
Supplementary data

1. Hyperlipidaemic modeling

Supplementary Figure 1. The serum levels of total triglycerides (TG), total cholesterol (TC) 

and low-density lipoprotein cholesterol (LDL-C) in rats after two weeks of normal diet and 

high-fat diet. n=6 in normal diet and n=24 in high-fat diet. Data are presented as mean ± SD. t-

test statistics between the two groups, **p < 0.01, ***p < 0.001.
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2. Statin-induced oxidative stress

Supplementary Figure 2. Effects of Ginkgo biloba extract (GBE) and atorvastatin (AT) on 26 

oxidized phosphatidylethanolamines (ox-PEs) in the liver of rats fed a high-fat diet. (a) / (b) / 

(c) / (d) Volcano plot of multivariate analysis for five test groups, Group Ⅱ vs Group Ⅰ, Group 

Ⅲ vs Group Ⅱ, Group Ⅳ vs Group Ⅱ and Group Ⅴ vs Group Ⅱ, respectively. red dots / blue 

dots / gray dots in volcano plot represent up-regulated (1.5 times with significant difference), 

down-regulated (0.67 times with significant difference) and unchanged lipids, respectively. (e)  



Relative abundance (RA) of typical non-oxidized and oxidized phosphatidylethanolamines in 

the liver of rats in five test groups. Data are presented as mean ± SD. Use t-test statistics between 

Group Ⅱ and Group Ⅰ, *p < 0.05, **p < 0.01, ***p < 0.001. Use one-way ANOVA analysis for 

data comparison vs Group Ⅱ (model group), # p < 0.05, ## p < 0.01, ### p < 0.001. Group Ⅰ were 

normal rats. Group Ⅱ were hyperlipidaemic rats. Group Ⅲ were hyperlipidaemic rats given 

GBE therapy alone. Group Ⅳ were hyperlipidaemic rats given AT therapy alone. Group Ⅴ 

were hyperlipidaemic rats given GBE and AT. 



3. The effect of GBE on the liver exposure of statins 

According to the pharmacokinetics study, at about 0.5 h after oral administration of 

atorvastatin, the plasma concentration of atorvastatin prototype reached its peak in rats. In our 

pharmacokinetic study, we designed a companion subgroup with six animals for Group A1, 

Group A2, Group B1 and Group B2. After 0.5 h of the last dose of AT, all rats in the companion 

subgroups were sacrificed, and liver tissue was immediately collected. The test liver tissue was 

homogenized with ultrapure water to make a tissue homogenate at 0.1 g/ml. Then, 50 μL of the 

liver homogenate was mixed with 250 µL of acetonitrile containing tamsulosin (2 ng/mL) to 

precipitate proteins. Vortex for 5 min, then centrifuge at 30,000 × g for 10 min. Finally, 5 μL 

of the supernatant was taken to quantitatively analyze the concentrations of AT and OH-AT in 

the liver sample.

Supplementary Figure 3. The concentrations of atorvastatin (AT) and its ortho-hydroxy 

metabolite (OH-AT) in rat plasma and liver at 0.5 h after oral administration of AT. Normal 



rats in Group A1 were given a single dose of 100 mg/kg ginkgo biloba extract (GBE) and 2 

mg/kg AT simultaneously. Normal rats in Group A2 were continuously administered 100 

mg/kg GBE once a day for two weeks before a single dose of 2 mg/kg AT. Hyperlipidaemic 

rats in Group B were administered a single dose of 2 mg/kg AT. Hyperlipidaemic rats in Group 

B1 were given a single dose of 100 mg/kg GBE and 2 mg/kg AT simultaneously. 

Hyperlipidaemic rats in Group B2 were administered 100 mg/kg GBE continuously once a day 

for four weeks before a single dose of 2 mg/kg AT. n=6 of each group. Data are presented as 

mean ± SD. The ratio of liver concentration to plasma concentration was calculated to obtain 

the distribution ratio of liver to plasma. Use t-test statistics between two groups, ‘ns’ p > 0.05, 

*p < 0.05, **p < 0.01.

4. The determination of para-hydroxy atorvastatin in rat plasma

Under our established LC-MS/MS method in the paper, atorvastatin prototype and two 

hydroxylation metabolites (ortho-hydroxy atorvastatin and para-hydroxy atorvastatin) can be 

simultaneously measured. Although the MS/MS parameters of the two hydroxylation 

metabolites were completely identical, complete chromatographic separation of the two 

metabolites could be achieved under the established chromatographic conditions. Retention 

times of atorvastatin, para-hydroxy atorvastatin, ortho-hydroxy atorvastatin and IS were 3.98, 

3.71, 3.91 and 2.92 min, respectively. As shown in Supplementary Figure 4, the detection signal 

strength of para-hydroxy atorvastatin in rat plasma was very low, much lower than that of ortho-

hydroxy atorvastatin. As shown in Supplementary Table 2, in this pharmacokinetic study, the 

maximum concentration (Cmax) of para-hydroxy atorvastatin in rat plasma was only about 10% 

to 27% of that of ortho-hydroxy atorvastatin.





