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Impact of Concomitantly Administered Curcumin on
Pharmacokinetics of Daclatasvir in Mice Under the
Frame of Herb-Drug Interaction
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ABSTRACT

Objective: Daclatasvir is a new orally acting antiviral drug for the treatment of hepatitis C
virus (HCV). It is substrate of both P-glycoprotein (P-gp) and CYP3A4 which are involved
in the major pharmacokinetic interaction between drug-drug or drug-food. Curcumin, a

natural polyphenol extracted from Curcuma longa is used regularly and widely as food
additive or dietary supplement. We surmised that curcumin may interfere with the
pharmacokinetics of daclatasvir as curcumin is known to have potential to hinder the drug
transporters and hepatic drug metabolising enzymes. Hence, investigations were taken
up to assess for such possible interactions. Materials and Methods: Pharmacokinetics of
daclatasvir after oral administration as alone and in combination with curcumin (2.5 or
5 or 10 mg/kg) were investigated in Balb/C mice following determination of daclatasvir
plasma concentration by using a sensitive LC-MS/MS method. Results: Area under the
plasma concentration-time curve for daclatasvir was decreased at lowest dose and
increased subsequently at higher doses upon concomitant administration of curcumin
with daclatasvir in comparison to daclatasvir alone. Maximum plasma concentration
of daclatasvir was enhanced only at highest dose. Overall effects of curcumin on
daclatasvir pharmacokinetics were not statistically significant at all dose levels except
significant increase in mean residence time. Conclusion: Intensity of curcumin effect
on the daclatasvir pharmacokinetics at the experimental dose level in the mice model
suggests that dose adjustment is unlikely to be required. Further experimentations are
needed to confirm its clinical significance.
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INTRODUCTION

Daclatasvir is a new direct-aczing antiviral —used regularly and widely as spice or food
agent for the treatment of chronic Hepati-
tis C Virus (HCV) infections.! Daclatasvir (60

mg) in combination with sofosbuvir (400

additive or dietary supplement namely tur-
meric.* Curcumin have potential to cause
inhibition of both P-glycoprotein (P-gp)

mg) is recommended as first-line therapy in
patients with genotype 3 without cirrhosis
as per the recent report of American Asso-
ciation for the Study of Liver Diseases.”
It is given orally in its hydrochloride salt
form and available in the market under
the brand name of ‘DAKLINZA’? On the
other hand, curcumin is described as ‘won-
der drug in waiting’ because of its multiple
pharmacological activities with acceptable
safety profile. This natural polyphenol is

and CYP isoenzymes. Moreover, curcumin
can be taken by the people inadvertently
and frequently with prescription and non-
prescription allopathic drugs without the
knowledge of their health care provid-
ers.> This may lead to drug-drug or drug-
food interactions when administered with a
substrate of P-gp and CYP3A4 like dacla-
tasvir.” Therefore, it is pertinent to inves-
tigate the daclatasvir plasma levels upon
concomitant administration of curcumin
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with daclatasvir in animal model as it can lead to seti-
ous consequence like treatment failure or beneficial
consequences like daclatasvir dose reduction and safe
administration with curcumin. Results of these preclinical
investigations ultimately helpful before going into costly
and petilous clinical investigation.””

There is no report on pharmacokinetic interaction of
such a new drug like daclatasvir with curcumin in mice
model till date. Hence, the objective of our present
study to explore the effect of curcumin (2.5 to 10 mg/kg)
on oral pharmacokinetics of daclatasvir dihydrochloride
(14 mg/kg) in mice.

MATERIALS AND METHODS
Materials

Curcumin (purity = 99.0%) was purchased from Loba
Chemie. Ammonium formate, solutol HS15, dimethyl
sulfoxide was purchased from Sigma-Aldrich. All other
chemicals used were of research grade. Ultrapure water
(Millipore) was used throughout the experimentations.

