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Abstract 

Background  A new antibacterial compound powder of amoxicillin (AMO)/Radix Scutellaria extract (RSE) was devel-
oped, and its pharmacokinetics were determined in pigs following oral administration.

Results  The MIC ranges of AMO against Escherichia coli, Staphylococcus aureus and Streptococcus were 1–8 μg/mL, 
0.5–4 μg/mL and 0.5–64 μg/mL, respectively. The MIC ranges of RSE against E. coli, S. aureus, and Streptococcus were 
greater than 2.5 mg/mL, 0.156–2.5 mg/mL, and greater than 2.5 mg/mL, respectively. For S. aureus, the combined 
drug susceptibility test showed that AMO and RSE had an additive or synergistic effect. The results of compatibility 
test, the excipient screening test and the drug quality control test showed that the formulation had stable quality 
and uniform properties under the test conditions. Two studies were conducted to investigate the pharmacokinetics 
of the compound product in pigs. First, the pharmacokinetics of the AMO-RSE powder were compared with those 
of their respective single products. The results showed no significant change in the main pharmacokinetic parameters 
when either component was removed from the compound formulation; thus, AMO and RSE have no pharmacokinetic 
interaction in pigs. Second, pigs were orally administered three different doses of AMO-RSE powder. The Cmax and AUC 
increased proportionally with increasing p.o. dose; thus, the λz, t1/2λ, MRT, and Tmax were unchanged for the doses of 10, 
20, and 30 mg/kg AMO and the doses of 5, 10, and 15 mg/kg BCL, showing that AMO/baicalin in AMO-RSE powder 
showed linear pharmacokinetic characteristics in pigs.

Conclusions  The combined drug sensitivity test of AMO and RSE against S. aureus showed that the combination 
was additive or synergistic. Pharmacokinetic studies indicated that AMO and BCL do not interfere with each other 
in pigs when used in a compound formulation. The pharmacokinetic parameters remained unchanged regardless 
of the dose for p.o. administration, indicating linear pharmacokinetic properties over the tested dose range. The 
quality of the AMO-RSE powder was good and stable, providing a foundation for its clinical application in veterinary 
medicine. Further bioavailability, PK/PD and clinical trials are still needed to determine the final dosage regimen.
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Background
Bacterial infections are the second leading cause of 
global mortality [1]. These infections not only endan-
ger human life but also cause large economic losses to 
the agricultural industry, such as piglet acute diarrhea 
caused by mixed bacterial infection [2]. Salmonella pul-
lorum can induce avian salmonellosis after infection in 
poultry, causing recessive infection and even death [3], 
and Staphylococcus aureus has led to serious mastitis and 
endometritis in infected dairy cows [4]. Antibiotics play 
a very important role in the treatment of bacterial infec-
tions [5], but the issue of antibiotic resistance should not 
be neglected. Conventional drugs administered in new 
ways or prepared as compound formulations might be 
a strategy to combat antibiotic resistance and increase 
antibiotic sensitivity [6]. Amoxicillin (AMO), a classic 
antibiotic, has been in use since the 1970s [7]; this anti-
biotic is a pharmaceutical widely employed in veterinary 
medicine worldwide [8], such as for the control of severe, 
systemic infections such as Streptococcus in pigs [9]. How-
ever, with the advent of the antibiotic era, the overuse and 
inappropriate consumption and application of antibiotics 
have driven the rapid emergence of multidrug-resistant 
pathogens [10]. In recent years, there has been a common 
phenomenon that using AMO alone in bacteriosis does 
not maximize its effectiveness. Therefore, it is of interest 
to develop a new AMO formulation for the treatment of 
bacterial infections.

Scutellaria baicalensis has been widely used as a medici-
nal plant in China for thousands of years, and the prepara-
tion from its roots is called Huang-Qin. This preparation 
has been applied in the treatment of diarrhea, cardiovas-
cular diseases, inflammation, and respiratory infections 
[11–14]. Radix Scutellaria extract (RSE) was obtained 
from S. baicalensis, baicalin (BCL) is the active ingredi-
ent in RSE, and the content of BCL in RES is not less than 
85% according to the Chinese veterinary pharmacopoeia. 
It has been reported that BCL has many pharmacologi-
cal activities, such as antibiosis, anti-inflammatory, anti-
oxidation, antiviral and antitumor activities [15–19]. The 
antibacterial mechanism of BCL may modulate the oxida-
tive stress response [20], attenuate quorum sensing-con-
trolled virulence [21], modulate both bacterial virulence 
and host response [22], and other causes. According to 
a report, BCL has a synergistic antibacterial effect when 
combined with other antimicrobial drugs. For instance, 
Novy P determined that BCL acts synergistically with 
oxytetracycline and tetracycline, enhancing their antimi-
crobial activity against S. aureus [23] in  vitro. Leung KC 
found that S. baicalensis and nanoparticle-encapsulated 
chlorhexidine can enhance synergistic antibacterial effects 
in common oral bacterial biofilms [24]. Wang J thought 
BCL may be used as a natural agent resistance inhibitor 

for azithromycin-resistant S. saprophyticus, reducing the 
development of azithromycin resistance [25].

To maximize the effect of AMO, scientists have tried 
to prepare AMO in compound formulations to improve 
its efficacy, and many AMO compound formulations 
have been studied and applied, such as AMO/clavu-
lanic acid, AMO/cephalosporins, AMO/sulbactam, 
AMO/clarithromycin, AMO/apramycin, and AMO 
and cefotaxime [26–31]. Currently, traditional Chinese 
herbal medicine (TCHM) and its constituents are con-
sidered potential sources of new antimicrobial agents 
[32]. However, there are few reports about compound 
formulations of AMO and active pharmaceutical ingre-
dients (APIs), especially compound formulations of 
AMO and BCL.

Therefore, based on the antibacterial effect of AMO 
and BCL, this study’s objective was to prepare AMO-
RSE powder by prescription screening and investigate its 
pharmacokinetics in pigs to provide a basis for the clinical 
application of compound preparations and to further pro-
vide a safe and effective AMO-RSE compound preparation 
for veterinary use.

