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a  b  s  t  r  a  c  t

This  paper  studied  the  anti-duck  hepatitis  A  virus  (DHAV)  activities  of  Astragalus  polysaccharide  (APS)
and  its  sulfate  (sAPS)  compared  with  those  of Bush  Sophora  Root  polysaccharide  (BSRPS)  and  its  sulfate
(sBSRPS).  The  antiviral  activities  of APS  and  sAPS  were  measured  by MTT  and real-time  PCR methods,  in
vitro.  In  vivo  experiment,  the  mortality  rate  and  the  evaluation  indexes  of hepatic  injury,  peroxidative
injury  and  immune  level  were  measured.  Just  like  the condition  of  BSRPS  and  sBSRPS,  the  anti-DHAV
activities  of  sAPS  were  stronger  than  those  of APS,  both  in vitro and  in  vivo.  It indicated  sulfated  mod-
eywords:
uck hepatitis A virus
stragalus polysaccharide
ulfated modification
ntiviral activity
omparison
ush Sophora Root polysaccharide

ification  could  enhance  the  antiviral  ability  of polysaccharide.  But  unlike  the antiviral  effects  of  BSPRS
and  sBSRPS  in  vivo, APS  and  sAPS  did not  reduce  the  mortality  rates  as  their  abilities  of scavenging  free
radicals  and  alleviating  the  hepatic  injuries  were  weaker  than those  of  BSRPS  and  sBSRPS.  And  they  even
did  not  enhance  the  immune  levels.

© 2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

Duck virus hepatitis (DVH) caused by duck hepatitis A virus
DHAV) still damages the interest of duck industry. Our previ-
us study certifies that this disease is related to the levels of
mmune and peroxidative injury of bodies (Chen, Xiong, Zeng,

ang, Zhang, et al., 2014). Bush Sophora Root polysaccharide
BSRPS) and its sulfate, sulfated Bush Sophora Root polysaccharide

sBSRPS), exhibit excellent antiviral activities against DHAV (Chen,
iong, Zeng, Wang, Liu, et al., 2014;Chen, Xiong, Zeng, Wang, Zhang,
t al., 2014). BSRPS and sBSRPS can inhibit the virus proliferations

Abbreviations: DVH, duck virus hepatitis; DHAV, duck hepatitis A virus;
SRPS, Bush Sophora Root polysaccharide; sBSRPS, sulfated Bush Sophora
oot polysaccharide; APS, Astragalus polysaccharide; sAPS, sulfated Astra-
alus polysaccharide; DMEM,  Dulbecco’s modified eagle medium; DEHs, duck
mbryonic hepatocytes; MM,  maintenance medium; MTT, 3-(4,5-dimethylthiazol-
-yl)-2,5-diphenyltetrazolium bromide; CMF-PBS, calcium and magnesium-free
hosphate-buffered saline; CC, cell control; VC, virus control; BC, blank con-
rol;  ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline
hosphatase; LDH, lactate dehydrogenase; SOD, superoxide dismutase; MDA, mal-
ndialdehyd; CAT, catalase; GSH-Px, glutathione peroxidase; NOS, nitric oxide
ynthase.
∗ Corresponding author. Tel.: +86 25 84395203; fax: +86 25 84398669.

E-mail address: liujiaguo@njau.edu.cn (J. Liu).

ttp://dx.doi.org/10.1016/j.carbpol.2014.09.071
144-8617/© 2014 Elsevier Ltd. All rights reserved.
(inhibition rates are 53.38% and 58.25%, respectively) and gene
replications (inhibition rates are 55.8% and 32.1%, respectively),
in vitro experiment. They also can alleviate the hepatic pathological
injury severities and reduce the mortality rates, in vivo experiment.
The anti-DHAV effects of BSRPS and its sulfate are related to their
immuno-enhancing and antioxidant activities (Chen, Xiong, Zeng,
Wang, Zhang, et al., 2014).

Astragalus polysaccharide (APS) also owns antioxidant (Li, Chen,
Wang, Tian, & Zhang, 2010) and immuno-enhancing (Wang et al.,
2009; Yin et al., 2010) effects. APS is a primary active ingre-
dient of the extraction from Astragalus membranaceus which is
a frequently-used and widely-known Chinese herbal medicine
used for tonifying Qi, strengthening exterior, etc. The average
molecular weight of APS was 1334 kDa composing of rhamnose,
arabinose, glucose, galactose and galacturonic acid in a molar
ratio of 0.03:1.00:0.27:0.36:0.30 (Yin et al., 2012). It is exten-
sively used in the clinic resulting from its multiple functions of
immuno-enhancing (Wang et al., 2009; Yin et al., 2010), resisting
immunosuppression (Guo et al., 2012), antiviral (Li, Lloyd, & Wang,
2007), antioxidant (Li et al., 2010) and so on activities. Sulfated
modification as a molecular modification method can enhance the

