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Bradykinin Writhing: A Method for Measuring Analgesia. (28768)
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Bradykinin is the name given by its dis-
coverers, Rocha e Silva et al(1), to the poly-
peptide formed by the action of trypsin upon
the pseudoglobulin fraction of plasma pro-
tein. Since the elucidation of the structure
by Elliott(2) and its synthesis by Boissonnas
(3), bradykinin has been intensively studied.
It has been suggested that bradykinin may
be involved in the mechanism of visceral pain
(6). Armstrong(4) has demonstrated pain
production by application of bradykinin to
the raw surface of a blister in human skin.
Braun(5) reported that intraarterial injec-
tion of bradykinin evoked manifestations of
pain in cats and dogs; these manifestations
consisted of vocalization and signs of sympa-
thetic stimulation. Bradykinin has been im-
plicated in inflammation because upon injec-
tion it produced the 4 classic components of
inflammation: vasodilation, increased capil-
lary permeability, accumulation of leucocytes
and pain.

The purpose of this study was to devise a
simple method in which the algesic activity
of bradykinin could be utilized to study drug-
induced analgesia.

Materials and methods. Manor Farms,
M-1 strain, female mice weighing between 20
and 26 g were used. Each mouse was housed
separately in a glass beaker during the study.
The drugs were administered orally, by stom-
ach tube, as solutions or suspensions in 1%
gum tragacanth. The drugs studied were ace-
tylsalicylic acid, ethoxybenzamide, aminopy-
rine, salicylamide, phenylbutazone, d-pro-
poxyphene hydrochloride, codeine sulfate,
chlorpromazine hydrochloride, imipramine
hydrochloride, phenelzine sulfate, tripelenna-
mine hydrochloride and mephenesin. The
synthetic bradykinin, supplied by Sandoz
Pharmaceutical Co. in aqueous solution in a
concentration of 100 pg/ml, was diluted with
water to a concentration of 10 pg/ml for in-
traperitoneal administration.

Control studies. One hundred eighty mice

were used as controls. Each mouse was in-
jected intraperitoneally with 2.5 ug of syn-
thetic bradykinin in a total volume of 0.25
ml. The bradykinin-induced writhing syn-
drome observed was similar to the phenyl-
quinone-induced writhing syndrome previous-
ly described by us(7) and other investigators
(8). The characteristic pattern consisted of
abdominal torsion, drawing up of the hind
legs to the body, marked contraction of the
abdominal area and arching of the back so
that the caudad ventral surface of the mouse
touched the floor of the beaker. After injec-
tion of bradykinin 5-10% of the mice began
to writhe within 10 minutes. The percentage
of animals writhing in the sample increased
to 85% at 20 minutes, plateaued at this per-
centage for the next 20 minutes, then the
incidence of writhing gradually decreased.
Therefore, the peak of the writhing response
induced in mice by intraperitoneal adminis-
tration of 2.5 ug of bradykinin occurred dur-
ing the period of 20 to 40 minutes after its
injection; during this time the average num-
ber of writhes per mouse was six.

Drug studies. Groups of 10 mice per dose
of drug were used. The specific dose of a
drug was given orally to the animals, fol-
lowed 10 minutes later by challenge with 2.5
pg of bradykinin injected intraperitoneally.
Twenty minutes after bradykinin injection
the percentage of writhing in the group of
mice was noted. Percentage of writhing was
noted for 10 minutes. Drug activity was
studied 30 minutes after drug administration.
One writhe per mouse was considered a posi-
tive response. The EDS0 value of each drug
was calculated according to probit analysis
from a minimum of 2 dose levels by plotting
the dose against the percentage of mice
which did not writhe. Confidence limits, 95%
probability, were calculated according to the
method of Litchfield and Wilcoxon(9). The
activity of the drugs against bradykinin-in-
duced writhing was compared to that ob-
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TABLE I. Comparative Analgesie Activity.

Analgesie EDg, mg/kg p.o.

Drug Bradykinin method Phenylquinone method
Acetylsalieylic acid 21 ( 11.9 — 37.2)* 150 (129 -174 )*
Ethoxybenzamide 98 ( 55 -173 )* 100 (50 -200 )*
Aminopyrine 71 ( 53.4 — 94 H* 70 (40 -123 )*
Salicylamide 225 (145 348 )* 240 (146 -396 )*
Phenylbutazone Na 62 (47 - 82 )* 150 (97 232 )*
d-Propoxyphene HCl >40 55 ( 42 - 7.2)*
Codeine SO, 3 ( 91— 9.9* 10 ( 7.2 -138 )*
Phenelzine SO, 22 ( 10.7 — 45 )* 16 ( 94 -27 )H*
Chlorpromazine HCl >5 S (0 36— T0)*
Imipramine HCl 69 (43 -112 )* 120 ( 87 -165 )*
Tripelennamine HCl >40 85 ( 5.7 — 12.6 )*
Mephenesin >200 140 (114 -172 )*

* Confidence limits: 95% probability.

tained by a modification of phenylquinone-
induced writhing(8). Drug activity in the
phenylquinone method was also studied 30
minutes after drug administration.

