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Under certain conditions observers have re-
ported an inverse relationship in the concentration
of sugar and of chloride in the blood. Herrick
(1) in 1924 observed it following the ingestion of
100 grams of glucose in six individuals. Ni (2)
obtained the same relationship following the re-
moval of the pancreas or the administration of
insulin in dogs which he regarded as a manifesta-
tion of osmotic compensation. Sunderman, Aus-
tin and Williams (3) observed it following the
administration of insulin to diabetic patients,-the
increase in serum chloride being associated with
an increase of total fixed base. Their freezing
point data suggested that the increased concentra-
tion of electrolytes in the serum did not entirely
compensate osmotically for the decreased con-
centration of sugar. They found the change usu-
ally accompanied by a higher specific gravity and
an increased concentration of the total solids of
the serum.

Changes in the concentration of blood sugar
are usually associated with changes in the water
content of the blood and tissues. The intravenous
administration of hypertonic solutions of glucose
is used clinically to produce dehydration and di-
uresis. Following the administration of hyper-
tonic solutions of either saccharose or glucose
intravenously in dogs, Keith (4) found the plasma
volume diminished and both the viscosity of the
blood and the concentration of hemoglobin in-
creased. Drabkin, Page and Edwards (5) and
Drabkin (6) demonstrated that administration of
insulin to dogs produces not only a lowering of
the blood sugar but also anhydremia which mani-
fests itself in increase of the concentration of
hemoglobin and erythrocyte count, and reduction
of plasma volume.

Change in the concentration of a solute may re-

1 Resident in Chemistry, Pennsylvania Hospital.

sult from addition or removal of either solute or
solvent. Moreover, in solutions such as blood or
serum which contain a high concentration of sol-
ids, the distinction between concentration of solute
per unit of solution and per unit of solvent is im-
portant. The concentration of solute is commonly
estimated in relation to volume of solution in clin-
ical studies. It is, however, the concentration of
solute per unit of solvent which perhaps has more
physicochemical significance.

The present study was designed to determine in
the diabetic patient to whom glucose was admin-
istered the changes in the concentration of glucose
and chloride in serum in relation to the change in
the amount of water circulating in the serum, and
from these data to estimate the change in the total
quantity and in the osmolal concentration of both
glucose and chloride in serum.

MATERIAL AND METHODS

Venous blood was withdrawn under oil from
18 fasting patients who were attending the Meta-
bolic Clinic at the Pennsylvania Hospital for dia-
betes mellitus. The serum was obtained from the
centrifuged specimen of the clotted blood by the
technique described elsewhere (7). Seventy-five
grams of glucose dissolved in 200 cc. of water
flavored with lemon juice were then ingested, and
after an interval of ninety minutes serum was
again obtained for analysis.

Glucose in the serum was measured by Bene-
dict's method (8) within 20 minutes after the col-
lection of the blood. The Wilson and Ball pro-
cedure (9) was employed for the measurement
of the serum chloride. The specific gravity of
the serum was measured at 200 C. with pyknome-
ters of 2 ml. capacity. The total residue of the
serum was obtained by drying the serum at 1000
C. to constant weight. Freezing point measure-
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SERUMELECTROLYTESAFTER GLUCOSEIN DIABETICS

ments were made by means of the Stadie-Sunder-
man apparatus (10).

CALCULATION OF RESULTS

The concentrations of glucose and chloride in
serum before and after the glucose administration
have been expressed as moles per liter of serum;
as moles per kilogram of serum water; and as
moles per kilogram of dry residue exclusive of
the glucose and chloride. It is the second of
these, the molality of a solute in serum which is
most simply related to changes in the osmotic
equilibrium, thermodynamic potential, or activity
of the solute. If it be assumed as a plausible ap-
proximation for these experiments, that, exclud-
ing the glucose and the chlorides, the remaining
solids of the serum remain constant during the
ninety minute period of the experiment, then
from the ratios of glucose, chloride, and water to
solids the percentile change in the total quantities
of these three components may be calculated.

