
Br. J. Pharmac. Chemother. (1967), 31, 483-493.

THE EFFECT OF ANTI-INFLAMMATORY DRUGS
ON VASCULAR SMOOTH MUSCLE

BY

B. J. NORTHOVER

From the Pharmacology Department, School of Pharmacy, Leicester Regional College of Technology,
Leicester

(Received July 10, 1967)

Histamine, 5-hydroxytryptamine (5-HT) and bradykinin have been implicated as
mediators of inflammatory reactions in which fluid and plasma protein exude from the
small blood vessels (Spector & Willoughby, 1963). Haddy (1960) has shown that the
exudation produced by histamine is at least partly due to simultaneous dilatation of
terminal arterioles and constriction of collecting venules. Several anti-inflammatory
drugs antagonize venous constriction produced by histamine, 5-HT or bradykinin and it
has been suggested that this might account for their anti-inflammatory effects (Northover,
1967a, b). The experiments to be described involve constant-rate perfusion of isolated
arterial and venous segments, enabling numerous highly reproducible constrictor responses
to be obtained. A wide range of substances which exert anti-inflammatory action in vivo
has been tested as antagonists of vascular constriction. An account of this work was
presented to the British Pharmacological Society Meeting in April, 1967.

METHODS

Isolated rat anterior mesenteric artery and vein
The dissection and cannulation of the artery and vein have previously been described in detail

(Northover, 1967b). The cannulated blood vessel was connected via a heating coil (38° C) to a
supply of aerated Tyrode solution. Perfusate which flowed from the cut ends of the branches of
the blood vessel was collected in a small overflow bath (380 C) surrounding the tissue, as described
by de la Lande & Harvey (1965). In this way both intimal and adventitial surfaces were bathed with
perfusate. The rate of perfusion was controlled with a roller pump (Watson Marlow MHRE) and
was adjusted at the beginning of the experiment to give a perfusion pressure of 10 cm water in the
case of the vein and 30 cm water in the case of the artery. The perfusion pressure was recorded
with a manometer, the float of which marked a smoked paper kymograph (Fig. 1). A change of
perfusion pressure of 1 cm water caused the displacement of 0.48 ml. of fluid in the manometer.
The flow rate for both artery and vein was usually in the range 4-10 ml./min and was held
constant for the duration of a particular experiment. Constriction of the blood vessels causes a
rise in perfusion pressure. Constrictor agents were dissolved in 0.05-0.1 ml. Tyrode solution and
injected into the stream of perfusate close to the cannula.

Isolated guinea-pig anterior mesenteric vein
A technique similar to the one described for the rat anterior mesenteric vein was used, except that

the rate of perfusion was usually in the range 8-14 ml./min.
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Fig. 1. Method for perfusing isolated vascular segments at constant rate. The barrels of the two

syringes were clamped to a board. The two plungers were moved in the same direction so that
the constrictor drug was injected into the stream of perfusate from one syringe and an equal
volume of perfusate was withdrawn into the other. This avoids an injection artefact.

Isolated guinea-pig ileum and vas deferens
A vas deferens or a 2-3 cm length of the terminal ileum was obtained from a freshly killed

guinea-pig and suspended in a 20 ml. organ bath containing aerated Tyrode solution at 350 C.
Longitudinal contractions were recorded on a smoked paper kymograph using an isotonic lever and
frontal writing point giving approximately 30-fold magnification.

Tyrode solution
Unless otherwise stated the Tyrode solution had the following composition: NaCl 138 mM,

KC1 2.74 mM, NaHCO3 10.1 mM, MgCl2 1.06 mM, CaCl2 0.582 mM, NaH2PO4 0.416 mM,
glucose 5.68 mM.
For experiments in which the smooth muscle was "depolarized" the perfusate had the following

composition: K2SO4 92 mM, KHCO3 10.0 mM, MgCl2 1.06 mM, NaH2PO4 0.416 mM, glucose
5.68 mM, with or without CaCl2 3.49 mM.

Anti-inflammatory drugs
The readily-soluble compounds were dissolved directly in Tyrode solution. The relatively water-

insoluble substances of an acidic nature were first dissolved in 2%' sodium carbonate solution to form
the sodium salts. These solutions were then diluted to volume with Tyrode solution. The pH of
the Tyrode solution both before and after adding the drug was adjusted to pH 7.6. Hydrocortisone
was first dissolved in ethanol and the alcoholic solution then diluted 500-fold with Tyrode solution.
The presence of 0.2% ethanol in the perfusate did not affect the responses of the blood vessels.