Results
Results of the antibacterial susceptibility test
As shown in Table 1, the MICs of AMO against Escherichia 
coli, Salmonella and Staphylococcus aureus were 1–8  μg/
mL, 0.25–32  μg/mL and 1-128  μg/mL, respectively. The 
MICs of RSE against E. coli, Salmonella, and S. aureus 
were greater than 2.5 mg/mL, 0.3–2.5 mg/mL, and greater 
than 2.5  mg/mL, respectively. As shown in Table  2, the 
combined drug sensitivity test of AMO and RSE against  
S. aureus was additive or synergistic.

Preparation of powder—compatibility testing 
and excipient screening
The compatibility between APIs plays a very impor-
tant role in preparing a compound powder and further 

Table 1  Results of the drug sensitivity test of AMO

Bacteria Numbers RSE MIC (mg/mL) AMO MIC (μg/mL)

E. coli 15  > 2.5 1–8

S. aureus 16 0.3–2.5 0.25–32

Streptococcus 16  > 2.5 1–128

Table 2  Results of the combined drug sensitivity test of RSE and 
AMO against Streptococcus 

Bacteria Synergy Additive Irrelevant Antagonism

Streptococcus (16) 4 (16) 12 (16) 0 (0) 0 (0)
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affects the stability of the formulation. The appearance 
of the AMO-RSE preparation was a yellow powder under 
the experimental conditions of high temperature, high 
humidity, and strong light. The contents, properties, APIs 
and related substances of AMO-RSE powder showed no 
significant changes after exposure to experimental con-
ditions. This result is indicated that AMO and BCL had 
good compatibility and could be successfully prepared as 
compound formulations.

To produce the powder formulation, in this study, 
five excipients, including glucose, sucrose, corn starch, 
cassava starch and dextrin, were used to select the 
best excipient to prepare AMO-RSE compound pow-
der. The results of relative density, relative moisture 
absorption, and angle of repose showed that glucose 
was the best excipient; the relative density of the 
selected excipients was 1.5 ~ 1.6  g/mL, the sucrose 
moisture absorption percentage of glucose was the 
lowest, and its angle of repose was 41.44°, which was 
relatively small compared with that of the four other 
excipients.

For AMO-RSE powder processing, after passing all 
components through an ASTM #80 mesh sieve, the 
APIs AMO and RSE were mixed using a V-shell blender 
(GlobePharma, Maxiblend®, New Brunswick, NJ, USA); 
then, the mixtures were combined with glucose, and 
the ratio of AMO:RSE:glucose was 10:5:85. Quality 

evaluation experiments were subsequently carried out to 
determine the quality of the compound formulation.

Quality inspection of the powder formulation
Through the critical relative moisture absorption and 
uniformity inspection, the test results show that the 
relative humidity of AMO-RSE powder was 80.05% 
under the experimental conditions. The coefficient of 
variation of both formulations was less than 5%, the 
difference was not significant, and the properties were 
uniform. In addition, the contents of AMO and BCL in 
the powder formulation were determined.

Pharmacokinetic study
Initial pharmacokinetic study
The plasma AMO concentrations (mean ± SD) at dif-
ferent time points are illustrated in Fig.  1. The phar-
macokinetic parameters and the results of statistical 
analysis are reported in Table  3. The pharmacokinetic 
data of AMO-RSE powder were not significantly differ-
ent (P > 0.05) from AMO-RSE powder without BCL.

For BCL, the plasma concentrations (mean ± SD) at 
different times are illustrated in Fig. 2. The pharmacoki-
netics parameters and the results of statistical analysis 
can be seen in Table 4. It was shown that the pharma-
cokinetic parameters of AMO-RSE powder were not  

Fig. 1  Plasma concentrations (mean ± SD) of amoxicillin (μg/mL) in pigs (n = 6) after oral administration at a dose of 10 mg/kg amoxicillin (AMO). 
‘‘ ’’ indicates AMO-RSE powder, and ‘‘ ’’ indicates AMO powder without baicalin (BCL)
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significantly different (P > 0.05) from AMO-RSE powder 
without AMO.

Second pharmacokinetic study
Figure 3 shows the mean plasma concentrations of AMO 
following p.o. AMO-RSE powder administration at three 
different doses of 10, 20 and 30  mg/kg of AMO. The 
pharmacokinetic parameters are reported in Table  5. 
After a single p.o. administration, λz, t1/2λ, MRT, and Tmax 
were unchanged at the doses of 10, 20, and 30  mg/kg  
AMO, and Cmax and AUC increased proportionally 

with increasing p.o. dose, indicating that AMO exhib-
ited linear pharmacokinetic properties in the range of 
10–30 mg/kg.

The plasma BCL concentrations (mean ± SD) at dif-
ferent time points are illustrated in Fig. 4 following p.o. 
AMO-RSE powder at three different doses of 5, 10 and 
15  mg/kg BCL. The pharmacokinetic parameters are 
shown in Table 6. Similar to AMO, the Cmax and AUC 
values of BCL presented dose dependence, indicating 
that BCL had linear pharmacokinetic properties over the 
tested dose range.

