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Abstract

Background: Castration is one of the most common surgical procedures performed in

dogs. However, based on increasing evidence, male animals experience significant pain

after castration. Astragalus polysaccharide (APS), one of the main bioactive compo-

nents in A. membranaceus bunge, has been widely used as part of Fu-Zheng therapy

to enhance natural defensemechanisms.

Introduction:This studywas carried out to determine the effects of supplementing dif-

ferent doses of Astragalus polysaccharide (APS; control, 0 mg/kg; APSL, 400 mg/kg;

and APSH, 800 mg/kg) for 8 weeks on the haematology and serum chemistry profiles,

immune response, and oxidative stress status in weanling beagle dogs.

Methods:After adapting to the experimental environment for 1 week, 18 male beagle

dogs (Sichuan Institute of Musk Deer Breeding, China; average initial weight, 3.80 ±

0.43 g; age, 3-month-old) were randomly allotted to diets supplemented with three

doses of APS (Control, 0 mg/kg; low, 400 mg/kg; and high, 800 mg/kg), referred to as

control, APSL, and APSH, respectively; six dogs were assigned to each treatment. The

dogs were fed the respective diets twice daily at 08:30 and 16:30 h in sufficient quan-

tity to supply themetabolizable energy requirements for 8weeks.Onday43 (19weeks

old), the dogs were castrated. On days 42 (prior to castration, 19 weeks old), 50 (day 7

after castration, 20 weeks old), and 57 (day 14 after castration, 21 weeks old) to mea-

sure the haematology, blood chemistry, immune response, and oxidative stress status

parameters.

Results: Based on our findings, the APSH diet decreased weight gain and increased

the feed to gain ratio in dogs (P < 0.05). At 14 days after castration, the wound was

almost closed, slightly swollen, dry, and clean in the groups supplemented with APS.

In addition, optimal APS supplementation was found to decrease erythrocyte count
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(RBC), haematocrit (HCT), alkaline phosphatase (ALP), alanine aminotransferase (ALT),

C-reactive protein (CRP), interleukin 1β (IL-1β), and tumor necrosis factor-α (TNF-α)
levels, and cortisol and protein carbonyl (PC) concentrations (P < 0.05). Moreover,

the mean corpuscular haemoglobin (MCH) and platelet (PLT) levels, interleukin 10

(IL-10) and glutathione (GSH) content, and Cu/Zn superoxide dismutase (SOD1), cata-

lase (CAT), and glutathione peroxidase (Se-GPx) activities were increased in the APS

supplemented groups (P< 0.05)

Conclusion: This study demonstrated that supplementing weanling beagle dogs with

optimumAPS could positively affect wound healing by improving their haematological

profile (decreased RBC and HCT content, increased MCH and PLT levels), serum bio-

chemical parameters (decreasedALPandALTcontent), immunestatus (decreasedCRP,

IL-1β, and TNF-α levels; increased IL-10 content), and antioxidant defense (decreased

cortisol and PC content; increased GSH content, and SOD1, CAT, and Se-GPx activi-

ties). However, the detailedmechanismwherebyAPS regulates these changes requires

further investigation. In addition, the results of this study suggest that 400 mg/kg diet

is the optimumAPS dose for beagle dogs.
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1 INTRODUCTION

Castration is one of the most common surgical procedures performed

in dogs. In fact, castration has been shown to prevent diseases of the

reproductive system, such as diseased testicles andenlargedprostates,

and modify undesirable behaviors, including urine marking, wander-

ing, undue sexual excitement, and intermale aggression (Aengwanich

et al., 2019). However, based on increasing evidence, male animals

experience significant pain after castration, which is disadvantageous

in terms of physiological, behavioral, and health consequences, espe-

cially inflammatory and oxidative stress (Prunier et al., 2006). The

percentage of neutrophils and the neutrophil/lymphocyte ratio were

found to be higher after castration in dogs (Aengwanich et al., 2019).

In calves, the scrotal inflammation score was found to be significantly

higher than that in control animals (Olson et al., 2016). According

to Bretschneider (2005), castration is an acute stressor, and plasma

cortisol values are significantly elevated after the surgical procedure.

Thus, animal welfare concerns are increasing pressure on farmers that

perform castration (Prunier et al., 2006).

Astragalus polysaccharide (APS), one of the main bioactive com-

ponents in A. membranaceus bunge, has been widely used as part

of Fu-Zheng therapy to enhance natural defense mechanisms (Zhao

et al., 1990). He et al. (2012) reported that APS inhibits the

lipopolysaccharide-induced production of TNF-α and IL-1β. In addi-

tion, APS has been shown to enhance superoxide dismutase (SOD)

activity and reduce reactive oxygen species (ROS) formation in mice

(Chen et al., 2018). Accordingly, APS may minimize the negative

consequences of castration in dogs by improving the immune response

and oxidative stress status; however, studies have not been conducted

to demonstrate this notion. The objective of this study was to deter-

mine the castrated beagle dogs were altered in the haematology and

serumchemistryprofiles, immune response, andoxidative stress status

by supplementing different doses of APS, which could be used to pre-

liminarily identify an APS-dependent mechanism that minimizes the

pain and oxidative stress experienced by recently castrated animals.

2 MATERIAL AND METHODS

2.1 Animal experiments

After adapting to the experimental environment for 1 week (Queau

et al., 2020), 18 male beagle dogs (Sichuan Institute of Musk Deer

Breeding, China; average initial weight, 3.80 ± 0.43 g; age, 3-month-

old) were randomly allotted to diets supplemented with three doses of

APS (Control, 0 mg/kg; low, 400 mg/kg; and high, 800 mg/kg), referred

to as control, APSL, and APSH, respectively; six dogs were assigned to

each treatment. The experimental APS was the same as that used in

our previous study. The nutrient requirements for the basal diet were

based on the Association of American Feed Control Officials (AAFCO,

2010). The experimental cages (1.4 × 1.4 × 1.4 m3) were housed in an

air-conditioned room, where temperature and relative humidity were

21 ± 2◦C and 55 ± 15%, respectively, and the photocycle was 14-h

light/10-h dark, as described by Dayan et al. (1998). The dogs were
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fed the respective diets twice daily at 08:30 and 16:30 h in sufficient

quantity to supply themetabolizable energy requirements for 8 weeks

(Sabchuk et al., 2019). The feed ration was adjusted every week with

a slight increase in feed allowance as described by Dobenecker et al.

(2013) and tap water ad libitum, as described by Ochi et al. (2013). On

day 43 (19weeks old), the dogswere castrated according toHutchison

(1976).

2.2 Sample collection and handling

Dogs from each experimental cage were weighed at the initiation and

every 2 weeks of the experiment. Twelve hours after the last feeding

(Swanson et al., 2004), blood samples from each treatment groupwere

withdrawn from the cephalic vein of the forelimb using an evacuated

tube, according to Ochi et al. (2013), on days 42 (prior to castration,19

weeks old), 50 (day 7 after castration, 20 weeks old), and 57 (day 14

after castration, 21 weeks old) to measure the haematology, blood

chemistry, immune response, and oxidative stress status parameters. A

total of 10ml of bloodwas collected fromeach treatment group at each

collection time, and blood for haematology was collected using EDTA

as an anticoagulant, while blood for serum chemistry analysis was col-

lected without an anticoagulant. After clotting, serum was separated

by centrifugation at 3000 × g for 8 min, stored at−80◦C, and analyzed

according to Alexander et al. (2018).