immuno-enhancing (Wang et al., 2010) and antiviral (Chen, Xiong,
Zeng, Wang, Liu, et al., 2014;Chen, Xiong, Zeng, Wang, Zhang, et al.,
2014) activities of polysaccharides. The study of Huang et al. indi-
cates that sulfated modification can enhance the adjuvant activity

dx.doi.org/10.1016/j.carbpol.2014.09.071
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2014.09.071&domain=pdf
mailto:liujiaguo@njau.edu.cn
dx.doi.org/10.1016/j.carbpol.2014.09.071
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f APS for newcastle disease vaccine (Huang, Hu, et al., 2008). There-
ore, APS is expected to be a kind of antiviral drug against DHAV
nd sulfated modification is a pregnant modification method pre-
ictably.

In the present research, APS and sulfated Astragalus polysac-
haride (sAPS) were prepared by the water decoction, the ethanol
recipitation method and the chlorosulfonic acid-pyridine method,
espectively. Anti-DHAV effects experiments in vitro and in vivo
ere conducted, and all the indexes of APS and its sulfate were

ompared with those of BSRPS and sBSRPS, whose aim is to ascer-
ain the antiviral effects of APS and its sulfate and their possibilities
f being anti-DVH drugs.

. Materials and methods

.1. Reagents

Dulbecco’s modified eagle medium (DMEM) (Gibco) sup-
lemented with penicillin 100 IU/mL, streptomycin 100 IU/mL,
lutamine 0.75 mg/mL  and 10% fetal bovine serum, was called
rowth medium and used for culturing the duck embry-
nic hepatocytes (DEHs); 1% fetal bovine serum, maintenance
edium (MM) for diluting drugs and maintaining cells. D-Hank’s

olution was used for washing the embryo tissue and cells.
MEM, MM and D-Hank’s, pH was adjusted to 7.4 using 5.6%
aHCO3. The trypsin (Amresco) was dissolved into 0.20% with D-
ank’s. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
romide (MTT, Amresco) was dissolved with calcium and
agnesium-free phosphate-buffered saline (CMF-PBS, pH 7.4) into

 mg/mL. Heparin sodium was dissolved into 2 mg/mL  with physi-
logical saline and used as anticoagulant.

Pyridine (Lot no. 20130220) and chlorsulfonic acid (Lot no.
30622) were the products of Sinopharm Group Chemical Com-
any and Shanghai Ling Feng Chemical Company, respectively.
NAiso Plus Reagent (Lot no. AK7202), PrimeScriptTM RT Master
ix  Kit (Lot no. AK2702) and SYBR® Premix Ex TaqTM (Tli RNaseH

lus) Kit (Lot no. AK3802) were bought from Takara.

.2. Drugs and virus

APS was prepared by the water decoction and the ethanol
recipitation method (Huang, Hu, et al., 2008). Astragalus mem-
ranaceus was decocted three times within 10-fold water, 1.5 h
er time. The decoctions were merged together and condensed

nto 1 g materia medica/mL. The impurities of condensation were
emoved by centrifugation, subsequently. Ninety-five percent
thanol was added into the supernatant to make ethanol concen-
ration reach to 75% (v/v). Then, the APS was gained from the
ediment and was dried at 60 ◦C after 24 h. It was purified by the
evage method and column chromatography of Sephadex G-200
Qin et al., 2013) and the polysaccharide content was  93.96% deter-

ined by the phenol–sulfuric acid method (Hsieh, Hsu, & Yang,
005).

Chlorosulfonic acid–pyridine method was applied to prepare
APS (Huang, Hu, et al., 2008). Chlorsulfonic acid and pyridine were
ixed together in an ice bath according to the ratio of 1:6. Four hun-

red milligram APS was added into the above-mentioned mixture
21 mL)  under a reaction condition of 95 ◦C and 1 h with stirring.
nd then the solution was  neutralized with NaOH, dialyzed and

yophilized to sAPS, successively. The content of sAPS was 99.06%

alculated with the sum of its polysaccharide content determined
y the phenol–sulfuric acid method and sulfur content determined
y the barium chloride–gelatin method (Dodgson & Price, 1962).

