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Abstract

Background: Blood biochemistry and reference intervals help to differentiate between healthy and ill dogs as well
as to provide information for the prognosis, evaluation, and monitoring; however, these intervals are often obtained
from adult animals. It is essential to understand that puppies and adults are physiologically different, which justifies
the need to obtain age-specific biochemical reference intervals. The aim of this research was to assess the potential
effect of age, sex, body size, and their interaction on routine biochemical analytes and physiological constants
(body temperature, heart rate, and respiratory rate). To carry out the research, we selected 197 healthy dogs of both
sexes and different body sizes (small, medium and large) classified by age: group | (4-8 wk), group Il (9-24 wk),
group Il (25-52 wk), and group IV (> 52 wk). The biochemical analysis included the measurement of the enzymatic
activity of aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), gamma-
glutamyl! transferase (GGT), alkaline phosphatase (ALP), and the concentrations of cholesterol, triglycerides, total
proteins, albumin, globulins, glucose, urea, and creatinine. Statistical analyses used analysis of variance (ANOVA) and
a general linear model (GLM), which allows the comparison of multiple factors at two or more levels (p < 0.05).

Results: The results of this study showed that ALT, total protein, albumin, globulin, urea, creatinine, and body
temperature levels were lower in puppies than in adult dogs of group IV (p < 0.05), while the enzymatic activity of
ALP, LDH, glucose concentration, and heart rate were higher. Whereas sex, body size and the interaction did not
show a significant effect (p > 0.05).

Conclusions: Some biochemical components are influenced by age. For this reason, this manuscript contributes
with additional data for the clinical interpretation of blood biochemical results in puppies.
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Background

Blood biochemistry is a useful diagnostic tool not
only when overt pathologic conditions are investi-
gated, but also when subtle abnormalities in organ
systems are present [1]. Since the reference intervals
(RIs) comprise values referred to the 95% of a healthy
population, they have become one the most com-
monly used tools in clinical decisions [2]. However,
only a few laboratories perform their reference stud-
ies, and most Rls consider values obtained from adult
dogs; hence, those references should not be used to
interpret test results in puppies [1, 3].

On the other hand, clinical signs of disease in puppies
are often nonspecific. Often, the fact of not having spe-
cific reference ranges related to puppies could hinder
the diagnosis [4—6]. Evaluating biochemical components
is a valuable tool in these situations, but it could be
hampered by the lack of proper Rls [5]. The physiologic
differences between puppies and adult dogs require an
age-specific biochemical RI, as in most species [5, 7];
thus, the RI for adults should not be used in puppies
since it may lead to inaccurate interpretation of the re-
sults [2, 5, 8]. When interpreting clinical data obtained
from dogs during their first year of life, growth-related
alterations and metabolic changes in biochemical limits
should be considered [6, 9].

Limited studies have examined the effect of age, sex,
and body size on biochemistry variables in puppies, and
most of these studies were performed with specific
breeds in a controlled laboratory environment, where
dogs experienced identical living and nutritional condi-
tions [4, 8—10]. In most cases, the puppies’ history and
physical examination are the same as for adults; how-
ever, there may be some variations in the physiological
constants [11, 12].

For these reasons, with the aim to acquire new and
more precise information to biuld puppies-specific Rls,
this study assessed the potential effect of age, sex, and
body size on routine serum biochemical analytes mea-
sured in four groups of dogs of different ages (4-8, 9—
24, 25-52, and > 52 wk. of age).

Results

A total of 197 blood samples were collected from dogs
of different ages (35 from 4-8 wk, 51 from 9-24 wk, 23
from 25-52 wk, and 88 >52 wk of age), mixed and pure
breed (106 female and 91 male dogs). Sixty-six dogs
were mixed breeds, and 131 dogs were purebred. The
main pure breeds identified were 20 French Poodle, 12
Schnauzer, 10 Pitbull, 10 Labrador, 10 Rottweiler, 9 Bea-
gle, 8 German Shepherd, 8 Pug, 7 Chihuahua, 7 French
Bulldog, 7 Boxer, 7 Yorkshire, 6 Cocker Spaniel, 5 Do-
berman, and 5 Siberian Husky. All dogs were grouped
according to their body size: 90 small dogs, 50 medium
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dogs, and 57 large dogs. A variety of small, medium,
and large dogs, as well as pure and mixed breeds, were
represented in each age group. Fifteen blood samples
were excluded from further biochemical analysis due to
the presence of lipemia (9 samples), haemolysis (4 sam-
ples), or jaundice (2 samples). In addition, the values of
seven dogs were excluded from the statistical analysis
because of underlying subclinical diseases. Table 1 shows
90 T1 the mean, standard deviation, median, interquar-
tile 91 range, and significant difference with a 95% confi-
dence 92 level. It also shows the lower and upper limits
of the reference intervals and the limits of reference cal-
culated 94 with a 90% confidence interval. Data from all
the dogs 95 were divided into four age groups: 4-8, 9—
24, 25-52, 96 and > 52 wk. of age.

The effect of age, sex, and body size on biochemical
serum variables (AST, ALT, LDH, ALP, GGT, total pro-
tein, albumin, globulins, cholesterol, triglycerides, glu-
cose, urea, and creatinine) was assessed. Additionally,
the effects on body temperature (rectal), heart rate, and
respiratory rate were evaluated.

The following statistical data are reported in the re-
sults: between-groups degrees of freedom, the within-
groups degrees of freedom (separated by a comma).
After that the F statistic (rounded off to two decimal
places) and the significance level (p). Mean and standard
deviation are most clearly presented in parentheses.

