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Effect of Intravenous Glucose on Concentration of Insulin in
Maternal and Umbilical-cord Plasma

R. D. G. MILNER,* M.B., M.R.C.P.; C. N. HALES,t M.A., M.B., PH.D.

Brit. med. J., 1965, 1, 284-286

It has been suggested that the foetus of a diabetic mother is
subjected to intermittent hyperglycaemia and that this is
followed by pancreatic islet hyperplasia, increased insulin
secretion, and greater deposition of fat (Osler, 1960). Measure-
ments of plasma-insulin-like activity in the newborn in
response to a glucose load have shown that the baby of a diabetic
mother has a greater rise of insulin-like activity in the plasma
than the baby of a normal mother (Baird and Farquhar, 1962).
Similar investigations have not been made on the foetus.

In order to investigate what effects varying the concentration
of glucose in the maternal blood might have upon the blood-
sugar and plasma-insulin concentration of the foetus, intra-
venous glucose was administered to mothers in labour. This
paper reports maternal and umbilical-cord blood-sugar and
plasma-insulin concentrations (a) in normal mothers and (b) in
mothers who received glucose infusions or intravenous glucose
injections during labour.

Material and, Methods

On each occasion the nature of the investigation and its aims
were explained to the mother and her voluntary consent was
obtained.
The control group was defined as normal by the following

criteria: the mothers had a negative family history of diabetes
mellitus; they ate a normal diet containing not less than 200 g.
of carbohydrate a day throughout an uneventful pregnancy and
had their last meal three or more hours before delivery; labour
occurred at 38-42 weeks' gestation and ended in normal vaginal
delivery of a healthy baby weighing 2,500-4,500 g. who
developed normally throughout the neonatal period.
On the whole the mothers receiving glucose infusions and

their babies met the same criteria as the control patients. The
period of gestation, however, was 32-42 weeks ; five had
pre-eclamptic toxaemia ; delivery was normal, by forceps, or by
caesarean section. All of these mothers received 5 % glucose
infusions for more than six hours up to the time of delivery.
The glucose infusion was usually a vehicle for oxytocin, but less
commonly it was given as treatment for dehydration and
ketonuria. Babies were normal and weighed 2,000-4,500 g. at
birth.
The mothers receiving glucose injections and their babies

satisfied all the above criteria of normality. At times varying
from 4 to 100 minutes before delivery, the mother received 25 g.
of glucose as a 50% solution via an antecubital vein over a
period of one to three minutes.
Blood Samples.-Maternal blood was collected from a

forearm vein. When the mother had received glucose the sample
was taken from the opposite arm. Venous blood was collected
from the cord immediately it was severed. All samples were
taken within 15 minutes of birth. For the determination of
sugar the blood was stored in bottles containing fluoride at
40 C., and the blood sugar was estimated by AutoAnalyzer,
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using a ferricyanide method (Hoffman, 1937), within 36 hours.
This period of storage was accepted, since, when the same
sample was estimated repeatedly at different times (0-36 hours),
any change in blood-sugar concentration was less than the error
of the method. For insulin, blood was collected in dry
heparinized bottles and centrifuged immediately ; the separated
plasma was stored at - 10° C. until the insulin concentration
was estimated by method C of the immunoassay described by
Hales and Randle (1963).

Results

The Table sets out the mean concentrations of glucose and
insulin in the maternal and cord blood of the control patients
and of those receiving intravenous glucose. The patients
receiving intravenous glucose injections have been divided into
the groups which received glucose 4-20, 21-60, and 61-100
minutes before birth. The individual results of the patients
receiving these intravenous injections have been plotted as
scattergrams showing the concentrations of blood sugar and
plasma insulin related to the time interval between the glucose
injection and birth (see Chart). Also included in the chart, for
comparison, are the results of these estimations in the control
group of patients.

Maternal and Umbilical-cord Concentrations of Blood Sugar and Plasma
Insulin

Group No. of
Cases

Control patients: 31
Mother
Baby

Glucose infusions: 17
Mother
Baby

Glucose injection-birth inter-
val:

4-20 (mean 12) minutes 12
Mother . .
Baby.

21-60 (mean 40) minutes 9
Mother .
Baby .. . ..