2.2.1 Growth parameters

All beagle dogs were weighed at the start and at the end of the experi-

ment to calculate final weight (FW) and weight gain (WG). The amount

ofdaily intakewas recorded to calculate the feed togain (F:G) ratio.Val-

ues were calculated using the following formulae according to Kürekci

et al. (2020).

WG (kg)= FW − IW,where FW = final weight (kg)

IW (g)= initial weight (kg)

F : G = FI (kg) ∕WG(kg) ,where FI = Food intake (kg).

2.2.2 Hematology and blood chemistry parameters
assays

Haematological parameters, such as leukocyte count (WBC), ery-

throcyte count (RBC), haemoglobin (HGB), haematocrit (HCT), mean

corpuscular volume (MCV), mean corpuscular haemoglobin (MCH),

mean corpuscular haemoglobin concentration (MCHC), and platelet

count (PLT), were estimated using an automated cell analyzer (KX-21,

Sysmex Corporation, Kobe, Japan).

Biochemical parameters, such as aspartate aminotransferase (AST),

alanine aminotransferase (ALT), alkaline phosphatase (ALP), glutamyl

transpeptidase (GGT), creatine kinase (CK), total protein (TP), albumin

(ALB), globulin (GlO), albumin/globulin ratio (A/G), triglyceride (TG),

and blood glucose (GlU), creatinine (CREA), blood urea nitrogen (BUN)

and total bilirubin (TBIL) were estimated by spectrophotometry using

aMindray BS-420 Automatic Analyzer (Shenzhen, China).

2.2.3 Immune response status and oxidative stress
parameters assays

C-reactive protein (CRP) levels were measured by canine-specific

ELISA, according to the manufacturer’s instructions (Jiangsu Meib-

iao Biotechnology Co., Ltd., China, Cat No. MB-8813A). Serum levels

of interleukin 1β (IL-1β), tumor necrosis factor-α (TNF-α), interleukin
10 (IL-10), and transforming growth factor-β1 (TGF-β1) were ana-

lyzed with a canine-specific ELISA kit (Jiangsu Meibiao Biotechnology

Co., Ltd., China); the minimum detectable doses for IL-1β, TNF-α, IL,
10, and TGF-β1 were typically less than 1.0, 0.1, 0.1, and 1.0 pg/mL,

respectively.

The concentration of cortisol was measured by double antibody

sandwich ELISA, as described by Daniel et al. (2008). The protein con-

centration of the samples was determined according to the method of

Bradford (1976). Protein carbonyl (PC) content residue and malondi-

aldehyde (MDA) were measured as described by Caperna et al. (2010)

and Crnogaj et al. (2010), respectively. Cu/Zn superoxide (SOD1) and

glutathione peroxidase (Se-GPx) activities were assayed as described

by Zhang et al. (2008). Catalase (CAT) activity was assayed by the

decomposition of hydrogen peroxide according to Aebi (1984). GSH

contentwasdeterminedaccording to themethoddescribedbyAyhanci

et al. (2010). The intra-assay and inter-assay coefficient of variation for

repeated measurement of CRP, IL-10, CAT, TGF-β1, IL-1β, TNF-α, Cor-
tisol, PC, MDA, SOD1, GSH-Px, and GSH, content in samples were less

than 6% and 10%, respectively.

2.3 Statistical analysis

Results are expressed as mean ± standard deviation (SD). The growth

performance data were analyzed using one-way analysis of variance

(ANOVA). Repeated measures ANOVA were applied to compare the

serum chemistry profiles, immune response, and oxidative stress sta-

tus data during different times in each group. The effects of groups,

time, and their interactions on the changes of each parameter were

also analyzed. SPSS version 23 software (SPSS forWindows, SPSS, Inc.)

was used for all statistical analyses. Statistically, significance level was

considered to be P< 0.05.

3 RESULTS

3.1 The effect of APS on growth performance
and wound healing

In this study, we assessed the growth performance of dogs. As shown

in Table 1, FW and WG were the lowest for beagle dogs fed the diet
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(a1) (a2) (a3)

(b1) (b2) (b3)

(c1) (c2) (c3)

F IGURE 1 Effect of Astragalus polysaccharide (APS) supplementation onwound healing in beagle dogs. (Prior to castration: A1-Control,
A2-APSL, A3-APSH; Day 7 after castration: B1-Control, B2-APSL, B3-APSH; Day 14 after castration: C1-Control, C2-APSL, C3-APSH)

TABLE 1 Growth parameters of beagle dogs supplemented with
Astragalus polysaccharide (APS) for 56 days

Items Control APSL APSH

IW 3.88±0.60a 3.85±0.58a 3.82±0.13a

FW 5.63±0.35b 6.00±0.46b 4.67±0.23a

WG 1.75±0.26b 2.15±0.28b 0.88±0.10a

F:G 7.98±1.30a 6.46±0.81a 15.69±1.77b

IW= initialweight; FW= finalweight;WG=weight gain; F:G= feed to gain.

Values are means ± SD (n = 6), and different superscripts in the same row

are significantly different (P< 0.05).

Control: Astragalus polysaccharide-supplemented at dose 0 mg/kg diet.

APSL: Astragalus polysaccharide-supplemented at dose 400mg/kg diet.

APSH: Astragalus polysaccharide-supplemented at dose 800mg/kg diet.

supplemented with the high level of APS (P < 0.05); however, the F:G

ratio was significantly higher in the APSH groups than in the APSL

and control groups (P < 0.05). As described in Figure 1, the wound

was almost closed, slightly swollen, dry, and clean in the APSL and

APSH groups after surgical castration for 14 days, while in the control

group, thewoundswere poorly healed, open, wet with blood, andwere

draining small amounts of purulent material.

3.2 Effect of APS on the haematology and blood
chemistry parameters

The haematology parameters of beagle dogs supplemented with APS

are shown in Table 2. The group × time interaction were significant in

WBC, RBC, HCT, MCH, and PLT (P < 0.05). No significant differences

were observed in WBC, HGB, MCV, and MCHC with increasing levels

of APS at the same treatment time (P > 0.05). Additionally, there were

no significant differences in RBC,HGB,HCT,MCV, andMCHCparame-

ters between the same treatments at various time (P> 0.05). However,

prior to castration, the levels of RBC and HCT in the APSL group were

significantly lower than those in the control group (P< 0.05), while the
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TABLE 2 Haematology parameters of beagle dogs supplemented with Astragalus polysaccharide (APS) for 56 days

Time PValue

Items Groups Prior to castration

Day 7 after

castration

Day 14 after

castration Group Time Group× Time

WBC (109/L) Control 10.63±1.53aA 9.17 ±0.95aA 10.90 ±0.75aA P= 0.70 P< 0.01 P< 0.05

APSL 10.93±1.02aA 9.73 ±1.16aA 11.03 ±1.16aA

APSH 13.00±1.13aB 9.10 ±1.68aA 11.17 ±1.62aAB

RBC (1012/L) Control 6.88±0.27bA 6.88 ±0.09bA 6.52 ±0.16bA P< 0.05 P= 0.30 P< 0.05

