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ABSTRACT

Objective: To investigate the antibacterial effect of baicalin combined with cefopera-
zone-sulbactam sodium on drug-resistant strains of Pseudomonas aeruginosa. Method: Pseu-
domonas aeruginosa strains that are sensitive and resistant to cefoperazone-sulbactam so-
dium were selected to prepare different test bacterial solutions respectively; The test solu-
tions of baicalin and cefoperazone sulbactam sodium were prepared respectively, and dif-
ferent test groups and control groups were set up; The drug sensitivity tests of different
concentration gradients of baicalin and cefoperazone sulbactam sodium used alone and in
combination were carried out for different sensitive and drug-resistant strains, and the
standard strains were used as parallel control. Result: The drug susceptibility test results of
the combined use of baicalin and cefoperazone-sulbactam against Pseudomonas aeruginosa
drug-resistant strains were compared with the drug susceptibility results of the two used
separately, and the difference was statistically significant (P < 0.05); The combined effect of
the two was dependent on strain and concentration. Conclusion: The combined use of bai-
calin and cefoperazone-sulbactam sodium has a certain synergistic bacteriostatic or bacteri-
cidal effect on drug-resistant strains of Pseudomonas aeruginosa.
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1. INTRODUCTION

Pseudomonas aeruginosa (PAE) is a non-fermenting bacterium, belonging to gram-negative bacilli; It
is widely distributed in natural environments such as air, water and soil; It is also often colonized or para-
sitic on gastrointestinal tract, respiratory tract, mucous membrane and skin of healthy people; When hu-
man immunity decreases, the bacterium is easy to invade human body and cause hospital infection [1];
Therefore, it is a common nosocomial opportunistic pathogen, especially in the intensive care unit (ICU)
and respiratory ward. Due to the non-standard use of antibiotics and the widespread use of tumor che-
motherapy and immunosuppressants in recent years, the sources of infection, infection routes and sus-
ceptible people in hospitals have increased significantly, and nosocomial infection has been gradually ag-
gravated [2]. The incidence of infectious diseases caused by PAE is high [3] [4]. Meanwhile, the characte-
ristics of PAE resistance, mutation and colonization become more and more complex and serious, which
brings great difficulties to clinical treatment. Therefore, how to control and reduce the occurrence of no-
socomial infection and seek new ways and methods to effectively treat PAE resistant strains are the com-
mon concern and urgent topic of the majority of medical workers. The purpose of this study is to find a
new method of integrated traditional Chinese and Western medicine in the treatment of drug-resistant
PAE, that is, to explore the antibacterial effect of baicalin combined with cefoperazone sulbactam sodium
(SCF) on drug-resistant PAE, so as to provide a certain reference basis for clinical treatment. This study is
as follows.

2. MATERIALS AND METHODS
2.1. Materials

1) Origin and isolation of strains the standard PAE strain (ATCC 27853) was provided by the bacteria
room of the Clinical Laboratory Center of our hospital. SCF-sensitive and drug-resistant strains were iso-
lated from sputum, blood, urine, secretions and other specimens submitted by various departments of our
hospital. The drug sensitivity test was carried out by using the American BD Phoenix M50 microbial iden-
tification system; SCF sensitive strains and drug-resistant strains were determined according to the 2016
edition of American Clinical and Laboratory Standards Association [5].

2) Drugs and Reagents Baicalin extract (90.06%): purchased from Shanxi Baoji Hongyuan Biotech-
nology Co., Ltd., batch No.: hy181101; SCF for injection (specification: cefoperazone 0.5 g + sulbactam
0.25 g/bottle): the manufacturer is Pfizer Pharmaceutical Co., Ltd., batch No.: x59694; M-H broth culture
medium: purchased from Hangzhou Binhe microbial Reagent Co., Ltd.; Dextran standard solution: pur-
chased from China Institute for the Control of Pharmaceutical and Biological Products.

