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INTROCDUCTION.

Although salicylates have been in common use in
therapeutics for generations, it is only in comparatively
recent times that precise laboratory methods have beconme
available for the study of the complex changes produced in
the organism during treatment with these drugs. Any
consideration of the therapeutic applications of a drug
must take into account its toxic menifestations, and these,
for their proper assegsment, should 1if possible be
correlated with the concentration of the drug in the
tissues and with detectable alterations in the composition
of body fluids. A congiderable litersture on the
toxicology of salicylates hag accumulated, but less
attention appears to have been given to the importunce
of the details of the laboratory investigation of the
salicylate concentration of the blood than this sepect
-of the subject demands.

This thesis reviews previous vork on the phaormseol-

ogical action of salicylate in rheumatism, and describes
“a critical investigation of a vwidely used method of
determining serum salicylate concentrations. The
1limitations of the method having been clearly defined
and the experimental conditions nccegsary for its muximum

usefulness determined, the technique hsg been spplied to



a study of the factors influencing the blood salicylute
concentration in one hundred individuals to whom the
sodium salt was administered. Normal subjeects and
patients suffering from different conditions have been
studied, and the investigation was capried out with
particular reference to hasmorrhaglc manifestations and
their relationship to ascorbic acid and vitemin K
requirements.

It was epparent {rom the outwet that the programme
necessitated the co-operation of others, and due

acknowledgement will be made to them.



CHAPTER I,

EFFECTS OF SALICYLATE ADMINISTRATION - REVIEW OF
THE LITERATURE.



CHAPTER I.

Effects of Saliéylate Administration - Review of

the 1literature.

The action of a dgug is dependent on an adequate
concentration being maintained in the blpood stream and
tissues, and this level is in turn dependent on the
manner and rate of absorption, distribution, and excretion.

The absorption and excretion of salicylates were
studied by Scott, Thorburn, and Hanzlik (1917), and these
investigators showed thet most compounds of salicylic
acid were abéorbed equally well. They stated also that
execretion was rapid, no aypreciable amount of the drug
being detected in the blood in nman fortyeight hours
after its administration h2d been stopped. The same
workers found that in individuals suffering from
rheumatic fever, the total amount excreted was about
fifteen per cent less than in normal subjects.

Excretion was alsc reported to be reduced in alcoholisﬁ,
morphinism, and tuberculosis, but the administration of
sodium bicarbonate was not observed to produce any
alteration in the amount of salicyl radical excreted in
the urine. |

Smull, wegria, and Lelend (1944) described & series
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of estimations of serum salicylate on patients who were
given, first, sodium salicylate alcne, and fhen sodium
salicylate and sodium bicarbonate together in equal

amountse. k They found that when the serum salicylate
concentration was maintained at a fairly constant level
with the patient receiving sodium salicylate alone

6rally, the concurrent administrstion of sodium bicarbonate
caused the serum salicylate concentration to fall; also,
they reported that when sodium salicylate and sodium
bicarbonate were given together from the beginning in a
series of patients, the concentration of salicylate attained
in the serum was never ags high as that obtained when the
same dose of sodium salicylate was given alone.  Huntingdon,
Ryan, Butt, Griffith, Montgomery, Solley, and Leake (1946)
carriéd out similar experiments on a smaller scale, but

were unable to detect any significant difference in
salicylate levels in the serum whether or not bicarbonate
was administered concurrently. Larlier, Morris and Graham
(1931) had expressed the view that soaium bicarbonate had
the effect of incfeasing the concentration of salicylate

in the serum, but later work by Parker (1948) seemed to confirm
the views of Smull and his co-workerse. smith, Gleason,

Stoll and Ggorzalek (1946) also studied the effect of spdium



bicarbonate on salicylate excretion, and demonstrated in
their cases that administration of alkali was accompanied
by an increased excretion of free salicylate in the urine,

but that the total salicylate excretion was unaffected.

Quinke (1882) published an account of the symptoms
of salicylate intoxication as they were recognised et that
time. They consisted of headache, dizziness, tinnitus,
deafness, nausea, vomiting, collapse, and sometimes
albuminuria. Modern textbooks add 1little to this
description. In his paper, Quinke described a
disturbance of respiration which he had noted in subjects
receiving salicylate therapy, to which he gave the name
"salicyl dyspnoea." He stated that the depth and the
rate of breathing might be increased independently or
together, and he compared the condition with the hyper-
pnoea of diabetic acidosis. guinke recommended the
administration of slkali to combst the acidosis which he
believed to be the underlying disorder.

Langmead (1906) described eight cases of salicylate
§oisoning in children, of which two were fatal.
Hyperpnoea vwas a prominent sign, but as some of the cases
showed starvation and acetonuria, ketonuris cannot be
ruled out as the true czuse of the hyperpnoea in these

cases.
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Scott and Hanzlik (1916) referred to the
occurrence of albuminuris during therapy with SOGium
salicylate, stating that they found it in apyrexial
as well as in febrile subjects, and in both non-
rheunatic and rheumatic cases. The albuminurie was
described as renal in origin, and in experimental
animals rensl haemorrhages were detected. In man
suffering from intoxication with salicylates the

damsge to the kidneys did not appear to be permanent.

Hanzlik, Seott, and Reycroft (1917) described the
occurrence of water retention in the tigsues during
sodium salicylate therapy. They demonstrated that
while small doses of the drug were followed by a
diuresis, large doses gave rige to partial suppression
of water excretion by the kidney, due in part to
diaphoresis, but also to some extent to & diminution
in renal function. An increase in weight in normel
controls receiving sodium salicylate in therapeutic
doses was observed. Since no evidence of haemo~
dilution was found they stated that the water retention
was chiefly in the tissues. This water retention
they called "szalicyl oedema", and emphasised that it

in no way resembled the pitting oedema commonly observed



-8 =

in ceses of cardiac fsilure or nephritis.

In contradistinetion to the e¢laim that haemodilution
does not occur, Barbour (1921) showed that the {
exhibition of antipyretics in fever caused an increase
in blood volume, and he expressed the view that as a
result of this change the heat centre permitted
increassed heat loss, #nd slso that hesemodilution
increased sweating.

Lyons (1944) studied the effect of sodium inteke
on plasma volume znd body weight. He reported a
significant ineresse in pluswe volume in fourteen
subjects after receiving forty grams sodium chloride
or fifty grems sodium bicarbonate in fortyeight hours.
The increase was accompanied by a rise in venous pressare
and body weight, but there was no proportionste fell
in the scrum protein, hsemoglobin, or red bloecd cell

count.

The emetic action of salicyletes was investigated
over forty years ago by Waddell (1911), who found thst
intravenous and orsl sdministration of sodium selicylste
were equally active in cgusing vowitingo The vomitus
after parenteral adminigtration <id pet eontsin
salicylate. Hanzlik {1913) was one of the first te

subscribe to the view th&t the vomiting of salicylete
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overdosage was central in origin, basing his views on
the observation thet emesis was Just 8s likely to ocour
after the administrotion of salicylotes in & form whioh
 passed through the stomach undigsolved as after soluble
preparations such ssg sodium salicylate.

Eggleston snd Hatcher (1912, 1915) considered the
problem in detail. They demongtruted tust when the
drug was administered 1intravencusly, & smsller dose
was required to produce vomiting then when the orel
route was used, and the result wesg more prompt. Dogs
from which the alimentary tract had been removed ghowed
the typical phenomena of emetic response when soliegylate
was given intravenously. These results vere cloimed 8s
experimental proof thet the main emetic sctiocn of
salicylates was not local but centrsl in origin, but it
was also suggested that a local irritent faetor might
be present in addition when the drug wss token by meuth.

Schredorf, Bradley, and Ivy (19%6) made the
observatidn that acetyl salicylic scié affecteq goastrie
mobility and gsve rise to gastric ircvitetion, sven in
individuals not hypersensitive to the drug. The tetel
titratable acidity was increased by aspiris, sné this,
it was suggested, was another cause of gastric irritstien.
Sodium bicarbonate was said to diminisn both effeects, and

Sable (1945) suggested that these sctions of bicuarbenste
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supported its use 8long with salicylate. He described
éases in which no 11l effects of bicarbonste had been
noted. sodium bicarbonete, however, liberates carbon
dioxide when it reacts with acid, and the ges relessed
not only causes discomfort, but is recognized as

bringing about a s:.condary secretion of gastric juice.

Much controversy has arisen over the qgeatiap, does
acidosis arise during salicylote therapy? Reference
has already been made to Quinke's views, snd he
undoubtedly considered the hyperpnoea of salicylism 88
acidotic. Johnson {1930) administered salicylste to
cats, and found that a 211 in blood luctate ond the
alkali reserve resulted. He concluded that snlicylete
could eause an acidosis, but Scott (1916) and others
had earlier carried out similer experiments and they
found 1ittle change in slksali reserve after the
édministration of massive doses of salicylete.

Veil (1926), Gebert (1931), and Odin (1932) efter
separate experiments 21l subscribed to the view that
there was @ marked digparity between the degree of
hyperpnoea and the change in the alkali reserve of the
blood. They found that during salicylate tnerapy the
urinary pH was generally increased, and they belie¥ed

this indicated an irritative effect on the respiratory



centre by the drug, which in turn gave rise to
hyperventilation and, therefore, to a decrease in the
COp, tension in the elveolar air snd in the blood.

A reduction of the fixed base in the blood wae brought
about by the excretion of an slkaline urine. It ie
important to reslise that if salicylate does cause
alkalosis, the treutment of sslicyloute intoxiecation by
administration of alkali 1iu contre-indicated.,

Bowen, Roufs, and Clinger (193%6) deseribed poisocning
by salicyslate in & child of eighteen months who had
taken several tablets of espirin snd & sip of dilute
0il of wintergreen. Hyperpnoen vas very mariked, buat
the carbon dioxide combining power of the blood was
50 volumes per 100 volumes. 'This suapports the view
that the hyperpnoes of sslicylism is due, not to seidosis,
but to some other effcct, probubly centrsl.

