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Pharmacokinetic study of deuterium-labelied

coenzyme @10inman
Y. :I'OM:I‘:;\I&‘., J- Haszoaws), T Fext’, K. Morear! mﬁ N. Mé_n:s"{u_?-a"

'Section of Clinical Pharmacology and? Section of Clinical C.éem:'stm R&D Division,
Eisai Co.- Ltd, 4-6-10 Koishikate, Bunkyo, Tokyv, Japzn .

' Q10 (CoQ10) in man was studied by arlizing
dewrerium-Jabelled coenzyme Q10 (d-CoQ10). The absmce of an istrope -effect In the
disposition of d-CoQ10 in.man wes confirmed from the plasma concentmtion dme corves
after simulmneous oral dosing of ds~CoQ10 and unlabelled CoQ10. After ozl adtministration

of 100 mg of ds-CoQ10 10 15 healthy male subjects, the mean plasma CoQ10 level attained 5
'ml at 6.5 = 1.5 b after administrarion, and the termiral elimination

Abstract, The pharmacokigetics of Imcnzymc

(Bl 1)

peakof 1,004 % 0,370 pg!

balf-fife 'was 33.19 % 532k, In most of the subj
ar 24 h after dosifvg, This nomsoal plasma leeel
cornpartuient model based upon the assumptio
and then transferred mainly to VIDL and

jects, plastha ds-CoQ10 showed 2 second peak
eurve was well described by 2 newly proposed
n that absorbed CoQ10 is taken up by the liver
redistibuted from the Siver to the systemic blood.

Ezy is;o':-'_d.s.i coenzyme Q10 — pharmacokinetics ~ stable Isotope

Introduction

- Coenzyme Q10 (CoQ10) was fsolsted in 1957 ¢
from bovine heart muscle, and was foond to play an
important role in energy production es a sonstituent
of the electron system in mitochondria. In
- svbscquent studies, it bas been demonstrated that

CoQ10 abso has many physiclogical actions, including
the ability 1o improve the condition of jschemic myo-
cardial lesions [Nayler 1978, Mochizuki et al. 1579),
maintenance of the integrated function of biologica!
membranes [Baum ¢t al. 1980], and an antioxidatjve
effecr againse Wiological peroxides, :

Since 1972, CoQI0 has been nsed clinically for
the improvement of cardizc fonction in patieats with
mild hearrfailure in fapan, and clinical stodies aye now
being conducted in ths Upited States and several
Eurcpean counrdes, However, relatively feor phar
macekinetic stodizs have been carried out in man
[Fujiraer 2 1972, Kishi e al. 1981, Kishi ex ol, 1984,
Liicker er al 19841 Mobreover, the disposition of
CoQ18 is sull uncleay, partly because of the difficulty
of méssuring exogenous CoQ10 separately. from
endogencus CoQ10.

The. piesent study was carmied our so-investigate
precisely the phermacokinerics of devterinm-labelled
CoQ10 in mun after eral administration. ‘

Reprint sequeses 10 D Y. ‘Tomoro

Materials and methods
Desteriwmrlubelied Co1a -

. Deowrign-labelled CoQ10 {d-Co(i10) was Kindly suppiied
by Me Hathimote (Scction of Prodnct Chooisery; Einai Co.,
Lad.). The strscmare i sfrpwn in Figure 1. The purity was more thag
994% when assayed by the UV (275 niw) method, and the thin-
Jayer chromstogrm showed 1 simgle spot. The conwent of
d-CoQ10 determined. by the schecisd-ica monitoring mathod
[Fmabayashi et al. 1979} wat more than 9% of the tonal CoQiu,

Human study
Medicadons -

Powder preparations tontaining 700 mpdg of ds-CoQ1D =nd
expsules conwining 100 mp of CoQI0 were used.

Subfems
Seventeen healdiy male volonreers berween the agey of 23 and.
45 panicipated in this study. A physical cxamination and laboracory
tesis were carried out before and afier the study. Ezch subject hed
given writien informed consmz to participation . the study, whith

was conducted i rwo parts, Twe of the subjeces pasticipated in
part I, and sixteen of them in pan 2, enly on= tking pan in both.

Stedy protocol |

(Study 1) Three hundred milligrame of -CoQ10 and the
a2me 2mpunt of Col3I0 were tken with 350 ml of water within
Mmin oftcr breskfase The sobjeces absidined from food and
afeohol for st Jtast 10 hours before breakthst and for 8 hours after
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the adnyinistration. Samples of & mt of blood were collected at the
bollowing times uing glass ryringes: before administradon aod 4, 2,
34,5, 6,7, 8, 10,12, 24, 43, 72, 216 (10ch day) and 336 (15:hi day)
hours afier sdministnion. Each sumple of heparinized whols blood
was bnmediately centifuged ot 3,000 np.m for 15 min and dhe
platma was frozen uritil 2anlysls,
{Btudy 2} One hondred milligrams of d-CoQI0 was 1sken

30 min afies breakfast (B30 am} with 180 m] of watee, The sobjects
abstaned From taking food =nd aleobo! for at Jeatt 10 honrs before
breakfast, ‘They were given $80 ml of prange juice and two cookics
ar 11 am, Junch at 1 pm, 180 m] of chilled-colfee and rwo cookins st
3 pm nd dinner 2t 5 pat.

. "Blood collections were made ar the follomng Soies using
glars syzinges: before sdmiizteation dnd 1, 2,3, 4, 5, 6, S. 10, 12,
24,48, 72 and. 144 house aficr adm:m:n'l'uon.

Mﬂﬂj}roﬂ:ﬂfﬂm .

The amounts of CoQi0 and dr-CoQ10 in pleen were
messured by dizeér-nlet selected-an monitoring method TSIV
[fmabayashi ec zl, 1573).

