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Abstract Cervical erosion, a pathological change associated with chronic cervicitis, is a common

condition that is difficult to cure. Many patients particularly those with mild or medium infection

and those preparing for pregnancy require a simple but effective medication. In this study, extracts

of an empirical herbal prescription composed of six Chinese traditional drugs viz Cortex

Phellodendri, Rhizoma Coptidis, Olibanum, Myrrha, borneol and catechu were formulated to

facilitate intravaginal administration and improve efficacy. An extract of the first four components

was formulated with borneol as a thermosensitive gel (TG) while an extract of catechu used to

prepare a regular gel (CG) because of a chemical incompatibility. The optimized TG was prepared

using poloxamer 407 and poloxamer 188. The CG was prepared using glycerin, carbopol and

triethanolamine. The gels were characterized in vitro in terms of release of berberine (TG) and total

catechins (CG) and in vivo in a rat model of cervical erosion. Treatment by once daily application

of the TG for 7 days followed by once daily application of the CG for 3 days produced a
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Borneol;

catechu

restoration of normal tissues. Gel formulation of the empirical Chinese traditional remedy appears

to provide a promising treatment for cervical erosion.

& 2012 Institute of Materia Medica, Chinese Academy of Medical Sciences and Chinese Pharmaceutical

Association. Production and hosting by Elsevier B.V. All rights reserved.
1. Introduction

Cervical erosion (CE), also known as cervical ectropion, is a

common condition among married women and is considered

to be a risk factor for cervical carcinoma1–4. The erosion is a

pathological change associated with chronic cervicitis, the

cause of which is complex and yet to be elucidated5. It is

characterized by an epithelial defect consisting of a zone of

columnar epithelium on the vaginal portion of the cervix in

place of stratified squamous epithelium normally found below

the external cervical os. The perception that CE reduces the

ability to conceive may explain why the condition is reported

in up to 52% of patients with infertility6. The incidence of

cervical erosion is also higher in pregnant women7. Thus a safe

and effective medication to treat CE is needed.

CE is difficult to cure and, although many treatments such

as laser ablation, cryosurgery and high frequency electricity

have been applied, they often lead to new scarring and a

higher recurrence rate. Song and Yu8 compared microwave

tissue coagulation and CO2 laser treatment and found that

microwave tissue coagulation gave a higher cure rate with

fewer complications. However, prolonged treatment for 4–8

weeks was required and an aqueous discharge occurred within

2–3 days of the operation9. As a result, many patients would

benefit from an effective medication particularly those with

mild symptomology.

In China, traditional Chinese medicine (TCM) is commonly

prescribed to treat CE in both pregnant women and those with

mild symptoms10. Many TCM preparations have been used,

including vaginal suppositories of Zhimiling (catechu,

Sophorae Flavescentis Radix, borneol, Calcined Alum, Cortex

Phellodendri), Kushen (matrine) and Baofukang (Curcuma

aromatic oils, borneol) as well as Spray of Watermelon Frost.

Of these, Zhimiling Suppositories have proven to be the most

effective11. However, an empirical formulation consisting of

six Chinese herbs viz Cortex Phellodendri, Rhizoma Coptidis,

Olibanum, Myrrha, borneol and catechu has been reported to

be very effective. Of the six herbs, all but catechu have

antiinflammatory properties12–15, Cortex Phellodendri and

Rhizoma Coptidis have wide spectrum antibiotic activity16,

Olibanum and Myrrha improve blood circulation and pro-

mote tissue regeneration17 and catechin may play a protective

role against cervical cancer18 and promote tissue regenera-

tion19. Borneol increases the partitioning coefficient to the

stratum corneum20 and play its special promotion role in the

composite formulae. This mixture was chosen as the basis for

a gel formulation in this study.