Dodd (1937) repcried n humen case of poisoning in
which he found s fixed type ol scidosis with sn inersased
CC, capacity ancé lowered blood pH. In experinents on
dogs, however, he found the blood pH increased and ne
alieration in the acid/bese equilibrium; some snimals
manifested on incrcased 1loss of CCy from the bloed due
to hyperpnoea, and an associstcd increase in bloed pi
which wes folloved by & compensuiory lose of bass gnd

the exeretion of 2n o2lgsline urinc . Docd believed
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his results were further evidence in support of the view
that the casuse of hyperpnoes was central.

More recently Reid has investigated this problem.
In his earlier studies Reid (1948) suggested that
salicylate induced an acidosis, but later with watson
and Sproull (1950) he carried out detailed studies of
plasma COo concentrations in adults under treatwent with
salicylate for rheumatic fever, and produced convineclng
evidence that a respiratory alkalosis is ceused by the
druge. Grahem and Parker (1948) had & short time before
shown that the hyperventilation produced when the drug
was given intravenously to animals could be abolished
by cutting both vagi; this seemed to explasin the
hyperpnoea of salicysm in man on the basis of stimulation

of the vagus nerves.

The haemorrhagic mgnifestations of salicylate
poisoning have been studied more in recent years, although
over a quarter of a century ago Wetzel and Nourse (1926)
described the occurrence of purpursz in methyl sslicylste
poisoning. They stated that the effects of this drug
differed from those of godium salicylste only in degree,
but suggested thzt with the methyl compound vasculer snd
haemorrhagic lesions were more prominent. Tney desceribe

multiple subsercus haemorrhzges in the heart, lungs, brain,
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and kidneys, and also extensive subdural extravasations
of blood.

Madisson (1934) published @ report on the histological
appearance8 seel in salicylate poisoning in man and
experimental animals. He stated that in the acute stage
of salicylate poisoning examination revesaled engorgement
of blood vessels and haemorrhages in most organs.

There was cloudy swelling in the heart, liver, and kidneyse.
At the same time Madisson disccvered that the intensity

Qf changes was lessened by the administration of glucose.
Others found punctate haemorrhages on all serous surfaces,
and in fatal human ca2ses haemorrhages were occasionally
found in the gastric and duodenal mucosa - substantiating
the observations of @uinke (1884), when he found congesticn
with poor aeration of the lung bases and slight haemorrhagic
pericardial effusions in human cases.

Hurst and Lintott (1939) reported a number of cases
of haematemesis after the administration of aspirin tablets.
The local effect was observed by gastroscopy, and the
hyperaemia and haemorrhage which were seen were considered
to be the result of an increased sensitivity to the effect
of agpirin on the tissuese.

Melaena is said also to occur in aspirin therapy,
and Sable (1945) considers its aetology to be identical

with tnat of haematemesise.
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Link (1943) and his colleagues made & study of the
haemorrhagic tendencles observed during therapy with
salieylates and dicoumarol. In 1931 Roderick had showh
that the haemorrhsgic dimthesis in cattle known as
"sweet clover discase" was 8gsoclated with a lowered
concentration of prothrombin in the bloou, dbut it was
not until 1941 that Link, Campbell and others succeeded
in isolating the responsible agent from improperly ocured
hay made from the gweet clovers Mellilotus alba and M.
officinalis. The first compound isolated had the
composition CygHp906, &nd wog described as 3,3' methylene=-
bis (4-hydroxycoumarin). The nsturally oececurring
substance was shown to have the same effects as the
syntnetic compounds.

Alkaline degrodation of 3,3' methylene-bis
(4-hydroxycoumarin) was carried out, and cleavege of the
C = C linkage of the intermedinte diketone resulted in
the quantitstive formstion of sslicylic acid.

Link found that dicoumerol in vitro hed no effect
on the clotting properties of blood, and also that in
vivo there wes no effect until seversl hours after oral
or intravenous sdministrution. He showed that when e
single dose was given, the drug disappesrcd from the blood
stream before hyporprothrombinsenis could be detegted;
from this he deduced thst dicoumurel wes nltored ip the

body before prothrombin or its syninesie was asffected.
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A further series of' chemical degradations was carried
out, and the products subjected to physliologlieal and
chemical tests-} Link found that only these compounds
which might theoretically yield ealiecylic aeid or ortho=
hydroxy-benzolic acid on degradation poesessed anti=-
coagulant activity. He showed also that when salieylie
aciv was given to rabbits or rats whleh had b@én fed on
a diet poor ip vitumin K, the blood prothrembin content
was lowered, and when the drug was sdministered for
periods of over twenty deys, haemorrhage which wes
frequently fatul ensued. It wae 9ls0 shown that the
meximum effect of & alngle dose of culieylute pocurred
twelve hours after asdministrution, und thet the bloeod
prothrombin concentrstion had returned to pormal after
twenty hours. when vituamin K ves odministered along
with the salicylate, ne hwemorrhages were observed.

Ashworth snd McKemie (1944, ststed that in sslieylste
poisoning, desth could cceur sg s result of 8 hoemorrhegie
encephalitis, and they described two fatsl cuses,

Shapiro, Redish, ané Cempbell (1943) eonfirued
Link's observaticn that sslicylste could csuse a8 depression
of the prothrombin concentration in the bloed, and
showed that the saministration of six groms ef aspirin
daily along with 2¢ mg. vitemin K by mouls b 6 BEe
intravenously did not cause nypo~probRPoBOLbnHEEia.,

Shapiro referred to the observeticn of Davicson and



Mcbonald (1943) thet vitamin K in clinical doses did
not reverse or prevent the eftects of dicoumarol on
prothrombin concentration or the coagulation of the
blood, snd concluded thet there was litile resson to
expect & different response when the increase in the
vrothrombin time voas the result of salicylete therapy.

Rhoads (194%) mlleged 8lso thut vitemin X was
ineffective in controlling prolonged prothrombin times,
but later Davidson (1943) showed that dicoumereol in
a dose of (.5 to 1 grum weg eftectively "neutralised"
by 180 - 450 mg. vitumin K, and that there were no
toxic effects.

Shapiro (1943) found some evidence that dicoumarel
and salicylates were cumuletive in their effect with
regard to the depression of proturombin eoneentration.

Meyer and Howard (1943) described the effeet of
daily administration of 5.3 grams sgpirin to thirteen
cases. They found tnst the prothrombin level fell te
50 per cent of nomal in %~ dsys, snd tust there wes
a8 relative prolongation of the blocd ecaguletion time,
Normal values were cbtained agein ¢~4 dsys after the
aspirin therapy was stopped.  Similar results were
obtained when sodium szlicylste wang used., 6 mge
vitamin K per day did not correct ithe depression of

the prothrombin concentration.
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Rapoport and Guest (1943) confirmed Meysr and;Haward's
findings. When children aged six to fourteen years
received from l.5 to 8§ grems sodium salicylate or aspirin
dsily, the prothrombin conceantration in the blood was
observed to fall to 50 per cent of normal in those
individuals receiving six to eight grams sslicylate per
day. Paghene and walker (1944) carried out similap
experiments, and obtained similar results.

Shapiro (1944) studied the effect of vitamin K
aduministration in preventing hypoprothrombinaemia in
paetients receiving saelicylate therapy over long perioda.
Thirteen cases were observed. The prothrombin times
were prolonged by the tnird to the fifth dsy sfter the
salicylate.therapy had been begune. One case had agute
rheumatic carditis; the prothrombin time became
prolonged on the second day of salicylate therapy, and.
the drug was stopped on the fifth day. The prothrombin
time, however, remsined abnormslly long even after 6.5 mg.
vitamin K had been given for three days. Nevertheless,
salicylate was recomuenced two days later, along #with
9 mg. vitamin K. For the first six dsys thereafter thers
was complete protecticn against hypoprothrombinaemia,
then a gradual increase in the prothrombin time wds found
in spite of the vitamin K administrztion. Cn the
seventeenth day, 4LOC mg. &scorbic =zcid were given intra-

venously and repeated on the next three days. The



prothrombin time fell almost to normal. When the aseorbie

acld treatment was stopped, the prothrombin time again rose.
Shapiro sumnarised the lessons from these results thusi

The prothrombin time should be determined regularly

throughout salicylate therapy. 1 mg. vitamin K will

protect the body aganinst the prothrombincasmic effects of

1l gram of agpirin. If other factors are present whieh

tend to lower the vitsmin ¢ content of the blood (8such a8

fever, starvation) ascorbic @cid should be administered in

addition to vitamin K.

Richards and Cortell (1942) observed that when
dicoumarol was administered to &corbutic and heslthy gulnea
pigs, the scorbutic animals were the first to die, and
histological examination of their livers showed fatty
gegeneration.

| Overman, gtahman, and Link (1942) ehowed thet feedibng
ai%lfa hay to rabbits protectcd them agsinst the
aniicoagulant effect of dicoumarcl. Vitsmin C in high
dosage given along with vitamin K reduced or protected
completely agsingt the effects of dicoumarsl, snd Vitamin
C alone was sble to prevent sn increase in the prothrombin
}ime in some but not 51l their experimentsl snimels.
They commented that dicoumarol mey upset vitamin ¢ snd
vitamin K metabolism, 2nc compared the pathnological lesicns
in deficiency diseases associated with a lacg of vitamin

C and vitamin K with the lesions found in cases treated



with excessive amounts of dicoumarol. The small amount

of dicoumarol which of'ten causes @ rise in prothrombin

time suggested that its action is due to & blocking of

an enzyme system, probably in the liver. The inactivation
of enzymes by substances structurally relsted to their
substrates, lhe structural similarity of dicoumarol to
substances which possegs an activity similar to that of
vitamin K, and the antagonistic action of vitamin K to
dicoumarol lend support to the theory that vitamin K and
dicoumarol act through a common system.

