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Background: Many Chinese medicines have been reported to exhibit high antimicrobial and antioxidantactivities. 
In this study, 28 traditional Chinese herbal medicines were tested for their antioxidant and antibacterial activities. 
Materials and Methods: Total flavonoid content of the ethanol extracts were determined by a colorimetric method. 
Total phenol content was estimated as gallic acid equivalents. The antioxidant activities of the extracts were 
evaluated by various antioxidant assays, including 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging, trolox 
equivalent antioxidant capacity (TEAC) and reducing power. In addition to the antioxidant activity, the 
antimicrobial assay was measured as well. Six strains of the clinical antibiotic resistant pathogens including 
Escherichia coli, Staphylococcus aureus, methicine resistant Staphylococcus aureus (MRSA), ornithine resistant 
Staphylococcus aureus (ORSA), Pseudomonas aeruginosa, and Acinetobacter baumannii were used in the tests. 
Results: Among the extracts screened, Artemisia vulgaris and Sanguisorba officinalis showed the best antioxidant 
performance in all the tested methods.In vitro antibacterial activity, the extracts of Paeonia suffruticosa and 
Cinnamomum cassia displayed a broad antimicrobial spectrum and significantantimicrobial activities, with 
inhibition zones between 14-28 mm, minimum inhibitory concentration (MIC) between 0.9-5.2 mg/mL, and 
minimum bactericidal concentration (MBC) between 1.0-5.7 mg/mL. Conclusion: These data suggest that Artemisia 
vulgaris and Sanguisorba officinalis may be effective potential sources of natural antioxidants, and Paeonia 
suffruticosa and Cinnamomum cassia are potent inhibitors of antibiotic resistant pathogens. 
Keyword: Chinese Herbal Medicines, Antioxidant Activity, Antibacterial Activity 
 

1. Introduction 
It is a well-known fact that oxidationdamages 
various biological substances and subsequently 
causes many diseases, such as cancer, liver 
disease, Alzheimer’s disease, premature aging, 
arthritis, inflammation, diabetes, Parkinson’s 
disease, and atherosclerosis[1]. Many previous 
literature reports indicated that natural 

antioxidants possess a wide range of biological 
activities, including inhibition of reactive oxygen 
species (ROS) generation, direct or indirect 
scavenging of free radicals, and alteration of 
intracellular redox reactions. As a result, 
antioxidants provide protection to living 
organisms from damage caused by uncontrolled 
production of reactive oxygen species and the 
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concomitant lipid per-oxidation, protein damage 
and DNA strand breakage. Antioxidants, which 
can quench reactive free radicals, can prevent the 
oxidation of other molecules and may thereby 
prevent degenerative diseases[2-3].  
Antibiotics provide the main basis for the therapy 
of microbial infections. However, the high 
genetic variability of these pathogenic microbes 
enables them to rapidly develop antibiotic 
resistance. In recent years, development of multi-
drug resistance in the pathogenic microbes has 
created major clinical problems in the treatment 
of infectious diseases and other problems such as 
toxicity of certain antimicrobial drugs on the host 
tissue, which triggered interest in the search of 
new antimicrobial substances/drugs of plant 
origin. 
Phytomedicines have shown great promise in the 
treatment of various diseases including 
microorganism infections. Single and polyherbal 
preparations have been used throughout human 
history for the treatment of various types of 
illness. The medicinal properties of plants have 
been investigated, in the light of recent scientific 
developments, throughout the world due to their 
potent pharmacological activities and economic 
viability. A great number of aromatic, spicy, 
medicinal and other plants contain chemical 
compounds, exhibiting antioxidant and 
antimicrobial properties. Sources of natural active 
substances are primarily, plant phenolics and 

flavonoids that may occur in all parts of plants 
such as fruits, vegetables, nuts, seeds, leaves, 
roots and barks. Many of these bioactive 
compounds possess antioxidant, antimutagentic, 
anticarcinogenic, antibacterial or antiviral 
activities to a greater or lesser extent[4]. 
Considering the rich diversity of plants, it is 
expected that screening and scientific evaluation 
of plant extracts for the antioxidant and 
antimicrobial activities may provide new 
antioxidant and antimicrobial substitutes[5].  
Chinese herbal medicines extracts obtained from 
many plants have recently gained popularity and 
scientific interest. Many Chinese herbal 
medicines have been used for different purposes, 
such as food, drugs and perfumery, not only as 
flavoring agents, but also as folk medicine and 
food preservatives. Researchers have been 
interested in biologically active compounds 
isolated from Chinese medicines for the 
antioxidant and antimicrobial activities. The main 
objectives of this study were: (i) to investigate the 
antimicrobial activity of the ethanol extracts from 
28 Chinese medicines by disc diffusion method, 
minimuminhibitory concentration and time 
killing curve against the clinical drug resistance 
pathogens; (ii) to evaluate the antioxidant 
capacity of the ethanol extracts by free radical 
scavenging effect and reducing power. Besides, 
this study also determined the contents of 
flavonoids and phenolics of the extracts.  

