in vivo 317: 543-549 (2017)
doi:10.21873/invivo.11092

Enhancement of Wound Healing by the Traditional
Chinese Medicine Herbal Mixture Sophora
flavescens in a Rat Model of Perianal Ulceration

XIAOPING XU!, XIAOHUA LI', LEI ZHANG', ZHAOHUI LIU!, YUAN PAN!, DONG CHEN!, DONGHUA BINZ,
QUN DENG?, YU SUN*, ROBERT M. HOFFMAN>*, ZHIJIAN YANG*? and HONG YUAN’

!Department of Anorectal Surgery, Yuhang District First People’s Hospital, Hangzhou, P.R. China;
’Department of Anorectal Surgery, Affiliated First Hospital of Hunan
University of Traditional Chinese Medicine, Changsha, P.R. China;
3Department of Oncological Surgery, Affiliated Second Hospital of Medical
College of Zhejiang University, Hangzhou, P.R. China;
40rigin Biosciences Inc., Nanjing, P.R. China,
SAntiCancer, Inc., San Diego, CA, US.A.;
SDepartment of Surgery, University of California San Diego, San Diego, CA, US.A.;
’Department of Cardiology, Yuhang District First People’s Hospital, Hangzhou, P.R. China

Abstract. Background/Aim: Hemorrhoidectomy is often
associated with significant postoperative complications that
may result in slow wound healing. The traditional Chinese
medicine (TCM) compound Sophora flavescens (CSF) has
shown efficacy on many inflammatory disorders. The aim of
the present study was to examine the efficacy of CSF on
wound healing in a rat model of perianal ulceration.
Materials and Methods: A rat model of perianal ulceration
was induced by subcutaneous injection of 75% glacial acetic
acid. The animals with induced perianal ulcer received
topical treatment of low, medium, and high doses of CFS
twice daily. Potassium permanganate (PP); 0.02%) was given
to the animals for comparison. Macroscopic and histological
assessments of the ulcerated area were performed after
treatment. The expression of pro-inflammatory cytokines
prostaglandin E, (PGE,) and interleukin-8 (IL-8) was
detected by immunohistochemical analysis. Results: Topical
administration of medium- and high-dose CSF significantly
enhanced perianal ulcer healing as compared to the
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untreated control (p<0.05). The macroscopic ulceration score
was significantly reduced only in the high-dose CSF-treated
group as compared to the control (p<0.01). All doses of CSF
and PP ameliorated histological damages in the rats with
induced perianal ulceration. High-dose CSF or PP
significantly reduced the expression of PGE, and IL-8 as
compared to the control (p<0.01). No treatment-related
toxicity was found in either the CSF- or the PP-treated mice.
Conclusion: CSF enhances wound healing in a rat model of
perianal ulceration. The inhibitory effect of CSF on pro-
inflammatory cytokines PGE, and IL-8 may be involved in
the mechanism of enhanced wound-healing.

Hemorrhoidectomy is often associated with significant
postoperative complications, including edema, pain, bleeding
and ulceration, resulting in a protracted period of wound
healing and recovery (1-9). Perianal tissue inflammation
around the open wound can occur after hemorrhoidectomy (10,
11). Various types of medication, including metronidazole,
glyceryl trinitrate (0.2%), steroids, local anesthetics
(bupivacaine), anti-inflammatory drugs, hemorrhoid creams,
are being used for treatment of complications of
hemorrhoidectomy with variable outcome (12-14).
Traditional Chinese medicine (TCM) has a long history of
human use in China and other Asian countries for treating
and preventing diseases. Compound Sophora flavescens
(CSF) is a TCM formula consisting of a combination of 10
herbs, including Sophora flavescens, Phellodendron
amurense, Radix sanguisorbae, Scutellaria baicalensis, white
peony, Gardenia florida, Betel nut, Rhubarb, Mint and
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Figure 1. CFS promotes wound healing in the rat model of perianal ulceration. A: Representative images of perianal ulcers in each group (G)
before and after treatment. The ulcerated area is outlined. B: Perianal ulceration changes during the course of treatment. C: Mean ulcerated area
at the end of treatment. D: Macroscopic pathological scores. Data are represented as mean=SD of 8 animals of each group. *p<0.05, **p<0.01
when compared to the control group. CFS, Compound Sophora flavescens; PP, potassium permanganate.

