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Abstract

Background: The aims of this study were (a) to ascertain age-related changes in the
reference values in hematological and serum biochemical examinations of beagles,
and (b) to clarify the changes in these findings, including acute phase proteins and
oxidative stress, throughout pregnancy and after parturition.

Methods: Clinicopathological parameters were measured in young beagles at 6, 9
and 12 months and in adult beagles aged from 24 to 60 months. Likewise, pregnant
beagles were investigated throughout the pregnancy and after parturition.

Results: Apparent age-related changes were found in erythrocytic parameters dur-
ing the growth and development of beagles. Most of the parameters (total protein,
albumin, blood urea nitrogen, creatinine, urate, alkaline phosphatase (ALP) and cre-
atine kinase (CK) exhibited age-dependent transitions. White cell count significantly
increased after 30 days of pregnancy. The values of erythrocytic parameters moder-
ately decreased during the second half of the pregnancy. Triglycerides, total choles-
terol, free cholesterol and phospholipid concentrations increased in the mid- and
late stages of pregnancy. ALP, lactate dehydrogenase, CK and cholinesterase activi-
ties markedly increased during pregnancy and/or after parturition. C-reactive protein
(CRP) concentrations gradually increased and reached a maximum after 30-40 days
of pregnancy. Serum amyloid A (SAA) levels markedly increased at 30 days of preg-
nancy before subsiding, and then increased again 3 days after parturition. Reactive
oxygen metabolites (d-ROMs) showed significant increases after 30 and 40 days of
pregnancy.

Conclusions: Reference values for hematological and serum biochemical examina-
tions should be used for health evaluation of dogs, taking sex, age and the stage of
pregnancy into consideration. Measurements of CRP, SAA and d-ROM levels are

also useful for assessing maternal conditions in mid-pregnancy.
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1 | INTRODUCTION

Complete follow-up clinicopathological data by sex and age group
are not available for experimental dogs (beagles) in laboratory animal
medicine. Although routine estimation of inflammatory and stress
markers has become widespread in clinical veterinary medicine, there
are very few reports on multiphasic reference values including newly
developed parameters. It is essential to formulate these criteria for
proper diagnosis based on daily hematological and serum biochemi-
cal examinations.

There are several past reports in the literature on reference val-
ues of hematological and serum biochemical examinations in experi-
mental beagles.!™ The reference values in these studies are taken
from previously published experimental data and the parameters and
measuring methods are considerably different from those carried out
in the current studies. Relatively little information is available on clin-
icopathological profile changes during pregnancy and after parturi-
tion in dams, considering the influence of pregnancy on their life
cycle.’® The availability of such limited data for standard clinico-
pathological evaluation is a very significant problem in perinatal vet-
erinary medicine and laboratory animal medicine.

Newer in-house veterinary analyzers have made it possible to
run complete hematological and serum biochemical panels with
small volumes of blood. In order to correctly interpret clinicopatho-
logical data for each stage of the growth and life cycle of beagles,
it is necessary to establish baseline profiles (reference values) of
current laboratory test parameters measured by the new reliable
methods.

The acute phase response, namely increases in acute phase pro-
teins, plays an important role in the innate defense system of ani-
mals against infection, inflammation and tissue damage. Previous
investigations in pregnant bitches of associations between pregnancy
and acute phase proteins have been inconclusive, based on the anal-
ysis of C-reactive proteins (CRP), serum amyloid A (SAA) proteins,
hepatoglobins, ceruloplasmins and fibrinogens.'®'! Although preg-
nancy is characterized by naturally occurring physical changes, this
condition is known to induce occasional critical disorders such as
pregnancy-induced hypertension and gestational diabetes mellitus in
human beings. The changes in oxidative stress during the pregnancy
period remain to be elucidated in animals and human beings. Accu-
rate measurement of acute phase proteins and oxidative stress mark-
ers is important for investigating pathophysiological changes in
pregnant carnivorous beagles. It is expected that both these parame-
ters could be potentially useful in evaluating a crisis during an unu-
sual pregnancy.

In this study, the hematological and serum biochemical profiles
of experimental beagles reared in a clean environment were exam-
ined using current laboratory methods. The purpose of this study
was twofold. Experiment 1 aimed to ascertain reference values for
hematological and serum biochemical examinations of beagles, incor-
porating effects of sex and age in the profiles. Experiment 2 aimed
to clarify the changes in hematological and serum biochemical pro-

files, compared with data obtained from Experiment 1, including

acute phase proteins and oxidative stress, throughout pregnancy and

after parturition.

