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ABSTRACT - The influence of the circadian rhythm on canine laboratory parameters is
yet to be elucidated. This study aimed to investigate possible fluctuations that occur on
laboratory tests of healthy dogs following overnight and over-day fasting. For this
purpose, 20 adult clinically healthy dogs were enrolled in the study. Venous blood
samples were obtained 7:00 am (ONF, overnight fasting) and at 7:00 pm (ODF, over—day
fasting) at the same day, following a 12-hour period of respectively overnight and
over—day fasting for hematological, biochemical and oxidative stress assessment. The
erythrogram showed significant reduction of red blood cells, hemoglobin, hematocrit
and mean corpuscular volume (MCV) measured by the cell counter following ODF. The
only change seen on the leukogram was a lower lymphocyte count following ODF. No
significant changes were found on platelet count, although ODF was associated with
decreased mean platelet volume (MPV) and total plasma protein (TPP). ODF caused a
significant reduction of total cholesterol, ALP, phosphate and triglycerides. On oxidative
stress parameters, ODF reduced total oxidant capacity (TOC) and increased lipid
peroxidation. In conclusion, the time of fasting can partly influence hematological,
biochemical and oxidative stress parameters in dogs significantly, which warrants
standardization of fasting period prior to laboratory tests in dogs, especially during
research.

Key words: canine; laboratory evaluation; circadian cycle.

RESUMO - Pouco se conhece a influéncia do ritmo circadiano nos parametros
laboratoriais caninos. O presente estudo teve como objetivo investigar possiveis
alteracbes que ocorrem nos testes laboratoriais de cdes saudaveis apos jejum noturno e
diurno. Para tal, 20 cdes adultos clinicamente saudaveis foram incluidos no estudo.
Amostras de sangue venoso foram obtidas as 7h00 (ONF, jejum noturno) e as 19h00
(ODF, jejum diurno) no mesmo dia, apés um periodo de 12 horas de jejum noturno e
diurno, respectivamente, para avaliagdo hematoldgica, bioquimica e de estresse
oxidativo. O eritrograma apresentou reducdo significativa de hemacias, hemoglobina,
hematocrito e volume corpuscular médio (VCM) medido pelo contador de células apos
ODF. A Unica alteracao observada no leucograma foi redugdo de linfécitos apds ODF.
Nenhuma alteracdo significativa foi observada na contagem de plaquetas, embora
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diminuicao do volume plaquetario médio (VPM) e proteina plasmatica total (TPP) tenha
sido observada apdés ODF. ODF causou uma reducao significativa do colesterol total, FA,
fésforo e triglicerideos. Nos parametros de estresse oxidativo, o ODF reduziu a
capacidade oxidante total (COT) e aumentou a peroxidagao lipidica. Em conclusao, o
tempo de jejum pode influenciar parcialmente os parametros hematoldgicos,
bioquimicos e de estresse oxidativo em cdes de forma significativa, o que garante a
padronizacao do periodo de jejum antes dos testes laboratoriais em caes, especialmente
em amostras destinadas a pesquisa.

Palavras-chave - canino; avaliacdo laboratorial; ciclo circadiano.

INTRODUCTION

The circadian rhythm comprises a biological period of 24 hours that allows living
beings to adapt to external environmental events (Pittendrigh, 1981). It is responsible for
the rhythmicity of the organism's physiological and behavioral activities, such as eating,
sleeping and waking time, known as the sleep-wake cycle, as well as the light and dark
cycle, external temperature, among others (Rotenberg et al., 1997). Although several pre-
analytical factors are known to affect laboratory analyses, little is known about how the
circadian cycle might influence laboratory parameters of healthy dogs. It is known, for
example, that failure to follow the recommended fasting time for laboratory tests can
result in lipemic blood samples (Radin, 2012; Silva et al., 2019), thus leading to errors in
biochemical (Bonatto et al., 2021; Oliveira et al., 2020a) and even hematological analyses
(Costa et al., 2020; Oliveira et al, 2020b). The same happens with hemolyzed samples
submitted to biochemical analyses (Almeida et al, 2011). However, little is known
regarding how circadian variations related to overnight or over—day fasting can influence
hematological, biochemical and oxidative stress parameters in dogs.

