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Summary. Oral administration of 3-methyl salicylic 
acid (3MS) to diabetic and non-diabetic patients in 
modest doses (0.9--1.8 g/day) over several months pro- 
duced a significant increase in plasma insulin levels, one 
hour after a glucose load. In  2 diabetic subjects, acute 
doses had a similar effect. -- Improvement in glucose 
tolerance after chronic administration of 3MS to diabetic 
patients was inconsistent, and could not be conclusively 
related to the action of the drug. Although acute doses of 
31~{S caused a fall in plasma FFA after 3- -6h ,  chronic 
treatment gave no predictable change in fasting plasma 
FFA levels. -- Because of side effects, 3MS was not con- 
sidered suitable for introduction as a therapeutic agent. 
The results, however, are of academic interest since it is 
the first demonstration of increased plasma insulin after 
an oral salicylate. 

Effet de l'aeide 3-m~thyl salicylique (O-crdsotinique) sur 
l'insuline plasmatique et la tolerance au glucose chez des 
sujets diabdtiques et non-diabdtiques 

R~sumg. L'administration orale d'acide 3-mdthyl 
salieylique (3MS) k des sujets diab6tiques et non-dia- 
b6tiques, ~ faibles doses (0.9--1.8 g/jour) pendant 
plusieurs mois produisait une augmentation signifieative 
des taux d'insuline plasmatique, une heure apr~s une 
charge ell glucose. Chez 2 sujets diabdtiques, des doses 
aigu~s avaient un effct semblable. -- Une am6lioration de 
la tol6ranee au glucose, apr~s administration chronique de 
3MS ~ des patients diabdtiques, n 'a  pas dtg ddcelde et n 'a  
pas pu ~tre relide ~ Faction de la drogue de fa~on con- 
eluante. Bien que des doses aigu~s de 31ViS provoquassent 
une chute des FFA plasmatiques au bout de 3--6 hs, 
le traitement chronique ne causait pas de modification 

prdvisible des taux plasmatiques de FFA k jeun. -- A 
cause des effets secondaires, le 31VIS n 'a  pas ~tg jugd 
valable en rant  qu'agent thdrapeutique. Les rgsultats 
cependant, sent d'intdr6t acaddmique, car c'est la pre- 
miere d~monstration d'une glgvation de l'insuline plasmati- 
que apr~s administration orMe d 'un salicylate. 

Wirleung der 3-Methyl-Salieyl (O-Kresotin) Sdure auf 
das Plasmainsulin und die Glucosetoleranz bei Diabetil~ern 
and Nichtdiabetilcern 

Die orale Zufuhr yon 3-iYiethyl-Salieyls~iure (31VLS) in 
relativ niedrigen Dosen (0.9--1.8 g/Tag) an Diabetiker 
und stoffwechselgesunde Patienten fiber mehrere Mona- 
te ffihrte zu einem signifikanten Ansticg der Plasmain- 
sulinspiegel eine Stunde nach Glucosebelastung. Bei 2 Dia- 
betikern riefen akute Gaben einen ~hnliehen Effekt her- 
vet.  -- Die Besserung der Glucosetoleranz nach chroni- 
seher 3 MS Verabreiehung an Diabetiker war nur vorfiber- 
gehend und konnte nicht init Sicherheit auf das 1Viedika- 
ment  zurfickgeffihrt werden. Obwohl es 3--6  Std nach 
akuten Gaben yon 31V~S zu einem Abfall der FFS-Konzen- 
trationen im Plasma kam, 15ste die chronisehe Zufuhr kei- 
ne vorhersagbaren Ver~nderungen.der FFS-Spiegel im 
Nfichtern-Plasma aus. -- Wegen selner Nebenwirkungen 
erscheint uns die 3i~S zur Einffihrung in die Therapie 
nicht als geeignet. Die Ergebnisse sind aber yon akademi- 
schem Interesse, da mit ihnen zum ersten lVial ein Anstieg 
der Plasmainsulinspiegel naeh oraler Salicylatzufuhr nach- 
gewiesen werden konnte. 

Key-words: 3-methyl salicylic acid, o-eresotlnie acid, 
hydroxytoluie acid, plasma insulin, glucose tolerance, 
diabetes, plasma free fa t ty  acids. 

