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Specific alterations of tumour blood vessels could have
considerable consequences for the treatment of tumours. The
use of vasoactive drugs to impair selectively the blood supply of
tumours has been proposed on occasions-for example, Cater,
Grigson, and Watkinson (1962) and Dayal and Goldacre
(1969)-but the possibility that drugs might be used to alter
blood vessel structure so as to prevent the escape of malignant
cells from the primary tumours has not, so far as we are aware,
been previously entertained or observed. This angiometa-
morphic effect may, however, also mean that blood flow rates
in treated tumours are higher and that consequently the avail-
ability of anticancer drugs might be increased. This considera-
tion may, in part, explain the greater effectiveness of other
anticancer drugs when used in combination with ICRF 159
(Hellmann and Burrage, 1970; Woodman, Venditti, Schepartz,
and Kline, 1971). Although ICRF 159 is the first compound
to be shown to exhibit an angiometamorphic effect, it is un-
likely to be unique in this respect, indeed other cytostatic
bisdioxopiperazines are known to be active (Burrage, Hellmann,
and Salsbury, 1970).
The antimetastatic effect of a number of well-known anti-

cancer agents has recently been investigated (Hellmann and
Burrage, in preparation) but only cyclophosphamide has been
studied in any detail. Cyclophosphamide inhibits 3LL meta-
stasis, though only to an extent proportional to its inhibition of
the growth of the primary implant; it seems to have no angio-
metamorphic effect (Salsbury et al., 1970). 5-Fluorouracil, like
ICRF 159, inhibited metastasis without overt effect on the
primary implant. Prednisolone, on the other hand, had a
pronounced inhibitory effect on the primary, but did not prevent
metastasis. Whether these variations of response are related to
changes in the tumour vasculature is being studied.

The profound differences in the mode of action of anticancer
drugs as exemplified by these results emphasizes once again
that selective therapeutic activity among anticancer agents is
more likely to be obtained by closer study of their pharmaco-
logical activities than by analysis of their non-specific inhibition
of cell division.

We are grateful to Drs. D. B. Cater, R. J. Goldacre, and L. J. F.
Youlten, for stimulating discussions and helpful advice, and to
Miss L. Peachey for the electron microscopy. We are particularly
indebted to Messrs. R. Akester and I. Edgar for their help and
guidance with the angiography.
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Summary

Measurements were made of total proteins, albumin,
and colloid osmotic pressure on cord blood samples
from 15 infants with erythroblastosis fetalis (six ofwhom
were hydropic) and from 151 non-rhesus non-hydropic
control infants. The erythroblastotic infants had levels of
total protein and albumin which fell within the normal
range for gestational age, but their colloid osmotic
pressures were abnormally low. It seems that low colloid
osmotic pressure may provide a reasonable explanation
for the occurrence of hydrops fetalis.
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Introduction

Hydrops fetalis is characterized by anaemia and generalized
oedema and is often accompanied by ascites. A large number of
fetal conditions have been described with hydrops fetalis
(Driscoll, 1966; Thumasathit et al., 1968). The condition most
commonly showing this feature is erythroblastosis fetalis
(Gordon, 1972).
Many theories have been offered regarding the patho-

physiology of hydrops fetalis (Macafee et al., 1970; Gordon,
1972): profound anaemia leading to intrauterine heart failure;
capillary anoxia leading to leakage of protein out of the vascular
compartment; the liver, distended with haemopoietic tissue,
exerting back pressure on the portal or umbilical veins leading
to ascites or placental oedema; and liver dysfunction or loss of
protein into the amniotic fluid leading to hypoproteinaemia.
We have examined the possibility that the plasma proteins

are disordered in erythroblastosis fetalis, by measuring the total
protein concentration, the albumin concentration, and the
colloid osmotic pressure in cord blood samples from a group of
infants affected by rhesus isoimmunization.

