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PREFACE

Sodium salicylate is used daily in many hospitals
and yet there is widely varying opinion as to the form of
administration and dosage in which this drug should be used.
One had many discussions with colleagues in this hospital
about methods of administration, and about the mode of action
of sodium salicylate in producing its toxic manifestations,
especially the so called 'acidosis'. Some of my colleagues
ignored the milder toxic effects of the drug as merely indi-
caeting therapeutic concentration in the plasms, while others
discontinued the drug at their appearance. Most used alkalil
concurrently with sodium salicylate, traditionally rather than
rationally, and little was known of the factors governing
excretion of this drug.

In an attempt to throw light on some of these pro-
blems, this work was undertsken in the wards of the late
Professor Morris at Stobhill Hospital, with the exception of
the animal experiments which were carried out in the Materia
Medica Department of the University of Glasgow.

In May, 1947, at Aberdeen, a paper on part of this
work was presented to the Association of Physicians of Great
Britain and Ireland.

I must record my debt to the late Professor Noah
Morris, whose advice, constant encouragement, and critical
interest made this thesis possible.

I am indebted to Dr.J .D.P.Graham of the Materia
Medica Department of Glasgow University for his help with the
animal experiments, and to Mr.A.McCutcheon of the Bichemistry
Department of Stobhill Hospital for his willing assistance at
all times.



HISTORICAL INTRODUCTION

1. The Evolution of Sodium Salicylate.

Willow Bark (Salix Alba) has antipyretic properties
which were known for many years before any investigation of its
active prinéiples was undertaken. The analytical chemist
Leroux in 1827 was the first to discover that it yielded a
bitter glucoside called salicin. Some eleven years later in
1838 Piria made salicylic acid from salicin and this was fol-
lowed by the preparation of salicylic acid from oil of
gaultheria (o0il of wintergreen) by Cahours in 1844. It was not
until 1860 that the synthetic manufacture of salicylic acid
from phenol was-accomplished by Kolbe and Lautemann, a link in
its manufacture being the preparation of sodium salicylate.

Sodium salicylate is now prepared industrially by the
reaction of COg with sodium phenoxide (Kolbe's Reaction). Pure
phenol is treated with caustic soda solution and the resulting
phenoxide evaporated to dryness. The dry powder is heated to
120-140°C in an atmosphere of COg at 100 1b/sg.metre pressure,

as long as any gas is absorbed.

OH ONa

+ NaOH =

Phenol + Caustic Soda = Sodium Phenoxide



. COONg
ONa OH
+ CO2 =
Sodium Phenoxide + Carbon dioxide = Sodium Salicylate

2. Sodium Salicylate in Medicine.

Maclagan of Dundee in 1876 introduced salicin into
medicine for the first time in the treatment of rheumatic
fever and gave the opinion that it exerted a curative action.
Although sodium salicylate had been used by Busse (1875), and
others as an antipyretic, the credit of first using and recog-
nising the value of sodium salicylate in rheumatic fever must
go to Stricker (1876) who was working in Traube's Clinic.
Broadbent (1878) in the same year was impressed with its
effects in this condition and advocated what in those days was
a comparatively large dose, namely 7% to 20 grs. hourly.

Clarke (1908) was enthusiastic about its use and stated that it
offered protection to the heart in rheumatic fever. Lees (1908)
declared that sodium salicylate was as truly antirheumatic as
guinine was antimalarial and mercury antisyphilitic.

Since the early enthusiastic reports many workers
have doubted the specificity of sodium salicylate in rheumatic

fever, and many have denied that it has any significant effect



on the course of the disease or any influence on the cardiac
lesions. The opposite view has been revived with each intro-
duction, or reintroduction of a particular regimen of adminis-
tration of sodium salicylate, and has been followed by adverse-
ly critical opinion.

All agree, however, that the effect of the drug on
the pyrexia and the joint pains of rheumatic fever, and its
general improvement of the physical comfort of the patient is
unequivocal. The pharmacological actions of sodium salicylate
have been widely studied, and yet there remain many outstanding
problems associated with its administration, absorption, dis-
tribution in the body, excretion and toxicity. Previous work
on these problems is reviewed in the relevant sections of the
following pages, together with some personal investigations
which have in the greater part been based on practical problems

arising from the clinical exhibition of the drug.



CHAPTER I.
THE ORAL ADMINISTRATION OF SODIUM SALICYLATE

The most common route used for the administration of
sodium salicylate is by the mouth because the drug is readily
absorbed from the upper gestro-intestinal tract. Broadbent
(1876) recommended 7% to 20 grains hourly in the treatment of
rheumatic fever, while Hanzlik (1928) recommended 15 grains
with an equal quantity of sodium bicarbonate every hour, or
élternately 15 grains with bicarbonate three times a day whether
symptoms be present or not. MNorris & Graham (1931) and Findlay
(1931) usually employed 15 grains four hourly or occasionally
hourly in children with successful results. Goodman and Gilman
(1941) recommended 5 to 15 grains repeated every three or four
hours, or if intensive medication was required 15 grains hourly
until toxic symptoms ensued. Numerous other authore have re-

~commended oral administration varying between hourly and four
hourly, all of which were apparently successful. In consider-
ing frequency of administration, the rate of absorption and

excretion of the drug should be considered. This is reflected

by the concentrations in the plasma over a period following



administration of a single dose. Smith et al (1946) showed
that after single 2 gm. doses of sodium salicylate to normal
adults peak plasma concentrations were obtained two hours
after administration and the plasma levels fell slowly there-

after over the next six hours studied.

A. The Frequency of Administration and Dosage.

It was considered worth while to investigate the
rise and fall of plasma levels following various single doées
of sodium salicylate, in order to assess the time taken to
attain maximum concentration, and to assess the rate of fall of
plasma levels after the peak concentration had been reached.
Four groups of individuals were studied, each group consisting
of four convalescent patients. All were given their respective
doses of sodium salicylate dissolved in two ounces of water
from two to two and a half hours after their last meal. These
patients were adults from whom venous blood was obtained for
the estimation of plasme salicylate content at the times indi-
cated below. The average plasma levels are given for each
group of patients in mgms.% in Table I. Of these patients
Group I. received § grains of sodium salicylate, while Group
II. received 10 grains of salicylate. Group III. received

15 grains and Group IV. 100 grains.



TABLE I.

GROUP 15 min}30 min{ 1 hr.| ghrs.| 3hrs.| 4hrs.| 8hrs.

I. - - 3.6 | 3.1| 1.5 | 0.6 | Wil
II. - - 3.5 | 4.2 | 2.6 | 2.0 | 0.3
III. - - 4.2| 9.3| 8.4 | 5.2 | 2.4
Iv. 6.3 | 21.1 | 28.1 | 31.7 | 30.1 | 28.3 | 18.1

It will be seen that the maximum plasma levels occurred 2 hours
after administration except in Group I. where the maximum level
was apparent after 1 hour, but in this case where the dosage
was 5 grs., the difference in concentration at one and two
hours is very small. Thus with the exception of very small
dosage, it appears that the maximum plasms levels occur two
hours after administration. This, however, did not necessarily
mean that four hourly dosage could not produce a steady plasma
level, so it was decided to examine the daily plasma levels
produced in the same group of patients by two hourly and then
by four hourly dosage.

