=g Aerel 3] A] 2239 A4z
Kor. J. Clin. Pharm., Vol. 23, No. 4. 2013

AtorvastatinZZ} Telmisartan9]

X5 -

—

_||I

—=
=5t

. OI[]IA-] .

gyt

20139 8¢ 79 A4 - 20139 1Y 259 4 -

L CCs Korean Journal of Clinical Pharmacy
- Official Journal of
Korean College of Clinical Pharmacy

Available online at http://www.kccp.or.kr
pISSN: 1226-6051

— Y a—
ANy 4
-

SENCEE

e
ofsirfist

-7 =7

20139 119 279 $9)

Drug-drug Interactions between Atorvastatin and Telmisartan
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Purpose: Atorvastatin, a HMG-CoA reductase inhibitor is widely prescribed in hyperlipidemic patients and telmisartan,
an angiotensin receptor blocker is frequently used in the treatment of hypertension. Both drugs are substrates of organic
anion transporting polypeptide (OATP) expressed in basolateral membrane in the liver, and undergo high first pass
metabolism. Therefore, OATP-mediated hepatic uptake is important for disposition and metabolism of these drugs. The
present study was designed to investigate the pharmacokinetic interactions between atorvastatin and telmisartan in rats.
Method: Young adult SD rats were divided into three groups (n=6, each) and atorvastatin (10 mg/kg) and telmisartan
(4 mg/kg) were orally given alone and together. Heparinized blood was serially taken and plasma concentrations of both
drugs were measured using HPLC-MS/MS. Pharmacokinetic parameters of two drugs were calculated. Results: No sig-
nificant pharmacokinetic change was found except a delay of time to peak of telmisartan when administered with atorv-
astatin. Each drug at the present dosage seemed to be insufficient to alter the pharmacokinetic parameters of its
counterpart drug. Conclusion: Conclusively, co-administration of atorvastatin and telmisartan may lead to negligible

clinical consequences.

[] Key words - Atorvastatin, Telmisartan, Pharmacokinetics, OATP, Rats

Telmisartane ¢FA] Q&A1 112} X L&A1 11 type 1 8
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AHAQl ortho W para-hydroxy atorvastatin acide} ¥]ZHA] of
AHAQl ortho W para-hydroxy atorvastatin lactone 22 A}
Ao S Fale] midEE FS A FAHY 1%
ulgte] 1, 8 w7 2 HFuid o) oY

OATP (Organic Anion Transporting Polypeptide) &= }oF3}
ZA A 712 2] ol At 7)A ofF=e] oF&st
o 83t 945 3 ARl I F A e 53,
ZHA E2] sinusoidal membranee]] F2 Wa = OATPIBI,
1B39} 2B1> ZHA| E W 2.0] F4of] Fhedgict.

Telmisartan> OATP1B32] E-¢]% gl 7]&o]n, OATP1B3¢|
o)Ele] EE= ko] oF 20% HEQ telmisartan©] 2B1e|
ol 445%™ Atorvastatin® A OATPS] 714 ¢FE-o]
= in vitrool| Al OATP 2Blel] =2 X3S 7R Qle} =
gk OATPY] WelAl 7] el estrone-3-sulfate®] =48 AA|gt
o= Aarl Barsle] gioh™® Atorvastatin® OATPS] 7]l
repaglinide®] #5543} w13 (Area Under the plasma
AUC)E 12w ZF7pA7)x, 17
OATPA| A &<l cyclosporine, gemfibrozilZ} rifampicin® <]
3 AUC7} ZH7t 8.7~153"%19, 1.2%0, 7320 24 QA &
7he=t.

concentration-time  Curve,
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Alde] 3t A9} statinA Do] ZH2HE A A S 3
7 B-gal= 797} wonm, 7 3 telmisartan¥} atorvastatin
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= el e] HjALR QlE)] A EE oFEe|al T ER 9
o0l OATP7} Fhefgheis Aol Az k82| 7FsAd o] 3l
w, o}A 7 of=f] AmAgol gt A= At Ael ol
uelr] B oA 3] Fol|A] atorvastatin?} telmisartang-
W85 gt 5, 7 oFEe] A AE-S A8kt sl
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Telmisartan, atorvastatin®} simvastatin (W] F-%F24, I1S)
Sigma-AldrichAH(St. Louis, MO, USA)el| A 333l ct. oA
EYEYI} vt Burdick & JacksonAH(Muskegon, MI,
USA)®| HPLCEH5 AH8-3tod o, 7Iepr|oF2 554k
A3k

BA7]7]2= AB SCIEXAH(Framingham, MA, USA)®] API
4000™ MS/MS system3} Agilent Technologies AH(Santa Clara,
CA, USA)?] HP1260 seriesS AHg-3131c}.

