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The Relationship of Clinicopathological Parameters and Formula for Predicting
Malondialdehyde Level in Feline Immunodeficiency Virus (FIV) -infected Cats
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Stress and Oxidative Stress in Animal Research Unit, Faculty of Veterinary Sciences, Mahasarakham University,
Mahasarakham, Thailand

ABSTRACT: The objective of this study was to investigate clinicopathological parameters, malondialdehyde (MDA)
and total antioxidant power for analyzing correlation and predicting MDA in plasma of feline immunodeficiency virus
(FIV)-infected cats. Body condition score (BCS), mucous membrane color score (MMCS), vital signs, hematological
parameters, MDA and ferric reducing antioxidant power (FRAP) of 20 FIV-infected cats were examined. The correla-
tion and multiple regression models were then analyzed. The results revealed the following. The correlation between
hemoglobin (Hb) vs. packed cell volume (PCV), total red blood cell (TRBC) vs. PCV, TRBC vs. Hb, mean corpuscu-
lar hemoglobin (MCH) vs. mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC)
vs. MCH, body temperature (BT) vs. eosinophil, total white blood cell (TWBC) vs. eosinophil, MMCS vs. platelet,
eosinophil vs. MDA, PCV vs. FRAP, Hb vs. FRAP, TRBC vs. FRAP and TRBC vs. FRAP were significantly positive
correlated between pairs of these parameters (P<0.05), while BT vs. MCV, TRBC vs. MCV, heart rate (HR) vs. platelet,
HR vs. platelet were significantly negatively correlated between pairs of parameters (P<0.05). A formula for predicting
MDA was MDA (umol/ml) = 0.12725 - 0.00036705*HR (beats/minute) + 0.00000138*EOS (cell) (MSE=0.00009511;
r=0.67). The MDA level obtained from laboratory investigation and from calculation was found to be not significantly
different (P>0.05). These results indicated that there were correlations between some clinicopathological parameters,
MDA and total antioxidant power and a formula for predicting MDA levels in plasma of FIV-infected cat was obtained.
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INTRODUCTION
Feline immunodeficiency virus (FIV) is a naturally
occurring lentivirus of domestic cats and non-do-
mestic feline species. FIV is believed to be transmit-
ted from cat to cat via bite wounds during antagonistic
or mating interactions (Miller et al., 2017). Domestic
cats experimentally infected with FIV can develop
marked immune dysfunction with severe and progres-
sive respiratory and intestinal disease. Hematologic
abnormalities are frequently reported in FIV-infected
cats, both in the asymptomatic and symptomatic stag-
es of infection. Nonregenerative anemia, leucocyto-
sis, leucopenia, and thrombocytopenia have all been
described. The mechanism of FIV-induced cytopenia
is likely to be multifactorial and result from direct or
indirect suppression of hematopoiesis or secondary
factors such as opportunistic infections and neoplasia.
Direct infection of the bone marrow stromal cells with
FIV and subsequent changes in cytokine expression
can result in suppression of hematopoiesis (White et
al., 2011; Sakundech et al., 2021).

Reactive oxygen species (ROS) are generated
through normal oxidative metabolism, and ROS in
low concentrations are necessary for some physio-
logical processes. Deleterious oxidative effects result
from an oxidant/antioxidant imbalance, an excess of
oxidants or a depletion of antioxidants (Kayar et al.,
2015). Oxidative stress elevates intracellular ROS lev-
els and damage lipids, proteins, and deoxyribonucleic
acid (DNA) (Aengwanich et al., 2019; Arslan-Acaroz
and Baysu-Sozbilir, 2020). This condition has been
implicated in the pathogenesis of many diseases and
inflammatory conditions (Kayar et al., 2015; Acaroz
et al., 2019). Lipid peroxidation (LPO) or the reaction
of oxygen with unsaturated lipids produces a wide
variety of oxidation products. The primary products
of LPO are lipid hydroperoxides (LOOH). Among
the many different aldehydes which can be formed as
secondary products during LPO is malondialdehyde
(MDA) (Ayala et al., 2014). The level of MDA serves
as a reliable biomarker of LPO and usually serves as
a marker of LPO (Acaros et al., 2018).