DHAV (LQ2 strain) was supplied by the Shandong Institute of
oultry in China.
mers 117 (2015) 339–345

2.3. Anti-DHAV effect in vitro

2.3.1. Duck embryonic hepatocytes (DEHs)
DEHs were prepared as the method described previously (Chen,

Xiong, Zeng, Wang, Liu, et al., 2014). Briefly, hepar tissues from a
duck embryonic were minced and then digested with 0.20% trypsin.
They were then washed thrice with D-Hank’s and cultured into the
DMEM in a humid atmosphere of 5% CO2 at 37 ◦C. After 48 h, the
hepatocytes grew into a monolayer and were taken for standby.

2.3.2. Antiviral activities
APS was twofold diluted into four concentrations, from

625 �g/mL to 78.125 �g/mL, with MM according to the predict
experiment (cytotoxicity test) and taken for standby, sAPS from
7.813 �g/mL to 0.977 �g/mL.

The 96-well plate containing a DEHs monolayer was  divided
into cell control (CC) group, virus control (VC) group, APS group
and sAPS group. One hundred microliter DHAV was added into
each well of the VC, the APS and the sAPS groups, and 100 �L
MM was  added into each well of the CC group, five wells per
group. Then, the plate was incubated in a humid atmosphere of
5% CO2 at 37 ◦C for 2 h. The DHAV and MM were subsequently
removed and the 96-well plate was  washed trice by D-Hank’s.
After that, 100 �L APS and sAPS at series concentration were
added into the APS and the sAPS treated wells, respectively. And
100 �L MM was  added into each well of the CC and the VC groups.
The MTT  colorimetric method (Zhang et al., 2012) was applied
to measure the cytoactive after the plate being incubated in a
humid atmosphere of 5% CO2 at 37 ◦C for 96 h. The virus inhibitory
rate was  calculated based on the formula: Virus inhibitory rate
(%) = (Ādrug+virus − Āvirus control)/(Ācell control − Āvirus control) × 100%
(Takeuchi, Baba, & Shigeta, 1991).

2.3.3. Assay of virus replication on DEHs
APS and sAPS were diluted into the most effective antiviral

concentration with MM according to the results of Section 2.3.2,
respectively.

Four hundred microliters DHAV was added into each well of
the VC, the APS and the sAPS groups of the 24-well plate contain-
ing a DEHs monolayer; 400 �L MM was added into each well of
the CC group, three wells per group. The plate was  incubated in
a humid atmosphere of 5% CO2 at 37 ◦C for 2 h. Then the solutions
were removed and the 24-well plate was  washed trice by D-Hank’s.
400 �L APS, sAPS and MM were added into the corresponding wells,
respectively. Total RNA was extracted after the plate being incu-
bated for 24 h by RNAiso Plus Reagent. And reverse transcription
was immediately performed using PrimeScriptTM RT Master Mix
Kit. Finally, real-time PCR was used to semi-quantitative analysis
the virus replication by SYBR® Premix Ex TaqTM (Tli RNaseH Plus)
Kit. The primers of DHAV (forward, 5′-GCCACCCTTCCTGAGTTTGT-
3′; reverse, 5′-TACCATTCCACTTCTCCTGCTT-3′) and �-actin (for-
ward, 5′-CTTTCTTGGGTATGGAGTCCTG-3′; reverse, 5′-TGATTTT-
CATCGTGCTGGGT-3′) were designed as the method described pre-
viously (Chen, Xiong, Zeng, Wang, Liu, et al., 2014)

2.4. Animals grouping and treatment

A total of 240 four-day-old cherry valley ducklings (Purchased
from Tangquan Poultry Farm, Jiangsu province, China) were ran-
domly divided into APS, sAPS, VC and blank control (BC, separately
reared) groups. The ducklings in the APS, the sAPS and the VC groups
were intramuscularly injected DHAV 0.2 mL  per feather, the BC

group treated with physiological saline in the meantime. The duck-
lings in the APS and the sAPS groups were treated with aqueous
APS and sAPS solution, respectively, both at the dosage of 3 mg  per
feather according to the net content, once a day for 5 days. In order
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Table  1
The A570 values and virus inhibitory rates.

