'Y 2

EREEE0518001%
TR 1 84581 8H

P BT
BhEE SEBERFEmMRR B

E& 5 EE %ﬁﬁﬂéﬁ%

Eﬁﬁmﬁﬁmxéﬁzﬁﬁﬁﬁ;=%@ﬁ§

= FA LQ1 0DELEICETIEEIIOVWT (EE)
(ER% 18 £ 4

Taxz A4 LQ1 0DELMICETIBREICS>VWT (KR |
TENEEELSNLRENHST- I T4 LQ10

A 12 BT IFRS 286 7)1
DIEEMEITONWT, BIEO LB EEREHLET,

Ik, BIE 4 oW, BAAELY ., FAROIIBEEREL L TR

B2 T COET 0T, BT EECE T

£ 423
(% 18.5.22 |f

N\ERELERFHA

-




(%ﬁ)

(1) == AL AQIUUOERE LT@ZZ%&%J%?%%A& X, BEERE
BELT, BRUEFEE L LTOBEEN R ERRB Lo TE NS4 2 AR
BRTAZEREEZBETAILERDLSD, LML, BERHEHEATWSE |k
TORBBEBETIE, 2O LERMEEVIBEREZEE L, »oEBEREEEREE
B TE ZRHERRBROBBENFRELTNE LE LS, ZDRIEDOWT,
ﬁf%&éhfméﬁﬂU%LE%ﬁﬁ®ﬁéﬁ%m%T%6Fﬁ#%n

’H Iz, _

(%)
ﬁ&ﬁ&brwééﬂuﬂmﬁ%ﬁﬁﬁﬁokﬁil%brw&w

(2) TZUHA A QI0 BER L LTAE T EMIESIICIER Lisga 0k
BERIZEBITE A L QIO ARDAR « RMREITE L HEEIZETS
BRI, R2FEO L CHEAOEREEB L5, BEREIER
BCRRIMLTWS, ZHICEETIHFEENLNITIRE SN,

(%) . ' :
E@ﬁﬁmgﬁmbt BEDOARK - RBREIE 2 58I BT 588
AFL TR, 2B, SHERICET2HERE LT, BEEClZ, oz
P b QIO ZEREG LERIC. ARz A AQ10 @ 144 BRIC Iz B HE
@ﬁﬁﬁ—ﬁkﬁth,&5Lt::/ﬁ4AQwﬁW@&:i/f4AQ
IR EAFEELRRITEWVWEBEDRT BiHK1) ZHRHLTWAR,
tL I FALQIOZ 4 BERENERE LB, hhiBEORIERE
b AR A A QIOICL Y AR ¥ A A QL0 DABSR~DE
‘%#&motawﬁﬁﬁ%éx$bt®f ﬁ%rﬁm?é(%ﬁz)

(3)::¢ﬁwvuuom mkﬁﬁk<<¢ﬁ kﬂéhk w%gf%é

s BEZLZELWVWhYARERROPI SUHEORIIEEHR L
ﬁ. kﬁ"ﬁ‘éﬁ% LAFEE L T3, i%nnb;iof'ﬂll?ﬁ%sﬁ?ﬁ?é DTHNIX,
HEABELRBICLI-TRERDZLEIZLNDZD T, YZWEOELEMEIX, B
BE LTTiR2{BIORBIZOVWTHRMTI B8l TthdtELLN
Do WIERRZBRVETBFBRBHIVITRE Shizvy,

()

%ﬂﬁkowfm %ﬂ&%hiofﬁ&b %mﬁﬁﬁﬁ%tmbfé
BHIZRVY, b bLaz i ¥og AQIOIINEREL . HERIZB T,
BINHEZ RES BB TOIHEBRAR IR TN D L OFEFIIZIT TR,

B, FHPBA—T—0OF—Fic L3 AR LML TARE®RIZTBZ



EEY, BRNER 2HEREICRDIEDBENDH IO THFOEEPRETS
(BI#3) , |

T WA AQIOE SRR OVTIHED TEKOBEAREELTE
V. HAxDEBIZOWTRBBEFSEFMEIT) ZLREETHLLELZD
oz &ML, i#iﬁ%f%éni/%JAQm%®%®®¢m%ﬁ
ML TW3AE D 5(&5

(4) SEOBEORMB L it o7 2B b EORAERFSNTVNS T2 A
Ql0 HEMIZBI L, MREL RDNEREEENLTLLPARETRVEEL S,
AR ST SEWERBAIZ W T, BREDOE %%ﬁﬁﬁﬁ@& eS|
THRmEREE SR,

()

BIEIDE SN TV B EWEREHIICV T, 52 9 EHDAZ RPN
LOBRE LTRELELB) Th D,

B, b HREORERERE #@5ntﬁﬁél$bt@v\£%a
LTRIT S (BlfE4) ,

(5) ERROAERITSMBL HEREL 25T ¥A A QL0 BERE
LCERESNTVB S, RERSE. EXRTHA AR L LTRbhAE
B2 Ehivy, . :

(&)

REEMOBRSPBEOFBROEES L LTHHAWVWLNE b DIZoOWTHE,
FRiE UTESER kbfmthég%ﬂz&wiﬁﬁﬁbrwée AT
H5,.

2P LE5Q1 0, E;’énnmﬁb}& L < HFIH é:&’lﬁ(b\%’)# (DMEFH
PBETHDHZ L, QEFNTEREN, MO I VF—EECEHDLSE
FIVEEBETHL L. ORRLREBEOARZIZLEENRTVEZ &,
REND, KERELTOBRAMN DDA L LT, kD [EERASRE
@%%ﬁﬁb&wﬁbgﬁmkbfﬂﬁbﬁwm\KEJ&Lrﬂbﬁor
WALDTH B,

D AT FALQIOIIEONTIE, EXRLL LTERBELTWALHA
EFBZTVAIBRREOCHMETH-ThH, EERHLBR-CHEEEIE OEs
FELTWHWRVWIZONWTIE, EFELO TEER] OFRICEB LRV
EDPBEERL L LTORAZZT T, YZEEXTEYT %h}fﬁunc‘: LT
WHZLLLTNS,

2B, Zofich. E%&&Lf@ﬂ%%ﬁﬁfwéﬁﬁﬁﬁm Bhh &
LTOENSRENDZELBHBEFL LT, TI/B, VIV, 7=
A, auxay (YavH) | FA4YY (o) v s (EVY)



CEBDD,

BELZX
OFEHE (BR=2+HEEEHEEETU+ES)
BT ZOEHET TERR L. ROSETEBT28%2015,
— BARERFIRDLNTHEH
= AXIBYORAFORE, IBEXIITHICERAENS Z <‘:75>EI51‘3&
ENTVWEIYTHOT, BEEE, R, BRASECEERR
(BAT T3 AE v, ) TRWVWHD (EEFNRERLS, )
= AXiIEMOFEOBEIIMRICEELRIZTIERENE &N