Tomaszewski (1939) and Campaira (1941) reported an
apparent physiological relationship between vitamin X and
ascorbic acid.

bince an interference with certain enzymes has been
connected vith the action of dicoumarol, it would not be
surprising if sulicylates played a similar role. The
antagonism between the sulphonamides and p-aminobenzoic
acid is now generally accepted. It is believed that
the combinnation of an enzyme with p-aminobenzoic acid is
blocked by sulphonamide. Ivanoviies (1942) pointed out
a similar antagonism between salicylate and pantothenate,
and showed that the growth of staphylococcus aureus and
B. coli which synthesize pantothenate was prevented by
M/1000 salicyl:ite. This action could be counteracted
by adding pantothenate to the medium. Euler and

shlstrom (1943) made further observations on the effect
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of sodium salicylate on enzyme systems, and Lutwak-mann
(1942) demonstrated the profound effect of salicylate on
the enzyme system of living animals. ‘He showed that
liver glycogen disappeared after the intravenous
administration of salicylate, and that in twentyfour

hours normal conditions had been restored. The oxidation
of dihydroxyacetone by liver slices from rats suffering
from vitamin By deficiency was diminished by the presence
of salicylate, although the dismutation of hexose-phosphate
was not affected. These observations suggest that the
salicylate ion is a bacterial inhibitor in @ non specific
manner, and that it is also an enzyme inhibitor. This
effect on the enzyme system may be associated with the
fact that an adverse efrect on the bone marrow has been
ascribed to salicylates. Hawkinson and Kerr (1943)
reported a case of agranulocytic anasemia and staphylococeal
septicaemia after 2.7 to L.0 grams aspirin daily for
several years. The case had received scarlet fever
toxoid followed by a severe reaction shortly before death,
but they considered that the prolonged administration of
salicylate was the cause of death.

Since Coburn (1943) suggested that a high concentration
of salicylete in the blood - about 370 micrograms per
millitre - was important in rheumstic fever to avoid cardiac
complications, much work has been carried out to assess the

value of this treatment, and a careful study of the toxic




signs has been made.

Keith (1945) found thet neusea, vémiting, and
tinnitus were more frequent at the beginning of therapy.
He seldom found it necessary to s top treatment although
his dosage ranged around 150 to 200 grains daily with an
average blood level of 270/310 micrograms per millilitre.
These levels vwere less then those advocated by Coburn in
1943, and the salicylate dosage was also lower. Keith
stated that no renal damage was evident, but three cases
developed severe hyperpnoea, one became comatose, and
one developed ache. All these symptoms subsided on
cessation of therapy. Although sodium bicarbonate was
also given in these cases, he found that the same or‘
higher blood salicylate levels cculd be attained on a
dosage of 5 to 10 grams sodium salicylate alope as were
reached when 10 to 13 grams salicylate were given a8long -
with equal amounts of sodium bicarbonate. The reduction
in blood salicylate level brought about by the addition
of sodium bicarbonate to the therapeutic regime did not
compare with the 50 per cent reduction described by
Smull (1944).

Studies of the effect of treatment with sodium
bicarbonate and sodium salicylate in rheumstic fever were
reported also by Butt (1945). This worker repbrted

that there was a fsll in the prothrombin level, but he

observed no haemorrhages, no effect on liver function,
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nor any evidence of renal injury. Proloﬁged high dosage
caused the haemoglobin and red cell count to fall, but
the total and differentisl white cell counts remained
unaltered.

Coombs (1945) and others treated eightyfour cases
of rheumatic fever with ten to sixteen grams of sodium
salicylate daily, end found that when blood salicylate
levels were maintained at over 30C micrograms per
millilitre, the incidence of toxic manifestations was
increased. They observed also a tendency for the blood
pH andvblood chloride to rise, while at the same time
there was an increased loss of sodium in the urine, and
a retention of water in the body. They concluded that
salicylate had & direct irritative effect on the
respiratory centre snd that the signs of alkalosis were
secondary to this, and suggested also that the
administration of sodium bicarbeonate along with salicylate
tended to lower the concentration of the lattef in the
blood. They denied that the prothrombin concentration
was affected even with serum salicylate levels
exceeding 350 micrograms per millilitre.

In an attempt to correlate the divergent opinions
expressed, Sable (1945) reviewed the literature, and from

his studies concluded that more controlled investigations
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were required by those awsre of the msny aspects of the
problem, and that there was need for & better understanding

of these commonly used drugs.

Review of Cases of Poisoning by galicylate from 1882.

Quinke (1882) described a case in & girl aged 17 years
suffering from rheumatisn of long standing who died after
receiving 34 grams of sodium salicylate in three days.

Langmead (1906) reported a case in a five yesr old
boy suffering from rheumatic endoesrditis vwho was given
100 grams in eleven weeks.

Balazs (1930) reviewed all the cases of attempted
suicide with aspirin in Budapest. Only four were fatsl,
and of these one had consumed 20 grams; the cthers had
taken between 30 and L0 grams. In all the cases, the
quantity tsken ranged from 5 to 95 grams

Dyke (1525) and isissesu (1934) and others described
other cases, and in the Lancet, 1935 (Cept. l4th) there
appeared an article on the dsngers of uncontrolled therapy
with aspirin. Dyxe's case was that of a girl who
swallowed L5C grains of aspirin in a single dose. bhe
suffered from nsusez né hiccogugh and laster became
stuocerose with symptome of cerebrsl irritation. bhe wasg
trested with abundant fiuide, glacose intravenssely, snd

Lambar puncture, znd mde 5 comilete Preepvery.



- 24 -

Neale (1936) reported four fatal cases in males.

One case had received 750 gréins, and two had taken 1,000
grains. Symptoms of intoxication were delayed for

several hours, and began with evidence of gastro-intestinal
irritation, but signs of involvement of the central

nervous system were more prominent and reached a maximum

in twelve hours. A female case, aged 52, had received

500 grains of aspirin. The routine treatment of gastric
lavage with dilute sodium bicarbonste solution vias
initiated, but no improvement set in until lumbar puncture
was pe rformed and 30 ml. fluid were . ithdrawn.

Recovery set in almost at once, and was complete. Neale
observed that without lumbar puncture recovery was unlikely
in serious intoxication.

Andrews (1938) reported two cases, both of which
recovered after ingesting 625 grains.

Evans (1938) also described a case with recovery after
1,500 grains. His patient suffered from emesis, and this
may have contributed to his recovery.

Sell (1939) reported poisoning in a boy, aged 8, who
had been given 10 grains sodium salicylate with 10 grains
sodium bicarbonate four times a day. when 190 grains
had been given, hyperpnoea was marked, there was tachycardis
and profuse sweating, and freguent vomiting. Abdominal
pain developed and the patient ultimately became delirious.

Recovery set in after the administration of glucose and
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sodium bicarbonéte intravehously.
Oakley and Donnell (1942) reported a case which
recovered after 65 grains.
Charters (1944) described salicylate poisoning in
a woman who recovered after 750 grains. Lumbar puncture
was not performed, but Charters gave insulin and glucose
to abolish ketosis and counteract any toxic hepatitis.
Ashworth and McKemie (194)) described two deaths

from encephalitis after large doses of salicylate.

Fatalities from salicylate poisoning do not constitute
a large proportion of the total number of desths
registered annually in this country, but that the toll
of life taked yearly by these compounds is not
diminishing is shown by the following tables, compiled
from information supplied by the Registrar-General for
Scotland (1953) and the Registrar-General for England
and wales (1946, 1947, 1948, 1949, 1950.).
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.TABLE I

Deaths from Aspirin and Sslicylate poisoning, 1944-1951,

gcotland.

Total.

Accidental.

Year. Aspirin. Other Salicylates.| Both sexes, Total
Male. Female. Male. Female. Z:%icylates. Deaths
ok 2 1 - - 1 3
1945 1 1 1 1 3 L
1946 2 3 - 1 I 6
1947 3 3 - - 2 6
1948 A 3 1 - b 8
99 - 1 1 2 3 4
1950 4 2 . 5 1 6 12
1951 - - - 2 2
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TABLE II

Deaths from Aspirin and Salicylates, 1944-1950,

Englend & Wales.
Accidental.
Year. Aspirin. Other salicylates. Bg{h sexes, Total
a
Male. Female. Male. Female. | salicylates. Deaths.
194 1 30 nil nil 16 INR
1945 20 33 nil nil 25 53
1946 20 51 2 nil 20 73
1947 L2 61 1 nil 22 o4
1948 56 101 3 3 32 163
1949 51 82 1 1 27 135
Aspirin and Salicylates.
Male. Pemale.
1950 56 92 31 148

Aspirin, being the salicy.ate compound most readily
accessible to the lay public, was responsible for most
desths, and accidental poisoning vwas reeponsible for only
a minority of the fatalities. Nevertheless the figures

serve to remind us that the compounds are potentisl poisons
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and that they should not be prescribed in a casual fashion,
but used with discriminstion and with due regerd to their

toxic properties.



CHAPTER II.

FHARMACOLOGY OF SODIUM SALICYLATE.
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CHAPTER Il

Pharmacology of Sodium Salicylate.

Historical.