Generally, body condition score (BCS) is used for
many purposes such as evaluating nutritional status
(Sapowicz et al., 2016), or for diagnosis certain abnor-
malities or diseases (Teng et al., 2016). The normal mu-
cous membrane color should be pale pink to pink. Ab-
normal mucous membrane colors such as pale, muddy,
and white mucous membrane are commonly caused by
poor peripheral perfusion, including vasoconstriction

from shock or anemia (Norkus, 2019). Vital signs are
the most critical objective parameters of the physical
examination. A significant increase or decrease in the
respiration or heart rate (HR) of the cat may be a sign
of a major illness (Wang et al., 2020). Body tempera-
ture (BT) is frequently measured to assess the health
status of cats. High BTs can result from infection, in-
flammation or overheating. Low BTs can result from
septic shock, hypoperfusion, cardiac failure, cold ex-
posure or anesthesia (Levy et al., 2015). Hematological
parameters are considered to reflect the general health
status of animals, including physiological condition
and the function of important organs, and are common-
ly applied to evaluate the trend of physiological status
(Hwang et al., 2015). Besides, the free radical oxidants
such as ROS, reactive nitrogen species, and reactive
sulfur species are produced in cells through various
metabolic processes. The body is equipped with an an-
tioxidant defense system that guards against oxidative
damage caused by these reactive oxidants and plays a
major role in protecting cells from oxidative stress and
damage (Kayar et al., 2015; Aengwanich et al., 2019).
The most common methods for investigation of anti-
oxidants is ferric reducing antioxidant power (FRAP)
(Lim and Lim, 2013). Most tests of “total antioxidant
power” used to date have measured the ability of plas-
ma to withstand the oxidative effects of reactive spe-
cies (Benzie and Strain, 1996).

In the present study, we hypothesize that clinico-
pathological parameters, MDA and total antioxidant
power are correlated and can be used for predicting
MDA levels in FIV-infected cats. Therefore, the ob-
jective of this study was to test the hypothesis by in-
vestigating physical examination, hematological pa-
rameters, MDA and total antioxidant power in order
to analyze correlation and develop a formula for pre-
dicting plasma MDA. The formula derived from this
study will be important for treatment and palliative
care of FIV-infected cats.

MATERIALS AND METHODS

Ethics approval

This study was approved by the Institution’s
Ethics Committee on Animal Experimentation of
Mahasarakham University (license number: IA-
CUC-MSU-004/2020). All procedures were per-
formed with the owner’s consent.

Animals and FIV testing
The test group for this study consisted of sixty-two
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domestic short hair cats, aged 1 to 3 years. The cats
were obtained from households and shelters in Ma-
hasarakham Province, Thailand. All cats were fed
with commercial foods. Cats were assessed for FIV
infection at Veterinary Teaching Hospital, Faculty of
Veterinary Science, Mahasarakham University be-
tween May-June 2020, using an Anigen Rapid FIV
Ab / FeLV Ag Test Kit (Korea) (Sand et al., 2010).
Cats tested for FeLV-positive were eliminated fol-
lowing the FIV infection test. Twenty cats (male =
12, female = 8, weight = 3.49 + 0.92) were positive.
All FIV-infected cats were non-pregnant or lactating,
non-infected with internal or external parasites, and
no drug administration or vaccination. All FIV-in-
fected cats underwent a BCS and mucous membrane
color score (MMCS) evaluation, vital signs investi-
gation, and then blood was collected for laboratory
analysis.

Physical examination

BCS and MMCS assessment, and vital signs were
performed within a laboratory. The BCS of cats was
determined using a nine-point scale that reported by
Bjornvad et al. (2011). The MMCS was investigated
using a method adapted from the description of En-
glar (2019) as follows: White mucous membrane =
0, pale pink mucous membrane = 1, and pink mucous
membrane = 2. BT measured using an Auricular infra-
red thermometer (Humm and Kellett-Gregory, 2016).
The respiratory rate was measured by the method as
follows: One breath is counted each time the chest ris-
es and falls. Count the number of breaths in a minute
(Duguma, 2016). The HR was measured by placing a
stethoscope on the left chest and counting the number
of beats in 60 seconds to get the number of beats per
minute (Taylor, 2020).

Blood sample collection, hematological and bio-
chemical analysis

4 mL of blood samples of experimental groups
were taken from a cephalic vein using a butterfly
needle into vacuum ethylenediaminetetraacetic acid
(EDTA) (for hematological analysis) and vacuum
heparin tubes. The vacuum heparin tube was cen-
trifuged using a centrifuge at 2500 rpm for 5 min.
The heparinized plasma is stored in the freezer at
—20 °C before biochemical analysis. Blood samples
with EDTA as anticoagulants were analyzed by the
IDEXX ProCyte Dx hematology analyzer (USA) for
RBC count, white blood cell (WBC) count, platelet
count, hematocrit, and hemoglobin (Hb). The blood

films were prepared, fixed with methanol, and stained
with a Giemsa-Wright solution, and then used for a
white blood cell differential count.