2 | MATERIALS AND METHODS

2.1 | Experiment 1

2.1.1 | Animals

Fifteen healthy male 6-month-old beagles and 15 healthy aged-
matched female beagles were used in this study. Fifteen healthy male
and fifteen female beagles ranging from 24 to 60 months were also
used as an advanced age group. Animals were housed in pen house
cages (W100 x D210 x H250 cm) in animal rooms at the Breeding
Division of Hongo Beagle Farm, Kitayama Labes Co., Ltd (Yamaguchi,
Japan). The animal rooms were controlled at 23 + 2°C and 55 + 10%
relative humidity, with 12-15 exchanges of 100% fresh air per hour
and a 12 hours light/dark cycle (changing at 6.00 am/6.00 pm). The
dogs were fed a commercial dry dog food (DS-E, Oriental Yeast Co.,
Ltd, Tokyo, Japan) 200 g/dog per day and water ad libitum.

2.1.2 | Blood sample collection

Before feeding, blood samples were collected from the cephalic vein
of each animal using no anticoagulant. It took the whole morning to
finish drawing canine blood. Twenty minutes after collection of
blood samples, sera were separated by centrifugation at 1500 g for
10 minutes for biochemical analysis. For hematological samples,
blood was collected into tubes containing K,EDTA. In young dogs,
blood samples were drawn at 6, 9, and 12 months of age. Beagles

ranging from 24 to 60 months provided advanced age samples.

2.1.3 | Hematology

The following parameters were examined using an automated cell
counter (Microsemi LC-662 Horiba Co. Ltd, Kyoto, Japan): red blood
cell count (RBC), hemoglobin concentration (Hb), packed cell volume
(PCV), mean corpuscular volume (MCV), mean corpuscular hemoglo-
bin (MCH), mean corpuscular hemoglobin concentration (MCHC), red
blood cell distribution width (RDW), white cell count (WBC), platelet
count (PLT), platelet distribution width (PDW) and mean platelet vol-
ume (MPV).

2.1.4 | Serum biochemistry

The following parameters were measured using a blood chemistry
analyzer (Dry Chem NX 500V: Fuji Film Co. Ltd, Tokyo, Japan): total
protein (TP), albumin (Alb), albumin/globulin (A/G) ratio, total bilirubin
(T-Bil), urate (UA), blood urea nitrogen (BUN), creatinine (Cre), glu-
cose (Glu), triglycerides (TG), total cholesterol (T-CHO), asparate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), lactate dehydrogenase (LDH), cholinesterase
(ChE), leucine aminopeptidase (LAP), creatine kinase (CK), y-glutamyl
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transpeptidase (y-GT, GGT), amylase (AMS), electrolytes (Na, K, Cl,
Ca) and inorganic phosphorus (IP).

High density lipoprotein-cholesterol (HDL-CHO), free cholesterol
(F-CHO), phospholipids (PL) and free fatty acids (FFA; NEFA, non-
esterified fatty acids) concentrations were measured using the auto-
chemistry analyzer method (HITACHI 7170S, Hitachi High-technolo-
gies Co., Ltd, Tokyo, Japan).

The acute phase proteins serum amyloid A (SAA) and C-reactive
proteins (CRP) were evaluated to establish age-related characteris-
tics. Serum CRP concentrations were measured by sandwich
enzyme-linked immunosorbent assay and the aforementioned blood
chemistry analyzer method. Serum concentrations of SAA were
determined using a latex agglutination turbidimetric immunoassay (a
trial reagent; Eiken Chemical Co., Ltd, Tokyo, Japan).

Reactive oxygen metabolites (d-ROMs) were assayed for the
degree of oxidative stress with a Free Radical Elective Evaluator
(FREE., Wismerll Co. Ltd, Tokyo, Japan).

2.1.5 | Statistical evaluation

Values were expressed as the means * standard deviation (SD) and
statistical analysis was performed using one-way repeated measures
analysis of variance (ANOVA), and a multiple comparison test for
parametric data (Dunnett's method) and for non-parametric data
(Steel's method). A comparison review of the aforementioned param-
eters in beagles at 6, 9 and 12 months and the initial age group
(6-month-old dogs) was carried out and statistical significant was
established at P < 0.05 or P < 0.01.

2.2 | Experiment 2

221 | Animals

Fifteen healthy pregnant beagles ranging in age from 2 to 5 years
were used to assess physiological changes in hematological and
serum biochemical profiles throughout pregnancy and the post-par-
turition period. These pregnant beagles were also used to determine
the properties of acute phase proteins (SAA and CRP).

The animals used in this study were kept under the same condi-

tions as described in Experiment 1.

2.2.2 | Blood sample collection

Test procedures were performed in the same way as in Experiment
1. Blood samples and sera were collected from the pregnant beagles
at 0, 10, 20, 30, 40, 50, and 60 days during pregnancy, and 3 and
7 days after parturition.

2.2.3 | Hematology

Hematological examinations were performed as described above.
Hematological measurements were carried out 0, 30, and 60 days

after pregnancy.

