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Abstract
Background

PRRSV and PCV2 co-infection is very common in swine industry which results in huge economic losses
worldwide. Although vaccination is used to prevent viral diseases, immunosuppression induced by
PRRSV and PCV2 leads to vaccine failure. Our previous results have demonstrated that Matrine
possessed antiviral activities against PRRSV/PCV2 co-infection in vitro. To establish a PRRSV/PCV2 co-
infected KM mouse model and evaluate the antiviral activities of Matrine against PRRSV/PCV2 co-
infection. A total of 144 KM mice were randomly divided into six groups with 24 mice in each group,
named as: normal control, PRRSV/PCV2 co-infected group (PRRSV/PCV2 group), Ribavirin treatment
positive control (Ribavirin control) and Matrine treatment groups (Matrine 40 mg/kg, Matrine 20 mg/kg
and Matrine 10 mg/kg). Except normal control group, all mice in other �ve groups were inoculated with
PRRSV, followed by PCV2 at 2 h later. At 7 days post-infection (dpi), mice in the treatment groups were
intraperitoneally administered with various doses of Matrine and Ribavirin, twice a day for 5 consecutive
days.

Results

PRRSV N and PCV2 CAP genes were detected by PCR in multiple tissues including heart, liver, spleen,
lungs, kidneys, thymus and inguinal lymph nodes. The viral load of PCV2 was the highest in liver
followed by thymus and spleen. Although PRRSV were detected in most of the tissues, but the replication
of PRRSV was not signi�cantly increased, as shown by qPCR analysis. Comparing with PCV2 infection
alone, PRRSV infection signi�cantly elevated PCV2 replication and also exacerbated PCV2 induced
interstitial pneumonia. qPCR analysis demonstrated that 40 mg/ml Matrine signi�cantly attenuated
PCV2 replication in liver and alleviated virus induced interstitial pneumonia, suggesting that Matrine
could directly inhibit virus replication. In addition, Matrine treatment enhanced peritoneal macrophages
phagocytosis at 13 and 16 dpi, and 40 mg/kg of Matrine increased the proliferation activity of
lymphocytes. Body weight gain was continuously promoted by administrating Matrine at 10 mg/kg.

Conclusion

Matrine possessed antiviral activities via inhibiting virus replication and regulating immune functions in
mice co-infected by PRRSV/PCV2. These data provide new insight into controlling PRRSV and PCV2
infection and support further the research for developing Matrine as a new possible veterinary medicine.  

Background
Co-infections involving porcine reproductive and respiratory syndrome virus (PRRSV) and porcine
circovirus type 2 (PCV2) are still common world-widely in pig industry and has resulted in enormously
economic losses. The co-infection status of four important swine viruses (classical swine fever virus,
PRRSV, PCV2 and PCV3) in 159 diseased and dead pigs in eight regions of China from 2016 to 2018 was
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evaluated by Chen et al (2019), demonstrated that co-infection is a common phenomenon and the
percentage of PRRSV and PCV2 co-infection is the highest among them [1]. Vaccination is usually used
to prevent and control viral diseases. Although there are several vaccines available, vaccines are not
highly effective against PRRSV/PCV2 co-infection due to high mutation rate of PRRSV and PCV2 viruses
as well as the complicated co-infection status. A trivalent vaccine against M. hyopneumoniae, PCV2, and
PRRSV, licensed in many Asian countries did not provide the same protection as each respective
monovalent vaccine [2]. Vaccination with PRRS modi�ed live virus vaccine followed by challenge with
PRRSV and PCV2, provide protection for PRRSV but enhances PCV2 replication and pathogenesis [3].
Therefore, these problems highlight the need for alternative approaches to control this disease.

Screening of antiviral natural compounds extracted from traditional Chinese medicines is gaining
attentions in the world. Many natural compounds have the antiviral activity against African swine fever
virus [4], H1N1 [5], porcine parvovirus [6], infectious bursal disease virus [7] and Marek's disease virus [8,
9]. Ginsenoside Rg1 [10], Sodium tanshinone IIA sulfonate [11], tea seed saponins [12], Dipotassium
Glycyrrhetate [13] and Xanthohumol [14] were selected as a potential drug candidate to treat PRRS.
Polysaccharide of Sargassum weizhouense [15], Epigallocatechin Gallate [16], saponins [17] and
Astragalus polysaccharides [18] inhibit PCV2 replication in vitro and in mice. Matrine, a compound
extracted from sophora �avescens Ait., possess anti-PRRSV [19], anti-PCV2 [20] and anti-PPRSV/PCV2
co-infection activity in vitro, demonstrated in our previous studies [21].

