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Abstract. – AIMS: Sodium ferulate (SF) is
widely prescribed in clinic for the treatments of
cardiovascular and cerebrovascular diseases. In
our study, we investigated the effect of SF on the
pharmacokinetics of bupropion and its active
metabolite 4-hydroxybupropion in healthy Chi-
nese men.

METHODS: In a two-phase, randomized,
crossover study with a 2-week wash-out period
between phases, nineteen healthy male volunteers
were given with or without pretreatment with SF
150 mg three times daily for fourteen days, and a
single dose of bupropion 150 mg was adminis-
tered. Pharmacokinetics profiles for bupropion
and 4-hydroxybupropion were determined.

RESULTS: After SF treatment relative to bupro-
pion alone, the geometric mean ratios and 90%
confidence interval of 4-hydroxybupropion were
1.25 (1.17, 1.34) for AUC0-∞∞, 1.10 (1.05, 1.15) for
Cmax, and 1.14 (1.09, 1.20) for t1/2 respectively. The
corresponding values for bupropion were 0.907
(0.811, 1.014), 0.974 (0.910, 1.045) and 1.13 (1.06,
1.21) respectively. The corresponding values for
AUC0-∞∞ ratio of 4-hydroxybupropion over bupro-
pion were 1.28 (0.811, 1.014).

CONCLUSIONS, Bupropion hydroxylation was
slightly induced by the 14 days of SF pre-treat-
ment. Whether co-administration with SF require
a dosage adjustment of bupropion needs further
exploration.
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Introduction

Sodium ferulate (3-methoxy-4-hydroxy-
cinnamate sodium, C10H9NaO4, SF; Figure 1), the
sodium salt of ferulic acid, is an effective compo-
nent of Chinese herbal medicines including Angel-
ica sinensis, Cimicifuga heracleifolia and Lign-
sticum chuangxiong. With the beneficial pharma-
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cological effects such as antioxidant, anti-inflam-
matory, anti-platelet aggregation, anti-thrombosis,
anti-peroxidation, SF has been approved by State
Food and Drugs Administration of China (SFDA)
as a clinical therapy of cardiovascular and cere-
brovascular diseases1-4. It always occurs that SF is
used combined with other drugs in clinic due to
the wide clinical applications of SF. However, the
effect of SF on the pharmacokinetics of other
coadministrated drugs has seldom reported. 
Bupropion (INN, amfebutamone) is a widely

used antidepressant and an aid to tobacco cessa-
tion. Drug interactions involving bupropion and
potential CYP2B6 inhibitors or inducers have
been extensively studied5-12. Previous study has
found that SF could inhibit CYP450 enzyme ac-
tivities in mice13.
Till now, no published studies have investigat-

ed drug interactions involving SF and bupropion.
Thus, the present study was conducted to assess
the effect of SF on the pharmacokinetics of
bupropion and its major active metabolite 4-hy-
droxybupropion in healthy volunteers. Because
the disposition of bupropion, one of the CYP2B6
substrates, is affected by the genetic polymor-
phisms of CYP2B6, commonly accepted CYP2B6
alleles consisting of a combination of the nu-
cleotides at cDNA positions 516 and 785 were
assessed in our study.

Methods

Subjects 
The study protocol was approved by the Ethics

Committee of Central South University, Chang-
sha, Hunan, P. R. China (Approved Number:
CTXY-110003) and registered in the Chinese
Clinical Trial Registry (registration number:
ChiCTR-TRC-10001285). Nineteen healthy,
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Sodium ferulate and bupropion

Figure 1. Chemical structures of sodium ferulate.

non-smoking male volunteers of CYP2B6 wild
type were enrolled in the clinical trial after hav-
ing given written informed consent (aged 20 to
34 years; weight range, 53-79 kg; body mass in-
dex range, 19-26 kg/m2). The subjects were as-
certained to be in good health by medical history,
a full clinical examination, and standard hemato-
logic and blood chemical laboratory tests, and
written informed consent for all the participation
in the study was obtained before enrollment.
Standardized protein rich diets with no vegeta-
bles, fruit item or cereal were provided for all the
subjects for 2 weeks prior to study and during the
whole study to exclude the influence of food-
originated SF. Drugs, alcohol, soft drinks, smok-
ing and caffeine-containing beverages, any vita-
mins and nutritional supplements were refrained
for 2 weeks before study commencement and
throughout the study. 