Hematological and biochemical analyses are highly requested in veterinary
medicine, since they are essential for diagnosing diseases, establishing a prognosis and
monitoring treatments (Nilsen et al.,, 2010). Both analyses are usually unspecific, although
they could be altered due to the most diverse pathological conditions. Serum
biochemistry can assist in the diagnosis of metabolic disorders (Nelson; Couto, 2001),
reflecting changes on hepatic, renal, digestive and endocrine systems, among others
(Meyer; Harvey, 2004; Nelson; Couto, 2001). The blood count provides quantitative
information, including red blood cell (RBC), white blood cell (WBC) and platelet (PLT)
counts, differential leukocyte count, hematocrit (HCT) or globular volume (GV),
hemoglobin concentration, hematimetric indices such as mean corpuscular volume (MCV),
mean platelet volume (MPV), mean corpuscular hemoglobin concentration (MCHC) and

red blood cell distribution width (RDW). In addition, qualitative evaluations provide
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information on the morphology of RBC, WBC and PLT, in addition to detecting the
presence of hematozoa, and can be performed on blood smears (Rebar et al., 2003).

Oxidative stress (OS) occurs due to an imbalance between oxidizing substances
and antioxidants, either related to excessive production of oxidants or decreased
antioxidant defense (Almeida et al., 2017; Almeida et al.,, 2013; Ferreira; Matsubara, 1997).
Oxidants are produced during metabolization of oxygen and are called reactive oxygen
species (ROS) (Barreiros et al., 2006). In humans, the involvement of the circadian rhythm
in the development of OS has been demonstrated both in physiological and pathological
conditions (Brian; Musiekb, 2020; Kanabrocki et al., 2002; Wilking et al., 2013). In
veterinary medicine, a few studies have shown that the increase in oxidizing substances
and the reduction in antioxidants are related primarily or secondarily to the development
of disease, leading to excessive cellular injury by oxidizing substances (Curtis, 2013). In
dogs, oxidative stress has been widely investigated, including pathological conditions
such as uremia (Almeida et al.,, 2013; Bosco et al., 2016; Silva et al., 2013), leishmaniasis
(Almeida et al., 2013; Almeida et al, 2017), sarcoptic mange (Beigh et al, 2016),
lymphoma (Bottari et al., 2015), breast carcinoma (Machado et al., 2015), monocytic
ehrlichiosis (Rubio et al, 2017a), periodontal disease (Silva et al., 2018), reproductive
disorders (Andrade et al.,, 2010), inflammatory bowel disease (Rubio et al., 2017b), among
others. However, despite the abundance of studies investigating OS in dogs, there are
currently no studies that have determined possible circadian variations resulting from
fasting time on canine OS parameters.

In view of the scarcity of studies in veterinary medicine evaluating the effect of the
fasting period on canine hematological, serum biochemical and oxidative stress
parameters, the present study aimed to identify changes on blood count, biochemistry
and oxidative stress determinations in healthy dogs undergoing over-day and overnight

fasting.

MATERIAL AND METHODS

Approval by the Ethics Committee
The research project was approved by the Ethics Committee for Animal Usage of
the Centro Universitario de Ourinhos (Protocol No. 022/2020). Participation of all dogs in

the study involved signing an informed consent form by their guardian.
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Animal selection

Twenty adult dogs of both sexes (12 females and 8 males) aged 2 to 6 years and
weighing 12.6 + 8 kg were enrolled in the study. Subjects were deemed healthy based on
clinical examination and laboratory tests performed three days before inclusion in the

study (blood count, ALT, albumin, creatinine, FA, total protein and urea).

Experimental design
Subjects had venous blood samples taken twice on the same day and at the same

time, to comprise the following experimental groups:

Overnight fasting (ONF): the day before the first blood sample, dogs were fed
precisely at 7:00 pm and only dogs that ate all the food provided were included in the
study. Following 12 hours of overnight fasting, the blood sample was obtained at 7:00
am. Immediately after blood collection, food was again provided and over-day fasting

was initiated following the same criteria.

Over-day fasting (ODF): the blood sample was obtained precisely at 7:00 pm
following a 12-hour over-day fasting period.

All dogs received exclusively commercial food, at the amount indicated by each
manufacturer. Each dog received its own food without changing the product and only

dogs who ate all the food prior to each fasting period were included.

Sample collection and laboratory tests

Blood samples were collected through jugular venipuncture and conditioned in
K,EDTA tubes (BD Vacutainer®, Becton-Dickson, New Jersey, USA) to perform complete
blood count (CBC) and in clot activator tubes (BD Vacutainer®, Becton-Dickson, New
Jersey, USA) for serum biochemical and OS analyses. For serum samples, tubes were
centrifuged 20 minutes following blood collection at 3000 rpm during 5 minutes and
serum was stored at =20 °C protected from light until determinations were performed for
a maximum period of 10 days.

