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There are three primary alterations in the body as a whole due to
diarrhea: 1. Dehydration, 2. Acidosis, and 3. Electrolyte losses and
imbalances. The initiating factors in the development and the
magnitude of each in the acutely diarrheic neonatal calf have been
discussed in Part 1. This paper will briefly cover the effect that these
alterations have on the body as a whole and their treatment. Only by
knowing, understanding and taking into consideration these alterations
and their effects on the diarrheic calf is a rational medical treatment
possible.

In diarrheal dehydration the preferential loss of fluid from the
blood (15), which causes a 50% decrease in plasma volume (27), causes
an increased hematocrit, blood viscosity (4,27) and peripheral
vasoconstriction (7,12,27) clinically evident by the cold extremities in
the dehydrated diarrheic calf. The peripheral vasoconstriction is an
attempt by the body to maintain an adequate blood flow to the vital
organs, such as the heart and central nervous system by shunting the
remaining blood to them. The decreased peripheral vascular perfusion
causes a lack of oxygen to these tissues (5,12) and therefore an
increased production of lactic acid (25) as this regularly follows
anaerobic metabolism. Lactic acid is utilized almost exclusively by the
liver, which due to diarrheal alterations may have a decreased lactate
uptake (14,19,25). Blood lactic acid, therefore, increases due to both
increased production and decreased utilization (3,17,33) adding to the
already existing acidosis caused by the loss of bicarbonate in the feces
(2,23).

Bicarbonate loss increases the body’s H+ concentration as can be
seen from the following chemical reactions:

h2o0 +C02---->H2C0 3 —— > H+ + HCO 3-
4,
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Water and carbon dioxide combine, forming carbonic acid. Carbonic
acid deionizes forming H+ and HCO3". As the HCO3" is lost across the
intestinal mucosa more HCO3"' and are produced. The continuing
HCO3' drain pulls the reaction to the right. Since the H+ remains in the
body and the HCO3" does not the H+ concentration increases, resulting
in acidosis.

Acidosis, once it develops as a result of the diarrheal alterations,
that is dehydration, electrolyte losses and increased H+ production, is a
primary factor in maintaining and worsening these alterations (12,25)
particularly the potassium losses and imbalances. The decreasing
intracellular pH is especially important in causing these potassium
alterations (12,21,28) which develop in the following manner.

Normal electrolyte distribution in the body is a low intracellular
sodium ion concentration and high extracellular concentration, whereas
the reverse relationship is true for the potassium ion. Intracellular
potassium is high and extracellular low. Hydrogen ion concentration is
slightly higher in intracellular fluid than extracellular (35). Although
the electrolytes are constantly exchanged across the cell membrane
their concentration inside and outside the cell is quite constant. During
diarrhea the extracellular hydrogen ion concentration increases as
acidosis develops. As this occurs there is a tendency for these ions to
move into the cell (35). Two possibilities exist, first that a negative ion
accompany the positive hydrogen ion, second, that there is an exchange
and a positive ion, potassium, leaves the cell as hydrogen enters. The
second possibility predominates and there is both an intracellular

Figure 1: lon movements as a result of diarrheal acidosis illustrating increased hydrogen ion
movement into the cell causing increased potassium ion movement out.
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accumulation of hydrogen ion and loss of potassium ion (Fig. 1)
(12,21,28,34).

Potassium concentration becomes elevated in the extracellular
fluids including the blood. Much of this potassium ion is lost in the
feces and urine but its blood concentration is often increased
throughout the course of diarrhea (11,15,34,36). Therefore, the normal
potassium ratio across the cell membrane is changed as a result of these
ion shifts (Fig. 2). This results in a decreased potassium concentration
inside the cell (7,12,16) and an increased potassium concentration
outside the cell (11,15,34,36) both changes causing the potassium
concentration ratio across the cell membrane to become abnormal as
illustrated in Figure 2.

POTASSIUM CONCENTRATION RATIO

NORMAL

NORMAL RATIO

DIARRHEA

Figure 2: Transmembrane potassium concentration ratios normal versus diarrheic. In diarrhea
the intracellular potassium concentration decreases and the extracellular increases both causing
this ratio to become abnormal resulting in a decreased membrane potential.

