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fore should be employed together with other techniques
for th.e ultimate purification of the abnormal components.*

SUMMARY

Nuclear, mitochondrial, microsomal and soluble fractions in
the thyroid of a stillborn calf with congenital goitre were
analysed for their iodotyrosine, de-iodinase and thyroglobulin
protease activities and for their iodine/nitrogen ratios com
pared with those of a ~ormal calf..Nu~lear and s~luble frac
tions of normal and gOltroUS thyroid tissue contamed no de
iodinase activity. Both normal and goitrous mitochondrial and
microsomal preparations were rich in iodotyrosine de-iodinase
activity. The particulate fractions of the goitre had greater
de-iodinase activity than those of the normal gland.

Acid-protease activity was demonstrated in all fractions of
the goitre although the nuclear fraction was least active in the
goitre. In the normal thyroid fractions the nuclear and soluble
fractions contained no proteolytic activity.

in both normal and goitrous thyroid tissue the highest I/N
ratios were observed in mitochondrial and microsomal prepara
tions, whereas the lowest were observed in the soluble and
nuclear fractions. The I/N ratios in all fractions of normal
thyroid were at least 10 times greater than those obtained
from the goitre.

In adult animals the radioactive iodine uptake per unit
weight of thyroid tissue was about the same in the goitre after
2 hours but was less in the goitre after 48 hours than in the
normal.

Sucrose gradient analysis confirmed previous findings of an
iodoprotein with slower sedimentation than that of thyro
globulin.

The behaviour of the abnormal thyroglobulin in the goitre
was studied in various concentrations of agarose and in Biogel
5M and Biogel 50M. The results confirm previous observations
that the abnormal thyroglobulin consists of several compo
nents which are partially fractionated by 10% agarose and
Biogel 5M. These gels, however, did not separate serum pro
teins from thyroidal iodoproteins. Biogel 50M and 3% agarose
gels separate thyroidal iodoproteins from serum proteins and

'Salting-out techniques and DEAE chromatography have been employed in
attempts to isolate the abnormal thyroglobulin components. Recent find
ings indicate an extensive degree of purification whereby 3 components are
observed with approximate S-values of 3, 6 and 12.

from protein aggregates. one of these gel was suitable for a
successful one-step purification of the abnormal thyroglobulin
components.

We are indebted to the South African CSIR and the Atomic
Energy Board for grants which enable us to continue with thi
study. We wish to thank Dr B. C. Jansen, Director of the
Onderstepoort Research Institute, for hi keen interest and
support of this investigation; Messrs Eli Lilly and the South
African Lilly Professorship Committee, who made it po sible
for Dr J. Robbins to visit our laboratories in order to continue
collaboration in the study of congenital goitre; Messrs A. D.
and B. W. Gordon of the Cape Offal Company, Cape Town,
for fresh thyroid material; and Mrs E. Coetzee for the line
drawings and assistance in preparation of this study for publi
cation.
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BIOCHEMICAL CHANGES IN THE CEREBROSPINAL FLUID AND BLOOD DURING
PERITONEAL DIALYSIS FOR URAEMIC ACIDOSIS*

P. F. PAGE, t M.B., CH.B., Registrar in Internal Medicine, AND J. C. KALLMEYER,t M.B., CH.B., M.MED. (INT.), Senior
Lecturer in Internal Medicine, University of Pretoria and H. F. Verwoerd Hospital, Pretoria

In certain pathological states, the cerebrospinal fluid
(CSF) does not always reflect the varied biochemical
changes which may occur in the blood. A good example
is metabolic acidosis, in which a constant pH is maintained
in the CSF despite acidity of the blood.' In addition, clini
cal manifestations of cerebral dysfunction are often absent
in this condition.' On the other hand, cerebral dysfunction
frequently develops in uraemic patients undergoing cor
rection of their metabolic acidosis by haemodialysis.' This
has puzzled various workers and has led them to study
the biochemical content of the CSF before and during
haemodialysis.'" We are unaware of any published re
sults of similar studies in patients undergoing peritoneal
dialysis, and present our findings in this regard.

'Date received: 26 April 1968.
tPresent address: Groothoek Mission Hospital, P.O. Koringpunt, N. Tvl.
tAt present practising in Durban.