MDA in plasma was investigated by using the fol-
lowing procedure. A 0.01 mL sample was assayed by
the addition of 3 mL (0.05 mol/L) of HCl and 1 mL
(0.67%) of thiobarbituric acid. The mixtures were
heated for 30 mins at 100 °C, cooled with running tap
water, and then 4mL of n-butyl alcohol was added.
The mixture was shaken in a vortex mixer and centri-
fuged using a refrigerated centrifuge at 3,000 rpm for
10 min. The absorbance at 532 nm was measured by
amicroplate reader. 1,1,3,3-tetramethoxypropane was
used as the standard (Aengwanich et al., 2019).

Plasma total antioxidant power was evaluated by
the procedure as follows: 300 mmol/L of acetate buf-
fer (pH 3.6), 10 mmol/L of 2,4,6-tri-pyridyl-s-triazine
in 40 mmol/L of HCI; and 20 mmol/L of FeCl,.6H,0
were prepared. 20 mL of acetate buffer, 2.5 mL of
2,4,6-tri-pyridyl-s-triazine, and 2.5 mL of FeCl,.6H,O
yielded the working FRAP reagent, and then 0.5 mL
of plasma, 0.5 mL of deionized distilled water, and
working FRAP reagent were mixed. After exactly 6
minutes at room temperature, the absorbance at 593
nm was measured by a microplate reader. FeSO,.7H,0
was used as the standard.

Statistical analysis

Data were prepared with Excel software. The nor-
mal distribution of data was tested. The correlation
analyses for estimating the level of association be-
tween quantitative variables were performed using
Pearson’s correlation test. A p-value <0.05 was ac-
cepted as significant. The multiple regression model
was analyzed by using the stepwise method for selec-
tion of significant independent variables (P < 0.05).

RESULTS

The Pearson correlation coefficients of relation-
ships between physical examination parameters,
hematological values, and biochemical biomarkers
in FIV-infected cats are presented in Table 1. Hb
vs. packed cell volume (PCV), total red blood cell
(TRBC) vs. PCV, TRBC vs. Hb, mean corpuscular
hemoglobin concentration (MCHC) vs. BT vs. eosin-
ophil, total white blood cell (TWBC) vs. eosinophil,
MMCS vs. platelet, eosinophil vs. MDA, PCV wvs.
FRAP, Hb vs. FRAP and TRBC vs. FRAP, TRBCvs.
FRAP all had a significant positive correlations be-
tween the stated pairs of these parameters (P<0.05),
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Tablel. Correlation between pair of parameters in FIV-infected cats

Parameters P-value Pearson’s correlation coefficient between parameters (r)
1. BT vs. PCV 0.0430 -0.4566
2. BT vs. Eosinophil 0.0375 0.4680
3. HR vs. Platelet 0.0375 -0.5827
4. HR vs. MDA 0.0103 -0.5827
5. Hb vs. PCV <0.0001 0.9530
6. TRBC vs. PCV <0.0001 0.9658
7. TRBC vs. Hb <0.0001 0.8851
8. TRBC vs. PCV 0.0256 -0.4975
9. MCH vs. PCV 0.0002 0.7361
10. MCHC vs. MCH <0.0001 0.9024
11. TWBC vs. Eosinophil 0.0159 0.5316
12. MMCS vs. Platelet 0.0159 0.6171
13. Eosinophil vs. MDA 0.0334 0.5610
14. PCV vs. FRAP 0.0201 0.6115
15. Hb vs. FRAP 0.0185 0.6182
16. TRBC vs. FRAP 0.0147 0.6348

Table 2. Comparison of MDA from laboratory measurement and calculation from HRand eosinophil of FIV-infected cats

Calculation using formula (MDA (umol/ml) = 0.12725

Parameter Laboratory -0.00036705*HR (beats/minute) + 0.00000138*EOS (cell) Povalue
measurement (n=20) (MSE=0.00009511; r*=0.67), HR, and eosinophil data of each
FIV-infected cats (n=20)
MDA* ( pmol/ml) 0.067+0.012 0.067+0.009 0.9576

MDA *=mean+SD

while BT vs. PCV, TRBC vs. PCV, HR vs. platelet,
HR vs. MDA, and TRBC vs PCV had significant neg-
ative relation between pairs of parameters (P<0.05),
respectively (Table 2).