Licorice. Sophora flavescens, as a main component, is
widely used in traditional herbal medicine for the treatment
of fever, inflammatory disorders, ulcers, and skin burns (15).
The components in the CSF formula have various effects,
including anti-inflammation, antibacterial activity, blood
nourishment, pain relief, hemostasis, ezc. (16-24). CSF has
demonstrated improvement in local microcirculation, control
of local inflammation, pain relief, and promotion of wound
healing. However, CSF has never been tested for therapy of
complications of anal diseases.

In the present study, we established a rat model of perianal
ulceration to mimic clinical postoperative complications of
anal hemorrhoidectomy and evaluated the efficacy of CSF
on wound healing.

Materials and Methods

Animals. Male Sprague-Dawley (SD) rats (170-210 g) were
purchased from the Animal Department of the College of Medicine,
Yangzhou University, Yangzhou, PR China (certificate No.
SYXK(Su) 20140012)). Rats were maintained in a high-efficiency
particulate arrestance (HEPA)-filtered environment at 24-25°C with
humidity maintained at 50-60%. Rats were fed with autoclaved
laboratory rodent diet. All animal experiments were approved by the
Animal Committee of Nanjing Origin Biosciences, Nanjing, China
(OB1409).

Perianal ulceration model. Rats were anaesthetized with 2% sodium
pentobarbital (0.3 ml/100 g) via intraperitoneal injection. The rats
were then fixed in a ventral decubitus position. The perianal skin
was sterilized with 75% alcohol. Glacial acetic acid (40 ul, 75%)
was subcutaneously injected into 4 symmetrical points in the
perianal area. The rats were allowed to recover from anesthesia.
After 24 hours, the perianal skin developed ulceration with
appearance of redness, swelling, and inflammatory exudation.

Treatment. Compound Sophora flavescens lotion (CSF) used in the
study was supplied by the Yuhang District First People’s Hospital
(Hangzhou, Zhejiang Province, P.R. China). Undiluted CSF was
used as the high dose. CSF was diluted 2 times with distilled water
and used as the medium dose and 3 times diluted as the low dose.
All animals with a similar-sized perianal ulceration were randomly
assigned to 5 groups of 8 mice each 24 hours after the injection of
glacial acetic acid. Group 1 was treated with distilled water twice
daily as the negative control; Group 2 was treated with PP solution
(0.02%) twice daily; Group 3 received low-dose CFS twice daily;
Group 4 received medium-dose CFS twice daily; Group 5 received
high-dose CFS twice daily. All treatments were carried out via
topical application on the ulcer surface and continued daily for 7
days. Animal body weights and clinical signs were recorded daily
over the course of the experiments.

Macroscopic assessment. The ulcer was measured with calipers on

days 1, 4, and 8 after initial treatment. The ulcerated area was
calculated using the formula (area=axb), where a and b represent
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Figure 2. Efficacy of compound Sophora flavescens (CSF) on histological damage in the rat model of perianal ulceration. Representative histological
images of hematoxylin and eosin (H&E) staining of perianal ulcerated tissues in each group (G) (magnification: upper panel x100; lower panel x200).

the perpendicular minor dimension and major dimension,
respectively. Macroscopic perianal ulceration was assessed using a
magnifying glass by an independent observer and scored. The scale
for macroscopic damage ranged from 0-6 based on redness and
swelling, severity of inflammatory filtration, and ulcerated area (25).
All animals were sacrificed 24 h after the last treatment. The
perianal ulcerated tissues were collected and fixed in 10% formalin
for histological and immunohistochemical analyses.

Histological assessment. For histological examination, the perianal

ulcerated tissue was fixed in 10% formalin, dehydrated, paraffin-
embedded, sectioned at 4 um, and stained with hematoxylin and
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eosin (H&E). Histological changes were evaluated by a pathologist
who was blinded to the experimental groups.

Immunohistochemical analysis. Paraffin-embedded perianal
ulcerated tissue was sectioned at 4 um thickness. All the sections
were de-paraffinized and dehydrated through graded ethanol. The
sections were washed three times with PBS for 5 min each, blot
dried, and then treated with 3% hydrogen peroxide for 30 min at
room temperature to block endogenous peroxidase activity. The
sections were immersed in antigen-retrieval solution (citrate buffer,
pH 6.0) for 10 min, followed by rinsing with PBS. After blocking
with normal goat serum for 30 min at 37°C, sections were co-
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Figure 3. CFS inhibits expression of pro-inflammatory cytokines in the rat model of perianal ulceration. A: Representative images of immunostaining
of perianal ulcerated tissues for PGE, and IL-8 (magnification, 400x). B: AOD of immunostained perianal ulcerated tissues for PGE, and IL-8.
Data are mean (+SD) of 8 animals of each group (G). *p<0.01 when compared to the control group. CFS, Compound Sophora flavescens; PP,
potassium permanganate; AOD, average optical density; PGE,, prostaglandin E,; IL-8, interleukin-8.

