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Abstract: The detoxification effects of licorice are believed to be related to its pharmacokinetic (PK) interference. This 

paper aimed to evaluate the effects of licorice water extracts (LWE) on the pharmacokinetics of brucine. Rats were 

administered brucine and/or LWE. The pharmacokinetic behavior of brucine and bioactive components of licorice were 

quantified by HPLC-MS/MS. P-glycoprotein (P-gp) inhibitor verapamil, real time PCR, vesicular transport assay and 

everted gut sacs were employed to investigate its possible mechanism. We found LWE reduced the Cmax and AUC of oral 

brucine in a dose-dependent way. In contrast, the AUC values of intraperitoneal brucine showed no significant difference 

between LWE treated and untreated rats, which indicating the intestinal absorption of brucine was influenced by LWE. 

We found that high dose of LWE activated the transport activity of P-gp in vesicular transport assay, while the mRNA 

level of P-gp in the intestinal was not affected by licorice. Moreover, high dose of LWE decreased the intestinal 

absorption of brucine in the everted gut sacs model, which could over turned by verapamil. These results suggested that a 

single high dose of LWE could impair the intestine absorption of brucine, and its potential mechanism may be mediated 

by P-gp in intestine. 
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INTRODUCTION 
 

Licorice (Glycyrrhiza), the root of Glycyrrhiza uralensis 

(Ji et al., 2016), has been shown to exert numerous 

beneficial effects, such as anti-inflammation (Yu et al., 

2015), antiulcer, gastroprotective (Nugroho et al., 2016), 

immunomodulating and antioxidant effects (Zhao et al., 

2015). More importantly, it appears in more than half of 

the traditional Chinese medicine (TCM) prescriptions and 

is co-administrated with other herbs to moderate toxicity 

or enhance the activity of other herbs (Gong et al., 2014). 

Recent studies demonstrated that there was a remarkable 

interaction between strychnine, brucine and licorice (Gu 

et al., 2014), which could be an underlying detoxification 

mechanism of licorice. Phytochemical investigations 

reveal that the main active components of licorice include 

glycyrrhizic acid, glycyrrhetinic acid, liquiritigenin, 

isoliquiritigenin, liquirtin and isoliquiritin (Wang et al., 

2015).  
 

The co-existence of multiple compounds may potentially 

alter the pharmacokinetics of co-administered prescription 

drugs and/or herbs, especially absorption and oxidative 

metabolism (Qiao et al., 2012). This is possibly through 

inhibition or induction of intestinal and hepatic drug 

metabolizing enzymes like CYP as well as efflux 

transport proteins (Chu et al., 2013; Zhang et al., 2017). 

Recent studies have confirmed that licorice and its active 

constituent were able to modulate the expression of drug-

metabolizing enzymes and transporters (Awad et al., 2016; 

Gong et al., 2014; Hou et al., 2012; Tai et al., 2014). For 

example, in vivo studies have demonstrated that 

glycyrrhizic acid induced the activity of CYP3A, 

CYP1A2 and CYP2B1, but the activity of CYP2E1 and 

CYP1A1 decreased after glycyrrhizic acid received over 

4-10 days (Feng et al., 2015). In addition, glycyrrhizic 

acid induced the activity of P-gp after long periods of 

intake (Feng et al., 2015). However, there were some 

experiments indicated diverse results (Yan et al., 2013). 

Therefore, further studies on the drug-drug interactions 

and temporary effects of LWE on drug metabolizing 

enzymes and transports were required. 
 

The interaction is important especially for drugs that have 

narrow therapeutic window, as the consequences are life 

threatening. Brucine was chosen as a model drug in this 

work. As the second abundant alkaloids in Semen Strychni, 

brucine is much less virulent than the most abundant 

alkaloid-strychnine (Patel et al., 2017; Saraswati et al., 

2013). Brucine was mainly responsible for the analgesic, 

anti-inflammatory and anti-tumor effect produced by 

Semen Strychni (Chen et al., 2012), which was frequently 

prescribed in many prescriptions in TCM. Brucine was 

proved to repress the activity of CYP3A and be the 

substrate of P-gp (Li et al., 2013). In addition, more than 

60 formulations containing Semen Strychni have been 

reported on the medicine literatures of Indian (Chen et al., 

2013). However, Semen Strychni is limited by the fatal 
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neurotoxicity of these alkaloids (Gu et al., 2016). Licorice 

could alleviate the toxicity of Semen Strychni through 

several aspects. On the one hand, licorice was noted to 

have detoxified effect via compatibility decoction (Zhou 

et al., 2015). Besides, a Chinese report has shown that a 

single megadose protocol of licorice treatment could 

relieve the poisonousness symptom causing by Semen 

Strychni. However, the underlying mechanism remains 

unknown.  
 

Thus, we hypothesized that the herb–drug interactions 

may occur between licorice and brucine, leading to 

altered pharmacokinetics and subsequently decreased 

toxicity of brucine in vivo. In the present study, 

pharmacokinetic studies were carried out to explore the 

effects of LWE on brucine. Whether P-gp transporter 

played a vital role in the pharmacokinetic interactions was 

further confirmed by mRNA level determination, in vitro 

transport activity assay and everted gut sacs absorption 

evaluation.  
 

MATERIALS AND METHODS 
 

Herbal materials and reagents 

Glycyrrhiza uralensis Fisch (Licorice) was purchased 

from Hunan Sanxiang Pharmaceutical Co. Ltd (Hunan, 

China), which was authenticated by Prof Li Jin-Ping 

(School of XiangYa Pharmaceutical Sciences, Central 

South University, Changsha, China). Verapamil was 

provided by Sigma-Aldrich Ltd. (St. Louis, MO). 

Standards including brucine and moclobemide were 

obtained from the National Institute for Food and Drug 

Control (Beijing, China). Methanol, acetonitrile (HPLC 

grade) were from ACS Company (Poole, UK). Formic 

acid (HPLC grade) was from ROE scientific INC 

(Network, USA). Ultra-pure water was acquired from a 

Milli-Q system (Millipore, Bedford, MA, USA). All other 

reagents were of analytical grade. 
 

Preparation of licorice extracts 

Licorice was soaked for 12h and extracted with five-fold 

mass of water for 2h twice in a reflux condenser. Then the 

decoctions were filtered, the filtrate was collected and 

concentrated. The final concentration of the LWE was 

1.8g of crude drug per milliliter. The contents of 

glycyrrhizic acid, glycyrrhetinic acid, liquiritigenin, 

isoliquiritigen and liquiritin in LWE were determined to 

be 17.75mg/mL, 3.55μg/mL, 0.87mg/mL, 0.26mg/mL and 

5.26 mg/mL, respectively. The fingerprints of licorice was 

also explored (Supplement fig. 1). Part of the LWE was 

dilute to 0.045 g and 0.018 g of crude drug per milliliter.  
 