3) Instruments Biosafety cabinet (BHC-1300IIA/B3, Jinan xinbeixi), American BD Phoenix M50 mi-
crobial identification system, self thermostatic incubator (SP), enzyme labeling instrument (Thermo Fisher
multiskan FC), etc.

2.2. Methods

1) Isolation and identification of bacteria. Clinical samples were inoculated on MAC plates by plate
streaking, and cultured at 37°C for 18 - 24 h. The culture and isolation of PAE strains were carried out in
strict accordance with the “National Clinical Inspection Procedures” [6]; and the American Clinical and
Laboratory Standards Institute (CLSI)-2019 was used for identification and confirmation. At the same
time, the drug sensitivity test was carried out by American BD phoenix M50 microbial identification sys-
tem, and PAE sensitive and drug-resistant strains were extracted respectively.

2) Preparation of test bacterial solution [7]. An appropriate amount of PAE colonies were selected and
placed in sterile M-H broth medium, and cultured at 37°C for 18 - 24 h. The concentration of bacterial
suspension was corrected by turbidimeter, and the mother liquor with a concentration of 1 x 108 CFU/mL
was obtained; when in use, it was diluted with M-H broth medium to obtain bacterial suspension.

3) Preparation of test liquid [7]. Accurately weighed 2 g of commercial baicalin powder, added 5 ml
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of sterilized purified water, added 0.1 M hydrochloric acid, shook until dissolved, and fixed the volume to
10 ml to obtain baicalin mother liquor (200 mg/ml); Dissolved 0.75 g of SCF powder for injection (cefope-
razone 0.5 g + sulbactam 0.25 g) with sterilized purified water to prepare 1 mg/ml SCF mother liquor. The
principle of drug sensitivity dilution of baicalin: the initial concentration was 1/2 (100 mg/ml), and then
the drug was double-diluted with sterilized purified water to the concentration of 1/128 (0.78125 mg/ml)
in the seventh tube; and the concentration range of baicalin from 1/128 (0.78125 mg/ml) to 1/2 (100
mg/ml)were obtained; By diluting the SCF solution in the same way, the concentration of SCF ranges from
1/128 (0.00390625 mg/ml) to 1/2 (0.5 mg/L) were finally obtained.

4) Baicalin alone and SCF alone were used for bacterial culture [8-11]. According to the principle of
NCCLS microdilution, 10 ml sterile glass test tube was used for drug sensitivity test. Test group (7 concen-
tration groups): Took 7 sterile glass test tubes, added 1 ml of sterile purified water to each after numbering,
added 1 ml of baicalin or SCF mother liquor into tube 1, mixed well, sucked 1 ml to tube 2, fully mixed
tube 2, sucked 1 ml to tube 3, diluted and mixed in this ratio to tube 7, sucked 1 ml and discarded it, added
1 ml of M-H broth culture medium to each tube, and then added 50 ml p L bacterial solution mother liq-
uor (PAE sensitive and drug-resistant bacterial mother liquor were tested successively), and the quality
control group, negative control group and positive control group were set at the same time (6 concentra-
tion groups were set in each group). Quality control group: added 1 ml sterilized purified water and 1 ml
M-H broth medium; Negative control group: added 1 ml baicalin or SCF and 1 ml M-H broth medium;
Positive control: added 1 ml of sterilized purified water, 1 ml of M-H broth medium and 50 pL bacterial
mother liquor, cultured at 37°C for 20 h.

5) Bacterial culture of baicalin combined with SCF drugs [12, 13]. According to the principle of micro
multiple dilution of NCCLS, 10 ml sterile glass test tube was used for drug sensitivity test. Test group (7
concentration groups): took 7 sterile glass tubes, added 1 ml sterile purified water after numbering, added
0.5 ml baicalin and 0.5 ml SCF mother liquor into tube 1, and the other operations were the same as the
drug sensitivity test of baicalin alone or SCF alone (the drug combination test also needed the test of two
bacterial mother fluids of PAE sensitive and drug resistant), and cultured at 37°C for 20 hours.