Discussion
With increasing bacterial drug resistance in recent years, 
optimizing and maximizing existing classic antibiotics is 
an optional strategy for combatting such bacterial drug 
resistance [33]. The unreasonable use of these antibiotics 
leads to an increase in bacterial drug resistance. Prepar-
ing an AMO compound formulation is a good strategy 
for decreasing the bacterial drug resistance of AMO[34]. 
BCL, an active ingredient extracted from S. baicalensis, 
has been used in the Chinese market for years, and the 
API form of BCL (content > 85%) is RSE. Because of its 
advantages in terms of price and quality, RSE is of nota-
ble interest in the pharmaceutical industry. The use of 
combinations of BCL and many antibiotics, such as lev-
ofloxacin and osthole, has been reported [35, 36]. How-
ever, there are few studies on AMO combinations with 

Table 3  Comparison of plasma AMO pharmacokinetic 
parameters after single-dose oral administration of AMO-RSE 
powder and AMO powder (AMO 10 mg/kg) (n = 6)

Parameters AMO-RSE powder AMO powder P value

Mean SD Mean SD

λz (1/h) 0.1843 0.1313 0.2087 0.1001 0.726

t1/2λ (h) 6.0402 3.9833 3.9712 1.7612 0.283

AUC​0-∞ (µg·h/mL) 4.1215 0.9592 4.3558 1.6442 0.771

AUMC0-∞ (µg·h2/
mL)

34.2215 21.1752 27.9650 20.7409 0.616

MRT0-∞ (h) 7.9894 4.3668 5.8845 2.0788 0.321

Cmax (µg/mL) 0.9443 0.2510 0.9205 0.1433 0.845

Tmax (h) Median Range Median Range

1.5833 1.00 ~ 2.00 1.2500 1.00 ~ 1.50 0.186

Fig. 2  Plasma concentrations (mean ± SD) of BCL (μg/mL) in pigs (n = 6) after oral administration at a dose of 10 mg/kg BCL. ‘‘ ’’ indicates 
AMO-RSE powder, and ‘‘ ’’ indicates BCL powder without AMO
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BCL monomers. Therefore, in this study, we aimed to 
develop a new AMO-RSE formulation for application to 
prevent and treat bacterial infection in pigs and reduce 
bacterial drug resistance development. Group medicinal 
application is the most commonly used mode of admin-
istration in the pig industry, and the dose form of powder 
is an optional method for group medicinal application. 
The rationality of a formulation is a key component in 
preparing a compound formulation. Therefore, this study 
aimed to conduct drug sensitivity tests and combined 
drug sensitivity tests to evaluate the prescription ration-
ality of the formulation. Common pathogenic bacteria 
in the veterinary clinic, E. coli, S. aureus and Salmonella, 
were selected for single-drug sensitivity tests. The MIC 

Table 4  Comparison of plasma BCL pharmacokinetic 
parameters after single-dose oral administration of AMO-RSE 
powder and RSE powder (BCL 5 mg/kg) (n = 6)

Parameters AMO-RSE powder RSE powder P value

Mean SD Mean SD

λz (1/h) 0.110 0.061 0.094 0.061 0.670

t1/2λ (h) 7.615 2.921 9.210 3.758 0.432

AUC​0-∞ (µg·h/mL) 6.978 1.698 5.357 1.454 0.107

MRT0-∞ (h) 11.520 3.775 12.433 5.045 0.731

Cmax (µg/mL) 0.632 0.222 0.730 0.348 0.575

Tmax (h) Median Range Median Range

1.833 0.33 ~ 4.00 1.194 0.33 ~ 2.00 0.436

Fig. 3  Plasma concentrations (mean ± SD) of AMO (μg/mL) in pigs (n = 6) after oral administration at doses of 10, 20 and 30 mg/kg AMO. ‘‘ ’’ 
indicates10 mg/kg ‘‘ ’’, indicates 20 mg/kg, and ‘‘ ’’ indicates 30 mg/kg AMO-RSE powder administration

Table 5  Mean (± SD) pharmacokinetic parameters of AMO from study two after p.o. AMO-RSE powder at dosages of 10, 20 and 
30 mg/kg AMO in pigs (n = 6)

Parameters 10 mg/kg 20 mg/kg 30 mg/kg

Mean SD Mean SD Mean SD

λz (1/h) 0.18 0.14 0.18 0.15 0.17 0.16

t1/2λ (h) 6.21 3.84 6.45 3.74 6.70 3.77

AUC0-∞ (µg·h/mL) 4.80 1.74 9.37 2.61 12.70 3.13

AUMC0-∞ (µg·h2/mL) 34.41 21.89 58.16 18.84 93.44 45.15

MRT0-∞ (h) 8.03 4.60 8.22 4.34 8.15 4.71

Cmax (µg/mL) 0.91 0.45 1.71 1.57 2.82 1.14

Tmax (h) Median Range Median Range Median Range

1.65 0.75–2 1.65 1.0–2 1.65 0.75–2
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results of AMO and RSE on the test strains are shown in 
Table 1. As shown in Table 1, RSE can inhibit the growth 
of S. aureus, which is related to its inhibition of biofilm 
formation [37]. On this basis, a combined drug sensitiv-
ity test of both drugs against S. aureus was carried out. 
The results are shown in Table 2. The combination of the 
two drugs shows a synergistic or additive effect, which 
provides a scientific basis for the research and develop-
ment of antibacterial drug formulations and indicates the 
rationality of the AMO-RSE compound formulation.

Compatibility is very important when preparing com-
pound formulations. If there are physical and chemical 
reactions between raw materials, they are not suitable 
for use together in a compound formulation [38]. In this 

study, under the conditions of high temperature, strong 
light, and high humidity, the content of the main drug in 
the AMO-RSE powder was measured. These results show 
that there was no significant interaction between the two 
APIs under the conditions of influencing factors. The two 
drugs could be mixed without impacting the drug con-
tent, and this result provides a basis for the reasonable 
compatibility of AMO and BCL.

To be more conducive to production, transportation, 
and storage, it is necessary to select optimal auxiliary 
materials, namely, excipients [39, 40]. The excess mois-
ture absorption rate, relative density, and fluidity of aux-
iliary materials can be detrimental to the production 
and storage of formulations under normal conditions. 

