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In this paper the effects of a Chinese formula Maxing Shigan powder were investigated on IgA-secreting
cells of chicken bronchus. The herbal powder was dissolved in water at three dosages, 0.5, 1 and 1.5¢g/L.
Each dosage was given to 15-day-old chickens which were challenged with infectious bronchitis virus
(IBV) by artificial infection for 3 days. Then the therapeutic effects were detected. The chickens were
sacrificed at 18, 21, 24, 27 and 30 days old. The changes of IgA-secreting cells per unit area of bronchus
were measured by immunohistochemistry. The IBV antibody titers in serum were determined by ELISA.
The results of the therapeutic effects showed that Maxing Shigan powder can significantly reduce the
mortality and enhance the recovery rate. Positive expression rate of bronchial IgA-secreting cells and
higher IBV antibody titers were observed in the herbal treated groups. The results suggest that Maxing
Shigan powder can protect the mucosa of IBV chickens, promote IgA secreting cells recruitment in the
mucosa and secretion of the IBV antibody so as to lower the mortality and elevate the recovery rate of

the IBV infected chickens.
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INTRODUCTION

Infectious bronchitis is an acute, highly contagious
disease caused by infectious bronchitis virus belonging to
Coronavirus of Coronaviridae, which is one of the
important diseases in intensive poultry industry
(Cavanagh, 2007; Saif, 2005). In China, as in other
countries, IB has occurred frequently in vaccinated and
non-vaccinated flocks and has caused severe economic
losses in recent years (Wang et al., 1997; Wu et al.,
1998; Zhou et al., 2001; Ren et al., 2002; Chen et al.,
2003; Liu and Kong, 2004; Ni et al., 2005; Yang et al.,
2005). The appearance of antigenic variants of IBV
causes a major problem in the poultry industry. Natural
outbreaks of IBV are often the result of infections with
strains that differ serologically from the vaccine strains
(Cavanagh and Nagi, 2003; Cook, 1984; Wang et al.,
1997; Ma et al., 2004). Mucous membrane in respiratory
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Abbreviations: slIgA, Secretory immunoglobulin A; SPF,
specified pathogen-free; APES, aminopropyltriethoxysilane.

tract is the first barrier to invasion of exogenous
pathogenic microorganisms of an animal. It removes or
kills the pathogenic microorganisms directly with the help
of mechanical barrier (tight junction, ciliary movement,
mucous blanket etc.), immunologic barrier [Secretory
immunoglobulinA  (slgA) etc.]. It is the important
pathological component element in the outbreak of
several diseases when the function of mucous membrane
is damaged (Yang and Yang, 2006; Ding et al., 2006).
slgA is the major effecter molecule of mucosal immune
system which mainly exists in tears, saliva, milk and the
secretion of mucosal surfaces in respiratory tract,
digestive tract and genitourinary tract. For the past years,
the studies of slgA have given rise to much interest. But
now the research on interfering the barrier of mucous
membrane in respiratory tract by relevant Chinese
medicinal formulae is rarely reported. Abundant studies
(Deng et al., 2005; Liu, 2004; He et al., 2007) have
shown that many kinds of Chinese herbs have antiviral,
anti-inflammatory and immunoenhancing properties.
Consequently researches on such herbs on preventing
and treating viral diseases have become a hotspot of
traditional Chinese veterinary medicine at present. The
prescriptions in previous reports are mostly used in



Table 1. Animal treatment in different groups.
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Group No. of birds IBV challenge at 12 days of age Herbal liquid (1g/L)
I 30 IBV 0.5
Il 30 IBV 1
11l 30 IBV 1.5
v 30 IBV —_—
\ 30 — —

Group I: Low dose of Maxing shigan powder group; Group II: Middle dose of Maxing shigan powder group;
Group Il High dose of Maxing Shigan powder group; Group 1V: the model group (IBV challenge only); Group V:

blank control group (no virus no herbal).

powder form as additives mixed with feedstuff only. This
coarse herbal powder is inconvenient both for storage
and use clinically. Therefore the classical formula Maxing
Shigan pulvis is extracted by certain technology. The
extracts are processed into water soluble fine powder;
Maxing Shigan powder so as to be absorbed and utilized
easily by chickens. In this study chickens were artificially
challenged with IB virus. Immunohistochemistry was
applied to determine the unit area of IgA-secreting cells in
bronchus. The IBV antibody titers in serum were
measured by ELISA. These methods were applied to
investigate the enhanced protection effect of mucous
membrane in IB chickens by Maxing Shigan powder. The
study provides the theoretical basis to the therapeutics of
IB with Chinese herbal medicine.