The antipyretic action of a decoction of the bark
of the willow tree has been known to the Hottentots for
centdries, but it was not until.187h that Maclagan
-introduced salicin to this country as a specific remedy
for acute rheumatism. Leroux had discovered the
presence of the glycoside salicin in willow bark in 1827,
and showed that on hydrolysis it yielded an alcohol.
Eleven years latef, Piria prepared salicylic acid from
salicin, and in 1844 Calcours made it from oil of
gaultheria (wintergreen). All these methods, however,
were relatively éxpensiVe, but when in 1860 the organic
chemist Kolbe synthesized salicylic acid from phenol,
the drug became much cheaper and its use as a febrifuge
soon became popular. Its value in rheumatic fever was
discovered in 1876 by Stricker, shortly after Maclagan's
introduction of salicin. In 1899 Dremer synthesized
the acetyl derivitive of salicylic acid, which rapidly
became popular as an anslgesic and antipyretic under

the name "aspirin'.
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Chemical constitution of the Salicylates.

OOH CooNg CO0H
OH o 0.CO.CHy
Salicylic acid Sodium Salicylate Acetyl
(o-hydroxy benzoic salicylic
acid) acid
COOCH3
OH

Methyl salicylate.

The structurasl formulae of the compounds commonly used in
therapeutics show their relationship to salicylic acid and
to one another. The sodium salt and the methyl ester are
formed by replacement of the "acidic" hydrogen of the
carboxylic group; éaspirin is the compound formed by

substitution in the hydroxyl group.

Pharmacological and Physiological Actions.

Barbour and Wing (1913) applied sodium salicylate to
the corpus striatium in the experimental animal, and
observed that a fall in body temperature resulted. The
value of their observations is now open to doubt, since
the presence of a heat regulating centre has been

demonstrated in the hypothalamus. Later, Barbour (1919)



..32..

showed that although aspirin was effective in lowering
the temperature of fevered individuals, it had little

or no effect on heat loss in normal subjects. He
suggested that the action of the drug was a direct one on
the heat regulating centre, causing the temperature
control level to be set at & lower level in the pyrexial
paetient. Two years later, (Barbour, 1921) he showed
that the administration of antipyretics caused an incresase
in the blood volume of the fevered subjecte. This, he
thought, might facilitate sweating and so increase heat
loss.

Miller (1914) demonstrated that after absorption,
salicylic acid appeared in the tissues as salicylate,
usually in the form of the @mmonium salte. In vitro,
ammonium salts of salicylic acid possessed no germicidal
activity: for such an effect, the free acid had to be
present. These findings led Miller to advance the view
that sodium salicylate owed its therapeutic value to an
increased carbon dioxide tension in the inflamed joint
tissues liberating free salicylic acid from the salt.
Miller claimed that cases of rheumatic fever experienced
more rapid relief from joint pain when t reated with the
- free acid instead of the sodium salt, but he believed
that they relapsed more rapidly. The total period of
incapacity was no shorter and cardiac complications were

no less.
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Hanzlik, Scott, and Thorburn (1917) determined the
concentration of salicylate in the blood snd joint fluid
in a number of cases receiving the drug, and found values
which were substantially the same. In contrast to
Miller's results, they found no free acid in the joint
fluid.

swift (1925) believed that by relieving pain,
salicylates were beneficial in themselves, but he pointed
out that pain was a protective mechanism and that relief
from pain might mask activity of a pathological process.
For this reason he valued the erythrocyte sedimentation
rate and the white blood cell count as a guide to the
physician.

Hiteh (1930) and Dyke (1935) showed the presence of
salicylate in the cerebro spinal fluid after oral therapy.

Much controversy has arisen over the question
whether sodium salicylate does have a curative action in
rheumatic fever, and the question still remains unsettled.
Goodman and Gilman (1941) state that the course of the
disease is not changed, but since then the work of Coburn
(1942) has received much attention. He suggested that
the older belief that sodium salicylate not only relieved
symptoms byt influenced rheumatic inflammatory reactions
was correcte He studied the prophylactic action of

sodium salicylate in 186 cases of rheumatism with
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streptococcal throat infections, and claimed that in the
part of the group which received the drug for four weeks
after the respirstory infection only one case developed

a rheumatic recurrence, while 41 per cent of the untreated
control part of the grou, suffered a recognizable
recurrence of rheumstic symptoms. Later, (Cockburnm, 1943)
he used sodium szlicylate in 101 cases of acute rheumatism.
One part of the group were given smsll doses, and 21 out of
61 developed signs of heart cisesse. The 38 in the other
part were treated with relastively massive dosage, and none
showed any evidence of @ cerdiac lesion. The level of
salicylate in the blood vwas measured throughout es a control,
and Coburn claimed to heve proved the value of meintaining
high blood sslicylate levels throughout in the treatment of
Theumatic fever. He leia it down that the blood level
should never be asllowed to fall below a concentration of

36 mg. per 100 ml., that to ensure this frequent adminis-
tration in high dosage - using the intravenous route if
necessary - should be practised, and that the pstients'
complaints of unpleasant side effects should be ignored.

He alleged that @ serum concentration of less than 20 mg.
per 100 ml. was dangerous in that while certainly

relieving symptoms it masked the activity of the disease

processe.

Wegria and Smull (1945) made further observations on
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cases of acute rheumatism trested on the lines suggested
by Coburne. They maintained the blood salicylate
concentration between 35 and 50 mg. per 100 ml. until

the erythrocyte sedimentation rate was less than 20 mm.
in one hour and remained so for two weekss They found
the intravenous route of administration no more effective
than the oral.

Keith and Ross (1945) maintained a blood salioylate
level of 27 - 31 mg. per 100 ml. in a small number of
cases, but they were unable to confirm Coburn's views
that the evidence of heart lesions wes much reduced.

Jequier-Doge (1945) compared the efficiency of
salicylate with sulphonamides in rheumatic fever, and
found that the former vas of much grester value. |

Clark (1940) descriied the fate of salicylaste in the
body thus: when s single dose is given by mouth, excretion
begine in the urine in fifteen minutes and continues for
40 hours. Thereafter only small amounts are excreted.
About 50 per cent is excreted in the first 24 hours, and
20 per cent in the next 24 hours. In the normal
individual, 80 per cent of the dose is excreted, the
febrile case excreting about 60 per cent. These figures
agree reasonably well with the findings of Hanzlik (1917).
Others have shown that the drug is cxcreted chiefly as

salicyluric acid, formed in the detoxification process
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by union of seslicylic acid with glycine, thus:
CeH, OH. COCH. + HoN-Gip. COOH GGH,._OH'-OO-NH-ma.OOOH + Hy0
The princip2l Yoxic manifestations of salicylates have been

listed by Grahem snd Parker (1948), snd these have already
been discussed (see Chapter I).
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CHAPTER III.

THE DETERMINATION OF THE SALICYLATE CONTENT
OF PLASMA OR SERUM.
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CHAPTER III

The Determination of the Salicylate Content.

of Plasma or Serum.

A variety of methods have been developed for the
chemical estimation of the salicylate ion in body fluids,
the most popular being based on the colour reasction with iron
salts first discovered in 1798 by Wwhite in the course of‘his
investigations into the chemical nature of the active
substance in willow bark. Brodie (1944) published details
of s method which has been widely adopted on account of its
relstive simplicity, and which was used by Smull (1944),
Keith (1945), end Sable (1945) in their investigations.

Smull stated that there was little difference between
the results of salicylate estimation in serum and plasma
obtained from the blood of patients receiving salicylate
therapy, plasma giving slightly lower results than serum.
Storage of the specimens for 36 hours at room temperature
did not affect this difference.

In the work described in this thesis, serum was used
throughout for the-routine determination of salicylate levels.
Method. Apparatus: 3 100 ml. round-bottomed flasks with
- ground glass stoppers (Quickfit and

Quartz"§

3 100 ml. conical flasgks

1 5 ml. microburette
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L 1 ml. pipettes

Spekker H 760 Absorptiometer

Cambridge "Spot" galvanometer
Reagents: Ethylene aichloride

6 N. Hydrochloric acid (Analar)

1 per. cent solution of ferric

chloride in 0.07 N. nitric acid.

Distilled water.

Procedure: 10 ml. venous blood are collected and
centrifuged for five minutes at 3000 revolutions per

minute. 1 ml. of the serum is then placed in a round-
bottomed flask with 1 ml. salicylate-free serum, followed

by 0.5 ml. 6 N.HCl to precipitate the protein. Finally,

30 ml. ethylene dichloride are introduced and the stoppered
flask shaken vigorously for five minutes. The precipitated
protein is filtered off and 20 ml. of the ethylene dichloride
layer is measured from the burette into a conical flaske.

To this are added 10 mle. distilled water and 0.25 ml. ferric
chloride reagent, and the mixture shaken vigorously for

five minutes. The purple aqueous layer is then removed

and its optical density measured in the absorptiometer,
using I1ford spectrum blue-green 603 filters. By reference

to 8 standard curve the concentration of salicylate in

micrograms per ml. is determined.
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The absorptiometer used throughout is shown in the
photograph on the next page, and the general arrangement
is represented diagrammstically.

Light from a cenirally placed lamp is divided into
two paths by apertures in the housing surrounding the
1light source. A spring loaded shutter, normally in
the closed position, protects the sensitive photo-cells
from light except when 8 reading is being taken.

Light from the right hand aperture passes successivély
through a light filter, & variable aperture incorporated
in a calibrated drum, 8 lens which converts it into 8
parallel beam, a glass cell containing the coloured
solution, and finally is made to converge on a photo-cell.

Light from the left-hand aperture passes through a
light filter, a variable (but uncalibrated) opening on to
a secondvphoto—cell.

The two photo-cells are connected to a sensitive
galvanometer.

Methoa of use:

The calibrated drum is set to read 1l.0 and water is
placed in the cell. The uncalibrated aperture on the left
is closed, the galvanometer sensitivity set at its minimum,
the lasmphouse shutter opened, and the galvanometer switch
turned until the maximum deflection is obtsined. The
compensating diaphragm is then slowly opened until the

galvanometer deflection is again zero. The coloured
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solution whose concentration is to be determined is then
brought into the path of the light in the position
previously occupied by the water; less light now falls
in the right hand photo-cell and the galvasnometer shows
a deflection. The calibrated aperture is opened until
the galvanometer again reads zero, and the reading taken
on the calibrated drum.