Undoubtedly an appropriate laboratory animal model is important for drug development. Due to easy
handling and low price, mouse model is a better choice for preliminary drug screening. It has been
reported that PRRSV does not replicate in rodents [22], but PCV2 infection was successfully established
by multiple routs including intranasal, intraperitoneal, oral and intramuscular injection [23–26]. Piglets
have been used for PRRSV and PCV2 co-infection model [27, 28], but there are few literatures on the
mouse model for PRRSV and PCV2 co-infection.

In this study, mouse model co-infected by PRRSV and PCV2 was �rstly established, which was used to
further evaluate the antiviral activities of Matrine against PRRSV and PCV2 co-infection.

Methods
Compounds, viruses and KM mice

Matrine was purchased from Nanjing Zelang Meditech Ltd, China and its purity was 98% by HPLC.
Ribavirin solution for injection (1ml:0.1g) was purchased from Shanxi Taiyuan Pharmaceutical Co., Ltd,
China. The titers of PRRSV and PCV2 were 107.5TCID50/ml and 105.15TCID50/ml, respectively by

Immuno�uorescence assay on PAM cells. 106TCID50/ml PRRSV and 104TCID50/ml PCV2 were used in
this experiment [21]. All mice used in this study were purchased from the Experimental Animal Center,
Academy of Military Medical Sciences, Beijing, China, and were humanely managed according to the
established guidelines of ethics committee of Shanxi Agriculture University.
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Establishment of KM mouse model co-infected by PRRSV/PCV2

6-week-old KM mice were randomly divided into three groups with 6 in each group. The group inoculated
with normal saline was named as an uninfected control group, with PRRSV �rst followed by PCV2 2 h
later as PRRSV/PCV2 co-infected group and PCV2 only as PCV2 infected group. The inoculation routes
and dose of both PRRSV and PCV2 were as followed: each mouse was respectively inoculated 0.5 ml
intraperitoneally, 0.3 ml subcutaneously on back and 0.05 ml intranasally. At 7 days post-infection (dpi),
samples of heart, liver, spleen, lungs, kidneys, thymus and inguinal lymph nodes were respectively
collected and frozen at -80°C for detecting PRRSV and PCV2 by PCR. The samples of lungs were also
�xed in Bouin's solution for the histopathological observation.

Experimental design

144 Kunming mice were randomly divided into six groups with 24 mice in each group: normal control,
PRRSV/PCV2 co-infected group (PRRSV/PCV2 group), Ribavirin treatment positive control (Ribavirin
control), Matrine treatment groups (Matrine 40 mg/kg, Matrine 20 mg/kg and Matrine 10 mg/kg).
Selected doses of Matrine (40, 20 and 10 mg/kg) used in these experiments were determined by Acute
toxicity test (data were not shown). Except for normal control group, animals in all other groups were
inoculated with PRRSV followed by PCV2 2 h later, as described in the section of model establishment. At
7 dpi, mice in the treatment groups were intraperitoneally administered with various doses of Matrine and
Ribavirin, twice a day for 5 days at a dose of 0.2 ml Matrine or Ribavirin per 10 g body weight each time.
Mice in the control group were administered with the same volume of normal saline at the same
frequency and by the same route. The body weight of mice in each group before virus infection and at 10,
13, 16 and 19 dpi were recorded. Six mice of each group were sacri�ced at 10, 13, 16 and 19 dpi, and the
spleen and thymus were weighed and their immune organ indices were calculated according to the
following formula: the index of organ (mg/g) = weight of organ / body weight.

Quanti�cation of PCV2 DNA in liver tissues

At 10, 13, 16 and 19 dpi, liver of six mice in each group was collected and stored in liquid nitrogen. After
grinding with liquid nitrogen, DNA of liver tissue was extracted using TIANamp Genomic DNA Kit
(TIANGEN, China). The concentration of DNA was measured using NanoDrop 1000 spectophotometer
(NanoDrop Technologies, Wilmington, DE, USA). A 148 bp fragments from the CAP gene of PCV2 was
ampli�ed with speci�c forward primer 5'-GTCTACATTTCCAGCAGTTTG-3' and reverse primer 5'-
CTCCCGCCATACCATAA-3'. Real time PCR was performed using Applied Biosystems® 7500 Real-Time
PCR system, and carried out with 2×SYBR Green qPCR Master Mix from Bimake according to the
manufacturer’s instructions. A recombinant plasmid vector containing PCV2 CAP gene fragment was
used to generate a standard curve.  

