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In previous papers of this series (1) the authors have shown that de-
rangements of the functions of the liver and kidneys play important roles
in the physiological disturbances following the intravenous injection of
diphtheria toxin in rabbits. The following paper reports the results of the
investigation of the changes in concentration of serum electrolytes and
hemoglobin.

PROCEDURE

Rabbits weighing approximately two kilograms were used as the experi-
mental animals. They were maintained on a fasting regime, which began 24
hours before the injection of the toxin and continued thereafter. Water was
always present in the cages. Three groups were studied. The first group of 5
animals served as fasting controls. Each of the second group (6 animals) re-
ceived intravenously 3 minimal lethal doses of diphtheria toxin. The third
group (8 animals) each received 0.8 intravenously. (Previous work had dem-
onstrated that these quantities of toxin would cause death in from 2 to 3 days
and 4 to 7 days, respectively.) The blood electrolyte studies were made 1 or 2
days before the expected death of the animals. Because of the relatively large
amount of blood needed (20 to 25 cc.), cardiac punctures were employed. The
blood was collected under oil, allowed to clot, centrifuged, and the serum re-
moved as soon as possible. Before withdrawal of the blood, the animal was
anesthetized by the intraperitoneal injection of 0.5 cc. of 10 per cent sodium
amytal solution per kilogram of body weight. This procedure was used in order
to eliminate the effects of struggling. The hemoglobin determinations were
made before the injection of the toxin, and every day thereafter. The blood
was obtained from a freely flowing wound made by a small incision through a
marginal ear vein.

The methods employed for the chemical determinations were the following:
bicarbonate, manometric method of Van Slyke and Neill using 0.2 cc. (2);
chloride, Patterson micromodification of the open Carius method (3); phos-
phate, Benedict and Theis (4); total base, Stadie and Ross modification of the
Fiske method (5) without removal of phosphate; sodium, Barber and Kolthoff
method (6); potassium, Shohl and Bennett method (7); nitrogen, Kjeldahl
method, using 1 cc. (the factor 6.25 was used to obtain per cent protein); non-

" This work was aided by a grant from The Corn Products Refining Com-
pany.
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protein nitrogen, Folin-Wu method; amino-acid nitrogen, Folin method (8)
(see Paper I for description of slight modification employed); hemoglobin,
Cohen and Smith method (9). All determinations were run in duplicate except
amino-acid nitrogen, nonprotein nitrogen, phosphate and hemoglobin.

The various concentrations are expressed as milliequivalents of univalent
base per liter of serum. The following conversion factors were used: total
protein per cent X 2.48; carbon dioxide, volumes per cent X 0.423 (bicarbonate
at pH 7.38); phosphate, mgm. per cent X 0.58. Where only sodium and potas-
sium were determined, total base was calculated by assuming a calcium value of
5.5 m. Eq. and adding this value to the potassium and sodium. (Determinations
of serum calcium carried out on a number of both normal and diphtheritic rab-
bits showed but slight variations from this value, and were subsequently discon-
tinued because of the limited quantity of available serum.)

RESULTS

The results of the electrolyte determinations are graphically summarized
in Chart I. This has been prepared in the usual manner, the height of each
column representing the concentrations of cations and anions respectively
in milliequivalents per liter of serum, the total anion concentration being
considered equal to the determined total base. The first double column in
each group (marked AV) represents the average values for the entire
group. Rabbit Number 2 was not included in estimating the average since
the sodium and chloride are considerably lower than in the other rabbits of
the control group as well as other similar analyses made in normal rabbits
in this laboratory.