TV THLT, BBRHEREETRVHO (BRI R TR Z
<, )

ORMEEE B2 24 EREE - =+=5)
FlE ZOHERETRRLIZ. TRTOKEHE NS, 5L, BEiE (B

M=t+REEREFN+TIS) CHREET 5 ERLLCERRI/IRIT. =
NEZEERY,



(3% 1)

Internmtional Journal of Clinical Pharmacology, Therngy and Texicology, Vol, 24, No. 10-1286 (pp. 36-5¢1)

Pharmacokinetic study of deuterium-labelled
coenzyme Q10 in man ,
Y. [I'oMB:;lb‘_, J. Haseaawa), T Sexr’, K. Moteot! s . M‘én_rs_'r;u?é’

I Section of Clinical Pharmacology and *Section of Clinical Chemistry, R & D Diviston,
Eisai Co.- Ltd, 4-6-10 Koishikawa, Bunkyo, Tokyo, Japan

Abstract, The pharmacokinetics of coenzyme Q10 (CoQ10) in man was studied by utilizing
devrerium-labelled coenzyme Q10 (ds-CoQ10). The absence of an isotope -effect in the
disposition of di-CoQ10 in.man was confirmed from the plasma concentration time carves’
after simultzneons oral dosing of ds-CoQ10 and unlabelled CoQ10. After oraf administration
of 100 mg of ds-CoQ10 10 16 healthy male subjects, the mean plasma CoQ10 level attained 5
peak of 1,004 0.370 pg/ml at 6.5 = 1.5 h after administration, and the terminal elimination
half-life was 33.19 + 532 h, In most of the subjets, plastha ds-CoQ10 showed a second peak

2t 24 h after dosifig. This wonsual plasma level curve was well described by 2 newly proposed

cornpartnient model based up

on the assumption that absorbed CoQ10is taken up by the liver

and then transferred mainly o VLDL and redisaibuted from the fiver to the systemic blood.
Key words: coenzyme Q10 - pharmacokinetics ~ stable isotope

Introduction

Coenzyme Q10 (CoQ10) was isoiatcd in 1957

from bovine heart muscle, and was found to play an
important role in energy production us a copstituent

of the elecoon transport system in mitochondra. In
subsequent studies, it has been demonstrated that

| CoQ10 also has many physiological actions, inchding

the ability 1o improve the condition of jschemic myo-
cardial [esions [Nayler 1978, Mochizuki e al. 1979),
maintenance of the integrated function of biological
membranes [Bavm et al, 1980}, and an antioxidative

effecr againsr binlogical peroxides.

Since 1972, CoQI0 has been nsed clinically for

the improvement of cardiac function in patients with
mild heart failure in Japen, and clinical studies are now
being conducted in the United States and several
European counmies. However, relarvely fowr pher
macokinetic studies have been carried out in man
[Fujira ex 2L 1972, Kishi =t . 1981, Xishi et al, 1984,
Liicker er al. 1984]. Moreover, the disposition of
CoQ10 is s1ill unclear, partly because of the difficulry
of méasuring exogenous CoQI0 separately from
endogenous CoQ10.

‘The present study was carsed our so-investigate
precisely the pharmacokinctics of deuterium-labelled
CoQ10 in man after oral adminiscration,

Reprint requests 10 Dr. Y. Tomono

Materials and methods
Denteriumslabelled CoQ10

. Denterium-labelled CoQ10 (di-CoQ10) wis kindly supplied
by Mt Hashimoto {Scetion of Product Chemistry Eisai Co.,
Ltd.). The strucrare js shown in Figure 1. The purity war more than
#94% when assayed by the UV (275 nm) method, and the thin-
layer chromatopram showed 2 single spot. The content of
dy-CofQI0 derermined by the schcted-ion munitoring method
[Imabayashi et al. 19797 was more than 99% of the tord CoQ10.

Hanan study
Medieations }

Powder preparadons cunrdning 100 mp/g of d-CoQID and
capsules containing 100 mg of CoQ10 were vsed.

Seventeen healthy male volupteers berween the ages of 23 and
45 participated in this stady. A physica] examinztion and Ixboratory
Lests were rarried out before and afier the study. Each subject had
given written informed consent to pardcipation in the study, which
was condurted in two parts, Two of the subjects parsicipated in
part 1) and sixteen of them in par 2, only one tking part iy both.

Stody protocel

(Study 1) Three hundred milligrams of d-CoQ10 and the
same ampunt of ColQI0 weze aken with 130 ml of water within
30min after breskfast The subjeces abstained from food and
aleohol for at least 10 hours before brealdfast znd for 8 hovrs sfer
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the adminiserarion. Samples of 5 mi of blood were collected at the
foliowing ximes using glass syrnges: bfore administradon and 1, 2,
3,4, 5,6, 7, 8, 10, 12, 24, 48, 72, 216 (10th day} and 338 (15th chy)
hours afier administration Edch somple of hepasintzed swhole blood
was immediately centrifuged ot 3,000 np.m. for 15 min and the
plasma was frozen unidl analysis.

Srudy 2) Onc bundred milligrams of d-CoQI0 was taken
30 1in sfier breakfase (B30 am) with 150 sl of water. The subjects
abstatned From taking food and alcohol for ar Jeast 10 hovrs before
brexkfast, They were given 180 ml of orange jnice and two cookies
at 11 am, lupch at 1 pm, 180 m] of chilled ¢ofiee and two cookies st
3 pm and dinner at 5 pm.

"Blood collections were made at the Iol’omng dmes’ using
glass syringes: before administration 3nd 1, 2, 3, 4, 5, 6, 3, 10, 12,
24, 48,72 and 144 hours after adm:msmuon.

Analysical proceducre

The zmounts of CoQI0 and drCle'O in plesma were
mcasured by dirzis-inler selected-San menitoring method (DI-SIM)

[fmzbayushi er sl 1979).

Exmacden proceduse
Plasma (1 ml) was mixed with 3 i of internal standard (2,3-
dimcchoxy-s-cthyi-é-dccaprcnyl benzoquinone} in B2 ml of iso-
propanocl, 20 mg of pancreatin in 2 mi of wis-HC byiftr soludon
and 8myg of taurocholate in 02ml of squeous solution. The
.. mivture was geady shaken for 2h ax 37° C, then exiraced twice
with 5 ml of a mixwre of n-hexane-isopropane) (3:1). The com-
bined organic phasc was evaporaed at 45* C vndera niwogen g
stream, and the residve was dissolved in 0.4 ml of cthy] acctate.
“Tive mitroliters of the solvtion was placed In 2 capillary and heared
with 2 drier to evaporate the solvent, Then the ghss capiflary was

insered into the ionization charber of 2 JEOL JMS-DX 300 mass -

SPECUDIMELEr.