Measurement of phagocytosis of peritoneal macrophages
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Phagocytosis of peritoneal macrophages were measured as a cellular uptake of FITC-dextran and
quanti�ed by �ow cytometry as described by Xiu et al [29]. Brie�y, peritoneal macrophages were
aseptically collected and resuspended in 1 ml RPMI 1640 medium. 0.2 mg/ml FITC-dextran was added
into each tube and incubated for 30 min at 37°C. Cells added with the same amount of FITC-dextran and
incubated at 4°C for 30 min were used as a baseline for macrophages phagocytosis assay. All cells were
then collected and stained with APC-conjugated anti-F4/80 antibody and PE-conjugated anti-CD11b
antibody for 20 min at room temperature in dark. Phagocytic ability was evaluated using Median
�uorescence intensity (MFI) at a percentage of FITC-positive cells gated on CD11b+ F4/80+ peritoneal
macrophage. 

Lymphocytes proliferation assay using CFSE labeling

Murine splenic lymphocytes were collected using lymphocyte separation medium (TBD, China).
Lymphocyte proliferation was determined using CFSE labeling by �ow cytometry as described by Wang
[30]. 500 μl CFSE with a concentration of 4 μM was added into the same amount of lymphocytes
suspension in PBS. After incubation at 37°C for 10 min with slight shaking, 5 ml PBS supplemented with
10% fetal calf serum (FCS) was added and then incubated for 5 min on ice to stop the dying process. The
CFSE-labelled cells were placed in 24-well plates with a density of 4×106/ml and incubated in the culture
medium supplemented with ConA (the �nal concentration was 5 μg/ml) or LPS (the �nal concentration
was 20 μg/ml). The cells were cultured for 48 h at 37°C and then analyzed by �ow cytometry. 

Statistical analyses

All the data were expressed as mean ± standard errors of the mean (SEM) and the statistical analysis
were performed using SPSS version 21.0 software (SPSS, Chicago, IL, USA). A one-way analysis of
variance (ANOVA) followed by LSD was used to analyze the results. When the Test of Homogeneity of
Variances was lower than 0.05, Mann-Whitney U-test (nonparametric test) was used for statistical
analysis. Histograms were obtained from GraphPad Prism version 5 (GraphPad software, San Diego, CA).
* means P <0.05, * *means P <0.01, *** means P <0.001.

Results
Distribution of PRRSV and PCV2 in different organs

At 7 dpi of PRRSV and PCV2, tissues of inguinal lymph nodes, spleen, liver, heart, lungs, kidneys and
thymus were collected to determine the distribution of PRRSV and PCV2 by PCR to amplify a 196 bp
fragment of PRRSV N gene and 148 bp fragment of PCV2 CAP. Both PRRSV N gene (Fig. 1A) and PCV2
CAP gene (Fig. 1B) were detected in all tissues collected above. As shown in Table 1, only one in �ve mice
was positive for PRRSV in inguinal lymph node while PRRSV was detected in all other tissues collected
from 5 mice. For PCV2 CAP gene, at least three mice were positive in the tissues collected from 6 mice.
According to the PCR results, both PRRSV and PCV2 transmitted to most of the collected mice tissues.
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Table 1
The tissue distribution of PRRSV and PCV2 in co-infected mice by PCR