 

Fig 1: Effect of the extracts from Chinese herbal medicines on growth of Acinetobacter baumannii strain. 
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2. Materials and Methods 
2.1 Plant Materials 
Chinese herbal medicines used in this study were 
selected based on their usage as folk medicine, as 
well as indications of the presence of compounds 
with antimicrobial properties. 28 Chinese herbal 
medicines have been used for screening, 
including Acanthopanax spinosus, Acorus 
calamus, Androgra phispaniculata, Artemisia 
vulgaris, Carpesium abrotanoides, 
Chrysanthemum indicumi, Cinnamomum cassia, 
Coptis chinensis, Cremastra variabilis, 
Cynanchum bungei, Euphorbia lathyris, 
Fritillaria thunbergii, Houttuynia cordata, Isatis 
tinctoria, Matteuccia struthiopteris, Melia 
azedarach, Ompalia lapidecene, Paeonia 
suffruticosa, Phellodendron amurense, 

Polygonatum modoratum, Psoralea corylifolia, 
Rheum palmatum, Salvia miltiorrhiz, 
Sanguisorba officinalis, Scrophularia 
mingpeonsis, Senecio scandens, Sophora 
japonica, and Vladimiria souliei. Plant materials 
were purchased from local folk medicinal dealers. 
 
2.2 Preparation of Crude Extracts 
The dried Chinese herbal medicines (100 g) were 
extracted with 500 mL of 95% ethanol overnight 
by shaking in an incubator at 200 rpm and 37℃. 
After filtration, the extracts were concentrated 
under reduced pressure by a vacuum rotary 
evaporator. The dried extracts were stored at 4℃ 
until the assay.  

 

Fig 2: Effect of the extracts from Chinese herbal medicines on growth of Pseudomonas aeruginosa strain. 

2.3 Assay For Total Phenolics 
The total phenolic content (TPC) of extracts was 
determined using the Folin–Ciocalteu reagent[6]. 
Briefly, 0.2 mL of each extract was shaken for 1 
min with 1 mL of 0.5 MFolin–Ciocalteu reagent. 
After 4-8 min mixture was shaken and added 
1mL of 75 g/L Sodium carbonate, the mixture 
was shaken once again for 0.5 min. After 2 h, the 
absorbance was read on the UV/Visible 
spectrophotometer at 760 nm. The TPC was 
assessed by plotting the gallic acid calibration 
curve (from 10 to 200 mg/L) and expressed as 
milligrams of galic acid equivalents (GAE) per 
gram of dried extract. The equation for the gallic 

acid calibration curve was Y=0.0098·X- 0.0172 
(where X = concentration of gallic acid 
equivalents (GAE) expressed as milligrams of 
GAE per gram of dried extract; Y = measured 
absorbance), and the correlation coefficient was 
R2=0.9965 
 
2.4 Assay For Total Flavonoids 
The total flavonoid content was established in the 
reaction with aluminum chloride using the 
methods of Chang[7]. Briefly, 1 mL of each 
extract was shaken for 1 min and added 0.1 mL 
of 10% alumminium chloride, 0.1 mL 1M 
potassium acetate and 3.8 mL of methanol. After 
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40 min at room temperature, the absorbance was 
read on the UV/Visible spectrophotometer at 415 
nm. The flavonoids was assessed by plotting the 
Quercetin calibration curve (from 10 to 200 
mg/L) and expressed as milligrams of Quercetin 
equivalents per gram of dried extract. The 
equation for the Quercetin calibration curve was 

Y=0.0101. X- 0.0632 (where X = concentration 
of Quercetin equivalents expressed as milligrams 
of Quercetin per gram of dried extract; Y = 
measured absorbance), and the correlation 
coefficient was R2=0.9967 
 

 

Fig 3: Effect of the extracts from Chinese herbal medicines on growth of Staphylococcus aureus strain. 
 
2.5 DPPH Free Radical Scavenging Activity 
Assay 
Antioxidant activity of the dried ethanol extract 
was measured on the basis of scavenging 
activities of the stable 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical[8].Briefly, 1mL of 
various concentrations of test samples were added 
1 mL 0.5 mM DPPH methanol solution. After 30 
min of incubation in the dark at room 
temperature. The absorbance was measured 
against a blank (methanol) at 517 nm using the 
UV/Visible spectrophotometer. Inhibition of 
DPPH radical was calculated as a percentage (%) 
using the formula: 
 

%1001%
3

21




 


X
XXI

 
Where X1 is absorbance of the tested sample (containing 
tested samples with DPPH methanol solution),X2 
absorbance of the tested samples without DPPH methanol 
solution, and X3 absorbance of the control (containing all 
reagents except the tested samples). 
 

IC50 values (concentration of sample required to 
scavenge 50% of free radicals) were calculated 
from the regression equation, prepared from the 
concentration of the samples and percentage 
inhibition of free radical formation (percentage 
inhibition DPPH was assayed).The commercial 
antioxidant, butylatedhydroxytoluene(BHT),was 
used as a control. 
 