Four adult pétients were selected, of the same age
group, who had no determinable gastric or renal upset. They

were given 10 grs.Sodium salicylate with 10 grs.Sodium



bicarbonate at two hourly intervals day and hight for seven
days. Plasma levels were estimated daily, immediately before
the midday dose of the drug. Four days later when plasma
levels had returned to zero this was repeated, with the differ-
ence that 20 grs.Sodium salicylate with 20 grs.Sodium bicarbon-
ate were administered four hourly. The average plasma levels
for the group are shown in Table 2.

TABLE 2

10 grs.every
two hours, 28.4 | 25.7 | 24.1 | 24.8 | 23.4 | 27.0 | 25.2

20 grs.every
four hours, 15.8 | 2.9 | 21.8 | 23.7 | 22.7 | 26.8 | 26 .0

Thefe is no significant difference, showing that although
maximum plasma levels occur two hours after single doses of
sodium salicylate, four hourly continued dosage will maintain
plasma levels adequately.

During the treatment of patients suffering from
rheumatic fever it had been observéa thet there was much varia-
tion in the plasma levels of patients on similar dosage of
sodium salicylate. It was difficult to assess the dose of the

drug which would be required to produce a given plasma level



in the individual, and the dose was usually adjusted by trial
and error. Taran and Jacobs (1945) stated that 1.5 grs.per 1lb.
body weight in children was sufficient to raise the plasma
level to 35-40 mgms.%, while Manchester (1946)(1) believed
Sodium salicylate 12 gms. with Sodium bicarbonate 8 gms. daily,
would produce an average plasma level of 37 mgms.% in young
adults. It would seem logical to correlate dose with body
welght rather than age in this instance, although Goodman and
Gilman (1941) stated that children required larger doses than
those calculated from age and weight.

Twenty-one patients were studied in this series.
Some were being treated for rheumatic fever, and others were
convalescents. In order that the plasma levels should approxi-
mate to maximal levels, the last three plasms levels of the
first week of treatment were assessed and the average figure
determined. All patients received Sodium salicylate alone.
Average plasms levels are shown against dose in grains per

stone body weight in Fig.l.
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FIGURE 1
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It is seen that there is reasonable variation in the plasma
levels of different individuals when dose is related to body
weight, but that there is a general correlation between them.
Above a plasma level of 25 mgms.% there is a sharper rise in
plasma concentration for each increase in dosage, showing that
relatively small increases in dose above 14 grains per stone

body weight can be attended by marked rise in plasma levels.
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B. The Effect of Sodium Bicarbonate on Plasma Levels
when administered with Sodium Saelicylate.

There are conflicting views held by different workers
on the effect produced by the coincident administration of
godium bicarbonate with sodium salicylate. Lees (1908) claimed
that the administration of sodium bicarbonate with salicylate
modified and prevented the symptoms of salicysm while Meara
(1910) believed that the use of alkalis together with saiioylate
was dictated more by tradition than by rationale. Hanzlik,
Scott and Thoburn (1917) found that the administration of approx-
imately equal doses of bicarbonate and salicylate did not pre-
vent the symptoms of salicylism, a view with which Delore (1925)
did not agree. Morris and Graham (1931) stated that when
alkali was combined with salicylates toxic symptoms were less
frequent, even though more salicylic ion was circulating in the
 blood. They considered that the addition of alkali increased
the salicylate content of the blood from two to four times.

More recently Smull, Wegria and Leland (1944) found that sodium
bicarbonate given in conjunction with sodium salicylate orally,
produced lower serum levels of salicylate than sodium salicylate
aduinistered alone, as did Smith et al. (1946). This was not
confirmed by Huntingdon et al (1946) who found that patients

on 80 grains per day of sodium salicylate showed no lower levels
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with the addition of bicarbonate, admitting however that théir
observation period was short. Finally Jager and Alway (1946)
claimed that higher doses of sodium salicylate were required in
adults and children when alkali was added, to maintain a thera-
peutic level of 35 mgms.%.

During the present investigations it had been noted
on several occasions that the withdrawal of sodium bicarbonate
from patients on salicylate therapy was attended by higher
plasma levels. This occurrence was then studied further.

(1) The effect of the addition of sodium bicarbonate to
single doses of sodium salicylate was assessed on the group of
patients on whom plasma levels resultant from a single dose of
100 grains of sodium salicylate alone (Table 1, Gp.IV.) had
already been obtained. In this instance under similar condi-
tions these patients were given 100 grs.Sodium salicylate with
200 grs.Sodium bicarbonate. The resultant plasma levels were
obtained as described previously and for comparison are shown
in Table 3, together with those obtained with sodium salicylate

alone.
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TABLE 3
Average Plasma Levels
_in mgme.%
Time After Sodium
Administration Sodium Salicylate
Salicylate with
alone Bicarbonate
15 min. 18.3 8.9
30 min. 21.1 18.8
1 hr. 28-1 2506
2 hrs. 31.7 28.9
3 hrs. 30.1 27.1
’ 4 hrs. 28.3 21.7
8 hrs. 18.1 9.2

These figures show that with single doses the con-
centrations reached are comparable (within 3 mgms.%) at the
maximum which occurs at the same time, two hours after adminis-
tration. After the peak levels the plasma concentration tends
to fall away more rapidly with alkali. Lester et al (1946)
using acetyl-salicylic acid found that with alkali the same
maximum concentration was reached but much earlier, a fact
which led them to the conclusion that bicarbonate markedly in-
creased the rate of absorption. It would appear from the

observations shown here that bicarbonate increases the rate of
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elimination of sodium salicylate (a deduction further studied
in Chapter V.) but has little or no effect on absorption.

(2) Another two patients were studied while receiving
continuous four hourly doses. Sodium salicylate was given
alone for several days and then sodium bicarbonate was added.
This was repeated over periods of 40 and 30 days respectively.
The fluid intake was stabilised at 60 ozs. daily, both patients
receiving the same ward diet, being confined to bed. Plasma
levels were estimated daily at the same time each day, blood
being withdrawn by venipuncture for this purpose. Dosage and
plasma levels are shown on figures 2 and 3.

It was found that when sodium salicylate was given
alone the plasma levels tended to rise rapidly and reached a
higher level at all times than when alkall was administered
concurrently. The addition of bicarbonate produced an appre-
ciable daily fall in the levels until after several days the
plasma level was over 10 mgms.% lower, at which level it was
maintained. It was also noted that earlier high levels with
sodium salicylate alone tended to fall but not so fapidly as
with the addition of alkali. The levels with both salicylate
alone, and with alkali, were markedly lower on repetition of

the doses at later dates than at the start of the period
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studied, indicating that on continued dosage with or without
alkali plasma levels tend to fall. It would seem that a larger
dose of salicylate would be required to maintain the plasma

levels after a period of continued administration.
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The opportunity was taken to demonstrate still fur-
ther the effects of addition of alkali. Nine patients who were
receiving sodium salicylate alone had their plasms levels
assessed daily for three days and then an equal quantity of
bicarbonate was added. Plasma levels were then obtained for
another three days. Plasma levels were plotted against dose

per grain body weight and shown in Figure 4.

FIGURE 4
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These results serve to illustrate that irrespective
of dose of sodium salicylate the addition of bicarbonate pro-
duces a lower plasme level.