Other drugs
The doses of histamine hydrogen phosphate, 5-hydroxytryptamine creatine sulphate, (-)-adrenaline

bitartrate, and (-)-noradrenaline bitartrate were calculated as their respective bases. Synthetic
bradykinin was kindly supplied as a solid by Dr. H. 0. J. Collier.
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RESULTS

Rat anterior mesenteric vein
The vein is constricted by small doses of adrenaline or noradrenaline (0.1-1 MAg), by

rather larger doses of 5-HT or bradykinin (2-20 Mug), but only by very large doses of
histamine (20-200 jug). With the exception of histamine, responses to which were
variable, the other drugs gave responses which could be reproduced at 15 min intervals
for 2-6 hr. If the calcium chloride concentration exceeded 0.4-0.6 mM, spontaneous and
progressive spasm occurred after several hours of perfusion, and if the concentration was
less than 0.4 mM the constrictor responses of the blood vessel to drugs were reduced.

Addition of indomethacin to the perfusate inhibited the responses to all the constrictor
agents tested to a similar degree (Fig. 2). The inhibitory effect of indomethacin depended
upon its concentration in the perfusate, as shown in Fig. 3. In order to calculate the
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Fig. 2. Effect of indomethacin (1.5 mg/100 ml.) on constriction
in response to 1 pg adrenaline (A) and to 8 pg 5-HT(T).
perfusate during the horizontal bars.
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Fig. 3. Effect of varying concentrations of indomethacin on the constriction of the rat anterior
mesenteric vein in response to 0.7 pAg of adrenaline (A). Indomethacin (concentration expressed
in mg/100 ml.) was present in the perfusate during the horizontal bars.
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degree of inhibition the mean of the constrictor responses obtained immediately before
and after indomethacin treatment was used as the control. The constrictor response
obtained during indomethacin treatment was expressed as a percentage of the control,
and is termed the percentage response. Figure 4 shows that the percentage response is
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Fig. 4. Effect of varying concentrations of indomethacin on the constrictor response of rat anterior
mesenteric vein to adrenaline. The vertical bars represent the standard errors of the means.

inversely proportional to the logarithm of the concentration of indomethacin in the
perfusate. From such a graph the concentration of antagonist required to produce 50%
response can be calculated, and is termed the ID. concentration. Other anti-inflammatory
drugs were tested in a similar way and the results are given in Table 1.

Rat anterior mesenteric artery
The artery is constricted by small doses of adrenaline, noradrenaline or 5-HT

(0.1-1 lag), but histamine and bradykinin have rather weak and inconsistent effects.
Similar findings were reported by McGregor (1965). Reproducible constrictor responses
could be obtained once every 5 min, but, for the sake of comparison with the results
obtained from the vein preparation, successive doses were applied every 15 min. In this
way it was possible to obtain consistent responses for at least 8 hr.
Many anti-inflammatory drugs reduced the constrictor responses of the artery, the

extent of the antagonism being independent of the nature of the constricting agent. This
is in agreement with the findings of Starr & West (1966). Table 1 gives the ID.
concentrations of a number of anti-inflammatory agents against adrenaline-induced
constriction of the artery. The more potent anti-inflammatory drugs showed inhibitory
effects on the vein in lower concentrations than on the artery, but this difference was not
seen with less potent antagonists.
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TABLE 1
EFFECT OF ANTI-INFLAMMATORY DRUGS ON CONSTRICTOR RESPONSES TO
ADRENALINE IN RAT ANTERIOR MESkENTERIC VEIN AND ARTERY PERFUSED

AT CONSTANT RATE
95/; confidence limits in parentheses.