Effect of age

No significant differences were observed in the AST ac-
tivity (F (3,158) = 0.59, p = 0.62). In contrast, the enzym-
atic activity of ALT had an effect on age (F (3,158) =
22.11, p=0.00). The average ALT activity in puppies
from 4 to 8 wk. of age was 26 U/L (SD = 8.8), which was
significantly lower than the enzymatic activity in dogs
from 9 to 24 wk. of age (p=0.01), 25-52 wk. of age,
and > 52 wk. of age (p = 0.00). Moreover, the ALT activ-
ity was significantly lower in dogs from 9 to 24 wk. of
age (M =32U/L, SD=9.1) than in the adult group IV
(p =0.00). Furthermore, the ALT activity in young dogs
of 25-52 wk. of age (M =37 U/L, SD =7.6) was not sig-
nificantly different compared to the enzymatic activity in
adult dogs >52 wk. of age (M =44U/L, SD=12.6; p =
0.17). Therefore, Fig. 1 shows that the ALT activity was
lower in puppies of 4—24 wk. of age; approximately from
25 wk. of age, the enzymatic activity was similar to that
in adults.

Age had a significant effect on the enzymatic activity
of LDH (F (3,158) =19.44, p =0.00). The average LDH
activity in puppies from 4 to 8 wk. of age was 244 U/L
(SD = 164.6), which was significantly higher than the en-
zymatic activity in groups II (M =73 U/L, SD = 32.4), III
(M=63U/L, SD=32), and IV (M=67U/L, SD=42)
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Table 1 Reference intervals by age

Variables Distribution (l) 4-8 wk. (1) 9-24 wk. (1) 25-52 wk. (IV) > 52 wk.
(n=35) (n=48) (n=21) (n=71)
Mean (SD) LL(90%  Mean (SD) LL (90% ClI) Mean (SD) LL (90% Cl) Mean (SD) LL (90% Cl)
Median ql) Median UL (90% CI) Median UL (90% Cl) Median UL (90% Cl)
(IQR) gb (90%  (IQR) (IQR) (IQR)
AST (U/L) G (99° 18(13-23) 40(86)° 21 (21-27) 38(102)° 16(11-23) 38(9.1)° 21 (20-24)
(16) 60 (55-64) 40 (11) 7 (54-57) 38 (155) 0 (53-66) 37 (16) 54 (52-54)
ALT (U/D) NG 88)° 8412 3201)°  15(14-200  37(76)%C 25(024-27) 44(126)¢ 22 (21-26)
an 45 (40-49) 31 (15.7) 4 (46-55) 36 (14.5) 0 (52-80) 1019 70 (65-70)
LDH (U/L) NG 244 (1646) 43 (43-48) 73 (324) b 252434 63(32°  6(6-13) 67 42°  9(8-17)
166 (228) 695 (526- 74 (55.5) 139 (131- 62 (515) 131 (112- 56 (39) 185 (143~
861) 140) 150) 187)
ALP (U/L) NG 215(716)% 101 (91-  193(392)° 111 (110-  85(367)° 18(10-36)  52(233)°  15(15-23)
115) 123)
186 (96) 394 (332-  1875(58) 281 (253- 90 (72) 179 (150- 47 (36) 112 (92-113)
456) 286) 202)
GGT (U/L) NG 5(17)° 2(2-3) 5(13)° 2(2-3) 5(9)° 2(03-3) 6(2.1)° 2(2-3)
5(2) 10(9-12)  50) 8 (7-8) 6 (2) 9 (8-10) 6 (4) 10 (9-10)
Total protein (g/dl) NG 46 (06) ° 5(33-37) 51(07)° 4040-40) 57(08)° 3(41-46) 6209 ¢ 4 (4.2-4.8)
44(12) 4(58-69) 5.1 (1.1) 1(63-73) 5504 9(69-88) 63(1.3) 2(7.7-82)
Albumin (g/dL) NG 25(03)° 9(1.9-20) 27(03)° 1(21-22) 3103 "¢ 2220-25 3104 ¢ 4(23-25)
24 (04) 5(3.2-39) 27 (06) 7 (34-38) 3.1(05) 9(37-42) 3.1(06) 2 (3.9-44)
Globulins (g/dL) NG 2.1(06)° 0(09-12) 23(06)° 10(1.0-14) 26(06)*° 13(09-18 30(07)° 7 (16-1.9)
2.1(0.7) 5(3.1-40) 23(08) 39(36-39 27(1.1) 0(36-44) 30(13) 3 (4.1-46)
Cholesterol (mg/dl) G 169 (86.3) ® 62 (60-68) 199 (60.9)° 92 (88-113) 185 (41.1)® 97 (73-123) 186 (51)* 80 (76-90)
124 (144) 418 (309- 199 (105) 317 (306- 179 (54) 272 (245- 185 (55) 288 (283~
493) 318) 299) 291)
Triglycerides (mg/dL) G 37(18) ° 4(13-16)  41(13)°  20(0-23) 43014  (12(4-21)  45(14)° 14 (14-25)
28 (22) 1(65-114) 40 (18) 76 (67-76) 43 (16) 73 (64-82) 44 (18) 9 (66-80)
Glucose (mg/dL) G 89 (21) ° 7 (38-56) (18)° 49 (47-61) 811N *>° 43(37-53) 77Q2DP° 36 (31-50)
89 (26) 132(122- 92 (23) 135 (121- 78 (33) 131 (114- 74 (32) 122 (114~
142) 137) 148) 128)
Urea (mg/dL) NG 23(7)° 12(11-13) 2787)°  9(8-14) 36 (95) > 15(10-21) 34 (10) € 14 (11-18)
20 (12) 42 (35-48) 27 (10) 47 (43-48)  35(15) 56 (50-62) 34 (15) 55 (49-56)
Creatinine (mg/dL) NG 045 (0.09)° 03 (03-03) 059 (0.16) ° 04 (04-04) 100 (030) ¢ 03 (00-0.5 103 (0.25 ¢ 06 (05-06)
045 (0.15) 07 (06-08) 054 (0.26) 10(09-1.1) 099 (050) 1.6 (14-1.7) 105(043) 16 (14-17)
Temperature (°C) NG 379(05° 367363~ 385(06)° 373(373- 387(04)> 377375~ 388(04)° 379 (379-
37) 376) ¢ 38) 38.1)
380(07)  39(388-  385(08)  396(394- 387(07)  396(393- 389(07) 397 (395-
39.2) 396) 39.7) 39.7)
Heart rate (bpm) NG 155 (284)° 86 (64-107) 145 (33)°  85(84-92) 129 (26)*° 74(58-90)  125(27)° 80 (80-89)
160 (44) 207 (196~ 140 (385 200 (200- 132 (28) 185 (168~ 120 (40) 180 (180
216) 200) 202) 180)
Breathing frequency NG 30 (66)° 15(13-19) 33 (59)° 22 (22-24) 34 (66)° 20 (16-24)  32(7)° 15 (15-20)
(bprm) 30 (12) 44 (41-46) 31 (8) 44 (40-44) 36 (12) 44 (44-44) 32 (16) 44 (44-46)