HEESE ¥ 4750

Aol ARg-gE 3l F&= oF 97°92] 34 Spraque-Dawley &
£ 2 FArtoled 2(Daegu, Korea)oll A 3-FobA] AR5l )
AT WA= 300430 gol A om FH A 5Y oAk 37
7ot =9} 5= 2 2243°C, 50R20%7F HES =4
AT 1247 A - 2EF90n 2= 300 LuxE ko
Telmisartan F2F 10A]7F AF-E] A o] & |83}l 2L, FF 64
7t ¥ 2855 T A% F AR Tk

317 atorvastatin (10 mg/kg) T, telmisartan (4 mg/kg)
Fof #3} atorvastating} telmisartan -850 722 13l
o 7zt #& 6ug] & 3 ). Atorvastating} telmisartan<
com oiloll 27+ 10 mg/mLZ}F 4 mg/mLOZE A HEA]A
T2 FoI3lgdth. Atorvastating} telmisartan ¥ -850 ol
Al atorvastatin> telmisartans HA] Fof 3} 447 Fo|
atorvastating- o1 5}1c}.

Telmisartan 7o = FF A 2 FoF ¥ 1,2, 4, 6, 8,
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10, 12, 16, 24, 32A] 7]l A3} atorvastatin Fo] T+
FoF A " ok F 10, 20, 30, 453, 1, 2, 4, 6, 84| 7kl A
&3lsich. Atorvastating} telmisartan ¥ -850 72 telmisartan
Fok A Fok F 1,2, 4,6, 8, 10, 12, 16, 24, 3247}
AD3}IL atorvastatin FF F- 10, 20, 30, 455, 147l F7}
2 APtk Al HE AP daL dalie] ] A
13,200 ppm o2 1057 Al ] 5 IS Fsle] 24 A
7HA] 20°Cell M 3 sl

HPLC 24 3 EEEM7|o] =A

Atorvastatin®] 5= Joyces2| WS A= A3}
AchY HApA 2 7F 30 Lol| W E 552 (simvastatin, 200 ng/
mL)E F38F A4 (0.1% acetic acid)2] oM EVER £
120 L 7kt F 3023+ A™3] E2SIAL, 13,200 rpme]
A 1087 YA R sle] TS A A sl ok Al 3uL
£ HPLCOl| FH3t e Ao w=o wE WIrEFE
7o) Flo]z WAl 3t AJFEAL] F)o]a WAL o] &
sle] AgAS 281k

R A" A AgilentAl?] Eclipse XDB Cl18
(100x2.1 mm, 3.5 pm)°] AL A== 40°CE FA51
o] FAE 10 mM oFH| EARIE 5959 (pH 4.0): oM EYE
2 (40:60, viv)& AMEEF S, fr4-2 0.3 mL/min>2 3]
lsiT}. Atorvastatin, telmisartan®} W ¥-EFE21-2 77 2,22,
323 % 6.61%l 4 &=

protonated precursor ©]-23} product ©]-S FAle &A=
reaction  monitoring  (SRM)& A A3}k
atorvastatin, hydroxy atorvastatin, simvastatin

selective
Telmisartan,
[M+H] ©]22] mass transition> Z+Z m/z 5154 —275.8,
559.4—439.8, 5752 —440.2, 4192 > 198.8°] T} HA 2
ESI, positive model| A =88} o] ARE-%l F71-2 Table |
7} 7o}, atorvastatinZ} telmisartan®] | A A 23t A| = 747t
10 ng/mLe] i},

SEETTE e

Atorvastatin®} telmisartan®] FEFE|EH FEu|EHE
WinNonlin® (version 2.1, Pharsight Coperation, Mountain
View, USA) & °]-&3l 2d njejEX o= T3t %

Table 1. Ion transitions of atorvastatin, telmisartan and simvastatin (Internal Standard).

Compound Precursor/daughter Ion DP (eV) CE (eV) CXP (eV)
Atorvastatin 559.4/439.8 106 31 12
Telmisartan 515.4/275.8 156 65 20
Simvastatin(IS) 419.2/198.8 106 19 14
ATV-OH 575.2/440.2 106 31 12

DP (declustering potential); CE (collision energy); CXP (Collision Cell Exit Potential); ATV-OH (Hydroxy atorvastatin)
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Fig. 1. Mean plasma concentration-time profiles of atorvastatin after an oral administration of atorvastatin 10 mg/kg) in the
presence (O) or absence (@) of telmisartan (4 mg/kg) in rats (mean+SD., n=6).