Significant differences between the normal and diphtheritic animals are
found in the bicarbonate, chloride, sodium and phosphate concentrations.
The changes are of a similar nature in both diphtheritic groups. In the
group injected with the large dose of toxin (3 minimal lethal doses) there
is an average decrease of 8.7 m. Eq. of bicarbonate, 12.6 m. Eq. of chloride
and 12.2 m. Eq. of sodium, while the phosphate is increased by 4.2 m. Eq.
(7.2 mgm. per cent P). In the group injected with the smaller dose (0.8
minimal lethal dose) the decreases average 7.3 m. Eq., 10.8 m. Eq. and
11.6 m. Eq. for the bicarbonate, chloride and sodium respectively, while the
phosphate increase averages 5.4 m. Eq. (9 mgm. per cent P).

There are no significant changes in the total protein or potassium con-
centrations. The nonprotein nitrogen concentrations are markedly elevated
in both diphtheritic groups. The amino-acid nitrogen, which is only mod-
erately increased in the animals receiving the smaller dose of toxin, attains
very high values in the groups injected with the larger dose. In making
Chart I, the rabbits were arranged in order of increasing concentration of
blood nonprotein nitrogen and amino-acid nitrogen. The chart shows that
the phosphate concentration tends to increase with the nonprotein nitrogen
and amino-acid nitrogen. Previous work demonstrated that the degree of
intoxication could be fairly accurately predicted from the amino-acid and
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nonprotein nitrogen values. For this reason, it is felt that the elevation in
inorganic phosphate parallels the degree of diphtheritic intoxication.

Table I gives the results of analyses of gastric contents. The total con-
tents were recovered, weighed, and filtered through gauze. The acidity was
titrated with phenolphthalein as indicator, and the total base and chloride
were determined by the methods used in the analyses of serum. The re-

TABLE I

Chloride and total base of gastric contents in normal and diphtheritic rabbits

Gastric contents

Blood
Rabbit Toxin nonprotein Weight Concentmtion Total amounts
number nitrogen

ci Total base ci Total base

minimal mgm. m. Eq. per m. Eq. per Eq. m. Eq.
kihal dose per cen grams lit

1 0 82 106 19 8.6 1.6
2 0 116 190 26 22.0 3.0
3 0 52 116 26 6.0 1.4
4 0 100 174 25 17.0 2.5

AVERAGE 146 4 36 24 a 2 13.4 6.1 2.1 a 0.6

5 0.8 340 78 180 49 14.0 3.8
6 0.8 180 103 133 32 14.0 3.3
7 0.8 75 56 143 36 8.0 2.0
8 0.8 210 42 152 31 6.3 1.3
9 0.8 270 65 147 42 9.6 2.7

AVERAGE 151 + 12 38 + 6 10.4 i 3.5 2.6 + 0.8

10 3.0 220 154 106 25 16.0 3.8
11 3.0 240 151 153 51 23.0 7.6
12 3.0 235 143 147 29 21.0 4.2
13 3.0 259 66 129 35 8.5 2.3
14 3.0 214 106 128 34 14.0 3.6

AVERAGE 133 + 14 35 + 7 15.9 + 4.3 4.3 + 1.3

sults are expressed both in terms of concentration and total amount. Since
the dried weight, including the food present in the stomach, only consti-
tuted about ten per cent of the total weight, the results were calculated in
terms of total weight of gastric contents. This did not introduce an error
significant for our purposes. The table demonstrates in the three groups
no significant difference in either concentration or total amount of electro-
lytes in the gastric juice.
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In Chart II are graphically presented the daily hemoglobin values in
two normal and four diphtheritic rabbits, two of which were injected with
the larger dose and two, with the smaller dose of toxin. A total of 4 nor-
mal and 10 diphtheritic animals were studied in this manner. The results
agree sufficiently so that only representative experiments need be cited.
One may note a progressive hemoconcentration, as evidenced by the in-
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CHARTII

THE CONCENTRATIONOF HEMOGLOBININ NORMALAND
DIPHTHERITIC RABBITS

crease in hemoglobin values during the course of the intoxication. Un-
fortunately, accurate measurements of the fluid intake were not made.
However, no apparent difference in this respect between the control and
experimental animals was noted except that the fluid intake of the diph-
theritic rabbits was low during the lest 24 hours. Since the increase in
concentration of hemoglobin is 30 to 45 per cent of the initial concentration,
the lack of change in serum protein indicates a decrease in the total amount
of circulating serum protein.