Cl confidence interval; °C degrees Celsius G gaussian; IQR inter quartile range; LL low limit; NG not gaussian; SD standard deviation; UL upper limit. Groups that do
not share a letter are significantly different (a, b, ¢) p <0.05
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Fig. 1 Enzymatic blood activity at different stages of the dog's life.
Comparison of the means (red line) of (A) ALT, (B) LDH, and (C) ALP
between groups of clinically healthy dogs of different ages: group |
(n =35, 4-8 wk), group Il (n =48, 9-24 wk), group Ill (n =21, 25-52
wk), and group IV (n =71, > 52 wk). Horizontal blue dotted lines
represent the Rls for adult dogs with a 90% Cl (see Table 1). Means
that do not share a letter are significantly different (p < 0.05)

(p =0.00). Our research showed that LDH activity de-
creased as age increased, and the values stabilized ap-
proximately at 9 wk. of age (Fig. 1).

Age had a significant effect on the enzymatic activity
of ALP (F (3,158) =165.04, p =0.00). The average ALP
in puppies from 4 to 8 wk. of age was 215 U/L (SD =
71.6), which was significantly greater than the enzymatic
activity of groups III and IV (p =0.00). The ALP activity
of group II (M =193 U/L, SD = 39.2) also showed signifi-
cantly higher activity than that of groups III (p =0.00)
and IV (p =0.00). Finally, the ALP enzymatic activity of
group III (M=85U/L, SD=36.7) was significantly
greater than that of group IV (M =52U/L, SD=23.3;
p =0.00). These results suggest that ALP enzymatic ac-
tivity decreases as the age of dogs increases. The serum
ALP activity at 4-24 wk. of age in puppies was four
times higher than that in adults; in young dogs from 25
to 52 wk. of age, the ALP activity was almost two times
higher than the activity in adults (Fig. 1). On the other
hand, age did not have a significant effect on the enzym-
atic activity of GGT (F (3,158) =1.33, p = 0.26).

Age had a significant effect on the concentration of
total proteins (F (3,158) =32.21, p =0.00). The average
serum total protein concentration in puppies from 4 to
8 wk. of age (M=4.6g/dL, SD=0.6) was significantly
lower than that in dogs from 9 to 24 wk. of age (p =
0.02), 25-52 wk. of age, and > 52 wk. of age (p =0.00).
Furthermore, that average was significantly lower in dogs
from 9 to 24 wk. of age (M =5.1g/dL, SD =0.7) than in
adults of group IV (p =0.00). Finally, the concentration
of the group from 25 to 52 wk. of age (M=5.7g/dL,
SD =0.8) was lower than that in dogs of >52 wk. of age
(M=6.2g/dL, SD=0.9; p=0.03). Therefore, these re-
sults show in Fig. 2 that the serum total proteins in pup-
pies from 4 to 8 wk. of age are lower than for dogs from
9 to 52 wk. of age, they begin to increase until they
stabilize after 52 wk. of age.

A significant effect of age on the albumin concentra-
tion was observed (F (3,158) = 21.38 p = 0.00). The albu-
min concentration in group I (M=2.5g/dL, SD=0.7)
was significantly lower than the concentration in groups
I (M=27g/dL, SD=0.3; p=0.01), III (M=3.1g/dL,
SD=0.3; p=0.00), and IV (M =3.1g/dL, SD=04; p=
0.00). In the group II puppies from 9 to 24 wk. of age,
the concentration was significantly lower than that of
group IV (p =0.00). These results show that the serum
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Fig. 2 The serum concentration of some analytes at different stages of the dog's life. Comparison of the mean (red line) (A) protein total, (B)
albumin, (C) globulins, and (D) glucose levels between groups of clinically healthy dogs of different ages: group | (n =35, 4-8 wk), group Il (n=
48, 9-24 wk), group Il (n =21, 25-52 wk), and group IV (n=71, > 52 wk). Horizontal blue dotted lines represent the Rls for adult dogs with a 90%
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albumin concentration increases as a dog’s age advances.
The albumin concentration is lower in puppies from 4
to 8 wk. of age than in dogs at 9 wk. of age, it begins to
increase; approximately at 25 wk. of age, the albumin
concentration stabilizes at adult values (Fig. 2).