Mass speerrometry

The conditions of mass speevrometry were 2 follows:
enricher temperarure 250° C, probe remperatare 200-285° C (32°/
min), jonization voltzge 30V, jonization current 300 pA, mukd
gain 200, For the DI-SIM analysis, mfz B6¢ [M+2]*, miz 869
[M+2]* and m/z 876 [M+2]" were used for the determination of
CoQI0, d;-CoQ10 and intcrnal standard, respectively.

Calibration eurve
The selectzd-ion monitering chromatogrems and the calibra-

don curves are shown in Figures 2 znd 3, The CV% of the 2nzlysis
of di-CoQ10 in plma a1 the concentrations of 0.1 pg.fml and
5.0 pgteml were 5.24% snd 2.93%, rﬁpecnvely.

Darte anelysis

The comparmment mode] shown in Figere ¢ was used for the
pharmacokinede analysis of plasma CoQi0, Nonliszar regression
znalysis was pecformed by using the simplex method [Nelder ex al.
1965) on & Fewlen-Packard system, Model 9835 computer.

0Dl 3 ,
Fig. 1 Chemical structure of deutcrium-Jabelled CoQ10.

t = Szmple inserficn time
2) Plasma bfank
b} 1 pg of de-CoQ19 2dded fo plasma
Fig.2 Chromatograms of human plasma with or withour addition

Df d;—COQID.
10f

Peak Ratio-

.01 ) ] | ' L}
81 A 1

Concentration { «g/ml)
Fg. 3" Calbration curve of d2-CoQ10.

Fg. £ Compartment model of the disposition of CoQ10, X0 s the
gastro-intestinal compariment; X1 is tht compartment which
sepresents the plasma chylomicrons and the issues to which rapid
distribuiion can tzke pliee; X2 is the bver; X3 ir the comparmaent
which represents VLDL and: other tissues whith are vapidiy
accessible o the CoQ10 in these proteinsg and Ko, X1, X2 and Kel
are the rare constants in the respective steps. Plasma concentrarion
of CoQI0 representt the sum of the concentradons in compart-

ments X1 and X3,

Kel .
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Plasma level of Bo~CoR 10 prg /)

’ Plasma lovel { peg/mi)

Subject No. 7

e :ﬂs—CBugo
Kemmmn % Ho—Colye

— ds"‘caﬁm

Time after administration (day)

Mewr=ns %) dn ~Goll 10

S I

Time after Administration ()

Fig.5 Time eourse of plasma éon-
centrations of de-CoQI0 (solid
linc) and de-CaQ10 (dotred finc)
afeer oral administration of 3 g of
powder preparzion  containing
100 mp/g of d;-CoQ10 and three
CoQ10  cipsules  conmining
100 ingleapsule of d-CoQ10.

Fig. 6 Time ¢ourse of plasma con-
centration of ds-CoQ1p zher ora}
administton of 100mg of dg
CoQ10, Each point represems the
mean  SE of 16 subjects.
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Teble 7 Bicavsilability parameters of 4-CoQ10.

SubjectNo, = G T’ Xel try AUC cL
{ugfml) ] {/h) (k) [ng/h/ml) {Uh)
1 0608 6.0 0.022 31.68 2957 338
2 Li78 7.0 0.019 3745 70.67 1.42
3 0798 (0827} 6.0 (2400 o025 2632 50,35 1.99
r 0757 50 0.029 2334 42.53 235
5 D551 50 0,021 3342 + 1899 5.27
'3 1.195 6.0 0,020 .05 49.10 2.04
7 1372 100 0.017 40.18 60,84 1.64
B 1.742 £ 0.02¢ 27.07 55.66 1.80
2 1.106 100 0017 40.67 31.60 1.94
10 079 50 0.020 - 3494 2422 413
11 0.7% 60 002 3292 3758 263
12 0.553 (0,650)* 20 (2400 0.019 36,15 52.75 1.90
13 0.566 (D.566)° 6.0 (24.0 0.021 362 66,08 1.51
14 1.554 50 0,021 3379 4452 238
15 1.150 50 v.029 2395 32.53 307
16 1370 60 0.017 4034 4729 211
Mean 1.004 65 D.02% 3519 45,92 246
SD 0.370 5 0.004 532 1453 104

* Apparest clearahces obmincd by assumiag 100% absorption. © ‘The concentratdon and dme of the second ptak

Results
Seudy 1

The plasma levels of exogenous CoQ10 and d;-
CoQ10 are shown in Fignre 5. The increase in plasma
concentration of CoQ10 due to absorption of exoge-
nous CoQ10 was calculated by subtracting the plasma
level of Co(Q10 before 2dministration from the plasma
concentrations afier adminisravion. As is dear from
this figure, the tirne course of plasme concentration of
d5-CoQQ10 was the same 25 that of exogenous CoQ10.

25

bl
3

Plasma lovel of CoQ10 ¢ pp/mi)

This result makes the existence of an isotope effectin
the disposition of d;-CoQ10 unlikely. -

’.S'tu;iy 2

Plasma [evels of ds-CofQ10 and bioavailability
parameters ..

The mean plasma soncentration of ds-CoQ10 in
16 subjects and the bicavailability parameter obtained
in each subject ere shown in Figure 6 and Tblet,
respectively. Bach subject showed a sharp peakar 5w

1!3533-3.1._--—1—"-"'—"'}‘"““—-%1 4
Fg.7 Effect of administercd
+ dyCoQI0 on the plasna fevel of S
tndogenous CoQi0. Each point
represents the mesn * SE of 16 0 . s L . . \ , . N N
subjects, B | 24 48 i1 85 120 144

Time after administration (he)
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Fig.8 Comporerfined curve for the plasma .conecnration of

de-CoQ10, Each point represents the mean-& SE of 16 subjects]
“The solid turve represents the nonlinear Ieass-squares regression fit

/\{V\;‘W/\
CTI T T ISR BN UGG T BT &
3 mmmmmmmmmﬁlmmm 2]
Fig.9 Prediced phsma conventration of CoQ10 in subjects ona
souliiple dosing schedule (100 my 1.4, at 9:00, 1400 and 19:05}.
.. The pharmacokiactic pazimeters shows in Table 2 were vsed {or
- the siri:_ul_:rion.

Fabie 2 Pharmacokinetic purareers of - CoQID.

0g L

to the experimental data

Flusos foved ol Qullgtazien

Paramerer ) Obuined vahee
T [13] 6213
.41 iy G338
%] (i) £.19%
ol {Ih) 6,023
Eorvi  {g/ml B 0365
KoV (gimlb) 0,153
Lag b 1.654
h_.: KI (}i) . 2.05
Ty Kz () 347
n1,, Kzl ) 30,45

T: imeafer sdministation when absorption teases; Lags lag dme
of absorption; Y1z velumez of distcborion of ccm}ammnnt ont; V3:
volume of distriberion of comparoment three; These paramerers
were obtained by computer fitdng of the mean concantsation of 16
subjects using the simplex mezhod.

