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ABSTRACT 
 

The aim of this study is to evaluate the representation of erythrocytes, which is the count of erythrocytes; hemoglobin concentration, 

hematocrit value, and platelet count in piglet (Sus scrofa) after hypovolemic shock with normal and hypervolemia resuscitation of crystalloid 

fluid. This study uses nine male castrated piglets 6-8 weeks of age. The piglets are given treatments such catheter installation, shock induction, 
normovolemia resuscitation, and hypervolemia resuscitation. The fluid for resuscitation is crystalloid fluid, NaCl 0.9%. Blood sample is taken in 

baseline, normovolemia condition, and hypervolemia condition. The sample is analyzed using hematology blood analyzer and is tested using T-
Paired. Total erythrocytes count after normovolemia resuscitation is 3.07x106/µL, while after hypervolemia resuscitation the erythrocytes count 

decrease until 2.86x106/µL. Hemoglobin concentration after normovolemia resuscitation is 9.4 g/dL, while after hypervolemia resuscitation 

hemoglobin concentration decreases to 8.64 g/dL. Hematocrit count from piglets after normovolemia resuscitation is 28%, while it decreases after 
hypervolemia resuscitation to 25.89%. Platelet count after normovolemia resuscitation is 297.22x103/mm3 and decreases to 263.89x103/mm3 after 

hypervolemia resuscitation. Evaluation of the erythrocytes index shows that the piglets suffer anemia. Hypovolemic shock and normal, and 

hypervolemia resuscitation cause the significant decreases in all erythrocytes indexes except the platelet count. 
____________________________________________________________________________________________________________________ 
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ABSTRAK 
 

Tujuan dari penelitian ini adalah mengevaluasi gambaran variabel sel darah merah meliputi jumlah sel darah merah, konsentrasi 

hemoglobin, nilai hematokrit, dan nilai platelet pada anak babi (Sus scrofa) pasca keadaan syok hipovolemic dengan resusitasi cairan kristaloid 

normo dan hypervolemia. Penelitian ini menggunakan sembilan anak babi jantan kastrasi berusia 6–8 minggu. Perlakuan pada babi meliputi 
pemasangan kateter, induksi syok, resusitasi normovolemik, dan resusitasi hypervolemia. Resusitasi cairan menggunakan cairan kristaloid NaCl 

0.9%. Pengambilan sampel darah dilakukan pada saat baseline, pascaresusitasi normovolemik, dan pascaresusitasi hypervolemia. Sampel darah 

dianalisis menggunakan hematology blood analyzer dan diuji menggunakan T-Paired Sample Test.Total jumlah eritrosit setelah resusitasi 
normovolemik adalah 3,07x106/μl, sedangkan setelah resusitasi hypervolemia, jumlah eritrosit menurun hingga 2,86x106/μl. Konsentrasi 

hemoglobin setelah resusitasi normovolemik adalah 9,4 g/dl, sedangkan setelah resusitasi hypervolemia konsentrasi hemoglobin menurun 

menjadi 8,64 g/dl. Jumlah hematokrit dari anak babi setelah resusitasi normovolemik adalah 28%, sementara itu berkurang setelah resusitasi 
hypervolemia menjadi 25,89%. Jumlah trombosit setelah resusitasi normovolemik adalah 297,22x103/mm3 dan menurun menjadi 263,89 

x103/mm3 setelah resusitasi hipervolemik. Hasil evaluasi gambaran sel darah merah anak babi menunjukkan terjadinya anemia pada seluruh 

babi. Kondisi syok hypovolemic dan resusitasi normo dan hypervolemia menyebabkan penurunan yang signifikan pada seluruh variabel sel 
darah merah kecuali nilai platelet. 

____________________________________________________________________________________________________________________ 

Kata kunci: kristaloid, sel darah merah, resusitasi cairan, hipovolemic, syok 

 
 

INTRODUCTION 

 

Pigs are the main model animals for humans due to 

their similarities in size and physiology, and the 

similarities in organ development and disease 

progression (Lunney, 2007; Bassols et al., 2014). 

Shock is the clinical expression of circulatory failure. 

This condition is a result of inadequate cellular oxygen. 

Shock can result from several mechanism: 

hypovolemia, cardiogenic factors (acute myocardial 

infarct and end-stage cardiomyopathy), obstruction 

(embolism and cardiac tamponed), or distributive 

factors (sepsis and anaphylaxis) (Vincent and Backer, 

2013). Based on this, the shock can be grouped into the 

cardiogenic shock, the hypovolemic shock, and the 

distributive shock (sepsis) (Standl et al., 2018).  

Hypovolemic shock can occur because of 

uncontrolled blood loss after severe injury. 

