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To determine the optimal dosage regimen for compound Kushen powder in treating white scour of piglets, a
dose screening trial and field test were conducted, providing a scientific basis for its safe clinical application. In
the dose screening trial, 100 piglets naturally affected by white scour were randomly divided into five groups.
Compound Kushen powder was administered orally in three different dosage groups twice a day for five
consecutive days, in addition to a positive drug control group, an infection control group, and a blank control
group. The clinical efficacy of compound Kushen powder in treating white scour of piglets was evaluated by
calculating the therapeutic index based on the score of symptoms. In the field efficacy test, 60 naturally affected
piglets were randomly divided into two groups, with 30 animals in each group. Compound Kushen powder
was orally administered twice a day at a dose of 0.5 g/kg bw/d for S d. The therapeutic index was calculated
based on the clinical symptoms of white scour in the piglets, and the clinical efficacy of the compound Kushen
powder was verified. The results showed that the cure rates of the high and medium dose groups of compound
Kushen powder after S5 d of administration were 85.0 % and 80.0 %, which were significantly higher than
those of the positive control group (Zhili powder) and the low dose group (p<0.05). There was no significant
difference in the overall effectiveness rate among the high-dose group, the intermediate-dose group, and the
positive drug control group (p>0.05). In the field efficacy test, the cure rate of the compound Kushen powder
treatment was 80.0 %, and the overall effectiveness rate was 93.3 %, slightly surpassing the cure rate of 70.0
% and the overall effectiveness rate of 86.73 % in the positive drug control group. The average symptom
scores in the compound Kushen powder treatment group were lower than those in the positive drug control
group, but the difference was not significant (p>0.05). From the 4" d onwards, the symptom scores in the high
and medium-dose groups were significantly lower than those in the positive drug control group (p<0.05). The
results indicated that the compound Kushen powder, at the clinically recommended dose of 0.5 g/kg bw/d,
administered twice daily for five consecutive days, had a better therapeutic effect on white scour of piglets, and
was superior to the positive control drug in alleviating or eliminating the symptoms of white scour of piglets.
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White scour of piglets is a bacterial diarrhea epidemic
disease of piglets aged 10 d to 30 d caused by
pathogenic Escherichia coli (E. coli). It is clinically
characterized by diarrhea and the discharge of
grayish-white porridge feces!!l. Antibiotics and
chemical antibacterial drugs are commonly used
in the clinical treatment of white scour of piglets.
However, with the extensive and irrational use of
antibiotics, the number of drug-resistant strains
of E. coli has gradually increased, leading to the
emergence of multidrug-resistant strains!*¢. In July
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2020, anti-antibiotic measures or ban on antibiotics
were implemented comprehensively in livestock
and poultry feeds in China, banning the addition
of antibiotics such as aureomycin to feed”, it has
become one of the research hotspots to develop
Chinese veterinary medicine with controlled safety,
effectiveness, and quality as a replacement for
antibiotics!®”,

The compound Kushen powder developed in this
study is based on the theoretical formulations of
traditional Chinese veterinary medicine, which uses
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the traditional Guizhou formula (Sophora flavescens
(S. flavescens), pomegranate peel, and fraxini cortex)
for treating porcine white scour. Our previous work
has found that the optimal formula combination of
S. flavescens, pomegranate peel, and fraxini cortex
was 3:3:2, which could be produced by industrial
techniques such as extraction, concentration, and
spray drying!'%. Pharmacological tests showed that
the high, medium, and low dose groups of compound
Kushen powder effectively reduced diarrhea induced
by castor oil in mice. Additionally, it increased the
gastric residual rate and decreased the intestinal
propulsive rate. Moreover, it notably inhibited
the intestinal peristalsis induced by neostigmine,
indicating strong acute anti-inflammatory activity!'’.
The Lethal Dose 50 (LD, ) for mice is 28379 mg/kg,
the 30 d feeding test of compound Kushen powder
showed that it has high safety and is a low-toxic
and safe Chinese veterinary medicine preparation
suitable for clinical application!'!,

This study aims to identify the optimal dosage
regimen for treating white scour of piglets with
compound Kushen powder. Firstly, we performed
dose screening experiments to determine the dosage
regimen in field efficacy trials. Subsequently,
the effectiveness of the compound preparation is
further confirmed by field efficacy trials, providing
a scientific basis for safe medication in the clinical
setting.