Age had a significant effect on the concentration of
globulins (F (3,158) = 12.89, p = 0.00). The average serum
globulins in puppies from 4 to 8 wk. of age were 2.1 g/
dL (SD =0.6) and 2.3 g/dL (SD =0.6) in puppies from 9
to 24 wk. of age, which were significantly lower than
those in dogs from > 52 wk. of age (M =3 g/dL, SD =0.7;
p=0.00). The average globulin concentration in young
dogs from 25 to 52 wk. of age was 2.6 g/dL (SD =0.6),
which was the same as that in groups I (p =0.25), II (p =
0.94), and IV (p = 0.06). Therefore, these results indicate
that the serum globulin concentration in puppies from 4
to 24 wk. of age is lower than in dogs from 25 wk. of
age, it begins to increase until it stabilizes after 52 wk. of
age (Fig. 2).

No significant effect of age was observed on the con-
centration of cholesterol (F (3,158) =1.49, p =0.22) and
triglycerides (F (3,158) =2.52, p =0.06). A significant ef-
fect of age on the glucose concentration was observed (F

(3,158) =4.14, p=0.01). This concentration was signifi-
cantly higher in puppies from 4 to 8 wk. (M = 89 mg/dL,
SD =21, p=0.02) and from 9 to 24 wk. of age (M =90
mg/dL, SD =18, p=0.00) than in adults >52 wk. (M =
77 mg/dL, SD =21). This result suggests that there is a
decrease in glucose concentration as the age of the dog
increases. In addition, it was established that puppies
reached the glucose levels of an adult approximately at
25 wk. of age (M = 81 mg/dL, SD = 21) (Fig. 2).

Our research found an effect of age on serum urea
concentration (F (3,158) = 14.84 p = 0.00). The urea con-
centration was significantly lower in puppies from 4 to 8
wk. of age (M =23 mg/dL, SD =7) than in puppies from
groups II (p=.047), III (p=0.00), and IV (p=0.00).
Similarly, puppies from 9 to 24 wk. of age (M =27 mg/
dL, SD = 8.7) showed significantly lower urea levels than
dogs from group IV (p=0.00). Furthermore, the urea
concentration in young dogs from 25 to 52 wk. of age
(M =36 mg/dL, SD = 9.5) was equal to that of adult dogs
> 52 wk. of age (M = 34 mg/dL, SD = 10; p = 0.99). There-
fore, Fig. 3 shows that the urea concentration was lower
in puppies from 4 to 24 wk. of age compared to adults,
and it stabilized approximately in wk. 25.
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Fig. 3 The serum concentration of some analytes at different stages of the dog's life. Comparison of the mean (red line) (A) urea and (B)
creatinine levels between groups of clinically healthy dogs of different ages: group | (n =35, 4-8 wk), group Il (n =48, 9-24 wk), group Il (n=21,
25-52 wk), and group IV (n=71, > 52 wk). Horizontal blue dotted lines represent the Rls for adult dogs with a 90% Cl (see Table 1 for age-specific
reference intervals). Means that do not share a letter are significantly different (p < 0.05)

J

Age had a significant effect on the concentration of puppies from 9 to 24 wk. of age (M =0.59 mg/dL, SD =
creatinine (F (3,158) =78.92 p = 0.00). In puppies from 4  0.16) were lower than those from groups III and IV (p =
to 8 wk. of age (M = 0.45 mg/dL, SD =0.09), the creatin-  0.00). Furthermore, creatinine in young dogs from 25 to
ine concentration was lower than the concentrations in 52 wk. of age (M = 1.00 mg/dL, SD = 0.30) was similar to
groups II, III, and IV (p=0.00). Creatinine levels in the concentration in adult dogs >52 wk. of age (M=
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1.03 mg/dL, SD=0.25; p=0.81), while creatinine con-
centration in puppies from 4 to 24 wk. of age was lower.
Approximately from 25 wk. of age, the concentration
was the same as that of adults (Fig. 3).

A significant effect of age on body temperature was
observed (F (3,158) = 18.62, p = 0.00). Body temperature
in puppies from 4 to 8 wk. of age (M =37.9°C, SD=0.5)
was lower than the temperature obtained from groups
II, Il (M =38.7°C, SD=0.4), and IV (M =38.8°C, SD =
0.4) (p =0.00). Furthermore, in puppies from 9 to 24 wk.
of age (M =38.5°C, SD=0.6), their body temperature
was lower than that of adults > 52 wk. of age (p =0.01).
These results indicate that dogs from 4 to 24 wk. of age
have a lower body temperature. Figure 4 shows that ap-
proximately in dogs from 25 wk. of age, the temperature
began to increase and was similar to that in adults > 52
wk. of age (p = 0.53).

Age had a significant effect on heart rate (F (3,158) =
5.44, p=0.00). In puppies from 4 to 8 (M =155bpm,
SD=284; p=0.00) and from 9 to 24 (M =145bpm,
SD =33; p=0.01) wk. of age, the heart rate was higher
than that of adults > 52 wk. (M =74 bpm, SD = 33). Add-
itionally, in the group from 25 wk. of age, the heart rate
was similar to that of adults (p =0.86). Therefore, our
study shows a decrease in the heart rate as the animal’s
age increases (Fig. 4). Finally, there was no statistically
significant effect of age on the respiratory rate (F
(3,158) =1.21, p=0.31).

Effect of sex

No significant effect of sex was observed on the enzym-
atic activity of AST (F (1,158) =2.98, p =0.09), ALT (F
(1,158) = 1.24, p =0.28), LDH (F (1,158) = 1.74, p=0.19),
ALP (F (1,158) =2.75, p=0.10), or GGT (F (1,158) =
0.12, p =0.73). There was no significant effect of sex on
the serum concentrations of total proteins (F (1,158) =
0.14, p = 0.70), albumin (F (1,158) = 0.45, p = 0.50), glob-
ulins (F (1,158) = 0.62, p = 0.43), cholesterol (F (1,158) =
0.44, p=0.51), triglycerides (F (1,158) =1.11, p=0.29),
glucose (F (1,158) = 0.02, p = 0.90), urea (F (1,158) = 0.50,
p =048), or creatinine (F (1,158) =1.40, p =0.24). Sex
did not have a significant effect on variable physiological
constants: body temperature (F (1,158) =0.71, p = 0.40),
heart rate (F (1,158) = 2.86, p = 0.09), and respiratory rate
(F (1,158) = .80, p = 0.37).