2.2.4 | Serum biochemistry

Serum biochemical parameters were performed as described above
and we examined changes in these parameters during the pregnancy.
Serum biochemical measurements were carried out every 10 days
throughout the pregnancy period and 3 and 7 days after parturition.
Acute phase proteins (SAA and CRP) and d-ROMs were evaluated to
clarify gestational stage-related characteristics. In addition, ALP
isoenzymes were examined by measurement of the individual frac-
tions following electrophoresis (polyacrylamide gel disc electrophore-
sis). ALP zymodeme was detected using several fractions derived
from lever, bone, placenta and small intestine.

2.2.5 | Statistical evaluation

Values were expressed as the means + standard deviation (SD) and
statistical analysis was performed using one-way repeated measures
AVOVA, and multiple comparison tests for parametric data (Dun-
nett's method) and for non-parametric data (Steel's method). A com-
parison review of the aforementioned parameters in pregnant
beagles (at 10, 20, 30, 40, 50, and 60 days of pregnancy and 3 and
7 days after parturition) and non-pregnant beagles (beagles at O day
after pregnancy) was carried out. Statistical significance was estab-
lished at P < 0.05 or P < 0.01.

In Experiments 1 and 2, all procedures involving animals were
approved by the Institutional Animal Care and Use Committee of
Yamaguchi University and followed the Guidelines of Animal Care
and Experiments of Yamaguchi University. The animal care and use
program for Advanced Research Center for Laboratory Animal
Science in Yamaguchi University has been accredited by AAALAC

International since 2018.

3 | RESULTS

3.1 | Experiment 1

Hematological results for all beagles are shown in Table 1. There
were no significant differences in hematological values between
sexes for the experimental beagles during the course of their growth
to 60 months old. In contrast, apparent age-related changes were
found in erythrocytic parameters during the growth and development
of the dogs. Three variables (RBC, Hb, and PCV) gradually increased
in parallel with an increase in age and statistical differences were
noted in 12-month-old and 24- to 60-month-old dogs compared with
those in 6-month-old dogs (P < 0.01). WBCs remained unaffected
until 12 months old, and then slightly decreased at 24-60 months
old. The slight downward tendency of PLTs, PDW, and MPV in male
dogs was correlated with increasing age.

Serum biochemical results for all beagles are shown in Table 2.
There were no significant sex differences during the follow-up study
period, but most of the parameters exhibited age-dependent transi-
tions. Although Alb concentrations remained unchanged in this

study, TP concentrations gradually increased, resulting in an elevated
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TABLE 1 Hematological profiles in beagles (means + SD)

Age
Parameters Units Sex 6 M
WBC x107L Male 9.67 + 1.97
Female 9.46 + 1.39
RBC x10"2/L Male 6.65 + 0.53
Female 6.88 + 0.48
Hb g/L Male 149 + 9
Female 155 £ 11
PCV ratio Male 0.45 £ 0.03
Female 0.47 £ 0.03
MCV fL Male 67.7 £ 1.9
Female 684 +1.9
MCH pg Male 224 £ 0.6
Female 22.7 +0.7
MCHC g/L Male 331+6
Female 3305
RDW fL Male 335+ 15
Female 341+11
PLT x10%/L Male 303 = 102
Female 316 + 49
PDW fL Male 14.3 £ 2.0
Female 143 1.7
MPV fL Male 11.8 £ 1.0
Female 118+ 1.0

I9M 12 M 24-60 M
8.15 + 1.02 9.26 + 1.69 8.01 + 1.81**
9.23 £ 2.46 10.96 £ 2.18 7.79 £ 1.17**
6.70 £ 0.32 7.48 £ 0.60™* 8.09 + 0.49**
7.42 £ 0.50 7.43 + 0.81** 7.80 = 0.62**
1527 166 + 13** 179 + 11**
167 = 12 168 = 17** 169 + 20**
0.46 = 0.02 0.50 + 0.0** 0.53 + 0.03**
0.50 = 0.04 0.50 + 0.05** 0.51 + 0.05**
69.2+24 68.9 £ 8.0 65.7 £ 3.0
68.0 £ 1.7 684 21 65.5 £ 3.8
222 +£0.7 221 +07 221 +£10
226 +04 226 +04 21.6+16
328 £4 3315 337 £4
3316 3305 329 £ 10
345+12 343+1.1 353+1.2
341 +15 351+18 350+18
297 £ 54 27371 26171
292 + 72 33577 294 + 57
133 + 20 129 £ 2.2 12.6 + 1.6
124 £ 1.0 12.7 £ 2.0 130+ 15
11.2 £ 0.9 10.8 £ 0.9 10.7 £ 0.8
10.9 £ 0.5 10.9 £ 1.0 111+ 08

Hb, hemoglobin concentration; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular vol-
ume; MPV, mean platelet volume; PCV, packed cell volume; PDW, platelet distribution width; PLT, platelet count; RBC, red blood cell count; RDW, red

blood cell distribution width; WBC, white cell count.
**Significantly different from 6 months old (6 M) (P < 0.01).