MATERIALS AND METHODS
Test drugs and reagents:

Compound Kushen powder (batch #170802) was
produced on a pilot scale by Chengdu Animal
Pharmaceutical Co., Ltd., (Chengdu, China). The
compound Kushen powder had a 1-fold formula
amount of S. flavescens 750 g, pomegranate peel 750
g, and fraxini cortex 500 g. The commercial drug
Zhilisan powder (batch #20170205) was purchased
from Zhengzhou Hongsheng Biotechnology Co.,
Ltd., and served as a positive control drug group.

MacConkey agar and LB nutrient broth medium
were purchased from Haibo Bio-technology Co.,
Ltd., (Qingdao, China). E. coli O antigen single
factor serum was purchased from the China institute
for veterinary drugs control. Monoclonal antibody
against E. coli F4 pili was donated by Professor Gao
from the college of veterinary medicine, Yangzhou
university. Enterobacteriaceae micro-biochemical
fermentation tubes were purchased from Tianhe
Microbial Reagent Co., Ltd., (Hangzhou, China).
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TRIzol reagent and SuperScript® III reverse
transcriptase reagent kit were purchased from
Invitrogen (Beijing, China). Deoxyribonucleic Acid
(DNA) Marker DL2000, 2xTaq Polymerase Chain
Reaction (PCR) mix, was purchased from Tiangen
Biotech Co., Ltd., (Beijing, China). The pig Tumor
Necrosis Factor-Alpha (TNF-a), Interleukin-1 Beta
(IL-1pB), and IL-10 Enzyme-Linked Immunosorbent
Assay (ELISA) antibody detection kits were acquired
from enzyme-linked Biotechnology Co., Ltd.,
(Shanghai, China). All other conventional reagents
used were of domestic analytical grade.

Animals:

Equal numbers of male and female, clean-grade
Institute of Cancer Research (ICR) mice, weighing
(18-22) g, were purchased from the Experimental
Animal Center of Yangzhou University. Duroc-
Landrace-Yorkshire crossed lean-type piglets (15-
21) d old, (with white scour but no infection with
other diarrhea pathogens), weighing 3.0-5.0 kg, were
selected for the dose selection experiment. Healthy
piglets of the same age, equally divided between
males and females, weighing 3.5-6.0 kg, were
included as the control. All piglets were provided by
the Jiangsu Tai’an Pig Farm (Taizhou, Jiangsu).

Duroc-Landrace-Yorkshire crossed lean-type piglets
naturally affected with white scour were selected for
the field efficacy trials. As the range of onset age of
white scour of piglets is wide, usually 10 d-30 d old,
the selection of piglets for field efficacy trials was
divided into groups based on the age of piglets; (15-
21) d old group and (22-30) d old group. Each group
has 15 piglets naturally affected with white scour (no
infection with other diarrhea pathogens), weighing
3.8-7.0 kg, provided by Tai’an Pig Industry Co., Ltd.,
(Taizhou, Jiangsu).

Synthesis of primers:

Primers were designed and synthesized based on
the Transmissible Gastroenteritis Virus (TGEV),
Porcine Epidemic Diarrhea Virus (PEDV), and PRoV
specific gene sequences in GenBank. The primers
were synthesized by Takara Bio (Dalian) Co., Ltd.
The complementary DNA (cDNA) of TGEV, PEDYV,
and PRoV viruses were stored at Guizhou livestock
and poultry major disease monitoring and prevention
laboratory (Guiyang, China).

Reverse Transcription-PCR (RT-PCR):

Select the piglets with typical white scour symptoms,

and choose three per litter. Collect rectal fecal
Special Issue 4, 2024



www.ijpsonline.com

samples from sick piglets, extract total Ribonucleic
Acid (RNA) using TRIzol, and perform TGEYV,
PEDYV, and PRoV virus RT-PCR detection.

Isolation and identification of E. coli from natural
cases of white scour of piglets:

Sterile cotton swabs were used to collect fecal samples
from the rectum of the sick piglets, which were
inoculated onto MacConkey medium and incubated
at37° for (18-24) h. E. coli was isolated and identified
using gram staining and biochemical fermentation
tubes for Enterobacteriaceae microorganisms. The
agglutination test was performed using E. coli O
antigen single factor diagnostic serum, and the
pilus identification was conducted using F4 pilus
monoclonal antibody.