2.6 Trolox Equivalent Antioxidant Capacities 
The 2, 2,-azino-bis (3-ethybenthiazoline 6-
sulfonic acid) (ABTS) radical cation was 
produced by the method of Miller[9]. A solution 
of 10 mg ABTS and 2.9 mg potassium disulfate 
diluted with 10 mL 0.01M pH 7.4 sodium 
phosphate buffer. The mixture was protected 
from light and stored at room temperature for 12–
16 h.Formation of ABTS˙+ was checked by its 
absorbance at 734 nm. The ABTS˙+ solution was 
diluted with water to an absorbance of 0.80 
(±0.05) at 734 nm. Briefly, 0.02 mL samples 
were mixed with 1 mL ABTS˙+ solution. 
Reduction of absorbance was measured at 734 
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nm after 5 min. The Trolox was used as the 
standard for the comparision of antioxidant 
activity as the Trolox calibration curve (from 10 
to 300 mg/L) and expressed as milligrams of 
Trolox equivalents (TEAC) per gram of dried 
extract. The equation for the Trolox calibration 

curve was Y=-0.0022·X+ 0.7473 (where X = 
concentration of Trolox equivalents expressed as 
milligrams of Trolox per gram of dried extract; Y 
= measured absorbance), and the correlation 
coefficient was R2=0.9995. 

 
  
  
  

 Table 1: Total phenolic content (TPC) of the Chinese medicine extracts 

 

Chinese herbal 
medicines 

TPC 
(mg 

GAE/g) 

Chinese herbal 
medicines 

TPC 
(mg 

GAE/g) 

Chinese herbal 
medicines 

TPC 
(mg 

GAE/g) 

Chinese herbal 
medicines 

TPC 
(mg 

GAE/g) 
Acanthopanax 

spinosus 
15.12±0.0

5 
Coptis 

chinensis 7.7±0.19 Matteuccia 
struthiopteris 7.95±0.21 Rheum palmatum 15.02±1.4 

Acorus calamus 5.32±0.06 Cremastra variabilis 2.94±0.02 Melia azedarach 4.8±0.79 Salvia miltiorrhiza 6.14±0.06 
Andrographis 

paniculata 6.48±0.04 Cynanchum bungei 10.9±0.04 Ompalia lapidecene 13.11±0.2
1 

Sanguisorba 
officinalis 19.21±0.6 

Artemisia vulgaris 23.72±0.4
2 

Euphorbia 
lathyris 6.81±0.21 Paeonia suffruticosa 7.14±0.15 Scrophularia 

mingpeonsis 3.41±0.15 

Carpesium 
abrotanoides 3.29±0.06 Fritillaria thunbergii 3.95±0.04 Phellodendron 

amurense 4.77±0.39 Senecio scandens 11.52±0.1
5 

Chrysanthemum 
indicumi 6.02±0.51 Houttuynia cordata 5.93±0.21 Polygonatum 

modoratum 3.3±0.02 Sophora japonica 6.02±0.4 

Cinnamomum cassia 5.59±0.06 Isatis 
tinctoria 3.88±0.59 Psoralea corylifolia 5.29±0.51 Vladimiria souliei 3.02±0.14 

 
 
2.7 Reducing power determination 
The reducing power was determined according to 
the method of Moon[1]. Each sample (100~1000 
mg/L) 75 uL was mixed with 75 uL 1% 
K3Fe(CN)6 and sodium phosphate buffer (pH 
6.6). The mixture was incubated at 50℃ for 20 
min. Then 75 uL 10% trichloroacetic acid, 300 
uL 10% FeCl3 and 300 uL ddH2O was added for 
14 min. The absorbance was measured at 700 nm 
increased absorbance of the reaction mixture 
indicated increased reducing power. BHT was 
used as a control. 
 
2.8 Microbial strains 
The Chinese herbal medicines extracts were 
individually tested against a panel of 
microorganisms, including Staphylococcus 
aureus ATCC 6538P, Escherichia coli ATCC 
25922, Pseudomonas aeruginosa ATCC 27853, 
Acinetobacter baumannii ATCC 19606, 
Methicillin resistant Staphylococcus aureus335, 
and Oxacillin resistant Staphylococcus aureus 
201. Bacterial strains were cultured overnight at 
37℃ in Mueller Hinton agar plates. 
 

2.9 Inhibitory effect by the disc diffusion 
method 
The disc diffusion method was employed for the 
determination of the antimicrobial activity of the 
Chinese herbal medicines. Briefly, filter paper 
disks (8 mm in diameter) impregnated with 
sample solutions (30 μL/disk,g/mL) were placed 
on cation-adjusted Mueller Hinton agar plates 
which had been inoculated with test bacteria 
(106colony formed unit (CFU)/mL) according to 
the standard protocol described by National 
Committee of Clinical Laboratory Standards[10]. 
The plate were incubated at 37℃, and the 
diameters of the inhibition zones were measured 
after 16 h. Filter paper disks containing dimethyl 
sulfoxide (DMSO), without any test compounds, 
served as a control and no inhibition was 
observed. Additionally, for comparative 
purposes, tetracycline was included as a reference 
standard. 
 