APSL 5.95±0.36aA 6.08 ±0.23aA 6.19 ±0.17abA

APSH 6.24±0.39abA 5.78 ±0.45aA 5.94 ±0.19aA

HGB (g/L) Control 147.33±5.69aA 145.33 ±7.77aA 145.67 ±6.11aA P= 0.20 P= 0.66 P= 0.06

APSL 134.67±6.81aA 139.33 ±4.04aA 142.33 ±1.15aA

APSH 141.33±6.11aA 136.33 ±7.57aA 137.33 ±4.73aA

HCT(L/L) Control 0.44±0.02bA 0.43±0.02bA 0.42±0.02aA P< 0.05 P= 0.10 P< 0.01

APSL 0.39±0.02aA 0.38±0.02aA 0.41±0.01aA

APSH 0.40±0.02abA 0.40±0.01abA 0.39±0.01aA

MCV (fL) Control 63.47±0.99aA 63.87 ±0.96aA 64.60 ±0.95aA P= 0.29 P< 0.01 P= 0.90

APSL 65.47±1.10aA 66.00 ±1.54aA 66.27 ±1.72aA

APSH 64.83±1.46aA 65.23 ±1.70aA 65.93 ±2.05aA

MCH (pg) Control 21.43±0.21aA 21.63 ±0.61aAB 22.33 ±0.38aB P< 0.05 P< 0.01 P< 0.05

APSL 22.43±0.40bA 23.63 ±1.02bA 23.00 ±0.46aA

APSH 22.67±0.70bA 22.93 ±0.46abA 23.10 ±0.53aA

MCHC (g/L) Control 337.67 ±3.06aA 339.00±6.08aA 345.33 ±1.53aA P= 0.14 P= 0.11 P= 0.25

APSL 345.67 ±2.89aA 347.33 ±5.13aA 347.00 ±8.54aA

APSH 349.67 ±3.06aA 341.67 ±9.29aA 350.67 ±2.52aA

PLT (109/L) Control 319.67 ±18.15aB 244.67 ±37.85aA 345.33 ±39.11aB P< 0.01 P< 0.01 P< 0.05

APSL 457.00 ±21.79bB 385.33 ±46.50bA 409.00 ±26.66aAB

APSH 377.33 ±31.90bA 328.00 ±22.34bA 342.33 ±51.2aA

WBC = leukocyte count; RBC = erythrocyte count; HGB = hemoglobin; HCT = hematocri; MCV = mean corpuscular volume; MCH = mean corpuscu-

lar hemoglobin; MCHC = mean corpuscular hemoglobin concentration; PLT = platelet. Values are means ± SD (n = 6). Different superscript lowercase

letters indicate significant differences in same time among different treatment (Control, APSL, APSH) (P < 0.05). Different superscript uppercase letters

indicate significant differences in same treatment (Control, APSL, APSH) among different treatment time (P < 0.05). Control, Astragalus polysaccharide-

supplemented at dose 0mg/kg diet. APSL, Astragalus polysaccharide-supplemented at dose 400mg/kg diet. APSH, Astragalus polysaccharide-supplemented

at dose 800mg/kg diet.

levels of MCH and PLTwere significantly higher in the APSL and APSH

groups than in the control group (P < 0.05). On day 7 after castration,

RBC and HCT levels were highest in the control group, and lowest in

the APSH group (P < 0.05). The APSL group had significant increases

in the levels of MCH and PLT compared with the control group (P <

0.05). On day 14 after castration, RBC levels in the control groupswere

higher than those in the APSL group (P < 0.05). TheWBCwas lower in

APSH group than other treatments on day 7 after castration(P< 0.05).

At control group, the PLT was the lowest on day 7 after castration (P<

0.05).

The blood chemistry parameters in the serum of beagle dogs are

presented in Table 3. The group × time interaction were not signifi-

cant (P>0.05). Prior to castration day, theAPSL group had a significant

decrease in serumALT andALP levels (P< 0.05). However, APS supple-

mentation did not significantly change these levels in the other groups

(P > 0.05). On day 7 after castration, APSL treatment also decreased

the ALT and ALP content compared with control treatment (P < 0.05).

On day 14 after castration, the ALP levels in the control group were

higher than those in the APSL group (P < 0.05). Among the all treat-

ment, GGT decreased significantly on day 7 after castration, and CREA

and TG increased significantly on day 14 after castration (P < 0.05). In

APSH group, the CK, BUN, and TBIL levels were the highest on day 7

after castration (P < 0.05). No significant difference was observed in

the other groups (P> 0.05).

3.3 The effect of APS on immune response

Table 4 presents the immune response in serum of beagle dogs supple-

mented with APS. There was a significant group × time interaction on
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TABLE 3 Blood chemistry parameters of beagle dogs supplemented with Astragalus polysaccharide (APS) for 56 days

Time PValue

Items Groups Prior to castration

Day 7 after

castration

Day 14 after

castration Group Time Group× Time

AST (U/L) Control 26.53 ±3.78aA 27.47 ±4.58aA 28.23 ±1.59aA P< 0.05 P= 0.84 P= 0.94

APSL 29.93 ±2.15aA 29.33 ±2.34aA 30.60 ±3.04aA

APSH 26.30 ±0.72aA 28.00 ±2.71aA 26.53 ±3.37aA

ALT (U/L) Control 30.27 ±4.17bA 29.53 ±3.07bA 21.93 ±3.37aA P< 0.05 P= 0.35 P= 0.53

APSL 22.67 ±2.69aA 21.13 ±1.16aA 24.80 ±4.14aA

APSH 22.80 ±3.10aA 24.53 ±3.57abA 22.50 ±2.33aA

ALP (U/L) Control 322.07 ±5.73bA 311.10 ±25.31bA 374.43 ±60.62bA P< 0.05 P= 0.08 P= 0.42

APSL 239.77 ±27.36aA 220.13 ±29.23aA 247.47 ±39.09aA

APSH 357.47 ±33.04bA 296.27 ±17.40bA 315.70 ±43.74abA

GGT (U/L) Control 7.10 ±0.75aB 5.20 ±0.79aA 6.73 ±0.80aAB P= 0.12 P< 0.05 P= 0.21

APSL 5.90 ±0.70aB 4.13 ±0.71aA 6.83 ±0.85aB

APSH 7.50 ±1.18aB 4.83 ±0.47aA 8.13 ±0.78aB

CK (U/L) Control 262.60 ±39.11aA 290.90 ±24.31aA 234.97 ±45.24aA P= 0.14 P< 0.05 P= 0.51

APSL 286.37 ±8.52aA 304.50 ±9.11aA 282.67 ±33.48aA

APSH 273.37 ±10.65aB 270.87 ±21.67aB 230.40 ±13.86aA

TP (g/L) Control 50.83 ±1.50aA 51.40 ±1.21aA 51.17 ±1.66aA P= 0.32 P= 0.11 P= 0.92

APSL 50.40 ±2.76aA 51.50 ±2.60aA 51.03 ±3.32aA

APSH 53.23 ±1.86aA 54.07 ±2.65aA 54.27 ±3.52aA

ALB (g/L) Control 25.23 ±1.65aA 24.60 ±2.85aA 25.27 ±2.44aA P= 0.23 P= 0.38 P= 0.21