ID5, concentrations (mg/100 ml.)
Anti-inflammatory drug Vein Artery

Indomethacin 1-5 (1-3-1P7) 3-5 (3-2-3-8)
Ibufenac 7-6 (6 7-8-5) 90 (7-9-10d1)
2-fv ethoxyphenylacetic acid >200 >200
a-(4-tert-butylphenoxy) propionic acid 22 (19-25) 24 (15-33)
a-(4-sec-Butylphenoxy) propionic acid 28 (22-34) 25 (18-32)
a-(4-Phenylphenoxy) propionic acid 23 (17-29) 27 (20-34)

Flufenamic acid 0-51 (0*42-0*60) 1-8 (1*6-2*0)
lvNefenamic acid 1-6 (1*2-2*0) 2-4 (2 3-2 5)
Anthranilic acid >200 >200

Cinchophen 4*3 (3 6-5-0) 4*6 (4*1-51)
Oxycinchophen 1-8 (1-4-2-2) 8&0 (7A4-8&6)
Aminopyrine 5-0 (4 6-5-4) 29 (26-32)
Phenylbutazone 9.7 (8-411 0) 32 (27-37)
Oxyphenbutazone 8-6 (7-6-9-6) 35 (29-41)
p-Nitrophenylbutazone 12 (10-14) 19 (16-22)
Sulphinpyrazone 23 (18-28) 13 (10-16)
Phenazone 96 (86-106) 92 (80-114)
Chloroquine diphosphate 0G54 (0-47-0-61) 0-61 (0-54-0 67)
Hydroxychloroquine diphosphate 0 76 (0 65-0 87) 1P1 (1P0-1 2)
Desethylchloroquine dihydrochloride 0-23 (0-17-0 29) 0-45 (0 400-50)

Salicylic acid 81 (73-89) 83 (73-93)
5-Chlorosalicylic acid 48 (40-56) 12 (915)
3-NV ethylsalicylic acid 18 (15-21) 27 (22-32)
3,5-Dibromo-2,6-dihydroxybenzoic acid 2-1 (1 9-2'3) 2-6 (2 3-2 9)
3-Hydroxybenzoic acid
4-Hydroxybenzoic acid
2,4-Dihydroxybenzoic acid >200 >200
2,5-Dihydroxybenzoic acid
2,6-Dihydroxybenzoic acid
3,5-Dihydroxybenzoic acid

2-(p-Methylsulphonylphenyl)imidazo-
[l,2-a]-pyridine 0 97 (0 92-1-1) 0-80 (0-66-0-94)

Benzindamine hydrochloride 0-18 (0-14-0-22) 0-14 (0-10-0-18)
Oxolamine citrate 4-2 (3-6-4 8) 5.1 (4*3-5*9)
Sodium aurothiomalate >5 >5
Hydrocortisone sodium succinate >10 >10
Hydrocortisone >10 >10

"Depolarized " smooth muscle
The rat anterior mesenteric vein was constricted by adrenaline almost as effectively

when " depolarized " with K2SO4 as when perfused with ordinary Tyrode solution. The
presence of calcium chloride in the perfusate (3.49 mM) was as necessary for obtaining
responses of the " depolarized " muscle as it was when ordinary Tyrode solution was
used. Cuthbert & Sutter (1965) have also reported that drug-induced contraction of
venous smooth muscle is dependent upon calcium ions but independent of membrane



B. J. NORTHOVER

potential. Anti-inflammatory drugs which antagonized adrenaline-induced venous con-
striction in ordinary Tyrode were approximately equally effective when tested on the
"depolarized" vein (Table 2). This suggests that anti-inflammatory drugs do not exert
their action by preventing depolarization of the smooth muscle membrane.

TABLE 2
A COMPARISON OF THE EFFECTS OF ANTI-INFLAMMATORY DRUGS ON CONSTRICTOR
RESPONSES TO ADRENALINE IN RAT ANTERIOR MESENTERIC VEIN PERFUSED AT
CONSTANT RATE WITH TYRODE SOLUTION AND WITH " DEPOLARIZING " SOLUTION

95% confidence limits in parentheses.

ID50 concentrations (mg/100 ml.)
Anti-inflammatory drug Tyrode solution "Depolarizing "solution

Flufenamic acid 0-51 (042-0 60) 0 63 (0500-76)
Indomethacin 1-5 (13-1-7) 14 (1-2-1V6)
Phenylbutazone 9-7 (8 4-110) 9.3 (8-5-101)

Cuthbert & Sutter (1965) have suggested that adrenaline and certain other smooth
muscle contracting agents cause calcium ions to be released into the interior of the muscle
cell, and that it is the intracellular calcium ions which are responsible for the shortening
of the contractile proteins. In view of this suggestion, experiments were performed to
test whether anti-inflammatory drugs interfere with calcium-induced vascular constriction.
The rat anterior mesenteric vein was perfused with calcium-free " depolarizing " solution.
Without interrupting the experiment the perfusate was changed to a "depolarizing"
solution containing calcium chloride (3.49 mM), resulting in constriction. Partial relaxa-
tion of the constriction occurred spontaneously during continued perfusion with the
calcium-containing solution, but complete relaxation occurred only after return to the
calcium-free " depolarizing " solution. The experiment was repeated with flufenamic acid
(1 mg/100 ml.) in the perfusate throughout, but this time the change from calcium-free
to calcium-containing solution failed to constrict the vein. This suggests that flufenamate
may prevent the entry of calcium into the cell.