DISCUSSION

While the changes in concentration of serum electrolyte and hemoglobin
found in rabbits following intravenous injection of diphtheria toxin cannot
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be assumed to represent exactly the condition of the blood in diphtheria,
analogous disturbances have been reported in patients. Martinson et al.
(10) found reduction in whole blood chloride, whole blood total base and
serum bicarbonate. While the electrolyte determinations on whole blood
cannot be interpreted with certainty without knowledge of the cell volume,
the results are suggestive.

Martinson et al. (10) and Wladimirowa ( 11 ) found organic acid in the
blood of diphtheritic patients increased as compared to that of normal in-
dividuals. These results were obtained by titration with the application of
a correction for creatin. While this method is subject to errors it probably
represents approximately the change in organic acids. Csapo (12) found
an increase in urinary organic acids.

Harding (13) and Hottinger (14) called attention to the high hemo-
globin concentration and high erythrocyte count in malignant diphtheria.

Low concentration of inorganic phosphate was found in malignant
diphtheria by Lesne, Zizine and Briskas (15). If this finding should be
confirmed in severe cases with elevation of nonprotein nitrogen, it consti-
tutes a definite difference from the reactions in rabbits injected with toxin.
Feigl (16) found 16, 20 and 24 mgm. per cent of inorganic phosphorus in
3 cases of acute yellow atrophy of the liver. Since pathological and chemi-
cal evidences of liver injury are so marked in diphtheritic intoxication,
elevation of phosphate may depend on hepatic injury. However, since
high serum phosphate frequently occurs in renal disease accompanied by
azotemia, the hyperphosphatemia in diphtheritic intoxication may be refer-
able to the renal lesions of the disease.

The changes in rabbits are closely analogous to those found in shock,
where diminution of blood volume is accompanied by decrease in the con-
centration of serum electrolytes. Low concentration of serum electrolytes
is also characteristic of febrile states and a number of toxic conditions ( 17).
The changes are apparently not principally dependent on an inadequate
supply of salts but represent an unexplained disturbance in the usual con-
centration of the electrolytes. Since nephritis is frequently accompanied
by low serum electrolytes, the renal lesions in the diphtheritic rabbits might
produce similar disturbances. The studies of gastric contents demonstrate
that the diminution of chloride and sodium is not brought about by an in-
crease of these substances in the stomach, as might be anticipated from the
work of Gamble and McIver (18) on pyloric obstruction in rabbits. Al-
though some of the diphtheritic rabbits passed a few loose stools containing
mucus, it was not felt that the diarrhea was sufficient to explain the changes
in serum electrolyte. Retention of water was apparently not the cause of
the reduction in concentration of electrolytes, since marked loss of weight
occurred in all toxic animals. While the water intake was not measured,
the animals seemed to drink freely except during the day before death.
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Since the decreases in sodium and chloride were approximately equal,
base deficit does not explain the low bicarbonate. Although increase of in-
organic phosphate replaces part of the bicarbonate, the diminution of bi-
carbonate must be considered, by exclusion, as due chiefly to accumulation
of organic acids and possibly sulfate. A few specimens of serum were
distilled into Scott-Wilson (19) reagent but no ketone bodies were de-
tected. Undoubtedly lactic acid accounts for part of the diminution of bi-
carbonate but the previous studies (1), while indicating a probable increase
in lactic acid, were not convincing, because of the difficulty of obtaining
from normal rabbits blood specimens which represented the resting state.