FEAIE WA (AUCK: Abehe] 3348 o] 83 AFE3A
o HIEF55(C)ot HXEFTTE ZFAZHT, 0= Al
e 55 E AN E Ik 2] H5rEe
3|7l o8 T3 2ASEAF(kYZTE 2] it
7](t,,=0.693/k) & AFEEA .

SAHIX2
oFE-FElshE slefu|el 5o FA RS Student's t-testE

A3} TH(p<0.05).

317 oA atorvastatin T 2} telmisartan B-8-Fo 2]
atorvastatin®] A5} FEFE FJr|HE Fig 13
Table 20 Z+7+ ePH I} Atorvastatine 3 0.6+0.4 A]
Zroll L HFE % 41.5435.1 ng/mLel] =381l W)=
2.942.7 Alzbol gl o FIHHAIZEA] AbESE Al Zb-w 5 A
3} W32 97.6+51.2 nghr/mL G}, TelmisartanZ} ¥ -8-F-of
Al atorvastatin®] °FE-EE]: atorvastatin W5 Fof Z3} ]

Table 2. Pharmacokinetic parameters of atorvastatin after an
oraladministration of atorvastatin (10 mg/kg) in the presence
and absence of telmisartan(4 mg/kg) (mean+SD., n=6).

Parameters  Atorvastatinonly At?rzifit:;l::avl:ith
AUC(ng hr/ml) 97.6£51.2 99.1+54.1
Chax(ng/ml) 41.5435.1 41.6£19.1
T (hr) 0.6+0.4 0.5£0.3
T, »(hr) 29427 1.9+0.8

WEte] oA Sl Abel & HelA| sttt

Telmisartan o7 3} atorvastatin ¥-8-5o] <] telmisartan
o] Ago}l FE-FeisHy Ilelv|ElE Fig. 29} Table 3|
272y Jelliglel T, atorvastatin ¥ -8-Fo FollA
10.333.88 A|ZFSZ telmisartan TH5Fo] oA 6.00+1.79
AlZbel Blsted 172v0 2 A UAl F7HE S HH(p<0.05).
AUCE telmisartan o -(2521.24802.4 ng-hr/mL)ol| ®] 3
atorvastatin ¥ -850 (3154.6+720.9 ng/mL-hr)ol| Al Z7}3}
= AFS e e BAA- 48 el C s
o4 e 2ol BolA] gokou), wEFed (2055
85.8 ng/mL)ell H]al] W-8-FolF (246.3449.5 ng/mL)ell A F7}
= A vepisH.

Atorvastatin 5o 3} telmisartan ¥ -8-F-o 2] hydroxy
atorvastatin®] A|ZPH 330l WF-REFEA o] F
&}t hydroxy atorvastatin ¥ o] =2] v]- &2 Jepl 2l hFig. 3).
T B 2 AlZbell 23 Aol =Rl AL, W-8-Fod ol
A] hydroxy atorvastatine] =2|A A== AL B2}
oA e 2ol el

i

[

Fig. 2¢} Fig. 39] 22 2AL($F) ol vehd A4 ll=
oA = W3} gl = SjARA ] hydroxy atorvastatin
A= A Adx Zelrt sl olF F3 F] OATPe|
oJgt 7 ofE ke A gAY v ARE Bl e
2 EFrEE AR =y

HAH2R 7FsAde] 7MY 2 EE NTCP (Na'-
dependent taurocholate cotransporting polypeptide)°] =F. NTCP
9} atorvastatinZh®] 2=l #A S A7 Ee AU
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Fig. 2. Mean plasma concentration-time profiles of telmisartan after an oral administration of Telmisartan (4 mg/kg) in the
presence (O) or absence (@) of atorvastatin (10 mg/kg) in rats (mean+SD., n=6).

Table 3. Pharmacokinetic parameters of telmisartan after an
oraladministration of telmisartan (4 mg/kg) in the presence
and absence of atorvastatin(10 mg/kg) (mean+SD., n=6).