Hemorrhagic shock can cause hypotension in all 

trauma patients. Shock often leads to mortality and 

have a major risk of complications and multiple organ 

dysfunctions (Kudo et al., 2017). Patients experience 

hypovolemic shock can be identified by elevated heart 

rate, low blood pressure, narrowed pulse pressure, and 

decreased capillary refill, cool clammy extremities, 

pale skin, increased skin turgor, dry mucus membrane, 

and low urine output (Kobayashi et al., 2012). The 

trauma injuries are the main cause of the death of 

patients aged one to forty years in the United States. 

The United States military estimates that 90,000 people 

died in the United States due to the traumatic injuries 

and 66-80% of these deaths resulted from bleeding 

(Spinella and Holcomb, 2009).  

Hematology test is important to determine 

hematologic disorder, health status, and often being the 

most important diagnostic information. The major 
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function of erythrocytes is to carry the oxygen and 

distribute it to whole body (Greer et al., 2009. The 

incidence of large amounts of fluid loss caused by 

bleeding is feared to affect the variable blood balance 

in the patients. For this reason, it is necessary to do 

research on the description of red blood cells in animals 

that experience the hypovolemic shock. 

 
MATERIALS AND METHODS 

 
This research had received the ethical approval 

from the Animal Ethics Commission of the Faculty of 

Veterinary Medicine, Bogor Agricultural University 

with the SKHE No. 055/KEH/SKE/III/2017. The 

materials used are 9 piglets (Sus scrofa) aged 6-10 

weeks with the male gender castration and the body 

weight 10-20 kg. The pigs are in a healthy clinical 

condition, fasted overnight before the surgery and are 

still given ad libitum.  

 
Animal Acclimatization 

The acclimatization is carried out in the Animal 

Cage, Laboratory Animal Management Unit of the 

Faculty of Veterinary Medicine, Bogor Agricultural 

University. During the acclimatization process, the 

animals are fed twice a day and ad libitum drinking 

water. The animals are given the oxfendazole (Vermo 

O
®
, Oxfendazole Sanbe) worm medication given orally 

by mixing it with the pig feed and for the animals that 

show the symptoms of illness such as coughing, the 

oxytetracycline 20% (Vet-Oxy La
®
, Sanbe) antibiotic 

are administered at a dose of 10 mg/kg bw parenterally 

by i.m. route. The animal cages are cleaned in the 

morning and the evening. The acclimatization is carried 

out with the aim that the animals adapt to the new 

environment during the research.  

 
Handling of PiCCO Tools 

The preparation phase for the surgery begins with 

the anesthesia of the animals in the cage using 20 

mg/kg ketamine 10% (Ket-A-100
®
, Agrovet) and 2 

mg/kg xylazine 10% (Ilium Xylazine-100
®
, Ilium) in 

i.m. in the femoral area. Then after the animals fall 

asleep, the animals are taken to the experimental 

surgery room to be weighed and measured in their body 

lengths. These weighing are done to facilitate the 

calculation of the anesthetic doses. Then the 

preparation is done, which is cleaning all the body parts 

of the animal, especially shaving the hair on the ears, 

the neck, the ventral, the tail, and the medial back legs. 

After that, the animal is cleaned with detergent and 

water and then given an antiseptic in the form of  

iodine (Povidone Iodine ®, One Med). This cleaning or 

preparation is done to facilitate the installation of i.v. 

chateter and the installation of patient monitoring and 

Pulse Contour Cardiac Output (PiCCO). 

Intra vena chateter 22G and three-way stop cock are 

mounted on the auricularis vein and then the animal is 

transferred to the operating table, carried out with a 

rope and endotracheal tube (ETT) which is installed 

with the help of laryngoscope. Previously, pigs are 

given the topical lidocaine (Lidocaine 2%, Phapros) to 

the epiglottis and then ETT is connected with the 

oxygen hose and ventilator. The saturation measuring 

device is installed on the tail that has been prepared in 

advance and the infusion of 0.9% i.v. NaCl (Ecosol
®
, B 

Braun) through the auricularis vein is carried out. Next 

is installed the PiCCO tool. Searching for PiCCO 

access is done through small surgery in the ventral area 

of the neck and the medial thigh to look for the internal 

jugular vein and the femoral artery. Immediately after 

the access is obtained, the PiCCO catheter (Pulsiocath, 

Pulsion Medical System AG) is installed and fixed with 

the silk thread. After being installed, a tool test is 

conducted by setting the variables and then measuring 

the CO curve with the bolus NaCl 0.9% at the 

temperature of <8 C. 

