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submitted to various unspecified cardiothoracic operations
Pampiglione (1965) found similar changes in the early post-
operative E.E.G.s. These subsided within a week and were
attributed to a metabolic response to trauma. In our patients
the early deterioration lasted somewhat longer but was also
usually reversible. In five of our eight patients with such early
deterioration, records taken three months postoperatively had
returned towards their preoperative state.
The deteriorated E.E.G.s at three months were more difficult

to explain. In only two of our four patients where this occurred
was any kind of explanation in fact forthcoming. One (Case 9)
had a severe chest infection at the time of the record, and the
other (Case 3) developed signs of congestive cardiac failure
some time after the E.E.G. Though one patient (Case 6)
developed unexplained ascites immediately after the operation,
this had cleared by the time of the third E.E.G. We are also
unable to explain why the record in Case 8 became worse.
This patient had had " closed " heart surgery and had remained
free from all complications four months postoperatively. A
similar deterioration in the records of 9 out of 33 patients
examined one to two years after surgery was found by Fowler
et al. (1962). Long-term follow-up is obviously necessary to
determine the significance of these findings.

In only three of our 10 patients having late postoperative
E.E.G.s was surgical treatment of the cardiac lesion eventually
followed by an improvement in the E.E.G., despite the fall in
packed cell volume and the increase in oxygen saturation that
resulted from the operation. In 20 out of 33 patients with
abnormal preoperative E.E.G.s examined by Fowler et al. (1962)
the record was unchanged one to two years after cardiac sur-
gery. That initially abnormal records should remain abnormal
for months or even years after operation is perhaps not sur-
prising when one recalls the high incidence of microscopic
abnormalities of the brain in patients with congenital heart
disease (Cohen, 1960), even if not submitted to surgery. The
effects of chronic hypoxia may outlast the hypoxia itself. It
is not inconceivable that long-acting hypoxia may permanently
impair the normal maturation of cerebral rhythms, the net
result being that adults with congenital cyanotic heart disease,
even if operated on, may still show E.E.G. patterns of juvenile
type.
From these studies it would appear that either postoperative

changes in the retinal vasculature are not paralleled by similar

changes in the cerebral blood vessels, or that if changes in the
cerebral vasculature do occur they are not followed by an
improvement in the E.E.G., persistent abnormalities of which
reflect other irreversible disturbances.

Summary

Retinal vascular changes are present in all cases of congenital
cyanotic heart disease. The severity of these changes is most
marked in patients with the highest P.C.V.s.
The E.E.G. is frequently abnormal in congenital cyanotic

heart disease even in the absence of overt neurological symp-
toms and signs. The degree of E.E.G. abnormality bears no
relation to the P.C.V.
The dramatic reversion towards normality shown in the

retinal vessels after correction of the cardiac lesion is not
paralleled by improvements in the E.E.G. In only a minority
of cases is an improvement in the E.E.G. detectable three
months after operative correction of the cardiac defect.
The E.E.G. defect in congenital cyanotic heart disease is

not a simple functional disturbance directly related to arterial
desaturation or to a diminution of cerebral blood flow from
polycythaemia.
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Catabolism of Serum yG-globulins in a Cancer Patient and a
Normal Volunteer

D. E. H. TEE,* M.B., B.S., M.C.PATH.; J. WATKINS,* B.SC., PH.D.
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It has been shown that the half-life of serum yG-globulins
is apparently characteristic of the species of origin (Spiegelberg
and Weigle, 1965). However, it is also well established that the
half-life value may be influenced by several factors, in particular
by its dependence on the concentration of yG-globulin in the
serum (Fahey and Robinson, 1963 ; Fahey and Sell, 1965).

Several workers have studied the catabolism of electro-
phoretically and antigenically distinct components of the
yG-globulin of mice (Fahey and Sell, 1965 ; Tee, Watkins, and
Wang, 1965). Each of these components was found to have a
different half-life in the normal mouse. In view of the hetero-
geneity in biological functions of the antibodies associated with
these components and the possible implications for immuno-

logical tumour enhancement (reviewed by Bloch, 1965), it is
surprising that little significance appears to have been attached
to the findings of those workers (Mills, Calkins, and Cohen,
1961) whose experiments indicate a similar catabolic hetero-
geneity of yG-globulins in man.

This paper reports some preliminary results of studies being
made in this laboratory of the catabolic heterogeneity of human
yG-globulins.

* Department of Pathology, King's College Hospital Medical School,
London S.E.5.

Volunteers and Methods

Two male volunteers were used in this study. The control
subject was one of us (J. W.) aged 31. The other volunteer was
a patient aged 43, who over the previous seven years had
undergone surgery for the removal of six distinct primary
carcinomas. In 1960 he had a laryngectomy for carcinoma of
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the larynx; in 1962 a total colectomy for four distinct primary
carcinomas of the caecum, transverse colon, descending colon,
and rectosigmoid junction respectively; and in 1965 a pan-
creaticoduodenectomy for an adenocarcinoma of the duodenum.
In addition, since 1960 he has had excised a number of
hamartomata arising from sebaceous glands of the face. More
complete details of this patient have been presented as a case
report (Muir, Yates-Bell, and Barlow, 1967). There is no
clinical or histological evidence of any of these primary neo-
plasms metastasizing to lymph nodes or distant organs. Indeed,
it might be suggested that he possesses some immunological
mechanism that prevents the development of metastases.