The beneficial effect of salicylate in diabetes mel- 
litus has been known for nearly a century.  Large doses 
of sodium sal icylate (up to 16 g/day) reduced the  
glyeosuria and the symptoms  in diabetic pat ients  
(Ebstein, 1876; Barrels, 1878; Williamson, 1901). Such 
large doses produced marked  toxic effects, and severe 
diabetic acidosis and  coma were no t  improved,  so t h a t  
this t r ea tmen t  failed to become popular.  

F rom time to  time, however, interest has been re- 
awakened in the possible value of salicylate the rapy  in 
diabetes mellitus. Lowering of blood sugar in diabet ic  
pat ients  given salicylate in smaller doses (5--8  g /day)  
was reported b y  Reid et al. (1957), Reid and  L igh tbody  
(1959) and t t ech t  and Goldner (1959). Reid  and his 
colleagues showed t h a t  moderate  ketonuria  as well as 
glyeosuria could be eliminated by  aspirin therapy.  

Effective t rea tment  of elderly diabetic pat ients  by  
small doses of aspirin has been reported b y  Anderson 
and Thompson  (1963) bu t  this work is unconfirmed, 
and the consensus of opinion is t h a t  a m~nimum of 
about  5 g aspirin per day  is the dose required to 
provide useful control of hyperglycaemia and glycos- 
~ria. Reid and  L igh tbody  (1959) found tha t  toxic 
effects were still t roublesome at  these dose levels, and 
emphasised the need for control of the t r ea tment  b y  
plasma salicylate levels. 

L igh tbody  and Reid  (1960) examined various 
salieylate compounds for their possible value in dia- 
betes mellitus, and among these were acetyl-o-cresotinie 
acid and sodium 3-methyl  salicylate (orthocresotinate). 
These compounds  had the advantage  that ,  whilst their 
hypoglyeaemie effect was similar to  t h a t  of aspirin, 
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they did not cause tinnitus or deafness. At a dosage of 
5 g or more per day, other side-effects were still a 
problem, and were attributed to the high serum o- 
cresotinate levels. Once again, therefore, this treatment 
failed to gain acceptance. 

The present paper is concerned with a new study of 
3-methyl salicylic (o-cresotinic) acid in diabetic and 
non-diabetic subjects. During the course of a study of 
the effect of this salicylate compound on plasma chol- 
esterol and free fatty acids (FFA) (Howard et al., 
1971), it occurred to us that the drug might have a 
significant effect on carbohydrate metabolism in doses 
smaller than those previously used. 

The half-life of 3MS in man is 19--22 h (Cummings 
and Martin, 1965) and is not dose dependent. The half- 
lives of aspirin and sodium salicylate are of this order 
only when very large doses are given; with low doses, 
the half-life of aspirin or sodium salicylate is only 
3--4 h (Cummings and Martin, 1964). I t  therefore 
seemed that low or modest doses of 3MS might produce 
significant effects on carbohydrate and lipid metab- 
olism without toxic side-effects. Our preliminary stud- 
ies on subjects with raised blood lipids showed that 
small doses of 3MS (0.9 g/day) were well-tolerated and 
a single dose produced a fall in plasma FFA lasting 
several hours (Nature, 1967; Howard etal., 1968). In 
view of current thought on the aetiology of diabetes 
mellitus and the relationship between glucose and FFA 
metabolism (Randle et al., 1963; Hales, 1966) it was 
decided to study the effect of 3MS in diabetic subjects. 
If improved glucose tolerance could beachievedwithout 
toxic side-effects, a further useful oral anti-diabetic 
agent would be available. 

Materials and Methods 

3.methyl salicylic acid, (ortho-cresotinic acid) has 
the formula shown in Fig. 1. Its approved name is 
hydroxytoluic acid. For convenience and to keep this 
paper in line with our other communications concern- 
ing this drug (Nature, 1967; Howard et al., 1968; 
Howard et al., 1971) we shall henceforth refer to it as 
3-methyl salicylic acid or 3MS. 

COOK 

�9 
Fig. 1.3-methyl salicylic acid 

Design of study. The study was performed in two 
parts. 

I) "Acute" effect of 3MS on glucose tolerance and 
plasma insulin 

a) Glucose tolerance and plasma insulin. 

