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Abstract: The study aimed at some biochemical changes (proteins and electrolytes) and blood
changes in calves with diarrhea. The study included (110) calves of the local breed, of both sexes,
from different areas of the city of Tikrit, with ages ranging between (1-8) months. The study included
two groups, the first group (the group with diarrhea, 100 calves), and the second group (the group
Control: 10 healthy calves, and all study animals were subjected to clinical examinations. 110 fecal
and blood samples were collected from the calves (100 samples with diarrhea and 10 healthy
samples were considered as a control group) and for the period from the beginning of October 2022
until the end of July 2023, the blood samples were drawn. From the jugular vein and placed in test
tubes or without anticoagulant (EDTA), it was placed in a centrifuge to obtain blood serum and kept
at -20°C until biochemical tests were performed on it using a commercial kit prepared for this
purpose. Results of biochemical tests accompanying cases of diarrhea in calves. The study noted a
significant decrease (P<0.05) in the rates of sodium ions, bicarbonate, total protein, and albumin,
and a significant increase (P<0.05) in the value of the rising gap rate. As for blood count values in
animals suffering from diarrhea, the study noted a significant increase (P<0.05) in the values of the
total number of red blood cells, hemoglobin concentration, and the size of packed blood cells, while
we did not notice any significant differences (P<0.05) in the concentrations of each of the following:
The average corpuscular volume, the corpuscular hemoglobin rate, and the corpuscular hemoglobin
concentration rate.
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1. Introduction

Dehydration and metabolic acidosis are among the most important complications
accompanying cases of diarrhea in calves, regardless of the cause, as diarrhea results from
excessive excretion of water in the feces (as water constitutes approximately 40%-60% of
the animal’s body weight), which is divided into the external cellular fluid. Extracellular
fluid and intracellular fluid, leading to a decrease in the volume of extracellular fluid and
a decrease in the resulting plasma volume. This leads to a decrease in the volume of exter-
nal cellular fluid and a contraction in the volume of plasma, which results in a decrease in
arterial blood pressure, shrinkage of the surrounding blood vessels, and a decrease in
blood supply to the organs, especially the kidneys, causing a deficiency in renal function
and their inability to excrete hydrogen ions, an increase in its level in the blood, and the
occurrence of blood acidity [1]. Metabolic acidosis in calves with diarrhea results from the
loss of bicarbonate ions in the feces, along with increased absorption of acid resulting from
bacterial fermentation of lactose in the large intestine and the formation of L-lactate during
the anaerobic glycolysis process resulting from congestion and reduced access of blood
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and oxygen to tissues and organs, leading to an increase in the anion gap and a decrease
in the level of base excess [2]. Metabolic acidosis leads to cardiac arrythemia or death due
to heart failure resulting from a lack of potassium ion in the cardiac muscle and its high
level in the extracellular fluid [3].

2. Materials and Methods

2.1. Blood samples

(110) blood samples were drawn from the study animals (100 samples with diarrhea
and 10 healthy samples were considered as a control group). The blood was drawn from
the jugular vein using plastic syringes and placed in test tubes without anticoagulant
(EDTA), and placed in a centrifuge at high speed. 3000/min for 10 minutes to obtain blood
serum and put the serum in 1.5 ml abend off tubes and keep it at -20°C until biochemical
tests are performed on it [4].

2.2. Tests to estimate concentrations of electrolyte ions in serum
2.2.1. Estimation of sodium ion concentration in serum

The sodium ion was measured using a kit from Biolab, a French company, according
to the Mg- uranylactate method described by [5]. Using a spectrophotometer with a wave-
length of 410 nm, and according to the kit manufacturer's instructions.

Table 1. Estimation of sodium ion concentration in serum

Reagents Plank Sample Standared
The detected 2ml 2ml] 2ml
Sample 20 Microlitre
Standard 20 Microlitre

Mix and incubate the sample for 5 minutes at 37°C, then read it using a spectrophotometer

Sodium concentration (mmol/L) = (sample absorbance)/(standard absorbance) (standard
value) x 5

2.2.2. Estimation of potassium ion concentration in serum

The potassium ion was measured using a Kit from Biolab, a French company, ac-
cording to the Photometric Turbidimetric method described by [6]. Using a spectropho-
tometer with a wavelength of 578 nm, and according to the instructions of the kit manu-
facturer.