Ethical prerequisites

All animal experimentations were performed with
‘Committee for the Purpose of Control and Supervision
of Experiments on Animals’ (CPCSEA) guidelines
(Govt. of India, New Delhi India) after obtaining
necessary approval from Institutional Animal Ethics
Committee of CSIR-Indian Institute of Integrative
Medicine TAEC approval no: 70/104/2/17).

Animal’s husbandry and maintenance

Pharmacokinetic studies were carried out using healthy
adult male Balb/C mice, which were housed in PP cages
under standard laboratory conditions like temperature
of 25%2°C, relative humidity of 50+20%, light cycle of
12 h/12 h, fed with pellet diet and water ad libitum.

Dose selection and preparation

Dose of daclatasvir dihydrochloride (14 mg/kg) was
selected for mice on the basis of its human daily dose
of 66 mg that is equivalent to 60 mg of daclatasvir.
Whereas, dose of curcumin (2.5/5/10 mg/kg) was on
the basis of bioenhancer mechanism which function at
low doses.® Individual dose was prepared as solution
form using 10% DMSO, 20% solutol HS15 and water
(g-s) for oral administration of curcumin and daclatasvir
dihydrochloride.

Experimental design

Pharmacokinetic studies were performed following
single dose oral administration of daclatasvir dihydro-
chloride (14 mg/kg) as alone and in combination with

curcumin at three dose level viz. 2.5 mg/kg, 5 mg/kg
and 10 mg/kg. Each study was done by using total
twenty animals, divided into four subgroups for sparse
sampling (n=5) i.e. two blood samples to be withdrawn
at different time points from one subgroup. Animals
were fasted for 10 h prior to experimentation with
free access to water. Curcumin was administered 0.5 h
before daclatasvir dosing, Blood samples were collected
with anticoagulant at 0 h, 0.25 h, 0.5 h, 1 h, 2 h, 4 h,
8 h and 12 h after oral administration of daclatasvir
dihydrochloride. Plasma was separated using centrifugation
and stored at -20°C until analysis.

Plasma sample analysis by LC-MS/MS

Stock solution (1 mg/mL) was prepared in methanol
for daclatasvir and sofosbuvir (Internal Standard) and
diluted further with acetonitrile to prepare standard
solutions. A ten point calibration curve of analyte was
prepared by spiking serially diluted working solution
into blank plasma to obtain final concentrations in the
range of 3.9, 7.8, 15.6, 31.25, 62.5, 125, 250, 500, 1000
and 2000 ng/mL for daclatasvir. Simple protein precipi-
tation procedure was employed to recover analytes from
mice plasma. Plasma sample (50 pL) was processed by
adding IS (10 pL. of 20 pg/mL) followed by vortex
mixing for 2 min. Then, 190 uL of acetonitrile was
added and centrifugation was done at 14000 rpm for 10 min.
Supernatant layer was separated and injected into the
LC-MS/MS (Shimadzu, Kyoto, Japan) system for quan-
titation of daclatasvir in mice plasma. Chromatographic
separation was achieved in Hiber® HR RP-18 (50 x 2.1
mm, 3 um) column (Merck, India) using isocratic mobile
phase composition of 10 mM ammonium formate at
pH adjusted to 3.5 and acetonitrile (50:50, %v/v). Flow
rate was kept at 0.3 mL/min and column oven tempera-
ture was maintained at 30°C. Triple-quadrupole tandem
mass spectrometer was operating in positive ion mode
and quantification was done in multiple reaction moni-
toring mode using precursor/product ion transition at
m/z 739.55/565.35 and 530.30/243.10 for daclatasvir
and sofosbuvir, respectively. Data were acquired and
processed using Lab Solutions software. Quantitation
of daclatasvir in mice plasma was performed by following

LC-MS/MS methods.’