Study Design 
This study was carried out in a two-phase, ran-

domized, crossover manner with a 2-week
washout period between phases. In each phase, af-
ter an overnight fast, subjects were given pretreat-
ment with or without three 50-mg SF tablets of the
same batch (Lot No.: 100810; HengDa
ShengKang Pharmaceutical Co., SiChuan, China)
for fourteen days. On the fifteenth day, they in-
gested a single oral dose of 150 mg bupropion
(two tablets of 75 mg Zyban SR; WanTe, Hainan,
China) with 200 mL water. Blood samples for
pharmacokinetic analysis were taken for 72 hours.
The subjects did not consume any fluids for 2
hours and food for 4 hours after each dose of
bupropion. Standard meals and food were provid-
ed for all of the participants. Frequent telephone
reminders and detection of plasma concentrations
of ferulic acid were carried out to assure subject
compliance to treatment. Serial blood samples (5
ml) were collected from an in-dwelling venous
catheter (anticoagulated with sodium heparin) be-
fore and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 24, 36,
48, 60 and 72 h after bupropion ingestion. 

Drug Concentration Analysis 
The plasma concentration of bupropion and

4-hydroxybupropion was performed by liquid
chromatography-mass spectrometry with using
of the Finnigan LCQ Deca XPplus (Finnigan,
San Jose, CA, USA). An Angel kromasil C18
(5 µm, 150×4.6 mm) and a mobile phase (ace-
tonitrile: 0.1% ammonium acid: 20 mM ammo-
nium formate = 4:3:3) at a flow rate of 0.2
ml/min were applied. Propranolol was used as
the internal standard. The ion transitions moni-
tored were as follows: m/z 240 to 184 for
bupropion, m/z 256 to 238 for 4-hydroxybupro-
pion and m/z 260 to 183 for propranolol. These
transitions represent the product ions of the
[M+H]+ ions. The lower limit of quantification
for bupropion and 4-hydroxybupropion were
0.21 ng/ml and 1.172 ng/ml, and the assay
range used were 0.42-430.1 ng/ml and 2.344-
1200 ng/ml, respectively. Correlation coeffi-
cient for bupropion calibration curves were
0.997, and for 4-hydroxybupropion were 0.995.
The highest bupropion and 4-hydroxybupropi-
on plasma concentration measured were 323.70
ng/ml and 612.02 ng/ml. The intra-day and in-
ter-day CVs for the low-, middle- and high-
quality control samples were less than 10%.

CYP2B6 Genotyping 
Genomic deoxyribonucleic acid (DNA) was

isolated from peripheral blood samples using SQ
Blood DNA Kit�(Omega Bio-Tec, Doraville, GA,
USA). The wild-type allele CYP2B6*1 was de-
fined as 516G/785A, and CYP2B6*6 was defined
as 516T/785G. CYP2B6*6 was detected in a hap-
lotype assay using a two-step allele-specific
polymerase chain reaction (PCR) as described
previously14. The validity of the method was con-
firmed by sequencing. 

Pharmacokinetic Analysis
The maximum plasma concentration (Cmax)

and the time to Cmax (Tmax) were obtained by in-
spection of the concentration-time data. The
AUC to the last quantifiable concentration AUC0-t
was determined by use of the linear trapezoidal
rule. ke is the elimination rate constant deter-
mined from the terminal slope of the log concen-
tration-time plot. The elimination half-life (t1/2)
was calculated as 0.693/ke. The area under the
concentration-time curve extrapolated to infinity
AUC0-∞ was calculated as AUC0-∞ = AUC0-72 +
C72/ke, where C72 is the plasma concentration
measured 72 h after drug administration. The
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Figure 2. Plasma concentration (conc)-time profiles of bupropion (A) and 4-hydroxybupropion (B) after single oral dose
alone (open circles) or during treatment with sodium ferulate (solid triangles). Data for nineteen healthy subjects are presented
as mean ± SE.

A B

activity) was 14.2 (95% CI, 11.8-16.9) when
bupropion was administered alone, and 18.1
(95% CI, 15.5-21.2) when given concurrently
with SF. SF elevated the AUC ratio of 4-hydroxy-
bupropion over bupropion by 28% (90% CI, 16-
41%; p < 0.01). Neither Cmax, AUC0-∞ and CL/F
of bupropion were significantly altered by SF ad-
ministration. tmax values for both bupropion and
4-hydroxybupropion were not changed before
and after SF consumption. 
Intra-subject changes in the AUC0-∞ for 4-hy-

droxybupropion, bupropion and AUC ratio of 4-
hydroxybupropion over bupropion are depicted
in Figure 3(A), (B) and (C), respectively. It can
be seen in Figure 3 (A) and (C) that only one
subject had lower plasma exposure to 4-hydroxy-
bupropion and lower AUC ratio of 4-hydroxy-
bupropion over bupropion after administration
with SF. 