Animal treatment 

Male pathogen-free Sprague-Dawley rats (300±20g) were 

purchased from Hunan SJA Laboratory Animal Co. Ltd 

(Hunan, China). The animals were acclimatized to a 

temperature-controlled environment under a 12/12h 

light/dark cycle for 7 days, water and food allowed ad 

libitum. The rats were randomly divided into several 

groups (n=8) as follows. The brucine group: received 

intragastric (B) or intraperitoneal (IB) administration of 

brucine (40mg/kg). LWE treatment groups: rats were 

given oral brucine co-administrated with 18g/kg (HLT), 

0.45g/kg (MLT) or 0.18g/kg (LLT) LWE, respectively; 

rats received intraperitoneal (ip) administration of brucine 

and 18g/kg (IHLT), 0.45g/kg (IMLT) or 0.18g/kg (ILLT) 

LWE. Except for pharmacokinetic study, another five rats 

in vehicle (C), oral brucine (B), ip brucine (IB), oral 

brucine and 18g/kg LWE (HLT), ip brucine and 18g/kg 

LWE (IHLT) groups were used for real-time PCR. The 

rats were fasted overnight before drug administration. The 

study was approved by the Animal Care & Use 

Committee of Central South University. All experiments 

were carried out in accordance with the Guide for Care 

and Use of Laboratory Animals. 
 

Pharmacokinetic study and sample collection 

Blood samples (0.25mL) were collected under light ether 

anesthesia via ophthalmic venous plexus at 0.0833, 0.25, 

0.5, 0.75, 1, 2, 3, 5, 7, 9, 11, 24h after oral or ip 

administration of brucine. The predose blood was 

collected 2 days before experiment. The rats were 

euthanasia after experiment. The plasma samples were 

centrifuged at 3700rpm for 10 min. The intestine were 

collected 24 hours after drug administration. All these 

samples were stored at -70. 
 

Drug concentration analysis 

Brucine was quantified by an HPLC-MS/MS method 

described previously (Zhang et al., 2018). Briefly, 50µL 

of internal standard working solution (moclobemide) was 

added into 50µL rat plasma samples. The agent for 

protein precipitation was methanol (450µL). After vortex 

and centrifugation at 15000 rpm (20627g), the supernatant 

was transferred and evaporated to dryness. The residue 

was dissolved with 50% acetonitrile and followed with 

blending and centrifugation. Finally, the supernatant was 

injected into HPLC-MS system for analysis. The HPLC-

MS/MS analysis was carried out on an LC-20A HPLC 

system (SHIMADZU, Kyoto, Japan), coupled with a 4000 

triple-quadrupole mass spectrometer (AB SCIEX, 

Framingham, MA, USA).  
 

The chromatographic separation was achieved on 

Ultimate AQ-C18 column (3.0µm, 3.0×100mm, Welch 

Materials Inc, MD, USA). The mobile phase was a 

gradient established between solvent A (0.07% 

ammonium acetate and 0.12% formic acid aqueous) and 

solvent B (acetonitrile). The elution program was as 

follows: 0-0.5 min, 20% B; 0.5-1min, 20-60% B; 1-4min, 

60-75% B. The mass spectrometer was operating in ESI
+
 

with following parameters: curtain gas at 30; ionspray 

voltage at 4500 V; nebulizer gas at 50; cell exit potential 

at 10; entrance potential at 10; declustering potential: 

114.0 eV, collision energy: 44 eV. The selected reaction 

monitoring transitions were 395.2→324.3 for brucine, 

and 269.2→181.9 for moclobemide. 
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Table 1: Effects of LWE on pharmacokinetic parameters of brucine in rats following oral administration of brucine 

(n=8, mean ±SD). 
 

Parame

ters 
Tmax 

 (h) 

Cmax  

(ng/mL) 

T1/2 

 (h) 
AUC0t 

 (ngh/mL) 

AUC0 

(ngh/mL) 

MRT 

 (h)  

CL 

(L/kg/h) 

B 0.4±0.3 1628.0±147.2 2.2±0.6  2355.4±780.2 2371.5±782.7  3.1±0.9  18.4±5.3  

HLT 0.2±0.1 426.5±224.9***    2.4±0.4 1396.8±425.3 *  1484.0±436.5*   3.4±0.6   25.5±3.32   

MLT 0.3±0.1 1053.9±231.8** 2.2±0.8 2109.8±350.0 2143.3±379.0 3.1±1.1   19.3±2.9  

LLT 0.4±0.3 1569.7±329.5 2.1±0.4   2684.7±441.4 2806.2±375.5 3.0±0.6 15.1±2.5 
 

B: brucine alone, HLT: high dose of LWE, MLT: medium dose of LWE, LLT: low dose of LWE. Values are expressed as Mean ± 

SD, significant was considered when *p< 0.05,**p< 0.01, ***p< 0.001 versus B group. 
 

Table 2: Pharmacokinetic parameters of brucine in rats given ip administration of brucine with or without LWE (n=8, 

mean ±SD). 

 

Parame

ters 
Tmax 

 (h) 

Cmax  

(ng/mL) 

T1/2 

 (h) 
AUC0t 

 (ngh/mL) 

AUC0 

(ngh/mL) 

MRT 

 (h)  

CL 

(L/kg/h) 

IB 0.2±0.1 4561.5±485.3 2.8±0.8  6140.1±697.4 6296.7±875.1 4.1±1.2   6.6±0.7   

IHLT 0.1±0.1 3791.3±388.5* 1.8±0.7* 6131.1±1614.7 6168.2±1643.6 2.6±1.0* 6.9±2.1 

IMLT 0.2±0.1 3788.9±456.1* 1.7±0.5* 6187.3±871.1 6222.7±882.8 2.5±0.7*  6.7±1.4   

ILLT 0.2±0.1 4171.1 ±679.1  2.3±0.3 6115.2±1533.9 6159.2±1538.8 3.3±0.5  7.0 ±2.1  
IB: brucine alone, IHLT: high dose of LWE, IMLT: medium dose of LWE, ILLT: low dose of LWE.Values are expressed as Mean ± 

SD, significant was considered when *p< 0.05 versus IB group. 
 

Table 3: Apparent permeability coefficients, Papp (cm/s×10
-5

) of brucine transportation for 60 min in the everted gut 

sacs. 

 

 B HLT MLT LLT VER HLT+VER 

jejunum 1.39±0.12 0.71±0.10
***

 1.16±0.10 1.41±0.15 2.41±0.16
***

 1.37±0.09 

ileum 1.73±0.24 0.93±0.15*** 1.30±0.12* 1.67±0.13 2.79±0.27*** 1.69±0.25 
 

B: brucine alone, HLT: high dose of LWE, MLT: medium dose of LWE, LLT: low dose of LWE; VER: verapamil; HLT+VER: 

verapamil and high dose of LWE. Values are expressed as Mean ± SD, significant was considered when**p< 0.01, ***p< 0.001 

versus B group. 