After pure culture, each identified E. coli was diluted
to 5x10° cfu/ml. 0.2 ml of each mouse was used
for the abdominal cavity, and the dead mice were
isolated and identified for E. coli.

Grouping of dose screening trial:

A total of 100 naturally infected white scour piglets
that met the inclusion criteria were selected. The
piglets in the same litter were randomly divided
into five groups with 20 animals in each group;
the high-dose group (1.0 g/kg bw/d), medium-dose
group (0.5 g/kg bw/d), low-dose group (0.25 g/kg
bw/d), positive drug control group (Zhili powder),
and infection control group were set up. Meanwhile,
20 healthy piglets of similar age from the same
farm were selected as a blank control group. Group
information was kept undisclosed to researchers
involved in processes of observation and evaluation
to prevent bias during scoring throughout the whole
experiment. Researchers who were not blinded
were not allowed to discuss the group assignments
with those conducting daily observations, clinical
assessments, or autopsies.

Efficacy evaluation criteria of dose screening trial:

According to the literature!'?), observation was made
on the mental and appetite status of the piglets, as
well as the fecal morphology and color. Additionally,
any recurrence of diarrhea symptoms in the piglets
was also noted and the symptoms were accumulated
for analysis. Statistical calculations were conducted
to determine the efficacy index, rates of inefficiency,
efficiency, significant efficiency, and rates of recovery
for each group of piglets.

Therapeutic ~ index=(Symptom  score  before
treatment-symptom score after treatment)/symptom
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score before treatmentx100 %

Inefficiency=(Number of failures/total number of
animals)x100 %

Efficiency=(Number of successes/total number of
animals)x100 %

Marked efficiency=(Number of animals showing
marked improvement/total number of animals)x100
%

Recovery rate=(Number of recovered animals/total
number of animals)x100 %

And the dead animals are considered as invalid
animals, and the efficiency+effectiveness+significant
efficiency-+recovery rate=100 %.

Changes in body weight gain rate of dose screening
trial:

Body weight was measured before drug
administration, at the end of drug administration, and
the end of the observation period. The weight gain
rates between each group were calculated.

Weight gain rate=(Weight at the end of experiment-
weight before experiment)/weight before
experimentx100 %

Levels of serum cytokines of dose screening trial:

Afterthe end ofthe treatment trial, blood was collected
from the anterior vena cava of each experimental
group to isolate serum. Then, the levels of TNF-a,
IL-1pB, and IL-10 in the serum were measured using
ELISA.

Pathological observation of dose screening trial:

After 24 h of the end of the 5 d treatment, two piglets
were randomly culled from each group and were
evaluated based on the macroscopic pathological
changes of the intestines and tissue samples.

Grouping and treatment selection of field efficacy
trial:

After being numbered and weighed, 60 naturally
infected piglets with white scour were randomly
divided into two groups, the compound Kushen
powder group and the Zhili powder group (positive
drug control), with 30 animals in each group. All
dose groups were administered twice daily for five
consecutive days.

Clinical observation indicators and efficacy score of
field efficacy trial:

The efficacy evaluation criteria and weight gain rate
used in the field efficacy trial are the same as those
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described in the dose screening trials above.

Statistical analysis:

Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) 25.0. The
data are presented as the meantstandard deviation
of three replicate measurements for each sample.
The significance of the test results was determined
through independent sample t-tests and Chi-square
(%) tests. Significant differences were determined
at p<0.05, and no significant differences were
determined at p>0.05.

RESULTS AND DISCUSSION

The 160 piglets from 36 litters showed obvious
clinical symptoms of white scour. All the sick piglets
presented diarrhea with milk-white or gray-white
feces was found in all the sick piglets, some of which
displayed symptoms of depression, slow movements,
and decreased appetite (fig. 1).

Out of the 36 litters of piglets, 108 piglets underwent
RT-PCR tests to detect the presence of TGEV, PEDYV,
and PRoV. As a result, none of the tested piglets from
the diarrheic litters were infected with these three
viruses.

Sterile cotton swabs were used to collect fecal
samples from the rectum of three sick piglets per
litter from a total of 36 1. 108 strains of E. coli were
isolated, as shown in Table 1.