The following equations were employed in our

calculations (those for glucose being analogous to
those for chloride).

SYMBOLS

Sp = specific gravity at 20° C.
H20 = water in grams

S = solids in grams
Gl = glucose in millimoles
Cl = chloride in millimoles
L = liters of serum

K = kilograms of serum

] = concentration per kilogram of water
R = residual solids in kilograms. (Solids exclusive of

glucose and chloride as NaCl)
= osmolal concentration of glucose and chloride in

the fluid calculated as exchanged
subscript f = fasting
subscript g = after glucose

= Cl/K; H20/L = H20/K = 1000 S/K, (1)
Sp Sp

1000 Cl/K [Cl]

1000 -S/K(2

Cl/R ~~1000 Cl/L (aCl/R Sp (S/K) - 180 GI/L - 58.45 Cl/L' (3a)

H20/R S Sp X 106 - Sp (S/K) X 103 .3b)Sp(S/K) 180 GI/L 58.45 Cl/L

Transference of H20, Cl, and Gl to the serum after
glucose administration.

A Cl/R = (Cl/R)g - (Cl/R)f, (4a)
A H20/R = (H20/R)g - (H20/R)f. (4b)

Concentrations of Cl and GI (expressed as mM. per kilo-
gram of water added) in the solution entering serum after
glucose administration are as follows:

A Cl/(A H20 X 10-') = 1000 A Cl/R (5)
A H2O/R

Estimated osmolal concentration of chloride and glucose
in the fluid calculated as exchanged (r=) assuming 1.9
as the osmolal equivalence of a mole of electrolyte.

vex = 1.9 A Cl/(A H20 X 10-3)
+ A GI/(A H20 X 10-3). (6)

RESULTS

The data pertinent to this paper have been
recorded in Table I.

Relationship bet-ween the concentrations of glu-
cose and chloride in serum on a water basis

From calculations made from the data in this
paper and in a previous paper (11) there was no
significant correlation between the concentration
of glucose and chloride in either the serum or
corpuscles in the blood of different patients.
However, following the ingestion of glucose in
diabetic patients there was a striking correlation
between the change in the concentrations of glu-
cose and chloride in the serum when these were
expressed on a water basis.

In the serum of each of the diabetic patients
following the administration of glucose there was
a decreased concentration of chloride as well as
the anticipated increased concentration of glucose.
The increase in the glucose concentration in moles
per kilogram of water was accompanied by a de-
crease in the chloride concentration in moles per
kilogram of water in the mean ratio of 3.77
± 0.45 to 1.

In Figure 1 the increase in the milliosmolal con-
centration of glucose in the serum is plotted
against the decrease in the milliosmolal concentra-
tion of chloride. The statistically calculated re-
gression line of chloride on glucose is:

A 7rc, = 0.369 A 7Tglucose + 1.50.

If the osmolal decrease in concentration of chlor-
ide were equal to the osmolal increase in glucose
the curve would follow the dotted line. The in-
crease in the concentration of glucose when
greater than about 3 mM. per-kilogram of water
is thus not entirely compensated for osmotically
by the decrease in the concentration of chloride.
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FIG. 1. INCREASE IN OSMOLALCONCENTRATIONOF GLUCOSEPLOTTED AGAINST THE DECREASEIN

OSMOLALCONCENTRATIONOF CHLORIDE.

TABLE II

Erect of ingestion of glucose by diabetic individuals on
the total base and freezing point of serum

Case Freing Total base Glucose H20point

C. m. Eq./kgm. mM./kgm. gramslkgm.
H20 H20 serum

19 (f).. - 0.544 158.8 7.73 901.45
(g) - 0.552 157.5 12.66 904.65

20 (f).. - 0.527 156.1 7.66 909.40
(g) - 0.533 151.0 17.19 913.65

In Table II are given concentrations of total
base and glucose in relation to the water in the
serum of two diabetic patients. With increase
of serum glucose the total base was diminished
in the serum of both of these patients. It would
appear thus that the decrease in the concentration
of chloride was probably accompanied by ft de-
crease in the concentration of total base.