Guinea-pig anterior mesenteric vein, terminal ileum and vas deferens
Collier (1963) has shown that anti-inflammatory drugs antagonize bradykinin-induced

bronchoconstriction in the guinea-pig but not in other species tested. A similar species
limitation does not, however, apply to the antagonism of constrictor responses in the
perfused mesenteric vein. The guinea-pig mesenteric vein constricted in response to small
doses of adrenaline, noradrenaline, histamine, or bradykinin (0.1-1 jug), and the responses
were antagonized by several anti-inflammatory drugs in concentrations similar to those
required on the rat mesenteric vein (Table 3). The inhibitory effect of anti-inflammatory
drugs is exerted on several different types of smooth muscle. The isolated guinea-pig
ileum contracted in response to small doses of histamine (0.05-0.2 jMg) and the isolated
guinea-pig vas deferens contracted in response to noradrenaline (1-5 Mug). These con-

tractions were reduced by the addition of indomethacin or phenylbutazone to the organ
bath 2-5 min before the agonist. This inhibition was produced, however, only by con-

centrations of indomethacin or phenylbutazone considerably greater than were needed
with guinea-pig mesenteric vein. No inhibition was obtained with indomethacin at less
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than 3.5 mg/ 100 ml. or with phenylbutazone at less than 38 mg/ 100 ml. In order to
reduce the size of the isotonic contractions of the ileum in response to histamine by
50% the concentrations of indomethacin and phenylbutazone required were 11 and 109
mg/ 100 ml. respectively. The concentrations of indomethacin and phenylbutazone
required to reduce the size of the isotonic contractions of the vas deferens in response
to noradrenaline were 12 and 101 mg/100 ml. respectively.

TABLE 3
A COMPARISON OF THE EFFECTS OF ANTI-INFLAMMATORY DRUGS ON CONSTRICTOR
RESPONSES TO ADRENALINE IN RAT, AND HISTAMINE IN GUINEA-PIG ANTERIOR

MESENTERIC VEINS
95% confidence limits in parentheses

ID50 concentrations (mg/100 ml.)

Anti-inflammatory drug Rat Guinea-pig

Indomethacin 1.5 (1-3-1-7) 0 97 (086-1 11)
Flufenamic acid 0-51 (0 42-060) 3.5 (3-1-3-9)
Aminopyrine 5 0 (4 6-5 4) 12 (10-14)
Phenylbutazone 9.7 (8&5-110) 14 (11-17)
Phenazone 96 (86-106) 21 (16-26)
5-Chlorosalicylic acid 48 (40-56) 38 (32-44)
Chloroquine diphosphate 0-54 (0-47-0-61) 0 49-044--0 54)