Fig. 4  Plasma concentrations (mean ± SD) of BCL (μg/mL) in pigs (n = 6) after oral administration at doses of 5, 10 and 15 mg/kg BCL. ‘‘ ’’ indicates 
10 mg/kg, ‘‘ ’’ indicates 20 mg/kg, and ‘‘ ’’ indicates 30 mg/kg AMO-RSE powder

Table 6  Mean (± SD) pharmacokinetic parameters of BCL from study two after p.o. AMO-RSE powder at doses of 5, 10 and 15 mg/kg 
BCL in pigs (n = 6)

Parameters 5 mg/kg 10 mg/kg 15 mg/kg

Mean SD Mean SD Mean SD

λz (1/h) 0.14 0.05 0.09 0.01 0.10 0.02

t1/2λ (h) 5.70 1.89 7.65 1.23 7.57 2.00

AUC​0-∞ (µg·h/mL) 5.96 1.33 9.91 1.94 15.08 3.94

AUMC0-∞ (µg·h2/mL) 52.95 22.27 102.09 34.84 155.79 72.72

MRT0-∞ (h) 8.67 2.23 10.11 1.67 9.92 2.06

Cmax (µg/mL) 0.64 0.25 1.92 0.66 1.79 0.34

Tmax (h) Median Range Median Range Median Range

2.00 0.75–3.00 2.00 1.00–3.00 2.00 1.50–2.00
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The test results of the moisture absorption rate, rela-
tive density, and angle of repose showed that the mois-
ture absorption rate, relative density, and angle of repose 
of anhydrous glucose were the best among the screened 
excipients. Therefore, anhydrous glucose was chosen as 
the excipient to reduce the moisture absorption efficiency 
of AMO-RSE powder, increase the fluidity between 
drugs, keep the formulation fully mixed and maintain a 
uniform state.

The pharmacokinetic interaction between compound 
preparations is not only a scheme to investigate the 
rationality of prescriptions but also a foundation for 
guiding the use of drugs in the clinic. If an interaction of 
pharmacokinetics occurs in a compound formulation, it 
might not be suitable for preparing a compound formula-
tion or for adjusting the dose of the formulation. Pharma-
cokinetic interactions might occur for the properties of 
absorption, distribution, metabolism or excretion. There-
fore, the major pharmacokinetic parameters t1/2 λ, MRT, 
Tmax, Cmax, AUC and AUMC were used to investigate 
the differences in the compound formulation and the for-
mulation without AMO or BCL. As shown in Table 3, the 
t1/2 λ, MRT, Tmax, Cmax, AUC and AUMC of AMO-
RSE powder were not significantly different from those of 
AMO powder without BCL. Similarly, there were no sig-
nificant differences between the AMO-RSE powder and 
RSE powder without AMO (Table 4).

The pharmacokinetic behavior of three different doses 
of AMO-RSE compound powder showed that the Cmax 
and AUC increased proportionally with increasing p.o. 
doses. The pharmacokinetic parameters Cmax and AUC 
of AMO or BCL in AMO-RSE powder have a good lin-
ear relationship with the dose (r > 0.99), and their values 
are independent of dose. The results showed that AMO/
BCL in AMO-RSE powder showed linear pharmacoki-
netic characteristics in pigs. Based on the linear pharma-
cokinetic characteristics and considering the results of 
synergistic or additive effects on the combined drug sus-
ceptibility, the recommended dose of AMO-RSE powder 
for the treatment of bacterial infections can be adjusted 
in a range from 10–30  mg/kg AMO and 5–15  mg/kg 
BCL. Further pharmacokinetic/pharmacodynamic and 
clinical studies should be performed to confirm the final 
optimal dose of AMO-RSE powder.

Conclusion
The combined drug sensitivity test of AMO and RSE 
against S. aureus was additive or synergistic. Pharmacoki-
netic studies indicated that AMO and BCL do not inter-
fere with each other in pigs when used in a compound 
formulation. The pharmacokinetic parameters remained 
unchanged regardless of the dose for p.o. administra-
tion, indicating linear pharmacokinetic properties over 

the tested dose range. The quality of the AMO-RSE pow-
der was good and stable, showing potential in veterinary 
applications for the prevention and treatment of bacterial 
infectious diseases.

Methods
Test strains
Fifteen strains of E. coli, 16 strains of S. aureus, and 16 
strains of S. aureus were provided by the Department 
of Pharmacology and Toxicology of China Agricultural 
University.

Antibacterial susceptibility testing
The minimum inhibitory concentration (MIC) of AMO 
and RSE was tested in the bacteria mentioned above; this 
method was previously reported by Jiarong Cao, et al. [41].

Amoxicillin or baicalin was added to a sterile 96-well 
plate with multiple dilutions from low to high concentra-
tions from the first well to the tenth well, with 100 μL per 
well. 100 μL of bacterial solution was added to a concen-
tration of 1 × 106 CFU/mL. 200 μL of the bacterial solu-
tion was added to the 11th well as positive control, and 
200 μL of broth was added to the 12th well as a negative 
control. The MIC test of quality control bacteria was car-
ried out at the same time in each test. The 96-well plate 
was placed in a 37 ℃ incubator for 18 to 24  h, and the 
results were observed and recorded. The experiment was 
repeated three times.

AMO and RSE combined drug sensitivity test
The methods of the combined drug sensitivity test of 
AMO and RSE were performed as previously reported 
in Fei Lin, et  al. [42]. Based on the results of the single 
drug MIC tests, AMO (RSE) was diluted to 7 concentra-
tions with broth, and 50 μL per well was added from the 
7th horizontal row (vertical column) to the 1st horizontal 
row (vertical column) of 96-well plates from low concen-
tration to high concentration. 100 μL of drug was added 
to the 8th vertical column (horizontal row), which was 
used as the single drug control of AMO (RSE). 100 μL 
of bacteria suspension was added in each well. 200 μL of 
bacterial suspension was added to the 11th vertical col-
umn as positive control wells. 200 μL of broth was added 
to the 12th vertical column as the negative control group. 
The 96-well plate was placed in a 37 ℃ constant tempera-
ture incubator for 18 to 24 h. The results were observed 
and recorded, and the test was repeated three times.

Preparation of powder—compatibility testing of AMO‑RSE 
and excipient screening
Nine samples of the same batch were randomly taken 
and divided into three groups. The first three samples 
were stored at 60 °C for 10 days. The second set of three 
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samples was stored at a temperature of 25 °C and relative 
humidity of 90 ± 5% for 10 days, and the third set of three 
samples were subjected to illumination at 4500 lx ± 500 lx 
for 10  days. Samples were collected on days 5 and 10. 
According to the test results of key items of the API sta-
bility survey, the results were compared with the results 
on day 0.