C. The Effect of Ammonium Chloride on the Plasma Levels
when Admlnlstered with Sodium 1 Salicylate.

It now appeared logical to postulate that an acid
salt administered with sodium salicylate might have an opposite
effect to an alkaline salt, thereby increasing the plasma level.
The effect of an acid salt, namely ammonium chloride, on the
metabolism of salicylates has been noted by Smith et al (1946).
Using multiple doses on convalescent patients for 48 hours,
they showed that an acid salt administered concurrently with
sodium salicylate produced higher plasma levels towards the end
of the period, than when sodium salicylate was administered
alone or with alkali. Caravati and Cosgrove (1946) found that
Ammonium Chloride 4 gms. daily increased the plasma salicylate
levels. Here two convalescent patients were studied over a
longer period than that of Smith et al (1948).

W.Mc. 30 grs.of Sodium Salicylate with 30 grs.of Sodium
Bicarbonate were administered four hourly night andday until
the plasma level had reached a maximum on this dosage. For the

next five days the patient was given Sodium salicylate grs.30
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alone, followed by snother four days receiving Sodium Salicylate
grs.30 and Ammonium Chloride gre.l5 all four hourly. Plasma
levels were obtained daily at 11 a.m., and are shown in
Figure 5.

FIGURE 5
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G.H. This patient was given Sodium salicylate grs.25 four
hourly at the start of the investigation until the plasma levels
were reaching a peak, then Sodium salicyiate grs.25 and
Potassium citrate grs.60 were given every four hours for four
days. For another four days .he received Sodium salicylate
gre.256 and Ammonium chloride grs.l5 four hourly. Plasma levels

were obtained daily at 1l a.m. and are shown in Figure 6.

FIGURE 6
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Both patients show highest levels while receiving the acid salt
concurrently with Sodium salicylate, the lowest levels with
alkali and intermediate levels with Sodium salicylate alone.
The plasme levels with alkali were slightly more than half
those attained with the acid salt.

This effect was demonstrated in yet another manner in
a further two convalescent patients. These patients received
25 grs.of Sodium salicylate together with 25 grs.of Sodium

bicarbonate throughout, but for a period were given in sddition

grs.l5 of Ammonium chloride every four hours. The plasma

levels are shown in figures 7 and 8.

FIGURE 7
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FIGURE 8
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With the administration of Ammonium chloride the plasma levels
rose in both cases but not to the same extent as they would
have risen had Ammonium chloride been administered without the
presence of bicarbonate (Figs.5 and 6). Apparently, then,
minimal plasma levels are obtained with the addition of

bicarbonate, maximal levels with an acid salt, and intermediate
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levels with Sodium salicylate alone. A balance is struck when
an alkaline and acid salt are administered together with
salicylate.

D. The Effect of Para-aminobenzoic Acid on Plasma

Salicylate Levels when Administered with
Sodium Salicylate.

Until recently p-aminobenzoic acid has only been
studied from the viewpoint of its anti-sulphonamide properties,
and as a result of these properties, has been considered to be
one of the components of the Vitamin B complex. It has been
said to be a true vitamin when given in small doses, as well
as bacteriostatic when given in large doses. According to
Ansbacher (1944) p-aminobenzoic is a detoxified aniline, allied
to the series of anasesthetics of which novocain is one, being a
benzoic acid derivative, and is widely distributed in tissue
fluids and in nature, its richest source being yeast. Tierney
(1948 ) has demonstrated the innocuousness of p-aminobenzoic
acid in large doses in the treatment of tsutsugamushi disease
using 8 gms. initially and 3 gms. every two hours, while Benda
et al (1946) using the drug intravenously found that it was
free from any sign of toxicity.

Using p-aminobenzolic acid empirically in the treat-

ment of rheumatic fever Dry et al (1946) found that its
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administration concurrently with sodium salicylate and bicar-
bonate raised the plasma level of salicylate. This they con-
sider to be of importance since in view of the conclusions of
Coburn (1943) that a therapeutic level of not less than 35.0
mgme .% is necessary in rheumatic fever, the assurance of ade-
quate quantities of salicylate in the blood must be of impor-
tance. They think that inadequate levels may be directly re-
lated to those instances in which the therapeutic response in
rheumatic fever is inadequate and in which relapses occur.

In view of thesé statements it was necessary to con-
firm the finding of higher salicylate plasma levels with the
use of p-aminobenzoic acid. The same high doses as used by
Dry et al (1946) were repeated in view of the reported absence
of toxicity.



M.H. Female aged 16 years. Rheumatic fever. This
patient was being given as a routine Sodium salicylate
grs.30 with Sodium bicarbonate grs.30 four hourly.
Plasma levels were taken for several days and then
p-aminobenzoic acid administered concurrently for two
days in the dose of 2 gms.every four hours. Plasma
levels were obtained during this period and subsequently
for two days.

FIGURE 9
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W.S. Male, 19 years. Rheumatic fever. This patient
received Sodium salicylate grs.30 with an equal quantity
of bicarbonate throughout but during the last three days
received in addition p-aminobenzoic acid in the dose of
24 gms. daily in divided four hourly doses.

FIGURE 10
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J.H. Male, 52 years. Convalescent Hemiplegia. As a
control thies patient was given Sodium salicylate alone,
grs.20 every four hours for seversl days and then the
addition of p-aminobenzoic acid 2 gms.four hourly was
made for four days.

FIGURE 11
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Laboratory investigation had shown that p-aminobenzoic
acid in no way affected the estimation of plasma salicylate

when present in the plasms.
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It is shown in Figs.9-11 that p-aminobenzoic acid has
the effect of raising the plasma levels when administered with
sodium salicylate, and that the effect is most marked when
bicarbonate is being given at the same time. No toxic symptoms
attributable to p-aminobenzoic acid were noted during the
dosages given here although there was an increase in the toxic
manifestations of salicylate as the plasma levels rose. It
would seem that p-aminobenzoic acid produces a similar effect
on the plasma level as ammonium chloride. The mechanism of
this effect will be further discussed in Chapter V.

E. The Effect of Fluid Intake on Plasma Levels with
Fixed Doses of Sodium Salicylate.

The effect of varied fluid intake on plasma levels of
salicylate has apparently not been previously studied. That
fluid intake might be diminished during salicylate intoxication
is evident especially in the presence of nausea. Vomiting, a
common feature of salicylate toxicity, would aggravate the
condition even further. Diminished fluid intake, together with
dehydration is described as a feature of salicylate intoxica-
tion in children by Erganian et al (1947).

An attempt is made to assess the effect of large and

smell fluid intekes on adults. The resulits obtained from
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intakes in four adults are presented in

alteration of fluid

detail.
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FIGURE 15
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Jd.C., Male, aged 58 years, convalescent from
fibrositis, received gre.25 of Sodium Salicylate with
an equal quantity of sodium bicarbonste four hourly
throughout.

| It will be seen from the presented data that there
is little effect on the plasma levels while the fluid intake
remains above 50 ozs.per day. Variation of the fluid intake
above this amount may produce a temporary upset in the plasma

level but this settles within a few days (Figure 13). The
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first three cases show that when the fluid intake is reduced
below 50 ozs. there is a marked rise in plasma levels on each
occasion, although this effect may be delayed for two to three
days. Resumption of an adequate fluid intake when the levels
have reached a maximum leads to a speedy return of the plasma
level to a normal level. The use of a mercurial diuretic in
the presence of an established low fluid intake further in-
creases the plasma level (Figures 13 and 14) but in the presence
of an adequate fluid intake has no determinable effect although
diuresis was greater (Figure 15) indicating that the mercurial
diuretic is producing its effects by aggravating the fluid loss
and not by interfefing with renal excretion of salicylate.