incubated with primary anti-prostaglandin E, (PGE,) and
interleukin-8 (IL-8) antibodies (Biosynthesis Biotechnology Co.,
Ltd., Beijing, P.R. China) (1:100 dilution in PBS) overnight, and
then with a peroxidase-conjugated anti-rabbit IgG secondary
antibody (Biosynthesis Biotechnology Co., Ltd.,) for 1 h at room
temperature. Subsequently, the sections were incubated with 3,3-
diaminobenzidine (DAB) reagent (ZSGB-BIO, Beijing, P.R.China)
for 10 minutes, counterstained with hematoxylin, dehydrated and
mounted for microscopy. The slides were viewed at 400x
magnification with positive cells identified by the appearance of
brown-stained cells. Expression levels were quantified by the
average optical density (AOD) of the positive cells in 5
fields/sample with Image-Pro Plus 6.0 software (Media Cybernetics,
Silver Spring, MD, USA).

Statistical analysis. Statistical analysis was performed using
SPSS16.0 software (SPSS Inc., Chicago, IL, USA). All results are
expressed as mean+standard deviation (SD). Comparisons between

two or multiple groups were made with the Student’s #-test or
ANOVA. p<0.05 was considered significant.

Results and Discussion

CFS enhances perianal ulcer healing. The rat model of
perianal ulceration was developed 24 hours after
subcutaneous injection of glacial acetic acid. The rats
displayed severe perianal ulceration with redness, swelling,
necrosis and inflammation. The efficacy of CSF and PP
treatment on the perianal ulcer was evaluated by the
measurement of the ulcerated area and macroscopic
ulceration score. Representative images and mean ulcerated
areas in each treated group are shown in Figures 1A, 1B and
1C. Ulcer healing in the groups treated with medium- and
high-dose CSF were enhanced compared with the untreated
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Figure 4. Effect of compound Sophora flavescens (CFS) on body weight in a rat model of perianal ulceration. No significant body weight loss was

found in any group of treated rats.

control group (p<0.05). However, the macroscopic ulceration
score was only significantly reduced by high-dose CSF
compared with the control (p<0.01) (Figure 1D). PP did not
significantly reduce the ulcerated area and macroscopic
ulceration score as compared with the control (p>0.05). We
used PP for comparison, as it is commonly used for
postoperative treatment of many perianal diseases.

CF'S improves histopathological changes in perianal ulceration.
As shown in Figure 2, histologic evaluation of the rats with
perianal ulceration showed obvious tissue edema, large
squamous epithelium necrosis, bleeding, extravasated blood in
mucoderm, numerous neutrophils, and lymphocyte infiltration.
These histologic signs were improved in the rats treated with
PP and CSF. The high-dose CSF-treated group showed
significant reduction of tissue necrosis and inflammatory
infiltration as compared with the untreated control group.

CFS inhibits expression of pro-inflammatory cytokines. Pro-
inflammatory cytokines play a very important role in wound
healing. The efficacy of CSF on the expression of the pro-
inflammatroy cytokines PGE, and IL-8 was detected using
immunohistochemical analysis. As shown in Figure 3, topical
treatment of the perianal ulcer with PP and high-dose CSF
resulted in a significant decrease in PGE, and IL-8 expression
in the perianal ulcerated tissue compared to the untreated
control group (p<0.01). Our results suggest the reduction of
pro-inflammatory cytokines PGE, and IL-8 is involved in the
mechanism of the wound-healing efficacy of CSF.

Efficacy of CFS on body weight and toxicity. Clinical
observation and body-weight measurement of animals during
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the study were performed to assess the toxicity of CFS
treatment. No physical or behavioral signs that indicated
adverse effects were observed in any treatment group. As
shown in Figure 4, a stable body-weight in all treated groups
indicated no obvious toxicity.

In conclusion, the present study demonstrates that CSF
facilitates wound healing in a rat model of perianal
ulceration. The inhibitory effect of CSF on pro-inflammatory
cytokines PGE, and IL-8 suggests these cytokines may be
involved in its wound-healing efficacy mechanism. The
present results suggest the potential of the TCM formulation
CFS as an effective topical treatment for postoperative
complication of hemorrhoidectomy.
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