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Abstract

Background and Aim: Heat stress is a major challenge for animals, impairing their welfare and performance. This study
aimed to determine the effect of heat stress on the vital and hematobiochemical parameters of healthy dogs.

Materials and Methods: The experimental subjects comprised 10 dogs, encompassing seven males and three non-pregnant
females between 2 and 3 years of age. Ambient temperature (AT) and relative humidity (RH) were recorded 2 hourly during
the day and the temperature humidity index was calculated. Vital parameters [i.e., rectal temperature (RT), respiratory rate,
and heart rate (HR)] were assessed and blood was collected from each dog daily for hematobiochemical analysis.

Results: The RT (38.5+0.2°C) of dogs exposed to high AT and high RH (HA/HR) conditions was significantly (p<0.05)
higher than that of dogs exposed to HA and low RH (LR) conditions (37.2+0.11°C). Under HA/HR conditions, packed
cell volume, hemoglobin concentrations, and white blood cell counts were significantly lower than those of the same
dogs exposed to HA/LR conditions. Conversely, under HA/HR conditions, the lymphocyte, monocyte, eosinophil, alanine
aminotransferase, aspartate aminotransferase, and cortisol values were significantly higher (p<0.05) than the values obtained
in dogs exposed to HA/LR conditions. Meanwhile, the alkaline phosphatase, urea, and glucose levels were significantly
lower (p<0.05) in dogs exposed to HA/HR conditions.

Conclusion: The exposure of healthy dogs to HA/HR conditions induced heat stress, which may have an adverse effect on
their immune status, thereby affecting their health and welfare.

Keywords: blood, dog, environment, heat index.

Introduction addition to hematobiochemical parameters are useful
for evaluating heat stress and diagnosing stress-related
diseases in animals [7]. The determination of these
parameters permits an assessment of many metabolic
and physiological processes and variations in these
parameters provide helpful diagnostic information.

To date, there has been no extensive report on
the effect of heat stress on the vital and hematobio-
chemical parameters of healthy dogs in the study area.
This study aimed to determine the effect of heat stress
on the vital and hematobiochemical parameters of
healthy dogs.

In animals, heat stress occurs when the heat load
is greater than the animal’s capacity to lose heat [1]. In
other words, heat stress is exacerbated when the phys-
iological systems of the body fail to regulate the body
temperature within the normal range. High ambient
temperature (HAT) and relative humidity (RH) with
increased solar radiation and low air movement are all
factors that contribute to heat stress [2].

Heat stress is a threat to animal well-being [3]
and may lead to decline in the health, immunity, and
productivity of animals, including dogs used for breed-
ing, security, consumption, hunting, and research pur-
poses [4-6]. The vital parameters of rectal temperature

Materials and Methods

Ethical approval

(RT), respiratory rate (RR), and heart rate (HR), in

Copyright: Azeez, et al. Open Access. This article is distributed
under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data
made available in this article, unless otherwise stated.

The study was carried out humanely in accor-
dance with the guidelines, governing the welfare of
research animals by the University of Ilorin, and as
approved by the Ethics Research Committee of the
University of Ilorin, Ilorin, Nigeria, under the permit
number UERC/FVM/024/2021.

Study period and location
The study was conducted from January to
April 2019. The study was carried out at the dog
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kennel of the Department of Veterinary Physiology
and Biochemistry, University of llorin, [lorin, Nigeria,
which is a transitional zone, between the forest and the
guinea savannah regions of Nigeria (Lat. 8°30” and
8°50°’N and Log. 4°20’ and 4°35’E). The total annual
rainfall ranges from 800 mm to 1200 mm in the NW
and 1000 mm to 1500 mm in SE.

Experimental animals and management

Ten Nigerian local breed of dogs comprising
seven males and three non-pregnant females, aged
between 2 and 3 years with an average weight of
15.9+£0.9 kg served as experimental subjects. They
were obtained from Ilorin (Lat. 8°30* and 8°50°N and
Log. 4°20° and 4°35’E), Nigeria. During the study
period, they were fed with homemade bland diet
at 08:00 h and 18:30 h, daily and were given water
ad libitum. Their body score was 5 out of 9-point scale.
Routine medical examination including hemoparasite
screening was carried out on all the dogs. The dogs
were vaccinated against rabies, canine distemper, and
leptospirosis. It was ensured that the dogs were calm
before sampling.