  #of positive
mice

#of positive tissues

  Inguinal lymph
nodes

Lung Liver Spleen Kidney Heart Thymus

PRRSV 5/5 1/5 5/5 5/5 5/5 5/5 5/5 5/5

PCV2 6/6 5/6 5/6 6/6 5/6 3/6 6/6 5/6

PRRSV infection enhanced PCV2 replication and induced more severe lung lesions

At 7 dpi, PCV2 CAP gene copy numbers were the highest in liver, followed by thymus and spleen as
shown in Fig. 1C. These results were similar both in PRRSV/PCV2 co-infected and PCV2 infected groups,
suggesting that PCV2 has tissue tropism in mouse model. Furthermore, the results showed that PCV2
CAP gene copies in liver (p < 0.05), thymus (p > 0.05) and spleen (p < 0.01) of PRRSV/PCV2 co-infected
mice were signi�cantly higher than PCV2 infected mice, indicating PRRSV infection enhanced PCV2
infection in mouse model. In addition, compared with normal control group, obvious lung lesions were
observed in both PRRSV/PCV2 co-infected and PCV2 infected mice (Fig. 2A). Particularly, the
hemorrhagic area was larger in PRRSV/PCV2 co-infected mice than PCV2 infected mice. H&E staining of
lungs (Fig. 2B) revealed that both PRRSV/PCV2 co-infected and PCV2 infected mice displayed typical
characteristics of interstitial pneumonia including thickened alveoli septa and decreased alveolar area.
Taken all these histopathological observations, the lesions of lungs were more severe in PRRSV/PCV2 co-
infected mice, suggesting that PRRSV infection enhanced PCV2 induced lungs lesions.

Matrine restrained PCV2 replication in liver and alleviated lungs lesions induced by virus infection

PCV2 CAP gene copy numbers in liver were measured by qPCR as shown in Fig. 3A. At 10 dpi, compared
with virus control group, the CAP gene copies were signi�cantly decreased in Matrine 40 mg/kg treatment
group (p < 0.01). The CAP gene in Ribavirin treatment group was lower but no signi�cant difference was
observed (p > 0.05). At 13 dpi, CAP gene copies in Ribavirin (p < 0.01), Matrine 40 mg/kg (p < 0.05) and
20 mg/kg (p < 0.05) treatment groups were signi�cantly lowered than that in virus control. Compared with
virus control at 16 and 19 dpi, CAP gene copies were decreased in drug treatment groups but without
statistical difference (p > 0.05). Compared with normal control, the lungs of PRRSV/PCV2 co-infected
mice displayed typical characteristics of interstitial pneumonia including thickened alveoli septa and
decreased alveolar area. However, both Ribavirin and Matrine treatments (especially 40 and 20 mg/kg)
could signi�cantly alleviated these pathological changes as shown in Fig. 3B.

Measurement of body weight gain, spleen and thymus indices in different treatments

Compared with normal control, the body weight gain in PRRSV/PCV2 group was signi�cantly declined at
19 dpi (p < 0.01), while increased with varying degrees in Ribavirin and Matrine treatments, especially
Matrine 10 mg/kg treatment group (p < 0.001) as shown in Fig. 4A. Moreover, the body weight gain in
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Discussion
Fan et al have clari�ed the synergistic effects of PRRSV and PCV2 on pathogenesis in the infected pigs.
PRRSV infection followed by PCV2 enhances the replication of viruses in piglets and results in more
severe clinical signs and lesions [28]. In this study, PRRSV/PCV2 co-infected mouse model was
established by inoculating PRRSV �rst, followed by PCV2 2 h later through multiple routes
(intraperitoneal, subcutaneous on back and intranasal injections). The results showed that both PRRSV
and PCV2 could be detected in inguinal lymph nodes, spleen, liver, heart, lungs, kidneys and thymus at 7

Matrine 10 mg/kg was higher at each indicated time point: 10 (p > 0.05), 13 (p < 0.01) and 16 dpi (p < 
0.05), suggesting that Matrine has an effect of gaining body weight with the dose of 10 mg/kg. The
spleen index in PRRSV/PCV2 group was much higher than that in normal control at 10 (p < 0.01), 13 (p < 
0.05), 16 (p = 0.067) and 19 (p < 0.05) dpi. However, at 13 dpi, Matrine with the dose of 40 (p < 0.05) and
10 (p < 0.05) mg/kg signi�cantly decreased the spleen index induced by virus infection (Fig. 4B). As
shown in Fig. 4C, compared with normal control, the thymus index in PRRSV/PCV2 group was
signi�cantly higher both at 10 (p < 0.01) and 13 (p < 0.01) dpi and there were no remarkable changes at
16 and 19 dpi. Meanwhile, both Ribavirin and Martine declined the increasing trend with varying degrees.