It would appear then that as the body fluid decreases
the plasma level rises if the administration of salicylate is
continued, and this rise can be marked. These results have been
shown in adults but it is likely that in children in whom
dehydration is an early feature of salicylate toxicity, such
toxicity may be aggravated greatly by lack of fluid. It is
apparent also that administration of adequate fluid will do
much to relieve the situation especially if (Figures 2, 3 and

4) it is combined with bicarbonate administration.
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F. The Effect of Exercise on the Plasma Salicylate Level.

It is quite common in the treatment of sub-acute and
chronic rheumatism to allow thé patient to be ambulant while
receiving salicylate therapy. This is the rule of Robertson
et al (1946) who believes in the therapeutic value of early
physical activity in the rheumatic fever cases he treats. It
was thought of interest to find if the plasma level would be
altered by the exercise to which such patients might be subject.

Five patients all of whom were convalescent were
given 75 grs.of Sodium Salicylate in three ounces of water some
three hours after their last meal and were confined to bed with
minimel movement. Exactly 2 hours later the plasma level was
ascertained. Two days later when the plasma levels had again
returned to zero the experiment was repeated with the dlfference
that on this occasion after taking the drug the patients went
out and either walked or played in the hospital grounds, but in
any event kept active for two hours after which their plasma

levels were again obtained.



TABLE 4
Plasma levels in mgms.%
Patient Without ' With
Exercise Exercise
1 19.0 17 .8
2 19.7 22.5
3 21.3 28.3
4 18.6 18.0
5 21.4 7.2
Average 20.0 20.3

The plasma levels are shown in Table 4 from which it
will be seen that there was individual variation but no signi-
ficant difference in the group. Thus it appears that ordinary
physical activity has no significant effect on the plasma levels.

G. Varigtion in Plasma Levels from Inaccurate Dosage,
and Deterioration of Mixture.

The standard method of dispensing sodium salicylate in
this hospital was in a mixture containing sodium bicarbonate,
the combined doses of both ingredients being carried in % oz.
of water. In general this meant quite an amount of sediment of
undissolved sodium bicarbonate lying in the bottles before
administration.

Earlier it had been noted that plasma levels varied
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markedly on fixed doses of sodium salicylate and bicarbonate
dispehsed in this way and administered to a patient. The possi-
bilities were, as all patients were receiving the drug:

1. Irregular administration.

2. Inaccurate dispensing.

3. Inaccurate measurements in the ward.

4. Inadequate shaking of'the bottle before administration.

5. Deterioration of the mixture on standing.
A careful investigation eliminated the first three of these
possibilities.

Inadequate shaking of the bottle. Several bottles con-

taining 12 ozs.of a mixture of grains 30 of sodium salicylate
and grains 30 of sodium bicarbonate to the % oz. were selected.
These were measured into single doses accurately but only after
the usual amount. of shaking of the bottle done in the ward. . All
sediment was allowed to settle between each measurement. The
doses were then sultably diluted and the salicylate content
megsured using the method described for plasma. It was found
that the initial 12 doses removed from each bottle contained 95
to 120 per cent of the required amount of salicylate, while the
last 12 doses contained only 70 to 95 per cent of the expected

total salicylate content. This indicated that inadequate
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shaking gave a marked error probably from uneven distribution of
undissolved bicarbonate. It also showed that towards the end of
a bottle patients were receiving greater amounts of bicarbonate
than during the first few doses, a fact which would affect
plasms levels by influencing the excretion of salicylate in the
urine (see Chapter V.).

Deterioration. After three weeks mixtures of sodium

salicylate and bicarbonate yielded up to 10 per cent less
salicylate as estimated by analysis before and after this

period.

‘ For all experiments and patients observed in this
thesis, when the oral route was used sodium bicarbonate was
dispensed in a separate bottle and solutions of sodium salicylate
were freshly prepared. In this way the amounts of sodium
salicylate administered were accurate.

H. The Effect of Sodium Salicylate on the COo
Combining Power of the Plagma.

Many workers have reported alterations in the alkali
reserve of the blood on large doses of salicylate. Johnson
(1930), Odin (1932), Morris & Graham (1931), Dodd et al (1937),
Fashena & Walker (1944), Ryder et al (1945), Manchester (19468),

Erganian et al (1947), and others have noted a fall in the COgp
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combining power with salicylate therapy. Most of the above
workers noted that the addition of sodium bicarbonate prevented
or reduced the effect on the COg combining power. In this
series eight patients were given sodium salicylate in varying
doses every four hours by mouth for seven days, followed by the
addition of sodium bicarbonate for further periods. The GOy
combining powers were estimated dally before and during the
administration of the drugs by the method of Van Slyke and
Cullen (1917). These are shown with the relevant data in
Figure 18. All the patients shown were adult males.

It will be seen that in the majority of cases the COo
combining power fell with the administration of sodium sali-
cylate alone. The fall appeared to be more marked as the dose
of sodium salicylate increased, but in no case shown in Figure
16 was there a severe enough reduction in the COg combining
power to warrant stopping the drug. It is interesting that the
lowest figures are shown on the third or fourth day of salicylate
therapy, and that in all cases where the COg combining power was
low the addition of bicarbonate restored the values rapidly.
The lowest plasma salicylate concentration at which a signifi-
cant fall in the COg combining power was first noted was 25.8

mgms.% and the average figure 34.8 mgms.%.
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S ry .

Various factors which can affect the plasma concentra-
tion of salicylate with orsl administration have been demon-
strated, all of which may have a practical application in
salicylate therapy. The effect of varying oral dosage of

salicylate on the COg combining power has also been showm.

APPENDIX:
METHOD OF ESTIMATION OF PLASMA SALICYLATE.

Until 1944 extensive studies on the absorption of
sodium salicylate and resultant plasma levels were handicapped
as there was no satisfactory method of measuring the salicylate
content of the plasma which could be performed frequently and
accurately in the hospital laboratory. In 1944, however, Brodie,
Udenfriend and Coburn published a comparatively simple but
accurate method for the determination of salicylate in the
plasma. This method depends on the salicylate in a quantity of
plasma coming into equilibrium with ethylene dichloride in the
presence of acid, and later into equilibrium with ethylene
dichloride and water. A colour can be developed in the water

with an iron salt and measured photoelectrically. By calibration
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with known quantities of salicylate accurate estimations of
plasme salicylate are obtained. This method was accurate in
these estimations to within +5% or -5%.

It was found that a greater sensitivity was required
in measuring plasma levels below 10 mgms.% and for this purpose
the following modification was introduced. A larger volume of
plasma namely 4 ccs. was made acid with 2 ccs. of 8N HCl1l with
the addition of 3 ccs. of distilled water and the method pro-
ceeded with as described. A calibration curve was prepared for
the new quantities. With this modification it was possible to
detect and measure quantities down to 0.4 mgms.% accurately.