CBC was performed by an automated veterinary cell counter (ABX Micros ESV 60,
Paris, France) previously calibrated and verified with low, normal and high-level controls
(ABX Minotrol 16, Paris, France), for determination of RBC, WBC and PLT counts, HCT,
hemoglobin, RDW, MPV, MCHC and MCV. Additionally, assessment of HCT was also

performed using the Strumia microcapillary method by centrifugation at 11400 rpm for 5
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minutes. Differential leukocyte count, along with cellular morphological assessments, as
well as platelet estimation per 1,000x field, were performed on a blood smear stained
with commercial hematological dye (Pandtico Rapido, Laborclin, Pinhais, PR, Brazil). Total
plasma protein (TPP) was determined using a portable refractometer (ATAGO, Mod.
Master-SUR-NM, Tokio, Japan).

Serum  biochemical analyses were performed by a semi-automated
photocolorimeter (BIO 2000, BioPlus, Sdo Paulo, Brazil) using a set of commercial
reagents (Labtest Diagnodstica SA, Minas Gerais, Brazil) according to manufacturer's
recommendations. Biochemical determinations were performed in duplicate at 37 °C after
calibration with a calibrator (Calibra H, Labtest Diagnostica SA, Minas Gerais, Brazil) and
verification with commercial controls level | (Qualitrol 1H, Labtest Diagndstica SA, Minas
Gerais, Brazil) and Il (Qualitrol 2H, Labtest Diagndstica SA, Minas Gerais, Brazil). Total
cholesterol and triglycerides levels were determined by the enzymatic-Trinder method,
glucose by the glucose oxidase-Trinder method, ALT and AST by the ultraviolet (UV)
kinetic methodology, albumin by the colorimetric method with bromocresol green,
creatinine by the colorimetric method of the alkaline picrate — Jaffé, calcium by the
colorimetric method (cresolphthalein), ALP by the Bowers and McComb modified kinetic
method, phosphate by the colorimetric method, total proteins by the biuret colorimetric
method and urea by UV enzymatic methodology. Globulin levels were obtained by
subtracting albumin from total protein.

OS parameters were also determined from serum by a semiautomated
photocolorimeter (BIO 2000, BioPlus, Sdo Paulo, Brazil). Total antioxidant capacity (CAT)
was determined by reduction of ABTS cation (TAC-ABTS) described by Erel (2004), by
reduction of the ABTS cation associated with peroxidase (TAC-ABTS+HRP) described by
Rubio et al. (2016a), by ferric reducing ability (TAC-FRAP) described by Benzie and Strain
(1996), and by cupric reducing antioxidant capacity (TAC-CUPRAC) described by Rubio et
al. (2016b). Determination of total oxidant capacity (TOC) was also performed by the
colorimetric method of xylenol orange described by Erel (2005) and lipid peroxidation
was determined by thiobarbituric acid reactive substances (TBARS), as described by
Hunter et al. (1985).

Statistical analysis
Data were first tested for normality using the Shapiro-Wilk test and mean

comparisons were performed using paired-t or Wilcoxon tests. Analyses were performed
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by a computer software (GraphPad Prism, v.6.00 for Windows, GraphPad Software, La

Jolla, CA, USA, www.graphpad.com) and significance was considered when P<0.05.

RESULTS

Blood samples obtained after ODF showed lower concentration of RBC (Figure 1A),
hemoglobin (Figure 1B), HCT by both methodologies (Figures 1C and D) and MCV
measured by the cell counter (Figure 1E) compared with samples obtained after ONF,
with no differences in other variables from the erythrogram.

Leukogram results only showed lower lymphocyte count in ODF samples
compared with those obtained after ONF (Figure 1L). There was no difference in total
leukocyte (Figure 1J), segmented neutrophils (Figure 1K), monocytes (Figure 1M),
eosinophils (Figure 1N) and basophils (data not shown) counts.

There was no change in platelet counts obtained by the cell counter (Figure 10)
and by estimation on blood smear (Figure 1Q) in both groups. However, after ODF, a
significant reduction in MPV (Figure 1P) and TPP (Figure 1R) was observed compared with
ONF.