The process is repeated with a solution of known
concentration.

By using a series of standard solutions, & standard
curve can be constructed and the concentration of an
unknown solution determined by direct reference to the

graph.

Outline of the Theory of Absorptiometric Analysis.

All photometric measurements are based on the laws

of absorption, and the absorption of light by a homogeneous

medium is stated by Lambert's law to follow in geometric
ratio the thickness of the absorbiné layer. The same law
applies to light passing through varying concentrations of
pigment in solution, and the absorption of light is, with
several limitations, the same, whether it passes through
1l cm. of a givén concentration or through 2 cm. of half
that concentration.

The light rays encounter equal numbers of molecules
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in passing through layers of equal thickness provided that
the liquid is homogeneous.

If the number of molecules in the path of the light
is increased, a greater amount of light will be absorbed if
other conditions remain equal. Closely packed or well
separated molecules make no difference to the amount of
light absorbed and therefore concentrations of the solution
and thickness of the layer are interchangeable.in‘a
proportional manner. |

These findings were proved by Beer (1852) and this

law is known as Beer's law.

Preparation of Standard Curve for Sodium Salicylate Estimation.

The standard solutions were made with salicylate-free
serum in order that the salicylate could be extracted under
conditions identical with those prevailing when patients'

sera were being analysed. Salicylate-free serum was
prepared by pooling sera obtained from healthy blood donors
for grouping purposes.
Procedure: 0.5 gram pure dry sodium salicylate was
dissolved in serum and made up to 1 litre. Serial
dilutions of this stock solution were made asshown in

Table III.
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TABLE III.
stock Solution
sodium
salicylate (ml.) O0<5 1.0 1.5 20 2.5 3.0 3.5 4.0 4.5 5.0
Salicylate-
free serum '
(ml.) Le5 40 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Standard |
solution
of sodium 50 100 150 200 250 300 350 L4OO 450 500
galicylate
(micrograms/ml.)
To eliminate experimental error as far as reasonably
possible, five separate lots of standard solutions were made,
the coloured saslicylate-iron complexes prepared and the mean
optical densities plotted against concentrations. The data

are shown in tabular form and graphicallye.

TABLE IV.

Sodium
salicylate
soln. (/ug./ml.) 50 100 150 200 250 300 350 400 450 500

Absorptiometer 2.3 3.1 4.6 5.4 6.8 7.5 8.8 10.1 11.2 12.4
readings '
2.9 3.2 48 5.4 6.8 7.0 8.8 10.2 11l.3 120
2.6 3.2 4.1 5.6 6.8 7.9 8.6 9.6 1l.1 R.3
2.4 3.6 4.5 5.5 6.8 7.5 8.5 9.7 1l.2 12.3
2.8 34 ko5 5.6 6.7 7.6 9.3 104 1ll.1 12.4

Mean readings 2.6 3.3 4.5 5.5 6.8 7.7 8.8 10.2 11.212.3
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CHAPTER IV.

INVESTIGATICN OF THE METHCD (OF DETERMINING THE .
SALICYLATE CCNTENT OF SERUM AND PLASMA.
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CHAPTER IV.

Investigation of the Method of Determining the

Salicylate Content of Serum and Plasms.

The concentrations of salicylate occurring in blood
even under conditions of gross overdosage, are relatively
low. In the study of the effects of this drug, therefore,
it is essential to know the limits within which the method
adopted for its estimation is sufficiently accurate. The
following investigations were made in order to assess the
reliability of Brodie's method, and the reproducibility of

the results obtained by it.

1. Investigation of the percentage extraction of

sodium salicylate from standard solutions of the salt in

(a) distilled water

(p) serum

(¢) plasma from heparinized blood
(a) plasma from oxalated blood

(e) plasma from citrated blood

2. The effect of time and temperature of storing
the blood sample between collection and analysis.
3. Investigation of the amount of sodium salicylate

retained in the precipitated protein.
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Lo The influence of pH on the final extract.

5 The stability of the salicylate-iron coloured

complex.
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1. (a). Investigation of the percentage extraction

of sodium salicylate from distilled water.

Experimental:

Ten solutions of sodium salicylate of different
concentrations were prepared b& dissolving accurstely weighed
amounts in measured volumes of distilled water. The
extraction process was carried out, and the apparent concen-
tration of each determined by reference to graph I. The

results are shown in Table V and graph II.

Results: TABLE V.
Sodium Absorptiometer Concentration Conc.found
“Salicylate reading. found. as % conc.
solution: . taken.
prepared
concentration
&ﬂg./ml.)
48 - | - -
72 | 2.6 46 6l
90 2.9 78 87
120 3.6 115 9L
168 L.8 - 165 97
24,6 6.4 2,0 97
298 7.3 280 97.5.
354 8.8 345 97.5
420 9:9 410 98
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1. (b). Investigation of the percentage extraction

of sodium salicylate from serum.

Experimental:

A series of ten solutions of sodium salicylate in serum
was prepared covering approximately the same range as those
made for the preceding investigation, the extraction carried
ouf as before, and the appasrent concentration of each solution

found by reference to graph I.

Results: TABLE VI.
Sodium Absorptiometer Concentration Conc. found
salicylate reading. found.ﬂgﬁma. as % conc.
solut ion: taken.
prepared
concentration
(#g-/ml.)
52 - ' - -
86 245 63 74
105 3.1 92 88
130 3.8 120 92
8 L.2 L0 o4
212 5.5 | 200 95
29, 7.3 ' 280 96
410 9.8 3% 96

508 12.0 488 96
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1. (¢). Investigation of the percentage extraction

of sodium salicylste from heparinized plasma.

Experimental:

A series of solutions of sodium salicylate was prepared
as in the preceding experiments, but plasma obtained from
blood which had been collected in a vessel containing heparin
as an anticoagulant was used as the solvent. The extraction
was carried out as before, the apparent concentration of
salicylate determined, and this result calculated as a
percentage of the known concentration of the solution in each

case. The results are recordedin tabular and graphical form.

Results: TABLE VII.
Sodium Absorptiometer Concentration Conc. found
salicylate reading. found gﬂg-/ml.) as % of conc.
soln: , taken.
prepared
cohncentration
(vgs/ml.)
55 - - -
90 2.5 64 71
100 2.9 82 82
115 Zely 105 92
180 Le3 165 93
230 - 5.8 216 Sk
300 7k 285 95
375 . 9.0 360 96
420 10.0 405 96

500 11.9 485 97
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1. (4). Investigation of the percentage extraction

of sodium sslicylate from oxalated blood.

Experimental:

The procedure followed was the same as in the previous
investigation, except that the solvent used was plasma

obtained from blood collected in vessels containing sodium

oxalate.
Results: TABLE VIII.
Sodium Absorptiometer  Concentrstion Conc. found
Salicylate reading. found §ug./ml.) as % of conc.
solution: taken.
prepared
concentration
(uae/ul-)

50 - - -

90 - - -

100 2.5 65 65

1,0 3.6 120 86

190 5.1 180 95

280 7.1 270 97

Lo0 9.6 390 97

500 1.9 485 97
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1. (e). Investigation of the percentage extraction

of sodium salicylate from citrated plasma.

Experimental:

A similar procedure wes observed as in the previous
investigations, but the solvent used for the preparation
of the various concentrations of sodium salicylate was

citrated plasms.

Results: TABLE IX.
Sodium Absorptiometer Concentration Conc. found
Salicylate reading: found 5agn/ml.) as % of conc.
solution: taken.
prepared
concentration
S/wg./ml.)
50 - - -
90 - - -
100 1.9 35 , 35
125 _ 3.0 83 66
150 3.6 115 76
200 ' 5.1 . 180 90
250 _ 6.4 : 238 95
400 8.5 385 96

500 11.8 480 96
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The Effect of Time and Temperature of Storage on the

‘7éccuréqxfof serum Salicylate determination.

gxperimental:

A solution of sodium salicylate in serum - 440 micrograms
per millilitre - was prepared, and divided into a number of
portions. One half of these was stored in the refrigerator
at 4,°C, the other in the laboratory at room temperature
(160 - 18°C). The sodium salicylate content was estimated

at intervals.

Results: TABLE X.

Perioa of Storage. Salicylate concentration §wgu/m1.) found
' after storage at

Days Hours. 49C. 16° - 18°.
z 438 440
1 442 | W40
2 436 435
3 438 440
b 432 ' L35
8 435 135
12 435 - : 4}5
2l 438 430
36 k42 , 425
48 435 k10
| 96 430 375
7 417 300

&10 . 285



Period of storage.

Days Hours.

10
11
12

13

15 | -
16
17
18
19
20

- 54 -

Salicylate concentration
after storage at

L.oC.

Lo7

L0oO

395

390

385

380

375

370

360

355

352

350

5/“’8'/‘“1') found
169 - 180C.

272
260
250
240
232
225
a7y
210
205
200
195
190



SBB

400~
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Effect of pH of Agueous extract on the Result of.

Serum Salicylate determination.

Experimentals

A solution of sodium sa&licylate in serum was prepared -
Aoo/ug/ml. - and the final aqueous extract obtained in the
usual manner. The pH of this was varied over a wide range
by the addition of meassured smounts of hydrochloric acid and
godium hydroxide solutions. Each sample prepared was
subjécted to the salicylate extraction process and the
salicylate concentration found was compared with the known
concentration. Results are recorded in table XI and in

graphical form.