Method

Lengths of umbilical cord were double-clamped at birth, and
venous blood was withdrawn into lithium heparin bottles which
were then sealed. The samples were spun at 10,000 r.p.m. for
10 minutes, and the plasma was separated and stored at -20°C.
At the time of measurement the samples were allowed to warm
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Details of the 15 Infants with Erythroblastosis Fetalis

Gestational Age Cord Blood Presence of No. of
Case No. (wee) Birth Weight (g) No. of I.U.T.s Haemoglobin Hydrops Exchange Outcome

(g/l00 ml) dos Transfusions

1 36 2,330 1 7-3 + 4 Alive
2 34 2,220 2 14-0 + 1 Alive
3 33 2,760 3 7-6 + 6 Alive
4 34 2,170 3 15-2 + 0 Alive
5 33 2,340 2 12-1 + 1 Died at 22 hr
6 33 2,120 1 8-8 + 1 Died at 7 hr
7 33 2,580 1 14-5 0 3 Alive
8 33 2,420 2 10-4 0 1 Alive
9 34 2,390 2 11-1 0 4 Alive
10 35 2,160 0 6-2 0 1 Died at 14 hr
11 37 3,320 0 14-3 0 2 Alive
12 34 2,590 0 8-5 0 3 Alive
13 36 2,620 0 15-8 0 3 Alive
14 35 2,440 0 9-2 0 2 Alive
15 36 2,520 0 7 7 0 3 Alive

I.U.T.s = Intrauterine intraperitoneal transfusions.

up to room temperature, when the total protein concentration
was determined by biuret, the albumin concentration by the
Mancini diffusion technique using anti-albumin antisera
(Mancini et al., 1965), and the colloid osmotic pressure by a
modification of Hansen's pressure transducer osmometer
(Hansen, 1961).
Cord blood samples were studied from 151 normal newbom

infants and from 15 with erythroblastosis fetalis. Details of these
15 patients are shown in the Table.

Results

Three of the 15 infants with erythroblastosis fetalis died in the
newborn period (see Table). Two (Cases 5 and 6) were hydropic,
suffered birth asphyxia, and also developed the respiratory
distress syndrome; at necropsy they had hyaline membrane
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disease. One (Case 10) was less severely affected, but died
suddenly at 14 hours of a massive pulmonary haemorrhage.
The cord blood values for total protein, albumin, and colloid

osmotic pressure were compared with samples taken from 151
non-rhesus non-hydropic infants. In the case of the total
proteins and colloid osmotic pressures these were also com-
pared with published data from non-rhesus non-hydropic
infants over a wide range of gestational age (Baum et al., 1971).
Normal values of cord blood albumin concentration by the
Mancini technique (a simple and accurate method for determi-
nation of plasma albumin concentration) were not found in the
literature.

Total Proteins (Fig. 1).-The normal values are comparable to
the normal published data (Baum et al., 1971), shown as the
regression line with its 95% confidence limits. Thirteen of the
erythroblastotic samples fell within this normal range, only two
falling below the lower confidence limit. Only one of these two
patients was hydropic.

Albumin (Fig. 2).-The normal values are insufficiently
distributed in the lower gestational ranks to draw a meaningful
regression line. Albumin concentration was measured in 13 of
the 15 erythroblastotic samples, and these values did not seem
different from the normal data shown. Moreover, within the
gestational span covered the hydropic infants did not show lower
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FIG. 1-Distribution of total protein concentration with gestational age.
The regression line with its 95% confidence limits refers to normal pub-
lished data (Baum et al., 1971). The open symbols refer to non-rhesus
non-hydropic infants. The closed symbols refer to the infants with erythro-
blastosis fetalis: *= hydropic, received intrauterine intraperitoneal
transfusions and had exchange transfusions; * = non-hydropic, received
intrauterine intraperitoneal transfusions and had exchange transfusions;
A= non-hydropic, no intrauterine intraperitoneal transfusions but had
exchange transfusions.
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FIG. 2-Distribution of albumin concentrations with gestational age. The
open symbols refer to non-rhesus non-hydropic infants. The closed sym-
bols are the same as in Fig. 1.

I .

a~ ~

602 BRITISH MEDICAL JOURNAL 4 MARCH 1972

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5800.601 on 4 M
arch 1972. D

ow
nloaded from

 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL 4 mARCH 1972 603

albumin concentrations for gestational age than the non-
hydropic erythroblastotics.