For the screening of excipients, many excipients, such 
as glucose and sucrose, usually used for making powder 
or premix, were selected to investigate the quality of the 
powder, and the relative density, moisture absorption 
percentage, appearance uniformity, and mentioned bel-
lows were the key indices to investigate the stability of the 
powder.

Relative density test
The relative density of drugs and excipients was meas-
ured by the pycnometer method. A total of 1  g of the 
material to be tested was weighed, the weight was 
recorded as W1, and the sample was transferred to the 
pycnometer, which was filled with boiled cold water 
(temperature: 25  °C). The pycnometer was stoppered, 
and the weight was recorded as W2. The bottle was emp-
tied and the contents washed, the bottle was filled with 
newly boiled cold water and weighed accurately, and the 
weight was recorded as W3. The relative density was cal-
culated according to the following formula.

Note: ρ represents freshly boiled cold water with a den-
sity of 0.99707 g/cm3 at 25 °C.

Moisture absorption percentage test
Sample dried to a constant weight (1 g) was placed in a 
5  mL flat weighing bottle, shaken gently to evenly dis-
tribute the sample, weighed accurately, put it in a dryer 
containing supersaturated sodium chloride solution 
(the weighing bottle is opened), and weighed after 24  h 
(n = 3). The moisture absorption percentage was calcu-
lated according to the following formula:

Angle of repose test
The fixed funnel method was used to measure the angle 
of repose. A funnel was fixed at a height of 3 cm above 
coordinate paper (the paper was placed on a horizon-
tal table), and materials were added through the funnel 
until the top of the accumulated cone came into contact 
with the bottom of the funnel. The cone diameter was 

Relative density of test sample =

W1 × ρ

W1 − (W2 −W3)

Moisture absorption percentage (%) =

weight after moisture absorption − weight before moisture absorption

weight before moisture absorption
× 100%

measured, and the angle of repose was calculated with 
the ratio of the distance between the funnel and paper to 
the cone radius as the tangent.

Quality inspection of powder
Critical relative humidity test
Dry AMO-RSE powder was prepared according to the 
prescription ratio at a constant weight. Three compound 
powder samples, 1.0 g each, were put into flat weighing 
bottles with a constant weight, weighed accurately, and 
then placed without caps into a dryer with a different 
humidity. Moisture absorption occurred at a constant 
temperature until reaching a constant weight, each sam-
ple was accurately weighed, and the average moisture 
absorption percentage of particles under different rela-
tive humidity was calculated.

Appearance uniformity test
A small amount of test powder was put on smooth paper, 
spread to approximately 5 cm2, flattened surface, and 
observed in a bright place to evaluate whether it had uni-
form colour and no pattern or colour spots.

Pharmacokinetics study
Animals
Twelve healthy Landrace × Large White hybrid pigs, 
half male and half female, with an average body weight 
of 15 ± 3.2  kg (range 11–18  kg), were randomly divided 
into two groups (three male and three female pigs in 
each group) for pharmacokinetics experiments and were 
purchased from JuCong agriculture, Nanning, Guangxi. 
Commercial feed and water free of antibiotics and target 
drugs were freely available to the pigs housed individu-
ally in 12 pig pens. After the experiment, the pigs were 
released.

The study was conducted according to the recommen-
dations of the academy’s animal research guidelines and 
approved by the Animal Ethics Committee of Guangxi 
University (protocol number: GXU-2018–024).

All methods were carried out in accordance with rele-
vant guidelines and regulations. All methods are reported 

in accordance with ARRIVE guidelines (https://​arriv​
eguid​elines.​org) for the reporting of animal experiments.

Plasma sample preparation
Pig jugular vein blood was collected in an anticoagulant 
tube, and centrifuged at 3000  rpm for 10  min, and the 
separated plasma was stored at -20 ℃. The plasma sample 

https://arriveguidelines.org
https://arriveguidelines.org
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was placed at room temperature for natural thawing, and 
it was mixed evenly with a vortex, 1  mL of the plasma 
sample was accurately measure and placed it in a 10 mL 
centrifuge tube with a cover. Then, 3 mL of 1% acetoni-
trile formate solution(20:80) was added, and the sample 
was swirled for 2 min and centrifuged at 14,000 rpm for 
20 min. The liquid was then transferred to a clean 10 mL 
glass tube, and dried it with nitrogen in a 45 ℃ water 
bath. 1  mL of double distilled water was add for redis-
solution and the sample was swirled for 30 s, and passed 
through the column for standby. The HLB small column 
was activated with 5 mL of methanol and then balanced 
with 5  mL of water. The redissolved sample was passed 
through the column, washed with 2  mL of water, and 
eluted with 3 mL of acetonitrile. The eluate was collected, 
placed in a water bath at 45 °C, and dried with nitrogen. 
Add 250 μL of double distilled water was added for redis-
solution, 0.22  μM of water was added of system mem-
brane filtration, and the volume of the sample injection 
was 100 μL.

Analysis of plasma AMO content
Using HPLC to measured the content of AMO. The chro-
matographic conditions were as follows: the column was 
an Phenomenex luna C18; detection wavelength: 254 nm; 
column temperature: 40  °C; mobile phase: 0.2% formic 
acid water and acetonitrile with the ratio of 1000:20; flow 
rate: 1.00  mL/min; and injection volume: 100 µL. The 
plasma concentration of amoxicillin had a good linear 
relationship in the range of 0.1–10 µg/ml, and the corre-
lation coefficient was 0.9993. The limits of detection and 
quantification of amoxicillin in the plasma were 0.03 and 
0.1 µg/ml, respectively.