 

SUPPLEMENTARY MATERIALS 
 

Supplement Table 1: Primer sequences used for the real-time PCR analysis. 

 

Gene Sense Primer (5’-3’) Antisense Primer (5’-3’) Size (bp) 

MDR1 CTCCTATGCTGCTTGTTTCCG TCAATGATCCTGATGATGTGGG 186 

β-Actin CATCCTGCGTCTGGACCTGG TAATGTCACGCACGATTTCC 116 

 

Supplement Table 2: The effects of LWE on relative transport of NMQ. 

 

LWE(%) Relative transport (% of control) 

0 100±11.9 

0.002 100±13.2 

0.02 118±9.78 

0.2 109±4.59 

2 155±13.4** 

20 203±12.5*** 
 

The uptake activity of NMQ in the control group was set as 100%. The Relative transport of LWE group=uptake activity in LWE 

group/uptake activity in control group ×100%. 
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Supplement Fig. 1: Chromatographic fingerprints of 

licorice water extract. 
 

 
Fig. 1: Effects of LWE on mean plasma concentration-

time curves of brucine in rats following oral 

administration of brucine at a single dose of 40mg/kg. 
 

 
 

Fig. 2: Effects of LWE on mean plasma concentration-

time curves of brucine in rats following ip administration 

of brucine at a single dose of 40 mg/kg. 

 

Real-time PCR analysis 

Total intestine RNA was homogenized using Trizol 

reagent (invitrogen, USA) according to the 

manufacturer’s instructions. Quantitative real-time 

polymerase chain reaction was performed on ABI 

7900HT Detection System (Lifetech, USA) using SyBr 

Green reagent kit (Takara RR820A, China) and gene-

specific primers. Relative quantitation for PCR product 

was normalized to β-actin mRNA values. Sequences of 

the primers are provided in Supplement table 1. 

 
 

Fig. 3: Effects of LWE and brucine on mRNA levels of P-

gp (n=5, mean±SD). 
 

 
 

Fig. 4: Induction effect of LWE on the transport activity 

of P-gp (n=3). 

***P<0.001, **P<0.01 versus NC group; 
##

P<0.01 versus 

treatment../../../360Downloads/Youdao/Dict/7.5.2.0/result

ui/dict/?keyword=group; EC50: 2.026, 95% confidence 

interval: 0.9704 - 4.232. 

 

Vesicular transport (VT) assay 

To determine whether LWE was a activation of P-gp and 

could promote the transport of brucine, VT assay was 

performed with MDR1-overexpressing membranes and 

vesicular transport kit (GenoMembrane, Yokohama, Japan) 

according to the manufacturer’s protocol. Briefly, [3H]-

Nmethyl- quinidine (NMQ) or brucine (1μM and 6 μM) 

was incubated with LWE (0, 0.002%, 0.02%, 0.2%, 2%, 

10% and 20% volume ratio) with or without 4mM ATP at 

37℃ for 5 min. The vesicular were incubated with the 

buffer at 37℃ for 5 min. Then the vesicular and drugs 

were mixed and incubated for 5 min. Reactions were 

stopped by ice-cold washing buffer, followed by vacuum 

filtration and repeating wash. Methanol (80%) was used 

to dissolve the vesicular, then isometric H2SO4 (0.1 N) 

was added. NMQ was analyzed by fluorescence 

measurement at λex 355nm and λem 460nm (Molecular 

Devices i3-R, CA, United States). Brucine was detected 

by the HPLC-MS/MS method described above. 

../../../../360Downloads/Youdao/Dict/7.5.2.0/resultui/dict/%3fkeyword=treatment
../../../../360Downloads/Youdao/Dict/7.5.2.0/resultui/dict/%3fkeyword=treatment
../../../../360Downloads/Youdao/Dict/7.5.2.0/resultui/dict/%3fkeyword=
../../../../360Downloads/Youdao/Dict/7.5.2.0/resultui/dict/%3fkeyword=
../../../../360Downloads/Youdao/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
../../../../360Downloads/Youdao/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
../../../../360Downloads/Youdao/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
../../../../360Downloads/Youdao/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
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Everted intestinal sac model 

The everted intestinal sac model was performed as 

previous descriptions (Chan et al., 2006). In short, adult 

male Sprague-Dawley rats were starved overnight before 

anesthetized. Segments (10cm) at the jejunum and ileum 

were carefully collected and washed with warm Tyrode’s 

solution. The intestinal segments were everted with one 

extremity clamped, and the other extremity ligated to a 

sampler. A 3mL volume of blank solution was introduced 

into the sacs.  

 

Each sac was placed in a 35mL of oxygenated Tyrode’s 

solution at 37℃ containing brucine (6μM), LWE (2%, 

10%, 20%) or verapamil (50μM). The prepared gut sacs 

were incubated for 60 min, then 1mL solution were taken 

out. The sample was filtered by 0.45mm millipore 

membrane, then detected by HPLC-MS/MS. The length 

and width of the intestinal segments were measured, the 

Papp of brucine was calculated. 

 

Pharmacokinetic analysis  

Pharmacokinetic parameters were assessed by non-

compartmental method using DAS 3.2.8. The Cmax and 

Tmax were obtained directly from the plasma 

concentration-time curve. The area under the plasma 

concentration-time curve from zero to infinite (AUC0-) 

was calculated with formula: AUC0- = AUC0-t + Ct/Ke, 

where AUC0-t was measured by trapezoidal method; Ke 

was determined from the slope of the regression line. The 

elimination half-life (t1/2) was obtained from 0.693/Ke. 

The clearance rate (CL) was calculated as dose/AUC0−∞. 

The mean residence time (MRT) was estimated by the 

following equation: MRT =AUMC/AUC. 

 

STATISTICAL ANALYSIS 
 

Results from the experiments were calculated with 

SPSS 19.0. Differences between groups were determined 

by one-way analysis of variance followed by Tukey’s test. 

The prior level of significance was established at P<0.05. 

 

RESULTS 
 

Effects of LWE on the pharmacokinetic profiles of 

brucine in oral administration  

As shown in the plasma concentration-time profiles (fig. 

1), brucine exhibited a fast absorption phase and lasting 

elimination phase. Interestingly, compared with brucine 

group, LWE reduced the Cmax and AUC of brucine in a 

dose-dependent way (table 1). In high dose of LWE 

treatment group, the Cmax, AUC0→t and AUC0→ of 

brucine were significantly decreased by 73.8%, 40.7% 

and 37.4%, respectively. Medium dose of LWE could 

markedly declined the Cmax of brucine (P<0.01), 

accompanied by lower exposure. The low dose of LWE 

had little effect on the pharmacokinetics of brucine. 

 

Effects of LWE on the pharmacokinetic profiles of 

brucine in ip administration  

The pharmacokinetic profiles of brucine in ip 

administration were illustrated in fig. 2 the 

pharmacokinetic parameters were listed in table 2. 