PATlE TS AND METHODS

Specimens of arterial blood and spinal CSF were obtained
from 14 patients with uraemic acidosis undergoing peri
toneal dialysis. These specimens were collected immediately
before and after dialysis. ot more than 10 minute
elapsed between obtaining the samples of blood and CSF.
Peritoneal dialysis was carried out continuously for an
average period of 72 hours.

Sodium, potassium, chloride, bicarbonate and urea
levels in the blood and CSF and protein level in the F
were measured in all 14 cases, and creatinine, uric acid and
fasting sugar levels in the blood and CSF in I1 ca e . In
addition, CSF and anaerobically-collected art rial blood
from 8 of the cases were biochemically analysed at the bed
side by means of the micro-Astrup apparatus.

In the laboratory, urea, creatinine, uric acid and ugar
values were determined by mean of the auto-analy er,
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and flame photometry was used for the sodium and potas
sium estimations. The cWoride content was ascertained
according to the method of Schales and Schales: the CSF
protein according to the method of King and Haselwood'
and the actual bicarbonate according to Van Slyke's volu
metric method.

RESULTS

The detailed results are listed in the accompanying tables.
The average values obtained are given, together with P
values and the standard error of the mean.

Organic Substances
Urea values (Table I) were elevated both in the serum

and in the CSF before dialysis, the serum value averaging
27·8 mg.jlOO ml. (P = 0·002) more than that of the CSF.
Both values were decreased by dialysis and the final urea
concentration in the serum averaged 11·9 mg.jlOO ml.
(P = 0'02) less than that in the CSF. Predialysis levels of
creatinine and uric acid were similarly elevated in the
serum and CSF, much more so in the former. Dialysis
reduced the concentrations of both these substances, al
though the final levels remained higher in serum than
CSF. The glucose content of the serum and CSF increased
during dialysis, being higher in the serum throughout the
procedure, but the serum-CSF differences were statistically
insignificant. The protein content of the CSF, whether
normal or raised beforehand, was reduced by an average
of 8·9 mg.jlOO ml. by dialysis.

E'ectrolytes
Before dialysis the serum levels of sodium (Table m

were in the low normal range, but the CSF levels were
below normal. Both the blood and CSF levels increased
during dialysis, though the CSF levels were higher
throughout. PredialY3is potassium levels were normal in the
serum and CSF, but were decreased by the procedure, the
serum level by an average of 0·6 mEq.jlitre and the CSF
by an average of only 0·2 mEq.flitre. The chloride content
of both the serum and CSF was on the low side of nor
mal before dialysis and was further decreased by this
procedure. However, the CSF cWoride content exceeded
that of the serum throughout by 22·9 - 24·5 mEq.jlitre.

Acid-base Balance
Before dialysis the mean pH of the blood was abnor

mally low at 7·31, but the pH of the CSF showed the nor
mal value of 7·33 (Table Ill). Dialysis increased the blood
pH markedly to an average alkalotic figure of 7·5, but only
increased the CSF pH to 7·34. The predialysis carbon
dioxide tensions (PCD,) in the blood and CSF were below
normal levels, the CSF PCD, exceeding that of the blood
by 5·7 mm.Hg as opposed to the normal discrepancy of
9·6 mm.Hg. Dialysis resulted in an increase in blood and
CSF PCD" with the final value of the CSF exceeding
that of the blood by 10·3 mm.Hg. The amount of actual
bicarbonate (Table Il) was decreased in both blood and
CSF before dialysis, but to a slightly greater extent in the

TABLE I. CHANGES IN BLOOD AND CSF LEVELS OF VARIOUS ORGANIC SUBSTANCES DURING PERITONEAL DIALYSIS
(AVERAGE VALUES IN MG./lOO ML.)

