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Acid-base changes: Small but insignificant decreases
in base excess, standard bicarbonate and pH occurred In

the immediate postoperative period (Table fIr).

DISCUSSION

The onset of action of AH 8165 is more rapid than that
of pancuronium bromide, and is comparable to that of the
fast-acting muscle relaxant, succinylcholine. However, AH
8165 produces less ideal intubating conditions than
succinylcholine. To constantly achieve optimal conditions.
a higher dose would probably be needed, e.g. I mg/kg.
If AH 8165 is not used for intubation, a smaller dose of
0,5 mg/kg will provide satisfactory relaxation for surgery.
Incremental doses of 10 mg prove adequate when relaxa­
tion appears to be wearing off.

The duration of action was not as short in humans as
was expected from experimental work, and is similar to
that of pancuronium bromide. It is therefore not the
solution to the problem of finding a short-acting non­
depolarising muscle relaxant. Nevertheless, its rapid onset
of action, minimal cardiovascular effects, lack of change
in intra-ocular pressure and excellent reversibility with
anticholinesterase agents, should prove valuable in
anaesthetic practice.
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The Pharmacology of Malnutrition
PART I. SALICYLATE BINDING STUDIES USING NORMAL

SERUM/PLASMA AND KWASHIORKOR SERUM

C. EYBERG. G. P. MOODLEY, N. BUCHANAN

SUMMARY

The binding of salicylate to serum 'and plasma has been
reinvestigated. At normal pH, binding was saturated at
about 40 mg!100 ml of total serum salicylate. In kwashior­
kor serum, binding was saturated at approximately 15
mg/l00 ml. The implications of the latter finding are dis­
cussed.

S. Afr. Med. l., 48, 2564 (1974).

We recently suggested that In infantile salicylism,
the amount of salicylate in the cerebrospinal fluid (CSF)
is of prime pathological importance. The CSF salicylate
concentration, in turn, is closely related to the free serum
salicylate concentration!"
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Although salicylate binding has been extensively studied
over the past three decades: it was felt worth while to
reinvestigate the problem, using a new dialysis system.
At the same time, the binding of salicylate to hypo­
albuminaemic kwashiorkor serum was studied. The results
of these studies are reported here.

MATERIALS AND METHODS

Plan of Study

Fresh pooled adult serum was loaded with sodium
salicylate at various concentrations and then dialysed;
the same procedure was followed with fresh pooled
adult plasma. The effects of pH were studied by the
addition of hydrochloric acid or sodium bicarbonate, so
as to obtain pH levels of 6,97; 7,5 and 8,[5.

Pooled kwashiorkor serum was studied after it had been
loaded with sodium salicylate at various concentrations
and subsequently dialysed.

Methods

Dialysis was performed using a new equilibrium dialysis
system previously employed by our group! With this
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method, dialysis was complete in 30 minutes, but a
further 3D-minute safety margin was allowed in all
cases before dialysis was stopped.

Salicylate estimations were a quantitative modification
of Trinder's method: using 0,2 ml of serum.

Statistical analysis involved the use of Student's t-test
and the coefficient of correlation" Unless otherwise stated,
at each salicylate concentration 10 separate dialyses were
carried out at a pH of 7,4 - 7,5 at 3rc. In our hands,
the semi-micro salicylate assay described above had an
error of 3%. Using the dialyser, the error fell from 4%'
to 2°~, because Hamilton syringes were employed for
loading and unloading.

Materials
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Fig. 1. A diagrammatic representation of the results shown
in Table I. Mean plasma and serum bound salicylate con­
centrations (2 standard deviations) are plotted against the
total serum saliC)'late concentration. No statistical dif­
ference (P>O,2) was observed between plasma and serum.
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in Fig. 5. Statistical analysis revealed that from 39 mg/lOO
ml total salicylate upwards, no significant difference in
plasma binding could be found. Thus, in normal plasma,
binding appeared to cease at about 40 mg/IOO m!.
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Fig. 2. The mean valnes and 2 standard deviations of
the free salicylate concentration versus total salicylate
(a diagrammatic representation of the data in Table I).
There was no statistical difference (P>O,2) between
plasma and serum.
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As can be seen from Fig. I, binding appeared to cease
at approximately 40 - 60 mg/lOO ml of total salicylate.
An attempt was made, using plasma, to find a more
precise concentration at which tbis might occur.