5 patients attending the Department of Geriatric 
Medicine, Chesterton Hospital, Cambridge, had a 2 ~ h 

50 g glucose tolerance test performed, starting 2 h after 
a single dose of 900 mg 3MS orally. Preliminary tests on 
fasting normal subjects had shown a maximum depres- 
sion of plasma FFA between 2 and 4 h after a dose of 
900 mg 3MS, over the period of maximal plasma sali- 
cylate levels (Fig. 2). 4 of the subjects were also tested 
using a placebo (of low carbohydrate content) in place 
of 3MS. At least one week elapsed between the two 
tests. 1 patient had normal initial glucose tolerance; 
the others were all abnormal, 4 being frankly diabetic. 
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Fig. 2. Effect of a single dose of 31~IS (900 rag) on plasma 
salicylate and plasma FFA levels in fasting man 

Tests performed: On each blood specimen, blood 
glucose, plasma insulin and free fatty acid levels were 
determined. Blood glucose was determined by the 
glucose oxidase method using the Technicon auto- 
analyzer modified from Hill and Kessler (1961), plasma 
insulin by the immunoassay method (Hales and gandle, 
1963) and plasma FFA by the method of Dole (1956), 
after the heptane phase extracts had been washed with 
2--3 ml 0.1% ferric nitrate in 0.04% nitric acid in 
order to avoid the interference of salieylates in the 
titration. 

b) Effect of single dose of 3MS on plasma insulin in 
non-diabetic subjects 

Two small studies were performed by taking serial 
blood samples at various times after administration of 
a single dose of 900 mg 3MS to fasting non-diabetic 
subjects. In the first study, there were 9 subjects given 
3MS, and comparisons were made with 4 subjects given 
placebo (of low carbohydrate content) and 2 given 
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aspirin B.P.  (900 rag). Blood was taken a t  1 and 2 h 
after the drug was given. In  the second study, 5 differ- 
ent subjects received 3MS, and 4 received aloxiprin, 
1200 rag. Blood was taken hourly for four hours. 
Plasma insulin was assayed on each specimen. 

Results 

I) "Acute" effects of 3MS 
a) Glucose tolerance tests in diabetics 
In  the 5 diabetic subjects on whom a glucose 

Table 1. Glucose tolerance tests in two diabetic patients before and after a single dose of 
3.~/1S given two hours before test 

Subject Treatment Blood analysis a Time after glucose 
_2b o �89 1 l �89  2�89 
(h) (h) (h) (h) (h) (h) 

E.P. l~one Insulin ~ units/ml 18 20 32 35 55 47 
Glucose mg% 292 257 270 311 320 311 
FFA y. Eq/L 1100 930 700 700 600 575 

3-MS Insulin tL units/ml 20 60 74 84 84 87 
(0 �9 9 g) Glucose mg% 290 255 270 290 325 310 

FFA y. Eq/L 1000 780 610 630 500 500 

C.C. None Insulin ~ units/ml -- 14 30 38 31 23 
Glucose mg% -- 135 240 250 245 150 
FFA ~ Eq/L -- 725 500 300 225 275 

3-[V[S Insulin ~ units/ml 25 43 63 61 54 53 
(0" 9 g) Glucose mg% 210 170 275 315 275 230 

FFA ~z Ec~L 875 375 400 300 375 275 

a Plasma analysis for Insulin and FFA. Whole blood for glucose. 
b Time just before 3-MS given 

I I )  "Chronic" administration of 3MS in diabetic 
patients 

5 diabetic patients attending Chesterton Hospital 
and the West Suffolk Hospital, age range 53--66 
years, were treated with 3MS for several months. No 
special diet was prescribed, although it was difficult to 
stop the patient  cutting out sugar once he knew he was 
a diabetic. Initially the dose of 3MS was 0.9 g/day, but  
this gave plasma salicylate levels no higher than 12-- 
13 rag/100 ml, and subsequently the dose was in- 
creased to 1.8 g/day. In  one ease, as much as 2.7 g/day 
was given for three months. Glucose.tolerance tests 
were performed at  intervals, usually monthly  or two- 
monthly. These tests were either full 2 ~  h tests as 
described above, or partial  tests consisting of blood 
samples taken fasting and one hour after the oral dose 
of 50 g glucose. Blood glucose, plasma insulin, and 
plasma FFA were assayed as described above. 2 pa- 
tients, C.C. and E .P . ,  were t reated for 15 months;  
for three months of this period they were taking pla- 
cebo instead of 3MS, but  they were not informed 
tha t  any change had taken place in their tablets. W.T. 
was treated for 12 months, Q.A. for 10 months and 
F .R.  for 8 months. 