A thermosensitive hydrogel (TG) is in the liquid state at

room temperature but converts to a gel at body temperature

(37 1C). It is usually made from temperature-sensitive poly-

mers including cellulose derivatives, polysaccharides, poly(N-

isopropylacrylamide) and a copolymer of polyoxyethylene and

polyoxypropylene. Of particular value are chitosan21 and
poloxamer22. In this study, TGs were prepared and evaluated

in terms of their ability to release berberine, the main

ingredient contained in the herbal mixture. The pharmacody-

namics of the TGs was also studied in a rat model of CE.
2. Materials and methods

2.1. Materials

Berberine hydrochloride standard was purchased from the

National Institute for Control of Pharmaceutical and Biolo-

gical Products, China. The six TCMs (Cortex Phellodendri,

Rhizoma Coptidis, Olibanum, Myrrha, catechu and borneol)

were obtained from a Hangzhou pharmaceutical store. The

TCMs were identified by Prof. Juanhua Xu and shown to meet

the standards of the Chinese Pharmacopoeia 2010. Chitosan

(91.3% deacetylation, MW 950 KDa) was obtained from

Xinke Co. (Dalian, China). Poloxamer 407 (PF-407) and

poloxamer 188 (PF-188) were purchased from Sigma-Aldrich

Chemical Co. (USA). Acetonitrile was of HPLC grade and

water was ultrapure. All other reagents were of analytical

grade and supplied by Huadong Medical Company (China).

Zhimiling Suppositories were obtained from Tonghua

Golden-Horse Pharmaceutical Industry Co. (Jilin, China).
2.2. Optimization of extraction procedure

The traditional method of boiling with water was employed to

extract the active components from the traditional drugs except

for catechu and borneol. Cortex Phellodendri 10 g, Rhizoma

Coptidis 20 g, Olibanum 15 g and Myrrha 15 g were placed in a

beaker followed by 250 mL water. After soaking for 60 min and

boiling for 15 min, the supernatant was removed after which

350 mL water was added and the mixture boiled for 30 min.

The extracts were combined and a third extraction step

optimized by orthogonal experimental design23. The extraction

of berberine hydrochloride was selected as the evaluation index

of the extraction procedure in terms of soaking time, volume of

water and decoction time. Each factor had three levels and an

L9 (34) orthogonal was applied to optimize the extraction

process (Table 1). The supernatant obtained from 3 times

boiling was combined for concentration.
2.3. Preparation of TGs

Chitosan and poloxamer were selected to prepare TGs in this

study using the extract as prepared above together with

borneol and the carriers. Due to chemical incompatibility, a

catechu gel (CG) was prepared separately.



Table 1 Parameters and levels of the extraction condition.

Level Parameter

Soaking time

(A, min)

Volume of water

(B, fold)

Decoction

time (C, h)

1 15 10 1.5

2 30 12 2.0

3 60 14 2.5
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2.3.1. Preparation of chitosan TG

Chitosan (100 mg) was dissolved in 5 g 1% acetic acid in a

glass tube (diameter 1.4 cm) and 1.5 g glycerin was added.

Then a 10% borax solution was added dropwise to the

solution until the pH was about 7.1. The solution was then

incubated in a water bath at 37 1C during which a gel formed

within 1.5 min.

2.3.2. Preparation of poloxamer TG

The extract obtained in Section 2.2 was filtered and further

concentrated to about 50 mL by heating at 70–80 1C. PF-407

(18 g) and PF-188 (3 g) were then added and the mixture

stored overnight at 4 1C to allow the polymers to swell.

Borneol (0.08 g) was dissolved in 2 mL alcohol and added

slowly to the solution after which water was added with

stirring to a total amount of 100 g to form the gel.

2.4. Determination of berberine content

The in vitro release of berberine from the gel was determined

by placing it in saline and analyzing the saline for berberine

content. This was done by HPLC on a C18 column

(250 mm� 4.6 mm, 5 mm) using a mobile phase of acetoni-

trile-2% acetic acid:0.2% triethanolamine (35:65) at a flow

rate of 1.0 mL/min. The detection wavelength was 347 nm, the

column temperature 35 1C and the injection volume 20 mL. To
analyze the berberine content of TGs, about 1.0 g TG was

weighed accurately, dissolved in 100 mL distilled water and

the solution diluted 100 times with mobile phase before

injection into the HPLC system.