Compared with oral administration, the plasma 

concentrations of brucine in ip administration increased 

sharply, accompanied by higher exposure and lower 

clearance values. Distinct from the results in oral 

administration, there was no statistical difference (P>0.05) 

between brucine and LWE treatment groups in the AUC. 

The Cmax and t1/2 of brucine exhibited 16.9% and 35.7% 

(P<0.05) decrement in rats after high dose of LWE 

treatment. Analogously, medium dose of LWE treatment 

had the same influence on the Cmax and t1/2 of brucine, 

which decreased by 16.9% and 39.3%, respectively. Low 

dose of LWE had no significant difference from control 

rats in the main pharmacokinetic parameters. 

 
 

Fig. 5: Effects of LWE on the uptake rate of brucine (n=3). 

A: the concentration of brucine was 1 μM; B: the concentration of brucine was 6 μM. 

***P<0.001, **P<0.01 versus NC group; ###P<0.001versus treatment. 

../../../../360Downloads/Youdao/Dict/7.5.2.0/resultui/dict/%3fkeyword=treatment
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The mRNA expressions of P-gp in intestine 

P-gp mRNA samples have been shown to be in good 

concordance with the protein expression (MacLean, et al., 

2008). The mRNA expressions of P-gp in the intestine 

were measured by real-time PCR. Our results showed that 

the mRNA expression of P-gp were unaltered after 

brucine or/and LWE treatment (fig. 3). 
 

Effects of LWE on the transport activity of P-gp  

After determining changes in the mRNA expressions of P-

gp, we further investigated whether LWE induced the 

activity of P-gp. The uptake ratio of the NMQ in the VT 

systems was 5.47, indicating that the VT systems were in 

good condition. The relative transport of NMQ and the 

induction effect of LWE was presented in supplement 

table 2 and fig. 4. The relative transport of the NMQ was 

induced by 2% and 20% LWE co-incubation, while not 

influenced by 0.002%, 0.02% or 0.2% LWE co-incubation. 

The EC50 of LWE was in volume ratio at 2.026%, which 

was 37.08mg/mL. The 95% confidence interval of EC50 

was 0.9704 to 4.232. 

 

Effects of LWE on the transport of brucine  

Effects of LWE on the uptake rate of brucine were 

evaluated (fig. 5). Brucine at 1μM or 6μM was incubated 

with 0, 2%, 10% or 20% LWE. High dose of LWE 

accelerate the transportation of brucine significantly in 

both 1μM and 6μM. 10% LWE could facilitate the uptake 

rate of brucine when brucine was at 6μM. 

 

Effects of LWE on the intestinal absorption of brucine 

in the everted gut sacs 

The everted gut sacs model was employed to examine the 

intestinal absorption of brucine. We compared the 

transport of brucine with or without LWE (table 3). 20% 

LWE decreased the intestinal absorption of brucine 

significantly in the jejunum and ileum. 10% LWE 

obviously reduced the absorption of brucine in the ileum 

but not in the jejunum. 2% LWE had little impact on the 

intestinal absorption of brucine. The absorption of brucine 

in the ileum was higher than that in the jejunum. 

 

Effects of P-gp inhibitor verapamil on the absorptive 

profile of brucine 

Verapamil was selected as a P-gp inhibitor. To determine 

the possible mechanism of intestinal P-gp in the function 

of LWE, a co-incubative test with verapamil, brucine and 

LWE was conducted. Co-treatment with verapamil 

significantly increased the accumulative absorptive 

amount per area of brucine in both the jejunum and ileum 

compared with that of brucine treated alone (table 3). Co-

incubated with verapamil counteracted the role of 20% 

LWE in both the jejunum and ileum (table 3). 
 

DISCUSSION  
 

The pharmacokinetic interactions between brucine and 

licorice were systematically analysed in rats. Different 

dosages of LWE and different drug-delivery ways of 

brucine were employed. LWE at high dose (200g) was 

commonly used for detoxication, whereas the medium (5g) 

and low dose (2g) were usual dosage for compatibility 

according to Chinese Pharmacopoeia (National 

Pharmacopoeia Committee. 2010). In accordance with our 

results, plenty of studies had reported the pharmacokinetic 

profile of brucine (Chen et al., 2011; Li et al., 2013), 

which was absorbed and eliminated quickly. Brucine has 

shown to possess a variety of biological activities. 

However, severe central nervous system toxicity and 

nephrotoxicity limited its clinical application (Yang et al., 

2011). Our results demonstrated that co-admininstration 

with LWE reduced the Cmax and AUC of brucine in a 

dose-dependent way, indicating that high dosage of LWE 

might have outstanding clinical value, since the traditional 

ways using oil or sand bath treatment for brucine 

preparation were inconvenient (Saraswati et al., 2013) 

and carried by liposomes was too costly (Chen et al., 

2012).  

 

To research whether the decreasing exposure of brucine in 

LWE treated rats was resulted from the accelerated 

metabolism in the liver, the pharmacokinetic behavior of 

brucine in ip administration was studied. Different from 

the results in oral administration, LWE has limited effect 

on Cmax and AUC of brucine. This results indicated that 

metabolism of brucine was not the main target for LWE to 

reduce the exposure of brucine. Therefore, the alterative 

exposure of brucine might be attributed to the decreased 

intestinal absorption. Efflux transporters and metabolizing 

enzymes play essential roles in disposition and toxicology 

of orally administrated drugs (Li et al., 2016). Among the 

efflux transporters, P-gp plays a central role in the 

absorption of relevant drugs, and subsequently affected 

their exposure (Zhou et al., 2008). In the intestine, P-gp 

and CYP3A are believed to work coordinately as to 

reduce the intracellular concentrations of xenobiotics and 

the absorption of orally taken drugs (Cousein et al., 2007).  
 

The influence of P-gp on the pharmacokinetics and 

pharmacodynamics of drugs have been widely studied. 

But drug-drug interactions based on P-gp required pre-

clinical investigation. Licorice was documented to 

activate the nuclear receptor PXR to induce CYP3A(Mu 

et al., 2005). Particularly, glycyrrhizic acid could 

significantly increased the efflux of P-gp (Feng et al., 

2015; Tai et al., 2014). It was found that glycyrrhetinic 

acid significantly increased the P-gp mediated efflux of 

Rhodamine 123 (Hou et al., 2012). However, 

glycyrrhetinic acid significantly inhibited P-gp in MDR1-

MDCKII and Caco-2 cells (Li et al., 2014).  
 

