min for quinol, and approxi-
sucichy 12 mun fur resorvinol. The decav of the eilect of these 4 chemicals has been found
to b2 of a stmple exponential nature. The exponential decay for catechol being highly
statisiically stgnitivant with regrassion coetficients between 0.98 and 0.99 being obtained
Ty guaphs of activite vs tog time. The regression coetlicients for phenol were between
0 8 and VY2, tur guinol between 0.68 and 0.91, and for resorcinol between 0.76 and
0 As a result of tis exporential decay it is possible to compute the theoretical half-
lives or the chemials which vary from 3 min for catechol, to 20 min for quinol and re-
seiviaal, and 30 wnn for pheaol.

150008 of pyrogaitel on the convulsions produced by catechol. Figure $ shows the con-
vulsive respunse produced by a dose of catechol of 1.0Y mmoles. kg determined in 2
groues of 4 anials. vne of which was pretreated with pyeogallo! at a dose of 0.79
maioloshg 1 can be seen that pyrogallol substantiully increases the effect of a
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CONVULSIONS FROM SUBSTITUTED BINZENUS IN MICE ol

subsequently applied dose ofcatechol both in the peak effect eftamedand inthe protoeg.
ation of 1ts tims course. In fact in this experiment the haif-hife of the catechol cilect

was increased from 4.5 to 10.5 min.
Depression of Activity by Pyrogallol in Unanesthetized Mice

Effect on increased activity produced by amplictamine, |10 the present study 1 was
noticed that small doscs oOF pyrogallol {0.48-0.79 mmole¢, kg) tended to reduce tlic period
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F16. 6. Increase in activity exprezsed as arbitrary units {ardinateyin 3 grevos of 6 unanechetized price
given an ip injuction of d-amphetamine (5 me \p)at time zero, Intad exch mose was oiven 0.2 il of

saline at the peak of the amphetamine effect: in (¢) cach mouse was piven pyrogaliol (0.9 mmoie. L g) at
the preak eilect; (b) shows the eflcct obtained with amphetamine alone.
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of exploratory behavior of mice introduced into a new cage (see Fig. 7). Since this effag;
was 1ag duttivuls to obtain consistently and (b difficult to quantitate, it was decid. d (.,
coernnne the vt of pyrogailol on groups of mice. the locomotor activ ity of wr._, Inthe s2”

had beent inacdzed by the adminsiration of J-amphetamine. In all the groups or' ., in prodies

tosted (6 gronn s of 4 muee) the etfect of prrogaliol (0.79 mmole kg was to dumnh 1, aho foane
smotor activ ey njected ai the peak of the etfect produced by amiphetamine (5 mg |« thosefore.

Ly vontrol groups of mice the admunistration of saline at the peak of the umphetainin, chormeal i
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Fici. 7. The acunats in arbitrary units {ordinates) in 2 groups of unanesthetized mice (6 animals per

group) vs tiie (British Standard Time). The animals were placed 1a a “*strange”™ ag e ON the achivity

meter at 12:00 hr: 30 aun later one group was given 0.2 mi Of saline. the other group was gieen pyro-
galtol O 9muwle he'B

e

effect did not aiter the motor response to the stimulant drug. Figure 6 shows the effect _
in 3 groups of unancsthetized mice (6 animals) of d-amphetamine alone (Fig. 6b) or i
uith esther py e galtol (Fig. 6¢) or saline (Fig. 6a) injected at the peak of the amphet-
wntine effoect.

Effect ot prrogallol on normal locomoror acticity. Over the time period from noon to
8.00 pin there is a gradual increase in tlic normal activity of micc. This activity was
strikingl,; deprassed by pyrogallol. Thus over the 8 hr period there was a decrease in the
total lucomuior activity from 15,362 units inthe saline injected controls to 3684 unitsin
the animals treated with pyropllol (0.79 mmole kg). as shown in Fig. 7.
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DISCUSSION

In the scries of monosubstituted benzene compouncds siud’cd. only phenol was uotns
in producing myoclonic jerks. A number of hydrox:-substiniad raphthalencs were
also found to produce myocionic convulsions. The phz-alic kydroxyl group o 2ar
therefore, to be 3 basic requirement. The convulsive activity prodiced by s tvp: l
chemicaf is characterized by short-fasting muscular jerks with no vvidence of profony s |
tetanic activation of the muscics, hence our use of the doscriptive terms myoclonic jeias
or mvoclonic convulsions.

The addition of a sccond hydroxyl group in the ertho positien. relative 1o the pheroire
radical greatly enhances the convulsant power of the chemicel. Thas catechnl is somng
2.7 times morce potent than phenol. Catcchol. in fact, proved to bz the mest poreey oof
the phenolic convulsant substances tested. Tie mct- and rarahydrosy plols
{resorcinol and quinol, respectively) were of simular p.oyency to phenal, but the e
hvdroxybenzenes were much less active or even iractive. 1 is dlﬂ.«.ull to jude: wirother
the convulsant cllect of pyrogallol was produced by this chemival per se or whether it
was a consequence of unoxia.