3 diabetic patients on insulin or oral agents, who 
were proving brittle or difficult to control, had 3MS 
(1.8 g/day) added to their regimen in an a t tempt  to 
improve control. 

4 non-diabetic subjects who had received 3MS for 
long periods (at least 6 months) for hypercholesterol- 
aemia were given a modified glucose tolerance test  as 
above. 

tolerance test  was performed, starting 2 h after 900 mg 
3MS, none showed an improved glucose tolerance. 

Plasma insulin levels showed considerable increases 
in 2 eases (Table 1) and slight increases in 3 others. 

Plasma F F A  fell 2 h after 3MS was given to fasting 
patients. During the subsequent glucose tolerance test, 
further falls in plasma FFA were small, and unaffected 
by  3MS. Really low levels (below 200 ~Eq/1) were not 
reached. 

b) Effect on plasma PPA and insulin in normal 
subjects 

Plasma FFA fell when a single dose of 900 mg 3MS 
was administered to fasting subjects (Fig. 2). No sig- 
nificant rise of plasma insulin was seen in any of the 
subjects t reated acutely with 3MS, aspirin, aloxiprin 
or placebo. 

I I I )  Long-term effects of 3MS on glucose tolerance 
Both E.P.  (Fig. 3) and C.C. showed control of their 

diabetes to a satisfactory degree on 1.8 g 3MS/day as 
the sole treatment.  When placebo was substi tuted for 
the active drug there was no real tendency to relapse, 
however, so tha t  it was difficult to be certain tha t  the 
improvement  was not spontaneous. 

Q.A. was controlled satisfactorily by  3MS. F .R.  
and W.T.  both  showed a deterioration of glucose 
tolerance despite the administration of 3MS, although 
F .R.  finally reverted to his initial mild diabetic state 
after 9 months, presumably par t  of the spontaneous 
variation which the disease may  show. 

The three diabetics to whose drug regimen 3MS 
was added all showed a smoothing of control of blood 
sugar, with decreased needs of insulin or sulphonylurea. 
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Fig. 3. Blood glucose, FFA, insulin and salicylate in a 
patient (E.P.) with mild maturity-onset diabetes treated 

with 3/KS or placebo 

3MS for several months (Table 2). Fasting plasma insu- 
lin levels were also elevated in some of these patients, 
but  the results were not statistically significant. 

I t  has been stated tha t  an individual's plasma 
insulin pat tern  tends to remain fairly constant, but  it 
is not known whether this holds true for diabetics. We 
have noted one diabetic, t reated on diet alone, whose 
plasma insulin values showed little variation during the 
course of twelve months. 

The changes in plasma insulin patterns were not  
necessarily associated with changes in glucose toler- 
ance. 

Plasma ~FFA. Our results were variable and no 
definite pat tern emerged. 

Plasma salicytates. The aim of producing reasonably 
high plasma salieylate levels (say 25 rag%) by  using 
moderate doses of 3MS was not adequately achieved. 
Doses of 900 rag/day 3MS gave plasma salieylate levels 
of only 12--13 rag%. Even doses of 2.7 g/day increased 
plasma salicylate to only 24 rag%, and it  was felt tha t  
this dose was too high for routine use. 

However, i t  should be noted from Fig. 3 tha t  rises 
in plasma insulin levels tended to follow elevations of 
plasma salicylate. Nevertheless, it was not possible to 
demonstrate a concomitant improvement  in glucose 
tolerance in most of the patients. 

Side effects of 3MS. Drowsiness was the only side- 
effect noted in this study. I t  occurred in three patients 
taking 35IS for several months. Two of these patients 
did not notice it  for some time, but  commented on the 
absence of a feeling of tiredness once they changed to 
the placebo. The third patient, after several months '  
t reatment,  began to omit  his morning dose because the 
drowsiness interfered with his work a t  tha t  time. 