The selected isolated O8 and O138 serotypes of E.
coli were inoculated into ICR mice and subsequently
died within 30 h. £. coli with the same serotype as the

challenge strain was isolated from the livers of the
dead mice, while the negative control group showed
no abnormalities. The clinically selected cases were
confirmed to be caused by pathogenic E. coli (O8:F4,
O138:F4).

As shown in Table 2, the cure rates of the high-
dose and medium-dose groups of compound Kushen
powder after 5 d of administration were 85.0 %
and 80.0 %, respectively. There was no significant
difference between the two groups (p>0.05), and
both were significantly higher than the positive drug
control group and low-dose group (p<0.05). The total
effective rate was significantly higher in the high-
dose group, intermediate-dose group, and positive
drug control group than that in the low-dose group
(p<0.05).

Statistical analysis of the daily symptom scores
after medication (fig. 2) revealed that the high- and
intermediate-dose groups of compound Kushen
powder, as well as the positive drug control group,
demonstrated significantly lower symptom scores
from 2 d onwards compared to both the low-dose
group of compound Kushen powder and the infection
control group (p<0.05). From the 2™ d of treatment,
the symptom scores of the high-dose group were
lower than those of the intermediate-dose group,
but this difference was not statistically significant
(p>0.05). From 4 d, the symptom scores of both the
high-dose and intermediate-dose groups were found
to be significantly lower than those of the positive
drug control group (p<0.05).

Fig. 1: Clinical symptoms of white scour of piglets
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TABLE 1: RESULTS OF BACTERIAL ISOLATION AND IDENTIFICATION

Positive biochemical test Negative biochemical

(strain) test (strain)

. Separate  Gram 0138 .
Detection . . ; 08 serotype F4 pilus
project bacteria negative Acid and gas Acetyl methyl methanol, (strain) serotype (strain)

(strain) (strain) Production, lactose and hydrogen sulfide (strain)
glucose production, citrate, decom os’ed
B-galactosidase, methyl » decomposec d
red, indole urea, potassium cyanide
rD;tuelim” 108 108 108 108 71 37 108

TABLE 2: RESULTS OF CURE RATE AND EFFECTIVE RATE IN DOSE SCREENING TEST (n=20)

Number of Total a Toatraelnt Total Total Number Inefficienc
Group Curerat (%) effective ppa effective effective of invalid o y
cured heads efficiency o (%)
heads %) headers rate (%) headers
0

High dose 17 852 19 952 19 952 1 5¢
Medium dose 16 802 19 952 19 952 1 5.0¢
Low dose 6 30° 8 40¢ 14 700 6 30°
Positive drug 8 400 15 750 20 100 0 0
control
Infection 0 0 0 0 3 15¢ 17 80°
control
Blank / / / / / / / /
control
Note: 2p>0.05; °p<0.05 and p>0.05
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Fig. 2: Comparison of main clinical symptom scores
Note: (@): High dose; (m): Medium dose; (4): Low dose; (=): Positive drug control; (-+-): Blank control and (<): Infection
control
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At the end of 5 d of treatment, the weight gain rates in
the high and intermediate dose groups of compound
Kushen powder and the positive drug control group
were significantly higher when compared to the
infection control group and low dose group (p<0.05).
There was no significant difference in weight gain
rate between the high dose group and the blank
control group (p>0.05). The weight gain rate of the
medium dose group was significantly lower than
that of the blank control group (p<0.05). After the
treatment, a follow-up observation was conducted
for 7 d. The weight gain rates in the high-dose group,
intermediate-dose group, and the positive drug
control group were significantly higher compared
to the infection control group and low-dose group
(p<0.05). Moreover, the weight gain rates of these
three groups were significantly lower than that of
the blank control group (p<0.05). There was no
significant difference in the weight gain rate among
the high-dose group, intermediate-dose group, and
the positive drug control group (p>0.05), as shown
in Table 3.

Fig. 3, demonstrates that the levels of TNF-o and IL-
1B in the serum of the high and medium dose groups,
as well as the positive drug control group, were
significantly lower than those in the infection control
group (p<0.05), but higher than those of the blank
control group (p<0.05). The levels of IL-10 in the
serum of the high-dose group, medium-dose group,
and positive drug control group were significantly
higher compared to the infection control group
(p<0.05). Furthermore, there was no significant
difference in the levels of IL-10 in the serum of
the high dose group and the positive drug control
group compared to the blank control group (p>0.05).
Similarly, no significant difference in the levels of
TNF-a, IL-1PB, and IL-10 in the serum between the
low dose group and the infection control group was
observed (p>0.05).