In addition, after the multiple regression model
was analyzed. A formula for predicting MDA levels
in FIV-infected cat was constructed; MDA (umol/
ml) = 0.12725 - 0.00036705*HR (beats/minute)+
0.00000138*EOS (cell) (MSE=0.00009511; r>=0.67).
A reverse test was then used to check the reliability of
the formula by using HR and eosinophil data from
laboratory measurement of FIV-infected cats for cal-
culation of the MDA level of each FIV-infected cat.
The normal distribution of MDA data was tested and
a comparison of MDA level obtained from laborato-
ry investigation and from calculation was found to be
not significantly different (P>0.05) using a #-test (Ta-
ble 3).

DISCUSSION

Vital signs are indicators of circulatory, respira-
tory, neural and endocrine function (Teixeira et al.,
2015). Respiratory rate, HR and temperature are the

simplest, cheapest and probably most important vi-
tal signs (Brekke et al., 2019). These indicators are
a mechanism to universally communicate a patient’s
condition and severity of disease (Teixeira et al.,
2015). In the present study, BT of FIV-infected cats
was negatively correlated with PCV and positively
correlated with eosinophil. Besides, HR was nega-
tively correlated with platelet and MDA. In the case
of BT of FIV-infected cats, that was negatively cor-
related with PCV and was both similar and different
with the study of Boyd et al. (2016), who found that
PCV of steers were positively correlated for the sum-
mer trial but negatively correlated for the winter trial.
This phenomenon indicated that BT had influence on
the PCV. Alam et al. (2011) reported that eosinophil
of goats maintained at high environmental tempera-
tures increased. This finding was consonant with the
correlation between BT and eosinophil of FIV-infect-
ed cats in the present study. We found that the BT of
FIV-infected cats was positively correlated with eo-
sinophil. The negative correlation between HR and
platelet of FIV-infected cats in the present study was
in accordance with the report of Ozdemir et al. (2004),
who found that the autonomic nervous system had in-
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fluence on the changing of platelet profile. Moreover,
the negative correlation between HR and MDA of
FIV-infected cats in the present study was similar to
the study of Mostafa et al. (2019). They found that the
mean HR was negatively correlated with MDA level.

Blood parameters, i.e., red blood cell parameters,
white cell parameters and platelets are helpful in as-
sessing the health status of animals. Turkson and Gan-
yo (2015) and Velguth et al. (2010) reported that PCV
correlated with Hb. McManus et al. (2009) found that
PCV correlated with Hb, TRBC; TRBC correlated
with Hb and PCV; PCV correlated with MCHC, re-
spectively. Furthermore, Tawari et al. (2013) reported
that Hb correlated with PCV. In the present study, we
found that Hb vs. PCV, TRBC vs. PCV, TRBC vs. Hb,
TRBC vs. PCV and MCH vs. PCV were correlated
and were in agreement with reports of Turkson and
Ganyo (2015) and Velguth et al. (2010), McManus et
al. (2009) and Tawari et al. (2013). Whereas, correla-
tions between MCHC vs. MCH, TWBC vs. eosino-
phil, MMCS vs. platelet, eosinophil vs. MDA, PCV
vs. FRAP, Hb vs. FRAP, TRBC vs. FRAP of FIV-in-
fected cats have not been reported.

After multivariate regression was analyzed, we
derived a formula for predicting MDA level. For this
equation, r* was quite high, which meant that the for-
mula was reliable. After back-testing the formula for
effectiveness and reliability, it was found that the for-
mula gave results that were not different from labora-

tory measurement. Researchers or practitioners could
use common parameters during clinical examination,
i.e., HR and eosinophil of FIV-infected cats for plas-
ma MDA level calculation. Lastly, the limitation of
this formula is only used in FIV-infected cats, and
readers should use this formula carefully.

CONCLUSION

Clinicopathological parameters, MDA and total
antioxidant power of FIV-infected cats were deter-
mined and then analyzed using correlation and multi-
variate regression to demonstrate correlation between
pairs of these parameters. After the multiple regres-
sion model among parameters was analyzed, a for-
mula for calculation plasma MDA level was MDA
(umol/ml) = 0.12725 - 0.00036705*HR (beats/min-
ute) + 0.00000138*EOS (cell) (MSE=0.00009511;
=0.67).
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