Parameters  Telmisartan only Teklt](i)si:sa; ﬁv:th
AUC(ng'hr/ml) 2521.24+802.4 3154.6+720.9
Cax(ng/ml) 205.5+85.8 246.3+49.5
T,ax(hr) 6.0£1.8 10.3+£3.9*

T, »(hr) 5.1+£1.2 45+14
#p<0.05

Ratio of peak areas (metabolite/internal standard)

Time (h)

Fig. 3. Ratio of hydroxy-atorvastatin over atrovastatin vs.
time profiles after an oral administration of atorvastatin

(10 m/kg) in the presence (O) or absence (@) of telmisartan
(4 mg/kg) in rats (mean+SD., n=6).

statinA] 2 2] ef=-o] Aol 275 NTCPE &3 EFf-23F
A} (taurocholic acid)?] 571 2 A= 702 H 3Eo|
Ut HEH e HFAo] F2 statinAl ¢FE<l simvastatin
7} fluvastatin®] QAT-olA, A dF F=5 =ishd
NTCP®] Z13}Ad o] wli-§- wrolr(Km =250 uM) M| E2.9
ol A= g wj$ A2 Ao MIHoe| ¢l
Atorvastatin® X-f-Ad o] =2 statinA| 9] FE = =N
H|523k A3} ol e kARt OATPZ} A gtE oS o 2t
AlE WEZ NTCPE 538 F o7k 7 = vk ¢l
ov2 I 7bsAlS wiAl & 4 itk Atorvastatin 7ol A
T2 == OATP 1B1, 1B33} 2B19] 7|&elw, Al 5
2] OATP7} atorvastatin®] 5] Fodsl= A x= 7H7z}t 52%,
42%, 6%z Barsle] gl wha | telmisartan’= 1B12.ch
= B3 el 5=k @b telmisartano]] ©)
3] OATPIB3S E3F 45l 33ko] A7|ej2}= OATPIBI S
M 5= & 7] dFel Aol Al atorvastatin=}
telmisartans ¥ -€-5Fo] 3lobd atorvastatin®] FE-EE] I}t
vlEfel] 94 s W vepdr] o4& 7FeA el =
Fo AN Eo FE EES|= Oatpl, Oatp2, Oatpd= A
2] OATP1BI, OATP1B3, OATP2B13} A H o=z H-$-=|%|
T ot 71l Solddt 1 75l A FAMd o] Bk 1
e ol Age|A atorvastatin®] FE-5E] F2ju|Efel]
oA ol W3t veh A b2 A telmisartane]] €] 3l 3
S Hkx] 9k F o] OATPe| &l atorvastatine] 7Fo2 &
THUE ALZE JAFEE

Atorvastatin®] Fo9-8-F(10 mg/kg) in vitrooll A OATPe]|
gt 50% A EEZE (Csy=04puM = 223.456 ng/mL)ZH
g AzhE 3% E JAS st AAsigdnP
4 atorvastatin®] 5 =7} 1Csell B8] i wh2A 2A1F
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7] W&ol atorvastatin?} telmisartan®] A}E=2}-8-0] vjep}x]
%S 7FeAE 3t telmisatan FoF 4417 Foll
atorvastatine F2F8lich. 3}X]|qt atorvastatin?} telmisartan2]
A ol ol AbelE H9le FokS 20 mgkgR
F7HA F7HRE St 7oA s Abel= vl A] o
2ktH(data not shown). 5713 atorvastatin®] ¥ Eol| = Abs 28
o] {AHA] dgtoerm=E F2 HF atorvastatin® FE=7}
telmisartan?} 4} 2h-8-0] VJERR] ok 719 d9l& opElal
of| S¥lc}.

Telmisartan®] glucuronidation®| ] H&F2 2 wjAd = %
o ol vl o3 TA] EallEE s 2EPS o,
g eSS E 5 e g8 dTexE
double peakol] o]t A7rs=3ke] 7}5AS A A skl 0w,
3 FE o] 83 ATl telmisartan®] HHA peak] T,
E oF 1A7F oaelglom] FHA peak?] T, = < 74l
ZP00 2 BaEe] i) ol AFME AAE A F
FE-AlZE a2 Zo A double peakE #HE & 4
(data not shown), THA peak?] HFF=7} AHA peaks]
HF 5w r o} 230t} Telmisartan®] T, 7 o212] dgke =
Z7leiel= AHPE 188t o) atorvastatin} telmisartan B
LFAY T T4 A F7H8E 212 atorvastatin}t
g7 F2F3t Com oil wFol2kal At2 €.

ol

a4 =

3] Fo|A] atorvastatin?} telmisartan®] 853 A3},
telmisartan®] T, 7} -F-214 QA 1.7200 S7}8lodct. o] A2
723k 39] telmisartane] 4A]7F Fol] T3} atorvastatin
o] wj&al corn oilell 98l F57F AAR Aok F FEo]
R Oatps T8 F7Heol wel A o] HELE o s}
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