‘dogenous CoQI0 after orel administradon

10k after doging; and the mean values of Cox and
T, were 1,004 & 0037 pg/mliand 65 £ 1.5 h,
respectively. However, mose-of the subjects also gave
a wide second peak 3t 24 hrafver dosing, and in thres
of them, the second -peak was higher than the fimse
peak. The Cpux and Ti ‘of sccond’ peak in these
subjects are also prasented in Table 1, Because of Jack
of inforination shout the extent of absorbed CoQ10
afcer. oral dosihg, trie"pliima cléafance cannot be
caleufated dnd the elearance values shown in Teble 1
are the spparche clearances which were obtained by -
assiminig 100% absorption. Sizité acmal plasma clear-
ance shonld be equal 6 orJéss'than these values, It can
be concluded that ToQ10 is'a drug with low clear-
ance,- Due to this Jow clearance, the plasma half-life
was fairdy Jong (mean = 8D, 33.19 & 532 h).

Effeet of exogenous ds-Co(Q10 on plasmi level of
endogenous Co(10 K

Figure 7 shows the mean plesma levels of en-
of d5~
GoQ10, There was lirtle effect -of the administered
dose on the plasmi levels of exidogenous CoQ10, and
the mean vilue was nearly coristant.

Computeranalysis © © -

Becavse bf the marked imp 24 b after 2dminis-
tration, simple compartment analysis was considered
inapplicable in dhis case. We carried gut the fitting of
the data 10 2 newly derived equarion based upon the
compartment model shown in Figure 4. The com-
puter-fitted curve for the mean data after administra-
vion of 100 mg of ds-CoQ10 is shown in Figure 8, The
entire plasma concentration cvirve was well described
by the proposed model. :

. Discussion

Although several reports on the pharmzcekinet-
ics of CoQ10 in man have appeared in the past decade,
irs pharmacokinetic profile 3s still not well under-
stood. Since CoQ10 is 2n eadogenous compound and
shout 0.5 to 1.0 pg/ml of CoQi0 is present in dhe
plasma, it is very difficelt o' estimare precisely the
pharmacokinelic parameters. In addidon, CoQ10
shows an upusual plasma level curve after oral dosing,
and this mzkes 3t difficult to analyze the data based on
2 simple comparunent model.

Tn this study, ds-CoQ10 was used 10 minimize
the interference of endogenous CoQ10 with the study
of the disposition of the CoQ10 absorbed from the
gestro~inmestinal tracr.  Although po appreciable
change of endogenous plasma CoQID level was
observed in the mean datz, individual data showed
diurpal variaton to some extent. This observation
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makes j& feasible to viilize ds-CoQ10 for the phar-
macokinetic stody of CoQl0 in man, especially in
small doses, In order to exwapolate the results of 2
pharmacokinetic study carried out with a stable-
isotope-labelled compound to an unlibelled com-
pound, it is necessary to confirm the absence of
sotope effects. Sluce the absence of any significant
isotope . ¢ffect was indeed confirmed, the phar-
macokinetic profile of d;-CoQ10 obtuined in this
study, can be considered ro represent that of CoQ10.

The mean Ty value of 6.5 h'indicates slow
absorption of CoQ10 from the gastro-intestinal tract;
this value is similar o the previously reported value
(5.7 k) [Liicker et al. 1984]. The slow absorprion of
CoQ10 czn be understood as being due to its low
water solubility and high molecolar weight, The
plasma half-fife obtined (33,19 = 5,32 h) was slightly
shorter than that previously reported (50.57 +
19,74 h) [Lizcker er al. 1984).

It was suggested that the existence of enterohepa-
e recycing cavsed the inerease in plasma CoQ10
levels: 24 h after oral administration [Liicker er al.
1984). However, enterohepatic recyeling’ cannot ex-
plain why the second peak is sometimes higher than
the first peak, as observed in the present study.
Recently, Yozuriha er ol [1984] showed that CoQ10
inrravenously administered to guinca pigs was trapped
by. liver,.then incorporated in VIDL, and finally
secrered: into the blood from the liver. They also
observed 2 second peak of CoQ10 in plasma even in
guinea pigs with 2 bile Hstula. From these results, they
suggested thar the elevation of blood level from 2 10
8 h after administration resulted from the rediseribu-
don of administered CoQ10 from the lver to che
blocd,
Since It is likely that Co(Q10 absarbed after oral
administration te man is bandled in a manner similar
to that found in the guinea pig after intravenous
administretion, the compartment medel shown in
Figure 4 was used for the pharmacokinetic analysis of
plasma CoQQ10 in this study. The model could suc-
cessfully describe the entre plasma concentrarion
corve of CoQI0 (Figure 8). Although concrete

experimental evidence in mas is not available ye, the
results of the compartment analysis support the pro-
posed mechanism of ocenrrence of the second peak in
man. The pharmacokinetic parameters obtained are
presented in ‘Teble 2. The absorption rate constant
(X0) was found ro be better expressed by assuming a
zero~order rate constant than by assuming a first-

order kinetcs, as was suggested by Gibaldi et al. 1982,

Figure 9 shows the simulated curve for multiple -

oral administration of CoQ10 based on the obreined
pharmacokinetic pararneters, Plasma concentration of
CoQ10 can be expected to attin 90% of the steady-
state Jevel within 4 days after the commencement of

10

adminisiration. The mean steady-state Jevel was esti-
mated to be 5.4 pg/ml aftec 100 mg t.i. d. dosing, and
this is about 4 1o 7 droes the level of endogenous

CoQ10.
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Abstract

:

The safety j;'%fﬁﬁle of Coenzyme Q10 {Kanekn Q10 at high doses for healthy subjects was assessed in 2 double-blind, randomized,
placcbo-controlled study. Kaneka Q10 in capsule form was taken for 4 wecks at doses of 300, 600, and 900mg/day by a tota] of eighty-
cight adult volunteers. No-serious adverse events were observed in 2ny group, Adversc events were reported In 16 volunteers with placebo,
in )2 volunteers.with the 300 mg dose, i 20 volunieers with the $00mg; dose and in 16 volunteers with the 900 me dose. The 1oost
commonly reported events included common cold symploms and gasirointestinal efiects such as abdominzl pain end soft feces. These
events exhibited no dose-dependency and were judged to have no relationship 1o Kaneka Qi8. Changes observed in hematology, blood

biochemistry, and urinalysis were not dose-refated and were judged not to be clinically significant. The plasme CoQ10 concentration after
8-month withdra®wal was almost {he same as thet before administration. These findings showed that Kaneka Q10 was well-tolerated and

safts for healthy adults at intake of up to 900 mg/day.
©2005 Elsovier Inc. All rights reserved.