Analysis of plasma BCL content
The content of BCL were measured using HPLC. The 
chromatographic conditions were as follows: the column 
was an Phenomenex luna C18; detection wavelength: 
278 nm; column temperature: 40 °C; mobile phase: 0.4% 
acetic acid water and methyl alcohol with the ratio of 
50:50; flow rate: 1.00  mL/min; and injection volume: 50 
µL. The plasma concentration of BCL had a good linear 
relationship in the range of 0.1–10 µg/ml, and the corre-
lation coefficient was 0.9981. The limits of detection and 
quantification of amoxicillin in the plasma were 0.03 and 
0.1 µg/ml, respectively.

Experimental design for the initial pharmacokinetic study
In the first study, the pharmacokinetics of AMO and 
BCL in the compound formulation were compared 
with formulations containing the same active ingredi-
ents and content with only AMO or BCL. A crossover 
study design was conducted to randomize assignment to 

one of the three formulations. The washout period was 
two weeks between treatment administrations. Each 
pig was subjected to the following three treatments via 
oral administration: (a) AMO-RSE powder (b) 10  mg/
kg AMO and (c) 5  mg/kg RSE. At predetermined time 
points (0 min, 10 min, 20 min, 30 min, 45 min, 1 h, 1.5 h, 
2 h, 3 h, 4 h, 6 h, 8 h, 12 h, 24 h), 5 ~ 8 mL of blood sam-
pling from jugular vein 5–8  mL, put into heparinized 
centrifuge tubes, and centrifuged at 3000 rpm for 10 min. 
The upper plasma was absorbed, subloaded into 2  mL 
EP tubes, and stored in a -20  °C freezer for subsequent 
HPLC analysis.

Equation for the area under the curve using the linear- 
log Trapezoidal rule:

AUC​0-last is the area under the drug-time curve from 
time 0 to the time (last) corresponding to the last time 
the blood drug concentration can be measured, and Ct is 
the blood drug concentration measured at the last time 
point in the experiment, λZ is the elimination rate con-
stant in the single-exponential decay equation fitted to 
the end of the curve.

Experimental design for the second pharmacokinetic study
Another set of 6 pigs, different from those in the initial 
pharmacokinetic study, were used to conduct compara-
tive pharmacokinetics. A crossover study design was 
implemented to three different doses of AMO-RSE pow-
der by oral administration, namely, AMO was adminis-
tered at a dose of 10, 20 and 30 mg/kg, and the dose of 
BCL was 5, 10, 15 mg/kg. The time points for plasma col-
lection were the same as those in the first study.

Statistical analysis
The concentrations of AMO and BCL in plasma at each 
time point are expressed as the arithmetic mean ± SD. 
The pharmacokinetic parameters were calculated by 
using noncompartmental analysis based on statistical 
moment theory. The software SPSS 10.0 (SPSS Inc, Chi-
cago, IL, USA) and Window’s Microsoft (R) Excel were 
used to complete the calculation and analysis of the data, 
and the software SigmaPlot 13.0 and OrignPro 9.1 were 
used to calculate the regression equation and relevant 
statistical parameters, as well as for graph generation.

Abbreviations
AMO	� Amoxicillin
RSE	� Radix Scutellariae extract
Cmax	� Maximum plasma concentration
Tmax	� Time to Cmax
AUC​	� Area under the concentration–time curve

AUC0−∞ = AUC0−last +
Ct

�z



Page 10 of 11Yi et al. BMC Veterinary Research          (2023) 19:164 

T ½ λ	� Terminal half-life
λ	� Terminal rate constant
MRT	� Mean residence time extrapolated to infinity
E. coli	� Escherichia coli
S. aureus	� Staphylococcus aureus
MIC	� Minimum inhibitory concentrations
PK	� Pharmacokinetics
API	� Active pharmaceutical ingredient
p.o	� Oral administration
PK/PD	� Pharmacokinetics/pharmacodynamics

Acknowledgements
We wish to thank Dr. Yafen Guo for technical assistance.

Authors’ contributions
Conceived the experiments: JKH; designed the experiments: XMW; per-
formed the experiments: WX, YFX and XD; analysed the data: GQY; acquisi-
tion the data: JBP; interpretation the data: LQW; contributed reagents/
materials/analysis tools: QLL; Writing the manuscript, DDY; revision of 
manuscript, ZML. All authors have read and agreed to the published version 
of the manuscript.

Funding
This study was supported by the National Natural Science Foundation of 
China (No. 31960717).

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
All experimental designs and protocols involving animals were approved 
by the Animal Ethics Committee of Guangxi University, Nanning, People’s 
Republic of China (protocol number: GXU-2018–024) and complied with the 
recommendations of the academy’s animal research guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 College of Animal Science and Technology, Guangxi University, Room 124, 
100 Daxue Road, Xixiangtang District, Nanning, Guangxi 530005, P. R. China. 
2 Guangxi Key Laboratory of Animal Breeding, Disease Control and Preven-
tion, Nanning 530004, P. R. China. 3 Guangxi Zhuang Autonomous Region 
Engineering Research Center of Veterinary Biologics, Nanning 530004, P. R. 
China. 4 Department of Animal Science and Technology, Guangxi Agricultural 
Vocational College, Nanning 530007, P. R. China. 

Received: 30 October 2022   Accepted: 29 August 2023

References
	1.	 de Marco BA, Natori JSH, Fanelli S, Tótoli EG, Salgado HRN. Characteristics, 

properties and analytical methods of amoxicillin: a review with green 
approach. Crit Rev Anal Chem. 2017;47(3):267–77.

	2.	 Jacobson M, Hård af Segerstad C, Gunnarsson A, Fellström C, de Verdier 
Klingenberg K, Wallgren P, Jensen-Waern M. Diarrhoea in the growing 
pig - a comparison of clinical, morphological and microbial findings 
between animals from good and poor performance herds. Res Vet Sci. 
2003;74(2):163–9.

	3.	 Zhu L, Lu X, Liu L, Voglmeir J, Zhong X, Yu Q. Akkermansia muciniphila 
protects intestinal mucosa from damage caused by S. pullorum by initiat-
ing proliferation of intestinal epithelium. Vet Res. 2020;51(1):34.