A/G ratio. The age-related increases in TP concentration and A/G
ratio were statistically significant during the growth phase of the
beagles (P < 0.01). The increases in BUN, Cre and UA levels were
also significant, similar to those in TP concentrations, during the
dogs’ growth period (P < 0.05 or P < 0.01). There were no signifi-
cant changes in the lipometabolic profiles of the beagles.

Regarding the enzyme activity measurements, there were signifi-
cant age-related decreases in ALP and CK compared with activity in
the 6-month-old beagles (P < 0.01). The other enzyme activities
remained stable over the course of this study of canine growth.

In the case of serum electrolytes, Na, K, and Cl levels were lar-
gely unaffected by the growth process during the study period, but
both Ca and IP levels slowly declined with an increase in age.

Under the healthy conditions of the dogs in this study, the levels
of acute phase proteins (CRP and SAA) and d-ROM showed no
marked changes associated with maturation and aging.

3.2 | Experiment 2

Pregnant beagles were normally delivered of healthy puppies and lit-

ter size was 5.4 + 1.3. The hematological results for the pregnant

beagles are shown in Figure 1. There were few changes in hemato-
logical profiles from early to mid-pregnancy (first 30 days of preg-
nancy). In late pregnancy (after 50 days of pregnancy), WBCs
significantly increased to approximately two times the level before
pregnancy and at 30 days of pregnancy (P < 0.01). The values of
erythrocytic parameters (RBCs, Hb concentrations, and PCV ratio)
moderately decreased compared with those during the first half of
the pregnancy period (P < 0.01). The number of PLTs was signifi-
cantly elevated in late pregnancy (P < 0.01).

Serum biochemical results for the pregnant beagles are shown in
Figures 2, 3 and 4. TP concentrations declined markedly by about
10 g/L in late pregnancy and the levels remained lower up to 7 days
after parturition (P < 0.01). Alb concentrations gradually decreased
from 33.7 £ 3.5 g/L to 24.2 + 3.4 g/L throughout the pregnancy and
the low concentrations were subsequently maintained after parturi-
tion. Significant decreases in Alb concentrations were observed from
30 days of pregnancy (P < 0.05 or P < 0.01). The A/G ratio also
decreased gradually in conjunction with the changes in the TP and
Alb parameters (P < 0.05 or P < 0.01, respectively). Three and 7 days
after parturition, BUN levels were mildly elevated by a mean of 2-

3 mmol/L, whereas Cre levels gradually decreased during the study.



TABLE 2 Serum biochemical profiles in healthy beagles (means + SD)

Parameters
TP

Alb

A/G ratio

T-Bil

BUN

UA

Cre

Glu

TG

T-CHO

HDL-CHO

F-CHO

NEFA

PL

AST

ALT

ALP

GGT

LDH

ChE

LAP

AMY

Units
g/L

gl

pmol/L

mmol/L

pmol/L

pmol/L

mmol/L

mmol/L

mmol/L

mmol/L

mmol/L

mmol/L

mmol/L

u/L

U/L

U/L

U/L

U/L

U/L

uU/L

U/L
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Sex
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