Exmacten procedure
Plesma {1 ml} was mixed with 3 pg of internal ssandard (2,3-
dimechoxy-5-athyl-¢-decapreny? benzoguinone) in 02 ml of iso-
propancl, 20 mp of pancreatin in 2 mi of 165-HCl bufftr rolurion
and Bmp of mwechohre in 02ml of aguesns solidon. Fhe
.. mbmure was peady shaken for 2h at 37* C, then extracted twice
with 5 mf of a mixmure of n-bexanerisopropanc] (3:13. The com-
bined organic pha.rc war evapormted at 45* C undera nivogen gis
soemn, and the roidue was disrolved in 0.6 ml of ethyl atemte
“Tivo miteoliters of the soluifon was placed In a capillery and heated
with 2 difer (o evaporate dthe solveor Then the ghss capiflary was

insered Inwo che ionization chamber of 2 JEOL JMS-DX 300 mass

speatroteten.

N

Mass sprerometry

The conditions of masy speetrometcy were ar foliows:
enricher temperarure 2507, probe wempentore 200-285° C (327
min), Tonization wvoliege 30V, joniZarion current 300 pA, muld
g4in 200 For the DI-SIM analysis, miz 864 [M+2]*, miz 859
[M+2]* and mlz 876 [M+2]* wrere need Tor the detenmination of
CoQID, dy-CoQID ind internal sandard, rspectively. .

Calbibration corve

The selected-jion monitering chromstwograms wnd the calibse-
ton rurves are shown jn Figures 2 sad 3, The CV% of the znalysis
of d;-CoQ‘ID In plasma 2t the concenwrations of 0.1 pg/ml and

5.0 yg/el were 5.24% and 293%, resptcnwly‘

Dara apelysis |

The compartmont modc] shown in Fgure 4 was used for the
phammacokinede analyris of plasma CoQ30. Nonlinzar regression
analysis was pecdormed by using the simplex method [Nelder exal.
1965) on 3 Hawlen-Packard 3ystem, Model 2838 compurer.

1 : Sample inserdion ime
2) Plasms bank
b} 1 pep of dx-Lol12 adied o plasma
Fig.2 Chromatogmms of human plasma with or withour addidon

of drCOQ! D,

10
o 1
&=
& A
.{” 1 . i [}
. Ja 1
Concentration { xg/ml)

Fg.3~ Calibration eucve of d-ColQi0.

1 ~ 12| k2 ~ 13 | LN

Hg.f Compartment moded of she dirposidon of CoQ10, 30 is the ©
gustro-intestinal comparment; X is the compartmene which
sepresents the plasms chylomderons and whe ssues to which rapid
discribetjon cun ke place; X2 is the lver; X3 ir the comparmment
which represents VLDL and other tissues whicth are vapidiy
accessible ro the CoQ14 in these proteins; and K0, K1, K2 rnd Kel
are the raye constants in the regpeative swops, Pluma concemrarion
of CoQ)0 represents the sum of the concentradons in compase-

ments X1 and X3,
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Time after Adminfstration (i

Fg.5 Time wourre of plasma éon-
centrations of dp-ColQID (solid
line) and d:-CoQI0 [domted finr)
after oral adtministraton of 3g of
powder preparation contsining -
100 mpfg of di-CoQ10 and thres
CoQID  esprufer conwmibing
100 mgfapsule of d-CoQ 0.

Fig.¢ Tiwe covrse of plasma con-
centeation of dy-CoQI0 zher ozl
adminisation of 108mg of dp-
CoQ10, Each point sepresans the
mean & SE of 16 sebjects.
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Table 7 Bioavailability paramcters of d-CofQ10.

Subject Mo, =~ G Tt Xel by AUC cit
(g/eed) ] B¢ ] {rgfbsml) {h)

1 Q508 60 ooz 368 2957 338
2 LEFE 7.0 _ 0,019 3748 7047 14z
3 0738 (n.E27* 6.0 (240" 0.025 2822 50.35 199
4 (i 1] 8.029 2354 2.5 238
5 " DSs1 50 0,021 a2 “ 18,99 527
& 1195 ] ©.020 3405 43,10 204
7 1379 100 0.07 40,18 60.34 144
[ 1.742 &0 0.026 .07 55,66 120
3 1106 10,0 T 07 w057 31.60 Leg
1 o794 50 o020 . .94 un 4513
11 Q736 60 0.022 3217 3752 263
1z 0:383 (0.650)" B0 (2400 0.019 %% 5275 1.90
13 0565 (DSE6)* &0 (2408 0.021 3362 6508 £.51

Ty 1554 60 0.021 3329, 1452 235
11 1150 50 £.029 218 3253 3.07
a6 1270 £ 0.017 %024 4729 Z11
Men L.00¢ &5 0.02f .13 45.52 245
sD 0.370 15 0.004 532 1453 304

Resalts
Study I

The plasma levels of exogenous CoQi¢ and d,-
Cof210 zre shown in Figpnee 5. The inerease in plasma
concentration of CoQ10 due to absorprion of exoge-
nious CoQ10 was calculared by subtracdng the plasia
level of CoQ10 before adminkstration from the plasmsz
concentrations after adminigreation. As is dear from
this figore, the time covwse of plasma concentration of
d5-CoQl10 was the same 25 that of exegenouns CoQ30.

* Apparesk learabces obhained by assuming 100% absorpiion. ® “The concentuzion and trae of the second prak.

‘This result makes the existence of an votope effect in
the disposition of d{-CoQ10 unlikely. -

Stardy 2
Flasma levels of ds»CoQ10 and bioavailability
parameters . 7

‘The mean plasma concentration of d;~CoQi0 in
16 subjects and the bivavailability paramerer obtained
in each subject wre shown in Figure 6 and "Bhle 1,
respectively. Each subject showed a sharp peak at 510

254

g,

K

=

= 14

=

= gy by 3
Fg.? Effer of sdminfeered =
&-CoQ10 on the plasmz levd 6 & 5
tndopmons CoQit. Fack peint
reprr.s\:m:: Th: mean i SEO!. !6 ] x 1 | S ) ] Iy ] 2 i A
wbjects, ] 2 L 11 b6 120 143

Time 2fler adminisiration fhr)
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Fig.8 Compmerficed cupee for the plisma concermration of
d-CoQ10, Each poine represznts the moin-% SE of 16 subjeers.
The solid £ttree peprestes the nonlinter feagr-squares regression fit

to the experimental data.