APSL 26.33 ±1.42aA 27.63 ±0.31aA 25.90 ±1.81aA

APSH 27.77 ±2.29aA 28.77 ±3.31aA 28.33 ±1.90aA

GLO (g/L) Control 25.60 ±0.46aA 26.80 ±1.74aA 25.90 ±0.90aA P= 0.42 P= 0.50 P= 0.50

APSL 24.07 ±1.63aA 23.87 ±2.66aA 25.13 ±2.49aA

APSH 25.47 ±1.42aA 25.30 ±1.21aA 25.93 ±2.15aA

A/G Control 0.99 ±0.07aA 0.93 ±0.07aA 0.98 ±0.13aA P= 0.19 P= 0.55 P= 0.36

APSL 1.10 ±0.06aA 1.17 ±0.14aA 1.04 ±0.11aA

APSH 1.09 ±0.13aA 1.14 ±0.18aA 1.10 ±0.08aA

TG (mmol/L) Control 0.31 ±0.01aA 0.36 ±0.04aAB 0.42 ±0.04aB P= 0.28 P< 0.01 P= 0.29

APSL 0.30 ±0.04aA 0.36 ±0.05aAB 0.41 ±0.02aB

APSH 0.37 ±0.06aA 0.35 ±0.01aAB 0.45 ±0.05aB

GLU (mmol/L) Control 5.80 ±0.20aA 5.80 ±0.19aA 5.74 ±0.16aA P= 0.56 P= 0.06 P= 0.60

APSL 5.92 ±0.39aA 5.70 ±0.69aA 5.70 ±0.45aA

APSH 5.55 ±0.29aA 5.44 ±0.42aA 5.42 ±0.42aA

CREA

(μmol/L)

Control 35.27 ±2.03aB 31.97±1.46aA 37.57 ±0.91aB P= 0.63 P< 0.01 P= 0.70

APSL 36.03 ±3.09aB 29.93 ±2.75aA 39.07 ±2.90aB

APSH 33.87 ±1.17aAB 29.67 ±3.01aA 38.00 ±4.04aB

BUN (mmol/L) Control 5.12 ±0.32aA 5.61 ±0.3aA 5.08 ±0.33aA P= 0.71 P< 0.01 P= 0.71

APSL 5.02 ±0.21aA 6.00 ±0.50aAB 5.22 ±0.41aAB

APSH 4.95 ±0.37aA 5.84 ±0.16aB 5.18 ±0.24aA

(Continues)
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TABLE 3 (Continued)

Time PValue

Items Groups Prior to castration

Day 7 after

castration

Day 14 after

castration Group Time Group× Time

TBIL (μmol/L) Control 2.55 ±0.14aA 2.99 ±0.13aB 2.67 ±0.18aA P= 0.74 P< 0.01 P= 0.67

APSL 2.54±0.14aA 2.87 ±0.23aA 2.73 ±0.22aA

APSH 2.48 ±0.18aA 2.80 ±0.10aB 2.69 ±0.07aAB

AST = aspartate aminotransferase; ALT = alanine aminotransferase; ALP= alkaline phosphatase; GGT = glutamyl transpeptidase; CK= creatine kinase; TP

= total protein; ALB= albumin; GLO= globulin; A/G= albumin/globulin ratio; TG= triglyceride; GLU= glucose; CREA= creatinine; BUN= blood urea nitro-

gen; TBIL = total bilirubin. Values are means ± SD (n = 6). Different superscript lowercase letters indicate significant differences in same time among

different treatment (Control, APSL, APSH) (P < 0.05). Different superscript uppercase letters indicate significant differences in same treatment (Con-

trol, APSL, APSH) among different treatment time (P < 0.05). Control, Astragalus polysaccharide-supplemented at dose 0 mg/kg diet. APSL, Astragalus

polysaccharide-supplemented at dose 400mg/kg diet. APSH, Astragalus polysaccharide-supplemented at dose 800mg/kg diet.

TABLE 4 Immune response in serum of beagle dogs supplemented with Astragalus polysaccharide (APS) for 56 days

Time PValue

Items Groups Prior to castration

Day 7 after

castration

Day 14 after

castration Group Time Group× Time

CRP (mg/L) Control 19.22 ±0.80aB 19.41 ±1.08cB 15.84 ±0.78bA P< 0.01 P< 0.01 P< 0.01

APSL 19.14 ±1.19aC 15.52 ±0.39aB 13.60 ±1.61aA

APSH 17.68 ±2.25aB 17.69 ±1.37bB 12.43 ±0.77aA

IL-1β (pg/mL) Control 304.01 ±50.58bA 589.04±26.09cC 429.01±29.85bB P< 0.01 P< 0.01 P< 0.01

APSL 250.55 ±41.04bA 483.97 ±31.42bC 312.16 ±45.85aB

APSH 159.97 ±11.86aA 437.04 ±33.58aB 445.08 ±13.89bB

TNF-α (pg/mL) Control 43.04 ±5.73aA 81.20 ± 6.23cC 63.22 ±3.63bB P< 0.01 P< 0.01 P< 0.01

APSL 48.31 ±5.95aA 68.27 ±5.22bB 44.24 ±3.31aA

APSH 48.18 ±3.36aB 54.63 ±2.127aC 42.81 ±2.58aA

IL-10 (pg/ml) Control 50.26 ±3.23aA 55.48±5.05aB 67.59 ±1.96aC P< 0.01 P< 0.01 P= 0.13

APSL 56.99 ±3.81bA 61.42±8.93abAB 67.49 ±8.84aB

APSH 61.72 ±7.06bA 65.79 ±8.60bA 75.69±3.28bB

TGF-β1 (pg/ml) Control 181.67 ±13.59aC 131.97 ±14.40aB 109.66 ±13.43aA P= 0.73 P< 0.01 P= 0.07

APSL 179.09 ±13.07aC 155.39 ±24.29aB 99.38±17.09aA

APSH 179.00 ±8.28aC 145.22 ±19.43aB 112.67 ±12.86aA

CRP = C-reactive protein; IL-1β = interleukin 1β; TNF-α = tumor necrosis factor α; IL-10 = interleukin 10; TGF-β1 = transforming growth factor-β1. Values
aremeans± SD (n=6). Different superscript lowercase letters indicate significant differences in same time amongdifferent treatment (Control, APSL, APSH)

(P< 0.05). Different superscript uppercase letters indicate significant differences in same treatment (Control, APSL, APSH) among different treatment time

(P < 0.05). Control, Astragalus polysaccharide-supplemented at dose 0 mg/kg diet. APSL, Astragalus polysaccharide-supplemented at dose 400 mg/kg diet.

APSH, Astragalus polysaccharide-supplemented at dose 800mg/kg diet.

