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SECTION 1

The name and complete address of the manufacturer or distributor of the dietary
supplement that contains a new dietary ingredient, or of the new dietary ingredient.

The manufacturer of the new dietary ingredient is:

Kaneka Corporation-

Functional Foods. Development Division
3-2-4, Nakanoshima, Kita-Ku

Osaka 530-8288, Japan

Direct correspondence to:

David H. Bechtel, Ph.D., DABT
Senior Scientific Consultant
CANTOX U.S. Inc.

1011 U.S. Highway 22, Suite 200
Bridgewater, NJ 08807

Phone: 908-429-9202

Fax: 908-429-9260
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SECTION 2

The name of the new dietary ingredient.

KANEKA QH"™ brand of ubiquinol.
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 SECTION 3

Description of the dietary supplement or dietary supplements that contain the dietary
ingredient including (i) the level of the dietary ing;e’dient‘in the dietary supplement, and
(ii) the conditions of use recommended or suggested in the labeling of the dietary
supplement, or if no conditions of use are recommended or suggested in the labeling of
the dietary supplement, the ordinary conditions of use of the supplement.

r—

The dietary supplement’containingAKANEKA QH™ will be in softgel capsule form. The KANEKA
QH"™ softgel capsules will be clearly labeled and promoted as a dietary supplement. A
description of the number of softgel capsules per serving size will éppear on the label, and each
serving of the dietary supptement will contain 50 mg of KANEKA QH™. Consumption of up to 6
servings per day will be suggested -or recommended in the label directions, resulting in a
maximum daily consumption of up to 300 mg KANEKA QH"™ (equwaient to 6 mg/kg/day for a 50
kg body weight person). .

—_—
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SECTION 4

The history of use or other evidence of safety establishing that the dietary ingredient,
when used under the conditions recommended or suggested in the labeling of the
dietary supplement, will reasonably be expected to be safe, including any citation to
published articles or other evidence that is the basis on which the distributor or
manufacturer has concluded that the dietary supplement will reasonably be expected to
be safe.

4.1 CHEMICAL COMPOSITION -
4.1.1 Chemical Identity of Ubiquinol

Ubiquinol is the two-electron reduction product of coenzyme Q, (CoQyp), a naturally-occurring,
lipid-soluble nutrient (Frei ef al., 1990; Schoepp, 1997; Pepping, 1999). The term CoQ refers to
a class of homologous benzoquinones that have been identified in all plants and animals, as
well as in a majority of microorganisms (Budavari ef al., 1996; Nohl et al., 1998). Benzoquinone
homologs consist of a redox active quinoid moiety, and a hydrophobic side chain comprised of 6
to 10 isoprenoid units, depending on the species (lbrahim et al., 2000; Matthews et al., 1998;
Lenaz, 2001). In humans and most mammals, including dogs, the predominant form of
coenzyme Q is coenzyme Qso (CoQqo), which consists of 10 isoprenoid units in the side chain
(Ramasarma, 1985). In rats and mice, the primary form is coenzyme Qo, which contains 9
isoprenoid units. However, low levels of coenzyme Qo have also been reported in rats and
mice (Battino et al., 1992). Coenzyme Qi and its reduced form are also referred to as
ubiguinone (or ubiquinone-10) and ubiquinol (or ubiquinol-10), respectively.

The conversion between ubiquinone, the oxidized form, and ubiquinol the reduced form, is
shown in Figure 1 below. ‘

Figure 1 Structures of coenzymes Q

0 ¢
‘ Reduction /
MeO CH3 : RS MeO CHa ) o .
CH, . <l ks
MeO (CH,CH=CCH,),,H e MeO (CH,CH=CCH,),,-H
0 aton OH
Ubiquinone 5 Ubiquinol
(oxidized form) ‘ ‘ (reduced form)
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4.1.2 Physical and chemical properties of Ubiquinol

April 28, 2005 ‘. | CGNF‘DENﬂM- 5
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Stability: Ubiquinol is easily oxidized in air, forming ubiquinone.
B Molecular formula : CsgHg20,

®  Chemical name: 2-[(2E,6E,10E,14E,18E,22E,26E,30E,34E)-
~3,7,11,15,19,23,27,31,35,39-Decamethyl-
2,6,10,14,18,22,26,30,34,38-tetracontadecaenyl}-5,6-dimethoxy-3-
methyl-1,4-benzenediol

B CAS Registry No.: 992-78-9

42  MANUFACTURE OF KANEKA QH™.

April 28, 2005 ; CONHDEN“ M_ 6
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4.3 BIOCHEMICAL CONSIDERATIONS AND BIOAVAILABILITY