Female

Age
6 M I9M 12 M 24-60 M
546 +20 60.7 £ 3.6** 65.1 + 43** 71.5 + 4.0**
547 + 2.8 58.9 £ 3.3** 64.8 + 4.5** 65.1 + 3.6**
327 +12 33116 333 =16 329 £ 2.0
33717 349 +23 34.6 +23 347 +1.8
1.50 £ 0.11 1.21 + 0.18** 1.07 + 0.16** 0.87 £ 0.15**
1.61 £ 0.15 1.48 + 0.22** 1.2 + 0.28** 1.17 + 0.22**
0.55 + 0.20 0.76 £ 0.29 0.68 + 0.25 0.82 £ 0.29
0.60 + 0.24 0.98 + 0.21 1.11 + 0.37 0.78 £ 0.24
44 +11 50 +0.7* 53 +0.7* 5.1+ 0.9
44 £ 0.7 50 +0.7* 55+ 1.0* 5.0 £ 0.8*
13.9 £ 29 16.3 + 2.7** 20.6 + 4.4** 20.6 £ 3.1**
145 + 2.7 17.5 £ 1.5** 20.2 + 3.0** 15.5 + 3.8**
498 £55 54.9 + 5.8** 58.5 + 7.8** 57.9 + 6.8**
48.6 £ 7.2 56.6 + 6.2** 55.7 £ 5.9** 54.6 + 9.1**
5.27 + 0.27 5.11 £ 0.22 491 + 0.34 4.82 +0.25
5.62 £ 0.29 5.19 + 0.20 4.69 + 0.28 4.94 + 0.28
0.31 £ 0.07 0.30 £ 0.12 0.21 £ 0.07 0.25 £ 0.07
0.30 + 0.09 0.25 + 0.08 0.27 £ 0.10 0.34 £ 0.12
4.40 + 0.66 453 +£0.78 3.70 + 0.69 3.27 £ 0.75
4.20 £ 045 3.85+0.75 426 +0.90 4.55 + 1.06
3.22 £+ 0.46 3.40 £ 0.58 2.92 £ 0.52 2.60 * 0.54
3.14 £ 0.29 3.00 £ 0.54 3.30 £ 0.63 3.43 £ 0.64
1.20 £ 0.18 1.19 = 0.20 0.95 + 0.17 0.84 £ 0.20
1.14 £ 0.13 1.00 = 0.20 1.06 + 0.21 1.17 £ 0.26
0.66 + 0.22 0.65 £ 0.20 0.70 + 0.15 0.54 £ 0.19
0.66 + 0.12 0.65 + 0.20 0.70 £ 0.15 0.54 + 0.19
4.09 +1.13 4.32 £ 0.56 3.78 + 0.52 3.38 £ 0.61
4.18 + 0.39 3.86 £ 0.64 4.17 + 0.66 4.37 £ 0.76
441 + 254 30.1 +43 34576 40179
35137 329 +33 364 +58 282+19
40.0 + 104 364 +9.0 411+ 114 64.9 + 64.0
421 +938 38.3+8.9 354 +70 35,5+ 113
490.7 + 1111 301.3 = 76.1** 201.5 + 53.2** 188.2 + 100.8**
464.9 + 84.3 285.3 + 42.9** 221.5 + 43.2** 84.1 + 103.6**
4.8 + 0.9 43 +1.0 43+10 61+19
45+ 0.6 44 +0.6 42+ 0.9 49 +14
97.9 + 334 1224 + 58.0 111.5 + 415 113.8 £ 70.3
80.5 + 19.5 102.8 + 28.9 136.7 £ 72.7 1145 £ 96.4
9.1+17 89+19 8.7 + 3.0 85+19
9.9 +1.7 7.6 £15 93+21 8.5+ 3.0
59.7 £ 10.9 49.6 £ 9.6 50.3 +11.5 39.7 £ 10.7
593+ 112 48.7 + 114 52.1 + 143 43.7 + 24.6
807.1 + 158.5 879.5 + 228.2 1024.5 + 208.8 943.4 + 230.5
764.0 £ 148.1 776.8 = 141.9 826.5 + 162.1 790.7 = 353.3

(Continues)
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TABLE 2 (Continued)

Age
Parameters Units Sex 6 M
CK u/L Male 567.1 + 733.8
Female 331.9 £ 90.9
Na mmol/L Male 1495 £ 1.2
Female 149.1 £ 0.8
K mmol/L Male 4.9 +0.2
Female 4.7 £0.2
Cl mmol/L Male 1115 £ 2.0
Female 111.8 £ 0.9
Ca mmol/L Male 284 £0.21
Female 2.82 £0.08
IP mmol/L Male 225+0.14
Female 224 +0.17
CRP nmol/L Male 324 £ 29.6
Female 11.9 £ 13.8
SAA pg/mL Male 221+ 174
Female 1.91 + 1.04
d-ROM U. CARR Male 107.2 £ 29.5
Female 94.5 + 19.4

I9M 12 M
208.7 + 54.2** 173.3 £ 84.0**
190.9 + 45.1** 185.5 £ 44.7**

24-60 M
171.3 + 68.9**
147.6 £ 91.5**

149.3 £ 0.8 150.3 + 1.0 1504 £ 1.2
149.7 £ 0.9 1495+ 1.7 148.7 £ 1.6
49 +0.2 47 +0.3 48 +0.2
45 +0.2 4.6 +0.3 45 +0.3
112.6 £ 1.5 113.7 + 1.3 1135+ 14
113.0 £ 1.6 1124 + 1.2 1118 £ 1.9
2.80 = 0.06 2.69 + 0.07 2.57 £ 0.08
2.75 + 0.06 2.71 + 0.09 2.59 +0.10
1.84 + 0.15 1.58 + 0.12 1.31 £ 0.17
1.63 £ 0.16 1.57 £ 0.19 1.25 £ 0.17
34.0 + 32.3 328 + 35.0 242 + 350
229 +21.2 33.7 £ 28.7 124 + 223
2.17 + 1.03 240 + 0.84 273 £1.52
221 +131 493 £ 593 249 + 236
103.3 £ 21.1 103.2 + 19.5 102.6 £ 17.1
101.7 £ 353 96.0 + 13.8 89.5+12.3

A/G albumin/globulin ratio; Alb, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AMS, amylase; AST, asparate aminotransferase;
BUN, blood urea nitrogen; ChE, cholinesterase; CK, creatine kinase; Cre, creatinine; CRP, C-reactive proteins; d-ROMs, reactive oxygen metabolites; F-
CHO, free cholesterol; GGT, y-glutamyl transpeptidase; Glu, glucose; HDL-CHO, high density lipoprotein-cholesterol; IP, inorganic phosphorus; LAP, leu-
cine aminopeptidase; LDH, lactate dehydrogenase; Na, K, Cl, Ca, electrolytes; NEFA, non-esterified fatty acids; PL, phospholipids; SAA, serum amyloid
A; T-Bil, total bilirubin; T-CHO, total cholesterol; TG, triglycerides; TP, total protein; UA, urate.