Results. The results are presented in Table
I.  Acetylsalicylic acid was more potent
against bradykinin writhing than against phe-
nylquinone writhing. There was no signifi-
cant difference between the activity of sa-
licylamide or aminopyrine as measured by
either method. Phenylbutazone was twice as
potent in the bradykinin method as in the
phenylquinone method. No significant differ-
ence was noted with ethoxybenzamide. Tt
was of interest that propoxyphene was rela-
tively inactive and there was no difference
between the activity of codeine and phenel-
zine by the two methods.

Chlorpromazine was relatively inactive
against bradykinin writhing, compared to its
marked degree of potency in the phenylqui-
none method. The activity of imipramine
against bradykinin writhing did not differ
significantly from that against phenylqui-
none-induced writhing. Tripelennamine and
mephenesin  were without effect against
bradykinin, although tripelennamine was very
potent in the phenylquinone method.

Discussion. Bradykinin, a naturally occur-
ing substance both in animals and man, has
been implicated in the physiological and
pathological response of inflammation and
pain. Synthetic bradykinin, when adminis-
tered intraperitoneally to mice, induced
writhing which was inhibited by prophylac-
tically administered analgesic drugs. Col-

lier(10) has reported the specificity of ace-
tylsalicylic acid, amidopyrine and sodium
phenylbutazone in suppressing bradykinin-
induced broncho-constriction in guinea pigs,
and our study has demonstrated that these
drugs were effective against bradykinin-in-
duced writhing in mice. It is suggested that
drug antagonism to bradykinin-induced writh-
ing may be indicative of potential analgesic
anti-inflammatory activity. The activity of
imipramine against bradykinin writhing indi-
cates the non-specificity of the method; how-
ever, in comparison to the phenylquinone
method it would seem to be more specific if
consideration is given to the relative inac-
tivity of chlorpromazine, tripelennamine and
mephenesin in the bradykinin method.

Summary. Intraperitoneally administered
bradykinin to mice induced writhing which
was antagonized by selected analgesic and
anti-inflammatory drugs.
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Orotidine is the pyrimidine nucleoside
moiety of orotidylic acid, an intermediate in
the biosynthesis of uridylic acid(1). It is
found in elevated amounts in the urine of
patients during 6-azauridine administration
(2) and in the culture medium of a mutant
of Neurospora crassa(3) but otherwise has
not been described as occurring at more than
trace levels in natural sources.

The only method presently available for
quantitating pyrimidine production involves
the assumption that the sole route for catabo-
lism of orotic acid is by means of its initial
conversion to uridylic acid(4). While con-
version of orotic acid to orotidine and subse-
quent catabolism of orotidine would not
change the formal validity of this method
measuring pyrimidine ring synthesis, it would
mean that the rate of pyrimidine ring bio-
synthesis would be an overestimate of utiliz-
able pyrimidine synthesis, that is of synthesis
of uridylic acid and its derivatives. Converse-
ly, since no more than traces of orotidine
normally occur in human urine(5), the con-
version of orotic acid to orotidine could ac-
count for very little of the disposal of isotope
from administered radioactive orotic acid, un-
less there are enzyme systems capable of
catabolizing orotidine. Since it has been sug-
gested that the capacity to metabolize oroti-
dine might be significant in a pyrimidine bio-
synthetic pathway of lower organisms(6), it
was considered necessary to exclude the pos-
sibility of such a pathway in humans. Final-
ly, recent efforts to evaluate the effect of the
metabolic antagonist 6-azauridine on pyrimi-
dine metabolism in man(7) have been based
on the assumption that orotidine excretion,

following administration of this drug, is equal
to orotidine production. Orotidine has not
been found to be a substrate for phosphoryl-
ases and has been reported not to dilute the
flow of isotope into pyrimidines in liver
slices(8). However, because of the above con-
siderations it was felt desirable to test the
capacity of mammals to metabolize this sub-
stance using isotopic techniques and admin-
istering only tracer amounts of the com-
pound.

Methods. C' orotidine labeled in the 7
position was prepared from commercial C*
orotic acid as follows: A yeast enzyme prepa-
ration containing orotidylic acid pyrophos-
phorylase and decarboxylase was prepared
according to the method of Lieberman et @l
(9). Orotidylic acid was synthesized by plac-
ing into a reaction vessel 10 ml of the yeast
enzyme containing 14 units of orotidylic acid
pyrophosphorylase per ml, 88 uc of orotic
acid-7-C'* (specific activity 4.4 pc/pmole) *
20 pmoles 5 phosphoribosyl 1-pyrophos-
phate,t 20 pmoles 6-azauridine-5’ phosphate,!
400 pmoles MgCl,, 1,800 pmoles NaF and
8,000 umoles of Tris pH 8.0 in a final vol-
ume of 200 ml. This was allowed to react at
24°C for 10 minutes and the reaction stopped
with perchloric acid. The acid soluble su-
pernate was neutralized with KOH, brought
to pH 8-9 with NH,OH and placed on a 3
cm diameter, 40 ml bed volume Dowex-1-
formate column. The column was eluted
with a linear gradient of increasing concen-

* New England Nuclear Corp., Boston, Mass.
t Pabst Laboratories, Milwaukee, Wisc.
} Calbiochemical Corp., Los Angeles, Calif.