This method necessitated several hours to carry
through, so frequently it was found necessary to collect a num-
ber of specimens for several days before estimation. A careful
check showed that storage of the plasma at room temperature or
refrigeration of whole blood for periods up to one week made no

appreciable difference to the readings.
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CHAPTER II.
THE RECTAL ADMINISTRATION OF SODIUM SALICYLATE

In an attempt to reduce the gastric disturbances which
are well known with oral adminisﬁration of sodium sallcylate in
adequate dosage many workers have used sodium salicylate adminis-
tration per rectum with varying success in the treatment of rheu-
matic fever,

Heyn (1912) gave sodium salicylate, 120 to 240 grains
in 6 ozs. of starch water into the rectum, There was relief from
joint pains and a marked reduction in temperature. Judging from
ether extracts of the stools he found maximum absorption occurred
during the first 12 hours after administration. He considered
gastriec disturbances were avolided and therapeutic results obtained
showing the rectal route to be preferable to the oral one. Irving
(1923) had similar experiences in children where he employed a
dose of 1 to 3 grains per pound body welght noting that children
complained of headache and tinnitus within 15 to 45 minutes of the
installation of the sodium salicylate. Blume & Nohara (1933) com-
pared the level of the salicylate in the blood and the quantity of
salicylate excreted in the urine of rabbits after oral amd rectal

administration. They found a slightly higher blood salicylate
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content after rectal administration than when the drug was given
by mouth, but a similar amount was exereted in the urine no
matter which method of administration was used. They decided
that absorption was more rapld when the drug was administered
per rectum as the solution came immediately into contact with a
larger area of mucosa from which absorption could take place,
Velasquez (1939) obtained satisfactory results with an isotonic
solution of sodium salicylate (23.2 gms.per litre). He too con-
sidered that since gastric disturbances are thereby avoided, the
rectal route is preferable to the oral one. Mackenzle (1943),
comparing the oral and rectal administration of sodlium salicylate
by estimating urinary salicylate, decided that excretion was more
rapid when the drug was given by the mouth, but that absorption
was similar by both routes., He thought that salicylate enemata
could if necessary replace the oral administration of the drug.
However, Huntingdon et al (1946), using 50 grains sodium salicy-
late per rectum in 1 oz. of water at four hourly intervals were
unable to obtain a serum level of salicylate above 7 mgms % and
decided that the absorptidn of sodium salicylate from the rectum
was poor.

The ma jority of workers have compared the rectal and

oral route by examination of excretion of salicylate or by
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therapeutic and toxic effect, methods which are indirect and
which tend to inaccuracy.

Technique used_;g the following investigation. The sodium

salicylate was dissolved in three ozs. of water and run into the
rectum after an evacuating enema had been returned. The tubing
with catheter was then washed through into the rectum with a
further one oz. of water. All fluids were administered at body
temperature.

A. Comparison of Plasma Levels with Oral and Rectal
Administration:

As a preliminary to the treatment of rheumatic fever
by the rectal route with sodium salicylate, the oral and rectal
routes were compared in five patients. These patients were given
100 grains of sodium salicylate in five ozs. water orally some
2% hours after the last meal. Plasma levels of salicylate were
obbained at 15 mins., 30 mins., 1 hour, 2 hours, 4 hours, 8 hours
and 24 hours after administration of the drug. Several days later
when all salicylate had been excreted, the same dose in the same
quantity of water, was given to the same patient but this time
rectally. No difficulty was experienced by the patient in re-
téining the salicylate enema which was administered at body
temperature.

Figure 17 shows the plasma salicylate levels obtained
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by rectal and oral administration of sodium salicylate in this
manner.

It wlll be seen that the peak plasma levels obtained
with the oral route tend to occur at either the second or fourth
hours, while with rectal administration the peak plasma levels
occur at the eighth hour. This is taken to indicate that the
absorption from the rectal mucosa is slower than from the mucosa
of the upper gastro-intestinal tract. Apparently the peak plasma
levels from oral administration tend to be slightly higher than
those obtained with recfal installation. This might be explained
by the fact that with rectal salicylate, excretion has been going
on for at least four hours longer than with the oral route before
maxjimum plasma concentrations are reached. The rate of elimina-
tion of salicylate judged by the fall in plasma levels after peak

concentrations have been attalned are comparable.

B. PFrequency of Administration:

From the above experiment it appeared that rectal
absorption was adequate and that eight hourly rectal installa-
tions of sodium sallcylate might be adequate in maintaining
plasme levels of salicylates.

(1) A further two patients were given 60 grains of sodium

salicylate in three ozs. of water rectally every eight hours and
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the plasma levels were estimated every four hours except
during the night, over a period of 32 hours. The results are
shown in Figure 18, where it may be seen that the plasma levels

were maintained satisfactorily over the period studied.

FIGURE 18.
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(2) Larger doses of sodium salicylate were used for the

following patients. These patients recelved 75 gralns of sodium
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salicylate in three ozs. of water by the rectal route every
eight hours and a study made of plasma levels, toxic symptoms,
and bowel movements over a period of seven days. These results

are shown in Figure 19, and Table 5.

FIGURE 19,
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Rectal Administration of Sodium Salicylate was given in three

ozs, water every 8 hours commencing on lst. day at 9 a.m,

A = Male adult, 36 years.
B = Male adult, 42 years.

Welght 7 st. 7 1bs.
Weight 10 st, 2 1bs.

T;grgzx Toxic Manifestations Bowel Movements
B. 1. Nil. Eneme before start.
2. Tinnlitus. Soft stool 6 a.m,

3. Tinnitus, deafness and Soft stool 9 a.m,
nausea slight. Soft stool 10 p.m,
4, Tinnitus, deafness, hyper-~
ventilation with no Soft stool 7 a.m,
nausea,
5. Tinnitus, hypervéntilation
slight, Normal stool 8 a.m.
6. Tinnitus only. No motion.
7. Tinnitus, Normal stool 7 a.m,
8. Tinnitus, Soft stool 8 a.m,
A, 1. Nil. Enema before start.
e. Tinnitus, deafness. 3 soft stools 6 a.m.,
l p.m., 4 p.m.,
3. Tinnitus, deafness, nausea. Normel motion 8 a.m.
4, Tinnitus, deafness, nausesa,
vomited once. Loss of No motion.
appetite, marked perspir-
ation, hyperventilation.,
5. Vomited in the morning twilce,
grs. 60 sodium bicarbonate | Soft stool 8 a.m. and
4 hourly oreally, from 10 7 p.m.
a.m, By evening, tinnitus
only. Appetite good.
6. Tinnitus and slight deafness .
only. Bicarbonate discon- | Soft stool 7 a.m.
tinued 4 p.m.
7. Tinnitus only. No motion.

Tinnitus.

Sof't stool 7 a.m.
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It has been shown that high plasma levels were
6btained in both cases with the usuasl manifestations of toxic-
ity including gastric disturbances. The addition of oral sodium
bicarbonate gr. 60 four hourly on the fifth day to patient A.
reduced the plasma level by over 19.2 mgms. % within 21 hours,
while in the same period patient B. who was not given bicarbon-
ate had a fall of plasma level of only 6.0 mgms. %. From this
1t 1s concluded that the oral administration of sodium bicarbon-
ate to a patient receiving rectal installations of salicylate
produces lower plasma levels in the same way as a patient on
oral salicylate. This is further evidence showing that sodium
bicarbonate orally influences elimination rather than absorption
of sodium salicylate., It will be seen that there was no marked
upset in bowel action with the frequent rectal administrations
of sodium salicylate which the patients had no difficulty in re-
taining, and during which they experienced no rectal discomfort.
Widely different levels were experlenced on continued dosage of
the same amounts in the two patients, although plasme levels in
both cases were sdequate on 8 hourly enemata., This also indi-
cates that a close watceh should be kept on plasma levels when

patients are receiving high rectasl doses of sallcylate.
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The following two cases demonstrate the effect of

sodium bicarbonate when administered rectally with an equal

quantity of sodium salicylate. In the same manner as previously
described, the two patlients were given 100 grsa. of sodium salicy-
late alone per rectum and at a later date the same dose was ad-

ministered again, this time with the addition of an equal quan-

tity of sodium bicarbonats,.