*Significantly different from 6 months old (6 M) (P < 0.05).
**Significantly different from 6 M (P < 0.01).

Pregnancy had little effect on Glu concentrations in this study.
Regarding lipid metabolism, TG concentrations gradually increased
during the pregnancy and there were significant increases at 40, 50,
and 60 days of pregnancy (P < 0.01). Subsequently, TG concentra-
tions returned to their baselines after parturition. Significant increases
in T-CHO concentrations were found at 30, 40, and 50 days of preg-
nancy (P < 0.01), followed by significant decreases after parturition
(P < 0.01). In contrast, there were no significant changes in HDL-
CHO concentrations during this study. F-CHO and PL concentrations
rose after 30, 40, and 50 days of pregnancy (P < 0.01) and subse-
quently fell below the initial values. NEFA concentrations decreased
after 30 days of pregnancy and declined again after parturition.

Regarding enzyme activities, AST levels increased only at 7 days
after parturition, while ALT activities declined moderately at and
after the 30th day of pregnancy but were elevated again 7 days
after parturition. ALP activities increased markedly by the 30th day
of pregnancy and remained elevated during the pregnancy and after
parturition (P < 0.01). In particular, ALP activities at 30 and 40 days
of pregnancy were more than twice as high as the levels before
pregnancy. LDH levels after 50 and 60 days of pregnancy increased
2-3 times over the initial levels (P < 0.01). CK activities began to
increase from 50 days of pregnancy and the changes were even

more pronounced after parturition (P < 0.01). ChE activities were

also significantly elevated in the postpartum period (P < 0.01). ALP
zymograms showed that ALP activity in pregnant beagles consisted
almost entirely of hepatic ALP isozymes (>94.7%). The levels of
serum electrolytes (Na, K, Cl, Ca, Mg and IP) remained stable
throughout the pregnancy and parturition period.

C-reactive protein (CRP) concentrations gradually increased and
reached a maximum at 30-40 days of pregnancy. At this point, CRP
concentrations had increased significantly, up to 50-120 times those
before pregnancy (P < 0.01). Although CRP concentrations subse-
quently decreased, at the end of the pregnancy period they
remained significantly elevated, being more than 40 times non-preg-
nant levels after parturition (P < 0.01). In contrast, SAA levels
increased significantly after 30 days of pregnancy (P < 0.05) but
then declined again and remained low until 3 days after parturition
when they increased significantly again (P < 0.01). At 30 and
40 days of pregnancy, d-ROM showed significant increases of about
30 U CARR (Carratelli units) above initial values (P < 0.01).

4 | DISCUSSION

In the literature reporting hematological variables in puppies, RBCs,

PCV ratio, and Hb concentrations in puppies are lower than those
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FIGURE 1 Hematological changes (means + SD) during pregnancy in beagles. RBC, red blood cell count; Hb, hemoglobin concentration;
PCV, packed cell volume; WBC, white cell count; PLT, platelet count. Marked changes in hematological parameters are found after 50 d of
pregnancy. *Significantly different from Day O (P < 0.05). **Significantly different from Day O (P < 0.01)

obtained from adult dogs.?>** According to several reports,21516

erythrocytic parameters in beagles start to increase from about the
first 2 months of life, generally reaching adult levels by approxi-
mately 6 months to 1 year of age. One report asserts that beagles
become mature at about 1 year of age and adulthood continues
until about 5 years of age, at which time clinical signs of aging are
manifested.> Our study demonstrated that, while there were no sex
differences in the hematological profiles, moderate increases were
found in these measurements of beagles throughout the course of
their growth to 60 months of age. Compared with previous refer-
ence ranges of WBCs (7-16 x 10%/L),*¢ experimental beagles in our
controlled environment showed limited variation in leukocyte levels.
There were slight differences in platelet parameters between sexes
and slight changes with advancing age.