No. of Blood CSF Before dialysis After dialysis
Substance cases

examined Normal Pre Post Difference Normal Pre Post Difference Blood>CSF CSF> Blood Blood>CSF CSF> Blood
Urea 14 20-45 277·8 91·0 -186,8 (40'07) 20-45 250·0 102·9 -147,1 (33'47) 27-8 (7'64) 11·9 (5'18)

P<·OOI P<·OOI P~·OO2 P~·02

Creatinine 11 0,7-1'7 17'1 7·4 - 9·7 (2'49) 0·6-1·3 5'4 3-6 -1,8 (0'86) 11'7 (2'21) 3-8 (0'51)
P~'OOI P=·02 P<'OOI P<·OOI

Uric acid II 3·0-7·5 12·0 6·4 -5,6 (I '21) 0·2-0·9 1·8 0·8 -1,0 (0'43) 10·2 (J '45) 5·6 (0'60)
P<·OOI P=·02 P<·OOI P<·OOI

Fasting sugar 11 80-120 123·8 141·0 +17·3 (8'35) 50-90 84·6 112·4 +27·8 (7'27) 39·2 28·7
P=·058 P<·OOI P~NS P=NS

Protein 14 15-45 48·8 39·9 -8,9 (4·99)
P=·015

Normal values obtained from our laboratory. Pre=predialysis; Post=postdialysis; NS=not significant; + = increased during dialysis; - =decreased during dialysis.
Standard error of the mean is given in brackets.

22·9 (1'27)
P<·OOI

After dialysis

1·0 (0'16)
P<·OOI

Blood> CSF CSF> Blood
3-9 (1'25)
P~'OO2

CSF> Blood
9·4 (2'59)
P<·OOI

Before dialysis

Blood> CSF

BloodNo. of
cases

examined Normal Pre Post
14 134-144 135·1 144·6

TABLE II. CHANGES IN BLOOD AND CSF LEVELS OF VARIOUS ELECTROLYTES DURING PERITONEAL DIALYSIS
(AVERAGE VALUES IN mEq_lLITRE)

CSF
Substance

Potassium

Sodium

Cbloride

Difference Normal Pre Post Difference
+9'5 (2'09) 148'5 144'5 148'5 +4·0 (2'08)
P<·OOI ±2·8 P~'05

14 3'5-5·0 4·5 3·9 -0,6 (0'23) 2·88 3-I 2·9 -0,2 ('09) 1·4 (0'12)
P~'OI ±0·15 P~'05 P<·OOI

14 95-106 97·6 94·5 -3'1 (3'42) 120-130 122-1 117·4 -4,7 (2'81) 24'5 (3'24)
P~O'I P~'09 P<·OOI

Actual 14 20-26 14·6 25·7 + 11·1 (1'61) 20-35 15·8 20·9 +5-l (1'42) 1·2 (0'86) 4·8 (0'57)
bicarbonate P<·OOI P<·OOI P~O'I P<·OOI

See foolOote to Table I. Normal values for CSF sodium and potassium values obtained from Bradbury et al.' Other values obtained from our laboratory.

10·3 (3'18)
P=·OOI

5·1 (1'12)
P<·OOI
4·0 (1'08)
P<·OOI
2·7 (1'2)
P~'02

Blood> CSF CSF> Blood
O' 16 (0'03)

P<·OOI

CSF> Blood
0·02 (0'03)

P=NS
5·7 (2'22)
P~'Ol

2·9 (I '62)
P=·05

1·2 (I '13)
P=NS

2'8(1,16)
P=·OI

Blood>CSFDifference
+0·01 (0'02)
P~NS

+ 13·6 (2'83)
P<·OOI

+7·1 (1'18)
P<·OOI

+6'2 (1'09)
P<·OOI

+7-8 (1'21)
P<·OOI

Pre Post
7·33 7·34

32·3 45·9

-8,7 -1·6

16·7 22·9

17·0 24·8

Normal
7·311

±0·026
47·9

±5'7

Difference
+0·19 ('03)

P<·OOI
+9·0 (1,85)

P<·OOI
+15-l (2'31)

P<·OOI
+ 11 ·4 (1'63)

P<·OOI
+ 13·3 (1'92)

P<·OOI

26·6 35·6

-11'6+3'5

15'5 26·9

14·2 27·5

8

TABLE ITI. CHANGES IN BLOOD AND CSF ASTRUP VALUES DURING PERITONEAL DIALYSIS (AVERAGE VALUES)

No. of Blood CSF Before dialysis After dialysis
cases

examined Normal Pre Post
7·414 7'31 7·5

±'023
8 38·3

±1'3

Electra
chemical

value
pH

PCO,mm.Hg

Base excess
mEq./litre

Standard bicarbonate 8
mEq./litre

Total CO,
mEq./litre

See footnote to Table I. Normal values for pH and PCO, obtained from Posner and Plum.' NS = not significant.
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blood. It increased in both during dialysis, especially in the
blood, where the final level exceeded that of the CSF by
an average of 4·8 mEq.jlitre. The values for base excess,
standard bicarbonate and total CO, content followed rr.ore
or less the same pattern as those for the actual bicarbonate.