DISCUSSION

Several workers have reported that anti-inflammatory drugs of the analgesic-antipyretic
type reduce constrictor responses of blood vessels. Probably the first were Jaques &
Domenjoz (1950) who demonstrated that histamine reduced the rate of outflow of
perfusate from an isolated rabbit ear perfused with an electrolyte solution. This response
was greatly reduced by a number of anti-inflammatory drugs. Glover, Marshall &
Whelan (1957) showed that 5-HT administered intra-arterially caused vasoconstriction
in the human forearm, which was reduced in the presence of a plasma concentration of
salicylate of 20 mg/100 ml. They ascribed the antagonism, however, to an indirect
effect of salicylate. Strom & Coffman (1963) found that intravenously administered
adrenaline or noradrenaline reduced blood flow in the intact human forelimb. These
responses were smaller if the subject had ingested 3.6 g aspirin daily for the 2 days
before the test. Greeff & Moog (1964) reported that histamine, 5-HT and several kinins
produced both vasoconstriction and bronchoconstriction in the isolated perfused guinea-
pig lung. Phenylbutazone and aspirin antagonized both vasoconstrictive and broncho-
constrictive effects of bradykinin, and antagonized the vasoconstrictive (but not the
bronchoconstrictive) effect of histamine, but had no effect upon the responses to 5HT.
Klupp & Konzett (1965) found that bradykinin constricted the pulmonary artery of the
guinea-pig and that this was prevented if the animal was pretreated with phenyl-
butazone. Dhawan & Ahmad (1966) found that sodium salicylate treatment reduced the
pressor effect of ephedrine in the anaesthetized dog, and Hauge, Lunde & Waaler (1966)
found that phenylbutazone and sodium salicylate reduced vasoconstriction in blood-
perfused rabbit lung caused by a variety of agents.
The reports mentioned so far do not enable responses of pre- and post-capillary vessels
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to be examined separately. Starr & West (1966) have recently studied the responses of
isolated perfused arterial segments. They showed that anti-inflammatory drugs of the
analgesic-antipyretic type reduced the constrictor responses of arterial smooth muscle,
and that the degree of antagonism was independent of the nature of the constrictor agent.
The present findings with the rat anterior mesenteric artery confirm those of Starr &
West, and, in addition, they demonstrate that other types of smooth muscle are
inhibited non-specifically by anti-inflammatory drugs. Venous muscle tends to be more
sensitive than arterial muscle to the more potent anti-inflammatory drugs, but venous
and arterial muscles are almost equally sensitive to the less potent anti-inflammatory
drugs. Smooth muscle from the ileum and vas deferens, however, is much less sensitive
than vascular smooth muscle to inhibition with these drugs.
The concentrations of anti-inflammatory drugs required to antagonize venous con-

striction in vitro (Table 1) are within the range of plasma concentrations attained in vivo
after the administration of doses which are sufficient to produce an anti-inflammatory
effect. It is unlikely, however, that a concentration sufficient to antagonize contractions
of the gastrointestinal tract or the vas deferens would be reached in vivo. Plasma
concentrations of indomethacin of up to 6 mg/100 ml. have been reported by Hucker,
Zacchei, Cox, Brodie & Cantwell (1966) after the intravenous administration of 10 mg/kg
to the rat. Plasma concentrations in man, however, after oral administration of 200 mg
indomethacin rose only to 0.74 mg/ 100 ml. Bums, Yu, Dayton, Gutman & Brodie (1960)
administered 600 mg of either phenylbutazone or oxyphenbutazone intravenously to man,
and found plasma concentrations of 7 mg/100 ml. 1 hr later. Kampmann & Frey (1966)
report similar plasma concentrations in other species and with various routes of
administration. The plasma concentration of salicylate required for an anti-inflammatory
action in man is generally agreed to be approximately 35 mg/100 ml. (Ansell, 1963).
Continuous oral administration of chloroquine or hydroxychloroquine for 3 months
produced plasma concentrations of these drugs which gradually rose to 0.3 mg/100 ml.
(McChesney & McAuliff, 1961). This slow rise in plasma concentration would account
for the fact that these drugs usually need to be administered to man for several weeks
before an anti-inflammatory effect is seen.
The extent to which venous constriction accounts for the exudation of plasma in acute