HE staining pathological sections, which were
obtained from the duodenum, jejunum, ileum, and
colon tissues of the piglets in the middle dose group,
the blank control group, and the infection control
group, were examined under a microscope as shown
in fig. 4 and Table 4.

A total of 60 piglets from 12 litters with obvious
clinical symptoms of white scour were observed to
have milky white or grayish-white paste-like feces
with stench smells, which adhered to the ventral
side of the tail root and around the anus. Some of
the piglets showed signs of depression, decreased
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appetite, arched back, cold intolerance, and slow
movement. Moreover, their coats became rough,
disheveled, and lackluster.

As shown in Table 5, the cure rate and the total
effective rate of compound Kushen powder were
80.0 % and 93.3 % after 5 d of administration,
respectively, which were slightly higher than the
cure rate of 70.0 % and the total effective rate of 86.7
% in the positive drug control group (p>0.05).

The results of fig. 4, showed that the average
symptom scores of the compound Kushen powder
and the positive drug control group were slightly
lower than those of the positive drug control group
during the first 3 d of treatment, but the difference
was not significant (p>0.05). However, on d 4 and d
5, the average scores of symptoms were significantly
lower than those of the positive drug control group
(p<0.05).

As shown in fig. 5, comparison of main clinical
symptoms scores between compound Kushen powder
and Zhili powder in the field efficiency trials. All data
were represented as means=Standard Deviation (SD)
(*p<0.05).

Statistical analysis was conducted on the weight
gain rate after 5 d of medication treatment and 7 d
of observation (Table 6). As a result, at the end of
the 5 d treatment, the weight gain rate of compound
Kushen powder was significantly different from that
of the positive drug control group (p<0.05). After 7 d
of observation, the difference in weight gain between
compound Kushen powder and the positive drug
control group was not significant (p>0.05).

Due to the presence of various active ingredients
such as alkaloids, flavonoids, and tannins, Chinese
herbal medicine has emerged as a promising
research area in the context of combating antibiotic
resistance and developing alternative products due
to their potential to achieve multi- target therapeutic
effects!!3!. Currently, the research and development of
traditional Chinese veterinary medicine formulations
for treating white scour of piglets mainly focuses on
clinical efficacy!*19],

According to the compilation of technical guidance
principles for veterinary drug research!'”), either
artificial diarrhea models or clinical cases are suitable
for dose screening tests (experimental clinical trials).
However, the selection of these clinical cases requires
a combination of symptoms, bacterial isolation and
identification, and antigen-serotype identification
of the bacteria. When setting the case exclusion

Special Issue 4, 2024



www.ijpsonline.com

criteria, it is also necessary to exclude cases of piglet
diarrhea that may be caused by TGEV, PEDV, and
PRoV virus infections. However, it is challenging to
make a differential diagnosis based solely on clinical
symptoms, as mixed infections and overlapping
symptoms may occur. Therefore, when selecting
cases for clinical trials, it is necessary to exclude
piglets that may be infected with TGEV, PEDV, and
PRoV through laboratory pathogenic diagnosis. An

selected piglets naturally infected with E. coli and
excluded cases caused by TGEV, PEDV, and PRoV
virus infections!'®. The effects of high, medium, and
low dose groups of Kubaishi granules on diarrhea
were studied. The results showed that the cure rate of
pathogenic E. coli diarrhea in the high and medium
dose groups was 85 %, and the cure rate in the low
dose group was 80 %, which are all higher than the
control drug Zhili granules that had 75 % of cure rate.

TABLE 3: BODY WEIGHT CHANGES OF PIGLETS IN THE DOSE SCREENING EXPERIMENT (n=20)

At the end of 5 d of medication

Pre-medication

Observe for another 7 d

Group - . . - -
weight (kg) Weight (kg) Welght(ia;ln rate Weight (kg) Welght(ia;m rate

High dose 3.75+0.87 4.53+0.88 21.84+6.29% 5.69+0.98 54.09+16.26°
Medium dose 3.81+0.82 4.57+0.92 20.40+4.62° 5.69+0.91 51.34+10.50°
Low dose 3.63+0.85 3.98+0.92 9.77+7.79¢ 4.97+1.01 38.09+11.03¢
Positive drug 4.030.90 4.76+1.04 18.45+3.210 5.96+1.08 49.84:10.78"
control