Experimental design

All the dogs (n=10) served as both control and
test subjects. Each dog was housed individually in
a standard kennel (36°x24°) at the Department of
Veterinary Physiology and Biochemistry, University
of Ilorin, Ilorin, Nigeria. Under the test condition, the
dogs were exposed to HA and high RH (HR) during
the peak of the hot season (April). In January, as a
control condition, the dogs were exposed to HA and
low RH (LR). During the study period, for each dog,
vital parameters (i.e., RT, RR, and HR) were recorded
2 hourly basis and blood samples were collected.
During both the test and control conditions, all vital
parameters and blood samples were measured and
collected daily for 2 weeks, respectively.

Measurement of meteorological parameters

AT was recorded at the experimental site using a
wet- and dry-bulb thermometer (Brannan, England).
Throughout the study period, RH was obtained using
Osmond’s hygrometric table (Narindra Scientific
Industries, Haryana, India). THI was determined
using the formula below:

THI=(1.8AT+32)—(0.55-0.0055RH/100)
(1.8AT-26) [8].

Where;

THI=Temperature humidity index

RH=Relative humidity.

Measurement of vital parameters

RT was measured according to the meth-
ods described by Cugmas et al. [9]. Briefly, RT
was recorded using a digital thermometer (Electron
Thermometer, COCET, Kangfu Medical Equipment,
Zhejiang Yueqing, China). The thermometer was first
turned on and allowed to calibrate, then advanced
slowly into the dog’s rectum (approximately 1 deep)

and held firmly in place to ensure reading accuracy and
ease of removal. The thermometer was held in place for
2 min until a beeping sound was heard, indicating that
the reading had completed. RR was measured accord-
ing to the method described by Lopedote ef al. [10].
Briefly, RR was assessed by observing and counting
the number of respiratory abdominal movements for
1 min; the rate was measured in cycles per minute.
HR was recorded according to the method reported by
Katayama et al. [11]. Briefly, HR was recorded through
auscultation of the heart, assessed by placing a stetho-
scope (Sprague, Rappaport Type Stethoscope, England)
between the second and fifth rib on the dog’s left side
and counting the number of beats per minute. All dogs
were handled by familiar and experienced clinicians.

Blood sample collection

Blood (10 mL) was aseptically collected from
each dog daily by cephalic venipuncture using a 5 mL
syringe and 23-gauge sterile needle. Blood samples
were collected into two 5 mL syringes: The sample
from one syringe was placed in a sample bottle with
anticoagulant for hematological analysis and the sam-
ple from the other syringe was placed in a sample bot-
tle without anticoagulant to extract serum samples for
biochemical analysis.

Determination of hematological parameters

Red blood cell and white blood cell (WBC)
counts were determined using a hemocytometer
(Merck KGaA, Darmstadt, Germany) [12]. Packed
cell volume (PCV) was estimated using the microhe-
matocrit method [12], whereas the hemoglobin (Hb)
concentration was estimated using the cyanmethemo-
globin method [13]. Differential leukocyte counts were
determined as described by Dacie and Lewis [14]. The
mean corpuscular volume (MCV), mean corpuscular
Hb (MCH), and MCH concentration (MCHC) were
calculated as described by Esievo [15].

Determination of biochemical parameters

The blood samples were allowed to clot at room
temperature (24-26°C) for 30 min and then centri-
fuged at 3000% g for 15 min. Sera were carefully
harvested into labeled vials, then immediately ana-
lyzed. The concentrations of creatinine, urea, total
protein, bilirubin, albumin, glucose, aspartate amino-
transferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), and electrolytes such
as sodium (Na"), potassium (K*), chloride (Cl"), cal-
cium (Ca®"), and bicarbonate (HCO,~) were measured
using commercial test kits (Agappe, India) and a dig-
ital ultraviolet spectrophotometer (PerkinElmer AAS
400, USA). Cortisol was determined using a commer-
cial radioimmunoassay kit (Coat-a-count Cortisol,
Siemens Medical Solution Diagnostics, Los Angeles,
CA), according to the manufacturer’s protocol [16].