Fuags vt ol QlIDpgin -

ST T T T T I
KRR mmmmmm]n | fit
Fig.5 Predicied plsma tontentrasion of CoQI0 in subjocts 6 2
- muhighe dosing schedule (100 mg £T.4, 4t 900, 14:00 zod 19:05).
+, The phrumacokiacec parimeres shows in Table2 were used los

. the fmyhtion.
i

Yuble 2 Pharmacokinetic parsmnsmers of deCoQlo.
Paameser ] Obwin:d value
T ® £213

%1 ) .oe3

K2 k) 192

e ({12 0,023
Korvy {gfied b) . Da6s

Rorvs {gfral B) 0.193

Lag h 1659

u, K1 o3 (205

u, R2Z by ' 347

w Kl () 3015

T: timeaker sdnvnistraton when absarption ceses: Lagt Ing time
of absorption; Vizvolumz of diseriburion of ccm'pmml:nt ont; V3:
volume of disoibotion of comparoment three; These parameters
werz obisined by computer fitting of the rsean conetntyation of 16
subjects vsing the simpkx method.

10k afeer doging; and the saean valies of Cru and
T werp 1004 £ 037 pg/mbiand 65 £ 15 b,
respectively. However, moscof the subjdois also gave
2 wide sceond piedk a¢ 24 Iy-dfter dosiig, and jn thres
of them, the stcond -peak was higher than the firsc
peal. The Gy 20d T '0f second: peak in these
subjecty arc alse presented-in Table 1, Becavse of Jack
of inforfation shot the éxtent bF abisrbed CoQ10
afeer. oral dosifig, trie”plitma cléafance” cannot be

caleufared and the clearance valuss shown in Table 1

ore the apparept’ cdlearances whith' wers obuined by
assunﬁng 100% sbsorption. Siibé atval pleamn clear-
ance should be eqial £ orléss chian these values, it can
be conclnded thiae CoQI0 is°a drug with low clear-
anice. DUt 1o this Jow clearsnce; the plasma half-life
was fzirly Jong (mzan & 8D 33.19 532 h).

" Effeet Ercko‘gém;uﬁlds—_—c‘oé‘l don ph_s"x_n;”]'cvcl of

endogenpus CoQL0 .
Fipure 7 shows the medn plesma fevels of en-

‘dogenous CoQIQ after oral ddministration of ds-

CoQI0, Thére was lindle cffect of the -sdministered
dose on the plasma levels of eidogenous CoQ10, and
the mean vilue was nexly coristant.

Computér analysis © - .

Becavse bf the macked himp 24 hrafter adminis-
tration, simple compartment anclysis was considered
inapplicable ih Wils casE, We carried gut che fitting of
the ddta 10 2 newly desived equation based upen the

" comparmment model shown i Pigure 4. The com-

puter-fitted curve for the facen dara after administra-
vion of 109 mg of ds-CoQ10 is showo in Figare 3, The
entire plasma concentration erve was well described
by the proposed model, :

. Dizcussion

Although severzl reposts on the pharmzcokiner-
ics of Co(10 in man have appeared in the past decade,
s pharmacokinedie profle s still ot well under-
stood. Since CoQ10 is 2n eadogenovs compownd 2nd
sbout 05 1o 1.0ug/ml of Coiit is present in dhe
plasma, it is very difficelt to' estityare precisely the
pharmacokinctic paratatiers. In addidon, CoQ10

shotes an upusual plasma‘level curee after ored dosing,

snd this saskes it difficult.to analyzé the dara bexed on
2 simple compartment model.

In this study, d5-CoQ10 was used 1o minimize
1he interference of endogenous CoQID with the stady
of tbe disposition of the CoQ10 absorbed from the
gastro-inmsdoal tract. Although Do =pprecizble
change of endogenous plasma CoQID level was
observed in the mean dota, mdividoal dar showed
diurpal variation to some extent. This observation
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taakes jr feasible to vilize ds-CoQI0 for the phar-
macokinetic stedy of CoQ0 in man, éspecially in
small doses. In order to extrapolate the results of 2
pharmarokdnetic: study caried out with a stable-
isotope-Jabelled compound to 2a unlabelled com-
pound, it 35 necessary to confim the abstnce of
isotope effects, Siuce the sbeence of any signifeant
isorope . affect. was indeed confirmed, the phar-
macokinetic profile of di-Co(310 cbruined in this
study. can be considered to represént that of CoQI0,

The - mean T, value of 6.5 4 indicaees slow
absorption of GoQ10 from the gastro-intestinal tract;
this value.is similar 1 the previously reporied value
(5.7 h) {Liicker et al, 1984]. The slow absorprion of
CoQ10 can be understood as being due to its lowr
water sofubility. and high molecalar weight, The
plestoe half-fife obizined {33.19 2 5,32 b) war slightdy
shomer . than thet presiously yeported (50.57 £
19,74 h) [Liicker er al. 1984]. T

It was supgested that the existence of enterohepa~
tic recyeling caused the increase in pluma CoQlo
Ievels- 24 after oral administration [Licker er al.

1984). Howerer; erterohepatic recycling cannot ex-

plain why the second peak is sometimes higher than
the first peak, as observed in the present smudy.
Receridy, Yozuriha e wl. (1984) showed thar CoQ10
intravenously administered to guinea pigs was trapped
by: liver,.then incorpotated in VLDL, and finally
secreved’ into the blood from- the liver. They also
observed 2 second peak of, CoQ10 in plasma even in
guinez pips with 2 bie fsenlz. From thesz results, they
suggested thay the elevation of Blocd level fom 2 o
8 b after admibistration resulted from the redistribi-
ton of administered CoQI0 from the liver o the
Hlood, .