 

Making Hypovolemic Shock 

The shock conditions are characterized by a 

decrease in Mean Arterial Presurre (MAP) of 20% of 

the initial value based on the fixed-pressure 

hemorrhage method. The decrease in MAP is done  by 

removing the blood through the internal jugular vein 

using a 50 mL syringe. 

 

Resuscitation of the Hypervolemia Crystalloid Fluid 
Resuscitation is the phase after the hypervolemia 

shock. The resuscitation is done by administering the 

crystalloid fluid of 0.9% NaCl i.v. through the internal 

jugular vein, the amount of blood released at the phase 

of making the shock. NaCl intake is done slowly using 

a 50 mL syringe. The hypervolemia phase is the next 

phase, and it is done by entering the crystalloid fluid of 

0.9% NaCl i.v., the amount of 40 mL/kg bw using 50 

mL syringe through the internal jugular vein. 

 
Data Retrieval and Processing 

Data collection is carried out by taking the blood 

sample from the internal jugular vein of the pigs during 

the baseline condition (initial before treatment), the 

normovolemia (after a number of shock volume 

resuscitation), and the hypervolemia (after the 

hypervolemia resuscitation). The blood samples are stored 

in the vacutainer containing the ethylenediaminetetraacetic 

acid (EDTA) anticoagulants. The use of EDTA 

anticoagulants is chosen because EDTA is able to 

maintain the cellular components and the blood 

morphology. The variable blood analysis is performed 

using the hematology blood analyzer in the laboratory. 

 
Data Analysis 

The data measurement results are expressed in the 

means and the standard deviations. The data are tested 

with T-paired sample test with the confidence interval 

of 95%. 

 
RESULTS AND DISCUSSION 

 
Number of Red Blood Cells 

The results of the calculation of the number of red 

blood cells obtained in this study indicate a significant 
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difference between the time of sampling (Table 1). The 

mean number of the piglet red blood cells at the 

baseline, normovolemia, and hypervolemia conditions 

are below the normal range. The normal value of the 

red blood cell count in the piglets is 5-7x10
6
/µL 

(Semiadi and Nugraha, 2009). This shows that the 

piglets have experienced the anemic condition from the 

beginning. 

 

Hemoglobin Level 

Hemoglobin consists of four iron atoms (Fe) and a 

protein called heme. The function of hemoglobin is to 

bind the oxygen during the transport process by the red 

blood cells. The normal hemoglobin level in the piglets 

is 9-13 g/dL (Plowman and Smith, 2008). The 

observations obtained show that there are significant 

differences between the mean hemoglobin level at the 

baseline, normovolemia, and hypervolemia conditions 

(Table 2). 

The hemoglobin level in the baseline and 

normovolemia conditions is in the normal range, but in 

the hypervolemia condition the hemoglobin falls below 

the normal range. The decrease in the hemoglobin 

value under the hypervolemia condition can occur due 

to the use of the crystalloid fluid during the 

resuscitation. According to Gutierrez et al. (2004), the 

aggressive fluid replacement can result in an 

isovolemic anemia condition that is adequate blood 

volume but low hemoglobin concentration and oxygen 

transport capacity. The condition of isovolemic anemia 

or relative anemia results from the blood dilution after 

the resuscitation using the crystalloid fluid. The piglets 

are the animals susceptible to iron (Fe) deficiency 

conditions. The low levels of iron in the body and the 

low iron content in the mother’s milk result in a lack of 

iron intake in the piglets. Other than that, the limited 

access of pigs with the land which can be an additional 

source of iron, has caused this deficiency condition to 

worsen. This state of iron deficiency is a major cause of 

the anemia in piglets (Perri et al., 2016). 

 

Hematrocit Value 

The results of the mean hematrocit value show a 

significant difference between the baseline, 

normovolemia, and hypervolemia conditions (Table 3). 

The range of normal hematrocit values of piglets is 36-

43% (Semiadi and Nugraha, 2009). Based on the 

results of observation in Tables 1 dan 3, the piglets 

used in this study are suspected of having the anemia 

from the start. Anemia is an insufficiency condition of 

the erythrocytes to deliver oxygen to the cells (Greer et 

al., 2009). The anemia is divided into four, namely the 

anemia due to bleeding, the impaired erythrocyte 

production, the increased erythrocyte destruction, and 

the nutritional deficiency. 