Results: TABLE XI.

pH of agueous

extract. 3 3.6 43 5.0 5-3 6.1 7.0 8.0 10.110-5
Concentration

of salicylate 205 295 367 -390 393 395 395 385 333 150

found Sug,/ml.)
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The Stability of the Salicylate—iron coloured complex

when exposed to daylight.

The procedure for the estimstion of sodium salicylate was

carried out with three solutions of the salt in serum having
concentrations of 15Q/Mg/ml., joq/wg/ml., and hﬁq/ug/ml.
respectively, and the optical densities measured after standing

in daylight for varying intervals.

Results:

TABLE XII.

Apparent concentration,§wg/ml-) - hours after preparation of
complexX. ;

1 1% 2 3 4t 8 10

o}
dlo

0 z

L50 450 450 450 450 450 445 4kO 410 400 390 375 320 285
300 300 300 300 300 290 285 285 280 275 260 245 210 185
150 145 150 150 145 15 140 140 135 132 122 105 80 65
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Investigation of the amount of Sodium Salicylate retained in

‘the Protein precipitated during the estimation procedure.

Experimentalz

The percentage of sodium salicylate extracted from

solutions of various concentrstions in distilled water and

gserum has already been reported.

The difference between

the percentage extracted from serum and from distilled water

at any given concentration of sodium salicylate was taken to

\
be a measure of the amount of the solute retained by the

protein precipitated from the serum.

The percentages

extracted from serum and from distilled water for ten

different concentrations of the salt are recorded as taken

from graphs II and III.

Results:

Sodium
Salicylate
concentration

}ug/ml.)

- 500
450
Loo
350
300
250
200
150

100
50

TABLE XIII

%age extracted %age extracted

from water
(from graph II)

98

98

98

98

975

97

97

97

90
15

from serum
(from graph III)

97
96
96
96
95.5
95
95
94.5

8l
©

Difference

[\C I S TR A B N S e Y

205

15
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gcomment on results of the investigations into the method of

Brodie (19#4) for determining serum Séllgylate concentration:

The methoa is, on the whole, satisfactory for general
clinical use, but cecrtain factors not specifically mentioned
by Brodie require to be controlled.

Plasma, whether obtained from citrated, oxalated, or
heparinized blood, gives values lower than those obtained
when serum is used, when the salicylate concentration is
low, and the results from serum approach more nearly the
true figure.

The pH of the aqueous extract has a marked effect on
the final result obtained, but not within the range of
hydrogen ion concentration found in the blood in life.

The most extreme conditions of alkalosis or acidosis, therefore,
will not appreciasbly affect the accuracy of the result of

blood salicylate determinations. Gross deviations of the pH

of the extract, however, will give seriously misleading
results, and accordingly in all succeeding serum salicylate
determinations the pH of the extract was checked, using pH
paper strips (Messrs. Johnston).

Optical densities require to be measured within
fifteen minutes to avoid the effect of fading which becomes
appreciable after this time. The rate of fading is much
the same whether the concentrstion be high or low.

The concentration of sodium sglicyiate in blood falls

LI
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off appreciably when the sample is stored st room tenperature
for more than twentyfour hours. Refrigeration at 4°¢C
pernits a8 delay between collection of blood and analysis
which should not exceed one day. As a routine, all
subsequent analyses reported in this thesis were carried out
within thirty minutes of collection of the specimen.

An sppreciable amount of salicylate sppesrs to be
retained in the precipitsated protein; above serum
concentrations of 200/wg./m1. the inaccuracy thus introduced
is unlikely to have any material significance when the
analyses are carried out for routine control of salicylate

therapy in clinical practice.
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CHAPTER V.

SOME GENERAL FACTORS AFFECTING SERUM SALICYLATE LEVELS.

-l
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CHAPTER V.

Some General Factors affecting Serum Salicylate Levels.

The toxic manifestations which frequently result
following the administration of salicylates appear to
be closely related to the level of the drug in the blood:
some investigation, therefore, scemed to be indicsted
regarding certain general factors which could influence

these levels.

The following were the general factors investigated:

1. The dose of ssalicylate, and the frequency of
édministration.
2. The route of administration
(a) Orally
(b) By rectum
(e) Intravenously.
3e The Rate of Absorption a nd Exeretion.

L. The fluid inteke and the urine output.
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The Dose of Sodium Salicylate and its frequency of Administration.

Experimentals

For this investigation a series of patients was
selected who had been admitted to hospital for treatment
of some local condition, generally of an orthopaedic nature,
or eye disease, and in whom no evidence of serious organic
disease could be detected by clinical examination. Their
ages ranged from 25 to 50 years, and all were of average
height and weight. Fluid intake was strictly controlled
throughout the investigation, and was limited to three pints
in 24 hours. Sodium salicylate was administered in 1 ounce
of water at regulsr intervals day and night. Blood was
collected periodically for determination of the serum

salicylate concentration.
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The Effect of Route of Administration, and Rate

of Absorption and Excretion on Serum Sslicylate

levels.

(a) Oral administration.

Experimental:

Two subjects were selected and placed on fluid intakes
of 2% pints and 3 pints in 24 hours reppectively. Each
subject was given L4 grams sodium salicylate in two ounces
of water at 8a.m., and the serum salicylate levels were
determined at periodic intervals. The subjects had
previously been found to exhibit no idiosyncrasy when the
drug had been given in & dosage of 20 grains four hourly

for five days.

Results:

see next page.
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TABLE XVIII.
Results:
Time after administration Serumbsalicylate levels
of 4 grems sodium salicylate 9ug/ml.)
orally.
(hours) | Case 1. Case 2.
1 - -
% 7% - 82
2 - -
1 160 180
2 316 . 340
2z 400 422
3 300 L20
4 - 400
6 255 270
8 222 200
10 . 210 180
12 ’ 200 172
16 190 160
20 180 153
24 : ' 175 146
28 ‘ 170 140
32 168 1320
36 160 112
4O . 160 -
Lk - -
46 - -
48 - -

50 - -
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(b) Rectal Administration.

Experimental:

One case was avsilable for this investigation. Four
grams of scdium salicylate was dissolved in 220 ml. saline
at 37°c and slowly injected per rectum. Blood was collected
at intervals and the salicylate level in the serum determined.

As before, the fluid intake was restricted to three pints in

24 hours.
TABLE XIX.
Time after rectal administration Serum salicylate level
of 4 grams sodium salicylate \
(hours) ' }/@le.)
3 250
1 326
3 392
1 L22
1% 354
2 200
2% 184
3 170
N 162
8 148
10 | . 136
12 128
16 | 122
20 112

3N 110
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Time after rectal administration
of 4 grams sodium salicylate
(hours)
28
32
36
40

Serum salicylate level
&Mg/hl.)

104
100
90
82
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(e¢) Intravenous.

Experimental:

L grams sodium sslicylate was dissolved in isotonic
sodium chloride solution (0.85%), sterilized in the autoclave,
and administered by slow intravenous drip to one case.

The infusion was given at a uniform rate over @ period of
3 hours 40 minutes and no untoward reactions were observed.
Blood was withdrawn from a vein in the other arm at intervals

and analysed as before.

Results:
TABLE XX.

Time in hours after Serum salicylate levels
beginning infusion /9“8{/“1-)

i 400

3 480

3 490

1 500

11 486

2 | 516

2% ' 522

3 502

L 450

6 366

8 240

10 188
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Time in hours after Serum salicylate levels
beginning infusion ’ &ug./ml.)

12 150

16 1,6

20 136

2L ' 128

28 120

32 112

36 . 96

10 | 82
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Comments

A standard dosé - 4 grams - was sdministered orally to
two subjects, by rectum to a third, and intravenously to a
fourth. Blood levels were determined at intervals for a
period of over LQ hours.

Oral administration was followed by a rapid rise in the
serum salicylate content to & maximum of 409/ug./m1. in two
and a half hours, followed by a. gradusl fall. After eight
hours had elapsed, the coneentration was 22%/¢g/m1., and
appreciable amounts could still be detected after forty hours.
These results suggest that when the drug is administered by
the oral route, the rate of absorption is greater than the
rate of excretion.

Rectal administration resulted in more rapid absorption
of the drug than occurred after oral sdministration, for a
peak of 42%/wg/m1. was reacned in one hour. Serum
concentrations fell rapidly, however, and after four hours
the level was only l6%/;g/ml. - when the level after oral
therapy had just passed its maximum.

When the seme dose of the salt was administered by the
intravenous route, a high concentrastion - hoefg/mlo - was
found in the blood within 15 minutes. The maximum
concentration of 609/“€/m1- wes attained in 2% hours;
thereafter blood levels fell.



- 74 -

Investigation of the Effects of Alterations in

Fluid Intake and Qutput on the Serum salicylate

level.

Experimental:

Three subjects free from serious organic disease were
selected. Each was given sodium salicylate four hourly in
"2 dosage of 15 grains in one ounce of weter, day and night,
and this dosage was maintained throughout the investigation.
Serum salicylate levels were determined at the same time
daily, and when a fairly constant level had been maintained
for three days, the experiment proper began. The fluid
intake was kept constant for a _eriocd, and the 24 hour output
of urine carefully collected and measured. Daily estimations
of the serum salicylate were continued. Later, the daily
intake of fluid was increased to a measured amount, and the
urine output and serum salicylate levels recorded as before.
Finally, the fluid intake was returned to its original

level and the observetions continued for a further period.

Results:s

see next page.



Results:

case l.

Time
(aays).
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TABLE XXI.