Discussion

In current investigation, confounding factors
such as age, sex, smoking habit and diet are uni-
fied for better interpretation of the results. 
SF is the sodium form of ferulic acid, a natural

component of traditional Chinese herbs such as An-
gelica sinensis and Cimicifuga heracleifolia and
some foodstuffs (e.g. grain and some fruits). SF has
a variety of pharmacological activities for immunity
system, ischemia-reperfusion injury, kidney and liv-
er damage, chronic complications of diabetes and
so on, and could be used combined with many
drugs in clinic. A comparatively long-term usage
might add risk for potential drug interactions.
The efficacy and safety of bupropion have

been indicated to be related to plasma concentra-
tions of bupropion and the active metabolite 4-

oral clearance (CL/F) of bupropion was calculat-
ed by dividing the bupropion dose by the AUC of
bupropion and the subject’s weight. 

Statistical Analysis 
Study sample sizes were estimated based on

prior bupropion pharmacokinetic data. Geometric
mean ratios (GMRs) with 90% confidence inter-
vals (CIs) were calculated after log transformation
of within-subject ratios for pharmacokinetic vari-
ables for bupropion and 4-hydroxybupropion.
Paired two-tailed t-tests were used to test for dif-
ference between bupropion alone and in combina-
tion with SF, and logarithmic transformation was
used for the non-normally distributed data before
analysis. The between-treatment tmax was com-
pared by use of the Wilcoxon signed rank test. Re-
sults are expressed as mean±standard deviation in
the text and tables and as mean±standard error in
the figures, except for tmax data, which are present-
ed as median and range. Statistical calculations
were performed with SPSS for Windows, version
11.5 (SPSS Inc., Chicago, IL, USA), and p-values
< 0.05 were considered significant.

Results

Nineteen volunteers with CYP2B6*1/*1 were
included in and completed the study. No adverse
effects were observed in all the subjects. 
As shown in Figure 2 and Table I, SF treat-

ment significantly increased Cmax of 4-hydroxy-
bupropion by 11% (90% CI, 5-15%), AUC0-∞ of
4-hydroxybupropion by 25% (90% CI, 17-34%),
and t1/2 of 4-hydroxybupropion and bupropion by
14% (90% CI, 9-20%) and 13% (90% CI, 6-
21%) respectively. The AUC ratio of 4-hydroxy-
bupropion to bupropion (a measure of CYP2B6
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hydroxybupropion16,17. There are three active
metabolites for bupropion, in which 4-hydroxy-
bupropion is likely responsible for much of the
pharmacologic activity observed with bupropion
administration with approximately half of the
pharmacologic activity of bupropion and 17-fold
higher than AUC of bupropion at steady state18.
In our study, the use of SF resulted in an average
of a 25% increase in the AUC of 4-hydroxy-
bupropion in nineteen healthy male subjects, a
longer bupropion half-life without alterations in
the exposure of the parent drug. Whether these
mild changes would be of any clinical signifi-
cance awaits for further investigations.
Hydroxybupropion plasma AUC and the AUC

ratio of hydroxybupropion to bupropion were
used for assessing constitutive CYP2B6 activi-
ty29-32. In our study, the use of SF resulted in an

average of a 28% increase in the AUC ratio of
hydroxybupropion over bupropion and a 25% in-
crease in the AUC of hydroxybupropion, without
significant change in bupropion clearance. The
increase in the AUC ratio during SF co-adminis-
tration is consistent with an increased proportion
of the hydroxybupropion via metabolism cat-
alyzed by CYP2B6, indicating SF induction on
CYP2B6-catalyzed bupropion hydroxylation.
However, since the elimination half-life of hy-
droxybupropion was significantly extended, the
possibilities of decreased elimination of hydroxy-
bupropion by SF cannot be excluded. Also, since
the pathway for 4-hydroxybupropion elimination
has not been clarified, and exposure of the other
two metabolites of bupropion has not been mea-
sured, the potential mechanism involved by SF
needs further explorations. 