61-100 (mean 84) minutes 9
Mother .
Baby ..

- ..

Blood Sugar
(mg./100 ml.)

Mean ± Range
S.E.

97 ± 3 74-128
82 + 3 52-112

120* +
100* +

7
6

196* + 11
160* ± 10

163* + 11
155* ± 10

119* + 9
109* ± 9

76-181
53-147

143-284
90-216

107-204
99-193

80-174
80-164

* Denotes P < 0-05 in comparison with control patients.

Plasma Insulin
(micro units/ml.)

Mean + Range
S.E.

29 ± 4
9 + 1

36 ± 6
18* ± 5

44* + 4
13* ± 1

50* + 6
11 + 2

58 + 14
28* + 5

<6-79
< 6-19

10-110
< 6-89

27-68
< 6-19

19-75
< 6-28

23-170
9-64

In the control group there was a significant correlation
between the maternal and foetal blood-sugar concentrations
(P<0.001) but no significant correlation between maternal
blood-sugar and plasma-insulin concentrations, foetal blood-
sugar and plasma-insulin concentrations, or maternal and foetal
plasma-insulin concentrations. In comparison with the control
group the patients receiving glucose infusions had significantly
higher maternal and foetal blood-sugar and foetal plasma-
insulin concentrations. In the group receiving glucose infusions
there was also a significant correlation between the maternal
and foetal blood-sugar concentrations (P<0.001) and also
between maternal blood-sugar and plasma-insulin concentra-

tions (P<0.01), foetal blood-sugar and plasma-insulin
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concentrations (P<0.01), and maternal and foetal plasma.
insulin concentrations (P<0.001).

In comparison with the control group the patients receiving
intravenous injections of glucose 4-20 minutes before deliverM
had significantly higher concentrations of maternal and foeta
blood sugar and plasma insulin; those receiving glucose
injections 21-60 minutes before delivery had significantly
higher concentrations of maternal and foetal blood-sugar anc
maternal plasma-insulin concentrations; those receiving glucose
injections 61-100 minutes before delivery showed significant
increases in the concentrations of maternal and foetal blood
sugar and foetal plasma insulin. The foetal plasma-insulin
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In none of the 78 foetuses studied was the plasma-insulin
concentration significantly higher than that of its mother, but
in 11 cases there was no significant difference.

Discussion
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Scattergrams showing maternal and umbilical-cord blood-sugar and

plasma-insulin concentrations related to the interval between glucose
injections and delivery. The scattergram, with mean value, of the control

group is inserted on the left.

concentration in the group receiving glucose injections 61-100

minutes before delivery was significantly higher than in the

group receiving glucose 4-20 minutes before delivery
(P<0.05).

The results in the patients receiving intravenous injections of

glucose showed a significant correlation between maternal and

blood-sugar concentrations, maternal blood-sugar con-

centrations and time, foetal blood-sugar concentration and time,
foetal plasma-insulin concentration and time. There was

no significant correlation between maternal plasma-insulin
concentrations and time, or between maternal and foetal plasma-
insulin concentrations.

D

The results of these investigations show that after a rise in
e maternal blood-sugar concentration, whether induced by intra-

venous infusion or by a single injection of glucose, there was
a rise in the foetal blood-sugar and plasma-insulin concentra-

a tion. The rise in the foetal plasma-insulin concentration could
be detected within 20 minutes of a rapid intravenous injection
of glucose. The foetal plasma-insulin concentration increased
with time for over an hour after injection of glucose into the
mother, and 60 to 100 minutes after injection reached a mean
concentration which was three times that of the mean insulin
concentration in control foetal plasma. Whether the rise in
foetal plasma insulin was due to increased insulin secretion by
the foetal pancreas or to placental transfer of maternal insulin
to the foetus is not certain. Buse et al. (1962) injected
13"I-labelled insulin into mothers 7 to 240 minutes before
delivery and found no evidence that insulin could cross the
placenta. In the present experiment blood was collected in a
manner similar to that described by Buse, and it is unlikely that
cord blood was contaminated by maternal blood. Despite the
expected dependence of both maternal and foetal plasma-insulin
concentrations on the maternal blood-sugar concentration, only
in patients receiving glucose infusions was there a significant
correlation between maternal and foetal plasma-insulin con-
centrations. If the rise in foetal plasma insulin represented
placental transfer of maternal insulin a more consistent corre-
lation might have been expected. Therefore the rise in foetal
plasma-insulin concentration is probably the result of stimu-
lation of the foetal pancreas by the rise of foetal blood-sugar
concentration.
As the metabolic environment of the foetus is altered during