Fluid,intaké
(fluid ounces)-.
66
65
68
100
1ok
102
Lok
106
112
103
100
62
62
56
60

Fluid output
(f1luid ounces).
57
60
- 61
90
93
96
100
100
110
95
90
54
L8
53
52

(niorograne/mis)-
325
300
325
265
250
255
265
270
300
300
295
340
325
310 .
312




n %
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Case 2.
TABLE XXII.
Time FPluid intake . - Fluid output Serum salicylate
(days). (fluid ounces). (fluid ounces). (micrograms/ml.).
1 Ly 40 320
2 45 50 330
3 Ll 40 340
L 40 40 5
5 116 112 295
6 11k | 110 275
7 116 114 300
8 120 114 315
9 11 - 108 325
10 116 112 327
11 46 | 4 325
12 42 W6 350
13 46 40 325
1L Lb ' Ll 325
15 52 46 345
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Case 3.
TABLE XXIII.

Time Fluid intake Fluid output ‘Serum salicylate
(days).  (fluid ounces). (fluid ounces). (micrograms/ml.).

1 6l - 60 - 375
2 68 A 360
3 63 57 375
i 112 106 275
5 106 104 260
6 98 102 . 260
7 106 | 108 | 310
8 102 100 325
| 9 100 102 330
10 105 100 325
11 100 97 355
12 56 ' 60 330
13 60 62 325
7N 64 6L 320
15 62 6h 325
16 55 - 60 337
" Comment:

Three subjects, free from serious organic disease, were

given standard doses of 15 grains of sodium salicylate in one
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ounce of water every four hours, and the effect of varying
their fluid intake on the level of salicylate in the serum
was observed.

The total volume of urine excreted daily paralleled
closely the intake in 24 hours.

In case 1, an increase in the fluid intake from 65
to 104 fluid ounces with a corresponding increase in urine
volume from 60 to 93 fluid ounces gave rise to a fall in
serum Salicylate from 323/bg/m1, to 265 on the second day
of increased diuresis. Later, the serum salicylate level
rose gradually to its original level, but this rise began
before the fluid intake was cut down to the former value
of 62 fluid ounces.

Cases 2 and 3 showed similar changes B throughout the

investigation.

These results suggest that a rise in the volume of
urine excreted will cause a depression in serum salicylate
level initially because of an increase in the rate of
excretion  the drug. Since these serum levels return
to their original levels while the increased fluid output
is being maintained, it is concluded that equilibrium is
once more reached between the smount of salicylate absorbed
and the amount distributed between the blood and the

intercellular fluid.

Undesirable fluctuations in the serum salicylate level

D ]
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when the drug is prescribed for therapeutic purposes may
result if the fluia intake is not maintained at a fairly

constant level.
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CHAPTER VI.

SPECIAL FACTORS INFLUENCING BLOCD SALICYLATE LEVELS..
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CHAPTER VI.

Special Factors Influencing Blood Salicylate Levels.

(a). The Effect of Sodium Bicarbonate administration on

Serum Salicylate levels.

Experimental.

The investigation was carried out on patients and
healthy controls. gerum salicylate levels were determined
regularly while the subjects were receiving sodium salicylate
in féirly uniform dosage at regular intervals day and night.
- The investigation was divided into three periods. In the
first, sodium salicylate was given alone. In the second,
combined treatment with equal doses of sodium bicarbonate
and sodium salicylate was carried out. The sslicylate was
again the only drug exhibited in the third period.

In some cases, the periods were interchanged. Scme
subjects were allowed an unrestricted fluid intake, and in
others the volume of fluid taken was limited.

The 24 hour output of urine was measured daily and each
subject weighed at intervals in order to assess whether any
increase in the extracellular fluid might be occurring which
would tend to cause variations in the serum salicylate

levels by incressing the concentration of salicylate in the

tissues.
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Case l. Disease: Rheumatic fever, of three days' duration.
Treatments Sodium salicylate, 20 grains every four
hours.

Fluids unrestricted.

Results:
TABLE XXIV.
Time Weight Urine volume Serum salicylate
(days). (1b.) (fl.0z.). }ug./ml.).
x 1 2.7 70 380
2 142.6 70 400
3 - 58 390
4 - T 400
5 we.7 Tk 420
6 - 79 425
7 142.8 80 L40
xx 8 - 93 285
9 - 110 286
10 143 97 255
11 - 87 295
12 145 78 305
xxX13 - 60 325
1k b2 70 - 348
15 - 70 37k
16 3.1 - 68 398

17 - 70 Lo7
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Time Weight Urine volume Serum salicylate
(days). (1b.). (fl.0z.) . 9ug./m1.).

18 2.4 76 393

19 - - 40C
b < sodium salicylate administration.

XX combined salicylate and bicarbonaste therapy begun.
XXX Dbicarbonate discontinued.

Comments when the administration of sodium bicarbonate
along with sodium salicylate was begun on the eighﬂh day,
the concentration of salicylate in the serum feill, but
rose again after the bicarbonzte was discontinued on the
thirteenth day.

The urine volume rose on the first day of biesrbonate
administraticn, reaching 2 maximum on the ninth day. Over
the succeeding three days, however, the urine output fell
to its original level, and it showed no alteration when
bicarbonate treatment was stopped.

The body weight rose during the time bicarbonste wasg
adninistered reaching ¢ maximum at ithe end of this pericd.
Thereafter it declined slowly to its originzl vzlue.

The following explanation of these changes is suggested:
the incresged urine output following combined sodium salicylate
and sodium bicarbonste therapy is probsbly due to the
diuretic sction of the alixali. This effect is mest marced

at firgt asnd tends to decline later. The tendency of
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salicylates to cause partial suppression of water excretion
by the kidney which Hanzlik (1917) describzd may be
diminished by the bicarbonate.

The increase in body wveight which vwas considered due to
an increese in the extracellular tissue fluid may appear st
first a contradictory observation, but grzph XV. shows that
the meximum body weight was recorded after the urine volume
had returned to normal at the end of the period of
bicarbonate trestment: at this stage it may be that an
increase in extracellular fluid was the result of increased
sodium ingestion. The scdium of the salicylate may be
partially responsible for the so-called "salicyl oedema"
(Hanzlik 1917), and the administration of extra sodium as
bicarbonate would tend to enhance the effect.

The marked fall in serum salicylate on the seventh day
canb e explained by the increased excretion in the urine.
After cessation of bicarbonate therapy, a gradusl rise in
serum salicylate takes place as the volume of extra cellular

fluid returns to normal.
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Case 2. Disease: Rheumatic fever of 9 days' duration.
Treatment: Sodium salicylate, 20 gr. every four
hours.

Fluids were not restricted.

Results:
TABLE XXV.
Time Weight Urine volume Serum salicylate
(days). (1b.). (fl.oz.). 9ug”/m1.).
1 132.5 90 410
2 - Sl | 425
3 132.5 85 -
b - 100 420
5 132.6 110 ' 340
6 - 110 290
7 - 123 250
8 132.7 107 255
9 - - 109 265
10 133.2 - 265
11 - 110 -
12 133.7 - 1o6 | 285
13 - 105 | -
1 13 100 325
15 - 97 380
16 - 100 390
17 134 107 395
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Comment In this investigaticn, the period of combined
bicarbonate and salicylate therapy was twelve . days. The

following observations were made:

1. Cn the first day of combined treatment there was
and increase in the urine output, and this rose to a maximum
on the third day. Cver the remaining twelve days slightly
lower volumes were recorded. When bicarbonate was stopped,
the urine output returned to around its initial volume in

three days.

2e As in case 1 the body veight rose, the maximum

being recorded at the end of period II.

3. The serum salicylate levels were lowered
following the institution of combined bicarbonate and
salicylate therapy, reaching 259/4g/m1- on the seventh day
of the investigation. From this time to the end of the
period of comb.ned treatment the salicylate levels rose
gradually and reached their original level when the

bicarbonate was stopped.

The results in this cese are similar to those obtained

in case 1 and lesd to similar conclusions.
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Case 3. Rheumatic fever of 4 days' duration.
Treatment: Sodium salicylate 25 gr. every four
hours.
Fluids were restricted to a daily volume of 60

fluid ounces in this case.

Resultg:
TABLE XXVI.
Time Weight  Urine volume. Serum salicylate
(days). (1b. ). (f1. o0ze). ‘ﬁug- ml.).
1 1345 70 450
2 134.6 68 472
3 134.5 T4 450
I 134.6 80 455
Xx 5 134.6 80 L2
6 134.5 8L 415
7 13k4.6 90 420
8 134.6 92 422
9 - 9% | 420
10 1346 90 450
11 - 88 456
12 134.5 92 455
13 - 87 L48
ye - 86 L4 o
xxx15 1345 87 455

16 134.5 - k32
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Time Weight Urine volume Serum salicylate
(days). (1b.). (fl. oz.). (ug./mle).

17 - 83 52

18 13.6 78 450

19 - - 465

XX combined salicylate and bicarbonate therapy begun.
XXX bicarbonate discontinued.

Comment: In this case, urine volume, serum salicylate
concentration, and body weight all remained reasonably
constant throughout. This suggests that when the fluid
intake is restricted, increased diuresis changes in the
extracellular fluid are much less marked, and that several
of the factors which affect the serum salicylate level are

thereby eliminated.




- 89 -

Case Lt This subject vas a normsl healthy male aged

26 years. He received 2C gr. scdium sslicylate and 20 gr.
sodium bicarbonate every four hours for three days, then
sodium salicylate alone for ten days. After sn intervel
of six days, sodium salicylate anc sodium bicarbonste were
given every four hours, in the sesme dosage &s before, for
13 days, then sodium salicylste slone for s further 7 days.
A second pericd of six dsys wss sllowed to elapse, =z2né the
subject was given sodium sslicylste for 5 days followed by
combined salicylste &nd bicsrbonaste therzpy for 8 days, and

lastly sodium salicylate alone.

Results:
TABLE XXVII.

Time Body weight Urine volume Serum sslieylete
(days.) (1b.). (fi. oz ). véﬂg@/ml.).