Two sources of serum yG-globulins were used in this experi-
ment. The first was pooled normal plasma obtained from a

blood bank. The second was serum obtained from the patient.
yG-globulins were isolated from these plasma and serum
samples by chromatography on diethylaminoethanol cellulose
columns.

Starch-gel electrophoresis of these protein preparations
showed the characteristic broad zone associated with
yG-globulins and the complete absence of other serum proteins.
Under sedimentation velocity conditions in the analytical ultra-
centrifuge the preparations gave a single symmetrical schlieren
peak, sedimenting with the velocity of 7S proteins. There
was no evidence of the presence of dimer. These yG-globulin
preparations reacted with anti-human yG-globulin antiserum
and not with either anti-human yA-globulin or -yM-globulin
antiserum.
The normal yG-globulin from the plasma pool was labelled

(McFarlane, 1958) with iodine-131 and the yG-globulin from
the patient was labelled with iodine-125. The labelled proteins
had a specific radioactivity of about 20 /Ci/mg. protein. The
two radioactive preparations were mixed and diluted with
pooled plasma to produce a solution containing approximately
25 uCi of iodine-131 and 25 /Ci of iodine-125 per ml. Each
iodine isotope in the mixture has a characteristic radiation
energy and can be measured quantitatively in the presence of
the other.

Aliquots (2 ml.) of this solution were injected into the ante-
cubital vein of each volunteer. The volunteers received sodium
iodide (40 mg./day) for a week before injection of the radio-
active dose and subsequently throughout the period of the
experiment.

Residual radioactivity in each of the volunteers was measured
over a period of nine weeks by means of scintillation counting
of serum samples and by whole-body radiation counts.

The radiation counts so obtained were corrected for isotope
decay. Biological half-life values were calculated in the usual
manner from plots of the logarithm of the corrected count
against time.
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The yG-globulins were broken down at different rates in
the two volunteers. yG-globulins in the patient were broken
down at a faster rate than those in the control subject. The
original source of the labelled proteins appears to have no
effect on the observed breakdown rate.

30- NORMAL -CANCER PATIENT

24

An21
2

U- 14

-I
10-

7-28 28-63 7-28 28-63
T1ME (DAYS)

FIG. 1.-Half-life values of $G-globulins. E yG-globulins from normal
plasma. , YG-globulin isolated from serum of patient with cancer.

The breakdown rates showed some degree of time depen-
dence, since half-life values measured over the period 28 to 63
days are higher than those measured over 7 to 28 days. A
more satisfactory demonstration of the time dependence of the
half-life was provided by quantitative starch-gel electrophoresis
of yG-globulins in serum samples taken at various times (Tee
et al., 1965).
Under the starch-gel electrophoresis conditions we employ in

this laboratory (discontinuous borate-glycine buffer system pH
8.6; 4 hour; 8-10 v. cm.-') the /G-globulin preparations
from normal serum contain approximately equal amounts of
proteins migrating towards the anode (71 fraction) and towards
the cathode (72 fraction), as measured by the radioactive label.
The radioactivity ratio 72/1Y was calculated for each serum

sample and the logarithm of this ratio plotted against time
(Fig. 2). It can be seen that the ratio is not constant, as would
be the case if both 7y and y7 fractions were broken down at
identical rates. Instead the y2 fraction is being broken down
at a considerably faster rate than the /Y fraction.

Discussion

Though most workers (reviewed by Schultze and Heremans,
1966) have thought pure yG-globulin to be degraded at a

homogeneous catabolic rate, most qf these workers have
measured the half-life over a period of only a few weeks. It
would be practically impossible to demonstrate heterogeneity
of catabolism over short periods of time in terms of changes in
rate of disappearance of radioactive protein.

Observations

The relation between residual activity and time could not be
satisfactorily represented as linear in either of the volunteers.
The lines joining the experimental points took the form of
shallow curves showing increasing positive divergence from
linearity with time. For practical purposes the curves could
be thought to be made up of two intersecting straight lines,
fitting very closely the experimental points measured over the
periods 7 to 28 days and 28 to 63 days respectively. The half-
life values obtained from serum counting are summarized in
Fig. 1.