Table 2. Estimation of potassium ion concentration in serum

Reagents Plank Sample Standared
The detected 2ml 2ml 2ml

Sample 200 Microlitre

Standard 200 Microlitre

Mix and incubate the sample for 15 minutes at 37°C, then read it using a spectrophotometer
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Potassium concentration (mmol/L) = (sample absorbance)/(standard absorbance) x 5
standard value

2.2.3. Estimation of chloride ion concentration

The chloride ion was measured using a kit from Biolab, a French company, according
to the colorimetric method described by [7] using a spectrophotometer with a wavelength
of 500 nm, and according to the instructions of the kit manufacturer.

Table 3. Estimation of chloride ion concentration

Reagents Plank Sample Standared
The detected A 1000 Microlitre 1000 Microlitre 1000 Microlitre
Distel water 10 Microlitre
Sample 10 Microlitre
Standard B 10 Microlitre

Mix and incubate the sample for 10 minutes at 37°C, then read it using a spectrophotometer

Chloride concentration (mmol/L) = (sample absorbance)/(standard absorbance) x
0.51 standard value

2.2.4. Estimation of bicarbonate concentration

Bicarbonate was measured using a kit from Biolab, a French company, according to
the colorimetric method described by [7] using a spectrophotometer at a wavelength of
500 nm, and according to the instructions of the kit manufacturer.

Table 4. Estimation of bicarbonate concentration

Reagents Plank Sample Standared
The detected A 1000 Microlitre 1000 Microlitre 1000 Microlitre
Distel water 10 Microlitre
Sample 10 Microlitre
Standard B 10 Microlitre

Mix and incubate the sample for 10 minutes at 37°C, then read it using a spectrophotometer

Bicarbonate concentration (mmol/L) = (sample absorbance)/(standard absorbance) x
concentration of standard solution

2.3. Tests to estimate the concentration of total protein, albumin, and globulin
2.3.1. Estimation of total protein concentration in serum

Total protein was measured using a kit from Biolab, a French company, according to
the Biuret method described by [8] using a spectrophotometer at a wavelength of 546 nm.
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Table 5. Estimation of total protein concentration in serum

Reagents Plank Sample Standared
The detected A 1000 Microlitre 1000 Microlitre 1000 Microlitre
Distel water 10 Microlitre
Sample 10 Microlitre
Standard B 10 Microlitre

Mix and incubate the sample for 10 minutes at 37°C, then read it using a spectrophotometer

Total protein (g/dL) = (sample absorbance)/(standard absorbance) x (standard value)

2.3.2. Estimation of albumin concentration in serum

Albumin was measured using a kit from Biolab, a French company, according to the
bromocresol green method described by [6]. Using a spectrophotometer with a wavelength
of 628 nm.

Table 6. Estimation of albumin concentration in serum

Reagents Plank Sample Standared
The detected A 1500 Microlitre 1500 Microlitre 1500 Microlitre
Distel water 10 Microlitre
Sample 10 Microlitre
Standard B 10 Microlitre

Mix and incubate the sample for 10 minutes at 15-25 °C, then read it using a spectrophotometer

Albumin (g/dl) = (sample absorbance)/(standard absorbance) x 3 (standard value)

2.3.3. Estimation of globulin concentration in serum

The globulin concentration was calculated by subtracting the albumin concentration
from the total protein concentration [9]. The formula:

Globulin concentration (g/L) = total protein concentration - albumin concentration
3. Results
3.1. Results of biochemical tests accompanying cases of diarrhea in calves

3.1.1. Electrolyte standards in the blood of calves with diarrhea

The results of the current study showed a significant decrease (P<0.05) in the rates of
both sodium and bicarbonate ions, as the rates were 127.1 + 4.225 and 20.4 + 1.610 mmol/L,
respectively, in animals with diarrhea, and 135.4 + 4.721 and 1.955. 32.5 + mmol/L, respec-
tively, in healthy animals. The study noted a significant increase (P<0.05) in the value of
the ascending gap rate, which was 19.4 + 2.012 and 15.9 + 1.833 mmol/L, respectively, in
infected and healthy animals, respectively. While no significant difference was observed
in the value of potassium and chloride ions between the two groups.
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Table 7. Electrolyte standards in the blood of calves with diarrhea