Group Type 

Table 2. Plasma insulin in patients receiving 3-MS 

Number 
of 
patients 

1 Before treatment 5 
2 Early stage of 5 

treatment with 
3 -/KS 

3 Late stage of 7 
treatment with 
3 -/KS 

4 After treatment 7 
Significance 

Plasma insulin 
units/ml (means 

Fasting 
4- S.E./K.) 
1 h after glucose 
(50 g orally) 

1 6 . 0 4 - 2 . 9  
3 1 " 8 4 - 8 " 7  

100 4 - 3 7 . 8  

1 9 . 5 4 - 7 . 4  
Group 1 & 2 NS 
Group 3 & 4 17S 

3 9 . 2 4 -  14.1 
1 0 4 . 8 = k 2 1 - 1  

179 4 - 3 3 . 1  

6 3 . 3 - P 2 3 . 9  
Group 1 &2 P < 0 . 0 5  
Group 3&4 P < 0 . 0 5  

NS �9 not significant 

Plasma insulin levels (Fig. 3, Tables 1 and 2). All 
the diabetic subjects had a fasting plasma insulin of 
23 Fu/ml or below at  the start  of this study. 

The most  striking result in these trials was the rise 
in plasma insulin levels 1 h after a glucose load, which 
was a constant feature in the diabetic and the non- 
diabetic hypercholesterolaemic patients treated with 

Discussion 

Although effective oral antidiabetic agents have 
been available for several years now, none are without 
some risk or side-effect. The major risk, particularly 
in the elderly, is the development of hypoglyeaemia 
and the advantage of salicylates is tha t  whilst they 
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may lower blood sugar and abolish glycosuria and even 
moderate ketonuria, they do not produce hypoglycae- 
mia (always excepting acute salicylate intoxication, in 
which hypoglycaemia has been reported (Barnett et al., 
1942; Cotton and Fahlberg, 1964) and the rare 
idiosyncrasy (Limbeck et al., 1965)). Their effectiveness, 
however, seems to depend on high plasma salicylate 
concentrations, which has meant the administration of 
large doses, with inevitably the appearance of other 
troublesome side-effects, notably tinnitus, deafness, 
bleeding from gastric erosions, and metabolic stimula- 
tion. Thus, Reid and Lightbody (1960) aimed to 
achieve blood levels of 35--45 rag/100 ml serum, and 
by maintaining these levels they could progressively 
reduce the need for insulin in diabetic patients. In this 
way they established the insulin-equivalence of aspirin 
during a 2--3 week course of treatment. Of 14 patients, 
all had lowered insulin requirements whilst on aspirin 

- -  8 came off insulin, 5 needed 10--20 units less but 
remained brittle, and 1 had a reduction of 72 units, 
with better results than on his initial 112 units per day. 
The maximum insulin requirement completely re- 
placeable by aspirin was 48 units per day. Apart from 
the absence of hypoglycaemia due to aspirin, the fre- 
quency of hypoglycaemic attacks in patients requiring 
large doses of insulin may be reduced by combining 
insulin and aspirin therapy; furthermore, there seems 
to be an increasing response to aspirin as the insulin 
requirement increases. 

I t  will thus be apparent that if these beneficial 
effects could be achieved by the development of a 
salicylate with a longer action and a lesser tendency to 
side-effects, a useful new antidiabetic agent would have 
been evolved. 3MS seemed to offer considerable prom- 
ise in this respect -- its relatively long half-life of 
18--20 hours suggested that moderate doses might 
allow a safer build-up of plasma salicylate levels, and 
the side-effects seen with large doses of aspirin should 
thus be avoidable. In the event, this drug did not live 
up to its promise, for even doses of 2.7 g/day failed to 
produce plasma salieylate levels much above 20 mg 
100 ml, and drowsiness was an annoying if not always 
important side-effect. Nevertheless, some of the changes 
produced in carbohydrate metabolism by 3MS ad- 
ministration were of interest and are worthy of com- 
ment. 

3 M S  and glucose tolerance. The concept of a glucose- 
fatty acid cycle (Randle et al., 1963) has led to the 
suggestion that in diabetes mellitus the primary ab- 
normality may lead to an increased availability of 
fatty acids for oxidation (which may be seen in the 
presence of normal or supranormal plasma insulin con- 
centrations), and that this leads to impaired glucose 
oxidation (Hales, 1966). Experimental elevation of 
plasma FFA concentrations has been accompanied by 
a loss of oral glucose tolerance and of sensitivity to 
endogenous insulin (Felber and Vanotti, 1964; Thorell 
et al., 1966). Efforts have been made to improve glucose 
tolerance by acute reductions in plasma FFA (I-Iales 

et al., 1966). These workers administered large doses of 
nicotinic acid prior to glucose tolerance tests. These 
large doses are liable to cause troublesome side-effects, 
however, and long-term oral therapy with such doses 
of nicotinic acid is not practicable. 