MATERIALS AND METHODS
Preparation of Maxing Shigan powder

The original formulae of Maxing Shigan pulvis consists of Herba
Ephedrae 300 g, almond 300 g, Gypsum Fibrosum 1500 g and
Radix Glycytthizae 300 g. Gypsum Fibrosum was broken into
pieces and parceled before decoction for 0.5 h. The other herbs
were added into the decoction liquid before pulverization. The herbs
were decocted twice with the first 1.5 h and the second 1 h. The
two parts of decoction liquid were pulled together and standing
before filtration.

The filtrate was decompressed and concentrated to the density

1.16 (measured at 60°C). After cooling to room temperature, 95%
alcohol was added so as to make the alcohol content to 50%. After
standing for 12h, the supernatant was collected and decompressed
for recycling the alcohol until the physic liquor is tasteless. After
adding water to 1000 ml, the pH value was adjusted by 20%
sodium hydroxide to 6.0~7.0.

After standing for 5 h and filtration, the filtrate was collected for
decompressing and concentrating so as to make the density to 1.15
and then spray dried. At last adjuvant was added to make the
weight to 1000 g. Each 100 g of Maxing Shigan powder was
equivalent to 240 g of original crude herbs.

Virus strains and propagation

The stock virus was purchased from China Institute of Veterinary
Drug Control. It was propagated, assayed and harvested from

inoculated specified pathogen-free (SPF) chicken embryos. It was
passaged for five generations. Each of the IBV-infected chickens
was inoculated intratracheally with 0.2 ml preparation of the 1BV
strain M41Ey4, containing 10 egg lethal dose at 50% level (ELDso).

Treatment of animals

One hundred and fifty one-day-old chickens were purchased from a
commercial chicken farm in Shijiazhuang city, China, fed with
standard feedstuff and tap water ad libitum. The birds were not
vaccinated with any vaccines during the whole study period, and
they were randomly allocated into five groups of 30 birds each.

The chickens were challenged with the virus harvested from
inoculated specified pathogen-free (SPF) chicken embryos at 12

days of age. The challenged chickens (Groups I-IV) were housed in

isolated hen cage. Birds in Group V received no virus challenge or

herbal treatment. The room temperature was adjusted artificially.
Low temperature environment was kept at 10-15°C for 2-4 h daily.
Other times it was kept at 18-20°C together with sprinkling
frequently in the hen cage to keep the indoor humidity at least 70%.
Development of disease was observed closely after challenging.
Clinical observation showed that chickens fell ill in succession 36 h
after challenging, and then the whole flock was involved rapidly.
The whole flock fell ill 48 h post challenge.

At this time point medication treatment in each medication group
was started with Maxing Shigan powder by successive
administration for 3 days. Experiment grouping and medication
were listed in Table 1.

Preparation of reagents

SP-9002 Histostain™-Plus kits was purchased from Zhongshan
Biotech Co., Ltd. (Beijing, China), consists of Bloking solution, 3%
H-O,, Biotin-goat anti-mouse IgG, Streptavidin peroxidase (S-
A/HRP) and Diaminobenzidine (DAB). Mouse anti-chicken IgA was
obtained from Southern Biotech, Inc. (Birmingham, AL, USA). IBV
antibody test kit was obtained from IDEXX Laboratories, Inc.
(Westbrook, ME, USA).

Clinical therapeutic effect evaluation
Recovery rate

During the test period, a bird was judged cured if the clinical
symptoms disappeared, spirit and ingestation has been restored.
The number of curative chickens in each group divided by the
whole number of chickens is the recovery rate.
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Table 2. Test results of therapeutic effects.