Statistical analysis
The obtained data were expressed as meant-
standard errors of the mean and analyzed using a
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Wilcoxon matched pair signed-rank test. The rela-
tionship between meteorological parameters and vital
parameters was evaluated using Pearson’s correlation
analysis. GraphPad Prism 5.0 (San Diego, California,
USA) was used to conduct all the analyses. Statistical
significance was set at p<0.05.

Results

Table-1 shows the meteorological parameters
of the environment during the study period. Under
control conditions (HA/LR), the dogs were exposed
to HA (33.3+1.2°C) and LR (46.6£8.6%). Under test
conditions (HA/HR), the dogs were exposed to HA
(32.2+0.9°C) and HR (61.4+5.6%). RH was signifi-
cantly (p<0.05) lower during the HA/LR conditions
than during the HA/HR conditions. The THI during
exposure to HA/LR and HA/HR was 85.54+3.3 and
80.5+2.9, respectively.

Table-2 shows the vital parameters of the
local healthy dogs exposed to heat stress. The RT
(38.5+0.2°C) recorded from dogs exposed to HA/HR
was significantly higher (p<0.05) than the RT recorded
from dogs exposed to HA/LR (37.2+0.11°C). There
was no significant difference between the RR recorded
in dogs exposed to HA/LR (45.8+2.5 cycles/min) and

Table-1: Meteorological parameters during the study period.

HA/HR (42.9+44.6 cycles/min). Furthermore, there
was no significant difference between the HR of dogs
exposed to HA/LR (114.1+1.6 beats/min) and HA/HR
(145+6.5 beats/min).

The results of the hematobiochemical mea-
surements are presented in Tables-3 and 4. PCV
(25.8+0.9%) and Hb (7.9+0.2 g/dL) recorded in dogs
exposed to HA/HR were significantly lower than those
(37.8£1.1% and 12.7+0.4 g/dL, respectively) recorded
in dogs exposed to HA/LR. Compared to dogs exposed
to HA/LR, the WBC count was significantly lower in
dogs exposed to HA/HR. Lymphocyte, monocyte, and
eosinophil counts were significantly higher (p<0.05)
in dogs exposed to HA/HR, compared to those of dogs
exposed to HA/LR. Moreover, the MCV, MCH, and
MCHC values were numerically lower during expo-
sure to HA/HR; however, these differences were sta-
tistically non-significant. Dogs exposed to HA/HR
had significantly higher ALT, AST, and cortisol lev-
els (p<0.05), and significantly lower (p<0.05) ALP,
urea, and glucose levels, compared to dogs exposed
to HA/LR.

Table-5 illustrates the relationship between mete-
orological parameters and the dogs’ vital parameters.

Condition Ambient temperature (°C) Relative humidity (%) Temperature humidity index
HA/HR 32.2+0.9 61.4+5.6° 80.5+2.9
HA/LR 33.3x1.2 46.6+8.6° 85.5+£3.3

ab\/alues with different superscripts on the same column are significantly (p<0.05) different. HA/HR=High ambient
temperature/high relative humidity, HA/LR=High ambient temperature/low relative humidity

Table-2: Vital parameters of healthy dogs exposed to heat stress.

Parameters

HA/HR (minimum-maximum)

HA/LR (minimum-maximum)

Rectal temperature (°C)
Respiratory rate (cycles/minute)
Heart rate (beats/minute)

38.5+0.2° (37.7-39.2)
42.9+4.6 (29-64)
145+6.5 (115.3-170)

37.240.11° (36.3-38.6)
45.8+2.5 (28-64)
114.1+1.6 (84-160)

abValues with different superscripts on the same row are significantly (p<0.05) different. HA/HR=High ambient
temperature/high relative humidity, HA/LR=High ambient temperature/low relative humidity

Table-3: Hematological responses of healthy dogs (n=10) to heat stress.