labour, conclusions made from studies at this time should only
be applied with caution to the foetus earlier in pregnancy.
However, in the glucose-injection group, if each result is
regarded as one point on a glucose-tolerance curve the findings
are very similar to those of Johnson and Bonsnes (1948), who
performed intravenous glucose tolerance tests in an identical
manner on 20 normal pregnant women at 17 to 40 weeks'
gestation. Thus the fact that the subjects in the present investi-
gation were in labour does not appear to have greatly altered
their intravenous glucose tolerance. The values for normal
maternal and umbilical-cord sugar concentrations were reviewed
by Furuhjelm (1956), and the results in the control group of the
present experiment agree well with those previously estimated
by a ferricyanide technique. The finding of a low level of
plasma insulin in the normal full-term foetus confirms the
observations of earlier workers on the newborn using bioassay
techniques (Santos et al., 1955 ; Baird and Farquhar, 1962) but
is not in agreement with the much higher plasma-insulin con-
centrations estimated by Stimmler et al. (1964). These workers
used an immunoassay which did not exclude interference by
human gamma-globulin and possibly other factors (Morgan
et al., 1964), as they themselves have since reported (O'Brien
et al., 1964).
The method described provides a simple and safe approach

to the study of foetal insulin secretion. Similar observations
on the foetus at different periods of gestation to discover at what
stage in foetal life the beta cell becomes functionally competent
will be of interest.

Summary

Maternal and umbilical-cord blood-sugar and plasma-insulin
concentrations have been measured in a group of 31 normal
patients. They have been compared with these concentrations
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in 17 patients who received glucose infusions and 30 patients
who received 25 g. of glucose by rapid intravenous injection at
intervals of from 4 to 100 minutes before delivery. After a rise
in maternal blood-sugar concentration, whether induced by
intravenous infusion or by a single injection of glucose, there
was a rise in the foetal blood-sugar and plasma-insulin con-
centration. The rise in the foetal plasma-insulin concentration
could be detected within 20 minutes of a rapid intravenous
injection of glucose ; it rose with time for over an hour, and
60 to 100 minutes after injection reached a mean concentration
which was three times that of the control foetal plasma. This
rise is probably the result of foetal pancreatic stimulation due
to the rise of foetal blood-sugar concentration.
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tion. We are indebted to the staff of the John Bonnett Laboratories,
Addenhrooke's Hospital, who performed the blood-sugar estima-

tions ; to Miss Dalton, of the Department of Human Ecology, Uni-
versity of Cambridge, for guidance in statistical analysis; to the
Department of Photography, Addenbrooke's Hospital, for prepara-
tion of the diagrams ; and to the Royal Society for a grant to one of
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thank Professor F. G. Young for his interest and encouragement.

REFERENCES

Baird, J. D., and Farquhar, J. W. (1962). Lancet, 1, 71.
Buse, M. G., Roberts, W. J., and Buse, J. (1962). 7. clz'n. Invest., 41, 29.
Furuhjelm, U. (1956). Ann. Paediat. Fenn., 2, Suppl. No. 5, p. 1.
Hales, C. N., and Randle, P. J. (1963). Biochem. 7., 88, 137.
Hoffman, W. S. (1937). 7. biol. Chem., 120, 51.
Johnson, D. G., and Bonsnes, R. W. (1948). 7. clin. Invest., 27, 745.
Morgan, C. R., Sorenson, R. L., and Lazarow, A. (1964). Diabetes,

13, 1.
O'Brien, D., Stimmler, L., and Brazie, J. (1964). Lancet, 2, 366.
Osler, M. (1960). Acta endocr. (Kbh.), 34, 261.
Santos, R. F., McCance, R. A., and Randle, P. J. (1955). Natulre (Lond.),

176, 115.
Stimmler, L., Brazie, J. V., and O'Brien, D. (1964). Lance!, 1, 137.