CRP, IL-1β and TNF-α (P < 0.05), and there was no significant group ×

time interaction on the IL-10 and TGF-β1(P> 0.05). Prior to castration,

IL-1β content was the highest in the control group (P < 0.05); how-

ever, IL-10 content showed the opposite result (P < 0.05). On day 7

after castration, the levels of IL-1β and TNF-α were the lowest in the

APSH group (P < 0.05); the CRP content in the APSL group was lower

than that in the control and APSH groups (P< 0.05); and IL-10 content

was highest in the APSH group (P < 0.05). On day 14 after castration,

the levels of CRP and TNF-α in the APSL and APSH groups were lower

than in the control group (P<0.05), IL-1βwas significantly decreased in
the APSL group (P < 0.05), and IL-10 was significantly increased in the

APSH group (P < 0.05); In all group, CRP and TNF-α were the highest

on day 7 after castration (P < 0.05). IL-10 were elevated significantly

on day 14 after castration in all treatment. (P < 0.05). On the con-

trary, TGF-β1 was decreased significantly on day 14 after castration (P
< 0.05).

3.4 The effect of APS on oxidative stress status

The levels of cortisol, MDA, and PC, and the activities of SOD1, CAT,

Se-GPx, and GSH in the serum of dogs are shown in Table 5. Cortisol
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TABLE 5 Antioxidant status in serum of beagle dogs supplemented with Astragalus polysaccharide (APS) for 56 days

Time PValue

Items Groups Prior to castration

Day 7 after

castration

Day 14 after

castration Group Time Group× Time

Cortisol (ng/dL) Control 16.76 ±1.06bA 22.80 ±3.40bB 21.72 ±1.49bB P< 0.01 P< 0.01 P< 0.01

APSL 11.11 ±1.08aA 17.67 ±2.10aB 20.04 ±3.03bB

APSH 10.56 ±0.81aA 19.80 ±1.09aC 16.18 ±1.49aB

MDA (nmol/mL) Control 10.00 ±1.58aB 9.65 ±0.57aB 6.36 ±0.68aA P= 0.14 P< 0.01 P= 0.49

APSL 10.56 ±0.84aC 9.24 ±0.41aB 6.95 ±1.08aA

APSH 10.89 ±0.25aC 9.49 ±1.29aB 7.47 ±0.93aA

PC (ng/ml) Control 84.66 ±4.23aB 82.38 ±6.39bA 61.06 ±4.14bA P< 0.01 P< 0.01 P< 0.01

APSL 82.83 ±9.97aB 68.22 ±2.70aA 57.68 ±4.38abA

APSH 82.49 ±7.15aB 69.51 ±11.1aA 53.93 ±5.12aA

SOD1 (pg/ml) Control 312.59 ±30.73aA 329.57 ± 40.69aA 394.50 ±53.62aB P= 0.23 P< 0.01 P= 0.74

APSL 311.33 ±45.52aA 377.63 ±40.71bB 415.94 ±52.13aB

APSH 331.01 ±59.14aA 360.03 ±20.77abA 397.28 ±66.45aA

CAT (ng/ml) Control 100.99 ±8.98aA 112.83±8.39aB 109.66 ±13.43aA P= 0.68 P< 0.01 P= 0.85

APSL 105.58 ±14.35aB 115.21±9.15abB 99.38 ±17.09aA

APSH 97.46 ±2.68aA 128.51 ±15.74bC 112.67 ±12.86aB

Se-GPx (ng/ml) Control 190.17 ±22.02aA 220.60 ±15.64aB 182.41 ±8.34aA P< 0.01 P< 0.01 P= 0.18

APSL 219.33 ±18.28aB 274.51 ±14.66bC 189.19±9.94aA

APSH 191.28 ±30.89aA 249.28 ±31.78bB 200.28 ±39.85aA

GSH (nmol/ml) Control 47.42 ±5.35aA 56.24 ±6.39aB 43.99 ±6.98aA P< 0.05 P< 0.01 P= 0.43

APSL 52.69 ±4.34aA 67.07 ±7.39bB 45.67 ±3.60aA

APSH 47.57 ±4.01aA 58.84 ±6.82abB 42.57 ±2.68aA

MDA=malondialdehyde; PC = protein carbonyl; SOD1= Cu/Zn superoxide; Se-GPx = glutathione peroxydase; CAT= catalase; GSH = glutathione. Values

aremeans± SD (n=6). Different superscript lowercase letters indicate significant differences in same time amongdifferent treatment (Control, APSL, APSH)

(P< 0.05). Different superscript uppercase letters indicate significant differences in same treatment (Control, APSL, APSH) among different treatment time

(P < 0.05). Control, Astragalus polysaccharide-supplemented at dose 0 mg/kg diet. APSL, Astragalus polysaccharide-supplemented at dose 400 mg/kg diet.

APSH, Astragalus polysaccharide-supplemented at dose 800mg/kg diet.

and PC showed significant group × time interactions (P > 0.05). There

were no significant group × time interaction on MDA, SOD1, CAT, Se-

GPx, andGSH (P> 0.05). Prior to castration, the cortisol contentswere

lower in the APSH group than in the control group (P < 0.05); how-

ever, therewas no difference between the other oxidative stress status

parameters (P > 0.05). On day 7 after castration, cortisol content was

lower in theAPSLandAPSHgroups than in the control group (P<0.05),

and the PC content was lower in the APSH group than in the control

group (P< 0.05). APSL treatment significantly increased the SOD1 and

Se-GPxactivities andGSHcontent comparedwith control treatment (P

<0.05).Moreover, CATactivitywas significantly increased in theAPSH

group (P < 0.05). On day 14 after castration, the PC and cortisol lev-

els in the APSH group were lower than those in the control group (P

< 0.05). Cortisol, CAT, Se-GPx, and GSH were significantly increased

on day 7 after castration in all group (P < 0.05). The highest content of

MDA and PC were observed in all group prior to castration time (P <

0.05).While SODwere exhibited significantly increased in Control and

APSL group on day 14 after castration (P< 0.05).

4 DISCUSSIONS

4.1 APS regulates growth and wound healing in
beagle dogs

The effects of APS on the growth performance of beagle dogs were

revealed in this study. Poor FW andWGwere observed in beagle dogs

fed high levels of APS, as previously shown in mice (Huang et al., 2017)

and rats (Wang et al., 2009). Ahmed and Khan (2006) reported that

the decreased growth in animals was due to the increased F:G ratio.

Based on the correlation analysis, F:G was negatively correlated with

FW and WG, respectively (r1 = −0.588, P1< 0.05; r2 = −1.00, P2<

0.01), implying that poor beagle dog growth may be partly attributed

to the improved F:G caused byAPS. Castration is a painful and stressful

procedure that causes tissue damage and induces host inflammatory

responses (Aengwanich et al., 2019). To our knowledge, APS is an

herb commonly used in traditional Chinese medicine and is one of

the major active ingredients responsible for the biologically active
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properties, including immunomodulation, anti-inflammatory, and

antioxidant properties (Huang et al., 2017). In this study, the results

of wound healing in all castration cases were almost closed, dry, and

clean following APS treatment. Unfortunately, no previous studies

have investigated the effects of APS on wound healing in beagle dogs.

Gilliver et al. (2006) indicated that wound healing is a complex process

that is strongly correlated with the inflammatory response, which led

us to hypothesize that APS has a positive effect on the inflammatory

response in weanling beagle dogs. Thus, we investigated the effects of

APS on the inflammatory response in beagle dogs.