Hematological parameters

PCV (%)

Hb (g/dL)

RBC (x102/L)

WBC (x10%/L)
Neutrophil (x10%/L)
Lymphocyte (x10°/L)
Monocyte (x10°/L)
Eosinophils (x10°/L)
Basophil (x10°/L)
MCV (fl)

MCH (pg)

HA/HR (minimum-maximum)

25.8+0.9° (13-31)
7.9+0.22 (4.4-10.1)
4.2+0.1 (2.2-5.2)
9.3+0.8° (5.1-20)
4.942.22 (3.5-7.4)
4.142.2° (1.8-5.6)
1.7+0.12 (1-3)
1+0.0° (1-1)
0.0+0.0 (0-0)
61.4+0.8 (50-68)
19+0.2 (15.9-20.4)

HA/LR (minimum-maximum)

37.8+1.1° (24-48)
12.7+0.4° (8-17)
5.4%0.2 (3-7)
11.4+0.5° (8-17)
8.3+0.6° (3.5-14.5)
1.8+0.2° (0.2-4.9)
0.5+0.1° (0-1.4)
0.4%0.1° (0-1.7)
0.0+0.0 (0-0)
70.3£0.8 (63.3-77)
22.840.5 (21-26.2)
MCHC (g/dL) 30.940.3 (26.7-34.1) 33.7+0.3 (29.4-35.8)
Platelet (x10%/L) 291+16.8° (148-431) 462.4+39.7° (211-621)

abValues with different superscripts on the same row are significantly (p<0.05) different. PCV=Packed cell volume,
Hb=Hemoglobin, RBC=Red blood cell, WBC=White blood cell, MCV=Mean corpuscular volume, MCH=Mean corpuscular
hemoglobin, MCHC=Mean corpuscular hemoglobin concentration, HA/HR=High ambient temperature/high relative
humidity, HA/LR=High ambient temperature/low relative humidity
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Table-4: Biochemical responses of healthy dogs (n=10) to heat stress.

Biochemical parameters

HA/HR (minimum-maximum)

HA/LR (minimum-maximum)

Potassium ion (mmolL)
Chloride ion (mg/dL)
Bicarbonate ion (mmolL)
ALT (U/L)

AST (U/L)

ALP (U/L)

Creatinine (mg/dL)
Urea (mmol/L)

Total bilirubin (mg/dL)
Total protein (g/L)
Glucose (mmol/L)
Albumin (g/L)
Calcium (mmol/L)
Cortisol (pmol/L)

4.6+0.3 (3.5-5.9)
86.8+1.6° (78-95)
22.740.8 (18-26)
31+8.3° (14-95)
30.8+3.9° (11-48)
27.8+4° (13-49)
0.8+4.2 (0.06-1)
2.8+0.2° (2-4.1)
2.240.3 (1.2-3.4)
61.6%4.2 (50-90)
3.3+0.3% (2-4.8)
23.6+3.2 (22-36)
2.140.2 (1.3-3)
5.5+1.2° (0.2-11)

4.5+0.1 (3-6)
117+1.5° (100-132)
22+0.8 (16-32)
24+4.3b (5-95)
12.6+0.5° (7-20)
51.3+7° (7-100)
1+0.01 (0.4-1.8)
20+2.8° (8-28)
1£0.2 (0.5-1.7)
59+2.1 (23-76)
5.4+0.2° (4.2-6.6)
25.4+1.5 (10-30)
2.6+0.1 (2.3-2.9)
0.02+0.003° (0.03-0.01)

abValues with different superscripts on the same row are significantly (p<0.05) different. AST=Aspartate
aminotransferase, ALT=Alanine aminotransferase, ALP=Alkaline phosphatase, HA/HR=High ambient temperature/high
relative humidity, HA/LR=High ambient temperature/low relative humidity

Table-5: Relationship between meteorological and vital
parameters of healthy dogs.