	4.	 Wu Y, Li J, Qiao M, Meng D, Meng Q, Qiao J, Zhang X, Wang L, Cai 
K, Zhang J, et al. Characteristic profiles of biofilm, enterotoxins and 
virulence of Staphylococcus aureus isolates from dairy cows in Xinjiang 
Province, China. J Vet Sci. 2019;20(6):e74.

	5.	 Lei Z, Karim A. The challenges and applications of nanotechnology 
against bacterial resistance. J Vet Pharmacol Ther. 2021;44(3):281–97.

	6.	 Wencewicz TA. Crossroads of antibiotic resistance and biosynthesis. J 
Mol Biol. 2019;431(18):3370–99.

	7.	 Huttner A, Bielicki J, Clements MN, Frimodt-Møller N, Muller AE, 
Paccaud JP, Mouton JW. Oral amoxicillin and amoxicillin-clavulanic 
acid: properties, indications and usage. Clin Microbiol Infect. 
2020;26(7):871–9.

	8.	 Orozco-Hernández JM, Gómez Oliván LM, Heredia-García G, Luja-
Mondragón M, Islas-Flores H, SanJuan-Reyes N, Galar-Martínez M, 
García-Medina S, Dublán-García O. Genotoxic and cytotoxic alterations 
induced by environmentally-relevant concentrations of amoxicillin in 
blood cells of Cyprinus carpio. Chemosphere. 2019;236:124323.

	9.	 Burch DGS, Sperling D. Amoxicillin-current use in swine medicine. J Vet 
Pharmacol Ther. 2018;41(3):356–68.

	10.	 Medina E, Pieper DH. Tackling threats and future problems of multid-
rug-resistant bacteria. Curr Top Microbiol Immunol. 2016;398:3–33.

	11.	 Han J, Ye M, Xu M, Sun J, Wang B, Guo D. Characterization of flavonoids 
in the traditional Chinese herbal medicine-Huangqin by liquid chro-
matography coupled with electrospray ionization mass spectrometry. J 
Chromatogr, B: Anal Technol Biomed Life Sci. 2007;848(2):355–62.

	12.	 Huang C, Wang Y, He X, Jiao N, Zhang X, Qiu K, Piao X, Yin J. The 
involvement of NF-κB/P38 pathways in Scutellaria baicalensis extracts 
attenuating of Escherichia coli K88-induced acute intestinal injury in 
weaned piglets. Br J Nutr. 2019;122(2):152–61.

	13.	 Xin L, Gao J, Lin H, Qu Y, Shang C, Wang Y, Lu Y, Cui X. Regulatory 
Mechanisms of Baicalin in Cardiovascular Diseases: A Review. Front 
Pharmacol. 2020;11:583200.

	14	 Zhao T, Tang H, Xie L, Zheng Y, Ma Z, Sun Q, Li X. Scutellaria bai-
calensis Georgi. (Lamiaceae): a review of its traditional uses, botany, 
phytochemistry, pharmacology and toxicology. J Pharm Pharm. 
2019;71(9):1353–69.

	15.	 Peng LY, Yuan M, Wu ZM, Song K, Zhang CL, An Q, Xia F, Yu JL, Yi PF, Fu BD, 
et al. Anti-bacterial activity of baicalin against APEC through inhibition of 
quorum sensing and inflammatory responses. Sci Rep. 2019;9(1):4063.

	16.	 Lee W, Ku SK, Bae JS. Anti-inflammatory effects of Baicalin, Baicalein, and 
Wogonin in vitro and in vivo. Inflammation. 2015;38(1):110–25.

	17.	 Yang F, Feng C, Yao Y, Qin A, Shao H, Qian K. Antiviral effect of baicalin on 
Marek’s disease virus in CEF cells. BMC Vet Res. 2020;16(1):371.

	18.	 Wang G, Gao Y, Wang H, Niu X, Wang J. Baicalin weakens staphylococcus 
aureus pathogenicity by targeting Sortase B. Front Cell Infect Microbiol. 
2018;8:418.

	19.	 Dinda B, Dinda S, DasSharma S, Banik R, Chakraborty A, Dinda M. Thera-
peutic potentials of baicalin and its aglycone, baicalein against inflamma-
tory disorders. Eur J Med Chem. 2017;131:68–80.

	20.	 Slachmuylders L, Van Acker H, Brackman G, Sass A, Van Nieuwerburgh 
F, Coenye T. Elucidation of the mechanism behind the potentiating 
activity of baicalin against Burkholderia cenocepacia biofilms. PLoS ONE. 
2018;13(1):e0190533.

	21.	 Luo J, Dong B, Wang K, Cai S, Liu T, Cheng X, Lei D, Chen Y, Li Y, Kong 
J, et al. Baicalin inhibits biofilm formation, attenuates the quorum 
sensing-controlled virulence and enhances Pseudomonas aeruginosa 
clearance in a mouse peritoneal implant infection model. PLoS ONE. 
2017;12(4):e0176883.

	22.	 Wu SC, Chu XL, Su JQ, Cui ZQ, Zhang LY, Yu ZJ, Wu ZM, Cai ML, Li HX, 
Zhang ZJ. Baicalin protects mice against Salmonella typhimurium infec-
tion via the modulation of both bacterial virulence and host response. 
Phytomedicine. 2018;48:21–31.

	23.	 Novy P, Urban J, Leuner O, Vadlejch J, Kokoska L. In vitro synergistic effects 
of baicalin with oxytetracycline and tetracycline against Staphylococcus 
aureus. J Antimicrob Chemother. 2011;66(6):1298–300.

	24.	 Leung KC, Seneviratne CJ, Li X, Leung PC, Lau CB, Wong CH, Pang KY, 
Wong CW, Wat E, Jin L. Synergistic antibacterial effects of nanoparticles 
encapsulated with Scutellaria Baicalensis and pure chlorhexidine on oral 
bacterial biofilms. Nanomaterials (Basel, Switzerland). 2016;6(4):61.