Many other drugs, including salicylates, (Carlson 
and Ostman, 1961, 1965; Bizzi et al., 1965; Garattini 
and Bizzi, 1966) depress plasma FFA. 

Field et al. (1967) used infusions of sodium sali- 
cylate, and found that this improved intravenous 
glucose tolerance in mild diabetics and healthy con- 
trols, but that this occurred without depression of 
plasma FFA. 

Lightbody and Reid (1960) had shown that ira. 
proved glucose tolerance followed two weeks of salicy- 
late treatment in large doses: glucose tolerance curves 
were similar in shape to the originals but lower. They 
obtained similar results with 3MS, in doses sufficient 
to produce plasma levels of 35 mg%. Above this level, 
toxic effects were noted (see below). Plasma FFA 
levels were not assayed by these workers. 

The present study attempted to achieve improved 
glucose tolerance with lower plasma salieylate levels, 
and the opportunity was taken to observe plasma FFA 
and plasma insulin concentrations at the same time. 
I t  is well known that salicylates may reduce plasma 
FFA (Carlson and Ostman, 1961, 1965), and we have 
shown that 3MS was no exception to this when given 
acutely, but there was no sustained fall in FFA in the 
diabetic patients to whom the drug was given over a 
long period; nor could we demonstrate with certainty 
an improvement in glucose tolerance. Nevertheless, a 
finding of great interest which did appear was the rise 
in plasma insulin levels produced by 3MS. 

Salicylates and plasma insulin levels. The exact 
mechanism by which salieylates lower blood sugar 
levels is not known. Most work to date suggests a 
peripheral mechanism: increased glucose uptake has 
been found in isolated rat diaphragms in vitro (Randle 
and Smith, 1958; Manchester et al., 1958) -- though 
this was not confirmed by other workers (Segal et al., 
1960; Huggins and Smith, 1962); increased peripheral 
utilisation of glucose (Segal et al., 1960) (which is said 
to be distinct from the metabolic stimulant (uncou- 
pling) effects of salieylates -- I~eid, 1958; Gilgore, 
1960; Stowers, 1963) ; and/or a direct effect on the liver, 
reducing glycogenolysis or gluconeogenesis (Stowers 
et al., 1959; Manchester et al., 1958). 

I t  has been reported that some of the biochemical 
changes in salicylate-treated diabetics resembled those 
seen after insulin administration (Stowers et al., 1959), 
but there are also many points of difference (Stowers, 
1963; Gilgore and Rupp, 1961; Manchester et al., 
1958). The consensus of opinion hitherto has been 
against the idea that the hypoglycaemic action of 
salicylate is mediated by an increase in the release of 
insulin (Hecht and Goldner, 1959; Carlson and Ostman, 
1961; Gilgore and Rupp, 1961). Seltzer (1962) was 
unable to find any increase in the levels of insulin in 
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pancreatic venous blood in dogs treated with salicylate 
infusions, and Limbeek et al. (1965) failed to show any 
increase in plasma-insulin in a patient  in whom hypo- 
glyeaemia developed following only 300 mg aspirin 
orally. Further,  salicylates exert a hypoglycaemie 
effect in alloxan-diabetie rats (Smith et al., 1952) and 
also in partially-pancreateetomised rats (Ingle and 
Meeks, 1952), and it has been noted tha t  the hypo- 
glyeaemie effects of salicylates and sulphonylureas are 
additive (Stowers et al., 1959), which speaks against a 
common mechanism of action. In  addition, experi- 
ments on rabbit  pancreas in vitro have shown tha t  un- 
coupling agents (including salicylates) actually inhibit 
the glucose-stimulated secretion of insulin (gandle 
et al., 1963). 

I t  seems unlikely, therefore, that  salicylates stim- 
ulate the secretion of insulin from the islets of Langer- 
hans; and yet there are certain recent observations of 
increased plasma-insulin levels after salicylates which 
require explanation. Thus, Field et al. (1967) found 
significant elevations in plasma insulin levels at the 
end of one hour of intravenous infusion of sodium 
salieylate. The infusion was continued for a further 
hour, and the raised plasma insulin levels persisted for 
a total  of 4 h. In  addition, plasma insulin levels were 
higher during intravenous glucose tolerance tests 
(started 4 h after the salicylate infusion was begun) 
than in similar tests performed after a saline infusion. 
(Each subject served as his own control). These changes 
were accompanied by  faster half-time for glucose dis- 
appearance, i.e. an improvement  in glucose tolerance, 
as mentioned earlier; there was no significant effect on 
plasma FFA. 