Effect of body size (small, medium and large)

No significant differences were observed in the enzym-
atic activity of AST (F (3,158) =1.34 p=0.26), ALT (F
(3,158) =0.87, p = 0.46), LDH (F (3,158) =2.61, p = 0.05),
ALP (F (3,158)=1.32, p=0.27), or GGT (F (3,158) =
0.77, p=0.51). There was also no significant effect of
body size on the serum concentrations of total proteins
(F (3,158) = 0.21, p = 0.88), albumin (F (3,158) = 0.50, p =

Page 7 of 14

0.68), globulins (F (3,158) = 0.59, p = 0.63), cholesterol (F
(3,158) =2.39, p=0.07), triglycerides (F (3,158) =1.85,
p=0.14), glucose (F (3,158) =1.36, p=0.26), urea (F
(3,158) =1.36 p=0.26) or creatinine (F (3,158)=0.76
p =0.54). Body size had no significant effect on physio-
logical constants: body temperature (F (3,158) =0.47,
p=0.70), heart rate (F (3,158) =194, p=0.13), or re-
spiratory rate (F (3,158) = 1.77, p = 0.15).

Age, sex and body size interaction

No statistically significant effects were observed in the
enzymatic activity of AST (F (9,158) =0.76, p=0.65,
ALT (F (9,158) =0.87, p=0.55), LDH (F (9,158) = 1.41,
p=0.19), ALP (F (9,158)=0.44, p=0091), or GGT (F
(9,158) = 1.54, p=0.14). There was no significant effect
of the interaction on the serum concentration of total
proteins (F (9,158) = 0.81, p = 0.61), albumin (F (9,158) =
0.78, p = 0.64), globulins (F (9,158) = 0.77, p = 0.64), chol-
esterol (F (9,158)=0.79, p=0.62), triglycerides (F
(9,158) =1.29, p=0.25), glucose (F (9,158)=0.54, p=
0.84), urea (F (9,158) =1.92, p=0.05) or creatinine (F
(9,158) =0.79, p=0.63). Body temperature (F (9,158) =
0.69, p =0.71), heart rate (F (9,158) = 0.55, p = 0.84), and
respiratory rate (F (9,158) =0.74, p =0.67) also did not
show significant effects.

Discussion

Regarding the effect of age on the enzymatic activity of
AST and ALT, research shows contrasting results.
Within this study population, no significant effect was
observed for AST activity, similar to previous studies in
puppies from 16 to 60 days of age [5] and in dogs from
> 10 months to < 8years of age [13]. Nonetheless, other
research did find age-related differences in AST enzyme
activity in dogs from 8 to 52 wk. of age [9] and in pup-
pies from 0 to 3 and 6 months of age [10]. This study
shows that the enzymatic activity of ALT tends to in-
crease with age. The effect of age on ALT activity is con-
sistent with prior results [9, 10, 14, 15]. However, some
studies did not report significant differences in their re-
sults in puppies when compared to adults [4, 5]. These
changes in ALT activity derive from physiological varia-
tions related to age [14]. Despite the early embryogenic
differentiation of the liver, many of its metabolic func-
tions are incompletely developed at birth. The foetal
liver has a lower capacity for gluconeogenesis, glycogen
storage, bile acid metabolism, detoxification, and elimin-
ation processes, making it more susceptible to toxins
and transplacental and postnatal infections that may not
have consequences in adults [16]. Although ALT pre-
dominates in the liver, AST is also present in cardiac
muscle, skeletal muscle, liver, and kidneys. The age-
dependent activities of both enzymes appear to correlate
well with tissue growth [9].
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The enzymatic activity of LDH evaluated in the
present study was higher in puppies from 4 to 8 wk. old
than in the other phases. However, a study conducted in
2013 did not observe age-related differences in LDH en-
zyme activity [10]. In puppies, LDH activity is at the

highest levels during suckling, likely because of the en-
hanced use of lactose as a glucose precursor during the
neonatal period. Adult values are obtained soon post-
weaning [1]. Early increases in LDH activity probably re-
flect muscle trauma associated with delivery [17].
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Nevertheless, information about this enzyme is limited,
and few studies have included it in their research.

ALP enzyme activity remained elevated from wk. 4 to
wk. 52 compared to adults, but it began to decrease after
wk. 25. Numerous reports indicate that in young ani-
mals, there is an increase in ALP activity compared to
adults [5, 6, 10, 11]. This is the result of the activity of
the ALP bone isoenzyme, which is increased in serum
during bone development and growth [1, 5]. While no
significant effect of age was observed on GGT activity,
postweaning GGT values slightly decreased to below
adult values; then, they increased to reach adult values at
approximately 6 months of age. Moreover, in puppies
postweaning, serum GGT activity is believed to reflect
the enzyme derived from other tissues, mainly the liver
[1]. On the other hand, due to the high levels of the ac-
tivity of ALP and GGT contained in colostrum, the
evaluation of these enzymes in serum or plasma provides
some important information about the transfer status of
passive immunity in puppies when used as a marker of
the adequate ingestion of colostrum. However, these dif-
ferences are short-lived and are determined within the
first 2 wk. of age [1, 6].