In our results, it was worth mentioning that high dose of 

LWE activated the transport activity rather than the 

mRNA expression of P-gp. It was contradictory with our 

previous study (Hou et al., 2018). It was believed that the 

induction of mRNA or protein required approximately 7 
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days, therefore, the P-gp mRNA was not induced in our 

experiment. It is well known that TCMs exert the 

therapeutic efficacy based on the synergic effects from 

their multi-components and multi-targets. According to 

the previous findings, licorice might have interactions 

with herbs like paeonia lactiflora (Ding et al., 2016; Xu 

et al., 2013), laminaria japonica (Zhao et al., 2015), and 

Sophorae flavescentis radix (Shi et al., 2015). More 

important, the effects of glycyrrhetinic acid and 

glycyrrhizin on intestinal absorption was through its 

effects on drug-metabolizing enzymes and transporters 

(He et al., 2017). Our research adopted in vitro vesicular 

transport assay and everted gut sacs model to measure the 

effects of LWE on the brucine intestinal absorption. We 

uncovered that high dose of LWE activated the transport 

activity of P-gp, decreased the intestinal absorption of 

brucine. These results suggested that the activation of P-

gp maybe the main mechanism of licorice to alter the 

pharmacokinetics of brucine. In conclusion, the present 

study illuminated the pharmacokinetic interactions of 

licorice on brucine. LWE co-administration obviously 

slowed down the absorption; reduced the exposure of 

brucine. And its potential mechanism was proved mainly 

relied on P-gp in intestinal absorption. 

 

ACKNOWLEDGEMENTS 

 

This work was supported by the National Nature Science 

Foundation of China under Grant number 81473411 

 

REFERENCES 

 

Awad R, Mallah E, Khawaja BA, Dayyih WA, EI-Hajji F, 

Matalka KZ and Arafat T (2016). Pomegranate and 

licorice juices modulate metformin pharmacokinetics 

in rats. Neuro. Endocrinol. Lett., 37(3): 202-206. 

Chan K, Liu ZQ, Jiang ZH, Zhou H, Wong YF, Xu H and 

Liu L (2006). The effects of sinomenine on intestinal 

absorption of paeoniflorin by the everted rat gut sac 

model. J. Ethnopharmacol. , 103(3):425-432. 

Chen J, Hu W, Qu Y, Dong J, Gu W, Gao Y, Fang Y, Fang 

F, Chen ZP and Cai BC (2013). Evaluation of the 

pharmacodynamics and pharmacokinetics of brucine 

following transdermal administration. Fitoterapia, 86: 

193-201. 

Chen J, Xiao HL, Hu RR, Hu W, Chen ZP, Cai H, Liu X, 

Lu TL, Fang Y and Cai BC (2011). Pharmacokinetics 

of brucine after intravenous and oral administration to 

rats. Fitoterapia., 82(3): 1302-1308. 

Chen J, Yan GJ, Hu RR, Gu QW, Chen ML, Gu W, Chen 

ZP and Cai BC (2012). Improved pharmacokinetics 

and reduced toxicity of brucine after encapsulation into 

stealth liposomes: Role of phosphatidylcholine. Int. J. 

Nanomed., 7: 3567-3577. 

Chu X, Cai X, Cui D, Tang C, Ghosal A, Chan G, Green 

MD, Kuo Y, Liang Y, Maciolek CM, Palamanda J, 

Evers R and Prueksaritanont T (2013). In vitro 

assessment of drug-drug interaction potential of 

boceprevir associated with drug metabolizing enzymes 

and transporters. Drug Metab. Dispos., 41(3): 668-681. 

 Cousein E, Barthélémy C, Poullain S, Simon N, Lestavel 

S, Williame V, Joiris E, Danel C, Clavey V, Brossard D, 

Robert H, Crauste-Manciet S, Vaccher C and Odou P 

(2007). P-glycoprotein and cytochrome P450 3A4 

involvement in risperidone transport using an in vitro 

Caco-2/TC7 model and an in vivo model. Prog Neuro-

psychopharmacol Biol. Psychiatry, 31(4): 878-886. 

Ding X, Sun Y, Wang Q, Pu T, Li X, Pan Y and Yang Y 

(2016). Pharmacokinetics and pharmacodynamics of 

glycyrrhetinic acid with Paeoniflorin after transdermal 

administration in dysmenorrhea model mice. 

Phytomedicine, 23(8): 864-871. 

Feng X, Ding L and Qiu F (2015). Potential drug 

interactions associated with glycyrrhizin and 

glycyrrhetinic acid. Drug Metab Rev, 47(2): 229-238. 

Gong H, Li HD, Yan M, Zhang BK, Jiang P, Fan XR and 

Deng Y (2014). Effect of licorice on the induction of 

phase II metabolizing enzymes and phase III 

transporters and its possible mechanism. Pharmazie, 

69(12): 894-897. 

Gu L, Hou P, Zhang R, Liu Z, Bi K and Chen X (2016). 

An analytical strategy to investigate Semen Strychni 

nephrotoxicity based on simultaneous HILIC-ESI-

MS/MS detection of Semen Strychni alkaloids, 

tyrosine and tyramine in HEK 293t cell lysates. J 

Chromatogr. B., 1033(15):157-165. 

Gu L, Wang X, Liu Z, Ju P, Zhang L, Zhang Y, Ma B, Bi 

K and Chen X (2014). A study of Semen Strychni-

induced renal injury and herb-herb interaction of Radix 

Glycyrrhizae extract and/or Rhizoma Ligustici extract 

on the comparative toxicokinetics of strychnine and 

brucine in rats. Food Chem. Toxicol., 68: 226-233. 

He R, Xu Y, Peng J, Ma T, Li J and Gong M (2017). The 

effects of 18β-glycyrrhetinic acid and glycyrrhizin on 

intestinal absorption of paeoniflorin using the everted 

rat gut sac model. J. Nat. Med., 71(1): 198-207. 

Hou Y, Lin S and Chao PL (2012). Liquorice reduced 

cyclosporine bioavailability by activating P-

glycoprotein and CYP 3A. Food. Chem., 135(4): 2307-

2312. 

Hou ZY, Chen L, Fang PF, Cai HL, Tang HB, Peng YB, 

Deng Y, Cao LJ, Li H, Zhang B and Yan M (2018). 

Mechanisms of triptolide-induced hepatotoxicity and 

protective effect of combined use of isoliquiritigenin: 

Possible roles of Nrf2 and hepatic transporters. 

Frontiers in Pharmacology, 9: 226. 

Ji S, Li Z, Song W, Wang Y, Liang W, Li K, Tang S, Wang 

Q, Qiao X, Zhou D, Yu S and Ye M (2016). Bioactive 

constituents of Glycyrrhiza uralensis (Licorice): 

Discovery of the effective components of a traditional 

herbal medicine. J. Nat. Prod., 79(2): 281-292. 