2.10 Determination of minimum inhibitory 
concentration (MIC) and minimum 
bactericidal concentration (MBC) 
A broth dilution method was used to determine 
the MIC and the MBC[11]. Stock solutions of 
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Chinese herbal medicines were prepared in 
DMSO. These suspensions were further diluted 
from 8.0 mg/ml to 0.5 mg/ml and the control 
substance (DMSO) which had been inoculated 
with test bacteria (106 CFU/mL) in test tubes. The 
test tubes were incubated at 37℃ for 16 h. The 
suspensions of the respective microorganisms 
were transferred onto each plate by spread-
plating. The plates were then incubated at 37℃ 

for 16 h. The MIC was defined as the lowest 
concentration of the Chinese herbal medicines at 
which the microorganism does not demonstrate 
visible growth. Cell suspensions (0.1 mL) from 
the tubes showing no growth were subcultured on 
agar plates to determine if the inhibition was 
reversible or permanent. MBC was determined as 
the highest dilution (lowest concentration) at 
which no growth occurred on the agar plates. 

 
 

Table 2: Total flavonoid content (TFC) of the Chinese medicine extracts 

 

Chinese herbal 
medicines 

TFC 
(mg 

Quercetin/g) 

Chinese herbal 
medicines 

TFC 
(mg 

Quercetin/g) 

Chinese herbal 
medicines 

TFC 
(mg 

Quercetin/g) 

Chinese herbal 
medicines 

TFC 
(mg 

Quercetin/g) 

Acanthopanax 
spinosus 3.36±0.49 Coptis 

chinensis 8.32±0.3 Matteuccia 
struthiopteris 1.26±0.15 Rheum palmatum 26.19±0.03 

Acorus 
calamus 0±0 Cremastra 

variabilis 0±0 Melia azedarach 0±0 Salvia miltiorrhiza 0±0 

Andrographis 
paniculata 1.36±0.45 Cynanchum bungei 0.09±0.02 Ompalia 

lapidecene 0±0 Sanguisorba 
officinalis 0.22±0.7 

Artemisia 
vulgaris 4.13±1.5 Euphorbia 

lathyris 0.17±0.28 Paeonia 
suffruticosa 0±0 Scrophularia 

mingpeonsis 0±0 

Carpesium 
abrotanoides 0.58±0.49 Fritillaria 

thunbergii 0±0 Phellodendron 
amurense 7.48±0.49 Senecio scandens 6.72±0.11 

Chrysanthemu
m indicum 2.23±0.08 Houttuynia 

cordata 4.07±0.23 Polygonatum 
modoratum 0±0 Sophora japonica 1.66±0.02 

Cinnamomum 
cassia 3.12±0.07 Isatis 

tinctoria 0±0 Psoralea 
corylifolia 2.19±0.18 Vladimiria souliei 0.79±0.06 

 
 
2.11 Time-Killing Curve of the Active Fraction 
from the Crude Extract 
The time-killing curve was determined by 
Liang’s method[12]. The concentration of each 
antimicrobial agent in the cation-supplementhed 
Mueller-Hinton broth was set at a concentration 
equal to double the MIC level of the test strain. 
Inoculates of ca. 5×105 CFU/mL of bacteria 
harvested from the colonies grown overnight was 
used in these experiments. Aliquots of the 
cultures were taken at 0, 1, 2, 3, 4, 6, 8, 12 and 24 
hours and serially diluted in the Mueller-Hinton 
broth, and then plated on agar plates. Following  
16 hours of incubation, the number of colonies 
was counted to determine the total viable bacteria 
number. A cell culture without herbal extract was 
assayed as the control. 
 
 

 
 
3. Results and Discussion 
3.1 Total Phenolic Content 
The amounts of total phenolics in the various 
extracts of the total 28 Chinese herbal medicines 
are shown in Table 1. The total phenolic content 
ranged from 2.94 to 23.72 g GAE/100 g DW. The 
highest phenolic content is the ethanol extract of 
Artemisia vulgaris (23.72 g GAE/100 g DW), 
followed by Sanguisorba officinalis (19.21 g 
GAE/100g DW). The Cremastra variabilis 
revealed a lower phenolic content (2.94 g 
GAE/100g DW) than all of the other ethanol 
extracts.  
 
3.2 Total Flavonoid Content 
The total flavonoids, polyphenolic compounds, 
such as flavanols, flavonols, isoflavones, and 
anthocyanidins, have been reported to have 
multiple biological effects, including 
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antimicrobial, antiviral, antithrombotic, anti-
inflammatory, and antioxidant activity [13].The 

capacity of flvonoids to act as antioxidants 
depends upon their molecular structure. 

 
Table 3: DPPH free radical scavenging activity of the Chinese medicine extracts.

Chinese herbal 
medicines 

IC50 

(mg/mL) 
Chinese herbal 
medicines 

IC50 

(mg/mL) 
Chinese herbal 
medicines 

IC50 

(mg/mL) 
Chinese herbal 
medicines 

IC50 

(mg/mL) 

Acanthopanax 
spinosus 63.27±1.03 Coptis chinensis 207.82±10.