Age showed a significant effect on the serum concen-
trations of total proteins and albumin. These results
agree with previous research [4, 5, 9, 14]. Age-associated
increases in the concentrations of total proteins and al-
bumin are attributed to normal immune stimulation,
which results in an elevated globulin fraction and albu-
min production derived from improved liver function
and intestinal absorption [1]. The lower serum concen-
tration of albumin in dogs younger than 24 wk. of age
derives from the increased demand for albumin during
this phase of intense growth [15]. In the same way, the
concentration of globulins showed a tendency to in-
crease as age advanced. This result agrees with previous
studies [5, 15]. Puppies are born hypogammaglobulinae-
mic with only a small amount of IgG and IgM and no
detectable IgA in serum at birth. Therefore, the total
protein concentration in puppies is initially low, particu-
larly precolostral intake [1]. The total protein concentra-
tion then steadily increases during the first year of life,
and it stabilizes from 1year old onward. On the other
hand, during the first 6 wk. of life, a decrease in globulin
concentration occurs due to the degradation of maternal
antibodies; meanwhile, an increase in albumin concen-
tration occurs because of normal liver function develop-
ment [1].

No effect of age was observed on the concentration
cholesterol and triglycerides. While a study from 2008
did not find an effect of age on triglyceride levels, the
cholesterol concentration was higher in dogs from <
52 wk. of age [18]. Other studies from 2012 and 2015
found no significant difference in the cholesterol
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concentration of puppies and adults [4, 5]. However,
in a longitudinal study conducted in 2016 in Labrador
and Miniature Schnauzer dogs, blood samples were
obtained from 8 to 52 wk. of age, and they found
higher concentrations of cholesterol at wk. 26 and tri-
glycerides at wk. 20 and 36 [9]. The neonatal liver
has a lower capacity to synthesize triglycerides and
cholesterol, so neonates depend on the lipids
absorbed through the diet, which is why breastfeeding
is an important source of lipids in new-borns [6].

The glucose concentration was higher in puppies from
4 to 24 wk. of age than in adults. Some research devel-
oped in dogs of different ages showed that the concen-
tration of glucose decreased with growth [1, 5, 10]. A
study found blood glucose values to be similar to those
of adults on day 4 but significantly higher at all other
time points, with a peak at wk. 4 [8]. However, in an-
other study, there was no significant difference in the
glucose concentration of puppies compared to adult
dogs [4]. Glucose in the blood is closely regulated and
normally maintained by three major mechanisms: intes-
tinal absorption, hepatic production, and, to a lesser de-
gree, renal production [1]. In young animals, there is a
reduced potential for gluconeogenesis and glycogenolysis
[1]. Furthermore, the inability of puppies to recover
quickly from hypoglycaemia or hyperglycaemia can be
attributed to their insensitivity to endogenous insulin
and the low response of counterregulatory hormones
(epinephrine and cortisol) [17]. Although glucose regula-
tion improves with age, puppies up to 16 wk. of age
should be considered predisposed to hypoglycaemia
when they are anorexic or dehydrated [6].

Blood urea and creatinine concentration are the most
commonly assessed indices of glomerular filtration in
mammals. As these components are freely filtered by the
glomerulus, any reduction in the glomerular filtration
rate (GFR) results in increases in the concentration of
these analytes in serum. However, both urea and creatin-
ine serum concentrations could be influenced by other
body systems, which may affect their rate of production
and their rates of excretion. Age variations have been
noted for both parameters [1]. The urea concentration
evaluated in the present study increased with advancing
age. These results agree with previous studies [4, 8, 9].
One previous study found a lower concentration of urea
in puppies compared to adult values, although it did not
find statistically significant differences [5]. This increase
may be due to an increase in protein metabolism, be-
cause the puppies are in the growth stage [14]. Some
proposals explain the low urea concentration in puppies
as stemming from the increment in protein synthesis by
the influence of growth hormone or the increase in
metabolic status with the glomerular filtration rate
(GFR) [1]. The GFR increases with age postnatally.
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Glomerular capillary surface area and pore density in-
crease between the first and sixth wk. after birth. Studies
suggest that GFR and renal blood flow increase up to 11
wk. of age in the puppy before reaching adult levels [19].
Serum creatinine levels also tended to increase with ad-
vancing age. Our results are consistent with some stud-
ies [4, 5, 10, 20]. Moreover, the lower creatinine in
young animals, in relation to adults, correlates with the
smaller body size and lower muscle mass [1]. It is im-
portant to have an age-specific reference interval to
identify an increase in creatinine concentration in
puppies.

Age had an effect on body temperature and heart
rate. In the second and third wk. of life, before the
puppies are in transition phase from crawling and
walking properly, normal body temperature oscil-
lates from 37.0° to 38.2°C [12]. However, one previ-
ous study mentioned that weaned puppies and
young dogs have the same normal body temperature
as adult animals [11]. The mean heart rate in
healthy puppies is approximately 220 beats per mi-
nute (bpm) during the first wk. of life [12]. On the
other hand, the respiratory rate had no significant
age-related effect. The respiratory rate is the same
as that in adults by 4 wk. of age [11].

Regarding sex, no significant effect was observed.
These results coincide with some studies from 2013 and
2016 where researchers did not find an effect of sex on
the enzymatic activity of ALT, AST, LDH, ALP, and the
concentration of total protein, albumin, cholesterol, tri-
glycerides, glucose, creatinine, and urea [9, 10]. In other
research from 2008, they did not find an effect of sex on
the concentration of triglycerides, yet the cholesterol
concentration was higher in females than in males [18].
Some researchers have reported statistically significant
differences according to sex in some biochemical param-
eters, such as cholesterol and aminotransferases [13].
However, our research shows that for the tested vari-
ables in this study, there is no need to establish sex-
specific RIs, but it is important to consider its effect
when interpreting results.