Li M, De Graaf IA, Siissalo S, de Jager MH, van Dam A, 

Groothuis GM (2016). The Consequence of Drug-Drug 

Interactions Influencing the Interplay between P-

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dayyih%20WA%5bAuthor%5d&cauthor=true&cauthor_uid=27618606
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Hajji%20F%5bAuthor%5d&cauthor=true&cauthor_uid=27618606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matalka%20KZ%5bAuthor%5d&cauthor=true&cauthor_uid=27618606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arafat%20T%5bAuthor%5d&cauthor=true&cauthor_uid=27618606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20J%5bAuthor%5d&cauthor=true&cauthor_uid=23500380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gu%20W%5bAuthor%5d&cauthor=true&cauthor_uid=23500380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=23500380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=23500380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20F%5bAuthor%5d&cauthor=true&cauthor_uid=23500380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20F%5bAuthor%5d&cauthor=true&cauthor_uid=23500380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20ZP%5bAuthor%5d&cauthor=true&cauthor_uid=23500380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20BC%5bAuthor%5d&cauthor=true&cauthor_uid=23500380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20J%5bAuthor%5d&cauthor=true&cauthor_uid=21958965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiao%20HL%5bAuthor%5d&cauthor=true&cauthor_uid=21958965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20RR%5bAuthor%5d&cauthor=true&cauthor_uid=21958965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20W%5bAuthor%5d&cauthor=true&cauthor_uid=21958965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20ZP%5bAuthor%5d&cauthor=true&cauthor_uid=21958965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20H%5bAuthor%5d&cauthor=true&cauthor_uid=21958965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20X%5bAuthor%5d&cauthor=true&cauthor_uid=21958965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20TL%5bAuthor%5d&cauthor=true&cauthor_uid=21958965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=21958965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20BC%5bAuthor%5d&cauthor=true&cauthor_uid=21958965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20J%5bAuthor%5d&cauthor=true&cauthor_uid=22904620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20GJ%5bAuthor%5d&cauthor=true&cauthor_uid=22904620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20RR%5bAuthor%5d&cauthor=true&cauthor_uid=22904620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gu%20QW%5bAuthor%5d&cauthor=true&cauthor_uid=22904620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20ML%5bAuthor%5d&cauthor=true&cauthor_uid=22904620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gu%20W%5bAuthor%5d&cauthor=true&cauthor_uid=22904620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20ZP%5bAuthor%5d&cauthor=true&cauthor_uid=22904620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20ZP%5bAuthor%5d&cauthor=true&cauthor_uid=22904620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20BC%5bAuthor%5d&cauthor=true&cauthor_uid=22904620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20X%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20X%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cui%20D%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20C%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosal%20A%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20G%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Green%20MD%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Green%20MD%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuo%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maciolek%20CM%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palamanda%20J%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evers%20R%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prueksaritanont%20T%5bAuthor%5d&cauthor=true&cauthor_uid=23293300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cousein%20E%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barth%C3%A9l%C3%A9my%20C%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poullain%20S%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simon%20N%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lestavel%20S%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lestavel%20S%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williame%20V%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joiris%20E%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Danel%20C%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clavey%20V%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brossard%20D%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robert%20H%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crauste-Manciet%20S%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vaccher%20C%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Odou%20P%5bAuthor%5d&cauthor=true&cauthor_uid=17337319
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20X%5bAuthor%5d&cauthor=true&cauthor_uid=27288922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=27288922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=27288922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pu%20T%5bAuthor%5d&cauthor=true&cauthor_uid=27288922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5bAuthor%5d&cauthor=true&cauthor_uid=27288922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=27288922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=27288922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gong%20H%5bAuthor%5d&cauthor=true&cauthor_uid=25951662
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20HD%5bAuthor%5d&cauthor=true&cauthor_uid=25951662
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20M%5bAuthor%5d&cauthor=true&cauthor_uid=25951662
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20BK%5bAuthor%5d&cauthor=true&cauthor_uid=25951662
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20P%5bAuthor%5d&cauthor=true&cauthor_uid=25951662
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fan%20XR%5bAuthor%5d&cauthor=true&cauthor_uid=25951662
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=25951662
http://www.medsci.cn/sci/submit.do?id=92123581
http://www.medsci.cn/sci/submit.do?id=92123581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gu%20L%5bAuthor%5d&cauthor=true&cauthor_uid=24704041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5bAuthor%5d&cauthor=true&cauthor_uid=24704041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Z%5bAuthor%5d&cauthor=true&cauthor_uid=24704041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ju%20P%5bAuthor%5d&cauthor=true&cauthor_uid=24704041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20L%5bAuthor%5d&cauthor=true&cauthor_uid=24704041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=24704041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20B%5bAuthor%5d&cauthor=true&cauthor_uid=24704041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bi%20K%5bAuthor%5d&cauthor=true&cauthor_uid=24704041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bi%20K%5bAuthor%5d&cauthor=true&cauthor_uid=24704041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20X%5bAuthor%5d&cauthor=true&cauthor_uid=24704041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ji%20S%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Z%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20W%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20W%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20K%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20S%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qiao%20X%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20D%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20S%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ye%20M%5bAuthor%5d&cauthor=true&cauthor_uid=26841168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20M%5bAuthor%5d&cauthor=true&cauthor_uid=26932816
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Graaf%20IA%5bAuthor%5d&cauthor=true&cauthor_uid=26932816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siissalo%20S%5bAuthor%5d&cauthor=true&cauthor_uid=26932816
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Jager%20MH%5bAuthor%5d&cauthor=true&cauthor_uid=26932816
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Dam%20A%5bAuthor%5d&cauthor=true&cauthor_uid=26932816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Groothuis%20GM%5bAuthor%5d&cauthor=true&cauthor_uid=26932816


Effects of licorice extracts on the pharmacokinetics of brucine in rats and its possible mechanism 

 

Pak. J. Pharm. Sci., Vol.33, No.5, September 2020, pp.1995-2002 2002 

Glycoprotein and Cytochrome P450 3a: An Ex Vivo 

Study with Rat Precision-Cut Intestinal Slices. Drug 

Metab. Dispos., 44(5): 683-91. 

Li X, Hu J, Wang B, Sheng L, Liu Z, Yang S and Li Y 

(2014). Inhibitory effects of herbal constituents on P-

glycoprotein in vitro and in vivo: Herb-drug 

interactions mediated via P-gp. Toxicol. Appl. 

Pharmacol., 275(2): 163-175. 

Li X, Wang K, Wei W, Liu Y and Gong L (2013). In vitro 

metabolism of brucine by human liver microsomes and 

its interactions with CYP substrates. Chem-Biol 

Interact, 204(3): 140-143. 

MacLean C, Moenning U, Reichel A and Fricker G 

(2008). Closing the gaps: a full scan of the intestinal 

expression of p-glycoprotein, breast cancer resistance 

protein, and multidrug resistance-associated protein 2 

in male and female rats. Drug Metab Dispos, 36(7): 

1249-54. 

Mu Y, Zhang J, Zhang S, Zhou HH, Toma D, Ren S, 

Huang L, Yaramus M, Baum A, Venkataramanan R and 

Xie W (2005). Traditional Chinese medicines Wu Wei 

Zi (Schisandra chinensis Baill) and Gan Cao 

(Glycyrrhiza uralensis Fisch) activate pregnane X 

receptor and increase Warfarin clearance in rats. J. 