Since ft is likely that CoQ10 absorbed after ora!
administration 1o mzo 1= handled in 2 myanner similar
to that fovnd in the guinea pig after jnuzvenous
adminisrarion, the compartment model showe in
Figure 4 was nsed for the pharmacekinetic analysis of
plasma CoQ1¢ in this study. The model could suc-
cessfolly describe the entre plasma goncenbarion
curve of CoQI0 (Figure B). Although concrete
experimental evidence i maz i sot availsble yer, the
results of the compartment analysis support the pro-
posed mechanism of occvrrence of the second prak i
man. The phamacokinetic parameters obtained are
presented in Bble2. The absorption rate constant
(X0} was jound ro be beuer expressed by assuming 2
zero-order rate constant than by assuming a first-
order kinerics, as was suggested by Gibaldi eral. 1982,

Figore ¢ shows the simulated curve for muliple -

oral zdministravion of CoQ10 based on the obmined
pharmacokinetic pararserers, Plasms concentrarion of
CoQ10 can be expected to avmin 90% of che sready-
staxe Jevel within 4 days 2fter the commencement of

A

adminisition. The mezn steady-state leve] was psti
mated to be 5.4 pg/iml after 100 myg 4.4, d. dosing, and
this is about 4 10 7 tmes the level of endogenous

CoQY10.
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Abstract

The safety $Fele of Coenzyme QID (Kancka Q10) at high doses for healthy subjects was assessed in a double-blind, randomized,
pPlacebo-contrelied study, Kaneka Q10 in capsuls formn was taken for 4 weeks at dosss of 300, 660, and S00mp/dey. by & (otal of eighty-

&ight adult volunteers, No-serious adverse cvents were observed in any Eroup, Adv

in 12 voluateers.with the 300mg dose, in 20 valunfesrs with the §00m
symploms and gasiroiniestinal efects such os abdomina! pain and soft feees. These

comenonly reported svents indJuded common cold

tvents exbibited wo dose-dependency and were judged to have no relntionship 10 Kaneka Q14. 3
ejudged nol to be clinfcally significant, The plasma CoQ10 concentration after

Hochemistry, end 'urinalysis were not dose.releded and wer
8-month wilhdrawal was almost the same as
saft for healthy aif‘}ﬂts at intake olup to 900mg/day.
@'2005 Elsevier I'Ejre. Al rights Teserved.

ersc events wers reported in 16 volunicers wiih placebo,
E; dose and in 16 voluntcers with the 800 mg dose, The wost

Changes observed in hematolopy, blood

that before adminisiration. These findings showed that Kaneka Q10 was well-tolerated snd

Reywords: Cocn%}"ﬁfQi o; Ubliqulnonc; Sefely; Clinfeal trizd; Toxicity; Semi-acute toxjcity

1. Introduction

Coenzyme Q10 (CoQif) is a bivlogical quinone com-
pound that is widely found in living organisms including

"yeasts, plants, #nd gnimals. Many plants and animals,

including humans, have CoQ10 mainly With 10 isoprenoid:
chains (Thrunen et al, 2004),-

CoQ10 is widely used as a dietary supplement Two
major physiologieal activities ol'it have been reporteq (Tur-
unen etal, 2004). One is erhancement of mitochondrinl
aetivity related to the synthesis of ATP, and thé other is
antioxidant activity. The entioxidant activity appears withi
the yeduced form (ubiguinoi) only. The oxidized form (ubi-

° Carcesponding author, Fet: +8] 66226 5055,
Emait aedress: kenjififii@im kaneka cojp (K, Fufii)

0373-2300/8 - se& frontmatter © 2005 Blsevier Inc, All rights reserved,
doi; 1.3 67, yriph2005,12.002

quinone) may be reduced to ubiquinol enzymatically 2fter
absorption {Mohrel al,, 1552), .
CoQ1Q is biosynthesized and concentrated in the heart,
kidneys, liver, muscle, pancreas, and thyroid gand. The
content of CoQl0 in organs decreases with age (Kalen
et &l,, 1989), Although CoQ10 can be obtained from foods
such as meat and fsh, its content in them is very low
(Weberet al, 1996). Therefore, some nutritionists have con-
sidered CoQ10 suitable as a dietary supplement, .
CoQ10 has come to be widely used as 2. distary suppl
ment, and daily intake of it has ncreased in recent years.
Safety assessment of dietary supplements is very important
since gun'sumers-use them without doctor’s advice. In such
assessment, the impurity profiles of test ingredients shonld
be defermined, Minor components sometimes cause health
preplems, The impurity profiles.of CoQ10 ingredients differ
because of differences between ingredients in methods of

_']]._.
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production, For example, there are two major methods for -

production’ af CoQ10, One is fermentation using yeast or
“ bacteria, while the other is chemical syothesis. The all-rrans

{form of Cchﬂ is the natural one and the'¢ls form is not

obstrved i atire: The fecmentation methied produces all-
Zrans CoQ10 while chemical synthesis produces mixed eis
and trans product No information is available on the

safety. or biological, agtmty of ;hc’m—;lsomer. If should be. : .

noted thesé dlﬂ'ercnce.s fn unpumy profile m;ght aﬂ'ecl ths
safety of ingredients; TN 0 N B SR N TS B O N
Because Kaneka QlD Is produced by fermentation thh
yoast, it does not contain cis-isomer, (ali-tram tygg,,qup)
The content of CoQI0 in Kaheka Q10'is over 98%. wuh
CoQ% emd CoQ11 as major bnpurities, "7
The safety of CoQI0 (Kaneka Q10) has, baen exammed
in severa] studjes. Acute, single-dose tnx:mty tédts showed
the LDS0 of Kaneka Q10 to be over 5000mg/kg. Sub-acute
1oxicity (4 weeks) and chronic toxieity (52 weeks) tests were
performed with rats, In particular, a 52-week study revealed
no toxicity even at a dose of 1200mg/kp/dey (Williams
etal, 1999), from which the acceptable daily intake (ADT
for adults weighing 50kg was estifaated to be 600 mg/day.
It was also reported in clinical studies of patients with early
Parkinson’s dissase (300, 600, and 1200mg/day for 16
- months) (Shulis et al,, 2002), Hunfington’s disease (600 mp/
"day for, 30 moaths) (The Euntington Study Group, 2001),
and heart disesses (50-150mg/day. for 3 months) (Baggio
etal, 1994) that the frequency of side effents was almost
cquat 10 that in the control groups, indicating that the das-
age levels examined were within the limits of tolerable
intake. However, the safety of CoG10 for healthy individu-
2ls has nol been reported,