Matrine Regulate Peritoneal Macrophages Phagocytosis

Phagocytic ability of peritoneal macrophages was evaluated using MFI at the percentage of FITC-positive
cells gated on F4/80+/CD11b+ cells. As shown in Fig. 5A and B, at 10 dpi, the MFI and the ratio of
F4/80+/CD11b+ in PRRSV/PCV2 group was signi�cantly higher than that of normal control (p < 0.01).
These results indicated that virus infection promoted an increase in macrophages and enhanced their
phagocytic ability. Compared with PRRSV/PCV2 group, the percentage of F4/80+/CD11b+ in Ribavirin
and Matrine treatment groups were not changed signi�cantly, while the MFI in these groups were
remarkable decreased (p < 0.01). In addition, at 13 and 16 dpi, the MFI in PRRSV/PCV2 group was much
lowered than that in normal control which means that there were no remarkable changes in
macrophages, indicating that persistent infection of virus has leaded to the decrease of the phagocytic
ability of macrophages. However, Matrine with the dose of 40 and 20 mg/kg has promoted the
phagocytic ability of macrophages compared with PRRSV/PCV2 group.

Effects Of Matrine On The Proliferation Of Splenic Lymphocytes

At 10 dpi, the proliferation index of splenic lymphocytes with and without mitogen stimulus in
PRRSV/PCV2 group was remarkably higher compared with the normal control, while it decreased in
Ribavirin both with and without LPS stimulus compared with PRRSV/PCV2 group (p < 0.05). Moreover,
the proliferation indices in Matrine 40 and 10 mg/kg treatment groups stimulated with both ConA and
LPS were much lowered than those in PRRSV/PCV2 group as shown in Fig. 6. In addition, at 16 dpi,
Matrine with a dose of 40 mg/kg enhanced the proliferation index with and without mitogen stimulus
compared with PRRSV/PCV2 group. The proliferation index showed no-signi�cant changes among all the
groups at 19 dpi.
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days of infection, indicating that both PRRSV and PCV2 could infect and spread in mice. qPCR was
further used to determine whether the viruses have tissue speci�city. The copy number of PRRSV N gene
was less than 10, indicating that PRRSV could not replicate well in mice. PCV2 Cap gene copy numbers
were highest in liver, followed by thymus and spleen both in PRRSV/PCV2 co-infected and PCV2 infected
mice. Moreover, Cap gene copy number in PRRSV/PCV2 co-infected group was higher than that in PCV2
alone group. In addition, PRRSV/PCV2 co-infection induced sever lung lesion with more pulmonary
hemorrhages, thickened alveoli septa and decreased alveolar space. These results indicated that
although PRRSV did not replicate well in mice, could not only promote PCV2 replication, but also
aggravate lung lesions in mice. Similar results have been reported in PRRSV/PCV2 co-infected piglets.
Co-infection of PRRSV and PCV2 enhanced both PRRSV and PCV2 replication which induce more serious
interstitial pneumonia [27, 28]. Therefore, the PRRSV/PCV2 co-infection mouse model established in this
study could be preliminary used to study the mechanism of PRRSV/PCV2 co-infection as well as
evaluating the antiviral activities of a drug.

Co-infection of PRRSV and PCV2 increased the number of peritoneal macrophages and phagocytic
function at 10 days post-infection, which may be related to the route of virus inoculation. Different
inoculation routes may induce different immune responses. In this study, mice were inoculated with
viruses partly by intraperitoneal injection, so a large number of macrophages were gathered to remove
these viruses. In addition, virus co-infection also increased the spleen and thymus index, and spleen
lymphocyte proliferation which indicated that co-infection activated the immune response. However, co-
infection prolonged both the body weight gain (19 dpi) and the phagocytic capacity of peritoneal
macrophages which continued to decrease at 13 dpi and 16 dpi, indicating that the virus co-exist has
eventually interfere with the body function. Pigs are less able to resist and eliminate secondary infectious
agents due to the effect of PRRSV on the thymus [31]. The co-infection of PRRSV and PCV2 may
aggravate this phenomenon.