Correlated parameters HA/HR (r) HA/LR (r)
Ambient temperature and;
Rectal temperature 0.7535%* 0.2429
Respiratory rate 0.6852** 0.6400%**
Heart rate 0.0090 —0.4002
Relative humidity and;
Rectal temperature 0.8905*** 0.6787**
Respiratory rate 0.6972%* 0.8998***
Heart rate 0.1255 0.1396
Temperature-humidity index and;
Rectal temperature 0.6548** 0.1027
Respiratory rate 0.6329** 0.4583
Heart rate -0.3198 —0.5204*

*Significant (p<0.05), **Highly significant (p<0.01),
***Most highly significant (p<0.001), HA/HR=High
ambient temperature/high relative humidity, HA/LR=High
ambient temperature/low relative humidity

There was a significant positive relationship between
AT with RT (r=0.7535, p<0.01) and RR (r=0.6852,
p<0.05) during exposure to HA/HR. Similarly, there
was a significant positive relationship between RH
with RT (r=0.8905, p<0.01) and RR (r=0.6329,
p<0.01) during exposure to HA/HR.

Discussion

The climatic conditions of HA/HR have been
established as a major cause of heat stress in ani-
mals [17]. Furthermore, the THI values recorded
during this study were higher than the reported ther-
mally comfortable value of 70 [18]. Thus, the com-
bined effect of HA, RH, and THI may induce heat
loss difficulty in dogs [18]. The exposure of dogs to
HA/LR may not be stressful as dogs can successfully
adapt to their environments [19]; thus, they may be
subjected to less stress.

The notable increase in the RT of dogs exposed
to HA/HR indicates a physiological response to
heat stress exposure. However, due to the HR, the
dogs may not have been able to adequately lose

their accumulated body heat since they mostly reg-
ulate their temperature through panting [20]. Under
HA/HR conditions, panting becomes progressively
less effective for dissipating excessive body heat, thus
dogs’ body cooling mechanism becomes inadequate.
Nonetheless, exposing the dogs to HA/LR did not sig-
nificantly increase their RT, since they can dissipate
approximately 70% of their total body heat through
radiation and convection from body surfaces, which
is conveniently effective at LR [21]. Animal breed,
coat type/length, and coat color influence canine tem-
perature [22]; however, in this study, the same group
of dogs served as both the control and test animals,
thereby eliminating these effects on their temperature.

In this study, the decreased PCV and Hb values
concur with the findings of Odo et al. [23] who noted
decreased PCB and Hb in rats subjected to heat stress;
this anemia-like finding may be attributed to hemodi-
lution as a result of the increased consumption of fluid
for evaporative cooling during HA/HR conditions
[24]. Similarly, the lower values of MCV, MCH, and
MCHC observed in this study were in tandem with the
values obtained by Ukwueze et al. [25], which may
be due to stress; this was confirmed by the observed
increased lymphocyte, neutrophil, and eosinophil
counts [26]. Moreover, the lower observed WBC
counts indicate that dogs may have a poor immune
status when exposed to HA/HR conditions.

High cortisol level was observed in response
to heat stress [27]. Circulating cortisol has been
reported to be a very sensitive index of heat stress
due to poor tolerance to severe climates. It has been
reported to be outside the normal range of dogs suf-
fering from heat stroke [28]. In this study, the dogs’
cortisol was significantly higher when exposed to
HA/HR, indicating that they were experiencing heat
stress. The increased levels of ALT and AST also
indicate that the dogs were responding to the effects
of heat stress [29]. Moreover, the reduced level of
glucose in dogs exposed to HA/HR agrees with the
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findings of Kanter [30] who indicated that heat stress
induces hypoglycemia. Under HA/HR conditions,
metabolism is higher and there is an increased dila-
tion of blood vessels; both factors lead to increased
absorption of insulin, which induces hypoglycemia.
Furthermore, the lower concentrations of chloride
ion and urea noted in this study indicate that the dogs
may have been overhydrated due to increased water
consumption [31].

The positive relationship between AT with RT
and RR and between RH with RT and RR was highly
significant in dogs exposed to HA/HR conditions.
This finding indicates that as AT or RH increase, RT
and RR increase consecutively, altogether denoting
that the dogs were more responsive to changes in
these environmental parameters and thus were sub-
jected to stress. One limitation of this study is that the
influence of cloud cover and wind speed was not con-
sidered with respect to influencing heat stress in dogs
under both conditions.

Conclusion

The exposure of healthy dogs to HA/HR con-
ditions induced heat stress and may have an adverse
effect on their immune status, thereby affecting their
health and overall welfare. The effect of antioxidants
on dogs exposed to such stressful conditions could be
an avenue for future research.
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