Dog body size no significant effect was observed.
These results coincide with a study of medium- and
large-sized dogs found no significant effect of body size
on biochemical variables [21]. However, one previous
study of small dogs reported a breed effect evident in
the concentration of urea, total proteins, albumin, glu-
cose, and the enzymatic activity of ALT [13].

Regarding the physiological constants statistically eval-
uated in this study, we did not observe any effect of sex
or body size. Nevertheless, it is necessary to have a
greater number of studies that provide information
about the effects related to age, sex, and body size on
these variables.

Page 10 of 14

Finally, age, sex, and body size did not have any
significant interaction on the evaluated variables.
However, one study reported a significant inter-
action of body size and age on biochemical tests of
young Labrador Retrievers and Miniature Schnau-
zers between 8 and 52 wk. of age [9]. Another study
from 2014 observed a significant interaction be-
tween body size and sex for plasma cholesterol con-
centration and ALT enzymatic activity [13].

Our study showed that enzymatic activity ALT, the
concentration of total protein, albumin, globulin, urea,
creatinine, and body temperature levels were lower in
puppies at 4—-8 wk. of age than in adult dogs. For most
of these variables, by 25 wk. of age, their values were
similar to those of adult dogs; these variables began to
increase until reaching adult values except for total pro-
teins, where their concentration began to increase from
9 wk. of age and remained stable after 52 wk. of age. In
contrast, the enzymatic activity of ALP, LDH, glucose
concentration, and heart rate were higher in puppies
from 4 to 24 wk. of age than in adult dogs.

Moreover, the values of ALP activity, glucose concen-
tration, and heart rate began to decrease approximately
from wk. 25, while the enzymatic activity of LDH de-
creased from wk. 9. The results of enzymatic activity
AST, GGT, the concentration of cholesterol, triglycer-
ides, and the respiratory rate did not show an effect of
age.

One limitation of this study is the sample size in each
age group when determining reference intervals. The
American Society of Veterinary Clinical Pathology rec-
ommends at least 120 samples. Some sample sizes
were < 40 dogs (35 from 4 to 8 wk., 48 from 9 to 24 wk,,
21 from 25 to 52 wk., and 71 > 52 wk. of age). However,
reference intervals determined from smaller sample sizes
are commonplace and often unavoidable in veterinary
medicine [2]. According to Friedrichs (2012) when >20
and <40 reference samples are available, RI should be
calculated by methods that are robust (distribution-inde-
pendent) or parametric (if normality can be established).
To highlight the uncertainty inherent with small sample
sizes, 90% CI should be calculated. In addition, should
be reported mean or median, and minimum and max-
imum values to allow informed clinical decision-making
(Table 1) [2, 22].

Notably, in this study, a direct sampling method
was approached applying inclusion and exclusion
criteria [2]. Preparation of reference individuals,
sample collection, sample handling, and sample pro-
cessing were performed in a standardized manner.
Samples were analyzed using methods that are strin-
gently monitored with appropriate quality control
procedures [23, 24]. Criteria were established for re-
jection of samples due to their poor quality. Results
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were monitored in real-time so that errors for de-
tecting and perform re-measurement [2].

Conclusion

Thus, it is evident that some biochemical components
are influenced by age. For this reason, our research of-
fers additional data that can help veterinary clinicians in
evaluating the biochemical results obtained from pup-
pies. Therefore, we suggest more research to keep the
information up to date, including the evaluation of other
biochemical, vital, and haematological variables.

Methods

Study area and population

This study was carried out in compliance with the provi-
sions established in the Ethics regulations for the use of
animals in teaching and research at the Autonomous
University of Aguascalientes, Code: DI-PL-NO-37 [25].
A non-experimental transverse design was used [26].

We selected 197 healthy dogs of different sexes and
sizes classified by age: group I (4-8 wk), group II (9-24
wk), group III (25-52 wk), and group IV (> 52 wk). The
breeds were grouped according to their body size: small-
sized (<9.5kg), medium-sized (9.5-22.7 kg) and large-
sized dogs (> 22.7-54.5 kg) [27].

Animals were assessed as healthy on the basis of a
complete physical examination and history. The collec-
tion of the medical history and the physical examination
were carried out by a veterinarian who specializes in
clinical medicine of small species at the Veterinary Hos-
pital of the Autonomous University of Aguascalientes
and private clinics. A questionnaire (Additional file 1)
related to health, living environment, activity, behav-
ioural changes, nutrition, vaccination, parasite control,
and medical history was administered [2]. The question-
naire was reviewed with the owner, and additional ques-
tions were asked if required. During this time, the dog
was allowed to freely explore the examination room. An
animal information form in Additional file 1 (document-
ing date of birth, sex, breed, weight, body size, diet, re-
productive status, vital signs) was also obtained for each
dog before inclusion in the study [11, 12]. Moreover, a
body condition score (BCS) was determined for each
dog based on a 9-point scale [28].

All dogs fasted for 8 to 12h before blood sampling,
and water was offered at libitum. Females were not lac-
tating, not pregnant, and not in oestrus. Non-fasted
dogs, dogs on medication at the time of blood sampling
or when significant illness was suspected based on his-
tory and observation were excluded from the study.
Dogs needed to be free of medication for at least 2
months before inclusion. Preventive medication (vaccin-
ation, deworming) was allowed until 2 wk. before the
consultation [2, 6, 9]. Dogs older than 6years of age
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were not included. In addition, the group of adult dogs
did not include large-sized dogs older than 5years of
age, that is, dogs in the senior stage, based on previous
studies [27]. All dogs selected for this study were pri-
vately owned. All owners signed an informed consent
form (Additional file 1).