-In this stody, we assessed the safety and mcasured blood
concentrations. resulting from zdministration of Jargs
amounts of Kaneka QI0, up to 900mg/day, to healihy
adults for 4 weeks,

2, Subjects and methols

Z.J. Subjects

A 1ol of 55 licahhy male volunleers {age: 20-60, weight: 50kg or
over} and 33 henlthy female volunicers (ages: 24-55, weipht: 40 kg or over)
. were enrolled. Volunteers in the following cerepories were excluded: ()
Those who took medlcines or supplements that contained CoQI4. Gi)
Thinse who had scrious discases such as disbetes, liver disease, Nidney dis-
ease, hieapt disease, etc (i) Those allesgic (o Toed or aleoholiv, (iv) Those
wite hiad puriicipated in other dinfen] texts in (he past 3 mornths, or who
" were participating in other tests at thsstast of our clinical trfal (¥) Those
who were pregnant or Jikely jo become’ pregnant,” The procedures wene
approved by the Etbics Caromitics of Hara-Doi Hospital and carrded out
in ncmrdnnne with the Helsinki Docmmunn of 1875 us revised in )543,

2.2. Brotocol

Fhis sindy was podormed in o doubfe-blind, p)nccb&-cdmm]led man-
ner, The sobjects were rendomized into Four gronps; by number, 25 fol-
Tows: a placebo proup {17 mafes and 11 femukes), & 300 mg/day group {il
males und 17 femules), a 600 mpldoy group {71 males and 11 females), and

" 4 900mgfday group {22 males and no females). Copsules contained 150myg

_‘] 2_
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Tadlel
List of test jtems
Test Items
Physical Body weight, blood pressure,
examination pulse, electrocardiogram, body tempemture,
medical expmination by interview
Hemntology Leupatyies, basophils, cosinophils,
' bymphosyiss, monocytes, neatrophiks,
ecythrocyiex, hemoglobin; hematocnil, platelets
. Blood Total protein, aibumin, AJG, AST{GOT),
.+ biachemisiry ALT(GP’I',L LDH,ALP; Y-GTF. sotn? bilizubin,
exeslining, Gree niragen, uwie acld, CPK, TC,
HeL-LC, .I..DL-C. TG, Mo, X, Cl, glucose, HbA le,
. " fructdsamine, Taetis acid, Tsulin, glyco-albitmin
Usinalysls, pH, protein, glucose, ocewlt bload, bilimbin,

urobilinogen

-

of Kaneks Qi Ev.ch suhjm {ock three cupmlu (placebo andfor Knncka
Q10 cdpsules) toite o day, in themorning and 1n theeveningofier meals. A

* . physleal examinacon, hematofogical tosts, scrum chemisiry examination,

end uriralysis were pesformed befor, afier 4 weeks of adminisiration, and
at 2 weeks afler withdrawal. Tite tested fiems ave Nsted in Table 1.

Adversz events were defined s unfivorsble medical evenls (subjective
sympioms, objective symptams, ar unfaverable abnomwl clinical datx)
thnt the voluntcers commented on alter taking the preseribed matesil,
regardless of whether 1bey appeared related to the test muteriol. In the case
of un advesse evenl, the volontecs was Liveled as requived, apd the symp-
toris nnd fndings were recorded. The degrez of s:vemy was jndesd by
physicinhs to'be mild, modemls, or sevare. -

For each event, n relevance mifng (plansibly related, possibly related,
vncertain yélutionship, tnrelated) was nssigned acoording to the [ollowing
eriterin by physicions—plusibly releteds the souree of the adverse tvent
was probably e test material, s judged by the reeognition of e cleas tem-
poral relationship 1o the administration of the fest. materinl, Pogsibly
selated: 2lthough 2 clear tempoml reltionship to Rdminfsirtion was rece
ognized, the possibility ‘that the source of tbe adverst cvent covld have
bten something other than the test materis) remuined. Uncerlnin relotion-
shipz tio clear tempom! relationship $o ndminTstration of the lest mategial
weais found, and it sppearcd likely that the sobres of thi ndverse cvent Wiy
something other Unan the fost material. Unrefated: 2 sounee of the adverse
event pther then the test material coutd be deardy identifed.

2.3, Conposition of Koneln Q1) capsules

The capsule used in this study was provided by Kanck Corporition.
Epcl capsule contalned Kawekz QIG }50mp, Jesithin SLP-PasteNGS
(Tsuji Oil Milh) D.6 mg, saflower of {Rinor OfFf Mills) 202my, Pozm 5-
100V (Riken Vitamin) 0.9 mg and yellow beesomx (Miki Chemicel Indus-
17¥) 6.5 mgz The placebo enpsule contained suiower oil instead of CAHQIN.
The yurity of Kanzke QIO was over 58%, and tiie main impuyrities were
CoQ9 and CoQ1 ). Kanekn Q10 did nat coktoin cls-omer ol CoQif,

2.4, Deternsfrotion of plasina Co210 concentration

A 5w} blood semple was collecled the day before the start of the
fest, at 2 duys. werks, nnd 4 Weeks afier the starl, and at 2 weeks after
“the lermination of inltke, In fasted (overnight) condition. To estimate
the fong-(erm eflects of or! intake on _CoQ4 biasynthesis, phsma
CoQl0 concentration was detesmined Tor 11 muic subjecis in the
900 mpfdoy growp und for 7 females In the 600 malduy grovp 2t 8
manths after withdmwa) following 4-week admintstration, Other sub-
oets wore refected becpuse of they 2ock CaQlO supplemens fn this
“periods.