Group Concentration
(�g/mL)

A570 Virus inhibitory
rate (%)

Group Concentration
(�g/mL)

A570 Virus inhibitory
rate (%)

APS 625 0.325 ± 0.007c 14.29 sAPS 7.813 0.393 ± 0.006cd 48.98
312.5  0.403 ± 0.005b 54.08 3.906 0.413 ± 0.015c 59.18
156.25  0.389 ± 0.014b 46.94 1.953 0.456 ± 0.008b 81.12

78.125  0.327 ± 0.014c 15.31 0.977 0.360 ± 0.002d 32.14
VC  0.297 ± 0.021c VC 0.297 ± 0.021e

a
 < 0.05
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Meanwhile, two peaks of dying appeared in both the APS and the
sAPS group: the first peak emerged at the 24th hour; the second
small peak emerged at the 72nd and the 96th hour. Before the 60th
hour, the numbers of deaths in the APS (32 feathers) and the sAPS
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Fig. 1. The effects of APS and sAPS on DHAV replications measured by real-time PCR
assay.
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CC 0.493 ± 0.006a

–e Data within a column without the same superscripts (a–e) differ significantly (p

o monitor the evaluation indexes of hepatic injury and immune
evel at the 4th, the 8th and the 54th hour, peroxidative injury at
he 8th and the 54th hour, the blood samples were taken from five
ucklings per group. The numbers of these ducklings (15 feathers
er group) were not calculated in the mortality rate.

Once duck death was found, the pathology changes would
e examined carefully and the number of the ducklings without
athology changes would be eliminated. The numbers of deaths
ere recorded at the 12th, the 24th, the 36th, the 48th, the

2nd, the 96th, the 120th and the 144th hour (Chen, Xiong, Zeng,
ang, Zhang, et al., 2014) after challenged virus, and the mortal-

ty rate of each group was calculated until no death was  found.
urvival ducklings after determining rehabilitation were sent to
anjing Tangquan Poultry Farm to be bred in accordance with
ational regulation. Dead ducklings were executed bio-safety dis-
osal according to local standard protocols.

.5. Evaluation indexes of hepatic injury, peroxidative injury and
mmune level

The serum levels of alanine aminotransferase (ALT), aspartate
minotransferase (AST), alkaline phosphatase (ALP) and lactate
ehydrogenase (LDH) at the 4th, the 8th and the 54th hour were
ested by enzymatic colorimetry using automatic biochemistry
nalyzer (7180 Automatic Analyzer, HITACHI, Japan) in Nanjing
hihuang Institute of Animal Science and Technology. The super-
xide dismutase (SOD), malondialdehyd (MDA), catalase (CAT),
lutathione peroxidase (GSH-Px) and nitric oxide synthase (NOS)
n ducklings’ serum at the 8th and the 54th hour were determined
y ELISA kits (BioCalvin, China); anti-DHAV Ab, IL-2 and IFN-�
t the 4th, the 8th and the 54th hour by ELISA kits (BioCalvin,
hina).

.6. Statistical analysis

Data were expressed as means ± S.E. Statistical analyses were
erformed by Duncan’s multiple range test or �2 test using
PSS Software Package v.20.0. 2−��CT method (Kenneth &
homas, 2001) was used to analysis the relative gene expression
ata. Differences between means were considered significant at

 < 0.05.

. Results

.1. Antiviral activity on DEHs

As the results listed in Table 1, only two A570 values in the APS
roup (concentrations at 312.5 �g/mL and 156.25 �g/mL) were

ignificantly higher than that in the VC group (p < 0.05), while
ll the A570 values in the sAPS group were significantly higher
p < 0.05). The maximum virus inhibitory rate of APS (312.5 �g/mL)
as 54.08% and lower than that of sAPS (1.953 �g/mL,

1.12%).
CC 0.493 ± 0.006a

).

3.2. Virus replication on DEHs

Fig. 1 shows the relative DHAV gene expression in each group.
No virus gene expression was  detected in the CC group. The DHAV
gene expression in the VC group was  set to 1. The relative DHAV
gene expressions in the APS and the sAPS groups were 0.404 and
0.210, respectively. The expressions in these two groups were
significantly lower than that in the VC group (p < 0.05), and the
expression in the sAPS group was significantly lower than that in
the APS group (p < 0.05).

3.3. Therapeutic effects

Fig. 2 illustrates the dynamic death in each group. The ducklings
in the BC group were healthy and had no death. The ducklings in
the APS, the sAPS and the VC groups stopped the death at the 120th
hour. The death peak of ducklings in the VC group was  around the
24th hour, and around the 72nd hour a small dying peak appeared.
0
0 12 24 36 48 60 72 84 96 108 120 132 144

N

Time (h)

Fig. 2. The dynamic death of each group.
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Table 2
The evaluation indexes of hepatic injury.