4.2 APS improves the haematological and serum
biochemical profiles of beagle dogs

The haematological profile is a critical marker for monitoring animal

health and the pathophysiological state (Farag et al., 2019). In this

study, all beagle dogs had good or fair body conditions throughout

the experimental period. Haematological parameters were within the

normal ranges, as found in our previous study (Yang et al., 2020). Inter-

estingly, this study found that haematology parameters, such as WBC,

HGB, HCT, MCV, andMCHC, were not significantly influenced by APS.

However, APS supplementation decreased HCT levels in beagle dogs

after castration. Today, limited data have been reported regarding the

effect of APS supplementation on HCT levels in weanling beagle dogs.

In this study, the exact mechanisms for the decreased HCT due to

APS supplementation are not clear, but could be attributed to a pos-

sible decrease in RBC concentration caused by APS supplementation.

HCT is the proportion of blood volume that is affected by RBC num-

ber and size (Maheswaran et al., 2008). In this study, the levels of

RBC were decreased in APS supplementation diet. Correlation analy-

ses revealed that theHCT level was positively related to RBC levels (on

day 7 after castration, r = + 0.900, P < 0.05), supporting the hypoth-

esis that the mechanism by which APS decreases the HCT level is

related to the downregulation of RBC levels. Furthermore, the effects

of APS on RBC contents may be attributed to the decrease in serum

iron and the increase in cell apoptosis. Studies have shown that serum

iron is positive in RBCs (Kim et al., 2008). In mice, APS supplemen-

tation has been reported to reduce serum iron (Ren et al., 2016). In

addition, Caspase 3 is a frequently activated cell death, a previous

study showed that increased Caspase 3 levels induced apoptosis in

animal cells (Feng et al., 2015). In vitro, it has been proved that APS

increased the activities of caspase 3 (Cao et al., 2010). Additionally, in

this study, APS increasedMCH and PLT levels in beagle dogs after cas-

tration. The effects of APS on MCH levels may be also explained by a

decrement of serum iron. Madhu and Pooja (2015) indicated that an

increase in MCH is closely associated with a reduction in blood iron,

resulting in decreased oxygen-carrying capacity and eventual stimu-

lation of erythropoiesis. As mentioned earlier, APS supplementation

decrease serum iron in mice (Ren et al., 2016). Thus, the increase in

MCH levels owing to the APS diet may be a modulation of the oxygen-

carrying function, which may be an adaptation to the down-regulation

of RBC levels. The increase in the concentration of PLT agrees with

the results reported by Denzler et al. (2016), who found that the num-

ber of circulating platelets was increased by the administration of APS.

PLT provide initial haemostasis in wound healing and produce platelet-

derived growth factor (PDGF) and transforming growth factor (TGF),

which stimulate the healing of wounds (Grazul-Bilska et al., 2003). In

vivo, the administration of APS increased the levels of IL-6 and IL-13

(Denzler et al., 2016), which are involved in PDGF-induced (Roth et al.,

1995) and TGF-induced cell proliferation (Booth et al., 2001). Thus, our

study supports the notion that APSmay inducewound healing through

changes in PDGF and TGF; however, the underlying mechanism should

be further investigated.

Serum biochemical parameters are another useful tool for diag-

nosing and investigating the physiological responses of animals to the

surrounding environment. Interestingly, this study found that serum

biochemical parameters, including AST, GGT, CK, TP, ALB, GLO, A/G,

TG, and GLU, were not significantly influenced by APS. However, APS

supplementation decreased the ALP and ALT levels in weanling bea-

gle dogs. The significant change in ALP and ALT levels in the current

study is in accordance with the results of Farag et al. (2019) and

Yan et al. (2009) in rats. The decline in ALP and ALT levels in our

study could explain why APS exerts a potential health benefit in bea-

gle dogs through an improvement in liver function. The liver is the

main site of protein synthesis and contains ALP and ALT (Casiglia

et al., 1993). Damage to the hepatic structure leads to leakage of

ALP and ALT into the blood (Abirami et al., 2015). APS has been

reported to remarkably ameliorate CCl4-induced cellular boundary

loss in hepatocytes (Yan et al., 2009), suggesting that APS supplemen-

tation alleviates liver damage (Mahmoodzadeh et al., 2017). Therefore,

the decrease in the ALP and ALT content may be attributed to the pro-

tection of the structural integrity of hepatocytes by APS supplemen-

tation; however, the mechanisms are unknown and should be further

investigated.

4.3 APS improves the immune status of beagle
dogs

CRP is regarded as a marker of inflammation, and an increased CRP

level is associated with inflammatory bowel disease (Vermeire et al.,

2010) and hypertension (Elabd et al., 2016). In this study, APS supple-

mentation decreased CRP levels in weanling beagle dogs, suggesting

that APS has positive effects on inflammation status in dogs. This is

consistent with the results of studies conducted with mice (Xxa et al.,

2020) and rabbits (Zeng et al., 2010). The effects of APS on CRP are

most likely due to the production of IL-1β and TNF-α. Studies have

shown that the combination of IL-1β and TNF-α can induce CRP pro-

duction (Vermeire et al., 2010).Our results showed thatAPSdecreased

IL-1β and TNF-α levels, showing a similar trend in CRP content. Stud-

ies have also indicated that anti-inflammatory cytokines, such as IL-10

and TGF-β1, could counteract the production of pro-inflammatory

cytokines, including IL-1β and TNF-α, protecting against the overre-

action of inflammatory tissue damage (Feng et al., 2015). This study

showed that APS supplementation resulted in a higher IL-10 content
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and lower IL-1β and TNF-α content. Rebl et al. (2010) reported that

pro-inflammatory cytokine production in terrestrial animals involves

the nuclear factor κB (NF-κB) signaling pathway, and a decrease in NF-
κB P65 expression reduces IL-1β and TNF-α expression (Neurath and

Pettersson, 1997). In vitro, NF-κB p65 was downregulated in the APS

group (Huang, 2013). Therefore, APSwas found to downregulate IL-1β
and TNF-α, which may be closely related to the upregulation of IL-10

and downregulation of the NF-κB signaling pathway. However, these

mechanisms are unknown and require further investigation.