The collected bloed sumples were immediztely e=ntrifuged at 2500-
3000 spm for 10 min. The plasma was immediately frozen with dry fce
and slored at —70°C vnlif testing. The soncontration of phsma CoQI0
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was enlculated by summing the eontents of CoQI0 In reduced form (ubi-
guinol) and oxldized form (ubiquinone), euch of which was meusured by
HPLC, The method vsed for defermination wog as deseribed in Yomash-
$ta and Yamamoato {1997) with minar modifications, A 0.2ml pottion of
plasma wasadded to 0.9 ml of isopropyl aleobiol (iPA) 1o extract ColQID,
After ‘tentrifugation (12,000 rpm x Iminj, 0.04ml of {FA phose was
injected fnte HPLE, The HPLC system was £ Menospaos S1-2 (Shistido)
Inclading i cloctsochemicat deteétor, The mobile phise wos metho-
nolisepropy] aleokol (90:10) contalning SOmM sodivm péttklomte.
The retention times of ubiquinol and ubjquinone wase 18 and 2] min,

seepeclively, . LE.
2.5, Statisvical analysis

. 2N, . .

For statistica] analysis ol duka, e performed Stydent’s 1 test for fest

items befors staning sdmibsisiration in each group, and Yo 22 teit for sub-
Jective ymptoms in the plasehs growp, e

3. Resulig
3.1, Subjects

A tota] of 88 volunteers were enrolled in the test: 11
males and 11 females in the placebo group, 300mg
Broup, and 600mg group, and 22 male volunteers in the
900mg group®The following subjects were exciuded
{from analysis: goe male in the placebo group with exan-
theina, one maie in the placebo group with Fever and
headache, and one female in the 300 mg group with urii-
cariz. One male in the placebo group had acute colitis.
Allhough his rais of test supstance intake was 76.8%, his
dala were included in the analysis, The compliance rare
of the ather subjzcts excesded 50%. The data for 20 sub-
jects in Ihie placcho group, 21 in the 300 mg group, 32 in
the 600 mg group, and 22 in the 900 mg group. were ussd
for analysis. ‘ -

| 3.2. Physical examination

Body weight and diastolic blood pressure are summa-
rized in Table 2 Significant but ‘small changes. were
observed in weight in ihe 300mg group and diastolic pres-
sure in the placebo group, but were not dlinically sipnifi-
cant. No significant change in systolic pressore, pulse, or
body temperature was observed,. No electrocardiographic

abnormalities were observed. A statistically significant
difference in’ systolic pressure was noted in the placebo
group, but was considered a random event,

3.3. Laborazory ftests

‘The results of hematology test are summarized in
Table 3, On between-group analyses of number of erythro-
cyles, hemoglobin, and - hematocrit, signiticant but small
changes were phserved, but were desmed not to be of glini-
ca) importance. No significant chanrge in white blood cell
count or platelet count was observed in any group,

The results of serum chemistry examination are stmima-
rized in Table 4. No significant differences were observed
ameng groups in the 13 ftems, but smal) chanpges within the
Tenges of standard values were noted.

The results of wrinalysis are summarized in Table 5, Only
in urine pH was a significant, though small, change within
the standard value rangs observed, but it was deemed not
to be of elinital importance, No significant changes were
observed in any of the other iterns,

3.4, Subjectlve spmpioms

‘Numbers of subjective symptoms are listed by classifica
tion in Table 6 and by relevance rating iin Table 7. The fol-
lowing subjective symptoms were reported in the placebo
Broup (10 subject, 7 males und 3 females); common cold,
locse stool, starmachache, nausea, headache, fever, skight
fever, exanthema, and enterocolitis. Subjective symptoms
and their relationship to the test material were: 1 case possi-
bly. related. (enterocolits), 8 cases with uncertain relation-
ship, and 7 cases unrelated. -

‘The following subjective symptoms were reporied i the
300'mg group (3 subjsets, 3 males and 5 ferales): comimon
cold, pharyngitis, fever, light-headed feeling, headache,
fatigue, Tumbar pain, loose ston, diarrhes, vomiting, urti-
caria, and:gingival pain, Relevances ol symptoms to Lhe test
materiat were: 10 cases with unceriein relationship and 2
cases unrelated. '

The following subjective symptoms were reported in
the 600mg group (11 subjects, 5 males and 6 females):

Table 2 .
Summary of physical examinetion
liems . Dose n . Brefore intake 4 weeks afler 2weeks after
{mpfday} intuke termitation
Weight (icg) Plucgbo 2 . 8l9x2a7 52023 6159428
. 300 2 6L12:26 BLEE26 0525
690 22 597£2.0 204521 59.4d;10 .
. 900 22 68,1222 680:4:22 . 61921
Diastolic prossure Phcebo 0 Ba9%2) 184£18 80613
{nmBlg) 300 21 81718 78,612 BIxLT
1] 22 336114 f23£14 B5L LY
200 - 22 8464210 24613 32619 -

8 p<005 vx, before Intnke (Studeat ftast).

_13_
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Table3d -

Swomary of hematology

Items " Dese n Belore inteke 4weeks ofter 2 weeks afier
(mg/day) - . Intake terminaion

Hematocrit (%) Placebo 20 43024 D96 4278 112 4234112
300 21 43545 1.04 41B3:1 102 4316092
600 2 43512103 4280 034 240084
200 2 4583:40.56 43.18::048 45153:045

Eosinophils (%) Plzesbo X 329038 3294645 3901046
306 ) 3036045 3402037 ° 331 %049
son . 22 4554038 314:037 332036
900 n 2853038 35340385 3171048

Erythrocytes {J0%L) Placebo % 4683::92 AERT 106 469.5: 10,
300 2. 461389 458,54:82 - 463773
a0 - 22 4706::9.1 4642%82 46043 57
900 2 AZF L 07 483486 4324274

Hemoglobin (g/dL) Plrcabo 20 144030 14,6042 1417+042
3008 2] 14304042 12951041 1414039
600 2 14304040 1450034 14.00:£0.37°
300 n 1523 4:0.26 1515017 1516:£0.15

p < 0,05 vs. belore intake (Studsnt  1est), ’
5 p <01 vs. before intake [Student ¢ 1est).
4. Discussion

cold, common cold, cough, stomatitis, pharyngms, slight
fever, stomachachc, spagins, diarrhea, anorexia, urticaria,
edema of the lower extremities, and chalazion on the
right eyelid. Relevances of symptoms to the test material
were: 9 cases wﬂh uncertain relationship and 1! cases
.nznrelated.