The electrical potential across the cell membrane, which is
necessary for the conduction of nerve impulses, skeletal and cardiac
muscle contraction, etc., is largely determined by this transmembrane
potassium concentration ratio (18). The effect that this altered ratio
has is well illustrated clinically by abnormal electrocardiograms
(15,16,30) and lethargy (24).

It is evident from the magnitude of fluid and electrolyte losses
which have occurred that the use of antibacterial agents by themselves
will be of little or no benefit to the calf. The one treatment that is
essential is the replacement of these fluids, which raises three questions
—what, how much and how? What and how much must be determined
not by changes in plasma concentrations, as well illustrated by
potassium whose plasma concentration increases in spite of large
potassium losses from the body (22), but by the actual losses during
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diarrhea determined by complete balance studies as described in Part I
of this paper.

Treatment of the acidosis is particularly imperative (12,14,15).
Lactate is commonly used to treat many forms of acidosis but to be
effective it must be completely metabolized. In the diarrheic, acidotic,
hypovolemic calf endogenous lactic acid contributes to the acidosis
(3,10,17,33). Although endogenous lactic acid may play only a minor
role in the acidosis its use would appear to be contraindicated in
diarrheal therapy. Bicarbonate is the treatment of choice (33).

How to administer this fluid must be ‘onsidered. Sim ¢ mtestinal
absorption appears to be decreased during diarrhea (1,8,17) oral or
rectal lavage would not be indicated. Subcutaneous therapy would seem
to be an ideal route from several aspects. The large volume of fluid
needed by the diarrheic calf can be easily and rapidly given in several
locations. Subcutaneous absorption of large quantities of fluid normally
occurs over a 6 to 8 hour period (32), therefore, treatment 2 to 3 times
a day would appear to be equal in benefit to the much more difficult
slow intravenous infusion. But the decreased blood flow to the
subcutaneous tissues due to peripheral vasoconstriction will greatly
delay absorption from subcutaneous areas (32), although this route
may still be a possibility if peripheral vasoconstriction has not yet
occurred or if blood volume has been restored by other therapy. The
severity of peripheral vasoconstriction can be estimated by comparing
the temperature of extremities to that of the rest of the body.

Intraperitoneal administration of the fluid may be another
alternative. Again the large volume needed by the diarrheic calf may be
easily and rapidly given by this route. Absorption normally occurs quite
rapidly although this may also be altered in the diarrheic calf. Perhaps
some combination of the subcutaneous and intraperitoneal routes
would give satisfactory therapeutic results.

Slow intravenous infusion is from the calf’s viewpoint, the most
ideal route; from the veterinarians’, the most non-ideal; and from the
stockman’s, impossible. We are all aware of the difficulties in
catheterizing nearly collapsed veins in the severely dehydrated diarrheic
calf and keeping it in the vein without constant supervision during slow
intravenous infusion. Yet this route is ideal for several reasons. The
problem with absorption encountered by the other routes is eliminated.
A hypertonic solution may be given. That is a solution containing a
greater concentration of particles or molecules than does the blood.

Since restoration of the greatly decreased blood volume is
essential, an intravascular hypertonic solution is indicated. By giving a
hypertonic solution intravenously, the blood osmolarity is increased
above that in the other body fluid compartments. This results in the
movement of water into the blood from these compartments which
have not been as severely decreased by the diarrhea (27). The blood
volume is therefore increased not only by the fluids given but by the
contribution from the other fluid compartments in the body.
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To replace the potassium lost during diarrhea it is necessary to give
a solution high in potassium (22). The potassium loss is entirely from
inside the cells (22) and must be replaced to the cells without increasing
the extracellular concentration as such an increase would worsen the
already altered transmembrane potassium ratio (Fig. 2). Glucose added
to a fluid containing a high potassium concentration will enhance the
movement of potassium into the cell (20). Therefore, we have found
that a glucose containing, potentially toxic, high potassium solution can
be given intravenously without increasing the extracellular potassium
concentration. Glucose also serves as an energy source helping to
nutritionally maintain the anorexic calf and return the blood glucose
level to normal since hypoglycemia commonly occurs in this disease
(34). To replace the electrolytes lost plus the added glucose in the
volume of water actually lost by the diarrheic calf the solution has an
osmolarity about 2.5 times that in the blood (22).
In conclusion:
I.  Diarrheal dehydration
A. Resultsin
1. a 50% decrease in plasma volume
B. Treatment
1. 3-4 liters of fluid/day for the average size calf.
2. hypertonic solution intravenously the best
Il.  Electrolyte losses and imbalances
A. Resultsin