Blood collection

Samples of 5ml of blood were collected using
venipuncture jugular tubes with vacuum and coagulation
activator (BD Vacutainer; BD Medical Technology,
Franklin Lakes, NJ). No type of anaesthesia or sedation
was used when taking the blood sample. Separation of
serum was performed via centrifugation (Ultra-8 digital,
LW Scientific, Lawrenceville, GA) from 5 to 10 min at
2500 RPM (846 RCF) when coagulation occurred at
room temperature within the first hour after blood col-
lection. The serum was transferred to a 1.5-ml tube
(Eppendorf, Hamburg, Germany). Biochemical analysis
was performed the same day; when it was not possible
to perform analyses on the same day, the serum was fro-
zen at — 20 °C (- 4 °F) and protected from light until ana-
lysis the next day, avoiding several cycles of freezing and
thawing [29].

Biochemical analysis of blood samples
We analysed the blood samples obtained in the Labora-
tory of Diagnostic Pathology using a BTS-350 spectro-
photometer (BioSystems, Barcelona, Spain) and reagents
(Pointe Scientific, Canton, MI). The analysis was per-
formed according to the manufacturer’s instructions and
utilizing standardized methods like shows the Table 2.
Monitoring recommendations for clinical chemistry
are addressed in the general American Society for
Veterinary Clinical Pathology (ASVCP) quality assur-
ance and laboratory standards guidelines [23, 24]. We
evaluated the functioning of the analytical instrument
with calibration curves for each blood analyte in
GraphPad Prism version 6 (GraphPad Software, La
Jolla, CA). In addition, the spectrophotometer BTS-
350 (BioSystems, Barcelona, Spain) has an internal
quality control system based on the Levey-Jennings
chart; this analysis allowed us to apply the Westgard
rules. Before analysing each determination, the analyt-
ical methods were calibrated according to the manu-
facturer’s instructions with the help of a chemical
calibrator and commercial controls (levels I and II)
(Pointe Scientific, Canton, MI) [23]. Lipaemic, haemo-
lyzed, and icteric blood samples were excluded from
the biochemical analysis [2]. Measurements included
in the biochemical analyses were the enzymatic activ-
ity of AST, ALT, LDH, GGT, and ALP and the con-
centrations of cholesterol, triglycerides, total proteins,

albumin, globulins, glucose, urea, and creatinine
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Table 2 Analytical methods for serum biochemistry using spectrophotometry

Analyte Method/Principle Reaction type Reading mode Type of reaction Wavelength
AST Modified IFCC Kinetic - Decreasing 340 nm
ALT Modified IFCC Kinetic - Decreasing 340 nm
LDH Modified IFCC Kinetic - Increasing 340 nm
ALP p-NPP Kinetic - Increasing 405 nm
GGT GLUPAC Kinetic - Increasing 405 nm
Total protein Biuret Endpoint Monochromatic Increasing 540 nm
Albumin BCG Endpoint Monochromatic Increasing 630 nm
Cholesterol Enzymatic Endpoint Monochromatic Increasing 500 nm
Triglycerides Enzymatic Endpoint Monochromatic Increasing 500 nm
Glucose Enzymatic Endpoint Monochromatic Increasing 500 nm
Urea Urease, GLDH Fixed time - Decreasing 340 nm
Creatinine Jaffe, acid picric Kinetic - Increasing 510nm

ALP alkaline phosphatase; ALT alanine aminotransferase; AST aspartate aminotransferase; BCG bromocresol green dye binding; GGT gamma-glutamyl transferase;
GLDH glutamate dehydrogenase; GLUPAC Ly-glutamyl-3-carboxy-4-nitroanilide; IFCC International Federation of Clinical Chemistry; LDH lactate dehydrogenase;

p-NPP p-nitrofenil phosphate

(Table 2). Globulins were determined by subtracting
the albumin concentration from the total protein con-
centration [5, 30].

Statistical analysis

Statistical analysis was performed with Minitab 17
(Minitab Statistical Software, State College, PA); p < 0.05
was considered significant. We evaluated the distribution
of the variables by examining the histograms and using a
goodness of fit test (Anderson—Darling) [31]. To deter-
mine if the variance of two or more groups was signifi-
cantly different, we used a test of equality of variances
with multiple comparisons and Levene’s methods. These
methods are valid in non-normal distributions, while in
normal distributions, the Bartlett test is used. All tests of
variance used a confidence level of 95% [32].

Statistical analyses employed analysis of variance
(ANOVA) with a general linear model (GLM), which al-
lows the comparison of multiple factors at two or more
levels (p < 0.05). Biochemical analytes, body temperature,
heart rate, and respiratory rate represent response vari-
ables (dependent), while age, sex, and body size repre-
sent factors (independent variables). The interaction
between factors was also evaluated. When the data did
not meet the normality assumptions and homoscedastic-
ity, we performed a Box-Cox transformation using Mini-
tab’s optimal lambda (\) with a confidence level of 95%.
Subsequently, a multiple comparison method (Tukey)
was performed with a confidence level of 95% [33].

¢ using the software reference value advisor (RefVa-
1AdvV.2.1, http://www.biostat.envt.fr/reference-value-
advisor/) based on the recommendations of the Inter-
national Federation of Clinical Chemistry (IFCC) and
the clinical and laboratory standards institute (CLSI)

[22]. This software detected potential outliers by visual
inspection of the histograms and dot plots of the refer-
ence values and by using the simple Dixon test, which
identifies an extremely high or low value as a potential
outlier if its distance from the next, more central value
in the distribution exceeds one-third of the total range
of values [2, 22]. If a blood specimen contributed to
more than one outlying observation, all results from that
specimen were excluded, as this could possibly indicate
subclinical disease [5]. Therefore, the values obtained
from the blood specimen of seven dogs were excluded
from the statistical analysis because a subclinical disease
was detected
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