63 
Matteuccia 
struthiopteris 55.95±4.00 Rheum palmatum 88.86±2.4

9 
Acorus 
calamus 

568.28±7.1
7 Cremastra variabilis 2990.85±8.

98 Melia azedarach 1114.39±9.
92 Salvia miltiorrhiza 136.38±3.

00 

Andrographis 
paniculata 

268.91±4.2
2 Cynanchum bungei 320.18±0.2

5 Ompalia lapidecene 457.56±3.7
3 

Sanguisorba 
officinalis 

13.31±1.6
1 

Artemisia vulgaris 33.56±3.18 Euphorbia 
lathyris 

277.72±8.6
1 Paeonia suffruticosa 31.48±1.77 Scrophularia 

mingpeonsis 
158.61±3.
67 

Carpesium 
abrotanoides 

1579.31±3
0.28 Fritillaria thunbergii 1470.82±2

6.03 
Phellodendron 
amurense 66.74±2.04 Senecio scandens 138.39±3.

23 

rysanthemum 
indicum 

313.82±1.9
6 Houttuynia cordata 266.75±11.

75 
Polygonatum 
modoratum 

3976.38±3
3.55 Sophora japonica 967.22±0.

037 

Cinnamomum 
cassia 

236.09 
±1.96 Isatis tinctoria 1583.45±2

3.69 Psoralea corylifolia 102.27±2.9
2 Vladimiria souliei 97.48±7.1

7 
Butylated 
hydroxytoluene 27.09±2.93       

 
The position of hydroxyl groups and other 
features in the chemical structure of flavonoids 
are important for their antioxidant and free 
radical scavenging activities. As shown in the 
Table 2, the total flavonoid content of the ethanol 
extracts were found in Coptis chinensis, 
Phellodendron amurense, Senecio scandens, and 
Artemisia vulgaris exhibited higher contents of  

 
8.32, 7.48, 6.72, and 4.13 g/100g DW, 
respectively. Ten of the extracts (Acorus calamus, 
Cremastra variabilis, Fritillaria thunbergii, Isatis 
tinctoria, Melia azedarach, Ompalia lapidecene, 
Paeonia suffruticosa, Polygonatum modoratum, 
Salvia miltiorrhiz, and Scrophularia 
mingpeonsis) revealed no flavonoid content.  
 

 
Table 4: Trolox Equivalent Antioxidant Capacity (TEAC) of the Chinese medicine extracts

Chinese herbal 
Medicines 

TEAC 
(mmole 
trolox/g) 

Chinese herbal 
Medicines 

TEAC 
(mmole 
trolox/g) 

Chinese herbal 
Medicines 

TEAC 
(mmole 
trolox/g) 

Chinese herbal 
Medicines 

TEAC 
(mmole 
trolox/g) 

Acanthopanax 
spinosus 29.77±0.14 Coptis 

chinensis 21.93±0.21 Matteuccia 
struthiopteris 19.92±0.19 Rheum palmatum 29.81±0.14 

Acorus 
calamus 22.95±0.27 Cremastra variabilis 6.84±0.22 Melia azedarach 8.81±0.01 Salvia miltiorrhiza 15.32±0.15 

Andrographis 
paniculata 13.94±0.13 Cynanchum bungei 11.78±0.13 Ompalia 

lapidecene 12.3±0.02 Sanguisorba 
officinalis 31.09±0.02 

Artemisia vulgaris 31.07±0.37 Euphorbia 
lathyris 14.7±0.03 Paeonia 

suffruticosa 31.11±0.04 Scrophularia 
mingpeonsis 2.07±0.02 

Carpesium 
abrotanoides 7.1±0.04 Fritillaria thunbergii 26.61±0.04 Phellodendron 

amurense 29.77±0.22 Senecio scandens 25.07±0.12 

Chrysanthemum 
indicum i 10.22±0.08 Houttuynia cordata 16.36±0.61 Polygonatum 

modoratum 1.29±0.12 Sophora japonica 21.31±0.43 

Cinnamomum cassia 8.09 ± 0.69 Isatis 
tinctoria 5.89±0.51 Psoralea 

corylifolia 25.03±0.83 Vladimiria souliei 7.02±0.31 
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3.3 DPPH free radical scavenging 
The principle of antioxidant activity is based on 
the availability of electrons to neutralize any free 
radicals. In this study, the radical scavenging 
ability of the various extracts from 28 Chinese 
herbal medicines were tested by the DPPH 
radical scavenging and the trolox equivalent 
antioxidant capacity assays. 
The effect of antioxidant on DPPH radical 
scavenging was thought to be due to their 
hydrogen donating ability or radical scavenging 
activity. When a solution of DPPH is mixed with 
a substance that can donate a hydrogen atom, it 
then leads to a loss of this violet color. Free 
radical scavenging activities of the various 

extracts are presented in Table 3. A lower IC50 
value indicates higher antioxidant activity. The 
ethanol extracts from 28 Chinese herbal 
medicines exhibited various different antioxidant 
activities. In this study, DPPH radical scavenging 
activity of the test samples increased with 
increasing its concentration. Among the extracts, 
Sanguisorba officinalis, Paeonia suffruticosa, and 
Artemisia vulgaris exhibited the most significant 
antioxidant activities with the respective IC50 
values of 13.31, 31.48and 33.56 mg/L in DPPH 
free-radical scavenging activity (Table 3).The 
extracts of Sanguisorba officinalis even showed a 
higher antioxidant activity than the standard 
antioxidant agent BHT (27.9 mg/L).  