4.3.1 Biochemical Considerations .

4.3.1.1 Occurrence
4.3.1.1.1 Occurrence in Humans

Ubiquinol is the two-electron reduction product of coenzyme Q4 (CoQy), a naturally-occurring,
lipid-soluble nutrient (Frei et al., 1990; Schoepp, 1997; Pepping, 1999).. The term CoQ refers to
a class of homologous benzoquinones that have been identified in all plants and animals, as
well as in a majority of microorganisms (Budavari et al., 1996; Nohl et al., 1998). Benzoquinone
homologs consist of a redox active quinoid moiety, and a hydrophobic side chain comprised of 6
to 10 isoprenoid units, depending on the species (Ibrahim et al., 2000; Matthews ef al., 1998;
Lenaz, 2001). In humans and most mammals, including dogs, the predominant form of
coenzyme Q is coenzyme Qi (CoQy4e), which consists of 10 isoprenoid units in the side chain
(Ramasarma, 1985). In rats and mice the primary form is coenzyme Qgq, which contains 9
isoprenoid units, however, low levels of coenzyme Qqo'have also been reported (Battino et al.,
1992). Coenzyme Qqo and its reduced form are also referred to as ubiquinone (ubiquinone-10)
and ubiquinol (ubiquinot-10), respectively.

Coenzyme Qy, is located m the hydrophobic interior of nearly every cellular membrane, and to
varying degrees in all tissues (Lass and Sohal, 1999; Nohl et al., 1998).. Since its discovery in
1957 by Crane and colleagues {Bertelli and Ronca, 1990), coenzyme Qo has been extensively

o 25, 2005 | | CONFDENTIAL -
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studied for its key role in mitochondrial energy production, where it acts as both an electron
carrier and proton translocator during cellular respiration and adenosine triphosphate (ATP)
production (Hughes ef al’, 2002; Nohi et al., 2001; Nohl et al., 1998). Apart from its involvement
in mitochondrial energy coupling, coenzyme Q4 has also been shown to function in its reduced
form (i.e., ubiquinol) as an antioxidant in both mitochondria and lipid membranes (Forsmark-
Andree et al., 1997; Noack et al., 1994)." In addition, ubiquinol, like coenzyme Qyo, has been
shown to be an integral part of virtually all living celis (Frei et al., 1990).

Although coenzyme Qo becomes oxidized as a result of its antioxidant function, a substantial
amount is maintained in i;’s reduced state in the plasma membrane and endomembranes
(Takahashi et al., 1993), as well as in lipoproteins. (Stocker and Frei, 1991). In the plasma
membrane, reduction of coenzyme Qq is achieved through the involvement of several CoQ-
reductases (e.g., DT-diaphorase and NADPH-CoQ reductase) that may be either integral
membrane proteins or cytosolic enzymes (Arroyo et al., 2000) Stocker and Suarna (1993) also
reported that natural ublqumones are readily reduced after dietary uptake. While it is generally

accepted that oxidized coenzyme Qo is the final product of its biosynthetic pathway, some
authors (Stocker and Suarna, 1993; Schultz ef al., 1996) have proposed that the de novo
synthesis of the hydroquinone also contributes, at !ea$t in part, to the high levels of ubiquinol
observed in vivo. In fact, ubiquinol is the most common form of coenzyme Qqq in vivo (Frei et
al., 1990), and represents more than 80% of the total ubiquinol-10 + coenzyme Qy, pool in
human plasma, intestine and liver (Edlund, 1988; Okamoto et al., 1989; Aberg et al., 1992). In
the plasma of healthy adults, ubiquinol-10 accounts for approximately 95% of the total
concentration, while ubiquinone-10 accounts for only 5% (Yamashita and Yamamoto, 1997); in
human urine, ubiquinol-10 accounts for approximately 59% of the total ubiquinone-10
concentration (Okamoto ef al., 1989). Aberg et al. (1992) reported that high levels of reduction
(70 to 100%) were also observed.in human tissues including, the liver, pancreas, and intestine.
Only in the brain and lung was most of the ubiquinone:(approximately 80%) in the oxidized
state. In contrast, the d'egree of ubiquinone reduction in all rat tissues was less than in
corresponding human tissues.-

Several authors have examined plasma concentrations of ubiquinol in human volunteers. For
example, Kontush et al. (1997) reported that concentrations of ubiquinol-10 in plasma of young
and aged controls were 0.66 and 0.77 pM, respectively, (0.57 pg/ml and 0.67 pug/mL,
respectively) while the percentage of total ubiquinol-10 + ubiquinone-10 was 85.7 and 83.1% in
young and aged controls, respectively. Similarly, Miles ef al. (2003) reported the plasma
concentration of ubiquinol-10 in healthy adults was 1.07 umol/L (0.93 pg/ml), and Kaikkonen et
al. (1999) reported values ranging.from 0.5 to 2.0 pmol/L. (0.43 to 1.73 ug/mL). Since ubiquinol-
10 can be rapidly recycled from its oxidized form by various electron transfer systems (Crane et
al., 1993), Stocker and Suarna (1993) suggested that the reduction of ubiquinone-10 to
ubiquinol-10 by the liver plays an important role in maintaining its level in plasma