Failure to Isolate Viral Agents From Bone-marrows of Children
with Acute Leukaemia*

C. F. PHILLIPS,t A.D.; M. BENYESH-MELNICK,t M.D.; E. H. SEIDELt B.S.; D. J. FERNBACH,t M.D.

Brit. med. Y., 1965, 1. 286-28w

Negroni (1964) recently reported the isolation of a virus from
the bone-marrows of 10 leukaemic patients after serial blind
passages in human-embryonic-kidney cultures. These patients
included children and adults suffering from various types of
leukaemia, both acute and chronic. However, other workers
have failed thus far to isolate cytopathic agents from leukaemic
bone-marrow-cell suspensions employing similar methods.
For example, Girardi et al. (1962) reported on a failure to
isolate viruses from 16 patients with acute lymphocytic
leukaemia and several patients with leukaemias of other types
after serial blind passages of fresh bone-marrow suspensions
in primary human amnion cells and green-monkey-kidney
cells.

Moreover, Berg and Rosenthal (1961), Ang et al. (1962, and
Benyesh-NMelnick et al. (1963) failed to obtain cytopathic
agents from bone-marrow cells obtained from large numbers of
leukaemic patients and propagated in long-term tissue culture.

In view of the discrepancy between these earlier findings and
Negroni's (1964) report we undertook the serial blind passage
of bone-marrow specimens from some of the children with
acute leukaemia who are being studied in this laboratory as
reported by Benyesh-Melnick et al. (1963). The results of
tests with 19 bone-marrow specimens obtained from 17
children with acute leukaemia are described in this com-
munication.

Materials and Methods

Tissue Cultures.-Secondary human-embryonic-kidney tube
cultures were used throughout the study. Monolayers of
primary cells grown in 16-oz. (450-ml.) bottles were treated
with 0.2% trypsin and the resulting cell suspension was spun
at 800 r.p.m. for 10 minutes. Cells were resuspended in
Eagle's medium with 10%/. calf serum and 0.075/ NaHCO3
and seeded in stationary culture tubes at a concentration of

105 viable cells per tube. Monolayers were formed within
three to five days' incubation at 370 C. Eagle's medium with
5% heat-inactivated calf serum (560 C. for 30 minutes) and
0.3% NaHCO, was used for cell maintenance. All media con-
tained penicillin (200 units/ml.) and streptomycin (200 pg/ml.).
Tetracycline was not incorporated in the medium.
Inoculunz.-Bone-marrow aspirates were obtained from the

iliac crest with a dry syringe. The first few drops were used
for smear preparations. Then 5 ml. of aspirate was placed in
a siliconized 15-ml. screw-cap tube containing 0.05 ml. of
heparin (1,000 units/ml.). The tubes were immediately
transferred to the tissue-culture laboratory and allowed to
stand in a vertical position at room temperature for 60 to 90
minutes. The plasma portion containing white blood cells,
platelets, and sometimes a small amount of erythrocytes was
used as inoculum.

Procedure.-Each of four culture tubes was inoculated with
0.1 ml. of the appropriate bone-marrow-cell suspension, after
the medium had been drained. After one hour adsorption at
370 C. fresh maintenance medium was added. All cultures
were maintained at 37° C. In the initial stages of the study
some cultures were held stationary for 14 days and then rolled
on alternate days. Most of the cultures were rolled during the
entire experiment. Maintenance medium was replaced twice
a week after microscopical observation of the cultures. Two
replicate cultures of the four inoculated with each specimen
were held for observation and two were used for passages into

* This investigation was supported by Public Health Service Research
Grants No. CA-04600, CA-03161, and CA-07357 from the National
Cancer Institute, National Institutes of Health, and by Research
Contract PH-43-63-590 from the Virology Research Resources
Branch, National Cancer Institute. The patients studied wvere either
hospitalized in or followed in the Haematology Clinic, Texas
Children's Hospital, Houston, Texas.

t From the Department of Virology and Epidemiology, Baylor University
College of Medicine, Houston, Texas.

t From the Department of Paediatrics, Baylor University College of
Medicine, Houston, Texas.
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