The mean of hematrocit value in the baseline 

condition is already under the normal range of 

30.11±2.03% of the minimum value of 36%. This 

indicates the occurrence of anemia in the piglets from 

the beginning before the treatment, as illustrated by the 

value of the number of the red blood cells (data in 

Table 1). As stated by Rhoades and Bell (2009), the 

decrease in hematocrit values indicates the incidence of 

anemia and often shows the occurrence of the blood 

Table 1. The mean number of the red blood cells (x106/µL) before and after the normo and hypervolemia crystalloid fluid 

resuscitation in the experimental animals 

Time of sampling Number of red blood cell 

Baseline 3.32±0.18a 

Normovolemia 3.07±0.27b 

Hypervolemia 2.86±0.23c 
a, b, cDifferent superscripts within the same column indicate significant differences (P<0.05)  

 

Table 2. The mean of hemoglobin level (g/dL) before and after the resuscitation of the normo and hypervolemia crystalloid fluid 

in the experiemental animal 

Time of sampling Hemoglobin level 

Baseline 10.16±0.76a 

Normovolemia 9.40±0.82b 

Hypervolemia 8.64±0.61c 
a, b, cDifferent superscripts within the same column indicate significant differences (P<0.05)  

 

Table 3. The mean of hematocrit (PCV) (%) value before and after the normo and hypervolemia crystalloid fluid resuscitation in 

the experimental animals  

Time of sampling Hematocrit value 

Baseline 30.11±2.03a 

Normovolemia 28.00±2.29b 

Hipervolemic 25.89±1.97c 
a, b, cDifferent superscripts  within the same column indicate significant differences (P<0.05)  

 

Table 4. The mean of platelet number (x103/mm3) before and after the normo and hypervolemia crystalloid fluid resuscitation in 

the experimental animals 

Time of sampling Number of platelet 

Baseline 263.22±112.11a,b 

Normovolemia 297.22±109.12a 

Hypervolemia 263.89±90.23b 
a, bDifferent superscripts  within the same column indicate significant differences (P<0.05) 
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loss as a result of bleeding or deficiency in the 

production of the red blood cells. 

In the shock condition, there is a noticeable 

decrease in the mean of the number of the erythrocytes, 

hemoglobin, and hematrocit. The decrease in the 

number of erythrocytes can occur due to the bleeding, 

which is a large amount of the blood volume lost from 

the body. The hemoglobin level and the hematrocit 

value decrease due to the resuscitation action using the 

crystalloid fluid which is intended to replace the lost 

blood volume (Gutierrez et al., 2004). 

Continuous reduction in the hemoglobin level can 

be fatal, because the hemoglobin is a functional unit in 

the red blood cell that plays a role in transporting the 

oxygen to tissues (Yoshida et al., 2019). This decrease 

in the hemoglobin level will cause the amount of 

oxygen circulating to decrease. The consequence of this 

decrease in the amount of oxygen which is circulating 

is the occurrence of hypoxia in the tissues. 

 

Number of Platelet  

According to Rumbaut and Thiagarajan (2010), the 

platelet is part of the blood cell that plays a role in the 

blood clotting in the area of injury in the blood vessels. 

In the normal circulation, the platelet is at rest and will 

be activated when the vascular damage occurs (Berndt, 

2000). The results of observing the platelet number in 

all three conditions show a marked difference between 

the normovolemia and hypervolemia conditions, but 

the baseline condition is not significantly different from 

the normovolemia and hypervolemia conditions (Table 

4). 

The normal range of platelet in the piglets is 200-

500x10
3
/mm

3 
(Semiadi and Nugraha, 2009). The 

platelet numbers in all three conditions are in the 

normal range, so that it can be said that the animals do 

not experience thrombocytopenia and thrombosis after 

the treatment. Normally, the platelet numbers show that 

the treatment of hypervolemia fluid resuscitation does 

not cause damage to the vascular endothelium. 

The normovolemia condition is a condition in the 

animals that have been resuscitated using 0.9% NaCl in 

the amount of blood volume lost during the shock. In 

this condition, the number of animal platelet increases 

when other variables decrease in value. However, this 

increase in the platelet value is still within the normal 

range and not significantly different. The increase in 

the platelet number indicates the damage to the arteries, 

according to the statement of Berndt (2000), namely in 

the normal circulation, the platelet is at rest and will be 

activated when the vascular damage occurs. 

According to Pascual et al. (2002), the resuscitation 

using the isotonic crystalloid fluid can increase the 

blood vessel permeability which will result in the blood 

vessel leakage. It is this leak of blood vessel that will 

cause the resuscitated crystalloid fluid to pass from the 

blood vessel to the interstitial rapidly. This is thought to 

be the cause of the increase in the number of platelets 

under the normovolemia conditions.  

 

 

CONCLUSION 

 

The piglets used in this study have experienced an 

anemia condition since the beginning because the total 

value of the red blood cells of the pig has been  below 

the normal range since before the treatment. The 

conditions of the hypovolemic shock and the 

hypervolemia resuscitation cause the significant 

decrease in all red blood cell variables except for the 

platelet values. 
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