Supplementary Figure 4. The typical LC-MS/MS chromatogram of atorvastatin (AT), para-hydroxy atorvastatin (p-OH-AT), ortho-hydroxy 

atorvastatin (o-OH-AT) and IS. (a) the mixed solution of AT, p-OH-AT, o-OH-AT and IS. (b) the mixed solution of o-OH-AT and IS. (c) the 

mixed solution of p-OH-AT and IS. (d) the blank rat plasma added with mixed working solution of AT, p-OH-AT, o-OH-AT and IS. (e)/(f)/(g)/(h) 

the rat plasma samples collected at 30min, 1h, 2h and 4h after atorvastatin administration. 



5. The effect of GBE on atorvastatin absorption

Caco-2 cells were seeded into a 24-well plate at a density of 1.0×105 cells/well. All cells 

were first treated with AT at a final concentration of 20 μmol/L. The trial drug was then 

immediately added, including GBE at a final concentration of 10, 100, 1000 μg/mL, rifampicin 

at a final concentration of 10 μmol/L, verapamil at a final concentration of 100 μmol/L, Ko143 

at a final concentration of 10 μmol/L, and control solvent of 0.1% DMSO. After 10 minutes of 

incubation, cells were washed by three times, and then cells were lysed by repeated freezing 

and thawing and homogenization. A Pierce™ BCA Protein Assay kit (Thermo Fisher Scientific, 

Waltham, MA, USA) was used to determine protein concentrations in cell lysates. Then, 50 μL 

of the cell homogenate was mixed with 250 µL of acetonitrile containing tamsulosin (2 ng/mL) 

to precipitate proteins. Vortex for 5 min, then centrifuge at 30,000 × g for 10 min. Finally, 5 μL 

of the supernatant was taken to quantitatively analyze the concentrations of AT in cell sample.

Supplementary Figure 5. The concentrations of atorvastatin (AT) in Caco-2 cells with 

different inhibitors, such as ginkgo biloba extract (GBE), rifampin, verapamil and Ko143. n=3 

of each group. Data are presented as mean ± SD. Use one-way ANOVA analysis for data 

comparison vs control, ‘ns’ p > 0.05, *p < 0.05, ***p < 0.001.



6. The effect of GBE on mRNA expression of CYP3A, P-gP and BCRP

In the pharmacology study, all rats were sacrificed at the end of the experiment to collect 

the whole liver and other tissues, such as intestine. About 30 mg tissues were used to extracting 

total RNA according to the manufacturer's instructions using a High Pure RNA Isolation Kit 

(RNAiso Plus, Takara, Japan), and then reversely converted into cDNA using a PrimeScript™ 

RT Reagent Kit (Takara Bio, Japan). The qPCR analysis was conducted using SYBR Premix 

Ex Taq™ (Takara Bio, Japan) and a CFX96 real-time PCR detection system (Bio-Rad, CA, 

USA). The cycling conditions of the qPCR program were as follows: 95 °C for 10 min, followed 

by 40 cycles at 95 °C for 10 sec, 55 °C for 1 min, and 72 °C for 30 sec. Three replicates were 

prepared for each measurement. Melting curve analysis was performed to verify the specificity 

of the real-time PCR products. The relative quantification was performed using the 2-△△Ct 

method, and values were normalized to the reference gene GAPDH. The gene-specific primers 

of CYP3A1, P-gP and BCRP (see Supplementary Table 1) were synthesized by Invitrogen 

(Carlsbad, CA, USA).

Supplementary Table 1 Sequences of specific primers for the genes studied in this study.

Gene Forward Primer (5’-3’ Sequence) Reverse Primer (3’-5’ Sequence)

CYP3A1 ACTGCAGGAGGAGATCGACA GGTAGTCCCATGAGAATCACCAAA

P-gP GTGTCACGTGAGGTCGTGAT AGGGCTGACGGCCAAAATTA

BCRP GTAGGTCGGTGTGCGAGTCA AACCAGTTGTGGGCTCATCC

GAPDH TGTGTCCGTCGTGGATCTGA TTGCTGTTGAAGTCGCAGGAG

As shown in Supplementary Fig. 6, the gut qPCR results showed that GBE administration 

did up-regulate the mRNA expression of P-gP and BCRP in rat intestine. However, the liver 

qPCR results showed that the expression of CYP3A did not change significantly among the 



different groups.