4.4 APS improves antioxidant defenses in beagle
dogs

An extensive body of evidence indicates that inflammation is accom-

panied by oxidative damage (Kruidenier et al., 2003). Plasma cortisol

concentrations are often used as indicators of environmental stress

in animals (Morton et al., 1995). As animals become more stressed,

a physiological release of cortisol occurs (Rostal et al., 2012). In our

study, the cortisol content in weanling beagle dogs was lower under

APS supplementation, suggesting that the antioxidant status may be

improved by APS. Therefore, we next investigated the effects of APS

on antioxidant defenses in beagle dogs. TheMDA and PC contents are

most widely used as convenient markers of oxidative damage to lipids

and proteins, respectively (Lin et al., 2013). In our study, APSdecreased

PC content in the serum of weanling beagle dogs, suggesting that pro-

tein oxidative damage was inhibited by APS. Similar results have been

documented in rat tilmicosin-induced cardiac injury by targeting oxida-

tive stress (Awad et al., 2018). Oxidative damage in organisms results

from excessive ROS production (Turan andMahmood, 2007), and ROS

scavenging ability is correlated with non-enzymatic antioxidants, such

as reduced GSH, and antioxidant enzymes such as SOD1, CAT, and Se-

GPx (Feng et al., 2015). Therefore, we also determined the effects of

APSonGSHcontent and theactivities of SOD1,CAT, andGPX.APSwas

found to increase the GSH content and SOD1, CAT, and Se-GPx activ-

ities in the serum of weanling beagle dogs. Aligning with the present

results, Fei et al. (2009) found thatAPS increasedGSHconcentration in

male Sprague-Dawley rats with chronic liver injury. Li et al. (2012) also

reported amarked increase in SOD, CAT, and Se-GPx activity in mouse

livermitochondria after the administration of APS. The positive effects

of APS on SOD1, CAT, and Se-GPx activities may be partly explained

by the positive effect of APS on the Nrf2-KEAP1 signaling pathway,

which plays a key role in the expression of antioxidant enzymes (Szk-

larz, 2013). The upregulation of Nrf2 transcripts in mice induces SOD1

(Hoshino et al., 2011), CAT (Cho et al., 2005), and Se-GPx (Singh et al.,

2006) production. Studies have shown that the administration of APS

improves the expression of Nrf2 in the hepatic tissue of adult males

(Farag et al., 2019), suggesting that the APS-induced increase in the

production of antioxidant enzymesmay be partly attributed to the reg-

ulation of the Nrf2-KEAP1 signaling pathway; however, the detailed

mechanism requires further investigation.

4.5 Optimum APS supplementation in beagle
dogs

APS has been widely used as a safe alternative to antibiotics in

feed additives owing to its immunomodulatory, anti-inflammatory, and

antioxidant activities (Shahrajabian et al., 2019). In weaned pigs, a

quadratic regression analysis indicated that the optimal APS level for

an immune response ranges from 324 to 563mg/kg (Yuan et al., 2006).

In LPS-challenged piglets, 800mg/kg APS in the diet caused lower ALT,

AST, IL-1β, and TNF-α levels, and higher SOD activity (Wang et al.,

2020). In addition, 800 mg/kg APS caused higher expression of the

NF-κB protein in the jejunum of weaned piglets. Zhong et al. (2019)

found that a diet supplemented with 200 mg/kg APS can enhance

serum interleukin-2 content and increase the digestion and absorption

capacity of the intestinal tract of silver foxes. Thus, the experimen-

tal diets were supplemented with 0, 400, and 800 mg/kg APS. The

results of this study demonstrate that supplementation with APS at a

dose of 400 mg/kg had no significant effects on the growth of growing

beagles, but could have positive effects on wound healing in wean-

ling beagle dogs by improving the haematological parameters, serum

biochemical profile, and immune and antioxidant status. Therefore,

the optimumAPS concentration for supplementation was identified as

400mg/kg.

5 CONCLUSIONS

In conclusion, this study demonstrated that supplementing weanling

beagle dogs with optimum APS could positively affect wound healing

by improving their haematological profile (decreased RBC and HCT

content, increased MCH and PLT levels), serum biochemical param-

eters (decreased ALP and ALT content), immune status (decreased

CRP, IL-1β, and TNF-α levels; increased IL-10 content), and antioxidant
defense (decreased cortisol and PC content; increased GSH content,

and SOD1, CAT, and Se-GPx activities). However, the detailed mecha-

nismwhereby APS regulates these changes requires further investiga-

tion. In addition, the results of this study suggest that 400mg/kg diet is

the optimumAPS dose for beagle dogs.
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Yakan, A. (2020). Effect of essential oil supplementation to diet on meat

quality, fatty acid composition, performance parameters and intestinal

microbiota of Japanese quails. Journal of Animal Physiology and Animal
Nutrition, 105, 1–11.

Kruidenier, L., Kuiper, I., Lamers, C. B., & Verspaget, H. W. (2003). Intestinal

oxidative damage in inflammatory bowel disease: Semi-quantification,

localization, and association with mucosal antioxidants. Journal of Veteri-
nary Medicine Series A, 201, 28–36.

Li, X. T., Zhang, Y. K., Kuang, H. X., Jin, F. X., & Xin, X. J. (2012). Mitochon-

drial protection and anti-aging activity of Astragalus polysaccharides

and their potentialmechanism. International Journal ofMolecular Sciences,
13, 1747–1761.

Lin, F., Bo, Z., Gang, F. C., Wei, D. J., & Yang, L. (2013). Effects of dietary his-

tidine on antioxidant capacity in juvenile Jian carp (Cyprinus carpio var.
Jian). Fish Physiology and Biochemistry, 39, 559–571.

Madhu, S., & Pooja, C. (2015). Acute toxicity of 4-nonylphenol on haemoto-

logical profile of fresh water fish Channa punctatus. Research Journal of
Recent Sciences, 4, 25–31.

Maheswaran, R., Devapaul, A., Muralidharan, S., Velmurugan, B., &

Ignacimuthu, S. (2008). Haematological studies of fresh water fish,

Clarias batrachus (L.) exposed to mercuric chloride. International Journal
of Integrative Biology, 2, 49–54.

Mahmoodzadeh, Y., Mazani, M., & Rezagholizadeh, L. (2017). Hepatopro-

tective effect of methanolic Tanacetum parthenium extract on CCl4-

induced liver damage in rats. Toxicology Reports, 4, 455–462.
Morton, D., Anderson, E., Foggin, C., Kock,M., & Tiran, E. (1995). Plasma cor-

tisol as an indicator of stress due to capture and translocation in wildlife

species. The Veterinary Record, 136, 60–63.
Neurath,M. F., & Pettersson, S. (1997). Predominant role ofNF-kappaBp65

in the pathogenesis of Gut inflammation (Neurath & Pettersson 1997).

Immunobiology, 198, 91–98.

Ochi, T., Nishiura, I., Tatsumi, M., Hirano, Y., Yahagi, K., Sakurai, Y., Sudo, Y.,

Koyama, H., Hagita, Y., & Fujimoto, Y. (2013). Effects of transport stress

on serum alkaline phosphatase activity in beagle dogs. Experimental
Animals, 62, 329–332.

Olson, M., Ralston, B., Burwash, L., Matheson-Bird, H., & Allan, N. D. (2016).

Efficacy of oral meloxicam suspension for prevention of pain and inflam-

mation following band and surgical castration in calves. BMC Veterinary
Research, 12, 1–11.

Prunier, A., Bonneau, M., Von Borell, E., Cinotti, S., Gunn, M., Fredriksen, B.,

Giersing,M.,Morton,D., Tuyttens, F., &Velarde,A. (2006).A reviewof the

welfare consequences of surgical castration in piglets and the evaluation

of non-surgical methods. AnimalWelfare, 15, 277.
Queau, Y., Bijsmans, E. S., Feugier, A., & Biourge, V. C. (2020). Increasing

dietary sodium chloride promotes urine dilution and decreases struvite

and calcium oxalate relative supersaturation in healthy dogs and cats.

Journal of Animal Physiology and Animal Nutrition, 104, 1524–1530.
Rebl, A., GolDaMmer, T., & Seyfert, H.M. (2010). Toll-like receptor signaling

in bony fish. Veterinary Immunology and Immunopathology, 134, 139–150.
Ren, F., Qian, X. H., & Qian, X. L. (2016). Astragalus polysaccharide upreg-

ulates hepcidin and reduces iron overload in mice via activation of p38

mitogen-activated protein kinase. Biochemical and Biophysical Research
Communications, 472, 163–168.