inflammation is still not clear. Post-capillary vessel (venous) constriction will cause a
rise in the pressure of blood in the small blood vessels unless pre-capillary (arterial)
channels are constricted at least to the same extent. It is now established that veins
constrict, under suitable circumstances, to many of the suggested mediators of inflam-
mation (Sutter, 1965; Hughes & Vane, 1967) but such information is insufficient to
establish that venous constriction occurs when the vessel is in situ. Reports of the effects
of mediators of inflammation on venous channels in situ are conflicting, as discussed by
Northover (1967b). Venous constriction is produced in vitro by smaller amounts of the
mediator substances than are required to produce arterial constriction (Inchley, 1926;
Moog & Fischer, 1964). When studied in situ, however, most of the possible mediators
of inflammation dilate arterial channels (Haddy, 1960). By a combination of pre-
capillary dilation and post-capillary constriction the pressure of blood in the small blood
vessels will be greatly increased.
A rise in small vessel pressure tends to cause oedema, but the oedema fluid or
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inflammation is characterized by a high plasma protein concentration. Rowley (1964)
claims that venous constriction raises the pressure in the small blood vessels to such an
extent that, in addition to causing oedema, the vessel walls lose the ability to retain plasma
protein. Some support for this concept is provided by the present findings. If venous
constriction is responsible for the exudative phase of inflammation, there should be a
correlation between anti-inflammatory activity and the ability to prevent venous con-
striction. One way to study this correlation is in a series of closely related chemical
compounds. Table 1 contains a number of hydroxybenzoic acid derivatives. Unlike
salicylate (2-hydroxybenzoate), 3-hydroxy-, 4-hydroxy-, 2,4-dihydroxy-, 2,5-dihydroxy-,
2,6-dihydroxy- and 3,5-dihydroxybenzoic acids have been found inactive as anti-
inflammatory agents (Smith, 1960; Northover, 1963, 1964; Whitehouse, 1965; Lim, 1966).
Likewise only salicylate was active in the present test. Lightowler & Rylance (1963) and
Northover (1963, 1964) have shown that certain halogen- and alkyl-substituted hydroxy-
benzoates are more potent anti-inflammatory agents than salicylate, and Table 1 shows
that they are also more potent than salicylate in preventing vascular constriction. Another
way to study the correlation between anti-inflammatory activity and the ability to prevent
venous constriction is to examine a series of anti-inflammatory agents with widely differ-
ing chemical structure. Oxolamine (Silvestrini & Pozzatti, 1961), benzindamine
(Silvestrini, 1965; de Gregorio, 1965) and 2-(p-methylsulphonylphenyl) imidazo-[1,2-a]-
pyridine (Almirante, Polo, Mugaini, Provincialli, Rugarli, Biancotti, Gamba & Murman,
1965) are heterocyclic compounds of widely differing structure which inhibit inflamma-
tory reactions. Table 1 shows that they also prevent vascular constriction.
Most of the drugs which are at present used for the treatment of inflammatory diseases

in man inhibit vascular constriction. The adrenal corticosteroids and organic gold
compounds, however, are exceptions, which suggests that their anti-inflammatory action
is through a different mechanism.

SUMMARY

1. The isolated anterior mesenteric artery or vein of the rat and guinea-pig was
perfused with Tyrode solution at constant rate. Constriction of the blood vessels causes
a rise in perfusion pressure.

2. Small amounts of adrenaline, noradrenaline or 5-HT constricted both the vein and
artery of the rat. Small amounts of bradykinin constricted the vein but larger amounts
were necessary to constrict the artery.

3. The guinea-pig vein was constricted by small amounts of adrenaline, noradrenaline,
histamine and bradykinin.

4. The constrictions of both rat and guinea-pig vessels were inhibited by several types
of anti-inflammatory drugs, and any one of these drugs inhibited the responses to all the
constrictor agents to about the same extent.

5. The concentrations of anti-inflammatory drugs required to antagonize vascular
constriction are within the range of plasma concentrations attained in animals given doses
sufficient to produce an anti-inflammatory effect.

6. Adrenaline still constricted the rat vein after "depolarization " with potassium
sulphate, and the response to adrenaline was still inhibited by anti-inflammatory drugs.
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7. Contractions of the isolated guinea-pig ileum in response to histamine and of the
isolated guinea-pig vas deferens in response to noradrenaline were antagonized by anti-
inflammatory drugs, but in higher concentrations than were required with vascular smooth
muscle.

8. Hydrocortisone and sodium aurothiomalate failed to inhibit vascular constriction.

I would like to thank the following people for kindly supplying compounds: Dr. S. S. Adams, of
Boots Pure Drug Co., for ibufenac and several propionic acid derivatives; Dr. B. Silvestrini, of
Angelini Francesco, for oxolamine and benzindamine; Dr. W. Murman, of Laborotoro Bioterapico
Milanese, for 2-(p-methylsulphonylphenyl)imidazo-[1,2-a]-pyridine; Dr. D. Wylie, of Bayer Products
Co., for chloroquine and related compounds; Dr. C. Maxwell and Dr. P. D. Fowler, of Geigy
(U.K.) Ltd., for oxyphenbutazone, sulphinpyrazone and nitrophenyl-butazone; Dr. H. J. Rylance,
formerly of Edinburgh Pharmaceutical Industries Ltd., for 3,5-dibromo-2,6-dihydroxybenzoic acid;
Dr. C. V. Winder and Dr. H. 0. J. Collier, of Parke, Davis & Co., for mefenamic and flufenamic
acids; Dr. C. A. Winter and Dr. R. Hodgkinson, of Merck, Sharp & Dohme Ltd., for indomethacin.
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