Keywords: Cocn'ﬁg’-i‘ch 10; UBiquinom:; Sefety; Clinical triul; Toxicity; Semi-acute toxicity

1, Introduction

Coenzyme Q10 (CoQ10) is a biological quinone com-
pound that is widely found in living organisms including
yeasts, plants, and animals Many plants zpd animals,

including humrans, have CoQl0 mainly with 10 isoprenoid:

chains (Turunen et'al., 2004),

CoQI0 is widely used as a dietary supplement. Two
major physiclogical activities of it have been reported (Tur-
unen ef al, 2004). One is enhancement of mitochondrial
activity related to the synthesis of ATP, end thé other is
antioxidant activity. The entioxidant activitly appears with
the reduced form (ubiquinol) only. The oxidized form (ubi-

* Corvesponding author. Fax: <81 6 6226 5059,
Eail address: kenji fufii@kn kanckacojp (K. Fujil).

0273-2300/8 - see front matter © 2005 Eisevier Inc. All rights reserved.
doi; 10,301 65.yriph 2005.12.002

quinone) may be reduced to ubiquinel enzymatically after
absorption (Mohret al,, 1992}, ‘

CoQ10 is biosynthesized and concentrated in the heart,
kidneys, liver, muscle, pancreas, and thyroid glend. The
content of CoQlQ in organs decreases with age (Kalen
et al.,, 1989). Although CoQi0 can be obtained from foods
such as meat and fish, its content in them is very low
(Weber et al,, 1996). Therefore, some nutritionists have con-
sidered CoQ10 suitable as a dietary supplement.

CoQ10 has come ta be widely used as a dietary supple-
ment, and daily intake of it has increased in recent years.
Safety assessment of dietary supplements is very important
since gon'sumersuse them without doctor’s advice. In such
assessment, the impurity profiles of test ingeedients should
be determined. Minor components sometimes cause health
problems. The impurity profiles.of CoQ10 ingredients differ
because of differences between ingredients in methods of

_.‘I‘I_.
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production. For example, there are two major methods for

production’ of CoQ10, One s fermentation using yeast or
" bacteria, while the other is chemical synthesis. The atl-trans

form of CoQ10'is the natural one and the cis fofm is not

obsérved in nature: The fermentation method produces all-
trans CoQ10 while chemical synthesis produces mixed ois
and frans product. No information is available on the

safety or biological actmty of the cis-isomer, 1t should be. .~
noted these differences in nnpunty proﬁ!e might afect the-

safety of ingredients. ST R T A T
Because Kaneka Q10 is produced by fermem.ahon wﬂ.h

yeast, it does not contain cis-isomer; {all—tmns type. CoQIO) -

The content of CoQI0 i Kaheka Q10 is ‘over 98%, thh
CoQ9 and CoQ11 as major impurities. *'>> 7

The safety of CoQI0 (Kaneka Q10) has b 1 exammed
in several studies. Acute, single-dose toXicity ests showed
the LD50 of Kaneka Q10 to be over 5000 mgflcg Sub-acute
toxicity (4 weeks) and chronic toxicity (52 weeks) tests were
performed with rats, In particular, a 52-week study revealed
no toxicity even at a dose of 1200mg/kg/day (Williams
et al, 1999), from which the acceptable daily intake (ADI)
for adulis weighing 50 kg was estimated to be 600 mgfday.
It was also reported in clinical studies of patients with early
Parkinson’s disease (300, 600, and 1200mg/day for 16
months) (ShuIts et al, 2002), Huntington’s disease (600 mg/
day for, 30 months) {The Huntington Study Group, 2001),
and heatt disedses (50-150mg/day. for 3 months) (Bapgio
etal, 1994) that the frequency of side cffects was almost
equal 1o that in the control greups, indicating that the dos-
age levels examined were within the limits of tolerable
intake. Flowever, the safety of CoQ10 for healthy individu-
2ls has not been reported.

.In this study, we assessed the safety and measured blood
concentrations. resulting from administration of large
amounts of Kaneka (14, up io B00mg/day, to heahthy
adults for 4 weeks. '

2, Subjects and methods

2.1. Suljects

A totai of 55 healthy male volunteers {ape: 3060, weight: 50Xz or
over} und 33 heulthy female volunteers (ags 24-55, weight: 40 kg or over)
ware enrolled. Voluntcers in the following categories were excluded: (3)
Those who took medicines or supplements that contained CaQIG. (i)
Those who had serious discases such as diabetes, Iiver disease, kidney dis-
ease, henrt disease, ete. (i) Those sllergie o Tood or aleoholic. (iv) Those
who had participated in other clinicul tests in the past 3 months, or who
" were participating in other tests ut the start of our clinical trial {v} Those
who were pregnanl or likely to become pragnent, The procedures were
approved by the Etbics Committee of Hara-Doi Hospital and carried out
in accordance with the Helsinki Declaration of 1975 us revised in 1983

2.2 Protoro!

This study was performed in o double-blind, placsbo-controlled man-
ver, The sohjects were randomized into four groups; by number, as fol-
lows: 1 placebo group-(17 males and 11 femules), a 300mg/day group (il
males #nd 11 fernales), a 600 mg/dny grotsp (11 maoles and 11 females), and
i 900 mpfduy group (22 males and no females), Capsules contained 150 mg

_12_

TFable )

List of test items
Test Items
Physical Body weight, blood pressure,
examination pulse, electrocardiopram, bedy temperature,
medical examination by infervicw
Hematology Leucorytes, basophils, casinophils,
' lymphocytes, monocytes, neutrophils,
erythrocyies, hemoglobin, hemaloerit, platelets
. Blood Total protein, atbumin, A/G, AST(GOT),
.+ biochemistry ALT(GFT), LDH, ALP, y-GTP, total bilirubin,
crelinine, ures nitvogen, urele acld, CPK, TC,
HPL-C, LDL-C, TG, N, K, Cl, glucose, HbA le,
- * fructdsimine, taetic acid, insulin, glyco-albumin
Ursinalysis, pH, proteln, plucose, oceult blood, bilirubin,

urcbilinopen

of Kaneka Q10. Each subjeet tock three capsules (placebo andfor Kaneka
Q10 copsules) twice a day, in themorning and In e evening after meols. A

- physical examination, hematological tests, serum chemisiry examination,

&nd nrinalysis were performed befor, after 4 weeks of administration, and
at Z weeks afler withdrawal, The tested items are listed in Table 1.