The foliowing subjective symptoms were reported in the
900mg.proup (13 subjec!s) cold, common eold, snifffing,
sore throat, fumbar pain, erosive gastritis, stomachache,
hezdache, fecfing of abdominal heaviness, and vemiting.
Relevances-of symptoms to-the test materis] wers: 4 cases
with uncertain refztionship end 12 cases unrefated.

Thers were no significant differences in frequency
between the placebo proup and Kaneka Q10 intake
groups in subjéctive symptoms. There were no differences
by sex in any subjective symptom, sither, Many subjective
symptoms were reporied by muliipls subjects, though
only a few subjects had muitiple subjective symptoms

(Table 7).
3.5, Plasma concentrations of CoQ10

The graph in Fig. 1 represents plasma concentrations of
CoQ10 throughaut the test perod. In the Kaneka Qid
imake BTOLpS, 1otal plasma CoQ10 eoncentration reached a
‘maximum in 2 weeks, after which il remained stable to 4
weeks. By 2 weeks after withdrawal, the plasma CleG
concentration had decreased to basa) level, The incresse in
concentration depended on the dose of Kaneka Q10. In a
l'o]Iow-up sindy of §] males in the S00mg group and 7
females in the 600 mg group at § months after withdrawal,
the plasma CoQ1{f eoncentration was ahmost the same as
before adininistration (Table 8), suggesting that high doses
of Kancka QI0 have litfe effect on the b:osynthesrs of
CoQi0 afier withdrawal,

_14_

In this -clinical -safety study,-Kaneka Q10; the most
widely used CoQIl0 ingredient in the world, was uvsed to
examine the safety of high doses in 2 donble-biind, con-

trolled manner.
Nao clinically severe problems were obzerved on physical

" examination, hematology, serum chemistty examination, or

urinalysis in this study, The most commonly found event
was respjratory system disorder, in 24 cases, However, this
may be associaled with seasonal factors, as the scody was

- performed in the winter sesson, when the subjects were

prone Lo caich cold independently of ngestion of the test
materizl, The finding of no significant - difference in
frequency of this event ‘among the groups appears
consistent with this.

. Qastrofntcstinal system disorders were found in 24 cases,
and may be attributed to the large content of ofl in the test
capsules. Since commercial capsules vse ofl as & base cop-
tent because of “the hydrophobidity of CoQ10, atiention
should be paid to the effects of component on the gastroin-
lestinal syslem, especially when high doses of it are taken
over a short parfied of dme. No significant difference in
number of subjects whv had subjective symptoms was
found among the groups. There were no differences by sex
in subjective syniptoms, either. Many subjective symptoms
were reported in multiple subjects, though only a few
subjects had multiple subjective sympioms. It may there-
fore be contluded that CoG10 causes po medically prob-
lematic subjective symptoms.

- Inthis safety study, we also measured plasma CoQ10 con-
centrations. The pharmacokiretics of CoQ10 has been previ-
ously reported {Benlinger ¢t al,, 2003; Tomoeno et al, 1986).
Plzsma CoQ10 level decreased rapidly and recovered-to basal
level within 1 weele Tomona et al, reported that the half-life



—~—

H, Heonatsu es al, § Regulorory Texicology and Pharmacology #4 (2006) 212-218

26
Table 4 .
Summary of serum chemibstey examination .
Rems Dosa (mg/day) " Before intake 4 weeks after intake 2 weeks alier Ierminotion
Total pratein (erdL} Placebo 1 7281005 - 79008 TARROIG
0 a 132007 - 700008" 7124009
600 b 731006 7252008 714008
. g0 2 T3TL005 2205008, 723008
Albumin (e/dL) Placebe 20 4354004 4532008 4491005
) : 00 n 4674005 450:£0,06° 4552004
600 n 4602008 495005 44910064
a0a z 4563005 453004 AS5L005
AJG (L) Placcho 2 },700:3:0.650 166020041 1,669:£0049
. o ] 18220049 1.8214:0.082 . 13018051
L1 2 17100043 15980437 170020036
500 -] 1700042 17013-0.035* 125240037
. M P
Uren nftrogen (mphdL) Elaccba n 124625058 11324048 SRVR e AR
09 2 1222045 1250072 11344065 -
&00 b 1321042 12454058 1785061
900 22 (317058 13062054 13574057
Tola] clolesiesa! mpfdL) Placcho 2 2004::67 207377 - 2055481
00 o 191034 1B43%T4 1823370
600 p>3 1913571 1881263 1570858
o00 » 2027:£93 1946285 2005495
HDLcholesterol {mgidL) Phetbo bTS 6522400 643435 629435
. 309 2 I AEWL ) 657237 62520
600 2 6332240 655428 £393:30
900 2 €05:1:2490 80400 £0.1:23.0
Triglyceride (mg/dL} Plareba a0 10492301 11342253 326540946
e 300 21 §31:508 14105560 1425:6437
&00 22 SLERIDS £95:L55" 80,6185
S - o0 2 1052271 102.58::141 1DEDETLS
Na{mEall) .. Plocehn 20 1415204 141.2::04 1410404
) 309 2 1420:04 1423404 1412203
- P 7 142004 1422404 1416205
- 200 n 1423504 16404 L1540
1 {mEq/L) Placeln . 2 1044205 04205 1037204
. 300 2| 1047204 1051305 1037205
500 2 1039405 © l043z0s 1045205 -
900 i 1039204 1044:£0.5 104.0:£04
Glucase (mgoL) Plnceba 20 825220 i RERE ) 884418
00 2 587418 59314 B2.542
} 500 2 87217 920::24° BB 5:k18
900 22 89017 90916 20020
- Pruclesamine (ummolfL} Placcba 20 2433526 2442441 2424250
: 300 a 2453237 23901447 243B245
608 ] . PA65E29 2968434 243340
908 i) 248535 2430 2P 2454498
Lactic ncid {mpAIL) Flacebo 0 8.37:20.80 1045113 10934080
300 2) 1138137 933057 11.07:4:1.26
600 22 (0952108 [143:4:1.23 114609
908 i} 8321070 BESLOS0 10.70+052°
Glyro-olbumin (%) Placcho 20 13.6) 0.5 13851027 1250025
300 21 13.9D::0.20 14.08::021% 14,18%.022%
- 600 i3 13.58:£0,09 14.39::0.20% 14410200
DY 2 13.89:0.18 14062:0.30° 142940 39°