DISCUSSION

The discussion which follows rests on the assumption that
lumbar CSF is representative of the over-all CSF compo
sition.

Organic Substances
The findings during haemodialysis by other investi

gators"'" have been confirmed by our results during peri
toneal dialysis, in that the urea level is higher in the blood
than the CSF before dialysis and higher in the CSF than
the blood after dialysis; this implies passive diffusion of
urea across the blood-brain barrier. Presumably this and
the subsequent osmotic gradient across the blood-brain
barrier could lead to cerebral oedema, which Kennedy
et al 3

" regard as the cause of cerebral dysfunction during
dialysis. Contrasting with this are the parallel changes
throughout dialysis in the serum and CSF concentrations
of uric acid, creatinine and sugar. This and their consis
tently higher levels in the serum suggest that they diffuse
with difficulty across the blood-brain barrier into the CSF,
especially creatinine and uric acid.

E'ectrolytes
The relative constancy of the potassium content of the

CSF compared with that of the serum, found here during
dialysis, has also been noted by Bradbury and his co
workers.' This independence of CSF potassium suggests its
exact control by an active transport system across the
blood-brain barrier. Sodium levels, on the other hand, in
crease correspondingly in both blood and CSF during
dialysis. The persistently higher level of CSF sodium is
considered by Bradbury et al.' to indicate active secretion
of sodium ions by the choroid plexus, subject to a
measure of control from the serum sodium level. Our
findings during peritoneal dialysis indicate that this mecha
nism continues to function in both metabolic acidosis and
alkalosis. CSF and serum chloride values decreased corre
spondingly during dialysis, indicating the dependence of
the former upon the latter. The CSF values appear not to
have been affected by the observed increase in actual bi
carbonate in the CSF, implying that the chioride shift
mechanism may not operate across the blood-brain bar
rier. Since the CSF protein content decreased during dia
lysis, it would also be difficult to implicate the Donnan

equilibrium a a cause of the decrea ing level of F
chloride.

Acid-base Balance

The constancy of the CSF pH, despite considerable
relative acidosis or alkalosis of the blood, demands an
exp.Janation. Since carbon dioxide can diffuse freely acro s
the blood-brain barrier, it eems likely that the pH of
the CSF is maintained by a shift of bicarbonate or hydro
gen ions one way or the other, as the CSF lacks other
buffers such as haemoglobin. The changes in bicarbonate
content found in the present study favour it diffusion
rather than its active transport across the blood-brain
barrier (compare with urea). Regrettably, our findings do
not permit conclusions regarding the possible active secre
tion of hydrogen ions by the choroid plexu , or the effect
of hydrogen ions on the blood-brain barrier's permeability
to bicarbonate.

SUMMARY

Changes in the biochemical content of CSF and blood of 14
patients with uraemic acidosis undergoing peritoneal dialysis
are recorded. The results indicate that the CSF pH and
potassium levels are maintained actively, independent of serum
levels; sodium and cWoride are actively secreted into the CSF,
the amount, however, being dependent on their respective
blood concentrations; creatinine and uric acid diffuse with
great difficulty into the CSF; urea and bicarbonate levels in
the CSF vary relatively to their serum levels, according to
simple diffusional gradients. The relatively slow diffu ion of
urea out of the CSF during dialysis may well cause the cerebral
dysfunction sometimes encountered.

The protective nature of the blood-brain barrier against
certain metabolic changes in the blood is confirmed, but some
of the physiological mechanisms involved have yet to be
elucidated.

We wish to thank Mr du Plooy of the Department of
Anaesthesiology for the micro-Astrup analyses and the Depart
ment of Chemical Pathology for the other determinations.
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