Pharmacokinetic data analysis

Plasma concentration data of daclatasvir with respect
to time was processed by non-compartmental method
using PK solution software (Summit Research Services,
USA). Based on the dose of daclatasvir equivalent
to 14 mg/ke daclatasvir dihydrochloride, different
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pharmacokinetic parameters were calculated to compare
the results of different treatment groups.

Statistical evaluation

Statistical analysis was performed using Student’s t-test
(QuickCals, Prism online version) by comparing data
(mean = SEM) of combination treatment of curcumin
and daclatasvir group with daclatasvir alone treated
group. Data considered to be significant if p < 0.05.

RESULTS

Pharmacokinetic studies of daclatasvir dihydrochloride
(14 mg/kg) as alone and concomitantly administered
with curcumin at 2.5 or 5 or 10 mg/kg in Balb/C mice
were performed. Daclatasvir concentration in plasma
was quantified by a sensitive LC-MS/MS method and
mean plasma concentrations of daclatasvir versus time
profiles are represented in Figure 1. Main pharmaco-
kinetic parameters were calculated based on daclatasvir
dose equivalent to 14 mg/kg of daclatasvir dihydrochlo-
ride and summarised in Table 1. Results showed that
time to reach maximum plasma concentration (T _ )
was 2-4 h with maximum plasma concentration (C_ )
of 1360 * 68 ng/mL upon individual administration of
daclatasvir. Area under the curve for plasma concen-
tration of daclatasvir from zero to the last measurable
plasma sample time and to infinity (AUC_ and AUC )
were 7883 £ 476 and 8210 £ 521 ng.h/mlL, respectively
when daclatasvir was administered as alone. Volume of
distribution (V) and clearance (Cl) for daclatasvir upon
individual administration were 4.8 £ 1.6 L/kg and
1.6 £ 0.1 L/h/kg, respectively. C . (1198 £27 ng/mlL)
and AUC__ (7706 * 613 ngh/mlL) of daclatasvir were
changed upon concomitant administration of curcumin
at 2.5 mg/kg but it is not statistically significant. When
increased the dose of curcumin to 5 mg/kg, daclatasvir
pharmacokinetic parameters were similar to daclatasvir
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Figure 1: Plasma concentration (mean+SEM) versus time pro-
files of daclatasvir as alone and concomitantly administered
with curcumin through oral route in Balb/C mice.

alone group except decreased in C_ (1286 £ 186 ng/ml.).
These changes in plasma level have no statistical signi-
ficance. AUC (9377 £ 698 ngh/mlL) of daclatasvir
was improved upon further augmented dose of 10 mg/kg
but none of the parameters were statistically significant as
compared to daclatasvir alone group except mean
residence time (MRT). MRT of daclatasvir was enhanced
significantly with concomitant administration of curcumin.

DISCUSSION

Daclatasvir is also a substrate of P-gp and primarily
metabolised through CYP3A enzyme."” We investigated
the consequences of concurrent administration of
daclatasvir and curcumin, an inhibitor of P-gp, organic
anion transporting polypeptide (OATP) 1B1 and 1B3,
and breast cancer resistance protein (BCRP).* Plasma
level of daclatasvir was increased maximum up to 3%
and 14% upon cutcumin treatment at 5 mg/kg and
10 mg/kg, respectively. Sometimes, this type of positive
pharmacokinetic interactions beyond certain degree are

Table 1: Pharmacokinetic parameters (mean + SEM) of daclatasvir after

oral administration as alone and in combination with curcumin in Balb/C

mice.