The composition of the serum after ingestion of
glucose

The concentrations of glucose and chloride in
each sample of serum obtained before and after
the administration of glucose are given in Table
I and are expressed per unit of volume, per unit
of water, and per unit of residual solids. Al-
though the concentration of chloride per liter and

per kilogram of serum water was decreased in
all of the cases following glucose, the amount of
chloride per kilogram of residual solids in the
serum, with the exception of Case 5, was in-
creased. In Case 5, as in the others, there was a
greater amount of glucose and water present in
the serum after the administration of glucose than
before.

In the upper part of Figure 2 is given the per-
centile increase in the water of the serum per
kilogram of solids. In the lower part of the
graph the open columns represent the osmolal
concentration of the increment of glucose and the
hatched columns the osmolal concentration of the
increment of chloride calculated as if they were
in the increment of water. The analyses indicate
that in 17 of the 18 cases, the increment in chlor-
ide was from 5.4 to 103 m. Eq. per kilogram of
increment of water. In Case 5 the calculation in-
dicates a slight loss of chloride from the serum.
The estimated osmolal concentration of the fluid
increment with both chloride and glucose included
was on the average higher than that of the fasting
serum. This is consistent with the observed in-
crease in the freezing point depression in the se-
rum after glucose ingestion (Cases 19 and 20).

In Table I and Figure 2 are given the meas-
urements obtained from similar analyses in two
normal individuals following the ingestion of glu-
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FIG. 2. CHANGESIN SERUMAFTER GLUCOSEINGESTION.

cose. If the same assumption be made that there
is no change in the total solids (excepting glucose
and chloride) in the serum of the normal indi-
viduals after the ingestion of glucose then it will
be observed that there was an outflow of water as

well as of glucose and of chloride. The changes
of volume and composition of the serum in nor-

mal individuals were just the reverse of those
observed in the diabetic patients.

While there are many studies in the literature
giving changes in concentration of solutes per liter
of serum following hemorrhage, plasmapheresis,
intravenous injection of hypotonic or hypertonic
solutions, etc., few studies contain in addition,
measurements of specific gravity and dry weight.
It is, therefore, impossible to calculate from them
the changes of solute per kilogram of water or

to estimate the sign or the approximate ratio,
A solute/A H2.O

SUMMARY

Blood was removed from fasting diabetic pa-

tients before and 1% hours after the ingestion
of glucose. The increase in the concentration of
glucose in the serum as moles per kilogram of
water was accompanied by a decrease in the con-

centration of chloride in the same units in ap-

proximately the ratio of 3.8 to 1.

The assumption was made that the amount of
solids in the serum, excepting glucose and chlor-
ide, remained constant during the brief period of
an experiment and the amounts of glucose, chlor.
ide and water present in the serum before and
after the administration of glucose were calcu-
lated in relation to these residual solids. The re-

sults of these calculations indicated that after the
ingestion of glucose there was not only an in-
crease in the total quantity of glucose in the serum

but also an increase in the total quantities of chlor-
ide and water present. The increase in the total
quantity of chloride was from 0 to 103 m. Eq. per

kilogram of added water. The increment in glu-
cose plus chloride calculated in relation to the in-
crement of water gave, on the average, a value
representing a higher osmolal concentration than
that of the fasting serum. The final results ob-
tained after the ingestion of glucose by diabetic
individuals, therefore, were an increase in glucose
concentration, a decrease in chloride concentra-
tion, an increase in the osmotic pressure, and an

increase in the total quantities of glucose, chlor-
ide, and water of the serum.

In the serum of the diabetic patient the dis-
turbance resulting from the uptake of glucose is
distributed among at least three other variables:
serum volume, osmotic pressure, and chloride con-

0
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centration. The experiments illustrate the fact
that a change in concentration induced with re-
spect to a single component, such as glucose, tends
to disturb the concentration of other components
of the serum and to induce transfers of some of
them to or from the serum.
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