Standard error + adjusted

Standards
Healthy animals Infected animals
21354 +4.721 b127.1+4.225 Sodium ion (mmol/L)
2412 +0.312 2 3.88 £0.226 Potassium ion (mmol/L)
a 93.1+3.325 291.3 +£3.633 chloride ion (mmol/L)
2325+ 1.955 »20.4+1.610 Bicarbonate ion (mmol/L)
159+ 1.833 219.4 +2.012 Rising gap (mmol/L)

Different letters horizontally between the two groups indicate a significant difference
at the probability level (P<0.05).

3.1.2. Protein standards in calves with diarrhea

The results of the current study showed a significant decrease (P<0.05) in the rates of
total protein and albumin, as they were 5.61 + 0.334 and 2.40 + 0.281 g/dL, respectively, in
the infected animals, and 7.25 + 0.464 and 0.251 + 3.82 g/dL, respectively. respectively in
healthy animals, while no significant difference was observed in the value of globulin.

Table 8. Changes in protein parameters in calves with diarrhea and in healthy calves

Standard error * the average

Standards
Healthy animals Infected animals
2725 +0.464 b5.61 +0.334 Total protein (g/dL)
23.82 +0.251 2.40 +0.281 Albumin (gm/dl)
@ 3.43+0.145 23.21+£0.131 Globulin (gm/dL

The horizontally different letters between the two groups indicate a significant dif-
ference at the probability level (P<0.05).

3.1.3. Results of blood tests accompanying cases of diarrhea in calves

The results of the study of the blood count in animals with diarrhea showed a signif-
icant increase (P<0.05) in the values of the examined blood picture, which included the
total number of red blood cells, hemoglobin concentration, and the size of packed blood
cells, while no significant differences were observed (’<0.05). In the concentrations of both
the average corpuscular volume, the corpuscular hemoglobin rate, and the corpuscular
hemoglobin concentration rate when compared with the blood values of healthy animals.
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Table 9. Results of blood tests accompanying cases of diarrhea in calve

Standard error * the average

Standards
Healthy animals Infected animals

b8.84 +0.902 215.17 +1.430 Total white blood cell count (x103/uL)
b 45.1+3.484 254.4 +4.499 Neutrophils (%)

a 443+ 3.378 b34.1+2.288 Lymphocytes (%)

23.8 £0.011 24.3 +£0.026 Eosinophils (%)

a 57+1.041 26.3+1.095 Mononucleate (%)

a 0.3+0.028 20.4+0.022 Seeds (%)

The horizontally different letters between the two groups indicate a significant dif-
ference at the probability level (P<0.05).

3.2. The results of the study on the total and differential counts

The results of the study on the total and differential counts of white blood cells in
animals suffering from diarrhea showed a significant increase (P<0.05) in the total count of
white blood cells and neutrophil cells, with values of (15.17 + 1.430 and 54.4 + 4.499 (x
103/microliter, respectively) in the animals). Infected animals and (0.702 + 8.84 and 46.2 +
3.484) And healthy ones, respectively. As for the rest of the types of white blood cells,
which included eosinophils, mononuclear cells, and basophils, the study did not notice a
significant difference (P<0.05) in their numbers when comparing between the infected and
healthy group.