L. Daclatasvir + | Daclatasvir + Daclatasvir +
Pharmacokinetic . . . .
arameter Daclatasvir Curcumin Curcumin Curcumin
P (2.5 mg/kg) (5 mg/kg) (10 mg/kg)
C, .. (ng/mL) 1360 * 68 1198 + 27 1286 + 186 1409 £ 113
T o (M) 3.6+04 28+0.5 3.2+0.5 44+1.0
AUC_, (ng.h/mL) 7883 £ 476 6904 + 233 8108 £ 1138 8823 £ 709
AUC, . (ng.h/mL) 8210 £ 521 7706 £ 613 8256 + 1128 9377 £ 698
V, (L/kg) 48+1.6 6.3+1.7 39+1.1 46+1.1
Cl (L/h/kg) 1.6+0.1 1.7+£01 1.7+£0.2 1.6+£0.2
MRT(h) 3.7+£0.3 59+0.9 4601 55+04
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deliberately used to improve the exposute of drugs that
also eventually beneficial for poor bioavailable drugs
or drugs having dose dependent side effects to reduce
dose.! Common mechanisms of curcumin for phat-
macokinetic interactions as evidenced from literature
are modulated through down regulation of CYP450,
followed by P-gp and a few downstream pathways
involving OATP, glutathione-S-transferase (GST) and
uridine dinucleotide phosphate glucuronosyltransferases
(UDPG). Based on #n-vitro studies reported data,
curcumin could inhibit P-gp in dose dependent manner
at micromolar concentration range and inhibit CYP3A4
competitively with low potency of more than 10 uM.*
On the other hand, curcumin at lowest experimental dose
(2.5 mg/kg) might have poor efficacy to up regulate
absorption and down regulate metabolism of daclatasvir.
This fall in plasma concentration level of daclatasvir
upon coadministration of curcumin can lead to treatment
failure due to negative pharmacokinetic interaction.
Severity of disease conditions have many a times been
aggravated and developed resistance of chemothera-
peutic agents. This may be due to a large portion of
curcumin entering the intestinal epithelium is extensively
metabolized intracellularly and therefore, P-gp binding
is reduced."” On the contrary, quite a few recent investi-
gations appeated to indicate unexpectedly the opposite
results related to complex ABC transporter systems.'!>
Overall effect may be correlated to low level of P-gp
by curcumin might be compensated by over expression
of other transporters having an affinity for daclatasvir."
Results obtained in the present studies are encouraging
as net effects of daclatasvir upon concurrent admin-
istration with curcumin were not affected to a greater
extent. Nevertheless, some further studies should be
carried out to ascertain the experimental outcomes.

CONCLUSION

Pharmacokinetic studies of daclatasvir after oral admin-
istration in presence or absence of curcumin in Balb/C
mice revealed that there is no significant effect of cur-
cumin on daclatasvir pharmacokinetics except increase
in mean residence time. This effect of curcumin on
daclatasvir pharmacokinetics has considerable impact
on limitation of the concomitant use of curcumin
or requirement of dose adjustment for daclatasvir.
Additional preclinical investigations are needed to go
into the fathom of the idea.
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ABBREVIATIONS

HCV: Hepatitis C virus; P-gp: P-glycoprotein; LC-MS/
MS: Liquid chromatography tandem mass spectrom-
etry; C_ : Maximum plasma concentration; T : Time
to reach maximum plasma concentration; MRT: Mean
residence time; AUC : Area under the curve for plasma
concentration from zero to the last measurable plasma
sample time; AUC__: Area under the curve for plasma
concentration from zero to time infinity; V: Volume
of distribution; Cl, Clearance; OATP: Organic anion
transporting polypeptide; BCRP: Breast cancer resis-
tance protein; GST: Glutathione-S-transferase; UDPG:
Uridine dinucleotide phosphate glucuronosyltransfer-
ases.
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SUMMARY

Concomitant administration daclatasvir and cut-
cumin have potential for drug-food or drug-drug
interaction through modulation of P-glycoprotein
and CYP3A4 enzymes. Curcumin could not altered
daclatasvir pharmacokinetics significantly except
increase in mean residence time upon concomitant
single dose oral administration. Pharmacokinetics
of daclatasvir should be explored upon pretreat-
ment for several days with curcumin in preclinical
model and then clinical significance needs to be
investigated.
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