Supplementary Fig. 6 The expression levels of CYP3A1 in rat liver and P-gP, BCRP in rat 

intestine determined using qPCR analysis. Normal rats in Group Ⅰ were given a regular diet for 

six weeks. Hyperlipidaemic rats in Group Ⅱ were given a high-fat diet for six weeks. 

Hyperlipidaemic rats in Group Ⅲ and Group Ⅳ were continuously administered 2 mg/kg AT 

or 100 mg/kg GBE once a day from the 3rd to the 6th week of the 6-week high-fat diet. 

Hyperlipidaemic rats in Group Ⅴ were administered 100 mg/kg GBE and 2 mg/kg AT at the 

same time daily from the 3rd to the 6th week. n=6 of each group. Data are presented as mean ± 

SD. Use one-way ANOVA analysis for data comparison vs Group Ⅰ (control group), *p < 0.05.

7. The metabolic rate of ortho-hydroxylation of atorvastatin

By comparing the AUC0-∞ of ortho-hydroxy atorvastatin and atorvastatin prototype, we 

could obtain the ortho-hydroxylation metabolic rate of atorvastatin. First, the mass 

concentration of AUC0-∞ needs to be converted to molar concentration. Second, each animal's 

metabolic rate must be calculated using its own parameters, not the average. Finally, the results 

showed that no significant changes were found in the metabolic rate of this pathway in the 

different test groups (Supplementary Table 2).



Supplementary Table 2 The pharmacokinetics comparison between atorvastatin (AT), ortho-hydroxy atorvastatin (o-OH-AT) and para-hydroxy atorvastatin (p-

OH-AT).

Cmax (ng/mL) AUC0-∞ (h*ng/mL)
Group

AT o-OH-AT p-OH-AT
Group

AT o-OH-AT

Metabolic rate
(%)

Group A 55.40 ± 8.27 14.22 ± 3.93 3.78 ± 1.82 Group A 95.42 ± 21.82 50.77 ± 15.55 61.48 ± 15.35

Group A1 108.27 ± 40.81 26.54 ± 5.74 3.93 ± 4.23 Group A1 136.40 ± 21.21 80.57 ± 5.97 61.14 ± 7.45

Group A2 125.80 ± 34.98 38.34 ± 5.90 5.71 ± 0.89 Group A2 145.90 ± 29.25 90.70 ± 10.92 57.32 ± 11.01

Group B 68.48 ± 14.22 16.18 ± 2.28 3.73 ± 2.74 Group B 111.70 ± 40.57 50.17 ± 2.74 55.93 ± 8.56

Group B1 64.27 ± 12.74 20.88 ± 3.22 2.14 ± 0.81 Group B1 108.33 ± 8.00 65.72 ± 9.48 57.27 ± 6.89

Group B2 186.33 ± 74.91 24.16 ± 5.51 5.77 ± 4.22 Group B2 178.33 ± 21.26 66.45 ± 4.32 46.22 ± 10.82

Group C 73.33 ± 27.35 23.17 ± 5.58 5.28 ± 3.36 Group C 125.70 ± 18.69 83.20 ± 18.90 57.61 ± 3.27

Group C1 191.05 ± 61.59 30.28 ± 11.70 6.70 ± 5.64 Group C1 169.80 ± 17.74 108.63 ± 59.09 57.55 ± 6.47

Normal rats in Group A were administered a single dose of 2 mg/kg atorvastatin (AT). Normal rats in Group A1 were given a single dose of 100 mg/kg ginkgo biloba 
extract (GBE) and 2 mg/kg AT simultaneously. Normal rats in Group A2 were continuously administered 100 mg/kg GBE once a day for two weeks before a single dose of 
2 mg/kg AT. Hyperlipidaemic rats in Group B were administered a single dose of 2 mg/kg AT. Hyperlipidaemic rats in Group B1 were given a single dose of 100 mg/kg 
GBE and 2 mg/kg AT simultaneously. Hyperlipidaemic rats in Group B2 were administered 100 mg/kg GBE continuously once a day for four weeks before a single dose 
of 2 mg/kg AT. Hyperlipidaemic rats in Group C were continuously administered 2 mg/kg AT once a day for four weeks. Hyperlipidaemic rats in Group C1 were 
continuously administered 100 mg/kg GBE and 2 mg/kg AT once daily for four weeks. n=6 of each group. Data are presented as mean ± SD. The ortho-hydroxylation 
metabolic rate of atorvastatin (Metabolic rate) was obtained by comparing the AUC0-∞ of ortho-hydroxy atorvastatin and atorvastatin prototype.



8. The ethical approvement materials for animal research