Group No. of birds No. dead Death rate (%) No. cured Recovery rate (%) Total effective rate (%)
I 30 5 16.7B 19 63.3C 83.3C
Il 30 2 6.7Cda 27 90A 93.3A
1 30 3 10BC 26 86.7AB 90AB
v 30 12 40A —_— —_— —_—
Vv 30 0 0Db — — —

The different lowercase and capital letters showed significantly difference at 0.05 and 0.01 level, respectively. The same as follows.

Effective rate

During the test period, all the chickens are alive. Moreover, the
symptom is reduced obviously with some chickens turn better in
feces. General appearance, drinking amount and appetite also
were monitoring signs as effective except complete healed. The
number of living chickens in each group takes the percentage of the
number of text chickens is the effective power.

Death rate

We judge chicken for dead if the it was found with IBV characteristic
pathological changes only, exclusive of the other dead ones; the
number of dead chickens in each group takes the percentage of the
number of text chickens is the death rate.

Sample collection

At five time points, 18, 21, 24, 27, 30 day-old, 6 randomly selected
birds per group were sacrificed, blood samples were taken by
cardiopuncture and serum was collected for detecting IBV antibody
titers. The sample of the bronchus was removed and fixed in
Bouin’s solution to detect the sIgA secreting cells.

Immunohistochemical examination for IgA secreting cells in
bronchus

The fixed samples were embedded in paraffin. 5 ym thick sections
of bronchus were serialy cut and mounted on
aminopropyltriethoxysilane (APES) coated slides. Twenty sections
were prepared for each bronchus sample. The slides were treated
with xylene twice, 7 min for each step. After dehydrating in graded
ethanols, the endogenous peroxidase activity was neutralized by
3% H>0; for 30 min. Immunohistochemistry staining was carried out
with  mouse anti-chicken IgA (1:200) according to the
manufacturer’s instructions. All incubations were performed in a
moisture chamber. Control staining was carried out simultaneously
in which the first antibody was replaced by PBS. No specific
staining was found in the control.

ELISA examination for IBV antibody titers in serum

The IBV antibody titers in serum were determined using ELISA kit
according to the manufacturer’s instructions.

Histological observation

The sections were observed under Olympus BH-2 microscope, 4

and 10 times eyeshot were chosen per section, 10 sections per
group. The data of positive cells were calculated by areas. The
areas of IgA secreting cells in five different microscope fields were
counted by Scion Image software for the statistical analysis of the
data.

Data statistics

The data were assessed by one-way analysis of variance, using the
SPSS 13.0 software, p < 0.05 was considered statistically
significant.

RESULTS
Clinical therapeutic results

After challenged with IBV, death rate of chickens in the
model group was significantly higher than that in the
blank control group (P < 0.01). Death of birds was
observed 60 h post challenge. Death rate of all the three
herbal treated groups was significantly lower than the
model group (P < 0.01). Among the three herbal treated
groups, the recovery rates of Groups Il and Ill were

significantly higher than Group | (P < 0.01). Three days

medication in Groups Il and Il showed satisfactory
results, treatment effectiveness of Groups Il and Il being
the most effective (Table 2).

The distribution characters and changes of IgA
secreting cells

The results of immunohistostaining showed that IgA
secreting cells were distributed abundantly in lamina
propria of bronchus, round or oval in shape. The
cytoplasm showed strong positive reaction whose color
was dark brown. The nucleus showed negative reaction
without coloring. Structures of trachea were undamaged
in the blank control group (A and B) and the cilium was
faintly visible (B). In model group (C and D), the structure
of trachea was confused, the cilium was invisible. The
bound among mucous gland lamina propria and
submucosa was unobvious, and the number of IgA