2 p<t0.05 vs, before adminixiration (Sfudent 1 ftst).
b p<00L va. befor ndministration (Student J tt)
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Table5
Svmmery of orinelysis .
Mems Dose(mpiiay) # Beforeintake 4wecksalier 2 wosksafler -
: intake termination
fH  Placeho 20 573X0.)2 5802017 &£2+016
: 300 3 SAME0LIE AN 56430012
600 22 SROL0.03  SA1EDIOY A57:0453
50D 22 5844043 56401 S15&Q11

* p<00] vs. before adminfstration (Student £ est),

Tabie6 . .
Numbers of subjective symploms

Numbsr of subjjective aymptoms
Plapsibly Possibly Totn) tncertaln  Unmoigted Total

rlated - related velubonship
Plazebo 0 1 m 3 7 (13)
Homg ¢ 0 MW 2 02
£0mg 0 ) m 9 " n
S00mg O ) © 4 2 6}

Plausibly selnted: the sotrce of the adverse event, was probobly the test

matednl, 25 judped by the recogaition of n tlenr temporal reletionship 1o
the adminisiration of the test meterisl, Possibly reloled: zhthough a clenr
temporal relationship to edminfsunslion was recogmized, the possibility shay
the sotires of the adverse event could have been something otlier thia the
test material remained, Uscerigin relnionships no clesricmporal refatiaon~
- ship toadministralion of the test materiel was fotnd, and it appeared Tkely
thal the sewrce of ths edverse cvent was semething other than the iost
mzterial

of CoQ10 in human plasma was 35h. Bentinger et al. reported

that the amounts of CoQ10 in crgans decreased ‘in time-
dependent fashion, suggesting that CoQID does not accumu-
Iate in organ and plasma. However, the doss of CoQ101n pur
study was muchhigher than in these phammacokinefic studies,
We thereforé detérmined plastma concentrations of CaQI0,
Flasma concentration fncreased dose-dependently and
reached a plateaun 2 weeks alter initfation of intake, Plasma
Co210 level remained stable during admindstration, but then
decreased afier withdrawal, These findings clearly show that
Co10did not accumutate iz plasma. One of the atributes of
the safety of Kanela Q10 is this lack of accumulation.

‘The end products of enzyme reactions may have negative
feedback efiects. Tt Is possible that sdministration of a large
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Fig. [ Changes in plasma CaQI0 soncentration during test pexiods, Vui-
s are mean=§0 in plicebo (open clreles), 300mp/dny felosed cirles),
600 mg/day (closed squares), tnd 200 mp/day felord {riangles) graups,

Table g _
Comparjson of plasma CoQ16 cancentmilons

Plasma CoQID conc, [rghmy)

Belore infake & rronths afier withdrawal
S mg (mole,n== 14y 0SFL021Q106) 066 0.16{117)
600mp {femals, n=7)  066::027 (106} 062 (26 (24)

Values ars mesng 5D, Farbs_uhm show percentages of plisma CoQla
concentravion before itake .

- amonnt: of CoQI0 decreased its endogenous biosynthesis,
- Comrespondingly, had CoQ10 bicsynthesis heen aflected by

high-dose istake, plestna CoQI0 level would have been
decreased compared with that before adminisiration, Endog-
enous CoQl0 concentration was not affected by one time of
d5-CoQ10 intake at dosing 100mg (Tomono etal, 1986), It
may be suggested that down regulation of Co(Q10 biosynthe-
sis was not occurred in short term of intake. In this study, it
was shown that plasma CoQI0 concentration afier §-month
withdrawal was alimost the same as that before intake. This

Table 7
Classification of subljective symploms
Symptoms Number of subjective symploms
Plecebo 300mg §00mg 900mp Tatal
M F- M P M T M F
Respimslory system 5 2 P2 3 4 7 — 2
Gastreintestinel system 5 1 23 o 5 - 24
Body 25 whole-generai 2 0 12 01 3 — ‘9
kin and appendages. 1 0 0] o1 7 - 3
Centratand periphem] nervous systom ¢ 0 [ I LI 0 - 2
Musclo-skeleinl systern . LI 8¢ 8 0 1 — 1
Yision a 0 g 9 - ) 6 — I
Number of subjects 7 3 -1 V36 13 — 42

There was na significint difference in the frequency between placabo group and CoQi0-intuke groltp (7 test],
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fhnding suggests that intake of Kaneka Q10 up to 900mgfday

did aot aflect CoQ10 biusynthesis over the long ferm.

Serum chemistry examination wes performed to cheek
the efficacy of Kaneka CoQ10. It was cbserved that plasma
cholesterol level in the $0mg group and triglyceride level
in the 600mg group were significantly degreased within
normal range, However, these decreases did not exhibit
¢clear dose-dependency. A significant decrease in fructos-
amine in the 300 and 900mg groups was also observed, sug-
pesting that blood glucose level was not maintained hlgh
after meals, The efficacy of CoQ10 in treating diabetes was
reported by Kihava et al, who noted that the mechanism of
efficacy of CoQ10 might be increase in both plucose metab-
ofism and iosulin secretion {Kihara etal, 1978). This
hypothesis fs supported by our observations,

In conclusion, these Budings showed that Kaneka G0
was well-tolerated and safe for healthy adults at intake of up
to 900mg/day. Intake of Kaneka QL0 for 4 weeks had no
long-ferm efitct on Co10 biosynthesis, Thess fndings sug-
gest that Kanelz Qi can be used safely at dosages above,

Aeknmvlerlgment-;

We are gral;c[‘td to Mr. liznka and Dr. Yamamoto {TTC
Co., Ltd} for sitpporting this study.
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