Adverss events were defined as unfavorable medical events (subjective
symptoms, objective symptoms, or unfuvornble abnomml dinical data)
that the volunteers commented on alter taking the proscribed material,
regardless of whether they appeared related to the test material. In the case
of an adverse event, the voluntees was treated as required, and the symp-
toms ond ﬁndmgs were recorded. The degree of s:venly was _]udgr:d by
physicians to be mild, moderate, or sevare.

For each event, o relevance rating (plansibly related, passibly relnted,
uncertain selutionship, unrelated) was assigned acoording to the foliowing
criteria by pliysicians—plansibly related: the source of the adverse event
was probably the test material, zs judged by the recognition of a clear tem-
poral relationship te the administmtion of the fest materinl, Possibly
related: although a clear tempom relutionship to adminfstrution was rece
ognized, the possibility thai the source of the adverse event covld have
been something other than the test matedal emuined, Uncertain relation-
ship: no clear lcmpuru] relationship {0 administration of the fest muterial
was found, and it appeared likely that the source of the adverse cvent was
comething other than the test material. Unrefated: o soure of the adverse
event othes thzn the test material could b cleardy identified,

2.3. Compaosition of Konela Q10 capsules

The capsule used in this study was provided by Kencka Corporation.
Ench eapsule contained Kaneka QI0 150mp, Jesithin SLP-PastsNGS
(Tsuji Ol Mill) 0.6 mg, safflower off (Rinor Qif Mills) 202mg, Pozm 5-
100V (Riken Vitamin) 0.9 mig, and yellow beeswax (Miki Chemical Indus-
1ry) 6.3 mg. The placebo capsule contzined saffower ail Tnsiend of CoQI0.
The parity of Kaneka Q10 was over 98%, znd {he mein impyrilies were
CoQ9 and CoQ1l. Kaneka Q10 did not contain cis-isomer of CoQi0.

2.4, Determination of plesma Ca Q10 eoncentration

A 5ml Blood semple was collected the day before the start of the
test, at 2 days, 2 weeks, nd 4 weeks after the start, and at 2 weeks after

“the lermination of intake, in fasted (overnight) cendition. To estimate

the iong-lem effects of oral intake on CoQ)0 biosynthesis, pl:isma
CoQl0 contentrntion was determined Tor 11 male subjects in the
900 mg/day group and for 7 females in the 600 mg/doy prowp at 8
months after withdrawal following 4-week administration, Other sub-
Jests were refected becpuse of they took CoQlO supplement in this
“periods.

The collecled blood sumples were immediately centrifuged at 2500
3000 rpm for 10 min. The plasma was immedintely frozen with dey ice
and stored at 70 °C until testing. The concentration of plastoa CoQ10
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was coleulated by summing the contents of CoQI9 in reduced form (ubi-
quinol) and oxldized form (ubiquinone), euch of which was mensured by
HPLL. The meshod vsed for delermination was es described in Yemash-
ita and Yamamoto {1997) with minor modifications. A 6.2 ml portion of
p]asn‘m was added ta 0.8 m] ofisopropyl alcobol (iPA) to extiact CoQI0.
Alfer’ ccntnt‘ugat:nn (12,000 pm % Imin), 0.04mt of iPA phas: wis
injected into HPLC. The HPLC system was g MNanospace S1-3 (Slum:ldo]
including an clectrochemicat detector. The mobile phise was methe-
nolisoprobyl aleohol (90:10) contnining S0mM sodjum pcrchloml:.
The retention timee of ubiquinol and ubiquinone were 15 and 21 min,
r:spcclwely. .

2.5, .S'rati.s':ica! analysis

. K . .

For statistical analysis of data, we performed Student’s 1 test for test

items before siarting adminisiration in each group, and the 7 test for sub~
Jeclive symptoms in the piscebo group. .

3. Results
3.1. Subjects

A total of 88 volunteers were enrolied o the test: 11
males and 11 females in the placebo group, 300mg
group, and 600mg group, and 22 male volunteers in the
900mg group®The fo]!owmg subjects were excluded
from analysis: gue male in the placebo group with exan-
theina, one male in the placebo group with fever and
headache, and one female in the 300 mg group with urti-
caria. One male in the placebo group had acute colitis.
Although his raie of test substance intake was 76.8%, his
dala wege included in the analysis. The compliance rale
of the other subjects exceeded 80%. The data for 20 sub-
jects in the placebo group, 2] ip the 300 mg group, 22 in
the 600 mg group, and 22 in the 930 mg group were used
for analysis. 7

. 3.2, Physical exanifrm:ian

Body weight and diastolic blood pressure are summa-
rized in Table 2. Significant but *small changes were
observed in weight In the 300mg group and diastole pres-
sure in the placebo group, but were not clinically signifi-
cant. No significant change in syslolic pressure, pulse, or
body lemperature was chserved,. No electrocardiographic

abnormalities were observed. A statistically significant
difference in’ systolic pressure was noted in the placebo
group, but was considered 2 random event.

3.3. Laboratory tests

‘The results of hematalogy test are summarized in
Table 3. On between-group analyses of number of erythro-
cytes, hemoglobin, and hematocrit, significant but small
changes were pbserved, but were deemed not to be of clini-
cal importance. No significant change in white blood cell
count or platelet count was observed in any group,

The results of serum chemistry examination are summa-
rized in Table 4. No significant differences were observed
among groups in the 13 items, but smal] changes within the
ranges of standard values were noted.

The results of urinalysis are summarized in Table 5. Only
in urine pH was a significant, though small, change within
the standard value range observed, but it was deemned not
to be of clinical importance. No significant changes were
observed in any of the other items.

3.4 Subjective syniptoms

‘Numbers of subjective symptoms are Jisted by classifica-
tion in Table 6 and by relevance rating in Table 7. The fol-
lowing subjective symptoms were reported in the placebo
group (10 subject, 7 males and 3 females): common cold,
loose stool, stomachache, nauvsea, headache, fever, slight
fever, exantherra, angd enterocolitis, Subjective sym puoms
and their relationship to the test material were: 1 case possi-
bly. related- (enterocolitis), 8 cases with uncertain refation-
ship, and 7 cases unrelated. :

The following subjective symptoms were reported in the
300 mg group (8 subjects, 3 males and 5 females): common
cold, pharyngitis, fever, light-headed feeling, headache,
fatlguc, Iumbar pain, loose stool, diarrhea, vomiting, urti-
caria, and-gingival pain. Relevances of symptoms to the test
material were: 10 cases with uncertein relationship and 2
cases unrelated. -

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

Tahble 2
Summary of physical examinction
liems Doze n Belore intake 4 weeks aiter 2 weeks after
{mg/duy} intuke termipation
Weight (kg) Plncgbo 2t 619427 620223 61528
360 . 21 6L1 26 610 &26 BLH 25
600 22 59.74:20 594421 S94i" o,
_ 500 22 681122 680+23 . 57.9:!:" ]
Diastolic pressuce Placebo 20 37521 794 £ 19° 80§19
{mm¥Hg) 309 21 51713 79612 i} 783417
600 22 83.63: 14 823£140 835119
200 - 22 8620 24613 826 19

3 p <005 vs. before Intake (Stedeat £ test).

