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Abstract 

Purpose: To evaluate the healing efficacy of a Traditional Chinese Medicine (TCM) preparation Zaoxiu 
Burn Ointment (ZBO) on experimental burns in rats. 
Methods: The rats were randomly divided into four groups of eight rats each: control group, silver 
sulfadiazine (SSD)-treated group, moist exposed burn ointment (MEBO)-treated group and ZBO-treated 
group. ZBO, SSD and MEBO were applied topically twice daily for 7 days. SSD and MEBO were used 
as reference control. The observation of wound area contraction and histological analysis of wound 
tissues were performed. The effect of ZBO on MMPs, VEGF and Type-III collagen proteins of wound 
tissue in rats were determined by Western blot. 
Results: After 10 days of topical treatment with ZBO, ZBO-treated group showed faster reduction in 
wound area in comparison with control groups (p < 0.01). MMP-2, MMP-9, VEGF and type-III collagen 
expression of the wound tissue increased significantly (p < 0.05) in comparison with the control burn 
wounds in rats. The ZBO had no cytotoxic effect on BHK-21 cell line. Histological results showed an 
overall early recovery and regeneration in ZBO-treated group when compared with control group. 
Conclusion: ZBO possesses significant wound-healing activity in full-thickness burn wounds in rats, 
and can potentially be developed for the treatment of burns patient in future. 
 
Keywords: Zaoxiu burn ointment, Second-degree burns, wound-healing 
 

This is an Open Access article that uses a fund-ing model which does not charge readers or their 
institutions for access and distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly credited. 

Tropical Journal  of Pharmaceutical Research is indexed by Science Citation Index (SciSearch), Scopus, 
International Pharmaceutical Abstract, Chemical Abstracts, Embase, Index Copernicus, EBSCO, African 
Index Medicus, JournalSeek, Journal Citation Reports/Science Edition, Directory of Open Access Journals 
(DOAJ), African Journal Online, Bioline International, Open-J-Gate and Pharmacy Abstracts 

 
INTRODUCTION 
 
Burn injuries caused by heat, light, electricity, 
radiation and chemicals, amongst the most 
common and devastating forms of trauma, 
particularly partial- and full-thickness burns [1]. 
According to the study report, about 5000 - 
10,000 in one million people suffered from burn 
in China every year [2]. Depending on the 
severity, burn injuries are classified into three 

degrees, whereby the second degree is divided 
into shade and deep degrees [3]. Burn-wound 
could result in the increase of free radical-
mediated damage and reactive oxygen species. 
It can delay granulation tissue 
formation, reduce angiogenesis and decrease 
collagen reorganization. Furthermore, due to its 
significantly prolonged period of rehabilitation, 
the healing of burn injuries is more difficult than 
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that of ordinary wounds and is also associated 
with higher economic costs [4]. 
 
Current ways to treat burn injuries include 
antibiotics, antiphlogistics, and silver salt, which 
possess major drawbacks and unwanted side 
effects [5]. Nowadays, alternative and comple-
mentary medicines, such as Traditional Chinese 
Medicine and aromatherapy, are being used, 
because they are moderately beneficial to 
effective with little toxicity and are less expensive 
than synthetic drugs. Many plants and plant-
derived products have been found to possess 
potent wound-healing or burn-wound-healing 
activity [6]. 
 
Zaoxiu Burn Ointment (ZBO), which is composed 
of Rhizoma Paridis 5g, Notoginseng radix et 
Rhizoma 6g, Lithospermum erythrorhizon Sieb. 
et Zucc.4g, Polygonum bistorta L. 4g, Coptis 
chinensis Franch. 5g, Acacia catechu (L.f.) Willci 
6g., Punica granatum L. 3g, Angelica dahurica 
(Fisch. ex Hoffm.) Benth. et Hook. f. ex Franch. 
et Sav 5g, Angelica sinensis (Oliv.) Diels 6g and 
Cynanchum otophyllum. 4g, is a Traditional 
Chinese Medicine preparation for treating burns. 
It has been used in treatment of inflammation, 
infection, jaundice, skin burns and hyperlipemia 
in China [7,8]. In the present study, a series of 
experiments were designed to investigate the 
effect of ZBO on burn injuries in rats. 
 
EXPERIMENTAL 
 
Preparation of ZBO 
 
The medicinal herbs of ZBO were collected from 
Bozhou City, Anhui Province in China in May 
2017. Taxonomic identification of the plants was 
performed by Prof. Lin Hu of Wuhan University in 
China. A voucher specimen (NO. ZBO 
20170505) was deposited in the College of 
Pharmacy, Wuhan University, China for future 
reference. ZBO was provided by the third 
hospital of Wuhan (Wuhan, China). 
 