SUMMARY

The serum electrolyte and hemoglobin concentration of fasting rabbits
after intravenous injection of diphtheria toxin is reported. The diph-
theritic rabbits showed the following changes: (1) progressive increase in
hemoglobin concentration; (2) approximately equal decrease of sodium
and chloride; (3) decrease in bicarbonate; (4) marked increase in serum
inorganic phosphate which paralleled the severity of the intoxication.

BIBLIOGRAPHY
1. Yannet, H., and Darrow, D. C., Physiological disturbances during experi-

mental diphtheritic intoxication. I. Blood sugar, lactic acid and non-
protein and amino-acid nitrogen. II. Hepatic glycogenesis and glycogen
concentration of cardiac and skeletal muscle. J. Clin. Invest., 1933, 12,
767 and 779.

2. Van Slyke, D. D., and Neill, J. M., The determination of gases in blood and
other solutions by vacuum extraction and manometric measurement. I.
J. Biol. Chem., 1924, 61, 523.

3. Patterson, J., The determination of chlorides in body fluids. Biochem. J.,
1928, 22, 758.

4. Benedict, S. R., and Theis, R. C., A modification of the molybdic method for
the determination of inorganic phosphorous in serum. J. Biol. Chem.,
1924, 61, 63.

5. Stadie, W. C., and Ross, E. C., A micro method for the determination of
base in blood and serum and other biological materials. J. Biol. Chem.,
1925, 65, 735.

6. Barber, H. H., and Kolthoff, I. M., A specific reagent for the rapid gravi-
metric determination of sodium. J. Am. Chem. Soc., 1928, 50, 1625.

7. Shohl, A. T., and Bennett, H. B., A micro method for the determination of
potassium as iodoplatinate. J. Biol. Chem., 1928, 78, 643.

8. Folin, O., A system of blood analysis. Supplement III. A new colori-
metric method for the determination of the amino-acid nitrogen in blood.
J. Biol. Chem., 1922, 51, 377.

9. Cohen, B., and Smith, A. H., The colorimetric determination of hemoglobin.
A practical procedure. J. Biol. Chem., 1919, 39, 489.

10. Martinson, E. E., Markowa, A. A., Pocinkowa, N. A., and Salaskina, S. S.,
Die Veranderungen der Siiurbasenverhiiltnisse im Organismus bei Diph-
therie und Scharlach. Ztschr. f. Kinderh., 1931, 51, 483.



560 EXPERIMENTALDIPHTHERITIC INTOXICATION

11. Wladimirowa, E. A., Der Gehalt des Blutes diphtherie- und scharlachkranker
Kinder an organischen Sauren. Ztschr. f. Kinderh., 1930, 50, 374.

12. Csapo, J., Der Organische Siuregehalt des Harnes bei Diphtherie. Arch.
f. Kinderh., 1932, 97, 53.

13. Harding, M. E., The Circulatory Failure of Diphtheria. University of
London Press, London, 1920.

14. Hottinger, A., tTber die Maligne, Sogenannte Toxische Diphtherie. jarhb.
f. Kinderh., 1932, Beihefte 31.

15. Lesne, E., Zizine, P., et Briskas, S. B.. Contribution a l'etude du metabolisme
du phosphore au cours des angines diphteriques. Compt. rend. Soc. de
Biol., 1932, 109, 430.

16. Feigl, J., tiber das Vorkommen von Phosphaten im menschlichen Blutserum.
III. Saurl6slicher (Gesamt-) Phosphor, Orthophosphat und Rest-
phosphor bei Krankheitzustanden. Biochem. Ztschr., 1917, 83, 218.

17. Peters, J. P., and Van Slyke, D. D., Quantitative Clinical Chemistry, Vol. I.
Interpretations. Chapter xv. Williams and Wilkins Co., Baltimore,
1931.

18. Gamble, J. L., and McIver, M. A., A study of the effects of pyloric obstruc-
tion in rabbits. J. Clin. Invest., 1925, 1, 531.

19. Scott-Wilson, H., A method for estimating acetone in animal liquids. J
Physiol., 1911, 42, 444.