_.‘I 3_
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Table 3

Summary of hematolopy

{tems Dose " Before inteke 4 weeks after 2 weeks afier
(mg/day) - . intake termination

Hemetoerit (%) Placebn 20 43023096 4295 112 42B4L1.12
300 2] 4384 1.04 4233+ 1090 43,1640.82
G0o 2 43513103 4280086 42402004*
900 23 4583:£0,56 45,18+ 9.48 45.1; =045

Eosinophils (%5) Flaccbo ‘ 20 3294038 3291045 391 1046
300 2 3034045 3402037 ° 33):049
600 . 22 3554038 3.14 4037 31324036
500 . 22 2854038 3532055 3.37£048

Erythrocytes UO.'IuL) Placebo 20 4683392 468.7+ 1086 4695 101
300 21 4673289 4585482 - 4637173
600 2 47064091 464282 4604380
900 n 484.84:0.7 4813886 - © 4824479

Hemoglobin {g/dL) Placabo 20 14144039 14,16 £ 042 14171042
300 21 1430042 13954041 1414035
600 e 14301040 1410034 140040370
900 22 15294020 15.15£017 1516015

= p<0.05 vs. beforc intake (Student { test), :
b p <001 vs. before intake (Student 1 test),
cold, common cold, cough, stomatitis, pharyngitis, slight 4. Discussion

fever, stomachache, spasms, diarrhea, anorexia, urticaria,
edema of the lower extremities, and chalazion on the
right eyelid. Relevances of symptoms te the test material
were: 9 cases with uncertain relationship and 11 cases
.unrelated.

The following subjective symptoms were reported in the
500mg group (13 subjects): cold, common cold, snifffing,
sore throat, fumbar pain, erosive gasiritis, stomachache,
hezdache, feeling of abdominal heaviness, and vomiling.
Relevances-of symptoms to the test material were: 4 cases
with uncertain relationship and 12 cases unrelated.

There were no significant differences in frequency
between the placebo group and Kaneka Q10 intake
groups in subjective symptoms. There were no differences
by sex in any subjective symptom, cither, Many subjective
symptoms were reperted by muliple subjects, though
only a few subjects had multiple subjective symptoms
(Table 7).

3.5. Plasma concenirations of CoQ10

The graph in Fig. | represenis plasma concentrations of
CoQ10 throughout the test pedod. In the Kaneka Ql0
intake groups, 1otal plasma CoQ10 concentration reached a
maximum in 2 weeks, after which il remained stable to 4
weeks, By 2 weeks after withdrawal, the plasma CoQl0
concen{ration had decreased to basal level, The increase in
concentration depended an the dose of Kaneka Q10, In a
l'ol]ow—up study of 11 males in the 900mg group and 7
females in the 600 mg group at § months after withdrawal,
the plasma CoQI0 concentralion was almost the same as
before administration (Table 8), suggesting that high doses
of Kaneka Q10 have little effect on the bmsynthes:s of
CoQl0 after withdrawal. _

_]4_

In this clinical -safety study,-Kanéka QI0; the most
widely used CoQI0 ingredient in the world, was uvsed to
2xamine the safety of high doses in a donble-blind, con-
trolled manner.

No clinically severe probiems were observed on physical

" examination, hematalogy, serum chemisiry examination, or

urinalysic in thiz study. The most commonly found event
was respiratory system disorder, in 24 cases, However, this
may be associated with seasonal factors, as the study was
performed in the winter season, when the suljects were
prone 1o caich cold independently of ingestion of the test
materizl, The fnding of no significant - difference in
l'requency of this event among the groups appears
consistent with this.

- Gastrointestinal system disorders were found in 24 cases,
and may be attributed to the large content of oil in the test
capsules. Since commercial capsules use oil as a base con-
tent because of the hydrophobicity of CoQ10, attention
should be paid to the effects of component on the gastroin-
testinal system, especially when high doses of it are taken
over a short period of time. No significant difference in
number of subjects whio had subjective symptoms was
found among the groups, There were no differences by sex
in subjective symptoms, either, Many subjective symptoms
were reported in multiple subjects, though exly a few
sitbjects had multiple subjective symptoms. It may there-
{ore be concluded that CoQ10 causes uo medically prob-
lematic subjective symptonis.

-~ Inthis safety study, we also measured plasma CoQ10 con-
centrations. The pharmacokinetics of CoQ10 has been previ-
ously reporied (Bentinger ¢tal, 2003; Tomono et al, 1986).
Plasma CoQ10 level decreased rapidly and recovered-to basal
level within 1 weelc Tomono et al. reported that the half-life
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Table d _
Summary of serum chemistry examination
Ttems Dose (mglday) n Before intake 4 woeks after intake 2 weeks afier terminntion
“Total protein (gfdL} Placsbo b1 738009 - 7204008 7224010
00 2 7181007 7.00:£:0.08° 7.12:£0.09
400 ) 731006 7.25£0.08 7.4:-008
960 2 7335009 720008, 7231008
Albumin (2/dL) Placebo 20 456:0.04 4532008 4492005
’ ‘ 00 2 4624005 450006 455005
600 32 4.60==0.06 4554005 4494006
200 yzi AKGEB0S 4.532004" 4554005
AJG {p/dL) Placeho 20 1.7002-0,050 1.6503:0.041 1,669:-0.049
. 300 21 1.822:L0.049 15210082 . 13010051
600 22 1.710:20043 16980037 17000036
900 n 17100042 1.701:0.036" 171340037
Uren zitrogen {mg/dL) Placebo b 1246:£0.61 11324:048" - 1L171057
100 ]| 12221045 1290::0.72 13344065 -
600 22 13212082 12406058 1285:£062
900 2 1317:£0.58 13.06::0.54 1257057
Toizl cholesierol {mg/dL) Placebo 20 2004::6.7 207377 - 205.5:£8.]
300 21 191084 184374 183.8::70
£o0 ) 1913873 1881263 1E70558
00 n 202752 194689 200555
HDL-cholesterol {;{g!db) Placebo 20 6521400 643235 628:L3.6
. 300 2 68122430 647437 @25529°
600 22 633250 655428 63.9::30
SO0 2 605::2.70 60429 60.1:23.
Triglyceride (ng/dL) Placebo 20 1039701 11342:253 12664246
Ce 300 2t BL1k8% 410560 14293437
400 2 918105 €9.5::5.8° 80.6::B.5
- w 500 22 1052274 1028 14,1 0LO£1LY
Na {(mEq/L) Placeha 20 1419204 141204 141.0::04
) 306 21 142004 1423404 141203
f‘* 500 ] 1420::04 1422204 1416105
- . 000 n 1423404 141.64-04 141650
Cl{mEqiL) Plecebo . 20 64805 104005 103,704
: 300 21 1047404 1051 20,5 103705
600 n 1039405 © ja4940,5 104506
900 2 10392:05 1044205 104.0:40.4
Glucose (mg/dL) Plncehe 20 BRI22D- BE4-13 854418
00 2 E87x18 BO3LT4 . 375+21
] S 22 87317 92.0::24" 885418
400 e} 89617 2094:1.6 00020
- Pructosamine {(umolfL} Placcha 20 M3226 2442441 2474450
300 2 453437 23804447 2430:+4.6
600 2 | 246829 296.8::3.4 2438444
900 22 2485439 2431 L2 2454438
Lactic neid {mprdL} Placebo 20 B.87:20.69 1045113 1093050
300 2] 1283137 9381057 11.07+1.26
600 n 10.9521,08 11434133 * 11.46:£0.79
903 22 B§2:40.70 BE5:R050 10.70::0.82°
Glyeo-lbumin (%) Placzho 20 1361 0. 14852027 13504023%
300 21 13.90£0.20 14.08::02)% 14.18::0.22°
- 600 22 13585019 1439£0.20" 1441000
900 21- 13895018 14060.20° 140,190