 
 

Table 5: Reducing power of the Chinese Medicine Extracts 

 

Chinese herbal 
medicines 

Reducing 
power 

Chinese herbal 
medicines 

Reducing 
power 

Chinese herbal 
medicines 

Reducing 
power 

Chinese herbal 
medicines 

Reducing 
power 

Acanthopanax 
spinosus 1.74±0.07 Coptis 

chinensis 0.44±0.04 Matteuccia 
struthiopteris 0.82±0.03 Rheum palmatum 2.66±0.16 

Acorus 
calamus 0.4±0.07 Cremastra variabilis 1.76±0.08 Melia azedarach 0.24±0.01 Salvia 

miltiorrhiza 0.94±0.13 

Andrographis 
paniculata 0.41±0.03 Cynanchum bungei 0.46±0.14 Ompalia 

lapidecene 0.32±0.00 Sanguisorba 
officinalis 2.78±0.08 

Artemisia vulgaris 3.34±0.05 Euphorbia 
lathyris 0.67±0.07 Paeonia 

suffruticosa 2.12±0.20 Scrophularia 
mingpeonsis 0.12±0.04 

Carpesium 
abrotanoides 0.24±0.00 Fritillaria thunbergii 0.12±0.06 Phellodendron 

amurense 1.76±0.08 Senecio scandens 0.7±0.01 

Chrysanthemum 
indicum i 0.73±0.06 Houttuynia cordata 0.41±0.02 Polygonatum 

modoratum 0.13±0.04 Sophora 
japonica 0.44±0.04 

Cinnamomum cassia 2.70 ± 0.02 Isatis 
tinctoria 0.32±0.04 Psoralea 

corylifolia 0.85±0.03 Vladimiria 
souliei 0.27 ±0.03 

Butylated 
hydroxytoluene 3.40±0.07       

 
3.4 Trolox Equivalent Antioxidant 
Capacity（TEAC） 
The TEAC assay is one of the most frequent 
methods for determination of antioxidant activity. 
It is based on the radical scavenging capacity of 
antioxidants towards the ABTS radical cation, 
which is generated by oxidation of ABTS. In 
ABTS assay, the activity of tested sample extracts 
are expressed as the minimolar equivalent of 
trolox solution, having an antioxidant capacity  

 
equivalent to 100 g dry matter of the extract 
under the experiment investigation.  
The efficacy of ABTS cation radical scavenging 
activity of various extracts is shown in Table 4. 
Comparison of the ethanol extracts, the extracts 
of Paeonia suffruticosa, Sanguisorba officinalis, 
and Artemisia vulgaris revealed a better ABTS 
radical scavenging activity with31.11, 31.09 and 
31.07 mmol trolox /100g DW, respectively.  
There are significantdifferences in antioxidant 
activity among the different herbal extracts. This 
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indirectly indicated that the antioxidant activityof 
the different extracts mainly depended on the 
content of total phenolic and flavonoid contents. 
Comparison of the various ethanol extracts 
showed a significant relationship between the 
antioxidant capacities and total phenolic contents. 

The results indicated the major contributor of 
antioxidant activities of these plants is phenolics. 
It is in agreement with the previous studies that 
the phenolic compounds contribute significantly 
to the antioxidant capacities of the Chinese 
medicine plants[14]. 

 
 

Table 6: Inhibition zone of the crude extracts against the clinical drug-resistant isolates 

 