1. a decreased cellular membrane potential which

causes:

(@) lethargy

(b) muscular weakness

(c) opisthotonus occasionally

(d) cardiotoxicity as evidenced by an abnormal
EKG

2. Acidosis
(&) due to fecal bicarbonate loss

B. Treatment

1. replace electrolytes actually lost

2. glucose to maintain the calf nutritionally and
enhance potassium movement into the cell

1. Acidosis
A. Resultsin

1. an increase and maintenance of the previous two
alterations (dehydration and electrolyte losses)

2. interferes with normal metabolic reactions de-
pendent upon maintenance of a normal hydrogen
ion concentration in the body

B. Treatment
1. bicarbonate
2. not lactate

113



References

1. Abel, J. H., R. W. Phillips, L. D. Lewis. Enzymatic and Histochemical Changes During
Viral Induced Diarrhea in Calves, Amer. J. Dig. Dis. (In press). - 2. Beisel, W. R., R. H. Watten,
R. Q. Blackwell, C. Benyajati, R. A. Phillips. The Role of Bicarbonate Pathophysiology and
Therapy in Asiatic Cholera, Am. J. Med. 35:50 1968. - 3. Bekajlowa, B. The Participation of
Lactic Acid in Disturbances of the Acid-Base Balance in Acute Diarrhea in Infants, Polish Med.
J. 8 No.6:1377 1969. —4. Bianca, W. Effects of Dehydration, Rehydration and Overhydration
on the Blood and Urine of Oxen, Brit. Vet. J. 126:121 1970. - 5.Black, D. A. K. “Essentials
of Fluid Balance” 4th Ed., Blackwell Scientific Publications, Oxford, England 1967. - 6.
Blaxter, K. L., W. A. Wood. Some Observations on the Biochemical and Physiological Events
Associated with Diarrhea in Calves, Vet. Record 65 No. 50:889 1953. - I.Bruck, E., G. Abal,
T. Aceto. Pathogenesis and Pathophysiology of Hypertonic Dehydration with Diarrhea, Amer.
J. Dis. Child. 115:122 1968. - 8. Bywater, R. J., W. J. Penhale. Depressed Lactase Activity in
the Intestinal Mucous Membrane of Calves after Neonatal Diarrhea. Res. Vet. Sci. 10:591 1969.
- 9. Caress, D. L., A. S. Kissack, A. J. Solvin, J. H. Stuckey. The Effect of Respiratory and
Metabolic Acidosis on Myocardial Contractility, J. Thoracic Cardiovasc. Surg. 56:571 1968. -
10. Clausen, S. W. Anhydremic Acidosis Due to Lactic Acid, Amer. J. Dis. Child. 29:761 1925.
- 11. Dalton, R. G., Phillips, G. D. Renal Function in Neonatal Calves: Response to Acidosis,
Brit. Vet. J. 125 No. 3:367 1969. - 12. Darrow, D. C. Therapeutic Measures Promoting
Recovery from the Physiologic Disturbances of Infantile Diarrhea, Pediatrics 9 No. 5:519 1952.
- 13. Darrow, D. C., E. L. Pratt, J. Flett, Jr., A. Gamble, H. Wiese. Disturbances of Water and
Electrolyte in Infantile Diarrhea, Pediatrics 3:129 1949. - 14. Feldman, W., D. G. Stevens, P.
H. Beaudry. Severe Metabolic Acidemia in Infants: Clinical and Therapeutic Aspects, Canad.
Med. Assoc. J. 94:328 1966. - 15. Fisher, E. W. Death in Neonatal Calf Diarrhea, Brit. Vet. J
121:132 1965. - 16. Fisher, E. W, and A. D. McEwan. Death in Neonatal Calf Diarrhea. Pt. II:
The Role of Oxygen and Potassium, Brit. Vet. J., 123:4 1967. - 17. Fortran, J. S. Speculations
on the Pathogenesis of Diarrhea, Fed. Proc. 26 No. 5:1405 1967. - 18. Guyton, A. C. “Medical
Physiology” 2nd Ed., W. B. Saunders Co., Philadelphia, pg. 219 1961. - 19. Hems, R., B. D.
Ross, M. N. Berry, H. A. Krebs. Gluconeogensis in the Perfused Rat Liver, Biochem. J. 101, pg.
204 1966. — 20 Howard, J. E., R. A. Carey. The Use of Potassium Therapy. J. Clin.
Endocrinology 9 No. 8:691 1949. - 21. Irvine, R. O. H., S. J. Saunders, M. D. Milne, M. A.
Crawford. Gradients of Potassium and Hydrogen in Potassium-deficient Voluntary Muscles.
Clin. Sci. 20:1 1960. - 22. Lewis, L. D., and R. W. Phillips. Water and Electrolyte Losses in
Neonatal Calves with Acute Diarrhea - A complete Balance Study, Cornell Vet. (submitted). -
23. Marsh, C. L., Mebus, C. A., Underdahl, N. R. Loss of Serum Proteins Via the Intestinal
Tract in Calves with Infectious Diarrhea, Amer. J. Vet. Res. 30 No. 2:167 1969. - 24. Medical
Letter on Drugs and Therapeutics, Potassium Formulation and Therapy, 11 No. 19:77 19 Sep.
1969. - 25. oliva, P. B. Lactic Acidosis, Am. J. Vet. Med. 48:209 1970. - 26. Phillips, R. W.,
K. L. Knox. Diarrheic Acidosis in Calves, J. Comp. Lab. Med. 3:1 1969. - 27. Phillips, R. W,
L. D. Lewis, K. L. Knox. Alterations in Body Water Turnover and Distribution in Neonatal
Calves with Acute Diarrhea. Ann. New York Acad. Sci. 176:231-243 1971. - 28. Pitts, R. F.
Mechanisms for Stabilizing the Alkaline Reserve of the Body, Harvey Lectures 48:172 1952-53.
- 29. Rossdale, P. O.,, P. A. Mullen. Alterations to Whole Blood pH, pCC>2 and Plasma
Bicarbonate Index Values During Metabolic Acidosis Occasioned by Neonatal Diarrhea in
Thoroughbred Foals, Brit. Vet. J. 126:325 1970. - 30. Roy, J. H. B.,, K. W. G. Shillam, G. M.
Hawkins, J. M. Lang. The Effect of White Scours on the Sodium and Potassium Concentration
in the Serum of Newborn Calves, Brit. J. Nutrition 13:219 1959. - 31. Sharpey-Schafer, E. P.,
S. J. G. Semple, R. W. Halls, S. Howarth. Venous Constriction After Exercise: Its Relation to
Acid Base Changes in Venous Blood, Clin. Sci. 29:397 1965. - 32. Smith, C. R., R. L. Hamlin,
T. E. Powers. Subcutaneous Fluid Therapy, JA.V.M.A. 146 No. 10:1045-1048 1965. - 33.
Swartz, W. B., and W. C. Waters. Lactate Versus Bicarbonate, Am. J. Med. 32:831 1962. - 34.
Tennant, B.,, D. Harrold, M. Reina-Guerra. Hypoglycemia in Neonatal Calves Associated with
Acute Diarrhea, Cornell Vet. 58:136 1968. - 35. Waddell, J. W., R. G. Bates. Intracellular pH,
Phys. Reviews 49:285 1969. - 36. watt, J. G. Fluid Therapy for Dehydration in Calves,
JAV.M.A. 150 No. 7:742 1967. - 37. Weil, W. B., Jr. A Unified Guide to Parenteral Fluid
Therapy Maintenance Requirements and Repair of Dehydration, J. Pediat. 75:1 1969.

114