2 p<0.05 v, before ndministrotion (Student 1 test).
b p<20.01 vs. belore ndminisirtion (Student 7 test).

_1 5_
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Tabk 5
Summary of nrinalysis )
Items Dose(mgfday) n Beforeintike 4wecksafier 2weeksafter -
Intake termination
pH  Plncebo 20 5732042 580007 623016
: 300 2) 574008 576013 564 £0.12
600 22 58304013 5410100 5572013
960 22 5B4E003 S0 575%001

* p<001 vs. before adminfstration (Student 1 test),

Table 6 .
Numbers of subjective symploms
Number of subjective symptoms
Plausibly Possibly Tolal Uncortain  Uniclated Total
related rclated relulionship
Placebo O 1 () 8 7 {13
X0mg O 0 1) ] 2 %
&0mg 0 0 (1] 9 n (20
Si0mg 0O 0 (0} 4 12 {16)

Plausibly related: the source of the adverse event was probably the test '_

materal, 25 fudged by the recognition of a clesr temporal reletionship to
the adminisiration of the Lest materind, Possibly relnled: although a clear
tempora] relationship to edministration was recognized, the possibility that
the source of the adverse event covld have been something other than the
fest material remained. Uncertein relationship: no clear temporze) relation-
- ship to administration of the test materiel was found, and it appeared likely
that the seurce of the adverse cvent wac something other than the Jest

maferial,

of CoQ10 in human plasma was 35h. Bentinger et al. reportad
that the amounts of CoQ10 in organs decreases in tme-
dependent fashion, suggesting that CoQ10 does not accumu-
late fn organ and plasma. However, the dose of CoQ10 in our
study was muchhigher than in these pharmacokinetic studies,
We therefore detérmined plasma concentrations of CoQI0.
Plasma concentration increased dose-dependently and
reached a plateau 2 weeks alter initiation of intake, Plasma
CoQ10 level remained stable during administration, but then
decreased after withdrawal, These findings clearly show that
Co(3i0 did not accumulate in piasma. One of the autributes of
the safety of Kaneka Q10 is this lack of accumulation.

"The end products of enzyme reactions may have negative
feedback effects. Tt is possible that administration of a large

Table7
Classification of subjective symptoms
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Fig. 1. Changes in p]aéma CoQI0 concentrition during test periods, Vui-
ues are mean= §D in plicebo (open cincles), 300 mgfday (clased circles),
600 rapfday (closed squares), and 960 mgfday (closed iriangles) groups.

Table 8
Comparison of plasma CoQJ0 concentrstions

Plasma CoQ10 cone, {pghmi)

Belore intzke B months afier withdrawal
533 mp, (mele, == 1) Q.58-£0.21 (1003 666016017

GGOmg {female,n=7) 066027 (100} 0.62:£ 0.26 (74)

Volues are means 50, Parentheses show pen:t.nmms of plzsma CaQi
concentriion bafnrv: mtake.

. amount- of CoQI0 decreased its endogenous biosynthesis,

Correspondingly, had CoQ10 biosynthesis been affected by
high-dose intake, plasma CoQI0 level would have been
decreased compared with that before administration. Endog-
enous CoQl0 concentration was not zffected by one time of
d5-CoQI0 intake at dosing 100mg (Tomono etal, 1986), It
may be suggested that down regulation of Co(10 biosynthe-
sis was not occurred in shost term of ingake. In this study, it
was shown that plasma CoQI0 conceniration afier 8-month
withdrewal was almost the same as that before intake. This

Symptoms Number of subjective symploms
Placebo 300mg 600mg 900mg Total
M F- M F MF M F
Respirslory system 5 2 P2 3 4 7 — e
Gastrointesiingl system 51 2 3 7 5 — 2
Body es whole-general 2 0 12 LU K 4
BXin and appendages. 1 0 (L 0 1 0 — 3
Central and peripheral nervous system ¢ 0 6 1 e 1 ¢ — 2
Musclo-skelein] systern . 0 0 0 ¢ & 0 I — !
Vision 4 0 o 0 10 0 - 1
Number of subjecls 7 3 3 5 .5 6 13 - 42

There was no significant difierence in the frequency between placebo group and CoQ10-intuke group (32 test),
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finding suggests that intake of Kaneka Q10 up to 500mg/day
did not affect CoQ10 biosynthesis over the long term.

Serum chemistry examination was performed to check
the efficacy of Kaneka CoQ10. It was observed that plasma
cholesterol level in the 900'mg grovp and triglyceride level
in the 600mg group were significantly decreased within
normal range, However, these decreases did not exhibit
clear dose-dependency. A significant decreass in frictos-
amine in the 300 and 900 mg groups was also observed, sug-
gesting that blood glucose leve]l was not maintained high
after meals, The efficacy of CoQ10 in treating diabetes was
reported hy Kihara et al, whe noted that the mechanism of
efficacy of CoQI10 might be increase In both glitcose metab-
olism and insulin secretion (Kihara etal, 1978). This
hypothesis is supported by our observations.

In conclusion, these Bndings showed that Kaneka QI0
wag well-tolerated and safe for healthy adults at intake of up
10 900 mg/day. Intake of Kaneka Q10 for 4 weeks had no
long-term effect on CoQ10 biosynthesis. These findings sug-
gest that Kaneka Q10 can be used safely 2t dosages above.
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