Colloid Osmotic Pressure (Fig. 3).-The normal values are
comparable to the normal published data (Baum et al., 1971),
shown as the regression line with its 95% confidence limits.
Fourteen of the erythroblastotic samples fell below the lower
confidence limit of normality. Only one non-hydropic erythro-
blastotic-infant had a colloid osmotic pressure value within the
normal range.
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FIG. 3-Distribution of colloid osmotic pressure with gestational age. The
regression line with its 95% confidence limits refers to normal published
data (Baum et al., 1971). The open symbols refer to non-rhesus non-hydropic
infants. The closed symbols are the same as in Fig. 1.
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FIG. 4-Colloid osmotic pressure at different total protein concentrations
The open symbols refer to the normal infants in the present study plus the
published data (Baum et al., 1971). The closed symbols are the same as in
Fig. 1.

The normal colloid osmotic pressure and total protein values
from the present study and the Denver study (Baum et al.,
1971) have been combined and plotted (Fig. 4). When the values
for colloid osmotic pressure from the 15 erythroblastotic infants
are plotted similarly against their respective total protein
concentrations, they fall to the right of the normal values. Thus
in erythroblastotic infants a given protein concentration exerts a
lower colloid osmotic pressure than in normal infants.

Discussion

We have examined the possibility that the plasma proteins are
disordered in erythroblastosis fetalis, thereby providing a
reasonable pathophysiological basis for the occurrence of
hydrops fetalis.

It is unfortunate for the purposes of this study, but desirable
for the clinical care of the patients, that all the nine most severely
affected infants had received intrauterine intraperitoneal
transfusions. The results for total proteins, albumin, and
colloid osmotic pressure from the nine erythroblastotic infants
who had received such a transfusion are not different in their
distribution from those from the six who had not been so treated.

In the 15 erythroblastotic infants studied plasma albumin
and total protein concentrations were comparable to normal
values. The values for colloid osmotic pressure in the erythro-
bastotic patients were below the normal range.

Plasma albumin, a small protein molecule (molecular weight
69,000) present in high concentrations, has been regarded as
the major contributor to plasma colloid osmotic pressure.
-In the present study there is an apparent contradiction in that
erythroblastotic infants had lower levels of colloid osmotic
pressure than normal infants despite normal concentrations of
serum albumin. Three possible explanations for this phenom-
enon may be offered: firstly, that a smaller molecule than
albumin is the major determinant of plasma colloid osmotic
pressure and that it is missing in erythroblastotic patients (this
seems unlikely); secondly, that albumin is the main osmotically
active molecule in plasma, but that it is polymerized in erythro-
blastotic infants into large and osmotically less effective aggre-
gates; or, thirdly, that albumin is normally the main osmotic
colloid, but a substantial part of its osmotic activity results from
its highly charged state at physiological pH, and that a large
portion of these charges lies in the site which binds bilirubin,
which is filled and therefore osmotically inactive in erythro-
blastosis.
No firm conclusions can be drawn from this study of a small

and heterogeneous group of erythroblastotic infants. There is,
however, the suggestion that hydrops fetalis may result from
low levels of colloid osmotic pressure. The critical value at which
oedema will appear will, of course, vary from patient to patient
according to the individual's capillary hydrostatic pressure and
possibly other factors.

We wish to acknowledge the support of the Wellcome Trust
and the Sir William Coxen Trust Fund.

References
Baum, J. D., Eisenberg, C., Franklin, F. A., jun., Meschia, G., and Battaglia,

F. C. (1971). Biology of the Neonate, 18, 311.
Driscoll, S. G. (1966). New England Journal of Medicine, 275, 1432.
Gordon, H. (1972). Clinical Obstetrics and Gynecology, In press.
Hansen, A. T. (1961). Acta Physiologica Scandinavica, 53, 197.
Macafee, C. A. J., Fortune, D. W., and Beischer, N. A. (1970). Journal of

Obstetrics and Gynaecology of the British Commonwealth, 77, 226.
Mancini, G., Carbonara, A. O., and Heremans, J. F. (1965). Immuno-

chemistry, 2, 235.
Thumasathit, B., et al. (1968). Journal of Pediatrics, 73, 132.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5800.601 on 4 M
arch 1972. D

ow
nloaded from

 

http://www.bmj.com/