Bupropion Bupropion and SF Geometric.
alone administration mean ratios 

Parameter (n = 19) (n = 19) (90% CI) p

Bupropion
AUC(0-∞) (ng·h/ml) 904.1 ± 240.1 877.0 ± 191.1 0.974 (0.910, 1.045) 0.599
Cmax (ng/mL) 174.4 ± 44.0 161.4 ± 53.1 0.907 (0.811, 1.014) 0.146
tmax (h) (h)a 1.0 (0.5-2)* 1.5 (1-3)* 0.055
t1/2 (h) 10.2 ± 2.2 11.4 ± 1.7 1.13 (1.06, 1.21) 0.005
CL/F (L h-1 kg-1) 2.69 ± 0.54 2.79 ± 0.70 1.03 (0.96, 1.10) 0.506
4-hydroxybupropion
AUC(0-∞) (ng·h/ml) 13174 ± 4613.6 16330 ± 5360.3 1.25 (1.17, 1.34) < 0.001
Cmax (ng/mL) 416.0 ± 167.4 445.7 ± 139.1 1.11 (1.05, 1.15) 0.003
tmax (h) (h)a 3 (2-6)* 4 (2-6)* 0.218
t1/2 (h) 22.5 ± 2.99 25.8 ± 3.80 1.14 (1.09, 1.20) < 0.001
Hydroxybupropion AUC0-∞/ 15.1 ± 6.0 19.0 ± 6.3 1.28 (0.811, 1.014) < 0.001
bupropion AUC0-∞

Table I. Pharmacokinetic parameters (mean±SD) of bupropion and 4-hydroxybupropion after single oral dose of 150 mg
bupropion alone or co-administered with daily sodium ferulate in healthy subjects.

Median (ranges). p < 0.05 is indicated.

Figure 3. Individual values for 4-hydroxybupropion AUC(0-∞) (A), bupropion AUC(0-∞) (B) and the AUC ratio of 4-hydroxy-
bupropion to bupropion (C) in nineteen healthy subjects after single oral dose of bupropion with and without daily coadminis-
tration with sodium ferulate.

A B C



1196

In conclusion, this is the first study to investigate
the interaction between bupropion and SF. Results
of the present study indicate that 14-day of regular
dosage of SF has mild effect on the pharmacoki-
netics of the active metabolite of bupropion, 4-hy-
droxybupropion without alteration for bupropion
clearance. The results will add more information to
the use of bupropion in patients with SF.

––––––––––––––––––––
Acknowledgements

This work was supported by National Natural Science
Foundation of China (No. 30901834, 81001476), Sci-
entific Foundation of Hunan (No.11K073, 10JJ4020),
863 Project (No. 2009AA022710, 2009AA022703),
NCET-10-0843 and Fundamental Research Funds for
the Central Universities (No. 2010QZZD010).

References

1) WANG BH, OU-YANG JP. Pharmacological actions of
Sodium Ferulate in cardiovascular system. Car-
diovasc Drug Rev 2005; 23: 161-172.

2) FANG CH, LIU SP, DONG WG, YU JP. Effects of sodi-
um ferulate on function of macrophages in the
colonic tissue of colitis rats. Chin J Gastroenterol
Hepatol 2006; 15: 116-118.

3) LIU HR. Pharmacological action and clinical appli-
cation of sodium ferulate. China Pharm 2005; 14:
78-79.

4) WANG B, OUYANG J, LIU Y, YANG J, WEI L, LI K, YANG
H. Sodium Ferulate inhibits atherosclerogenesis
in hyperlipidemia rabbits. J Cardiovasc Pharmacol
2004; 43: 549-554.

5) LOBOZ KK, GROSS AS, WILLIAMS KM, LIAUW WS, DAY
RO, BLIEVERNICHT JK, ZANGER UM, MCLACHLAN AJ.
Cytochrome P450 2B6 activity as measured by
bupropion hydroxylation: effect of induction by ri-
fampin and ethnicity. Clin Pharmacol Ther 2006;
80: 75-84.

6) TURPEINEN M, TOLONEN A, UUSITALO J, JALONEN J,
PELKONEN O, LAINE K. Effect of clopidogrel and
ticlopidine on cytochrome P450 2B6 activity as
measured by bupropion hydroxylation. Clin Phar-
macol Ther 2005; 77: 553-559. 

7) HOGELAND GW, SWINDELLS S, MCNABB JC, KASHUBA AD,
YEE GC, LINDLEY CM. Lopinavir/ritonavir reduces
bupropion plasma concentrations in healthy sub-
jects. Clin Pharmacol Ther 2007; 81: 69-75.

8) KIM H, BAE SK, PARK SJ, SHIM EJ, KIM HS, SHON JH,
LIU KH, SHIN JG. Effects of woohwangcheongsim-
won suspension on the pharmacokinetics of
bupropion and its active metabolite, 4-hydroxy-
bupropion, in healthy subjects. Br J Clin Pharma-
col 2010; 70: 126-131.

9) LEI HP, JI W, LIN J, CHEN H, TAN ZR, HU DL, LIU LJ,
ZHOU HH. Effects of Ginkgo biloba extract on the
pharmacokinetics of bupropion in healthy volun-
teers. Br J Clin Pharmacol 2009; 68: 201-206.

