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isms7'0 only C jejuni strains NCTC 11168 and
NCTC 11392 grew in a candle jar, which conforms
with the above findings and demonstrates that a
candle jar is only suitable for the growth of relatively
aerotolerant strains.

We wish to thank the staff of the Biological Science
Department, Preston Polytechnic for their assis-
tance and for the loan of the gas analysers used in
this study.
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Letters to the Editor

Pseudohyponatremsia and hyperviscosity

Serum from patients with hyperviscosity
have low sodium values when analysed by
flame photometry.' The reason for the
spuriously low sodium is related to prob-
lems with sample aspiration and dilution by
the instrument and also because of the
decrease in plasma water due to high pro-
tein concentration.'Y3 Methods that are
available for measuring serum sodium
include the traditional technique of flame
photometry and more recently the use of
an ion-selective electrode. When the serum
sample is diluted before analysis by the
electrode (indirect potentiometry), the
serum sodium values would be expected to
be low in the presence of hyper-

proteinaemia and hyperviscosity. With
direct potentiometry where no sample dilu-
tion takes place, no interference would be
expected since the activity of sodium in the
water phase only is being measured. The
present study was undertaken to determine
the magnitude of the decrease in serum
sodium in viscous sera using flame photo-
metric and indirect potentiometric meas-
urements for sodium measurement.

Patients and methods

Samples were obtained from patients at the
Vancouver General Hospital whose sera
when analysed were noted to have
increased viscosity at 37'C (Table). The
range of serum viscosities was 3-0-17-8

centistokes (normal is < 1-8). Serum
sodium concentrations were measured in
duplicate by flame photometry (FP)
(Beckman KLiNa flame: Beckman Instru-
ments Inc, Fullerton, California, indirect
potentiometry (IP) Beckman Astra,
Beckman Instruments Inc, Fullerton,
California) and by direct potentiometry
(DP), (Nova-i Na/K analyser, Nova
Biomedical Inc, Newton, Massachusetts).
Serum viscosity relative to normal saline
was measured using a Cannon Manning
Viscometer. The differences in serum
sodium obtained between measurements
by DP and IP (ANa,) and DP and FP
(ANa2) were correlated with measure-
ments of serum viscosity.

Results

Laboratory parameters in the patients with hyperviscosity

Patient Class and type Serum viscosity Serum sodium (normal 135-145 mmolll)
ofparaprotein at 37°C measured by

Flame Potentiometry
photometry

Indirect Direct

1 IgG K 15 130 112 142
2 IgM K 4-8 141 141 150
3 IgMA 10-2 143 134 150
4 IgM K 3-3 137 138 143
5 IG K 13-3 128 117 144
6 IgG K 17.8 127 101 143
7 IgG X 8-8 132 128 146
8 IgMx 11-1 136 128 145
9 IgM K 4-9 133 131 144
10 IgG A 5-7 141 137 148
11 IgM K 8-9 136 129 146

Figure 1 shows the correlation (r = 0-95, p
< 0.001) between ANal and serum viscos-
ity. Figure 2 shows the correlation (r =

0-71, p < 0.01) between ANa2 and serum
viscosity. For serum sodium measurements
performed by indirect potentiometry, a 2
mmol/l decrease is seen for every one cen-
tistoke increase in serum viscosity.

Discussion

Dangerous pseudohyponatremia can occur
in patients with hyperviscosity (Table). We
wish to draw attention to the fact that the
degree of pseudohyponatremia is depen-
dent upon the technique that is used for
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Fig. 1 Correlation between serum viscosity
and the decrease in serum sodium when
measured by indirect potentiometry.

30-

20-

A Na2 (mmol/I)

10-

r =071

p<0 01

0 .

10-

0 5 10 15 20
Serum viscosity (centistokes)

Fig. 2 Correlation between serum viscosity
and the decrease in serum sodium when
measured by filme photometry.

sodium measurement. When direct poten-
tiometric methods are used, the
presence of hyperviscosity does not
significantly influence the serum sodium
value. With measurements using flame
photometry and indirect potentiometry,
pseudohyponatremia occurs. With indirect
potentiometric measurements, a correction
factor which can be used is a 2 mmolI
decrease in serum sodium for every centi-
stoke increase in serum viscosity. This is
linear, at least in our study to a serum vis-
cosity of approximately 20 centistokes.
With flame photometric measurements of
serum sodium, no such correction factor
can be meaningfully applied. For example,
one patient with a serum viscosity of five
centistokes had almost the same decrease
in serum sodium as the patient with a vis-
cosity of 15 centistokes.