Rostal, M. K., Evans, A. L., Solberg, E. J., & Arnemo, J. M. (2012). Hematol-

ogy and serum chemistry reference ranges of free-ranging moose (Alces

alces) in Norway. Journal ofWildlife Diseases, 48, 548–559.
Roth, M., Nauck, M., Tamm, M., Perruchoud, A. P., Ziesche, R., & Block,

L. (1995). Intracellular interleukin 6 mediates platelet-derived growth

factor-induced proliferation of nontransformed cells. Proceedings of the
National Academy of Sciences of the United States of America, 92, 1312–
1316.

Sabchuk, T. T., Risolia, L. W., Souza, C., Félix, A. P., Maiorka, A., & Oliveira, S.

G. (2019). Endogenous fat losses and true and apparent fat digestibility

in adult and growing dogs fed diets containing poultry offal fat. Journal of
Animal Physiology and Animal Nutrition, 104, 1927–1937.

Shahrajabian, M. H., Sun, W., & Cheng, Q. (2019). A review of Astra-

galus species as foodstuffs, dietary supplements, a traditional Chinese

medicine and a part of modern pharmaceutical science. Applied Ecology
and Environmental Research, 17, 13371–13382.

Singh, A., Rangasamy, T., Thimmulappa, R. K., Lee, H., Osburn, W. O.,

Brigeliusflohé, R., Kensler, T. W., Yamamoto, M., & Biswal, S. (2006). Glu-

tathione peroxidase 2, the major cigarette smoke-inducible isoform of

GPX in lungs, is regulated byNrf2.American Journal of Respiratory Cell and
Molecular Biology, 35, 639–650.

Swanson, K. S., Kuzmuk, K., Schook, L. B., & Fahey, J. G. (2004). Diet affects

nutrient digestibility, hematology, and serum chemistry of senior and

weanling dogs. Journal of Animal Science, 82, 1713–1724.
Szklarz,G. (2013). RoleofNrf2 inoxidative stress and toxicity.Annual Review

of Pharmacology and Toxicology, 53, 401.
Turan, A., & Mahmood, A. (2007). The profile of antioxidant systems and

lipid peroxidation across the crypt-villus axis in rat intestine. Digestive
Diseases and Sciences, 52, 1840–844.

Vermeire, S., Assche, G. V., & Rutgeerts, P. (2010). C-reactive protein as a

marker for inflammatory bowel disease. Inflammatory Bowel Diseases, 10,
661–665.

Wang, K., Zhang, H., Han, Q., Lan, J., Chen, G., Cao, G., & Yang, C. (2020).

Effects of Astragalus and ginseng polysaccharides on growth perfor-

mance, immune function and intestinal barrier in weaned piglets chal-

lenged with lipopolysaccharide. Journal of Animal Physiology and Animal
Nutrition, 104, 1096–1105.

Wang, N., Zhang, D., Mao, X., Zou, F., Jin, H., & Ouyang, J. (2009). Astragalus

polysaccharides decreased the expression of PTP1B through relieving

ER stress induced activation of ATF6 in a rat model of type 2 diabetes.

Molecular and Cellular Endocrinology, 307, 89–98.
Xxa, C., Sr, C., Chong, C. A., Gz, A., Zhi, L. A., Jw, A., Yi, A., Hz, C.,

& Xma, B. (2020). Protective effects of Astragalus polysaccharide



110 LUO ET AL.

nanoparticles on septic cardiac dysfunction through inhibition of

TLR4/NF-κB signaling pathway. International Journal of Biological Macro-
molecules, 153, 977–985.

Yan, F., Zhang, Q. Y., Jiao, L., Han, T., Zhang, H., Qin, L. P., & Khalid, R. (2009).

Synergistic hepatoprotective effect of Schisandrae lignans with Astra-

galus polysaccharides on chronic liver injury in rats. Phytomedicine, 16,
805–813.

Yang, H., Zhou, J., Ming, M. Y., Han, D., Guo, Q. C., Yong, J. W., Xia, J. Y., &

Zhang, L. (2020). Dietary supplementation with housefly (Musca domes-
tica) maggot meal in growing beagles: Hematology, serum biochemistry,

immune responses and oxidative damage. Annals of Animal Science, 20,
1351–1364.

Yuan, S. L., Piao, X. S., Li, D. F., Kim, S. W., Lee, H. S., & Guo, P. F. (2006).

Effects of dietaryAstragalus polysaccharide on growth performance and

immune function in weaned pigs. Animalence, 82, 501–507.
Zeng, G., Chen, Y., & Bo, L. (2010). The effect of Astragalus polysaccharide

on the function of endothelial cells of in rabbits with atherosclerosis.

Chinese Journal of Integrative Medicine, 10, 63–65.
Zhang, X. D., Zhu, Y. F., Cai, L. S., & Wu, T. X. (2008). Effects of fasting on

the meat quality and antioxidant defenses of market-size farmed large

yellow croaker (Pseudosciaena crocea). Aquaculture, 280, 136–139.

Zhao, K., Mancini, C., & Doria, G. (1990). Enhancement of the immune

response inmice by Astragalusmembranaceus extracts. Immunopharma-
cology, 20, 225–233.

Zhong, W., Zhang, T., Sun, W., Sun, X., & Guang, L. I. (2019). Effects of

different dietary Astragalus polysaccharide supplemental levels on per-

formance, serum biochemical and immune parameters and intestinal

morphology of silver foxes during winter fur-growing period. Chinese
Journal of Animal Nutrition, 31, 1295–300.

How to cite this article: Luo, J.-B., Zhang, L., Fu, M., Hong, Y.,

Du, X.-Y., Cheng, G.-Q., Xia, J.-Y., & Dong, H. (2023). Astragalus

polysaccharide (APS) supplement in beagle dogs after

castration: Effects on the haematology and serum chemistry

profiles, immune response, and oxidative stress status.

VeterinaryMedicine and Science, 9, 98–110.

https://doi.org/10.1002/vms3.1054

https://doi.org/10.1002/vms3.1054

	Astragalus polysaccharide (APS) supplement in beagle dogs after castration: Effects on the haematology and serum chemistry profiles, immune response, and oxidative stress status
	1 | INTRODUCTION
	2 | MATERIAL AND METHODS
	2.1 | Animal experiments
	2.2 | Sample collection and handling
	2.2.1 | Growth parameters
	2.2.2 | Hematology and blood chemistry parameters assays
	2.2.3 | Immune response status and oxidative stress parameters assays

	2.3 | Statistical analysis

	3 | RESULTS
	3.1 | The effect of APS on growth performance and wound healing
	3.2 | Effect of APS on the haematology and blood chemistry parameters
	3.3 | The effect of APS on immune response
	3.4 | The effect of APS on oxidative stress status

	4 | DISCUSSIONS
	4.1 | APS regulates growth and wound healing in beagle dogs
	4.2 | APS improves the haematological and serum biochemical profiles of beagle dogs
	4.3 | APS improves the immune status of beagle dogs
	4.4 | APS improves antioxidant defenses in beagle dogs
	4.5 | Optimum APS supplementation in beagle dogs

	5 | CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST
	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT

	ORCID
	PEER REVIEW

	REFERENCES