Pharmacol. Exp. Ther., 316(3): 1369-1377. 

National Pharmacopoeia Committee (2010). 

Pharmacopoeia of People’s Republic of China. Part 1. 

Beijing: Chemical Industry Press. p.80-81. 

Nugroho AE, Wijayanti A, Mutmainah M, Susilowati R 

and Rahmawati N (2016). Gastroprotective effect of 

combination of hot water extracts of Licorice 

(Glycyrrhiza glabra), Pulasari Stem Bark (Alyxia 

reinwardtii), and Sembung Leaf (Blumea balsamifera) 

against aspirin-induced gastric ulcer model rats. Evid-

Based. Compl. Alt., 21(4): 77-84. 

Patel K, Laloo D, Singh GK, Gadewar M and Patel DK 

(2017). A review on medicinal uses, analytical 

techniques and pharmacological activities of Strychnos 

nux-vomica Linn.: A concise report. Chin. J. Integr. 

Med., Doi: 10.1007/s11655-016-2514-1 

Qiao X, Ye M, Xiang C, Wang Q, Liu CF, Miao WJ 

and Guo DA (2012). Analytical strategy to reveal the in 

vivo process of multi-component herbal medicine: A 

pharmacokinetic study of licorice using liquid 

chromatography coupled with triple quadrupole mass 

spectrometry. J. Chromatogr A., 1258: 84-93. 

Saraswati S and Agrawal SS (2013). Brucine, an indole 

alkaloid from Strychnos nux-vomica attenuates VEGF-

induced angiogenesis via inhibiting VEGFR2 signaling 

pathway in vitro and in vivo. Cancer Lett., 332(1): 83-

93. 

Shi L, Tang X, Dang X, Wang Q, Wang X, He P, Wang Q, 

Liu L, Liu X and Zhang Y (2015). Investigating herb-

herb interactions: The potential attenuated toxicity 

mechanism of the combined use of Glycyrrhizae radix 

et rhizoma (Gancao) and Sophorae flavescentis radix 

(Kushen). J. Ethnopharmacol., 165: 243-250. 

Tai T, Huang X, Su Y, Ji J, Su Y, Jiang Z and Zhang L 

(2014). Glycyrrhizin accelerates the metabolism of 

triptolide through induction of CYP3A in rats. J. 

Ethnopharmacol., 152(2): 358-363. 

Wang Q, Qian Y, Wang Q, Yang YF, Ji S, Song W, Qiao X, 

Guo DA, Liang H and Ye M (2015). Metabolites 

identification of bioactive licorice compounds in rats. J. 

Pharmaceut. Biomed., 115: 515-522. 

Xu CH, Wang P, Wang Y, Yang Y, Li DH, Li HF, Sun SQ 

and Wu XZ (2013). Pharmacokinetic comparisons of 

two different combinations of Shaoyao-Gancao 

Decoction in rats: Competing mechanisms between 

paeoniflorin and glycyrrhetinic acid. J. 

Ethnopharmacol., 149(2): 443-452. 

Yan M, Fang PF, Li HD, Xu P, Liu YP, Wang F, Cai HL, 

Tan QY (2013). Lack of effect of continuous 

glycyrrhizin administration on the pharmacokinetics of 

the P-glycoprotein substrate talinolol in healthy 

volunteers. Eur. J. Clin. Pharmacol., 69(3): 515-521. 

Yang BC, Chu ZF, Zhu S, Wang LJ, Feng YH, Li FH, Liu 

CS and Yuan Y (2011). Study of pharmacokinetics and 

tissue distribution of liposomal brucine for dermal 

administration. Int. J. Nanomed., 6:1109-1116. 

Yu JY, Ha JY, Kim KM, Jung YS, Jung JC and Oh S 

(2015). Anti-Inflammatory activities of Licorice extract 

and its active compounds, glycyrrhizic acid, liquiritin 

and liquiritigenin, in BV2 cells and mice liver. 

Molecules, 20(7): 13041-13054. 

Zhang M, Deng Y, Wang C, Cai HL, Wen J, Fang PF, 

Zhang BK, Li HD and Yan M (2018). An LC–MS/MS 

method for determination of bioactive components of 

licorice and Semen Strychni in rat plasma: Application 

to a pharmacokinetics study. Drug Test Anal, 10(2): 

262-271. 

Zhang Q, Zhang Y, Boer J, Shi JG, Hu P, Diamond S and 

Yeleswaram S (2017). In vitro interactions of 

epacadostat and its major metabolites with human 

efflux and uptake transporters: Implications for 

pharmacokinetics and drug interactions. Drug Metab. 

Dispos., 45(6): 612-623. 

Zhao WM, Jiang SW, Chen Y, Zhong ZY, Wang ZJ, 

Zhang M, Li Y, Xu P, Liu L and Liu XD (2015). 

Laminaria japonica increases plasma exposure of 

glycyrrhetinic acid following oral administration of 

Liquorice extract in rats. Chin. J. Nat. Med., 13(7): 

540-549. 

Zhou B, Zhang J, Wu S, Zhuo Q, Gao W, Hao J and Man 

S (2015). The influence of compatibility of processed 

radix Aconiti Kusnezoffii on the pharmacokinetic of 

four components in Glycyrrhiza uralensis Fisch. J. 

Ethnopharmacol., 169(7): 1-7. 

 Zhou, SF (2008). Structure, function and regulation of P-

glycoprotein and its clinical relevance in drug 

disposition. Xenobiotica., 38(7-8): 802-832.