It is essential that every laboratory
report indicate the technique used for
measuring serum sodium. Moreover, the
clinician should also be aware of the
methodology in use especially when differ-
ent techniques are in use in the same
laboratory.

AMIN A NANJI
DAVID W BLANK
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Division of Clinical Chemistry, stiHl have been due to an isoenzyme, the
Vancouver General Hospital and results we obtained did not support this

Department of Pathology, hypothesis.
University of Brtish Columbia, This is the first observation in which the

Vancouver, BC existence of a tripeptidylcarboxypeptidase
Canada VSZ lM9 activity of ACE in human serum is demon-

strated under normal and pathological
References conditions. Therefore we would like to

suggest the reconsideration of the trivial
'Vader HL, Vink CU. The influence of vsos- name of ACE.

ity on dilution methods: its problems in the HUGO NEELS*
determination of serum sodium. Clin Chim HI NEELS
Acta 1975;65:379-85. JIN-ICHI INOKUCHIt

2Nanji AA, Halstead AC. Changes in serum ATSUO NAGAMAT5Ut
anion gap and sodium level in monoclonal MARC VAN SANDEt
gammopathies. Can Med Assoc J SIMON SCHARPE*
1982;127:32-5. *Unit of Clinical Biochemistry,

3 Nanji AA. Factitious biochemical values in tUnit of Urology,
clinical medicine. Ann R CoU Phys Surg Can Universitaire Instelling,
1982;15:35-8. Antwerpen,

Universiteitsplein 1,
Tripeptidylcarboxypeptidase activity of B-2610 Wilrijk,
angiotensin I converting enzyme in human Belgium and the
serum fFaculty of Pharmaceutical Sciences,

Fukuoka University,
Angiotensin I converting enzyme (ACE) is Nanakuma,
considered as a dipeptidylcarboxypepti- Fukuoka 814-01, Japan.
dase (EC 3.4.15.1). Two of us,' however,
were able to demonstrate that in hog lung References
and kidney, ACE also acts as a tripeptidyl-
carboxypeptidase. The possibility of 'pInokuchi J Nagamatsu A. Trpeptidylcarb
enzyatireeasofC-trmial eptdes peptidase activity of kininase IIenzymatic release of C-terminal peptides (angiotensin-converting enzyme). Biochim

of substrates having a proline group in the Biophys Acta 1981;662:300-7.
penultimate position has never been shown 2 Neels HM, Scharpe SL, van Sande ME, Ver-
in human serum but may induce new kerk RM, Van Acker KJ. Improved micro-
insights in the generation and deactivation method for assay of serum angiotensin con-
of some vasoactive peptides-for example, verting enzyme. Clin Chem 1982;28:
des-Arg9bradykinin. 1352-5.
With benzoyl-glycyl-L-seryl-L-prolyl3-L- Lieberman J. Elevation of serum angiotensin-

phenylalanine as a substrate we were able converting-enzyme (ACE) level in sar-

to demonstrate that human serum also con-
tains this tripeptidylcarboxypeptidase
activity. When examining normal human Assessing bone marrow cellulanty
sera (n = 27) with a high resolution
chromatography-assisted technique,2 a I was very interested in the recent report by
normal range of 13,umol/min/l (SD ± 4) Dr Al-Adhadh and Dr Cavil' on the
liberated benzoyl-glycine was shown. The assessment of cellularity in bone marrow
tripeptidylcarboxypeptidase activity could fragments. Some four years ago, I and my
be completely inhibited by l1,mollI captop- colleague, Mr W Slidders had shown the
ril. Sera of four patients with active sar- close correlation (r = 0.98) between our
coidosis were also examined. Since differ- point-counting method and results from
ent studies3 have confirmed that active sar- the Quantimet 720.2 In this paper, we
coidosis is reflected in a high devised a method to overcome the non-
dipeptidylcarboxypeptidase activity of random distribution of fragments because
ACE, we thought it would be interesting to of their different rates of sedimentation
measure the tripeptidylcarboxypeptidase during fixation and processing.
activity in four cases of active sarcoidosis Al-Adhadh and Cavill obtained a
with increased dipeptidylcarboxypeptidase coefficient of variation (CV) between 8-2
activity of ACE, there was also significant and 3477%. These authors felt that their
increase in tripeptidylcarboxypeptidase result reflected the more likely level of
activity (mean 27 ,umol/min/l). Although reproducibility of the point-counting
the increase of ACE activity in sarcoidosis method than our CV of 2-6%. However,
and other pathological conditions could the crucial difference is that the method of
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