MTT assay  
 
The [3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide] MTT assay was used to 
assess cytotoxicity caused by the ZBO extract. 
BHK-21 cell line was purchased from the 
Shanghai Institutes for Biological Sciences, 
Shanghai, China. The cells were maintained at 
37 ℃ in an incubator with a humidified 
atmosphere of 5 % CO2 and cultured in 
Glasgow’s; minimum essential medium (GMEM) 
containing 10% heat-inactivated fetal calf serum 
(FCS), streptomycin (100 μg/mL) and neomycin 
sulfate (50 μg/mL). The BHK-21 cells were 

seeded on a 24-well plate at 1 × 105 cells/mL. 
Sixteen hours after plating, the cells were treated 
with various concentrations of the ZBO extract 
(20, 40, 80, 160, 320 μg/mL) for 24 h. MTT stock 
solution (80 μL; 4 mg/mL) was then added and 
incubated for 4 h. The formazan crystals 
generated in each well were dissolved in 1 mL of 
acidified isopropanol and read spectrophoto-
metrically at 550 nm. 
 
Experimental animals and burns wound 
model preparation 
 
Wistar rats, weighing 200 - 220 g, were obtained 
from Hubei Center for Disease Control and 
Prevention, Wuhan, Hubei. The animals had free 
access to food and water, and were allowed to 
acclimatize for at least one week before use. All 
animal experiments were approved by the 
Animal Care and Use Committee of The Third 
Hospital of Wuhan (approval ref no. 20141005) 
and were carried in compliance with the Animal 
Welfare Act and the NIH guidelines (NIH 
publication no. 80-23, revised 1996) [9]. 
 
After the back hair of the rats was removed, 20 
% ethyl carbamate solution was injected into 
their abdominal cavities for anesthetic effects. 
The top of electrical scald instrument 
(manufactured by Changhai Hospital of Second 
Military Medical University) was pressed onto the 
back skin with a certain force for 15 s at the 
temperature of 75 ℃. A standard deep-second 
degree burn wound with 200 mm2 area was 
induced through the pathological examination of 
wounded skins. 
 
Experimental design 
 
All rats were randomly divided into four groups of 
eight rats in each: control group, SSD-treated 
group, MEBO-treated group and ZBO-treated 
group. All rats were induced into a deep second 
degree burn model. ZBO was applied topically 
and twice daily for 7 days in rats. Silver 
sulfadiazine (SSD) cream USP, 1.0 % w/w and 
moist exposed burn ointment (MEBO) were used 
for treating reference controls. Control group 
received the vehicle water alone in an identical 
manner. 
 
Assessment of wound area contraction 
 
The wound surface area of rats was traced on a 
transparent paper and measured planimetrically 
[10]. 
 
Histological examination 
 
The wound tissues of rats were fixed in 10 %  
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formalin. After fixation, samples were embedded 
in paraffin, cut into 3 mm frozen sections with a 
cryostat microtome, and then stained with 
hematoxylin eosin reagent. Collagen fiber, 
inflammatory cell, blood vessel, fibroblast and 
granulation tissue of burn skin of rats were 
observed under the microscope. 
 
Western blot analysis   
 
Wound tissues were cut into small pieces and 
collected in Tris buffer (50 mM, pH 6.8) 
containing protease inhibitors, phenyl methyl 
sulfonyl fluoride (PMSF) and aprotonin (Sigma, 
St Louis, MO, USA) at 10 and 2 μg/mL. Tissues 
were homogenized in Polytron homogenizer (PT 
3100, Kinematica AG, Littau-Lucerne, 
Switzerland) with four strokes of 15 s each in ice 
bath. Analysis of total protein in the tissue 
samples was done by PAGE in 4 % (v/v) 
stacking and 10 % (v/v) separation 
polyacrylamide gels in the presence of SDS, 
followed by staining with CBR-250.  
 
The homogenized tissue samples mixed in a 
sample buffer containing 1 % SDS, 2 % 2- 
mercaptoethanol and 10% glycerol were reduced 
in a boiling water bath, whereas the gel and 
running buffer contained 0.1 and 0.2 % SDS. The 
molecular weight of protein was detected using 
standard protein markers (broad range 200–6.9 
kDa, Bio-Rad, Hercules, CA, USA). 
 
After electrophoretic separation of tissue proteins 
by SDS-PAGE, the proteins were electro-
transferred on to a polyvinylidene difluoride 
(PVDF) membrane. The membrane was blocked 
for 1 h in Tris-buffered saline with 0.1 % Tween-
20 (TBST, pH 7.5) containing 5 % milk protein. 
After incubation with rabbit polyclonal primary 
antibody (MMP-2, MMP-9 and VEGF, Santa 
Cruz Biotechnology, CA, USA) and mouse 
monoclonal primary antibody (Collagen type-III, 
Sigma) for 2 h, the blots were washed 
extensively with TBST. Primary antibodies were 
revealed via incubation with alkaline 
phosphatase-conjugated secondary antibody, 
goat-anti-rabbit and goat-anti-mouse (Santa Cruz 
Biotechnology), respectively for 1 h. The blots 
then were developed with 5-bromo-4-chloro-3-
indolyl phosphate/nitro blue tetrazolium 
(BCIP/NBT) liquid substrate system (Sigma) [11]. 
 