Table 10. Results of total and differential counts of white blood cells accompanying cases
of diarrhea in calves

Standard error * the average

Standards
Healthy animals Infected animals

b 884 +0.902 21517 +1.430 Total white blood cell count (x103/pL)
b 4571+ 3.484 a54.4 +4.499 Neutrophils (%)

a 443+ 3.378 b34.1+2.288 Lymphocytes (%)

238 +0.011 24.3 +0.026 Eosinophils (%)

a 57+1.041 26.3+1.095 Mononucleate (%)

a 0.3+0.028 a(.4+0.022 Seeds (%)

The horizontally different letters between the two groups indicate a significant dif-
ference at the probability level (P<0.05).
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4. Discussion

The results of the study indicated a significant decrease in the values of the concen-
trations of both sodium and bicarbonate ions, with a significant increase in the values of
the ascending gap, as these changes indicate the occurrence of diarrhea and acidosis in
calves suffering from diarrhea [2], [10]. Diarrhea in newborn calves is accompanied by
vomiting resulting from the loss of large amounts of fluid in the stool, along with acidosis
represented by a decrease in blood pH due to an increase in the excretion of sodium and
bicarbonate ions in the stool with an increase in Hydrogen ion level and basal excess in the
blood [4], [11], [12] indicated that potassium ions, such as sodium and chloride, are lost
with the feces in cases of diarrhea in calves, and this may lead to a decrease in potassium
in the body. In severe cases of diarrhea in calves, the concentration of potassium in the
blood will increase (hyperkalemia). In cases of metabolic acidity, the Nal-K1-ATPase
pump will operate at its maximum level. In cases of acidemia, this pump will fail to func-
tion, and this condition will lead to an increase in sodium inside the cells due to it not being
pumped out of the cell. As for potassium, its level will increase outside the cells, which
will be more than normal. In cases of chronic and persistent diarrhea, it will lead to a de-
crease in potassium in the body.

The results of the study showed the appearance of three types of acidosis in calves
with diarrhea: decompensated metabolic acidosis, as the molecular pressure concentration
of carbon dioxide gas in calves with diarrhea was within the normal range and close to its
value in control group animals, followed by the presence of mixed acidosis (metabolic and
respiratory), which can This is attributed to the high molecular pressure of carbon dioxide
gas, which is accompanied by a significant decrease in the concentration of bicarbonate
ions in.

Calves suffering from diarrhea, and finally compensatory metabolic acidosis, which
occurred as a result of a decrease in the molecular pressure of carbon dioxide gas, which
was accompanied by a significant decrease in the concentration of the bicarbonate ion in
the calves that were suffering from diarrhea compared to clinically normal calves. What
strengthened these results was the significant decrease in the percentage of the bicarbonate
ion: Carbonic acid [4], [11].

The above blood changes and the significant increase in total plasma protein concen-
tration are among the most important changes accompanying cases of depression and ac-
idosis resulting from diarrhea and loss of fluids, which leads to an increase in blood con-
centration (Hemoconcentration), which leads to an increase in blood viscosity and thus a
decrease in blood supply to the various tissues of the body [4]. [1] reported that there was
an increase in both the size of packed cells.

The concentration of hemoglobin and the number of red blood cells in calves that
suffered from diarrhea and vomiting, which may be due either to the decrease in plasma
water or to the release of epinephrine as a result of the stress experienced by the affected
animal. Thus, a compensatory mechanism occurs, leading to an increase in the volume of
packed blood cells and the number of red blood cells and concentration. Hemoglobin. The
increase in hemoglobin concentration may also be due to the body’s increasing need for
hemoglobin in order to stave off changes in blood levels, as hemoglobin accepts the hy-
drogen ion from carbonic acid in the event of an injury to the body.

With acidosis [4], [12] also pointed out the decrease in the oxygen extraction ratio
from the blood of calves suffering from diarrhea, leading to an increase in the affinity of
hemoglobin for oxygen as a result of the decrease in the molecular pressure of oxygen gas,
and this reinforces the explanation for an increase in the concentration Hemoglobin in this
study due to a significant decrease in the molecular pressure values of oxygen gas in the
blood of calves suffering from diarrhea.
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5. Conclusion

The study noted a significant decrease (P<0.05) in the rates of sodium ions, bicar-
bonate, total protein, and albumin, and a significant increase (P<0.05) in the value of the
rising gap rate. As for blood count values in animals suffering from diarrhea, the study
noted a significant increase (P<0.05) in the values of the total number of red blood cells,
hemoglobin concentration, and the size of packed blood cells, while we did not notice any
significant differences (P<0.05) in the concentrations of each of the following: The average
corpuscular volume, the corpuscular hemoglobin rate, and the corpuscular hemoglobin
concentration rate.
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