These results are shown in Figure 20,
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It will be seen that the maximum plasma concentrations
obtained with the addition of blcarbonate are significantly lower
than with salicylate alone, although the maximum level occurred
at the same time with both. This 1s taken to be evidence showing
that the addition of bicarbonate to sodium salicylate by the

rectal route interferes with the absorption of sodium salicylate.

D. The Treatment of Rheumatic Fever:

It was decided to treat two cases of rheumatic fevef
by rectal salicylate administration throughout. A short summary
of both case records wilth the plasma levels obtained follows.

Case I. J.H., male, 26 years of age, admitted Stobhlll
Hospital 12.12.46, with flitting arthritis involving knees,
ankles, wrists and shoulders which had been present for
three weeks, Temperature 100°F, Pulse Rate 94/min., Re-
spiration 22/min., There was no ’cardiac enlargement,
arrythmia or bruits. Hb. 13.4 gms %. E.S,R. 94 mm in
first hour, 105 in second hour. W.B.C. 8,000/cu.mm,
R.B.C. 4.5 million. B.P. 120/60. No radiological
evidence of bone abnormality was detected.

Rectal sodium sallicylate administration was com-
menced on 14.12.46 with the dose of 60 grs. in three
ozs, water every eight hours.



15.12 .46
16.12.46

17.12.46
18.12.46
19.12.46
20.12.46
28.12.46
8.1.47

10.1.47
12,1.47
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Progress and Plasma Levels

Plasma Levels

13.6 mgns %
14.3 mgns %

kN

26.6 mgms

k2N

23.6 mgms
32.1 mgms %
28.0 mgms %

28.2 mgms %
28.0 mgms %

Less arthralgia. Temp. normal. Tinnitus.

No joint pains. Tinnitus and slight
deafness. Pulse Rate 72/min.

Persistent tinnitus and deafness. E.S.R.
65/1st .hour. 86/2nd.hour.

Deeper respiration, some sweating but
comfortable,

Sod.Bic. gr. 60 orally t,.,i.d., after
attack of nausea.

Resplration normal, no nausea, Sod.bic.
discontinued.

Salicylate discontinued. '

No further symptoms. Allowed up slowly. Hb. 14.5
gms %. E.S.R. 3/lst.hr. 12/2nd.hr. W,B.C. 9,000,
R,B.C. 4.75 million. B,P. 125/75.

Discharged 21.1.47.

plaint.

Reviewed 20.2.47 - no abnormality or com-

The patient shows remarkably steady levels on rectal

salicylate.

He had an uneventful recovery with all clinical

signs disappearing by the fourth day of treatment except for

a raised E.S.R.

The patlent had no difficulty with defaeca-

tion, passing a dally motion before the morning enema and an
occasional snall soft stool during the afternoon. There was
no rectal irritation or difficulty 1n retalning the salicy-

late enemata,

Case'II.

J.C., male, aged 12 years. Admitted to Eastern

District Hospital on 4.9.46 with flitting arthritis involving
the ankles, wrists, knees and elbows for 12 days previously.
Sore throat three weeks previously. No previous history of
rheumatism.
Investigation: Temperature 101°F., Pulse Rate 140/min., Re-
spiration 24/min,., W.B.C. 10,000/cu. mm., Hb, 13 gms %.

R.B.C. 4,000,000,

E.S.R. 86/1st.hr., 102/2nd.hr. Moderate

cardiac enlargement with an aplcal systolic conducted bruit.

No disstolic murmur.
Starting 6.9.46 rectal sodium salicylate was adminis-

tered 40 grs. in two ozs. water in 8 hourly enemata, -

11 pm., 7 a.m,, 3 p.m. dally.

E.C.G., P,R. interval .25 sec.
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Plasma Levels

7.9.46 22.6 mgns % E.S.R. 90/1st.hr, Joint palns less
severe. Pulse Rate 140/min.

8.9.46 36.5 mgms % Tinnitus, deafness, sweating. No jolnt
pains. Pulse Rate 120/min.
9.9.46 42,1 mgms ¥ Tinnitus, deafness, slight nausea.
: Normal temperature. Pulse Rate
. 120/min.
10.9.46 39.8 mgms %
14.9.46 42,0 mgms 4 E.S,R. 88/1st.hour. Pulse Rate 110/min.

Tinnitus and deafness only.

18.9.46 38.6 mgms %

21.9.46 42,5 mgms % Slight nausea.

26.9.46 36.4 mgms 4 E.S.R. 42/1st.hour. No nausea,
Tinnitus and deafness persisted
throughout from this time.

28.9.46 38.2 mgms %

6.10.46 30.6 mgms 4 E.3.,R. 28/1st.hour. Pulse Rate 90/min.

10.10.46 32.6 mgms % :

15,10.46 30.8 mgns % E,S.R. 15/1st.hour. Pulse Rate 78/min.

E.C.G. P,R. interval .18 sec.

21.10.46 28.6 mgms %4 E.S.R. 8/1st.hour. Pulse Rate 82/min,

28,10.46 29.6 mgms 4 E.S.R. 5/1st.hour. Pulse Rate 82/min,

4,11.46 26,6 mgms % E.S.,R. 5/1st.hour. Pulse Rate 78/min.

5.11.46 Rectal sallcylate discontinued.

7.11.46 No further symptoms. Allowed up slowly.

18.11.46 Hb. 14 gms %, W.B.C. 9,000/cu. mm. R.B.C. 4.5 million.
E.S8.R. 4/1st.hour, 12/2nd.hour. No cardiac enlarge-
ment but a conducted bruit systolic in time. Dis-
charged.

28.11.46 No further symptoms.

This case also shows an uneventful recovery. The plasma
levels were well malntained and only minor toxic manifesta-
tions were seen.

Thus both patients showed remarkably steady levels
throughout with clinical improvement within 48 hours and both
appeared well on discharge and during a short follow-up period.
There was no upset in bowel rhythm or rectal irritation during

treatment.
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Conclusions,

The rectal absorption of sodium salicylate is slower
than with oral administration but adequate plasma levels may be
maintained by 8 hourly rectal enemata of sodium salicylate alone
with full therapeutic results in rheumatic fever. The technigue
of adminlistration is sinmple and this form of administration is
well tolerated with little upset in bowel rhythm. The addition
of sodium bicarbonate rectally decreases the absorption of sodium
salicylate markedly while if given concurrently by the mouth
facllitates the elimination of salicylate. The effect of rectal
administration on the gastric manifestations of salicylate tox-
icity are discussed in Chapbter VI.
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CHAPTER TIII.
THE INTRAVENOUS ADMINISTRATION OF SODIUM SALICYLATE

Coburn (1943) reintroduced the intravenous treatment
claiming that in rheumatic fever speedier control of the disease
with a fall in incidence of cardiac damage, was possible with
this route. His reason for using the intravenous route was to
produce and maintain plasma levels above 35,0 mgms %, which he
considered the minimum therapeutic level in rheumatic fever.

He advocated up to ten days intravenous therapy using 10 gms.
of sodium salicylate as a 1% solution, or 20 gms, as a 2% solu-
tion, in normal saline, over a period of eight hours daily.
This he then followed by high oral doses to maintain the high
plasma levels so produced.