Herbal extracts 

Inhibition zone (mm)* 

A.baumanii P. aergunosa 
Ornithine 
resistant 
S. aureus 

Methicine 
resistant 
S. aureus 

S. aureus E. coli 

Acanthopanax spinosus 11.5±0.71 9.5±2.12 12.5±2.12 14±0.71 15±0.71 11±2.83 
Acorus calamus 11±0.00 8±2.12 13.5±0.00 21±2.12 24±2.12 12±8.49 
Andrographis paniculata 8±0.00 11±2.12 13.5±0.00 12±2.83 12±2.83 11±3.54 
Artemisia vulgaris 13±0.00 12.5±0.00 18.5±0.71 21±1.41 22±1.41 14±0.00 
Carpesium abrotanoides 8±0.00 8±0.00 16.5±0.00 17±0.71 13±0.71 8±0.71 
Chrysanthemum indicum 10±0.00 10±0.00 11±0.00 13±0.00 13±0.00 10±0.71 
Cinnamomum cassia 21±10.60 14±0.70 25.5±2.81 28±1.41 26±1.41 14±2.12 
Coptis chinensis 17±0.71 17±0.00 17.5±0.00 18±2.12 21±2.12 14±2.12 
Cremastra variabilis 14±0.00 11.5±2.12 13±0.71 15±2.12 18±2.12 14±2.83 
Cynanchum bungei 8±0.00 8±0.00 11±0.00 13±0.71 12±0.71 11±0.71 
Euphorbia lathyris 12±0.00 11.5±0.00 13±0.71 12±0.00 12±0.00 13±0.71 
Fritillaria thunbergii 13±1.41 12±1.41 16±0.00 13±0.71 14±0.71 15±0.71 
Houttuynia cordata 15±1.41 14.5±1.41 15±0.71 12±0.71 11±0.71 16±5.66 
Isatis tinctoria 14±0.71 13.5±0.71 19.5±0.71 24±2.83 20±2.83 17±2.12 
Matteuccia struthiopteris 9.5±2.12 8±0.00 10±0.00 11±0.71 12±0.71 11±0.71 
Melia azedarach 11±0.00 11±0.00 13.5±0.00 11±1.41 13±1.41 8±0.71 
Ompalia lapidecene 9.5±2.12 11±2.12 15.5±0.00 14±1.41 16±1.41 13±2.12 
Paeonia suffruticosa 22±0.00 21.5±0.00 19.5±0.71 20±0.71 21±0.71 18±2.12 
Phellodendron amurense 12±0.00 14.5±0.71 18±4.95 19±2.12 22±2.12 11±7.78 
Polygonatum modoratum 9±0.00 10±0.71 10.5±0.00 14±0.71 12±0.71 11±3.54 
Psoralea corylifolia 8±0.00 8±0.00 12.5±0.00 14±0.00 14±0.00 8±4.24 
Rheum palmatum 12.5±0.71 11±1.41 18±0.00 20±5.66 28±5.66 13±10.61 
Salvia miltiorrhiza 14±0.71 11±1.41 13.5±1.41 13±0.00 15±0.00 15±0.71 
Sanguisorba officinalis 9±1.41 8±1.41 17±0.00 17±0.00 17±0.00 10±4.95 
Scrophularia 
mingpeonsis 9.5±0.71 10.5±1.41 12±0.71 12±1.41 12±1.41 13±0.71 

Senecio scandens 11±0.00 11±0.00 13.5±0.00 11±0.71 12±0.71 11±0.71 
Sophora japonica 10±2.83 8±0.00 11.5±0.00 10±0.71 11±0.71 8±2.12 
Vladimiria souliei 11.5±0.71 12±0.00 14±0.00 14±2.12 17±2.12 13±2.83 
Tetracycline (15 
mg/mL) 14.5±6.36 23±2.83 18.5±0.00 33±2.12 36±2.12 28±5.66 
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3.5 Reducing power test 
The reducing capacity of an extract may serve as 
a significant indicator of its potential antioxidant 
activity[15]. As shown in Table 5, the extracts of 
Artemisia vulgaris, Sanguisorba officinalis, 
Cinnamomum cassia, and Rheum palmatum 
exhibited higher reducing activities, with 3.34, 
2.78, 2.70 and 2.66 values, respectively. The 
antioxidant activity was close to the standard 
BHT (3.40). Similar to results obtained in the 
radical scavenging analysis, the total phenolics 
from Artemisia vulgaris and Sanguisorba 
officinalis showed a positive correlation with 
their reducing capacity. 
 
3.6 Inhibitory Effect by the Disc Diffusion 
Method 
In this study, 28 Chinese herbal medicines 
applicable for folk medicine, with bactericidal, 
anti-inflammation and analgesic effects were 
selected as the study objects, and 95% ethanolwas 
used to extract the antimicrobial components to 
determine their antimicrobial activities against 
the major hospital-acquired resistant strains in 
Taiwan. As shown in Table 6, the antibacterial 
assay by the disc diffusion method revealed that 
the ethanol extracts of Cinnamomum cassia, 
Coptis chinensis, and Paeonia suffruticosa 
displayed superior antimicrobial activity and a 
broad antibacterial spectrum against all of the test 
strains with inhibition zones between 14-28, 17-
21, and 18-22 mm, respectively. For the Gram-
negative strains, Acinetobacter baumannii and 
Pseudomonas aeruginosa, the extracts of Paeonia 
suffruticosa showed a highest antibacterial 
activity among the test extracts with inhibition 
zone of 22 mm. For the gram-positive strains, 
Staphylococcus aureus and E. coli, the extracts of 
Cinnamomum cassia exhibited a significant 
antibacterial activity with inhibition zone above 
26 mm (Table 6).  
 