Regarding biochemical parameters, ODF caused a significant reduction in ALP
(Figure 2C), total cholesterol (Figure 2G), phosphate (Figure 2L) and triglycerides (Figure
2N) compared with ONF. No differences were found in albumin (Figure 2A), ALT (Figure
2B), AST (Figure 2D), calcium (Figure 2E), HDL cholesterol (Figure 2F), creatinine (Figure
2H), GGT (Figure 2I), globulin (Figure 2J), glucose (Figure 2K), total protein (Figure 2M)
and urea (Figure 20).

Oxidative stress results showed a decrease of TOC (Figure 3E) and an increase of
lipid peroxidation assessed by the TBARS method (Figure 3F) in ODF compared with ONF.
There was no change in TAC-ABTS (Figure 3A), TAC-ABTS+HRP (Figure 3B), TAC-CUPRAC
(Figure 3C), TAC-FRAP (Figure 3D) and uric acid (Figure 3G).
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Figure 1 — Red blood cells (RBC, A), hemoglobin (B), hematocrit (HCT) obtained by the
cell counter (C) and by the microcapillary method (D), mean corpuscular volume (MCV)
measured by the cell counter (E) and calculated (F), mean corpuscular hemoglobin
concentration (MCHC) obtained by the cell counter (G) and calculated (H), RBC
distribution width (RDW, 1), white blood cells (WBC, J), segmented neutrophils (K),
lymphocytes (L), monocytes (M), eosinophils (N), platelets obtained by the cell counter
(0), mean platelet volume (MPV, P), platelet estimation on blood smear (Q) and total
plasma protein (TPP, R) from healthy dogs (n=20) following overnight fasting (ONF) and
over—day fasting (ODF) of 12 hours. Bars indicate minimum and maximum values and
boxes represent the first and third quartiles. Statistically significant difference is indicated
by * (P<0.05), ** (P<0.01), *** (P<0.001) or **** (P<0.0001). Dashed lines indicate
reference values for the canine species according to Rizzi et al. (2010).
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Figure 2 — Albumin (A), ALT (B), ALP (C), AST (D), calcium (E), HDL cholesterol (F), total
cholesterol (G), creatinine (H), GGT (I), globulin (J), glucose (K), phosphate (L), total
protein (M), triglycerides (N) and urea (O) from healthy dogs (n=20) following overnight
fasting (ONF) and over—-day (ODF) of 12 hours. Bars indicate minimum and maximum
values and boxes represent the first and third quartiles. Statistically significant difference
is indicated by * (P<0.05), ** (P<0.01), *** (P<0.001) or **** (P<0.0001). Dashed lines
indicate reference values for the canine species according to Kaneko et al. (2008).
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Figure 3 — TAC-ABTS (A), TAC-ABTS+HRP (B), TAC-CUPRAC (C), TAC-FRAP (D), TOC (E),
lipid peroxidation determined by thiobarbituric acid reactive substances (TBARS, F) and
uric acid (G) from healthy dogs (n=20) following overnight fasting (ONF) and over—day
fasting (ODF) of 12 hours. Bars indicate minimum and maximum values and boxes
represent the first and third quartiles. Statistically significant difference is indicated by *
(P<0.05), ** (P<0.01), *** (P<0.001) or **** (P<0.0001).

DISCUSSION

Considering that the effects of overnight or over—day fasting on canine laboratory
determinations are not elucidated, the present study is the first to detect significant
laboratory changes in hematological, biochemical and oxidative stress parameters of
healthy dogs following overnight and over—day fasting.

After ODF, there was significant reduction of RBC, hemoglobin, HCT, cell-counter
MCV, MPV and TPP compared with ONF. In humans, Lippi et al. (2010) reported
decreased RBC, hemoglobin and HCT 4 hours after a meal. The authors attributed these
variations to postprandial hemodilution resulting from fluid intake. A similar situation was
observed in dogs by Costa et al. (2020), in which reductions in erythrogram parameters
and TPP were observed from 2 hours after feeding throughout the day. In the present

study, the decrease in HCT and TPP following ODF is likely a result of higher water intake
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during the day. As a consequence, upon waking up from ONF, the HCT and TPP are
higher due to hemoconcentration, similar to what was observed by Costa et al. (2020) in
samples obtained during the early hours of the day. Korbonits et al. (2007) reported a
considerable decrease in MCV 4 hours after feeding without any change in RDW, as well
as a decrease in RBC, hemoglobin, HCT and proteins. According to the author, the
increase in postprandial sodium concentrations would attract intracellular and tissue fluid,
thus contributing to increased vascular volume and decreased cell volume. In the present
study, the lowest volume of RBC (MCV) and PLT (MPV) was recorded after ODF, which
likely demonstrates such diurnal changes in sodium metabolism that are responsible for
attracting fluid from RBC and PLT, thereby reducing their volume. To date, studies
evaluating the effect of fasting time during different periods of day on canine blood
counts are scarce and the variations that may occur are poorly described.