The present s tudy has demonstrated elevations in 
plasma insulin, both fasting and during oral glucose 
tolerance tests, following long-term oral administration 
of a salieylate derivate. This is, to our knowledge, the 
first t ime tha t  such an observation has been made. 

I ts  mechanism remains speculative. Various pos- 
sibilities suggest themselves - -  

I Displacement of free insulin from the protein-bound 
form. Salieylates are extensively bound to plasma 
albumin (Reynolds and Cluff, 1960); the effect is 
greater for sodium salicylate than for aspirin 
(Lester et al., 1946) but greater still for 3MS (Staf- 
ford, 1962). 

I I  Mobilization of insulin from the tissues 
I I I  Inhibition of insulinase 
IV Artefact due to interference by 3MS in the insulin 

assay 

We have checked this last point and find no such inter- 
ference. 

Toxic effects of 3MS 

3MS in modest doses had few side-effects in this 
study. 

Tinnitus and deafness do not occur even with high 

doses (Stockman, t912; Lightbody and Reid, 1960) 
and radioactive chromium studies (Wood et al., 1962) 
have shown no significant gastro-intestinal blood loss 
after 4 g 3MS per day for 5 days in 11 patients, one of 
whom had had haematemesis previously, at tr ibuted to 
aspirin, and three others known to have peptic ulcer. 

Anorexia, nausea, vomiting, headache, were reported 
by  Lightbody and Reid (1960), using large doses 
(4--5 g/day) for 2 or 3 weeks. 

I t  the present study we did not meet these symp- 
toms, but  we have met them not infrequently in other 
patients and in normal subjects treated with very 
modest doses of 3MS in our study of the hypochole- 
sterolaemic properties of 3MS (Howard et al., 1971). 
In  our experience, the commonest of these side-effects 
is vomiting, and this may necessitate stopping the 
tablets completely. 

Drowsiness, though not a great problem in this 
study, was real enough, and again we have noted it 
commonly in our other trials with 3MS. In  fact, it has 
been the  commonest side-effect in our patients. This 
symptom is of interest because of the popular concept 
that  aspirin helps to induce sleep, even in subjects 
without pain. This idea is based on experience rather 
than formal trial, but there are several interesting 
references in the literature to the sedative or tranquil- 
]izing properties of aspirin (Kaufman, 1927 ; Lespagnol 
et al., 1963; Krumholz et al., 1964, 1965; Pfeiffer et al., 
1965). I t  would appear tha t  this sedative property is 
enhanced in the derivative we have been studying, 
viz., 3MS. 

Cardiac effects. Large doses of salicylates have long 
been known to have a depressant effect on the heart  
(Macdougall and Alexander, t963). 3MS is no different 
in this respect (Stockman, 1912). We found no cardiac 
effects in the patients in this study. I t  should be men- 
tioned, however, tha t  in another study, on t2 younger 
hypercholesterolaemic subjects, two cases of parox- 
ysmal tachycardia occurred on doses of 900 mg 3MS 
twice daffy --  one case after 6 weeks and one after 
16 weeks (Renton, 1968). Although the evidence im- 
plicating 3MS was circumstantial, it was decided to 
stop further work on this drug. More recently, animal 
experiments have indicated tha t  some atrophy of the 
seminiferous tubules of the testes may  follow adminis- 
tration of 3MS (Renton, 1968). As a result, it has not 
been developed further, nor is it proposed to place it 
on the market.  (Cruder preparations have been used in 
clinical trials for 60 years (May, 1909) - -  and the 
o-aeetyl derivative has been obtainable on the conti- 
nent for some years). 

Despite the fact that  3MS proved unsuitable for 
administration to patients, the importance of the work 
described here is the demonstration tha t  a salicylate 
compound, administered orally, can raise plasma insu- 
lin levels, especially in response to a glucose load. This 
should have useful implications for further research 
into the ever fascinating salicylates and their possible 
value as anti-diabetic and hypolipaemic agents. 
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