Infection control 3.80+0.66 3.85+0.75 1.20+8.144 1.20+£0.59 32.82+16.47¢
Blank control 4.10+0.37 5.13+0.46 25.21+9.872 6.93+0.58 69.02+13.312

Note: 2p>0.05; ®p<0.05; p>0.05 and 9p<0.05
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Fig. 3: Effect of compound Kushen powder on the levels of TNF-a, IL-1p, and IL-10 in white diarrhetic piglets
Note: All data were represented as mean£SD. *p>0.05; "p<0.05 and °p>0.05, (mm): Blank control; (Hl): Infection control; (mmm):
Positive drug control; (mm): Low dose; (ml): Medium dose and (mm): High dose
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Fig. 4: HE staining of intestinal tissue of piglets in experimental clinical trials

(A1-D1): HE staining of duodenum, jejunum, ileum, and colon tissue in the blank control group of piglets; (A2-D2): HE staining of
the duodenum, jejunum, ileum, and colon tissue in the middle dose group of compound Kushen powder in piglets and (A3-D3): HE
staining of duodenum, jejunum, ileum, and colon tissue in the diarrhea control group of piglets

Note: Scale bar 200 pm

TABLE 4: PATHOLOGICAL OBSERVATION RESULTS OF INTEGRAL TISSUE IN DOSE SCREENING TEST

Compound Kushen powder
Sample Blank control group treatment test group (medium Infection control group
dose)

The mucosa, submucosa, Duodenal mucosal lamina propria

Duodenal structure was clear

Duodenum muscularis, and adventitia are : - : edema, lymphocytosis, vascular
without characteristic lesions - .
arranged neatly congestion and expansion
- The villus structure was relatively The villus structure was relatively
. The villi were neatly arranged and - - - .
Jejunum intact without characteristic intact, and the number of goblet
the submucosa structure was clear -
lesions cells was reduced
Epithelial cells were arranged The villus structure is relatively Intestinal villi were broken and
Ileum neatly without swelling and complete, without characteristic shed, mucosal lamina propria
bleeding lesions edema, and lymphocytosis

The intestinal tissue was relatively =~ Mucosal epithelial cells shed,
intact, and a small amount of and cells in the lamina propria
mucosal epithelial cells fell off degenerated and necrotic

Complete organizational structure

Colon and orderly arrangement

TABLE 5: CURE RATE AND EFFECTIVE RATE IN THE FIELD EFFICIENCY TRIALS

Total Total Invalid
Total number Cure number o effective . Inefficiency
Group Cure rate (%) effective rate number of o
of heads of heads number of o (%)
(%) heads

heads
Compound
Kushen 30 24 802 28 93.32 2 6.67
powder
Zhili powder 30 21 702 26 86.7° 4 13.33

Note: 2p>0.05
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Fig. 5: Comparison of main clinical symptoms scores between compound Kushen powder and Zhili powder in the field efficiency

trials

Note: All data were represented as mean+SD. *p<0.05 indicates statistical significance, (38): Compound Kushen powder and (mm):

Zhili powder

TABLE 6: WEIGHT GAIN RATE OF EACH EXPERIMENTAL GROUP (n=30)

At theend of 5d

Pre-medication ..
of medication

Weight gain rate

Attheendof 7 d

of observation Weight gain rate

Grou by b
P (%) (%)
Weight (kg) Weight (kg) Weight (kg)
Compound Kushen 5.26+1.60 6.34+1.85 21.19:4.60° 7.68+2.08 48.29+15.51°
Positive drug 5.43+1.38 6.30+1.51 16.8145.54° 7.88+1.86 46.1315.16°

control

Note: 2p>0.05 and °p<0.05

The findings of this study indicated that the
administration ofhigh and medium doses of compound
Kushen powder had good therapeutic effects on
white scour of piglets, featured with a shorter period
of reduction or elimination of diarrhea symptoms,
and a significantly better recovery compared to the
positive control drug. The pathological observation
of intestinal tissue suggested that compound Kushen
powder effectively promoted the repair of the
intestinal mucosa of diseased pigs by reducing the
breakage and shedding of intestinal villi, minimizing
the edema and cell degeneration and necrosis of the
lamina propria, and decreasing vascular congestion
and dilation.