Earlier workers, Mendel (1905), Matta (1916), Gilbert
et al. (1921), Lubtembacher (1921), Lesne (1922), and Carnot and
Blamoutier (1925) had all used and recommended the intravenous
route for the administration of sodium salicylate. Hanzlik
(1926) reviewing all the previous work found that the claims
that were made were "unsupported by a single iota of evidence",

Since Coburn's work many others have criticised this
method of administration mainly on the grounds that therapeutiec

efficiency of sodium salicylate was not improved, among them
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Ball (1945), McEachern (1945), Warren et al. (1945), and Wegria
and Smull (1945) on two occasions. Taran and Jacobs (1945)
clalmed that the intravenous route was hazardous. In a recent
well controlled study of 186 cases of rheumatic fever Warren et
al. (1946) after a follow up period of three years found that
intravenous therapy offered no advantage over oral therapy.
Jager and Alway (1946) however supported Coburn's views.
Manchester (1946)(1) noted that within 48 hours salicylate levels
in the plasma wlth oral therapy exceeded those from intravenous
therapy except during and immediately after an intravenous in-
jection. But Manchester (1946)(2) nevertheless believes in the
therapeutic efficlency of intravenous sodium sallicylate in con-
trolling cardlac damage.

It appears logical to assume that if intravenous ther-
apy is to supersede oral therapy even in the first few days of
the treatment of rheumatic fever, the intravenous route must
produce higher plasma levels of salicylate than the oral route.
This was the prime reason that led Coburn (1943) to reintroduce
this form of administration.

(A) The Comparison of Plasma Levels following Oral and
“Intravenous Administration of Sodium Salicylate:

To compare the plasma salicylate concentrations from

oral and intravenous therapy, flve male adults were given 10 gms,
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of sodium salicylate in 1,000 ccs. of normal saline over eight
hour periods for several days. Some days later when all sali-
cylate had been excreted as determined by examination of the
urine, the same patients were given 10 gms, of sodium salicylate
orally in divided four hourly doses daily. With oral adminis-
tration plasma salicylate levels were obtained daily immediately
prior to the administration of one of the four hourly doses, and
with intravenous therapy dally, both before and after each in-
travenous injection.

The plasma levels obtained in this manner have been
shown as the average plasma levels for this group of patients
first with oral administration and then with intravenous therapy
in Figure 21,

It will be seen from Figure 21 that marked peaking
occurred immediately after the intravenous injection but by the
next morning the plasm levels had fallen considerably. The plas-
me levels with oral therapy were steady, and compared favourably
with those obtained from intravenous therapy, apart from the peak
concentrations immediately after the intravenous injection which
lasted for a short period only} Oral administration concentra-
tions were consistently higher than the concentrations found be-
fore the intravenous injectlion. Random plasma estimations taken

after the intravenous injections and before the succeeding one
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FIGURE 21.
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showed that the fall in plasma concentration is rapid immediate-
ly after the injection indicating that the peak concentration
after the injection is of short duration.

(B) The effect of Intravenous Administration of Sodium
Salicylate on the CO2 Combining Power:

' Intravenous injection df 10 gms. of sodium salicylate
leads to a marked drop in the COg combining power., The CO2
combining powers in 5 patients who were receiving 10 gms. of
sodium salicylate daily in normal saline were estimated daily.
A short control period was observed and all results are shown
in Figure 22,

The fall in COg combining power with the dalily admin-
listration of 10 gms, of sodium salicylate intravenously compares
unfavourably with the fall obtained with an equivalent amount
given orally as shown in Fig.l6.

However it was noted that in two cases the colncldent
administration of intravenous éodium lactate prevented this fall
in COp combining power. The sodium lactate was given as an M/6
solution in the normal saline in which the sodium salicylate was
administered. This might be an indication for the use of con-
current sodium lactate administration when sodium salicylate is
being glven intravenously, but the mechanism of its action in

preventing the reduction in COy comblining power was not studied.
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The Toxic manifestations with intravenous salicylate
were observed in several cases and are discussed in Chapter VI,
These toxic effects, with the exception of vomiting, were at
least as frequent as when the same quantity of the drug was
given orally, and in several cases the individual toxic effects

were more severe.

Conclusions.

In the light of the above observations there appears
little to commend intravenous therapy as being a better mode of
administration than oral therapy. The technique is more d4iffi-
cult and is resented by patients, as an eight hour immobilisa-
tion of a 1limb when arthralgla is present can be very painful,
The above observations, that just as effective plasma levels
can be obtained with oral administration, that more marked re-
ductions in CO, Combining Power take place, and that toxic
effects are at least as frequent and severe, led this worker
to abandon the intravenous route as a method of sodium salicy-
late therapy. This work would tend to support the observations
of Hanzlik (1926), and others, that intravenous salicylate ther-

apy offers few, if any, advantages over oral administration of

the drug.
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CHAPTER IV,
THE DISTRIBUTION OF SALICYLATE IN THE BODY FLUIDS

Jacoby (1908) was the first to indicate that salicy-
'1ate could be bound by the plasma proteins. Basing his conclu-
sions on observations on the serum of rabbits, he stated that
binding occurred only in vivo, and could not be produced in
vitro. However this in vitro binding has since been produced
by others. Coquonin (1922) found that dialysing salicylated
serum against physiological saline free from salicyl gave an
even distribution of salicyl after sufficient time. However,
Chabanier et al. (1923) were able to show that serum containing
sodium salicylate lost practically none of the salicylate to
isotonic saline, while serum dialysed against saline containing
salicylate rapidly gained more salicylate with its virtual dis-
appearance from the saline, indicating the peculiar affinity
for the salicylate of plasma. Van Leeuwem and Drzimal (1924)
showed that serum from asthmatics bound salicylate more than
did normal serum,

As Davis (1943) has shown with sulphonamide,the dis-
tribution of a drug in body flulds should be snalysed in terms
of binding to protein. Lester et al. (1946) working with ani-
mals found the statement of Reinhold et al. (1944) "that
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sulphonamide so bound in a protein-sulphonamide complex appears
to be in equilibrium with the free sulphonamide and plasma pro-
teins and that the penetration of sulphonamides into erythro-
cytes and other cells, and into the C.S.F. and other body fluids
including the glomerular filtrate is confined to the ultrafil-
trable portion" is equally applicable to salicylate. ZLester et
al. (1946) showed, moreover, that the results obtained by ultra-
filtration and dlealysis were comparable,

In view of the statement of Coburn (1943) that better
therapeutic results were obtained in rheumatic fever at a con-
centration of salicylate in the plasma over 35.0 mgms. %, and
the possibility that it is the dialysable or free salicylate
fraction in the plasma which controls concentration in the body
fluids, it was of interest to ascertaln if the free salicylate
was significantly of greater proportion at this total plasma
salicylate level. Or, to ascertain if there was a total plasma
salicylate concentration above which the free salicylate in-
creased rapidly, thus giving rise to greater concentration in
the body fluids, with a possible bearing on the therapeutic re-
sults. This investigation falls into two parts, firstly, the
determination of free and bound salicylate in the plasma and
its variation with plasma protein concentration, and secondly,

the determination of the relationship between the free salicylate
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in the plasma and the body fluids.

A. The deternination of bound and free salicylate in the
plasme and its variation with plasma protein con-
centration: ,

Methods used.