2.5. Rheological properties of TGs

The gelation temperature, sol–gel transition, viscosity and

erosion of TGs made using different concentrations of PF-407

and PF-188 were investigated. The gelation temperature was

determined by the tube-reverse method and erosion was

determined by the membrane-free method.

2.6. Preparation of CG

An extract of catechu (20 g) was prepared by ultrasonication

with 240 mL 50% alcohol for 35 min at 60 1C. After concen-

trating the extract to about 45 mL, glycerin (5.0 g) and

carbopol (0.5 g) were added. After adequate swelling of the

polymers, triethanolamine (0.5 mL) was added slowly to the

solution during which the pH reached a value of 5.0. The CG

was obtained by adding water to the solution to a total

amount of 50 g.
2.7. In vitro release from gels

A TG solution (5 g) at 4 1C was placed in a 5 mL glass test

tube and warmed to 37 1C. After the solution became a gel,

2.0 mL saline was carefully added and the tube shaken at

100 rpm. For CG, same quantity of saline was directly put

into tube. The release medium was replaced every 0.5 h (TG)

or 1 h (CG) and the berberine or total catechin content was

analyzed.

2.8. Animal study

All animal experiments were approved by the Animal Care

and Use Committee of Zhejiang University. Forty female

Sprague–Dawley rats (weight 180–220 g) were obtained from

the Academy of Medical Science, Zhejiang Province (certifi-

cate number SCXK (Zhejiang) 2008-0033). Animals were

housed in individual cages under a 12 h light-dark cycle at

2272 1C and humidity 55–60% with free access to complete

formula granulated nutrition feed and drinking water.

The rat model of CE has been previously described24–26.

Briefly, rats were fixed upside down and 0.15 mL 25% phenol

plasmagel (containing phenol and arabic gum) injected intra-

vaginally to a depth of about 2 cm. After administration, the

ostium vaginae was blocked with a tampon and rats kept upside

down for 5 min. The treatment was repeated once a day every

3 days (total of four treatments). CE indicated by redness and

swelling of the vaginal orifice and a purulent secretion was

confirmed by photomicrographs of cervical sections.

Rats were randomly divided into four groups (n¼10 per

group): group A, untreated rats; group B, model control;

group C, positive control treated with Zhimiling Supposi-

tories; group D, experimental group treated with TG and CG.

Treatement was applied for 10 days; Group A and B rats were

given water intravaginally (0.2 mL per rat), group C rats were

given 0.3 g Zhimiling Suppositories, and group D rats were

given 0.2 mL TG for 7 days followed by 0.2 mL CG rat for the

subsequent 3 days. The rats were sacrificed on the 11th day

and tissues removed from the vagina to uterus subangle and

preserved in 10% formaldehyde solution followed by paraffin

sectioning (4 mm thick slices). Histopathology was carried out

after Haematoxylin Eosin staining.
3. Results

3.1. Determination of berberine

Chromatograms of a berberine standard solution and an

extract of gel are shown in Fig. 1. The assay was free of

interference and completed in a run time of 8 min. The

calibration curve of berberine was linear in the range

10–100 mg/mL with a regression equation C¼0.0267A�0.8801

(r2¼0.9997). The average content of berberine in the TG was

10.5 mg/g.

3.2. Optimization of extraction of herbs

After the first two extractions with boiling water for 15 min

and 30 min, the third extraction step was optimized by an

orthogonal experimental design. The results (Table 2) of
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berberine extraction efficiency show that the relative influence

of each factor is in the order B4C4A and that the optimal

extraction process is A3B3C2, i.e., adding a 14-fold weight of

water to the herbs, soaking for 60 min and boiling for 2 h. The

density of the concentrated liquid was about 1.060 g/mL and

the pH of the gel solution was 5.28.