3.7 Determination of Minimum Inhibitory 
Concentration (MIC) and Minimum 
Bactericidal Concentration (MBC) 
Seven Chinese medicine extracts, included 
Artemisia vulgaris, Cinnamomum cassia, Coptis 

chinensis, Fritillaria thunbergii, Houttuynia 
cordata, Paeonia suffruticosa, and Salvia 
miltiorrhiz, with relatively significant 
antimicrobial activity were selected to perform 
minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration 
(MBC)tests.Three of the antibiotic resistant 
strains (Pa528, Ab2888 and Sa201) and three of 
the antibiotic susceptible strains (Pa29260, 
Ab19606 and Sa6538p) were selected for the 
MIC and MBC tests. As shown in Table 7, the 
alcohol extracts exhibited a broad antibacterial 
spectrum against all of the test strains with MIC 
and MBC values between 0.9-8.0 and 1.0-8.0 
mg/mL, respectively. For the Gram-positive 
strains of Staphylococcus aureus, the 
Cinnamomum cassia extracts revealed MIC and 
MBC values of 0.9 and 1.0 mg/mL, respectively. 
For the Gram-negative strains of Pseudomonas 
aeruginosa and Acinetobacter baumannii, the 
MIC and MBC values of the Cinnamomum cassia 
extracts were between 1.2-2.2 and 1.3-2.4 
mg/mL, respectively. The results suggest that the 
extracts of Cinnamomum cassia possess 
significant and broad antimicrobial efficiency 
against the antibiotic resistant and susceptible 
strains.  
 
3.8 Time-Killing Curve of the Active Fraction 
from the Crude Extract 
The clinical isolates of Staphylococcus aureus, 
Pseudomonas aeruginosa and Acinetobacter 
baumannii were further analyzed for the time-
killing curves. The results showed that the 
extracts strongly inhibited the growth of all the 
test bacteria.Within 4-12 hours, the extracts 
showed potential effects of antibacterial activity 
as a steep decline in the colony formed unit 
(CFU) number against all the tested strains 
occurred (Figure 1). The antibacterial effects 
lasted for 24 hours and the time-killing curves 
indicated the extracts possess bactericide activity.  
 
4. Conclusions 
With regard to antioxidation, certain antioxidants, 
such as butylated hydroxyanisole (BHA) and 
butylated hydroxytoluene (BHT), have been 
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reported producing side effects on human. The 
problem of antibiotic resistant bacteria has 
become increasingly important in recent years. 
Therefore, researchers pay close attention to 
search for natural antioxidants and antibacterial  
agents. The results of this study demonstrate that 
the extracts of Sanguisorba officinalis and 
Artemisia vulgarispossess significant antioxidant 

activity and their active components could be 
categorized as phenolic compounds, which might 
be served as natural antioxidants.Based on the 
results of antimicrobial analysis, the extracts of 
Paeonia suffruticosa and Cinnamomum cassia 
have the potential to be used as natural 
antimicrobials on the treatment of antibiotic 
resistant pathogens. 

 
 

Table 7: Mminimum inhibitory concentration (MIC, mg/mL) and minimum bactericidal concentration (MBC, mg/mL) of 
the extracts against the clinical drug-resistant isolates. 

 Test 
strains 

Fritillaria 
thunbergii  

Salvia 
miltiorrhiza  

Coptis chinensis  Paeonia 
suffruticosa  

Houttuynia 
cordata  

Artemisia 
vulgaris  

Cinnamomum 
cassia   

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 
Pa29260 5 6 7 7.5 6.5 7 4 6 7.5 >8.0 7.5 >8.0 2.2 2.5 
Pa528 6 6.5 5 5.5 6 6.5 3.5 5.5 7.5 >8.0 7 8 2.2 2.4 
ADV±SD＃ 5.5±0.

7 
6.2±0.3 6.0±1

.4 
6.5±1
.4 

6.2±0.
3 

6.7±0.
3 

3.7±0.
3 

5.7±0.
3 

7.5±0
.0 

>8.0±0
.0 

7.2±0.
35 

8.0±0.
0 

2.2±0.
0 

2.4±0.
0 

Ab19606 5.5 6 7 8 7 7.5 3 4.5 8 >8.0 6 >8.0 1.3 1.4 
Ab2888 7 7.5 6.5 7.5 7 7.5 2.5 4 8 >8.0 5 7.5 1.2 1.3 
ADV±SD＃ 6.2±1.

0 
6.7±1.0 6.7±0

.3 
7.7±0
.3 

7.0±0.
0 

7.5±0.
0 

2.7±0.
3 

4.2±0.
3 

8.0±0
.0 

>8.0±0
.0 

5.5±0.
7 

7.7±0.
3 

1.2±0.
0 

1.3±0.
0 

Sa6538P 7 >8.0 1.5 2 >8.0 >8.0 >8.0 >8.0 2 2.5 >8.0 >8.0 1 1.2 
Sa201 7 >8.0 1.5 2 >8.0 >8.0 2.5 3 8 >8.5 6 >8.0 0.8 0.9 
ADV±SD＃ 7.0±0.

0 
>8.0±0.
0 

1.5±0
.0 

2.0±0
.0 

>8.0±
0.0 

>8.0±
0.0 

5.2±3.
8 

5.5±3.
5 

5.0±4
.2 

2.5±0.
0 

7.0±0.
0 

>8.0±
0.0 

0.9±0.
0 

1.0±0.
0 

＃All data are shown as the means ± SD for triplicate determination in same test strain. 
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