Fig. 4 shows the relationship between bound and total
salicylate with 10 different concentrations of the latter.
Bound versus free results on the same samp:es are shown

The results are depicted in Table I, and shown diagram­
matically in Figs I and 2. 0 difference could be' found
between plasma and serum; indeed, the relationship
between the two was very close, as is shown in Fig, 3.

RESULTS

Detailed Study of Plasma Binding

Fresh serum was obtained by venepuncture from the
authors, and was pooled and frozen until use.

Fresh plasma. The plasma employed for these studies
was fresh frozen plasma (FFP)- obtained from the South
African Blood Transfusion Service.

Kwashiorkor serum wa-s obtained from children ad­
mitted to hospital prior to any form of therapy, to obviate
the problem of competitive binding.

Comparison between the Binding Power of Nonnal
Serum and Plasma

TABLE I. COMPARISON BETWEEN THE BINDING CAPACITY OF PLASMA (ALBUMIN CONCENTRATION 4,2 g/100 ml)
AND FRESH SERUM (ALBUMIN CONCENTRATION 4,3 g/100 ml)

Serum - total salicylate
(mg/100 ml) Plasma - total salicylate (mg/100 ml)

27,6 37,7 57,4 76,0 106,7 7,4 10,4 13,4 16,7 22,1 34,9 55,0 75,8 99,3

Number of samples 10 7 10 8 7 7 8 8 7 10 15 10 10 15

Mean bound salicylate (mg/loo ml) 17,4 22,5 27,3 25,0 25,6 6,5 8,7 11,0 12,4 16,3 20,6 24,2 23,5 24,6

Mean free salicylate (mg/l00 ml) 4,1 10,4 27,2 49,6 77,4 0 1,4 2,6 2,2 4,3 10,0 30,4 47,2 69,4

% free salicylate (mean) 13,7 30,7 49,7 66,5 75,1 0 14,4 19,1 15,0 20,8 33,2 55,5 66,8 73,8

Mean % of original recovered' 94,6 85,8 94,5 98,5 96,S 87,8 94,3 101,8 87,6 93,2 28,3 98,6 93,0 94,6

• (Bound + free) -<- original total serum salicylate X 100.



• pH 6.97 differs significantly from pH 7.5 (t = 6.2 N = 18. P =

<0.0005). as does pH 7.5 from pH 8.15 (r = 4,4. N = 18. P = <0.0005).

TABLE 11. RESULTS OF pH STUDIES AT SIMILAR TOTAL
SALICYLATE CONCENTRATIONS*

37 40,5 38

pH 6,97 7,5 8,15

% free 36,0 -+- 3,5 45,9 -+- 3,3 52,5 -+- 2,9
salicylate

% bound 63,9 -+- 3,6 54,1 -+- 3,2 47,4 -+- 2,9
salicylate
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Fig. 5. The relationship between bound and free salicylate
in normal plasma (albumin 4,2 g/IOO mi).
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Fig. 6. The differeuce between kwashiorkor serum and
normal plasma. From 22 mg/IOO mI upwards, the difference
is at less than P = 0,005 level.

TABLE Ill. COMPARISON BETWEEN THE FREE SALICYLATE
CONCENTRATION AND TOTAL SALICYLATE CONCEN­
TRATION IN KWASHIORKOR SERUM AND NORMAL PLASMA

Pooled kwashiorkor serum (albumin 2,3 g/lOO rnI) was
compared with normal plasma (albumin 4,2 g/lOO ml).
These results are shown in Table III and Fig. 6. The
difference from 22 mg/lOO rnl upwards is highly significant
statistically, with kwashiorkor serum showing markedly
inferior binding.
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Fig. 4. The relationship between bound aud total salicylate
in normal plasma (albumin 4,2 g/IOO m!).