	25.	 Wang J, Qiao M, Zhou Y, Du H, Bai J, Yuan W, Liu J, Wang D, Hu Y, Wu 
Y. In vitro synergistic effect of baicalin with azithromycin against 



Page 11 of 11Yi et al. BMC Veterinary Research          (2023) 19:164 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Staphylococcus saprophyticus isolated from francolins with ophthalmia. 
Poult Sci. 2019;98(1):373–80.

	26.	 McCormack PL, Keating GM. Amoxicillin/clavulanic acid 2000mg/125mg 
extended release (XR): a review of its use in the treatment of respiratory 
tract infections in adults. Drugs. 2005;65(1):121–36.

	27.	 Sun HK, Lee SY, Banevicius MA, Du X, Maglio D, Nicolau DP. Efficacy of 
pulsatile amoxicillin and clarithromycin dosing alone and in combination 
in a murine pneumococcal pneumonia model. J Antimicrob Chemother. 
2005;56(3):559–65.

	28.	 Peiffer-Smadja N, Guillotel E, Luque-Paz D, Maataoui N, Lescure FX, Cattoir 
V. In vitro bactericidal activity of amoxicillin combined with different 
cephalosporins against endocarditis-associated Enterococcus faecalis 
clinical isolates. J Antimicrob Chemother. 2019;74(12):3511–4.

	29.	 Dai C, Zhao T, Yang X, Xiao X, Velkov T, Tang S. Pharmacokinetics and rela-
tive bioavailability of an oral amoxicillin-apramycin combination in pigs. 
PLoS ONE. 2017;12(4):e0176149.

	30.	 Soutric J, Bantar C, Caruso N, Heguilén R, Casellas JM Jr, Casellas JM, Fari-
nati A, Jasovich A, Arenoso H, Rodriguez M. Review of pharmacokinetic, 
pharmacodynamic and clinical studies with a modern combination of 
amoxicillin/sulbactam. Chemotherapy. 2006;52(4):200–4.

	31.	 Mainardi JL, Gutmann L, Acar JF, Goldstein FW. Synergistic effect of 
amoxicillin and cefotaxime against Enterococcus faecalis. Antimicrob 
Agents Chemother. 1995;39(9):1984–7.

	32.	 Zhao Y, Li H, Wei S, Zhou X, Xiao X. Antimicrobial Effects of Chemical 
Compounds Isolated from Traditional Chinese Herbal Medicine (TCHM) 
against drug-resistant bacteria: a review paper. Mini Rev Med Chem. 
2019;19(2):125–37.

	33.	 Zhanel GG, Mayer M, Laing N, Adam HJ. Mutant prevention concen-
trations of levofloxacin alone and in combination with azithromycin, 
ceftazidime, colistin (Polymyxin E), meropenem, piperacillin-tazobactam, 
and tobramycin against Pseudomonas aeruginosa. Antimicrob Agents 
Chemother. 2006;50(6):2228–30.

	34.	 Olajuyigbe OO, Coopoosamy RM, Afolayan AJ. Effects and time-kill assess-
ment of amoxicillin used in combination with chloramphenicol against 
bacteria of clinical importance. Acta Biochim Pol. 2017;64(4):609–13.

	35.	 Du Z, Huang Y, Chen Y, Chen Y. Combination effects of baicalin 
with levofloxacin against biofilm-related infections. Am J Transl Res. 
2019;11(3):1270–81.

	36.	 Liu S, Liu B, Luo ZQ, Qiu J, Zhou X, Li G, Zhang B, Deng X, Yang Z, Wang J. 
The combination of osthole with baicalin protects mice from Staphylo-
coccus aureus pneumonia. World J Microbiol Biotechnol. 2017;33(1):11.

	37.	 Zhang S, Hu B, Xu J, Ren Q, Wang Z, Wang S, Dong Y, Yang G. Baicalin sup-
press growth and virulence-related factors of methicillin-resistant Staphy-
lococcus aureus in vitro and vivo. Microb Pathog. 2020;139:103899.

	38.	 Wu Y, Dali M, Gupta A, Raghavan K. Understanding drug-excipient com-
patibility: oxidation of compound A in a solid dosage form. Pharm Dev 
Technol. 2009;14(5):556–64.

	39.	 Salunke S, Clapham D, Agrawal A, Hughes K, Nunn T. Best practices for 
selection of excipients for paediatrics - Workshop reflection. Eur J Pharm 
Biopharm. 2021;160:77–81.

	40.	 Baldrick P. Pharmaceutical excipient development: the need for preclini-
cal guidance. Regul Toxicol Pharmacol. 2000;32(2):210–8.

	41.	 Cao J, Fu H, Gao L, Zheng Y. Antibacterial activity and mechanism 
of lactobionic acid against Staphylococcus aureus. Folia Microbiol. 
2019;64(6):899–906.

	42.	 Lin F, Yu B, Wang Q, Yuan M, Ling B. Combination inhibition activity of 
chlorhexidine and antibiotics on multidrug-resistant Acinetobacter 
baumannii in vitro. BMC Infect Dis. 2021;21(1):266.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Development of an amoxicillin-radix scutellaria extract formulation and evaluation of its pharmacokinetics in pigs
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Results
	Results of the antibacterial susceptibility test
	Preparation of powder—compatibility testing and excipient screening
	Quality inspection of the powder formulation
	Pharmacokinetic study
	Initial pharmacokinetic study
	Second pharmacokinetic study


	Discussion
	Conclusion
	Methods
	Test strains
	Antibacterial susceptibility testing
	AMO and RSE combined drug sensitivity test
	Preparation of powder—compatibility testing of AMO-RSE and excipient screening
	Relative density test
	Moisture absorption percentage test
	Angle of repose test

	Quality inspection of powder
	Critical relative humidity test
	Appearance uniformity test

	Pharmacokinetics study
	Animals

	Plasma sample preparation
	Analysis of plasma AMO content
	Analysis of plasma BCL content
	Experimental design for the initial pharmacokinetic study
	Experimental design for the second pharmacokinetic study
	Statistical analysis

	Acknowledgements
	References