Time (h) APS sAPS VC BC

ALT (IU/L) 4 26.3 ± 2.1a 33.2 ± 6.1a 32.0 ± 5.7a 23.4 ± 2.1a

8 35.0 ± 1.4a 36.4 ± 2.8a 36.2 ± 3.8a 26.6 ± 1.2b

54 54.7 ± 1.9ab 46.3 ± 1.5ab 66.0 ± 12.4a 28.0 ± 1.0b

AST (IU/L) 4 15.0 ± 1.3b 14.0 ± 1.4b 34.4 ± 9.4a 15.6 ± 0.9b

8 19.2 ± 1.6a 17.8 ± 2.8a 18.3 ± 1.7a 17.2 ± 2.1a

54 115.0 ± 14.0a 19.2 ± 1.7b 121.3 ± 55.3a 12.8 ± 0.4b

ALP (IU/L) 4 585.2 ± 37.5b 622.5 ± 23.8b 849.3 ± 81.7a 669.6 ± 30.3b

8 760.6 ± 38.1a 708.6 ± 22.9a 677.5 ± 30.4a 535.8 ± 66.4b

54 1114.6 ± 85.6a 1258.0 ± 87.6a 1031.5 ± 108.7a 679.8 ± 50.8b

LDH (IU/L) 4 382.4 ± 27.2a 435.0 ± 53.8a 455.3 ± 32.4a 353.8 ± 10.5a

8 401.8 ± 19.5a 400.5 ± 80.6a 429.3 ± 41.8a 354.6 ± 37.2a

a 5).
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54 4597.5 ± 208.5b

–d Data within a row without the same superscripts (a–d) differ significant (p < 0.0

28 feathers) groups, especially in the sAPS group, were both lower
han that in the VC groups (36 feathers). However, the death num-
ers in the APS and the sAPS groups in the second peak were higher
han that in the VC group, and the ultimate mortality rates in these
hree groups were very nearly the same (93.33%, 86.67% and 93.33%,
espectively).

.4. Results of evaluation indexes of hepatic injury

The evaluation indexes of hepatic injury at the 4th, the 8th and
he 54th hour are listed in Table 2.

The ALT levels of ducklings in the APS, the sAPS and the VC
roups were at the same levels with that in the BC group at the 4th
our and significantly increased at the 8th hour (p < 0.05). At the
4th hour, the ALT level in the VC group was significantly higher
han that in the BC group (p < 0.05); ALT levels in the APS and the
APS groups were both lower than that in the VC group and higher
han that in the BC group but without any significance.

At the 4th hour, the AST level in the VC group was  significantly
igher than those in the APS, the sAPS and the BC groups (p < 0.05).
t the 8th hour, the AST levels were the same. At the 54th hour,

he AST levels in the APS and the VC groups both significantly
ugmented (p < 0.05) compared with those in the sAPS and the BC
roups.

At the 4th hour, the ALP value in the VC group was  significantly
igher than those in another three groups (p < 0.05). At the 8th and
he 54th hour, the ALP values in the BC group were significantly
ower than those in another three groups (p < 0.05).

The LDH levels in the four groups were consistent at the 4th and
he 8th hour. At the 54th hour, the highest level appeared in the VC
roup, and then following the APS, the sAPS and the BC groups in
rder. The difference between each other was significant (p < 0.05).

.5. Results of evaluation indexes of peroxidative injury

Fig. 3 displays the serum levels of SOD, MDA, CAT, GSH-Px and
OS in each group at the 8th and the 54th hour.

There was no distinction at the MDA  or the NOS level between
ach other at the 8th hour. And the SOD activity of ducklings in the
APS group significantly rose (p < 0.05), GSH-Px activity declined, as
omparison with those in the other three groups. The CAT activity
n the APS group was the same as those in the VC and the BC groups

hile significantly higher (p < 0.05) than that in the sAPS group.
Compared with those in the BC groups at the 54th hour, the

OD, CAT and GSH-Px levels in the VC groups were significantly
ecreased (p < 0.05), also did SOD level in the sAPS group and CAT
evel in the APS group, MDA  and NOS levels increased. The SOD,
DA, GSH-Px and NOS values in the APS group were at the BC value,

nd the MDA, CAT GSH-Px and NOS values in the sAPS group were
t the BC value at this time point. Though the GSH-Px activities in
1302.0 ± 90.0c 5695.0 ± 342.0a 244.2 ± 9.8d

the APS and the sAPS groups were at the same level with that in
the BC groups, they were indistinctively higher than that in the VC
group.

3.6. Results of evaluation indexes of immune level

The anti-DHAV Ab, IFN-� and IL-2 levels in each group are listed
in Table 3.

At the 4th hour, the value of Ab significantly went up in the
VC and the sAPS groups (p < 0.05), as comparison with that in the
BC group. The value of Ab in the APS group was higher than that
in the BC group, lower than that in the sAPS group, but without a
significant difference, significantly lower than that in the VC group
(p < 0.05). The Ab in the VC group still maintained a high level at the
8th hour, while the Ab in the sAPS group reduced to the BC level.
And even the value of Ab in the APS group significantly lower than
that in the BC group (p < 0.05). At the 54th hour, the values of Ab in
all groups were the same.