(a) 2 ces, of the plasma containing the salicylate were
dialysed at room temperature(l), in a cellophane
bag(2), against 5 ces. of buffer(3). Dialysis was
carried on for 24 hours at which time equilibrium
was obtained as further dialysis gave no increase
in the concentration of sallcylate in the buffer.
A solute which can traverse the membrsne will, if
there 1s no other restraining force, diffuse
through it until the concentrations in the two
media are identical(4). The restraining force in
this instance is plasme protein to which bound
salicylate is attached and to which the membrane
is not permeable, the unbound or free salicylate
being diffusable.

FIGURE 23.
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Thus the concentration of free salicylate in the plasma
is found by multiplying the concentration in the buffer
by the total water in the system divided by the plasma
water(5). The difference between the free salicylate
and the total salicylate(6) was taken to be the amount
of the bound drug. The effects of Donnan equilibrium
were neglected (7).

(b) The total plasma proteins were estimated by the Dipping
Refractometer (Zeiss),

1. Lester et al, (1946) and Davis (1943) have shown that
temperature exerts no appreciable effect on the
magnitude of the binding.

2. The cellophane used in these experiments was manufac-
tured and supplied by British Cellophane, Ltd.

3. The buffer used was that of Davis (1943) designed to
simulate body fluids and prevent interference with
dialysis of plasma by pH, and was 0,15 M NaCl in
0.01 M Sodium phosphate adjusted to pH 7.4 (25°C.).

4, Peters (1935).

5. Plasma water was taken to be total plasma volume as
used in the experiments, as the factor for conversion
of plasme volume to plasma water is smell - Davis
(1943). It is dependent on concentration of plasms
protein, and for example, at a plasma protein con-
centration of 5,94 gms.% the factor is 0,955,

6. Estimated by the method of Brodie et al, (1944) on &
sample of the plasma before dlalysis.

7. In so doing the precedent of Davis (1943) is followed.
In the estimation of an unbound drug any error

caused will be in the direction of underestimating
the binding.

Technigque.
1. A number of individual plasmas was obtained freshly from

patients, These plasmas were divided into portions and
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to each portion was added a measured quantity of sodiwm
salicylate in order that the range 10 to 60 mgms. % which
might be expected during salicylate therapy was covered
in each plasma. After thorough shaking, the plasmas

were left at room temperature for two hours. The total
salicylate content and the free and bound salicylate were
then estimated.

2., Plasmas were obtained from patients on salicylate therapy,
and total, free and bound sallicylate estimated,

3. The plasma proteins were estimated from eight patients re-
celving salicylate therapy, and on four of the plasmas
used in 1, for the in vitro experiments. In all these
plasmas, total salicylate levels above and below 25.0
mng.% had been obtained with the free and bound sali-
cylate. From individual curves the bound salicylate at
a total concentration of 25.0 mgms.% were obtained in
each plasma and could be related to the plasme protein

concentration.

In this way dialysis was carried out some 68 times in-
cluding 20 in vitro estimations over a range of 10 to 60 mgms.%
on fresh plasma. All estimatlions of free sallcylate were then

plotted against total salicylate and have been shown in Fig.24,
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while bound salicylate was plotted against total salicylate and
shown in Fig.25. From 3, above the amount of bound salicylate

at a total level of 25.0 mgms.% was plotted against the plasma

proteins and is shown in Fig.26.

In Figure 24, it is shown that as the total salicy-
late in the plasma increases, so does the unbound or free
salicylate. The increase in free salicylate, however, is
proportionately greater as the total salicylate rises.

In Figure 25 it will be seen that as the total sali-
cylate in the plasma rises, so does the bound salicylate. The
increase in bound salicylate, however, becomes proportionately
less as the total level rises. The curve tends to flatten out
- above a total salicylate concentration of 40.0 mgms.% although
there is not enough evidence to show that a maximum binding has
been reached at the total levels shown.

Figure 26. It appears that the binding of salicy-
late by protein increases with increase in concentration of
protein. The effect is not marked,‘as from the figure it may
be calculated that at a level of 25.0 mgms.% there is an in-
crease in binding of salicylate of 3 mgms.% for each gram %
increase in the protein concentration of the plasma. There

also appears to be individuel variation.
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IN THE PLASMA

FIGURE 24.
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FIGURE 25.
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B. The Distribution of salicylate in other body fluids:

Employing dogs and rats Lester et al. (1946) found
strong evidence that at equilibrium, salicylate is distributed
thfoughout the non-protein extra-cellular water in a concentra-
tion equal to that in the water of the red cells, and the ultra-
filtrate of plasma. With C.S.F. in animals, they found that
the sallcylate concentration 8 hours after intravenous injection
of the drug, was much lower than that of the ultrafiltrate of
plasma, deducing that it took many hours for the C.S.F. to come
into equilibrium.

Smith et al. (1946) found that the amount of salicy-
late in the red cells was low but of the same magnitude as might
be expected if the cell membrane was freely permeable to the
salicylate contained in the plasma filtrate. Coburn (1943) was
of the opinion that the amount of salicylate contained in the
red cells was negligible and Hanzlik (1926) that the amount in
the sweat was negligible.

- In this investigation the salicylate concentrations
were obtained on various body fluilds - the water of the red
cells, C.S.F., sweat, and pleural fluid from patients undergo-
ing salicylate therapy. Where special calculations were in-
volved the method is subscribed. In most instances the free

salicylate was estimated in the plasma by dialysis, after total



In Vitro

In Vivo

plasma salicylate had been determined, and only in two instances

indirectly, from the curve of Figure 24.
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The results which were obtained are shown in

Tables 6 to Q9.

TABLE 6.
_ (2
aemato| Total Total Salicylate|[Salicylate Free
-crit |Salicylate | Salicylate|Concentra-|Concentra-|Salicylate
Reading|in Plasma | in Whole | tion for | tion for in
L £o% Blood R.B.C. Water of Plasma
e . . R.B.C .
mgms . % mgus . % mgms . % R.B:Cy mgms . %
49 75.2 53.0 29.9 39.8 40.2
(3)
49 40.2 29.8 18.9 25.2 20.3
45 25.6 19.4 11.7 15.6 10.2
42 24.7 19.8 10.7 14,2 10.8
44 37.6 31.8 24 .4 32,5 16.8
47 29.4 22.4 14 .7 19.6 15.6
30 62 .4 49.8 20.4 27 .2 30.6
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(1) The concentration of salicylate in the red cells was calcu-

TABLE 7.
Sallcy-
Total | Total | Salicy-| late (4)
Haemato| Saliey~- | Salicy- | 1late Concen- | Free Total
-critb late late Concen- | tration | Saliey-| Salicy-~
Reading in in tration| for late late
for the Whole for Water of in in
R.B.C. | Plasna Blood | R.B.C. | R.B.C. Plasma | C.S.F.
Z mgms.% | mems.® | mgms.% | megms.% |mgms.% | mems.%
47 29.4 22 .4 14.7 19.6 15.8 4.2
30 62 .4 49.8 20.4 7.2 28.1 14.6
| TABLE 8. 6)
Total Salicylate Total Salicylate
in Plasma in Sweat
mgms . %
22.6 Nil.
18,0 Nil.
TABLE 9.
Plaama Free Salicylate in
Salicylate | Salicylate | Pleural Fluid
mams . mgms . % meus . %
| (3)
19.8 7.1 8.6
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