Daytime fasting caused a significant reduction of lymphocyte concentration
compared with ONF, with 6 dogs (30%) showing lymphocyte counts below the reference
interval for the species. Costa et al. (2020) also reported a decrease in lymphocytes 2 and
6 hours after feeding at daytime, which was attributed to feeding. Studies in humans
have observed decreased lymphocytes between 2 and 5 hours following a meal (Hansen
et al., 1997; Lippi et al., 2010). Postprandial lymphocyte reduction could be justified by
greater migration of these cells to intestinal tissue, where they will act in the immune
defense (Hansen et al,, 1997). However, in the present study, both samples were obtained
12 h after feeding, which makes it possible to suggest that hormonal influences such as
diurnal cortisol levels may have contributed to these results. Cortisol levels are known to
increase during the day and decrease at night (Bernardi et al., 2009). When released
during stressful situations, cortisol induces lysis of lymphocytes, thus decreasing its blood
counts (Jain, 1993).

Regarding biochemical parameters, samples obtained after ODF showed lower
levels of total cholesterol, phosphate, triglycerides and activity of ALP compared with
samples obtained after ONF. When compared to the reference interval previously
established for dogs (Kaneko et al, 2008), 8 dogs (40%) were hypertriglyceridemic
following ONF with normalization of levels following ODF. GGT activity exceeded
reference intervals in eight dogs (40%) following ODF. Albumin, calcium, HDL cholesterol,
creatinine, glucose, globulin, total protein and urea levels and ALT, AST and ALP activities
failed to show clinically relevant changes. Piccione et al. (2008), while studying dogs
undergoing 12-hour fasting during light and dark cycles, have observed changes only on

serum triglyceride levels with decreased levels during the day. The authors then suggest
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that the circadian light-dragging oscillator possibly influenced the liver, one of the main
organs responsible for triglyceride biosynthesis. However, there are no studies that report
changes in other biochemical constituents during different periods of fasting in dogs.

With regard to OS markers, ODF caused a significant reduction in TOC and a
significant increase in lipid peroxidation levels, without changing other markers. It was
evident that during the night, there was greater production of oxidants, thus contributing
to greater lipid peroxidation during the day without any change in TAC. Cellular
concentrations of many antioxidants and small protective molecules are influenced by the
circadian rhythm, as seen in animal and human models (Wilking et al., 2013). In rats,
which are nocturnal animals, the activity of superoxide dismutase (SOD), an enzyme with
antioxidant potential, increases during the night together with peak lipid peroxidation
(Diaz-Munoz et al,, 1985). These findings corroborate the findings of the present study, in
which peak lipid peroxidation in dogs happened during the day, which is the most active
period of this species. In humans, the peak of catalase, another antioxidant enzyme,
occurred at the beginning of the light phase (Singh et al, 2005). If we were to
extrapolate these findings to dog’'s antioxidant enzymes that were not assessed in the
present study likely contributed to the reduction of TOC observed during the day, and
consumption of precisely these enzymes contributed to greater lipid peroxidation.
However, so far, the effect of several periods of fasting on oxidative stress biomarkers in
dogs is not well understood and still warrants further investigation.

For a given pattern to be considered circadian, it must have five main attributes,
including (1) the ability to become synchronized; (2) the persistence of the cycle after
removing external stimuli; (3) the ability to change the phase of the cycle; (4) duration of
about 24 h; and (5) maintenance of its periodicity regardless of temperature (Bell-
Pedersen et al, 2001). The main limitation of the present study was that these
characteristics were not assessed to prove that the observed changes were purely a result
of circadian variations. However, when considering that the dogs were healthy and that
the feeding times of the animals were standardized with variations only in the time for
obtaining blood samples, it is plausible to assume that such variations are in fact

circadian variations.
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CONCLUSION

Overnight or over-day fasting significantly affects a few hematological,
biochemical and oxidative stress parameters in healthy dogs. Although changes are
mostly discrete and do not lead to significant clinical errors, they are especially important
in scientific research, and therefore the time for obtaining blood samples should be

standardized to minimize data variability.
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