6) Drug sensitivity test [14, 15]. Comply with the requirements of relevant operating procedures of
automatic microbial analyzer, use the microplate reader to take the sterile medium as the blank (each test
tube takes the sterile medium with the same dilution ratio as the blank) and 600 nm as the wavelength of
light, and measure the optical density of each group at 0 hour of initial culture and 20 hours after culture
at 37°C; The effect of drugs on bacterial growth was judged by the change of optical density (that is, od
value).

7) Statistical methods SPSS 20.0 statistical software was used to process the data. The test results were
expressed by mean value * variance, and the comparison between groups was performed by one-way
analysis of variance LSD-t test. The difference was statistically significant (P < 0.05).

3. RESULTS

1) Drug susceptibility test results of SCF sensitive strains Baicalin alone, SCF alone, baicalin and the
combination of SCF drugs had certain bacteriostatic or bactericidal effects on SCF sensitive strains (that is,
there was little change in absorbance after initial culture and culture at 37°C for 20 h, indicating that the
bacteria were inhibited or grew slowly after culture at 37°C for 20 h, and the drugs used alone or in com-
bination had certain bacteriostatic or bactericidal effects), and their effect was related and dependent on
drug concentration; there was no significant difference in the comparison of OD value of drug sensitivity
test results between drug alone and drug combination after cultured at 37°C for 20 hours. The results of
the optical density test for single and combined use of drugs at initial culture time 0 and the drug sensitiv-
ity test for sensitive strains after culture at 37°C for 20 h are shown in Table 1 below.

2) The results of drug sensitivity test of SCF resistant strains.

Baicalin alone and SCF alone had no bacteriostatic or bactericidal effect on SCF resistant strains (that
is, the absorbance changed significantly after initial culture and culture at 37°C for 20 h, and the OD value
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Table 1. Comparison of the absorbance of each drug and standard PAE-sensitive strains at initial
culture and at 37°C for 20 h.

Bacterial Culture Relative drug concentration
strain time 1/2 1/4 1/8 1/16 1/32 1/64 1/128
0Oh 0.201 0.182 0.161 0.126 0.090 0.061 0.050
SCF
20 h 0.198 0.178 0.158 0.120 0.086 0.053 0.048
Oh 0.230 0.218 0.190 0.152 0.112 0.081 0.063
Baicalin
20 h 0.222 0.205 0.180 0.142 0.113 0.078 0.061
0h 0.212 0.205 0.182 0.149 0.119 0.088 0.060

SCF + Baicalin
20 h 0.208 0.196 0.179 0.138 0.103 0.066 0.052

Table 2. Comparison of absorbance between drugs and standard PAE resistant strains in initial cul-
ture and 20 h culture at 37°C.

Bacterial Culture Relative drug concentration
strain time 1/2 1/4 1/8 1/16 1/32 1/64 1/128
0Oh 0.203 0.186 0.165 0.131 0.093 0.065 0.048
SCF
20 h 0.652 0.692 0.755 0.795 0.836 0.886 0.950
0Oh 0.228 0.213 0.203 0.162 0.121 0.095 0.068
Baicalin
20h 0.720 0.752 0.796 0.826 0.863 0.892 0.982
0Oh 0.212 0.201 0.186 0.158 0.120 0.086 0.065