Liu et al. 4307

Figure 1. A. IgA secreting cells in blank control group, mucous gland. The bound between lamina propria
and submucosa is obviously. Scale bar: 100u m; B. IgA secreting cells in blank control group the secreting
cells are well-distributed in lamina propria. Scale bar: 25 ym; C. IgA secreting cells in model group.The
bound is in chaos, the stratum mucosum of the bronchus is getting thinner and easy to fall off. Scale bar: 100
um; D. IgA secreting cells in the model group, the distribution of the secreting cells is confused and
disorderly. Scale bar: 25 uym; E. IgA secreting cells in middle dose group, mucosa becomes thicker, the
structures start to distinct. Scale bar: 100 um; F. IgA secreting cells in middle dose group, the number of the
secreting cells is significantly increased. The IgA secreting cells were pointed by the arrows. Scale bar: 25
um. In all the above figures, a: mucous gland; b: tracheal cartilage; ¢: lamina propria; d: submucosa.

secreting cells increased significantly than the blank
control group. In the group of middle dose (E and F), the
structures were more distinct than the model group. The
bound among lamina propria and submucosa was getting
obvious.

The number of IgA secreting cells was the largest
compared with the previous groups (Figure 1). The data
analysis results displayed that, under normal
circumstances, positive expression rate of bronchial IgA-
secreting cells maintained a certain level. At 3 days post-
infection (18-day-old), the IgA-secreting cells in groups

challenged with virus were increasing significantly, and
showed difference compared with the blank control group
(p<0.05). At 6 days post-infection (21-day-old), positive
expression rate in groups |, Il and Ill showed significant
differences compared with the model group ( p<0.01 in
Groups Il and Ill). The positive expression rate of
challenging groups continued to rise onwards, but the
increasing amplitude of groups | and IV was not as high
as in groups Il and Ill, which was still higher than other
three groups (Groups I, IV, V) significantly (p<0.01).
Moreover, at 30-day-old, groups Il and Il still maintained
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Table 3. The influence of Maxing Shigan powder on the IgA secreting cells.

Group n 18-day-old 21-day-old 24-day-old 27-day-old 30-day-old

[ 6 5.48+0.52% 6.51+0.25° 8.93+0.16"%° 8.51+0.17%¢ 8.6110.19°

I 6 5.98+0.24" 8.7110.42" 11.03+0.55™ 11.55+0.31"2 11.9240.17%

Il 6 5.66+0.45" 7.63+0.55™ 10.32+0.44"° 10.95+0.47"° 11.25+0.52"

\Y 6 5.130.25™ 5.92+0.16° 6.7120.40% 6.90+0.34 6.95+0.31°

Y% 6 3.30+0.42° 3.37+0.39° 3.14+0.22° 3.41+0.18° 3.28+0.12°

Table 4. IBV antibody titers in serum.

Group n 18-day-old 21-day-old 24-day-old 27-day-old 30-day-old
[ 6 172.96+19.77% 340.78+17.32% 506.85+104.5752 575.96+25.7252 475.96+25.72%
I 6 489.96+53.23" 615.22+74.64" 952.40+122.28" 1172.80+85.10% 864.24+1341.64"
1] 6 403.70+54.44"° 517.04+28.39"° 907.60+68.38" 1032.17+54.95" 875.40+55.13"82
v 6 165.03+68.61%° 317.32+51.70%¢ 445.47+30.06"° 526.75+85.67°° 617.46+101.615%°
Y% 6 77.65+34.74%¢ 69.23+39.40° 72.10+35.86° 106.28+86.85° 173.22+34.38°

upward trend (Table 3).

Effect of maxing Shigan powder on IBV antibody

The result of antibody determination demonstrated that
antibody titers of Group V were negative. Antibody titers
in Group IV were increased significantly compared with
Group V. But it demonstrated positive only when the birds
were soon after resistance (24-day-old). After
administered with Maxing Shigan powder, antibody titers
in serum increased significantly in groupslland III.
Furthermore, in each age level, they showed significant
differences with Group IV (P<0.01). Among the drug
treated groups, the middle and high dose groups showed
higher titers than the low-dose group. In addition, there
were significant differences at days 21, 24, 27 and 30
(P<0.01) (Table 4).