Of a number of monosubstituted phenolsinvestigated only the cresols, chlerophenols,
fluorophenols, and aminophenois clicited any convulsant activoy, In all cases the orthes.
substituted phenols were much Icss potent than catechol. The order of relative porency
of the substituted phenols found in this study docs nnt agree with that reperted by
Matsumoto er af. (1963). The lauck of any clear statistical evaluition of their result:,
however, rendcers serious comparison impossible. The valuc for the CDS0 of catechol
obtained in our study (0.38 mmole. kg, differs by at least one order of magnitude trom
that reported by Matsumoto and Nishi (1963) of 0.029 mmoleskg for the Nonwegian

TABLE §
ACTIVITY OF MONOSURSTITUTED PHENOLS
o]

R Convulsant Relative potency
H - 1.0
OH - 27
F - 1.4
! - 1.4
CH, + 1.0
,\'H~ -+~ 03
COOH - —
ClIO - —
NO; - -_
OCH, - -_—

—————
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rat after sc adnunistration. ta the albino rat the CD30 of catechol 0.38 mmole-kg detes.
ieaied By the ctned WU Weal 11932) 15 idenucal to that found in the mouse (An
Loonn, unpublined oosarvations). )

tas hoped tictsic - ftetiton ol varous groups in the ortho position in phenol would
P comehgeton the tiochamsms of action of the phenol radical (see Table 5. How.

e wmple eoplarauon for the convulsant actisity of the phenol radical can be
e Sealing the ph

<ivls according to acidity or electron dceenting capability doe,
not concdate with potenoy as convulsant agents. One possible reason for the action n
tha the phandlic rados! nav form hydrogen bonds with the amide groups of protens
inthe neove el membiar s which aliers permeability and results in hvperexcitability. To

Hososgioustadd a resacion 1o the size or eléctron attracting power of the group nex
Lot phecaod to corrddate w.ih the dee

fedse in potency of the substituted phenols. Thag
oAt be supposed that the area to which the phenol radical may become bonded (the

b porhiciical receptar sttar is sl ¢nouzh for a hydroayl group to fit into but that the

Fond iaust be fortacd by tie hydroay! group and not its neighbor.

Caicchioll the must poteat cons ulsant, is a simple aromatic phenol und forms the
T of the cheneal struciurs of the physiologicdlly active catecholamines. The cop-
vel ot acuvity of the phenols does not appear to be mudinted by central adrenergic
icchanmans (Angel and Regers, 19651 Roegers er a/., 19681 and does not corrclate with
abaluy 10 inhibit catechot-o-methyitransterase (Angel and Rogers, 1968) or DOPA.
docacbovvhiae (D0 Ropp vi ul., 1969). Both pyrogallol and catechol have been found to
covs s similar decredse ta cerebral ATP, possibly as a result of electraa accepting pro-
proussiAngl et al, 1909) y o1 only catechol causes convulsions. Hydroxy! derivatives
of Lensens have been shown o antagonize the action of d-tubocurarine at the neuro-
hweetlae junction (Rothiveeger, 1962). Coppie (1943) showed that hydroxybenzencs
inctea ¢ the ampliude of 12 end-plate potential in curarized muscle, an action not due
to b bason of cholinesier.ise (Mogey and Young. 1949 HHubbiger, 1952) nor to post-
SV o asitization to acety lvholine (Otsuka and Nonomura. 1963), but rather to an
oo v thoamount of transmitter released by the nerve terminals {Otsuka and Nono-
Wisee g banna wad Lacirar, 19701 Tae increase in transmitter release could in purt
€ L chervation it Satechol causes an increase in the tranismission of informu-
Ui diz voutrobasal i aus 1A ngel. 1969). Traasmission through the feline ventro-
Lo Vs i has been shiown to be of cholinergic nature (McCance er al., 1968a.b:
Prdiscowl 19080 Recent eoperiments in this laboratory indicate that the convulsions
fre et By catechol can ke antagoniced by central nicotinic blocking drugs which
wortitend 1o support a chivlinergic mechanism for the convubsion,

Vhedaperiaat et ansing from this work is that it has prosed possible to accurately
dtcane the ateet of cunvalsant agents and to derive statisticzlly signiticant dose-
et v relationsnips fur cuns ubsant compounds. Thus the possibility exists of assessing
othes chomival compounds for ubility to cither potentiate or decrease the convubant
actne s or thie hydroxyplenols. The ability 10 measure the activity of the convulsant
oty s duetly has allowed thie temporal course of action to be delineated with
decntans. Oaestinhing feature o emerge has been the short time imerval bctween the
Adisnastration of the convulsant phenols ip and the commencement of the comvulsion.
The e tothe start of the respanse was 20-30 see for catechol and phenoland 2 mun for
resctinel cad quielk: therctore it appears that of the 4 ydroxy beneenes, catechol, and
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anesthetics, and indeed the soporific state produced in the chick after adaumisteatie,. .
this cheincal rosaibles natural sleep more than ancsthesia.
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