There was  not much difference between the IFN-� levels of each
other when at the 4th and the 54th hour. At the 8th hour, the IFN-�
levels in the APS, the sAPS and the VC groups rose, especially in the
APS and the VC groups (p < 0.05), as comparison with that in the BC
group.

The IL-2 of each group was  at the same level in all time.

4. Discussion

APS has a strong antiviral effect. Huang et al. studied the anti-
infectious bursal disease virus activity of APS in vitro (Huang, Wang,
et al., 2008), and the results showed the A570 values of APS (from
4.883 to 1.221 �g/mL) were 0.375, 0.345 and 0.225 which signif-
icantly higher (p < 0.05) than that of VC (0.141). The A570 values
measured in MTT  method are positively correlated with cytoac-
tivities (Verma et al., 2010). It made clear the antiviral activity of
APS in vitro. APS also presented a good anti-DHAV effect in present
research. The A570 values of APS (312.5 and 156.25 �g/mL) were
0.403 and 0.389 while that of VC was  0.297. Certainly, the differ-
ences were significant (p < 0.05). Sulfated modification enhanced
the antiviral activity and led to higher A570 values of all concen-
trations (Table 1). In the study about BSRPS and sBSRPS, the A570
values of all concentrations of both two  drugs were significantly
higher than that of VC (p < 0.05) and the difference of sBSRPS was
more significant (Chen, Xiong, Zeng, Wang, Liu, et al., 2014). It
meant after the modification, sAPS acted out better anti-DHAV
activity with wider range of concentration and sBSRPS exhibited
better anti-DHAV activity. The highest virus inhibitory rate of APS

(54.08%) was similar to that of BSRPS (Chen, Xiong, Zeng, Wang, Liu,
et al., 2014, 53.38%), while that of sAPS (81.12%) was higher than
that of sBSRPS (Chen, Xiong, Zeng, Wang, Liu, et al., 2014, 58.25%).
It showed that sulfated modification can enhance the antiviral
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Fig. 3. The evaluation indexes of perox

ctivity of polysaccharide and the potentiation of anti-DHAV ability
f sulfated modification was more obvious to APS, as comparison
ith BSRPS, in vitro. Not only the virus inhibitory rates but also the

ene replications expound the anti-DHAV activity (Fig. 1). After cul-
ured under APS environment for 24 h, the DHAV gene expression
educed to 40.4% of VC. Obviously, the significant lower (p < 0.05)
xpression certified that sAPS did better in suppressing virus gene
eplications. The relative DHAV gene expressions of BSRPS and
ts sulfate were 0.442 and 0.679, respectively (Chen, Xiong, Zeng,

ang, Liu, et al., 2014). It signified after the modification, the abil-
ty of inhibiting DHAV gene expression of sAPS heightened, sBSRPS
eceded. The above indicated that APS exhibited the anti-DHAV
ctivity, sulfated modification could enhance the anti-DHAV activ-
ty of APS more effectively compared with BSRPS, in vitro.

After the treatment of APS and sAPS, however, the mortality
ates did not reduce much compared with that of the ducklings
hich got neither drug (Fig. 2.). In our previous study, BSRPS and

BSRPS indeed reduced the mortality rates (Chen, Xiong, Zeng,
ang, Zhang, et al., 2014). The significant lower deaths (p < 0.05)
n the period of death peak in the BSRPS and the sBSRPS groups
ed to the significant lower mortality rates, compared with the VC
roup (Chen, Xiong, Zeng, Wang, Zhang, et al., 2014). In the present
esearch, in the first death peak, the death numbers of ducklings in

able 3
he evaluation indexes of immune level.

Index Time (h) APS 

Ab (U/mL) 4 20.9 ± 1.3bc

8 17.6 ± 1.4c

54 22.0 ± 1.1a

IFN-� (ng/L) 4 49.4 ± 2.0a

8 49.8 ± 1.7a

54 46.9 ± 1.5a

IL-2 (ng/L) 4 190.8 ± 13.0a

8 197.3 ± 8.2a

54 216.3 ± 17.2a

–c Data within a row without the same superscripts (a–c) differ significant (p < 0.05).
e injury at the 8th and the 54th hour.

the APS and the sAPS groups really declined, too (Fig. 2). However,
in the second death peak, the death numbers were more than that
in the VC group, although the sulfate postponed the time of the
second death peak (Fig. 2). Unlike the significant lower ultimate
mortality rates in the BSRPS and the sBSRPS groups (Chen, Xiong,
Zeng, Wang, Zhang, et al., 2014), those in the APS and the sAPS
groups were not lower or significantly lower than that in the VC
group. At the same time the numbers of deaths in the APS and the
sAPS groups in every time point in the first death peak was  always
lower than those in the VC group, which was the same as BSRPS and
sBSRPS (Chen, Xiong, Zeng, Wang, Zhang, et al., 2014). Therefore,
it could deduce that APS and its sulfate subserved the treatment
in the acute stage of DVH and sAPS could buy more time for the
treatment of DVH.