10) PALOVAARA S, PELKONEN O, UUSITALO J, LUNDGREN S,
LAINE K. Inhibition of cytochrome P450 2B6 activi-
ty by hormone replacement therapy and oral con-
traceptive as measured by bupropion hydroxyla-
tion. Clin Pharmacol Ther 2003; 74: 326-333.

11) FARID NA, PAYNE CD, ERNEST CS 2ND, LI YG, WINTERS
KJ, SALAZAR DE, SMALL DS. Prasugrel, a new
thienopyridine antiplatelet drug, weakly inhibits
cytochrome P450 2B6 in humans. J Clin Pharma-
col 2008; 48: 53-59.

12) FAN L, WANG JC, JIANG F, TAN ZR, CHEN Y, LI Q, ZHANG
W, WANG G, LEI HP, HU DL, WANG D, ZHOU HH. Induc-
tion of cytochrome P450 2B6 activity by the herbal
medicine baicalin as measured by bupropion hydrox-
ylation. Eur J Clin Pharmacol 2009; 65: 403-409.

13) XUE HY, HOU YN, LIU HC, CAO Y, CHEN J. Protective
effect of sodium ferulate on hepatic injury induced
by combing isoniazid with rifampicin in mice. [Arti-
cle in Chinese] Zhong Guo Yi Yuan Yao Xue Za
Zhi 2003; 23: 584-586.

14) LEE AM, JEPSON C, HOFFMANN E, EPSTEIN L, HAWK LW,
LERMAN C, TYNDALE RF. CYP2B6 genotype alters
abstinence rates in a bupropion smoking cessa-
tion trial. Biol Psychiatr 2007; 62: 635-641.

15) JIANG X, WILLIAMS KM, LIAUW WS, AMMIT AJ, ROUFOGALIS
BD, DUKE CC, DAY RO, MCLACHLAN AJ. Effect of St
John’s wort and ginseng on the pharmacokinetics
and pharmacodynamics of warfarin in healthy sub-
jects. Br J Clin Pharmacol 2004; 57: 592-599.

16) JOHNSTON JA, ASCHER J, LEADBETTER R, SCHMITH VD,
PATEL DK, DURCAN M, BENTLEY B. Zharmacokinetic
optimisation of sustained-release bupropion for
smoking cessation. Drugs 2002; 62: 11-24.

17) JOHNSTON JA, FIEDLER-KELLY J, GLOVER ED, SACHS
DPL, GRASELA TH, DE VEAUGH-GEISS J. Relationship
between drug exposure and the efficacy and
safety of bupropion sustained release for smoking
cessation. Nicotine Tob Res 2001; 3: 131-140.

18) ZYBAN® (BUPROPION HYDROCHLORIDE) SUSTAINED-RELEASE
TABLETS, PRESCRIBING INFORMATION [PACKAGE INSERT]. Re-
search Triangle Park, NC: GlaxoSmithKline, 2007.

19) FAUCETTE SR, HAWKE RL, LECLUYSE EL, SHORD SS, YAN
B, LAETHEM RM, LINDLEY CM. Validation of bupropi-
on hydroxylation as a selective marker of human
cytochrome P450 2B6 catalytic activity. Drug
Metab Dispos 2000; 28: 1222-1230.

20) HESSE LM, HE P, KRISHNASWAMY S, HAO Q, HOGAN K,
VON MOLTKE LL, GREENBLATT DJ, COURT MH. Phar-
macogenetic determinants of interindividual vari-
ability in bupropion hydroxylation by cytochrome
P450 2B6 in human liver microsomes. Pharmaco-
genetics 2004; 14: 225-238.

21) HESSE LM, SAKAI Y, VISHNUVARDHAN D, LI AP, VON
MOLTKE LL, GREENBLATT DJ. Effect of bupropion on
CYP2B6 and CYP3A4 catalytic activity, im-
munoreactive protein and mRNA levels in primary
human hepatocytes: comparison with rifampicin. J
Pharm Pharmacol 2003; 55: 1229-1239.

22) TURPEINEN M, NIEMINEN R, JUNTUNEN T, TAAVITSAINEN P,
RAUNIO H, PELKONEN O. Selective inhibition of
CYP2B6-catalyzed bupropion hydroxylation in hu-
man liver microsomes in vitro. Drug Metab Dis-
pos 2004; 32: 626-631.

Li-Cheng Gao, Xi Huang, Zhi-Rong Tan, Lan Fan, Hong-Hao Zhou