Matrine with a dose of 40 mg/kg signi�cantly decreased PCV2 Cap gene expression in liver both at 10
and 13 dpi, indicating that Matrine could inhibit PCV2 replication in mice. However, at 16 and 19 dpi,
Matrine inhibited the Cap gene expression in varying degrees, but with no signi�cant difference. The
above results demonstrated that Matrine interfere the virus replication in the early stage of infection.
During the study, it was found that 10 mg/kg Martine promote the continuous body weight gain.
40 mg/kg Martine increased lymphocytic proliferation index and enhanced the phagocytic ability of
macrophages. These results indicated that Matrine could reduce the virus-induced lesions by enhancing
the immune function. It has been reported that Astragalus polysaccharides inhibited PCV2 replication by
inhibiting oxidative stress and blocking NF-κB pathway [18]. Our previous results showed that Matrine
and scutellarin inhibited PCV2 infection in vitro [20]. Other researches also demonstrated that
carboxymethylpachymaran, Glutamine and selenium yeast reduced the in�ammatory response and
pathological phenomenon induced by PCV2 though regulating the immune response, but had no effect
on PCV2 replication [32–34].
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Conclusions
PRRSV/PCV2 co-infection mouse model was established by inoculating PRRSV followed by PCV2 2 h
later through multiple routes including the intraperitoneal, subcutaneous on back and intranasal
injections. Both PRRSV and PCV2 spread in mice, but only PCV2 replicates more e�ciently. PRRSV
infection promoted PCV2 replication and aggravated lungs lesions in mice. Matrine in a dose-dependent
manner inhibited PCV2 replication in liver of mice co-infected by PRRSV/PCV2. 40 mg/kg Martine
increased lymphocytic proliferation and enhanced the phagocytic ability of macrophages through
regulating the immune function to reduce the virus-induced lesions.

Abbreviations
PRRSV
porcine reproductive and respiratory syndrome virus
PCV2
porcine circovirus type 2
Dpi
days post-infection
MFI
Median �uorescence intensity
FCS
fetal calf serum
SEM
standard errors of the mean
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Figures

Figure 1

Agarose gel electrophoresis of PCR products of PRRSV N gene (A) and PCV2 CAP gene (B) PCR products
in tissues from PRRSV/PCV2 co-infected mice. The products size of PRRSV N gene and PCV2 CAP gene
were 196 bp and 148 bp respectively. M means Marker; 1: negative control; 2 (A and B): positive control; 3
(B): positive control. C: The distribution of PCV2 in both PRRSV/PCV2 co-infected mice and PCV2 alone
infected mice at 7 dpi by qPCR assay. Data were expressed as mean±SEM. *means p<0.05, ** means
p<0.01, *** means p<0.001.
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Figure 2

Lung morphological observation and H&E histology in normal and infected mice. No lung lesions in
normal control group. Obvious lesions were observed in lungs of both PRRSV/PCV2 co-infected and
PCV2 infected mice (A). Hemorrhages and typical characteristics of interstitial pneumonia including
thickened alveoli septa and decreased alveolar spaces were displayed both in PRRSV/PCV2 co-infected
and PCV2 infected mice from the results of H&E staining (B). Compared with PCV2 infected group, the
lungs lesions were much severe in PRRSV/PCV2 co-infected group.
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Figure 3

Matrine restrained PCV2 replication in liver (A) and alleviation of virus-induced lung lesions (B). A: Effect
of Matrine on PCV2 CAP gene expression in liver at 10, 13, 16 and 19 dpi. qPCR results demonstrated that
Matrine signi�cantly inhibited PCV2 CAP gene expression both at 10 and 13 dpi. Data were expressed as
mean ± standard errors mean (SEM). * means p <0.05, ** indicates p <0.01, *** means p <0.001. B: H&E
staining demonstrated that compared with normal control, PRRSV/PCV2 group displayed severe
thickened alveoli septa and decreased alveolar space. While both Ribavirin treatment and Matrine
treatments (40 mg/kg and 20 mg/kg) could signi�cantly alleviate these pathological changes. Scale bar
= 40 μm.
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Figure 4

Effect of Matrine on body weight gain, spleen and thymus indices at 10, 13, 16 and 19 d post-infection.
Data were expressed as mean±standard errors mean (SEM). * means p <0.05, ** indicates p <0.01, ***
means p <0.001.
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Figure 5

Effect of Matrine on the percentage of peritoneal macrophages and its phagocytic capacity in all the
groups at 10, 13, 16 and 19 dpi. The macrophages were labeled by both anti-F4/80 antibody and anti-
CD11b antibody. The ratio of F4/80+/CD11b+ was counted by �ow cytometry. The capacity of
phagocytosis was expressed by median �uorescence intensity (MFI). Data were expressed as mean ±
standard errors mean (SEM). * means p <0.05, ** indicates p <0.01, *** means p <0.001.
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Figure 6

Effect of Matrine on proliferation of splenic lymphocytes at 10, 13, 16 and 19 dpi. After labeled by CFSE,
Proliferation index of different treatment groups wererespectively detected by �ow cytometry without or
with ConA and LPS treatment. Data were expressed as mean±standard errors mean (SEM). * means p
<0.05, ** indicates p <0.01, *** means p <0.001.