3.3. Extraction of catechu and determination of catechin

Details of the extraction of catechu and determination of

catechin and epicatechin have been published27. In brief, the

density of the concentrated liquid was 1.022 g/mL and the

average content of total catechin was 49.2 mg/g. The final pH

of the CG was 5.20.

3.4. Characteristics of the TG

During preliminary experiments, it was established that a

chitosan gel does not form at pHo6.2. Attempts to prepare a
Figure 1 HPLC chromatograms of (A) a standard solution of

berberine hydrochloride and (B) an extract of the thermosensitive

hydrogel; Peak 1: berberine.

Table 2 Optimized results of extraction condition by orthogona

No. A B C

1 1 1 1

2 1 2 2

3 1 3 3

4 2 1 2

5 2 2 3

6 2 3 1

7 3 1 3

8 3 2 1

9 3 3 2

K1 214.11 223.46 209.9

K2 231.72 210.46 236.1

K3 234.01 245.92 233.7

Rj 19.89 35.46 26.22

Sj 710.87 1930.48 1262

F 21.01 57.06 37.31
chitosan gel were therefore discontinued since the pH could not

be adjusted to the ideal pH range for a vaginal gel (4.5–5.5).

The gelation temperature and pH of the TG were very

dependent on the concentration of PF-407. A sol–gel transi-

tion was achieved at PF-407417%, while the pH of gels could

be adjusted to 4.5570.19, 5.1670.16 and 5.8270.18 at PF-

407 concentrations of 17%, 18% and 19%, respectively.

Erosion of the TG was found to be a linear process for

which weight loss was highly correlated to berberine release.

At the usual shear rate of 100 s�1, the viscosity of TG

formulations containing different levels of PF-188 changed

with increasing temperature (Fig. 2A). First, the solution

viscosity positively correlated with the mass fraction of PF-

188 but then increased rapidly near the critical micelle

temperature of the solution (21 1C for 3% PF-188) and finally

negatively correlated with the mass fraction of PF-188 after

the gel formed. The shear rate (Fig. 2B) followed the same

trend as the viscosity.

The concentrations of P407 and P188 were the major

factors influencing gel properties including the gelation tem-

perature, gel viscosity, erosion rate and drug release rate.

3.5. In vitro release

The release profiles of berberine/catechin are shown in Fig. 3.

Release was retarded in the two gels being nearly complete

after 5–7 h.

3.6. Animal study

Photomicrographs of the vagina and cervix of rats in the four

groups are shown in Fig. 4 and the pathomorphology of

formalin-fixed paraffin-embedded vaginal and cervical tissues

are shown in Fig. 5. Both the vaginal and cervical tissues of

untreated rats (group A) were normal. Characteristics of

tissues from animals in groups B, C and D are described below:

Group B: Vagina—the pavement epithelium showed surface

defects; the epithelial lamina showed neutrophil infiltration with

cell congestion, necrosis and desquamation; the propria lamina

showed congestion and neutrophil infiltration; there was no

obvious change in the muscular layer. Cervix—squamous cells of
l experimental design.

D Berberine content (mg)

1 192.09

2 210.02

3 240.23

3 237.74

1 220.55

2 236.86

2 240.55

3 200.81

1 260.66

2 224.43

4 229.14

8 226.26

4.71

.21 33.81



Figure 2 Profiles of (A) viscosity and (B) shear rate of thermosensitive gels made with different concentrations of PF-188 as a function of

temperature.

Figure 3 Cumulative release of (A) berberine from the thermosensitve poloxamer gel and (B) catechin from the catechu carbopol gel.