DISCUSSION

The surface of mucous membrane is the chief invaded
site of foreign antigenic properties such as bacteria, virus
and parasites. Therefore, the mucosal immune system
constitutes the first immunologic barrier for animal
organism to resist the intrusion by pathogenic
microorganism (Yang, 2001). There is a powerful
mucosal immune system in animal organism including
both humoral and cellular immune function, and humoral
factor plays the main parts. IgA secreted by IgA-secreting
cells (slgA) is the major effecter of humoral immunity. It
prevents bacteria and virus invading through the surface
of mucous membrane so as to prevent the formation of
colony. Moreover, it agglutinates bacteria into macrobead,

make the removing of bacterial particles by mucous
membrane more conveniently. Co-existence with
complement and lysozyme, IgA combats infection by
dissolve bacteria. In addition, sIlgA regulates
phagocytosis and cytotoxicity mediated by antibody-
dependant cell mediates (Tagliabue et al., 1983). The first
door IBV invaded into was mucous membrane system of
respiratory tract where immune response was generated.
Under pathological conditions, the mucous membrane
barrier was markedly destroyed, the ability of
immunoreaction then became lower, pathogenic
microorganisms and their toxic products would invade
into the body, producing harmful effects. This can be
seen in the present study. The results of
immunohistostaining showed that in the model group
there was a short time elevation in the quantity of IgA
secreting cells after virus challenge, after that period the
IgA secreting cells remained at lower level. Without
adequate antibody production for self-protection, thereby
virus invaded and the birds were severely harmed.

The mortality was significantly higher than the three
herbal treated groups and the blank control group. In this
research, stimulus in respiratory tract by IBV made the
quantity of IgA secreting cells stayed at higher levels than
the blank control group significantly. This phenomenon
was more obvious in the middle and high dose groups
which showed significantly more IgA secreting cells in the
later stage of the study (Table 3). The results indicated
that during the initial stage of virus challenge ,the surface
of mucous membrane of the herbal treated birds
stimulated by virus antigen started to secret specific
antibody immediately for immunoprotection, considerable
antibody titer still remained at high levels even in the later
stage of the research. Clinically the herbal treated groups
exhibited significant raise in recovery rate and effective
rate. Clinical therapeutic results showed that mortality in



herbal treated groups decreased significantly and
recovery rate and effective rate increased significantly
(Table 2). This possibly is relevant with the protective
effects of respiratory tract by the Chinese herbal
medicine.

Antigenic stimulation would transform B lymphocytes
into phlogocytes which secrets antibody with or without
the assistance of T helper cells. The antibody level was
an important index for humoral immunity (Qiu et al.,
2007). In this research antibody levels in serum were
monitored by ELISA after virus challenge and herbal
treatment in order to investigate the beneficial effects of
the Chinese herbal medicine on production and
maintenance of antibody levels. The result showed that
Maxing Shigan powder promoted the secretion of
antibody, resulting in effective protection of the birds. The
antibody titers were especially higher in groups of middle
and high dosages (Table 4) which coincidence with the
results of clinical therapeutic effects. The study showed
that Maxing Shigan herbal powder has the ability to
strengthen the immune response significantly, thereby
cut down mortality of the disease.

Earlier studies have found that glycyrrhizic acid has the
ability of non-specific immunoregulation by enhancing
cellular  immunity, reinforcing  phagocytosis  of
macrophage, eliminating the inhibitory activity of
suppressor macrophage, even more reinforcing the
helper T cells by increasing CD4+ T cells and decreasing
CD8+ T cells. Glycyrrhizic acid also regulates the
formation and secretion of many kinds of cytokines,
promoting IL-2, IFN-y produced by Ilymphocyte and
restraining the generation of IL-4 or IL-10 (Yoshikawa et
al., 1997; Xu and Zou, 2005). How the whole herbal
formula exerts the immunomodulation needs more
concentrated studies. In a word, Maxing Shigan powder
has the ability to lower the mortality of IBV infected
chickens, to strengthen their immune function of mucous
membrane especially secreting antibody at high levels at
the stage of rehabilitation. Therefore the ability of
defending the invading by strong viruses was elevated.
Certain reference data was supplied that the research
and application of the treatment of IB by the traditional
Chinese medicine.
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