When infected with acute or chronic hepatitis, the levels of ALT,
AST, ALP and LDH in the body increase to some extent (Bourne
et al., 2005; Elinav et al., 2005; Korachi, Ceran, Adaleti, Nigdelioglu,
& Sökmen, 2013; Prati et al., 2002; Shin et al., 2008). These four
indexes reflected the degree of hepars damage, directly or indi-

rectly. Treated with BSRPS and sBSRPS, the hepatic injuries are
alleviated at all time after challenging DHAV (Chen, Xiong, Zeng,
Wang, Zhang, et al., 2014). It points out the mortality rates are
closely linked to the hepatic injuries. After challenged by DHAV

sAPS VC BC

24.2 ± 1.1ab 27.3 ± 2.2a 18.8 ± 0.6c

21.5 ± 1.0b 26.5 ± 0.4a 23.0 ± 1.0b

19.4 ± 2.8a 20.3 ± 1.0a 21.5 ± 0.5a

48.4 ± 1.3a 50.5 ± 1.7a 46.5 ± 3.3a

44.2 ± 2.9ab 48.1 ± 1.8a 40.7 ± 0.9b

44.9 ± 2.6a 46.4 ± 2.0a 42.5 ± 1.8a

215.8 ± 18.6a 223.7 ± 14.3a 198.0 ± 10.8a

232.2 ± 21.0a 210.6 ± 27.7a 185.5 ± 7.3a

244.3 ± 29.1a 234.3 ± 19.6a 234.4 ± 30.8a



3 te Poly

f
c
l
t
t
t
A
m
(
n
g
t
t
w
l
i
a
t
o
a
s
m

d
Y
&
8
B
2
8
i
I
a
a
k
r
e
d
r
X
a
i
p
s
o
(
m
P
b

l
i
b
Y
a
b
2
u
I
i
p
t
e

e
t

44 Y. Chen et al. / Carbohydra

or 8 h and 54 h the ALT levels of ducklings in the VC group signifi-
antly went up, 4 h and 54 h the AST levels, 4 h, 8 h and 54 h the ALP
evels, 54 h the LDH level (Table 2). The increments first appeared at
he 4th hour and were very many at the 54th hour. It demonstrated
he DVH was acute and serious. Only the levels of ALT and ALP at
he 8th in the APS and the sAPS groups rose (Table 2). It indicated
PS and sAPS could alleviate the acute injury of the hepar. And it
ight result in the fewer death numbers in the first peak period

Fig. 2). At the 54th hour, the level of LDH in the APS group sig-
ificantly decreased (p < 0.05), as comparison with that in the VC
roup, but the amount was  still much larger (p < 0.05) than that in
he BC group. Another three indexes in the APS group were almost
he same with those in the VC groups (Table 2). It suggested the
eak ability of alleviating DVH of APS at this time and the nonneg-

igible relationship between this ability and the large death number
n the second death peak (Fig. 2). Apparently, the hepatic injury was
lleviated by sAPS at the 54th hour though serious compared with
hat of the BC group (Table 2), which bespake the reason of putting
ff the time of the second death peak (Fig. 2). Compared with APS
nd sAPS, the abilities of alleviating DVH of BSRPS and sBSRPS were
tronger and more durable, which resulted in the significant lower
ortality rates (Chen, Xiong, Zeng, Wang, Zhang, et al., 2014).
Virus hepatitis induces the increment of free radicals and the

ecrement of activities of antioxidase (Boya et al., 1999; Demirdag,
ilmaz, Ozdarendeli, Ozden, & Kalkan, 2003; Irshad, Chaudhuri,