In the literature reporting serum biochemical variables in puppies,
TP, Alb, Cre, Na, and Cl values in puppies were lower than those in
adult dogs. In addition, these reports stated that higher values in
puppies compared with adults were found for IP, K, BUN, ALP, and
CK levels.*?* A previous work has shown that serum chemistry val-
ues obtained from beagles (4, 8 and 12 months of age) varied as fol-
lows: increases were recorded for TP, BUN, AST and AMS,
decreases for Alb, UA, Glu, IP and ALT, and no changes for T-CHO,
T-Bil and CL.Y”*® Another investigator has reported that no signifi-
cant differences with sex and age were observed in hematological
and serum biochemical measurements.*® Harper et al showed that
there were significant effects of age on hematological and plasma
biochemical profiles in beagles aged from 22 days to 15 years old.*®
Recent studies reported that markedly significant age-related
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changes in hematological and serum biochemical variables were
noted in neonatal and geriatric dogs.*?1420-22

The present study demonstrated that while no significant sex dif-
ferences were found in the serum biochemical profiles of our dogs,
there were significant differences with an advancing age, with
increases in TP, A/G, BUN, UA, and Cre, and decreases in ALP and
CK in beagles ranging from 6 to 60 months old. Our results demon-
strated that the hematological and serum biochemical profiles in
puppies were different from those in adolescence, showing the
onset of puberty at 6 months of age. These increased parameters
were attributed to developmental changes, such as changes in
plasma volume, hepatic or renal functions, and protein synthesis as a
result of the growth process. The increased TP concentrations were
composed of higher globulin concentrations along with unchanged
Alb concentrations. These findings have been previously described in
older dogs?®® and were due to elevated IgA concentrations. Previous
studies reported that increased urea concentrations were present in
geriatric dogs.?®?! The increasing trend in BUN levels over the
course of our series of measurements agrees with these previous
results. However, our results showing increasing UA values differ
from those reported in a previous investigation using beagles. In
human beings, UA levels tend to rise with an increase in age,® and
this description accorded with our results obtained from experimen-
tal beagles in a healthy environment. The changes in Cre concentra-
tion can be explained by a lower muscle mass to body size ratio in
young animals.

Considering previous reports, 312426

it was likely that the
increased ALP activities seen in our 6-month-old beagles were
related to their growing bone tissues. Several studies'®?> have sta-
ted that serum CK activities were elevated in puppies compared
with adult dogs and that CK activities in pups less than 6 months
old were double those of adult dogs. Similar age-related changes in
CK activities were found in our study. It is likely that these age-
related changes in CK values were associated with muscle enhancing
processes during the growing period.

The concentrations of the acute phase proteins (CRP and SAA)
did not differ between males and females and their low levels
remained stable in the course of this study on canine growth stages.
Acute phase protein concentrations increase as a result of inflamma-
tory and infectious processes. Because CRP and SAA levels do not
vary widely in healthy beagles, these parameters are useful for
detecting slight changes in body conditions. It has been reported in
tests on healthy dogs that mean d-ROMs levels are 73.9 + 8.73 U.
CARR, ranging from 56.4 to 91.4 U. CARR.?” The present d-ROMs
data accords with the abovementioned report. The reference range
in dogs is less than one-third of that detected in human beings (250-
300 U. CARR). This difference between species can be attributed to
the ability of dogs, unlike humans, to produce ascorbic acids in the
body.

A previous study reported that some changes in the values of
TP, BUN, T-CHO, Cre, ChE, and ALP were seen during the estrous
cycle.” Our study showed no apparent changes in these parameters
during the estrous cycle, and the significance of the estrous cycle

cannot be discerned using the present hematological and serum bio-
chemical examinations.

In our hematological and serum biochemical profiles, there
were few differences between the dams at day O of pregnancy in
Experiment 2 and age-matched female beagles in Experiment 1.
These 2- to 5-year-old female beagles were often used as repro-
ductive dams in the breeding facilities. In previous stud-

ies,1'5’7'8’16'28

the erythrocytic elements of the profiles (RBCs, PCV,
and Hb concentrations) have been shown to decrease throughout
gestation, reaching a low point at term, with a gradual rise there-
after. The reports noted that increases in WBCs corresponded to
these changes in erythrocytic elements during gestation. During
lactation, erythrocyte and leukocyte parameters returned to refer-
ence ranges.

Our results showed that hematological changes in healthy preg-
nant beagles were significant in the late stage of pregnancy. In addi-
tion, MCV, MCH, and MCHC remained unaffected during the
pregnancy period, whereas the number and size of platelets were

influenced by the pregnant state. Allard et al?®

reported that the age
of the dams did not significantly correlate with the hematological
profiles at any gestation phase. Our findings from the dogs used in
this study revealed that the age of the female beagles (2-5 years old)
and litter size had no direct influence on hematological profiles or
serum biochemical profiles.

The decreases in TP and Alb concentrations and the A/G ratio
during pregnancy reported here agree with previous studies.”®2?
These changes resulted from the increase in circulatory blood
(serum) volumes with advancing pregnancy. The levels of BUN, Cre,
and UA were concomitantly affected by the changes in protein
metabolism.