1 1343 T 226

2 - 8i 250
3 135.5 88 245

b - 75 270
5 135.2 65 k720

6 - €6 e Ly

7 - | 63 418

8 134 66 >

9 - 68 LLO
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Time Body weight Urine volume Serum salicylate
(days.). (1b.). (fl. oz.). (pg-/ml.).

10 - 65 450
11 134 66 456
12 134 6l L50
13 134 68 455

PP eese Six days' interval .ceccevecee
1 133 9 200
2 - 103 250
3 13 95 258
L - 110 264
5 134.5 - 106 275
6 - 95 285
7 135 - 98 300
8 - - 300
9 135.4 108 325
10 - 96 325
11 135.7 - 34
12 - - 310
13 135.8 97 285
1 - | 102 335
15 134 97 350
16 - 95 350
17 133.5 70 36k

66 350

-
e o)
i
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Time Body weight Urine volume Serum salicylate r
(days.).‘ (lbo)- (flo OZ.). gﬂg./mlo)a i
19 - 70 100 |

. f

|

|

20 133 68 415

ec o0 g0 000, Six daYS’ interval 0 e 0o 0o

1 133 60 457
2 133.1 63 490
3 132.8 67 450
L 133.3 - - 480
5 133.3 | 52 512
6 - 110 465
7 134.6 113 420
8 - 104 398
9 135 - 387
10 - 112 406
11 135.8 - 450
12 - 112 468
13 135.8 - ' 500
14 135.2 : 106 495 |
15 1347 110 " 520 |
16" 134.1 ' - 510
17 133.8 98 490
18 - - 516

Comment: First period: During the three days of combined




D
D

*
&"7

E

oY

#

IR



- 92 -

treatment at the beginning of the investigation, the body
weight rose sharply, while the serum salicylate level
remained approximately constant, and the urine output rose
slightly. When the alkali was stopped, the body weight
fell back to its origihal value over a period of five days,
and remained constant thereafter. Meanwhile the serum
salicylate rose rapidly for five days, then, like the body
weight, remained constant. When the bicarbonste
administration wes stopped the urine volume began to fall
until it reached the original figure on the fifth day.

Thereafter it fluctuated only slightly.

Second period: The body weight showed an early and gradual
rise until the alkali was stopped on the thirteenth day:
after that, there was a return to normasl in a relatively
short time.

The urine output fluctuated slightly during the thirteen
days of combined treatment, and when bicarbonate was stopped,
fell to 2 lower level in two days, remaining fairly constant
thereafter.

The serum salicylate concentration rose during the first
nine days of combined treatment from 200 micrograms per ml.
to 350 microgrems per ml. During the following four days,
the concentration was fairly constant. On cessation of
bicarbonsate administration on the thnirteenth day, the value

v of the serum salicylate began to rise, and by the twentieth

day was hl%/ﬂg/mlo
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Third period: When salicylate was administered alone,
urine output, serum salicylate concentration, and body
weight remained fairly constant. When combined salicylate
and bicarbonate was begun on the fifth day, there was an
immediate rise in the urine output, but this soon became
constant at a new higher level. Serum salicylate
concentration fell steadily and the body weight rose. By
the ninth day of the investigation the serum concentrations
began to rise again and reached 500/ug/ml. by the thirteenth
day, when the alkali was stopped. Thereafter levels
remained constant, but with cessation of bicarbonate the body

weight and urine output again began to fall.

These results again suggest that there is a tendency
for serum salicylate levels to rise from relatively low
concentration if a sufficient pericd is allowed for
equilibrium to be reached between the amount of drug excreted
in the urine and the amount retained in the tissues and
circulating in the blood. The administration of sodium
bicarbonate with the sodium salicylate appearsto delay the
attaimment of optimum salicylate concentration of over 350
/ugn/ml., since such concentrations are found 24-48 hours after

%he administration of sodium salicylate alone in adequate

dosese.
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Case 5. This subject was a healthy male aged 40 years.
Sodium salicylate and sodium bicarbonste were administered
together for nine days in a dosage of 20 gr. every four
hours. The bicarbonate vas then stopped, and salicylate
given alone for a further seven days.

The fluid intake vas restricted to 55 ounces per day.

Resultss
TABLE XXVIII.

Time Body weight Urine output Serum s alicylate
(days). (1b.). (fl.oze) Qﬂg./ml.)

1 136.8 - 50 400

2 - 50 405

3 136.6 55 393

b - 57 390

5 - 50 395

6 136.8 /50 410

7 - W 410

8 137 50 400
-9 - ' 45 392
x10 - 50 415
11 137.2 . 60 100

12 : 137.2 58 400

13 - | 50 40D

14 137 46 o 405

15 - - 400

16 137.2 53 1405

X bicarbonate discontinued.



HS$
*

$$

67

511B

K<



_95_

Comment ¢ serum salicylate concentrstions and the body
weight remained constant throughout this investigation,
and the urine output showed only a slight rise on the
third and fourth days, and again on the eleventh and
twelfth days.

These result suggest that the restriction of fluid
intake decreases the tendency for sodium bicarbonate

administration to lower the serum sslicylate concentration.
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(b). The Effect on the Serum Sslicylste concemtration

of certain clinical states.

At this juncture, it was decided to compsre the serum
salicylate levels cbtained when sodium sslicylste in
standard dosage was administered to normel subjeects with
the serum concentraticn found when the drug wes given 1o
patients suffering from certain specified disesses. The
standard dose selected was C.13 grsm per kilp bpdy weight,
and the drug was administered crelly every four hours.

The fluid intake wss unrestricted, 2nd the seram salicylste

was determined daily.

The csses investigated were ss followss

1. Normal subjectss four csses frpm

the surgicael wards free from seripus geperal Jipense.
2. Acute rheumatism: four coses.

3. Frernicious anaemisa: ihree coses of

differing degreés ol severity.
4. Chronic myeloid leuksemia: three C3SEE-
5. Chronic ulcerstive colitiss 4twp cases.

6. Subscute rheumatisms ope czge. This

subject hac had recurrepnt acute zillacks of rhbemmaitism
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over a period of eight years, and was admitted to héspital

in one of these. She was found to have a marked hypochromic
anaemia, mitral stenosis, and auricular fibrillation.

After sixteen days' treatment with salicylate she developed

acute heart failure, oedema, and oliguria.

The results of each group are shown in detail in
tabular form, and the mean levels are also recorded

graphically.

Results: Normal subjects.
TABLE XXIX.
Serum salicylate 9ug./m1.)
Day. 1 2 3 L 5 6 7 8 9 10
Case 1. 350 377 370 382 390 379 382 380 394 408
Case 2. 402 422 L4LOL L10 398 399 388 L4LO06 420 L4OO

Case 3. 374 381 396 398 408 388 4Ok 406 368 4OO
case k. 362 377 386 356 340 386 366 372 362 360

Mean. 372 386 389 384 384 388 385 391 386 392



Acute Rheumatisme.

Day.

Case
Case
Case

Case

Mean.

Pernicious ansemia.

Day.

Case
Case

Case

Mean.

e

180
252
236
212

220

386

370
390

382
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TABLE XXX.

Serum salicylate gug”/ml.)

2

232
290
332
276

282

3

308
360
342
576

3l

L

316
352
339
385

348

5

328
364
321
347

340

TABLE XXXI.

Serum salicylate

2

394
386
390

390

3

402
378
396

392

4

396
384
408

296

5

382
378
L1,

388

6

337
356
332
367

348

7

338
360
328
378

351

Sug./ml.)

370
388
439

399

408
398
40C

402

326

371
316

371

346

400
366
386

384

333
362

330
335

340

386
374
398

386

10

358
348
312
358

342

10

386
572
406

388
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Chronic myeloid leukaemia.

TABLE XXXII.

Serum salicylate 9yg./m1.)

pay. 1 2 3 L 5 6 7 8 9 10
Case 1. LWO 436 452 L4 438 450 464 L42 452 460
Case 2. L30 430 436 L42 456 L&O L4k 448 LL44 450
Case 3. Lyl 460 450 422 456 431 472 436 AGO L6l
Mean. 438 442 446 436 L4L5C 44O 460 442 452 458
Chronic ulcerative colitis.

TABLE XXXIII.
Serum salicylate sug./ml.)

Day. 1 2 3 4 5 6 7 8 9 10
Cese 1. 212 202 260 300 312 324 328 300 316 292
' Case 2. 220 246 276 332 312 316 290 324 320 308
Mean. 216 224 268 316 312 320 309 312 318 300
Subacute rheumatism.
TABLE XXXIV.
“ Dayg. - A . 5 ) .

Serum salicylate

. 9“89/m1.)

328 34 331 33¢ 382 4LOL 580
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comments: The serum salicylate concentrations obtained in
normal individuals receiving a dose of 0.13 g. per kilogram
body weight remained reasonably constant from the second day
after administration of the drug was begun. Results in
cages of perﬁicious anaémia were substantially the same as
in normal subjects.

In acute rheumatism, the mean level on the first day
wés lower then in normal subjects, and a constant level of
the drug in the serum vwas not attained until after three days'
therapy.

In the chrenic myeloid 1eukaemia group, maximum
concentrations of the drug were attained on the second day,
and the values found were appreciably higher than in the
other groupé. These higher concentrations, it is suggested,
might have been the result of diminished excretion by kidneys
whose function was impaired because of chronic anaemia or
leukaemic infiltration. Reduced rate of destruction of
salicylate by the leuksemic liver might also be advanced as
avcause of the high blood levels.

In the chronic ulcerative colitis cases, mean serum
salicylate levels of less than BQQ/Lg/ml- were obtained by
the fourth day. These figures suggest that in this
condition, absorption of salicylate from the intestinal tract
is impaireds or the explanation might be that %he increased
loss of water in the fluid stools increased the rate of
excretion of salicylate and thus kept the concentration in

the serum at a lower level.
















































































































































































































































































































































































































































































































































































