Figure 4 Appearance of (a) the cervical aperture and (b) vagina in individual Sprague–Dawley rats drawn from: (A) the untreated

control group; (B) the cervical erosion control group; (C) the positive control group treated with Zhimiling vaginal suppositories; and

(D) the cervical erosion group treated with the thermosensitive gel followed by the catechu gel.
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cervical mucosa showed degeneration, necrosis and desquama-

tion; the propria lamina showed congestion, dropsy and neu-

trophil infiltration; the vaginal canal was filled with a purulent

effusion and necrotic tissue.
Group C: Vagina—the pavement epithelium was intact with

a little thickening; the propria lamina showed obvious neutro-

phil infiltration; no obvious inflammatory exudate or necrotic

tissue was found in the cavea. Cervix—some granulated tissue



Figure 5 Pathomorphology of formalin-fixed paraffin-embedded cervical and vaginal tissues from rats representative of the four groups

showing (d) epithelium cornification (e) inflammatory cells (neutrophil) (f) necrotic tissue and (g) pavement epithelium in: (A) the

untreated control group; (B) the cervical erosion control group; (C) the positive control group treated with Zhimiling vaginal

suppositories; and (D) the cervical erosion group treated with the thermosensitive gel followed by the catechu gel.
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was evident in necrotic cervical mucosa; the mucosal epithelium

was not completely repaired with hyperplasia of the propria

lamina; no bulk inflammatory and necrotic tissue was found in

the cervix; part of the cervical mucosa approached a normal

appearance.

Group D: Vagina—the pavement epithelium was largely

intact with a little thickening; no obvious neutrophil infiltra-

tion occurred in the propria lamina; no inflammatory exudate

or necrotic tissue was found in the cavea; most of the vaginal

mucosa appeared normal. Cervix—the pavement epithelium

of the cervical mucosa was fully repaired although there was

still a little thickening; no obvious neutrophil infiltration

occurred in the propria lamina; no bulk inflammatory exudate

or necrotic tissue was found in the cervix; the cervical mucosa

appeared normal.
4. Discussion

Cortex Phellodendri and Rhizoma Coptidis are the principal

herbs contributing to the extract used to make the TG and

berberine is the main active ingredient. Berberine has been

reported to exhibit a variety of pharmacological and biochem-

ical effects28–30, of which its protective effect against cervical

cancer is of most relevance in this study. On this basis,

berberine was selected as the index of in vitro release of

therapeutic constituents from the TG.

Chitosan has many applications in the biomedical field due

to its good biocompatibility, biodegradability, and ability to

inhibit the growth of a wide variety of fungi, yeasts, and

bacteria31. In addition, chitosan is a useful surgical hemostatic

agent32. We wanted to incorporate drug into a chitosan–

glycerol pH-dependent TG but found it does not form a gel at

pHo6.733 as required for intravaginal administration. As a

result poloxamer, which forms a controlled release gel at

37 1C, was selected to prepare the TG.

For a sol-to-gel drug delivery system, the drug is incorpo-

rated into a polymer solution in vitro and a drug-loaded

hydrogel then forms in situ after administration. Temperature

and pH are the main physical and chemical stimuli to hydrogel

formation34. A sol-to-gel drug delivery system has a number of

advantages including ease of preparation, efficient drug encap-

sulation, near-linear sustained drug release and injectable
formulation35. The TG used here was particularly useful

because of its ability to cover the cervical mucosal surface

and provide intimate contact with the active drugs to promote

erosion cure. Considering the limited fluid in the microenviron-

ment in vivo, only a small amount of liquid was used in the

release studies which demonstrated a slow drug release rate. On

this basis the formulation is not only useful to treat CE but may

also find application as a topical pharmaceutical preparation.

The extract of catechu was chemically incompatible with

PF-407 and as a result catechin was extracted individually by

sonication with 50% alchohol. Carbopol was selected as the

appropriate material to prepare the CG and the viscosity of

the extract increased with increasing carbopol concentration

(data not shown). From a practical point of view, 1%

carbopol was found to be optimal.

The results of the pathomorphological study show that the

animal model of CE shows clear damage to both the vagina

and cervix including necrosis of the epithelium and mucosa

and bulk inflammatory exudates in the cavea. It also shows

that repeated treatment with the TG and subsequently the CG

produces a return to nearly normal tissues. Therefore, the gel

remedies and the treatment protocol used here provide a

promising means for treating cervical erosion.
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