Statistical analysis 
 
Data are expressed as mean ± SE, and 
statistical significance between experimental and 
control values was analyzed by one-way ANOVA 
followed by Dunnett’s test using Graph Pad 
Prism 2.01 (Graph Pad Software Inc., La Jolla, 
CA, USA). A P-value <0.05 was considered 
statistically significant. 
 
RESULTS 
 
Effect of ZBO on wound area contraction  
 
ZBO was most effective drug for wound-healing 
activity. Table 1 depicts the effect of topical 
application of ZBO on wound area reduction at 
different time intervals. The animals treated with 
ZBO showed significant reduction in wound area 
on day 5 (112.00 versus 126.34 mm2 in the 
untreated group) and day 10 (42.16 versus 91.57 
mm2 in the untreated group) post wounding 
(Table 1). 
 
Histological features 
 
On the day 10, the ZBO group showed more 
advanced re-epithelialization and layering with 
continuous basement membrane in addition to a 
better organization of the collagen bundles. The 
ZBO, SSD and MEBO treated animals showed 
reduced congestion, edema and polymorpho-
nuclear leukocytes infiltration. The control group 
showed many distinct space between old and 
new regenerating layers of epithelium. 
Histological studies showed an overall early 
recovery and regeneration in the ZBO treated 
group when compared with control group (Figure 
1). 
 
Effect of ZBO on MMPs, VEGF and type-III 
collagen proteins of wound tissue 
 
Western blot analysis showed that after 10 days 
of topical treatment with ZBO, MMP-2 and MMP-
9 expression of the wound tissue increased in 
comparison with the control burn wounds. Up-
regulated expression of VEGF and type-III 
collagen in ZBO treated wounds were observed 
significantly compared with untreated control 
burn wounds (Figure 2). 

Table 1: Effect of topical application of ZBO on wound area contraction (mm2) 
 
Day Control group SSD group MEBO group ZBO group 
Day 0 202.15 ± 0.38 187.35 ± 0.74 189.41 ± 1.12 186.35 ± 1.25 
Day 5 131.27 ± 3.86 (22) 115.64± 4.86 (22) 117.16 ± 3.47 (19) 124.31± 3.14* (29) 
Day 10 96.37 ± 2.26 (43) 72.13± 3.57*(54) 68.74 ± 3.46* (57) 45.62 ± 3.28** (69) 
Values are mean ± SE; n = 8; values in parenthesis indicate percentage of wound contraction; *p < 0.05, **p 
<0.01 compared with burns control 
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Figure 1: Photographs of pathological sections of burn 
skin. A: Control group; B. SSD group; C. MEBO group; 
D: ZBO group at day 10 (Original magnification, 200×) 
 

 
 

 
 
Figure 2: Western blot (A) and quantitative result (B) 
of MMP-2, MMP-9, VEGF and Type-III collagen in 
wound tissue. A: Control group; B. SSD group; C. 
MEBO group; D: ZBO group. *P < 0.05, **p < 0.01 
compared with burn control group 
 
DISCUSSION 
 
Thermal burn injury is still a major cause of death 
and disability in the world and its healing process 

is a challenge in modern medicine. Burn in 
human body may be treated by different methods 
depending on the extent and severity of the burn. 
SSD could kill a wide variety of bacteria, so it is 
commonly used to prevent and treat infections of 
the second and third degree burns. Recent 
studies revealed that SSD ointment had positive 
effects on proliferation of fibroblasts which are 
the main source of collagen and fibronectin [12]. 
However, current reports suggest that silver-
based products should be avoided due to their 
side effects and researchers are making efforts 
to seek better topical antimicrobial products. 
 
The results of the present study indicate that the 
ZBO promotes wound healing in experimental 
burn wounds. The increased wound contraction 
in ZBO treated rats might be due to an enhanced 
activity of fibroblasts in regenerated wound 
tissue. Myofibroblasts are believed to play a key 
role in wound contraction by exerting tension on 
the surrounding extracellular matrix (ECM) and 
secreting ECM proteins such as collagen to 
stabilize the contraction. Collagen is a major 
protein of ECM and component that ultimately 
contributes to wound strength [13]. Enhanced 
expression of collagen type-III in SBT treated 
burn wounds were observed when compared 
with untreated control group. Collagen type-III is 
a predominant form of collagen in the early 
stages of wound healing that helps in providing 
strength to the provisional ECM [13]. 
 
MMPs are key players in every phase of the 
healing process, such as eliminating damaged 
protein, destroying the provisional ECM, 
facilitating migration to the center of the wound, 
remodelling the granulation tissue, controlling 
angiogenesis and also regulating the activity of 
some growth factors [14]. Increased expression 
of MMP-2 and -9 in ZBO treated experimental 
rats suggested that ZBO played an important role 
in remodeling of the ECM. 
 
CONCLUSION 
 
The results suggest that ZBO possesses a 
significant wound-healing activity in full-thickness 
burn wounds in rats, and therefore, and 
therefore, would potentially be used for the 
treatment of burns patient in future. 
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