SCF + Baicalin
20 h 0.085 0.096 0.135 0.186 0.223 0.228 0.316

increased significantly, indicating that bacteria had grown after culture at 37°C for 20 h, and the drug had
no bacteriostatic effect or bacteriostatic effect was reduced); However, the combination of baicalin and
SCF drugs had certain bacteriostatic or bactericidal effect on SCF resistant strains (that is, the absorbance
changed obviously and the OD value decreased significantly after the initial culture and culture at 37°C for
20 h, indicating that bacteria were inhibited or grew slowly after culture at 37°C for 20 h, and the com-
bined use of drugs had a certain bacteriostatic or bactericidal effect). There was also correlation and de-
pendence between the effect and drug concentration, and the optical density of the combined drug and the
single drug after 20 h culture at 37°C changed significantly, and the difference between the two was statis-
tically significant (P < 0.05). The optical density of the combined use and the single use of the drug at the
initial incubation time of 0 hours and the drug susceptibility test results of the SCF resistant strains after
incubation for 20 hours are shown in the following Table 2.

4. DISCUSSION

PAE is a conditional pathogen of nosocomial infection. Generally, due to the inhibition of normal
flora, PAE is not pathogenic. For the PAE infection, the main antibiotics that can be selected clinically are
pF-Lactam antibiotics (ceftazidime, cefoperazone, aztreonam, imipenem), aminoglycoside antibiotics (such
as tobramycin, amikacin, gentamicin), quinolone antibiotics (ciprofloxacin, clinfloxacin), etc. SCF is a
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compound preparation, in which sulbactam, as a broad-spectrum enzyme inhibitor, also takes into
account certain antibacterial activity, and especially it has a strong and irreversible inhibitory effect on
P-lactamase produced by Staphylococcus aureus and most negative bacilli, but has no activity on
P-lactamase mediated by chromosomes of some negative bacilli Among them, Cefoperazone, as a
third-generation cephalosporin preparation, has relatively poor stability for S-lactamase [16]. The com-
bined application of the two drug components will not only play a positive synergistic antibacterial activity
against negative bacilli, but also its antibacterial effect is several times that of single drug [17]. Cefopera-
zone has bactericidal effect mainly by inhibiting the synthesis of bacterial cell wall; As an enzyme inhibitor,
sulbactam can effectively protect cefoperazone from being hydrolyzed by f-lactamase which can enhance
the antibacterial activity of cefoperazone [18]; Therefore, SCF is an antibacterial drugs of broad spectrum
P-lactams in clinic which is commonly used in clinic and widely used in the treatment of moderate and
severe bacterial infections, especially the treatment of some drug-resistant bacteria [19]. SCF also has good
bacteriostatic or bactericidal effect on PAE, and the drug resistance rate is low [20]; Clinically, SCF is often
used as the first choice for the treatment of conditional pathogenic bacteria and drug-resistant bacteria in
nosocomial infections.

Scutellaria baicalensis is a dicotyledonous Labiatae plant; It is a Chinese herbal medicine which is of-
ten used in clinic to clear away the toxic heat; Baicalin is a flavonoid extracted and isolated from the dry
root of Scutellaria baicalensis, which has the effects of antibacterial, antiviral, anti-inflammatory and anti
allergic reactions, etc. Traditional Chinese medicine antibacterial therapy has the advantages of broad an-
tibacterial spectrum and not easy to drug resistance; The application of traditional Chinese medicine anti-
bacterial is expected to delay, inhibit or even reverse the drug resistance of PAE; Traditional Chinese med-
icine antibacterial therapy has the advantages of broad antibacterial spectrum and not easy to drug resis-
tance. The application of traditional Chinese medicine antibacterial is expected to delay, inhibit or even
reverse the drug resistance of PAE. The mechanisms of traditional Chinese medicine anti drug PAE main-
ly include: inhibiting antibacterial hydrolase, eliminating drug-resistant plasmid, restoring bacterial per-
meability to antibiotics, inhibiting the formation of PAE biofilm, inhibiting the efflux pump system and
regulating the immune function of the body [21]. Many previous studies have found that Scutellaria bai-
calensis decoction can inhibit/kill Staphylococcus aureus, Escherichia coli and PAE [22, 23], and many
literature [24-26] studies have shown that the antibacterial mechanism of Baicalin on PAE is to inhibit the
formation of PAE biofilm and its adhesion to solids, destroy the biofilm structure, improve the sensitivity
of bacteria to drugs and improve the antibacterial effect of the body. However, the antibacterial effect of
baicalin is also insufficient as well as in most Chinese herbal medicines; The main reason is that the con-
tent of effective components in Chinese herbal medicine is low, and the blood drug concentration is diffi-
cult to achieve; Compared with existing antibiotics, the effectiveness of effective components is often low,
which results in relatively limited antibacterial effect [27].