Fig. 3. A close correlation was observed between the per­
centage of free salicylate in plasma and serum.

Three separate pH levels were studied: pH 6,97 (total
salicylate 37 mg/lOO m!), pH 7,5 (total saJicylate 40,5
mg/IOO ml) and pH 8,15 (total ~alicylate 38 mg/IOO m!).
The results in Table 11 show a statistically significant
difference between the three pH values.
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DISCUSSION

A variety of methods have been employed in the dialysis
of salicylate.'" The advent of a new semi-micro equilibrium
dialysis system and a clinical situation worthy of investi­
gation, provided an ideal opportunity to re-evaluate the
problem of salicylate binding.

It is known that salicylate binds exclusively to albumin:
However, it has been sugge~ted that there might be a
difference between the binding capacity of plasma and
serum, and that this could be due to either serum
globulins or fibrinogen.' The observations made in the
present study, employing pathophysiological concentrations
of ~alicylate, and after 132 separate dialyses, do not
support this contention. The binding capacity of plasma
and serum were in no way statistically different. It would
thus appear that either plasma or serum can be employed
for in vitro studies.

Figs 4 and 5 show, and it is confirmed statistically.
that salicylate binding ceases at a total salicylate concen­
tration of approximately 40 mg/IOO ml. Th~reafter there
is a progressive accumulation of free salicylate. This figure
corresponds well with the generally accepted level of 30
mg/IOO ml which is as~ociated with toxicity.'o

In contradistinction iD the report of Moran and 'vValker,'
who observed that pH changes in the range 7,0 - 8,0
produced a 3°0 change in the binding of salicylate at a
total serum level of 50 mg/ 100 ml, the present studies
show much greater alterations. However, at above pH 8,0
Moran and Walker observed a greater fall in the bound
fraction. Binding was greatest at the lowest pH value
studied and decreased progressively as pH rose. A 9,9°'"
decrease in binding was observed over the paediatric
pH range (6,97 - 7,5).

This would hold certain advantages for the saJicylate­
intoxicated infant, who is almost invariably acidotic,'"
but would not represent a contra-indication to bicartonat~

therapy. In theory, alkalinisation producing a normal oH
in these infants would then release about 100~ of the
bound salicy;ate; this could be transferred to the CSF.
enhancing toxicity, b:lt by virtue of the previously des­
cribed mecJ:anisms of actiou of bicarbonate on CSF and
brain salicylate,"'" this is unlikely to be clini~ally

detrimental.
Perhaps of greatest intere:;t is the observation that

there is a marked difference between the binding capacity
of kwashiorkor serum and normal plasma. The hallmark
of kwashiorkor is hypo-albuminaemia" and therefore it

is to be expected that drug binding in these infants will
be deranged. As far as we know, however, this has not
been documented in human malnutrition. Other hypo­
albuminaemic situations have been studied in this regard,
namely rheumatoid arthritis,'" chronic infection' and the
nephrotic syndrome. H In a study of salicylate binding to
diabetic serum," it was observed that there was a difference
between non-diabetic and insulin-dependent diabetic
serum: it was felt that this might be related to an
alteration in the physicochemical properties of serum
albumin in this group of patients. Children with kwashior­
kor are, however, known to have qualitatively normal
albumin.'· Moreover, it has been shown" that Iysine­
deficient serum is unable to bind salicylate; although thi
argument could be used to explain the poor binding
observed in kwashiorkor, serum from these patients
is not Iysine-deficient.'·

In these studies, binding of salicylate appeared to
cease at about 15 mg/100 ml total sa]jcylate when
kwashiorkor serum was used. Thereafter, a progressive
accumulation of free salicylate occurred. This observation
agrees well with the data of Moran and Walker,' who
carried out a similar study in vitro, but without using
kwashiorkor serum. If salicylate can be taken as an
example of an albumin-bound drug, then the same may
apply to many other therapeutic agents. Further studies
are in progress.
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with the manuscript, and the South African Medical Research
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