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheng%20L%5bAuthor%5d&cauthor=true&cauthor_uid=24380838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Z%5bAuthor%5d&cauthor=true&cauthor_uid=24380838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20S%5bAuthor%5d&cauthor=true&cauthor_uid=24380838
https://www.ncbi.nlm.nih.gov/pubmed/?term=MacLean%20C%5bAuthor%5d&cauthor=true&cauthor_uid=18378562
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moenning%20U%5bAuthor%5d&cauthor=true&cauthor_uid=18378562
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reichel%20A%5bAuthor%5d&cauthor=true&cauthor_uid=18378562
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fricker%20G%5bAuthor%5d&cauthor=true&cauthor_uid=18378562
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20J%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20S%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20HH%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toma%20D%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ren%20S%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20L%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yaramus%20M%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baum%20A%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Venkataramanan%20R%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xie%20W%5bAuthor%5d&cauthor=true&cauthor_uid=16267138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qiao%20X%5bAuthor%5d&cauthor=true&cauthor_uid=22939378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ye%20M%5bAuthor%5d&cauthor=true&cauthor_uid=22939378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiang%20C%5bAuthor%5d&cauthor=true&cauthor_uid=22939378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=22939378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CF%5bAuthor%5d&cauthor=true&cauthor_uid=22939378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miao%20WJ%5bAuthor%5d&cauthor=true&cauthor_uid=22939378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20DA%5bAuthor%5d&cauthor=true&cauthor_uid=22939378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20L%5bAuthor%5d&cauthor=true&cauthor_uid=25701755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20X%5bAuthor%5d&cauthor=true&cauthor_uid=25701755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dang%20X%5bAuthor%5d&cauthor=true&cauthor_uid=25701755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=25701755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5bAuthor%5d&cauthor=true&cauthor_uid=25701755
https://www.ncbi.nlm.nih.gov/pubmed/?term=He%20P%5bAuthor%5d&cauthor=true&cauthor_uid=25701755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=25701755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20L%5bAuthor%5d&cauthor=true&cauthor_uid=25701755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20X%5bAuthor%5d&cauthor=true&cauthor_uid=25701755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=25701755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tai%20T%5bAuthor%5d&cauthor=true&cauthor_uid=24486211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20X%5bAuthor%5d&cauthor=true&cauthor_uid=24486211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Su%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=24486211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ji%20J%5bAuthor%5d&cauthor=true&cauthor_uid=24486211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Su%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=24486211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20Z%5bAuthor%5d&cauthor=true&cauthor_uid=24486211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20L%5bAuthor%5d&cauthor=true&cauthor_uid=24486211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=26311472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qian%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=26311472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=26311472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20YF%5bAuthor%5d&cauthor=true&cauthor_uid=26311472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ji%20S%5bAuthor%5d&cauthor=true&cauthor_uid=26311472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20W%5bAuthor%5d&cauthor=true&cauthor_uid=26311472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qiao%20X%5bAuthor%5d&cauthor=true&cauthor_uid=26311472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20DA%5bAuthor%5d&cauthor=true&cauthor_uid=26311472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20H%5bAuthor%5d&cauthor=true&cauthor_uid=26311472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ye%20M%5bAuthor%5d&cauthor=true&cauthor_uid=26311472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20CH%5bAuthor%5d&cauthor=true&cauthor_uid=23867078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20P%5bAuthor%5d&cauthor=true&cauthor_uid=23867078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=23867078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=23867078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20DH%5bAuthor%5d&cauthor=true&cauthor_uid=23867078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20HF%5bAuthor%5d&cauthor=true&cauthor_uid=23867078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20SQ%5bAuthor%5d&cauthor=true&cauthor_uid=23867078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20XZ%5bAuthor%5d&cauthor=true&cauthor_uid=23867078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20M%5bAuthor%5d&cauthor=true&cauthor_uid=22983284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20PF%5bAuthor%5d&cauthor=true&cauthor_uid=22983284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20HD%5bAuthor%5d&cauthor=true&cauthor_uid=22983284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20P%5bAuthor%5d&cauthor=true&cauthor_uid=22983284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20YP%5bAuthor%5d&cauthor=true&cauthor_uid=22983284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20F%5bAuthor%5d&cauthor=true&cauthor_uid=22983284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20HL%5bAuthor%5d&cauthor=true&cauthor_uid=22983284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20QY%5bAuthor%5d&cauthor=true&cauthor_uid=22983284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20BC%5bAuthor%5d&cauthor=true&cauthor_uid=21698079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20ZF%5bAuthor%5d&cauthor=true&cauthor_uid=21698079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20S%5bAuthor%5d&cauthor=true&cauthor_uid=21698079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20LJ%5bAuthor%5d&cauthor=true&cauthor_uid=21698079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20YH%5bAuthor%5d&cauthor=true&cauthor_uid=21698079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20FH%5bAuthor%5d&cauthor=true&cauthor_uid=21698079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CS%5bAuthor%5d&cauthor=true&cauthor_uid=21698079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CS%5bAuthor%5d&cauthor=true&cauthor_uid=21698079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=21698079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20JY%5bAuthor%5d&cauthor=true&cauthor_uid=26205049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ha%20JY%5bAuthor%5d&cauthor=true&cauthor_uid=26205049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20KM%5bAuthor%5d&cauthor=true&cauthor_uid=26205049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20YS%5bAuthor%5d&cauthor=true&cauthor_uid=26205049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20JC%5bAuthor%5d&cauthor=true&cauthor_uid=26205049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oh%20S%5bAuthor%5d&cauthor=true&cauthor_uid=26205049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20M%5bAuthor%5d&cauthor=true&cauthor_uid=28447397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=28447397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20C%5bAuthor%5d&cauthor=true&cauthor_uid=28447397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20HL%5bAuthor%5d&cauthor=true&cauthor_uid=28447397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wen%20J%5bAuthor%5d&cauthor=true&cauthor_uid=28447397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20PF%5bAuthor%5d&cauthor=true&cauthor_uid=28447397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20BK%5bAuthor%5d&cauthor=true&cauthor_uid=28447397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20HD%5bAuthor%5d&cauthor=true&cauthor_uid=28447397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20M%5bAuthor%5d&cauthor=true&cauthor_uid=28447397
http://www.medsci.cn/sci/submit.do?id=cb3311499
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=28283500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=28283500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boer%20J%5bAuthor%5d&cauthor=true&cauthor_uid=28283500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20JG%5bAuthor%5d&cauthor=true&cauthor_uid=28283500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20P%5bAuthor%5d&cauthor=true&cauthor_uid=28283500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diamond%20S%5bAuthor%5d&cauthor=true&cauthor_uid=28283500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yeleswaram%20S%5bAuthor%5d&cauthor=true&cauthor_uid=28283500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20WM%5bAuthor%5d&cauthor=true&cauthor_uid=26233845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20SW%5bAuthor%5d&cauthor=true&cauthor_uid=26233845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=26233845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhong%20ZY%5bAuthor%5d&cauthor=true&cauthor_uid=26233845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20ZJ%5bAuthor%5d&cauthor=true&cauthor_uid=26233845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20M%5bAuthor%5d&cauthor=true&cauthor_uid=26233845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=26233845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20P%5bAuthor%5d&cauthor=true&cauthor_uid=26233845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20L%5bAuthor%5d&cauthor=true&cauthor_uid=26233845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20XD%5bAuthor%5d&cauthor=true&cauthor_uid=26233845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20B%5bAuthor%5d&cauthor=true&cauthor_uid=25889555
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20J%5bAuthor%5d&cauthor=true&cauthor_uid=25889555
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20S%5bAuthor%5d&cauthor=true&cauthor_uid=25889555
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhuo%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=25889555
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20W%5bAuthor%5d&cauthor=true&cauthor_uid=25889555
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hao%20J%5bAuthor%5d&cauthor=true&cauthor_uid=25889555
https://www.ncbi.nlm.nih.gov/pubmed/?term=Man%20S%5bAuthor%5d&cauthor=true&cauthor_uid=25889555
https://www.ncbi.nlm.nih.gov/pubmed/?term=Man%20S%5bAuthor%5d&cauthor=true&cauthor_uid=25889555