Serum lipids consist mainly of four substances (CHO, TG, PL and
NEFA). Several investigators have shown that dogs develop
increased levels of T-CHO or TG during pregnancy.”*??? A previous
study reported that during gestation, plasma T-CHO concentrations
were depressed early on, and then increased in the later stages
under the influence of diets given.3® Our measurements demon-
strated that T-CHO, TG, F-CHO, NEFA, and PL gradually increased
in the late pregnant beagles. It is likely that the changes in these
lipid metabolism parameters are associated with changing levels of
estrogen with advancing pregnancy. The results show that it is use-
ful to examine lipid metabolism parameters for correct diagnosis of
the normal progression of pregnancy. In our previous study, we
reported that dogs could very efficiently use lipid metabolism com-
ponents for energy requirements during fasting.>* In this study, we
stated that ketogenesis was enhanced by pregnancy, and thus late
pregnancy in dogs was not accompanied by changes in the absolute
rates of gluconeogenesis or glycogenolysis.>? The present study sug-
gests that healthy pregnant dogs should be capable of activating
adipokinesis without severe changes in blood glucose concentra-
tions. In pregnant beagles, lipid metabolism components are available
as a maternal energy resource.

Relatively little is known about the role of glycoprotein ChE pro-
duced in the liver of pregnant beagles. A previous study reported
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that serum ChE activities increased from the 10th day of pregnancy
to parturition.” The present results have shown that canine ChE
activities are influenced under pregnant and parturient physiological
conditions.

Although increases in the activity of AST, ALT, GGT, and LAP
were generally noted through damage to livers, bile ducts or bil-
iary tracts, these enzymes did not change significantly throughout
this study. In contrast, the main elements in the increase in ALP
activities were hepatic ALP isozymes from the middle stage of
pregnancy. These results confirmed that the increase in ALP activ-
ity in pregnant beagles resulted from hepatic hematogenesis in

canine fetuses and was different from ALP isozyme activity

originating in placental functions in human beings. It is probable
that in the late pregnant and postpartum periods, the increase in
LDH activity in pregnant beagles was also associated with hepatic
hematogenesis in fetuses. The elevation of CK activities just
before or after parturition was caused by tissue damage to the
birth canal.

It is known that the levels of serum electrolytes such as Ca and
IP change during pregnancy and after parturition in dogs, with an
increase in Ca and a decrease in IP.” Our tests showed that serum
electrolyte levels remained stationary throughout this study, provid-
ing evidence that the pregnant beagles were well-nourished and in
good condition.

Acute phase proteins are used as non-specific makers of inflam-
mation in companion and farm animal medicine.” In addition to their
role in inflammatory responses, acute phase proteins are reported to
be released in normal physiological conditions such as preg-
nancy.”1%3%-35 An increase in canine CRP concentration reported in
a recent study is not as high as that detected in our previous
report.r Our study showed that canine CRP concentrations widely
and markedly increased during the second half of pregnancy and
after parturition. In contrast, canine SAA values were only elevated
at 30 days of pregnancy, showing good agreement with the onset of
embryonic implantation. SAA concentrations subsequently increased
again with the initiation of parturition, with this change being attri-
butable to inflammation of the injured birth canal. The present
results obtained from experimental dogs maintained under hygenic
controlled circumstances provide clear evidence that rises in CRP
and SAA concentrations did not resulted from pregnancy disorders.
Although neither CRP nor SAA are affected by pregnancy in human
beings, the levels of both parameters were significantly influenced
during pregnancy in the beagles. These species differences are highly
relevant to the histological structure of the placentas, because the
endotheliochorial placenta shows marked invasion of blood capil-
laries in the endometrium. Our results revealed that the canine
species developed a remarkable pregnancy-associated inflammatory
response.

In pregnant women, it is believed that oxidative stress fluctu-
ates in the higher range during the pregnancy. Our study showed
that canine d-ROMs values increased from 30 to 40 days of preg-
nancy. Because carnivorous placenta is a structure characterized by
zonary placenta, syncytiotrophoblasts derived from villi invade
endometrial tissue, resulting in severe inflammation and hemor-
rhage in maternal capillaries. It is probable that the significantly
increased d-ROMs values coincided with hypoxic conditions during
the period of embryonic implantation and placentation. Acute
phase proteins play a role in the immune response and provide
protection against oxidative stress generated in the course of an
inflammatory response.?’ The present correlations between CRP,
SAA, and d-ROMs values at 30-40 days of pregnancy in our study
support the view that CRP and SAA have some anti-oxidant
effects. Our results reveal that measurements of CRP, SAA and d-
ROMs levels are very useful for physiological diagnosis of normal
pregnancy in beagles.
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5 | CONCLUSION

The present study revealed that age-related variations in hematologi-
cal and serum biochemical profiles occurred during the first year
(from puppy stage to adolescence), reflecting rapid growth and matu-
ration of beagles. The interpretation of pregnant phase-related
changes in these profiles makes it possible to diagnose accurately
the condition of a pregnancy and provides important predictive
information on parturition. Measurements of CRP, SAA, and d-ROMs
levels are also useful to assess maternal conditions in mid-pregnancy
in dogs. Reference values for hematological and serum biochemical
examinations should be used in health evaluation of dogs, taking sex,
age and the stage of pregnancy into account.
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