Over the years, due to the unreasonable use of antibiotics, the emergence and spread of multi-
drug-resistant bacteria have gradually increased, and the resistance rate of PAE to antibiotics, especially
carbapenems, has also increased. According to the investigation of China Antibiotic Monitoring Network
Center in 2017, the resistance of PAE to SCF was 24.8% [28]; It has also been reported that PAE is resistant
to a variety of antibiotics or even almost all antibiotics, which brings great challenges to the treatment of
PAE induced infection and makes it a so-called “superbug” [29]. The drug resistance mechanisms of PAE
mainly include: gene mutation changes channel protein and outer membrane permeability, strain enzymes
change the active structure of antibiotics, gene mutations or coding enzymes change drug action target,
overexpression of efflux pump-related genes, biofilm formation, integron action, etc. [30]. The increasing-
ly serious drug resistance of PAE and the relatively limited antibacterial effect of Chinese herbal medicine
have prompted people to consider the combined use of the two to achieve complementary advantages. Xu
Haiying et al found that Shuanghuanglian oral liquid combined with gentamicin showed additive effect
on the drug susceptibility results of Staphylococcus aureus and PAE [31]; The study by Wang Linjing et a/.
found that Scutellaria baicalensis, Honeysuckle and Prunella vulgaris can antagonize ciprofloxacin on PAE
by promoting the expression of efflux pump genes, and Andrographis paniculata and Galla japonica can
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also induce gentamicin to exhibit antagonizing effect on PAE [32], indicating that the combined applica-
tion of traditional Chinese and western medicine has obvious synergistic antibacterial effect on PAE. The
results of this study show that SCF or baicalin have no antibacterial/bactericidal effect on SCF resistant
strains, but the combined use of SCF and baicalin has a certain antibacterial/bactericidal effect on SCF re-
sistant strains, and the effect is related and dependent on drug concentration, although the mechanism of
combined use of drugs on SCF resistant PAE is not clear, However, the synergistic antibacterial effect of
traditional Chinese medicine and antibiotics, and the sensitivity of drug-resistant strains to corresponding
antibiotics can be restored after treatment with traditional Chinese medicine, indicating that traditional
Chinese medicine has the ability to reverse the resistance of drug-resistant bacteria to some extent. The
mechanism of reversing bacterial resistance may be to eliminate drug-resistant plasmids, inhibit the ex-
pression of drug-resistant related genes, reduce the activity of drug-resistant related enzymes, inhibit bio-
film synthesis and so on. It is precisely because baicalin may have the ability to reverse the resistance of
PAE resistant strains to some extent, so as to restore the sensitivity of SCF to resistant strains and play the
synergistic effect of combined use of drugs [33].

5. CONCLUSION

Baicalin combined with cefoperazone sulbactam sodium has a certain synergistic antibacterial or bac-
tericidal effect on drug-resistant strains of Pseudomonas aeruginosa. It can provide a new way and expe-
rimental reference for the clinical treatment of drug-resistant bacteria and the development of new
drug-resistant bacteria. At the same time, it also has a certain practical guiding significance for the preven-
tion and treatment of PAE drug resistance.

6. LIMITATIONS OF THE STUDY

The samples of this study are from patients in the District of this city, which has regional differences.
In the next study, it is planned to collect samples from more regions and extract more strains of Pseudo-
monas aeruginosa for research to reduce regional differences.
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