 Joshi, 2002; Sayal, Erç in, Erdil, Kartal, & Kayaaltı, 2013). At the
th hour, the levels of free radicals in the BSRPS, sBSRPS, VC and
C groups are the same (Chen, Xiong, Zeng, Wang, Zhang, et al.,
014). It means DVH do not cause the peroxidative injury at the
th hour. After infected with DHAV for 8 h, the peroxidative level

n VC group did not change a lot; so did in the APS group (Fig. 3.).
nterestingly, the activity of SOD significantly increased (p < 0.05)
fter the therapy of sAPS, GSH-Px significantly decreased (p < 0.05),
nd the activity of CAT in the sAPS group also reduced (Fig. 3). This
ind of shift induced by sAPS might bring about the balance of free
adicals, ultimately. At the 54th hour, numerous free radicals gen-
rated in the VC groups, and the antioxidase activities significantly
eclined (Fig. 3, p < 0.05). BSRPS and its sulfate can scavenge free
adicals at the 54th hour resulted from duck virus hepatitis (Chen,
iong, Zeng, Wang, Zhang, et al., 2014). Both APS and sAPS could
lso anesis the increment of free radicals as most of their evaluation
ndexes of peroxidative injury were at the BC level (Fig. 3). But, com-
ared the puissant effects of scavenging free radicals of BSRPS and
BSRPS (Chen, Xiong, Zeng, Wang, Zhang, et al., 2014), the abilities
f APS and sAPS were relatively feeble. Because the levels of CAT
significantly, p < 0.05) and GSH-Px in the APS group were declined,

eanwhile the activities of SOD (significantly, p < 0.05) and GSH-
x in the sAPS group were declined. This phenomenon probably
rought out the high mortality rates in the APS and sAPS groups.

BSRPS and sBSRPS can enhance the immune levels of duck-
ings when infected DHAV. It indicates immuno-enhancing effect is
mportant to treat DVH. The immuno-enhancing ability of APS has
een certified in many studies (Du et al., 2012; Wang et al., 2009;
uan et al., 2008; Zhang et al., 2010). Zhang et al. drenched the APS
t doses of 0.0, 6.25, 12.5, 25, 50 mg/kg to the BALB/c mice, one day
efore the immunization, led to the high titer of Ab (Zhang et al.,
010). Nevertheless, compared with that in the VC group, the val-
es of Ab in the APS and the sAPS groups did not increased (Table 3).

n the same way, the high levels of IFN-� and IL-2 induced by APS
s reported (Du et al., 2012). However, these high levels were not
resented in the APS and sAPS groups, as comparison with those in
he VC group (Table 3). It showed that APS and its sulfate could not

nhance the immune response in ducklings infected with DHAV.

Just like BSRPS and sBSRPS, APS and its sulfate exhibited the
ffects of inhibiting DHAV infections and virus gene replications on
he DEHs. Moreover, the virus inhibitory rate of sAPS was higher
mers 117 (2015) 339–345

than those of BSRPS and sBSRPS. It accounted for the excellent
anti-DHAV effects of APS and sAPS, in vitro. Nevertheless, their
antioxidant capacities were not that good as comparison with those
of BSRPS and its sulfate. They could not enhance the immune
response of ducklings infected with DHAV, either. Thus, APS and
its sulfate could not reduce or significantly reduce the mortality
rates. Despite all this, both APS (at the 4th and the 8th hour) and
sAPS (at all time) alleviated the hepatic pathological injury severi-
ties and reduced death numbers in the first death peak, sAPS even
put off the time of the second death peak. Theoretically, APS as an
antiviral drug should have treated DVH. Unlike BSRPS and sBSRPS,
however, APS and sAPS exhibited anti-DHAV abilities in vitro while
did not in vivo. The difference could be accounted for the theory of
syndrome differentiation based on an overall analysis of the ill-
ness and the patient’s condition of Traditional Chinese Veterinary
Medicine. DVH is a disease of ducklings suffering from pathogenic
heat and belonged to blood-heat disease. Thus, the principal treat-
ment of DVH is removing blood-heat rather than tonifying Qi. BSRPS
is a kind of heat-clearing and blood-cooling drug, and APS is a kind
of Qi-tonifying drug. So, the treatments with BSRPS and sBSRPS are
dialectical treatment while those with APS and sAPS are just the
opposite of the wish, which is identical to the experimental results.
The reaction in vivo is complicated and holistic, so Traditional Chi-
nese Veterinary Medicine has a unique superiority as its dialectical
and comprehensive view in treatment. In the prophylaxis and treat-
ment of DVH, we  hold the point that integrated traditional Chinese
and Western veterinary medicine is important. And the combina-
tion is beneficial to research and develop more effective antiviral
drugs against DHAV.

In conclusion, APS or sAPS could not be an important drug of
treating DVH solely. Whether will be the treatment of combination
of sAPS and other drugs including BSRPS and sBSRPS effective on
DVH? It is worth the lucubration.
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