April 28, 2005 | | - CONHDENHAL 9
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Dietary supplementation with coenzyme Qi (100 to 300 mg/day) has been shown to increase
concentrations of ubiquinol-10 in plasma and all of its lipoproteins (Mohr et al., 1992). For
example, in low-density lipoproteins {(LDL), maximal supplementation is achieved following 4 to
5 days continuous coenzyme Q4o supplementation, and at this time a 4 to 5-fold increase is also
observed in LDL’s ubiquinol-10 concentration [from 0.5 to 0.8, to 2.0 to 3.0 ubiquinol-10
molecules per LDL] (Thomas et al., 1996; Mohr et al., 1992). it is noteworthy that coenzyme
Q1o supplementation does not alter the ratio of ubiquinol-10.to ubiquinone-10 in LDL or plasma;
the ratio remains constant with as much as 95% of the total coenzyme Q present as ubiquinol-
10 (Mohr et al., 1992). As such, Thomas et al. (1999).suggested that this finding was an
indication that sufficient reducing potential is available to keep circulating coenzyme Q in the
reduced form. Similarly, Takahashi et al. (1993) reported that a high ratio of ubiquinol to total
ubiquinone (approximately 85%) was maintained even when serum:concentrations of total
ubiquinone were enhanced through oral supplementation with the oxidized form of ubiquinone.
The authors suggested that this finding was an indication that the oxidized form of ubiquinone,
when taken orally, is reduced to ubiquinol at the expense of reducing equivalents including,
ND(P)H.

Several authors (Kontush'ef al., 1997, Yamamoto and Yamashita, 1997, 1999; Lagendiik et al.,
1997; Wittenstein ef al., 2002) examined plasma ubiquinol and ubiquinone concentrations in
patients with various pathological conditions (e:g., hyperlipidemia, hepatitis, cirrhosis,
hepatoma, coronary artery disease [CAD], diabetes mellitus), and reported that the ratio of
ubiquinol to ubiquinone was decreased in these patients compared to healthy subjects. For
example, Lagendijk et al. (1 997),present:é*d the following comparison of coenzyme Qo
parameters between paﬁénts with CAD (n=40; mean age = 52'.6) and controls (n=40; mean age
= 52.6):

Parameter CAD Patients (Mean) Controls {Mean)
_Ubiquinol(nmolL) 1 41370 | 11481
Ubiquinone(nmolt) | 464 | 403

Ubiguinol/ubiquinone ratio 26.5 302

4.3.1.1.2 Occurrencé in Animals

Aside from those investigations conducted in human vé!unteers, several authors have examined
the concentration of reduced coenzymes Q, as well as the ratio of reduced forms to oxidized
forms, in rodents. In mice, tissues involved in detoxification, such as the liver and kidney were
shown to have high levels of reduced forms, which may, as Podda et al. (1996) and Tang et al.
(2004) suggested, protect gthem from radicals escaping the P450 erizyme system. For example,
according to Podda ef al. (1 996), conqegitrations of ubiquinol-9 and ubiquinol-10 in the liver and
kidney were respectively, 42 and 81 nmollg tissue, and 1.7 and 11 nmol/g tissue, compared to
ubiquinol-9 and ubiquinol-10 concentrations of 1.6 and{O.B nmol/g tissue in the brain, and 19
and 2.8 nmol/g tissue in the heart.

April 28, 2005 | L/ CONHDEN.HA[ 10
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Tang et al. (2004) reported that mouse heart [mean (n=10): 897.5 nmol/g protein] and liver
[mean (n=10): 281.3 nmol/g protein] contained apprec;abie concentrations of ub:qumol -9
compared to skeletal muscle [mean (n~«10) 154 nmollg protein] and brain [mean (n=10): 92.2
nmol/g protein]. For ubiquinol-10, mouse heart [mean (n=10): 83.8 nmol/g protein] reportedly
contained a relatively appreciable amount, compared to the liver [mean (n=10): 4.6 nmol/g
protein], skeletal muscle [mean (n=10): 6.5 nmol/g protein] and brain [mean (n=10): 26.7 nmol/g
protein]. In addition, the authors reported that percentages of ubiquinol-9 in total CoQy were
85.5% in the liver, 60% in the heart, 58.7% in the muscle, and 31,2% in the brain; percentages
of ubiquinol-10 in total CoQ;, were 88.6% in the liver, 60.9% in the heart, 57.9% in the muscle,
and 35.3% in the brain. Tang et al. (2004) noted that according to Podda ef al. (1996) the
percentages of ubiquinol39 in-brain, heart and liver were approximately 14%, 7%, and 48%,
respectively, while the percentages of ubiquinol-10 were 15% in brain and 12% in heart (due to
the sensitivity of the uitraviolet-(UV) detector, Podda ef al. (1996) did not measure ubiquinone-
10 in fiver). Recognizing the percentages of reduced forms that they observed in mouse heart
and liver were greater than those observed by Podda et al. (1996), Tang et al. (2004) suggested
that such differences were the result of variations in sémpling, extraction and analytical
methods.