Geiger-Muller probes were used for whole-body radiation
counting. Since the emission energies of iodine-125 are too low
to be detected by this method, it was only possible to measure

iodine- 131-labelled protein. However, the half-life values
obtained for " normal " yG-globulin by means of whole-body
counting were in excellent agreement with those obtained from
serum counting.
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FIG. 2.-Relative survival of the serum -yj and Y2 fractiiens in man.
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The experiments reported in this paper, conducted over a
period of nine weeks, indicate that different electrophoretic
fractions of yG-globulin possess different breakdown rates;
the observed half-life of the entire yG-globulin preparation
being a mean of the individual values. The overall breakdown
rate is non-linear and the half-life values increase with time.
However, mean half-life values measured over the nine-week
period were 25 days (J. W.) and 18 days (patient) respectively.
These half-life values are in good agreement with those of
Cohen and Freeman (1960), who reported half-life values of
21-26 days for yG-globulins in the normal individual.
The half-life values obtained from the present experiment

appeared to be characteristic of the catabolism of the individual
and to be independent of the source of the labelled yG-
globulin.
The difference in the half-life values found for yG-globulins

in J. W. and the patient cannot be attributed to concentration
dependence of yG-globulin catabolism, since it was found that
their serum yG-globulin levels were 838 and 940 mg./100 ml.
respectively. However, starch-gel electrophoresis experiments
showed that in the patient the serum Y2'Y1 ratio was approxi-
mately 2: 1, as compared with 1: 1 in J. W. The 2: 1 y-globulin
ratio would be expected to predispose the overall yG-globulin
catabolic rate in the cancer patient to be faster than that in
the control subject with a 1: 1 ratio, since it has been shown
(Fig. 2) that the Y2 fraction is broken down faster than the
Yi fraction.
The possibility that the catabolic rates are affected by allo-

typic differences between the donor yG-globulins and those of
the recipient cannot be overlooked. The patient had had
several transfusions during the course of operations for removal
of his neoplasms. However, J. W. carried out a similar experi-
ment to that reported in this paper on himself a year previously
using homologous yG-globulin from a normal individual.
Two yG-globulin preparations were used for this particular
experiment. One was obtained from the normal donor directly
and labelled with 1251, the other was obtained from this donor
after a "booster" injection of tetanus toxoid and labelled with
131I. Both labelled yG-globulin preparations showed the same
heterogeneous breakdown pattern over a period of 15 weeks.
The apparent biological half-life values were identical to those
reported for J. W. in this paper. The results of this experiment

(Watkins and Tee, 1966), together with the present observa-
tions, indicate that the observed catabolic phenomena are not
artifacts produced by immune response to the injected homo-
logous yG-globulin.

This work is now being extended to study the catabolism
of yG-globulins in other subjects,. including both normal
volunteers and patients with various pathological conditions.

Summary

The survival of radioiodine-labelled serum yG-globulins was
determined in a normal volunteer and in a cancer patient over
a period of nine weeks.

It was found that different electrophoretic fractions of the
yG-globulin broke down at different rates. This catabolic
heterogeneity of the yG-globulins gave rise to an apparent
time dependence of the observed half-life value. Mean half-
life values, as measured over the entire nine-week period,
were 25 days for yG-globulins in the normal volunteer and
18 days for the same yG-globulin preparation in the cancer
patient. The breakdown rates in both individuals appeared to
be independent of the source of the labelled yG-globulins.

We thank Mr. E. G. Muir, Dr. S. B. Osborn, and Mr. M. B.
Clark, of King's College Hospital, for their help and interest;
and Mr. B. Godfrey, of the Radiological Protection Service, for
some of the measurements of total body radiation. This work was
carried out with the aid of a grant from the British Empire Cancer
Campaign for Research.
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Preliminary Communications

Demonstration of an Enzyme Variant in a
Case of Congenital Methaemoglobinaemia

Brit. ted 7., 1967, 4, 212-214

In normal individuals methaemoglobin in the red cell is
maintained at a very low level (<1%). Raised levels may be
due to: (a) intake of certain drugs which overcome the normal
mechanism for maintaining a high reduction potential in the
cell-removal of the toxic influence results in disappearance
of methaemoglobin ; (b) presence of an abnormal haemoglobin
M which is more susceptible to oxidation as well as being
more resistant to reduction in the cell; and (c) deficiency of
reduced nicotinamide adenine dinucleotide coupled methaemo-
globin reductase.
Numerous cases of congenital methaemoglobinaemia due to

deficiency of the reduced nicotinamide adenine dinucleotide
linked " diaphorase " have been described, the affected individual
showing very low enzyme activity in both haemolysates and
whole cells, while the parents show intermediate levels of

activity (for review, see Jaffe and Heller, 1964). However,
it has not been clear whether the defect was one of enzyme
synthesis or of enzyme structure.

In the case of congenital methaemoglobinaemia here reported,
it is shown by starch-gel electrophoresis of a partially purified
red cell extract that the propositus possesses an electro-
phoretically distinct enzyme, indicating that the defect lies in
the synthesis of a structurally altered enzyme protein. Normal
individuals appear to possess at least two isoenzymes.

CASE REPORT

Tke patient, a boy aged 9, had a history of frequent upper
respiratory infections and of becoming blue since birth. His mile-
stones of development were slightly delayed, and he was not pro-
gressing well at school.
On clinical examination his lips were slightly greyish blue and

his complexion was rather dusky; this finding suggested the possi-
bility of methaemoglobinaemia as a diagnosis. There were no
other abnormal physical signs. Investigations confirmed the presence
of methaemoglobin in his blood, and this was again found on
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