Moreover, theresults ofthe dose screening test showed
that compound Kushen powder can effectively treat
white scour of piglets when administered at high and
medium doses twice daily for five consecutive days.
However, the cure rate and overall efficacy between
the high-dose group and the intermediate-dose
group were similar (p>0.05). Under the principle of
achieving therapeutic effects while reducing costs, the
recommended medication regimen for treating white
scour of piglets with compound Kushen powder is to
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administer a medium dose (0.5 g/kg bw/d) by gavage
twice daily for five consecutive days. Additionally,
this dose of compound Kushen powder was verified
to have good safety and no adverse effect in our
previous study!'”,

During the onset of diarrhea, the intestinal immune
system is activated. As a pro-inflammatory cytokine,
TNF-a participates in the initiation and amplification
of the inflammatory responsel®”. 1In various
experimental models of diarrhea, an up-regulation
of TNF-a expression has been observed, which can
lead to the destruction of the intestinal barrier and
the induction of apoptosis in intestinal epithelial
cells?'??1 In addition, as inflammatory cytokines, the
levels of IL-1B and TNF-a are elevated during the
early stages of inflammation, accompanied with the
occurrence of diarrhea. On the other hand, IL-10 is an
anti-inflammatory cytokine that prevents excessive
inflammation and tissue damage®*!. In this study, the
effect of compound Kushen powder on inflammation
in piglets was evaluated by detecting the levels of
inflammatory cytokines TNF-a, IL-1B, and IL-10
in serum. The results suggested that the compound
could downregulate the pro-inflammatory cytokines
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TNF-a and IL-1p in the serum of piglets, and increase
the levels of anti-inflammatory factors, thereby
reducing the occurrence of intestinal inflammation.
The effective components of its action may be related
to the compounds matrine, oxymatrine, esculin,
aesculetin, and ellagic acid (tannins) contained in
the compound Kushen powder, all of which have
notable anti-inflammatory effects. Piglets orally
inoculated with E. coli O149:F4 (1.0x10° CFU/
ml) were used for challenge tests to investigate the
effects of a mixture of pomegranate peel and tea
extract on piglets. The results demonstrated that the
main components of the mixture of pomegranate peel
and tea extract were ellagic acid and polyphenols,
which significantly improved the intestinal health
of weaned piglets and reduced the effects of E.
coli challengeP¥. Zhang et al.”»! demonstrated that
matrine and oxymatrine can suppress the production
of TNF-o in mouse macrophages. Additionally,
matrine can alleviate colonic injury and intestinal
inflammation by improving the composition of the
intestinal microbiota, reducing intestinal bleeding
and diarrhea, and downregulating the expression
of pro-inflammatory cytokines such as IL-18 and
TNF-0l, Lu et al.?” showed that the addition
of ellagic acid to the diet of weaned piglets can
effectively influence the intestinal immune response,
reduce the occurrence of inflammatory reactions, and
decrease the expression of the inflammatory cytokine
TNF-a. Esculin and aesculetin from fraxini cortex
have been displayed inhibitory effects on intestinal
E. coli in animals, with aesculetin being the most
effective against E. coli O157 strain®®l. However,
due to the complex composition of compound
Kushen powder, it is very challenging to clarify the
pharmacological mechanism underlying the effects
of compound Kushen powder against diarrhea.
Further investigation is required to determine which
specific component in the compound Kushen powder
plays the key role in the therapeutic effects on white
scour of piglets.

The results of the field efficacy test demonstrated
that compound Kushen powder has the potential to
rapidly improve the clinical symptoms of piglets
and ultimately achieve a complete recovery. It
further confirmed that the recommended clinical
dose of compound Kushen powder is 0.5 g/kg bw/d,
administered twice daily for five consecutive days,
which has a favorable therapeutic effect on white
scour of piglets.

Through dose screening experiments and
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field efficacy trials in the present study, it was
demonstrated that the compound Kushen powder
could effectively improve the clinical symptoms of
white scour of piglets, probably by modulating the
levels of inflammatory cytokines such as TNF-a, IL-
1B, and IL-10. In summary, these results established
that the optimal dosage regimen for preventing and
treating white scour of piglets was 0.5 g/kg bw/d,
administered twice daily for five consecutive days,
which exhibited considerable clinical efficacy in
treating this condition.
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