As mentioned previously, differences in the ratio of the reduced form to oxidized form have been
reported in patients with various pathoioglcai condmons compared to healthy subjects.

Similarly, variations in the ratio of the reduced form to-oxidized form. have also been shown to
exist among different species. For example, in general, the reduced fraction (ubiquinol) has
been reported to be higher in human than rat (Table 1).

CONFDENTAL
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Table 1 Coenzyme Q Concentration, Type and Extent of Reduction in Human and
Rat Tissues
Tissue : Rat ‘ ’ Human
CoQs CoQyg | % Reduced . CoQg . CoQuo % Reduced

Heat 202 | A 22 < JSURE DU ) & SIS . ¢ A
_Kidney o4 V022 4. 42 4 3 b 67 . R £ S
_Liver IO PO <3 . | 21 BT 2 85 R
Muscle i 43 | . 3 40 1 .40 L B0
JBrain S A R | NS FENRY AUUUN N N 3 L. .23
Pancreas st .3 .82 2 33 Yoo 100
_Spleen 23 D 18 A e 25 .87
Ltung B 17 2 1 12 A8 24
_Thyroid oM T 45 . b2 4. 68
Testis {32 1 5 49 1. L .18
Intestine | 581 .} 19 67 oA 293
Colon___ .48 1 8 52 oM. 8
Ventricle 56 5 52 - 12 59

The values are presented in ug/g tissue. Data is taken from Aberg et al. (1992) and Runquist ef al. (1995).

Takahashi et al. (1993) examined the concentrations of oxidized and reduced forms of
ubiquinone homologues in rat tissues and subcellular fractions to clarify their distribution and
physiological role. Concentrations (n=4 to 8) in tissues are shown in Table 2; the values are
means, ug/g wet tissues or mL plasma.

Table 2 Concentrations of Oxidized and Reduced Forms of Ubiquinone in Rat
Tissues and Subcellular Fractions
Ubiquinone (UQ) B 1 , :
Tissue Homologues t-UQ® Content UQrea Content | UQyed (% of t-UQ)°
Detected
Plasma uQ-9 \‘ ) 0.48 e 0.3¢ o 82.1
e $QAO 042 ] e 009 TBS
Liver uQ-9 105.1 78 74.5
..................... quvaeqo o oo...188 o 2a . BT4
Heart uQ-9 188.4 17.4 9.3
e L HQA10 U P N —88 N . 88
Kidney UQ-9 ‘ 122.6 19.9 16.2
e e Q1O 308489 183
Spleen UQ-9 ‘ 75.9 22.4 29.8
uQ-10 . 39.6 ) .77 24.7

E] The sum of oxidized form of UQ (UQox) and reduced form of UQ (ubiquinol) (UQres) of each of the homologues.
® {{UQreal/t-UQ]} x 100

Similarly, UQ-9 and UQ-10 were detected in all blood cells isolated (i.e., erythrocytes, ghost
cells, endosomes, leukocytes, and platelets). Leukocytes and platelets, which have
mitochondria, possessed higher concentrations of t-UQ-9 (total CoQg) and t+-UQ-10 (total CoQyo)
than did erythrocytes, which do not have mitochondria. The UQyeq forms were below 10% of the
t-UQ in erythrocytes and leukocytes and they were not detected in platelets. With respect to
subcellular distribution of UQQX and UQ,ed homologues in rat liver and kidney, all fractions tested
(i.e., nuclei, mitochondria, crude lysosomes, crude microsomes, cytosol, plasma membranes)
contained significant amounts of UQ-9 and UQ-10. The levels of the UQ,.qs forms reached 60-
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70% of those of the t—UQ homologs in a majority of subcellular fractions of the liver, and
accounted for approximately 25% of those in kidney.

Based on these findings, Takahashi et al. (1993) concluded that all rat tissues and subcellular
fractions isolated from the liver and kidney contain significant amount of ubiquinone
homologues. In addition, the authors noted that 70 to 80% of the total amounts of each UQ,,
and UQ,ey homologue i in the liver and plasma, as well as 20 to 30% of those in other tissues,
exist as the reduced hydroqumone form.

4.3.1.1.3 Occurrence in Foods

April 28, 2005 | \ L \ CONHDEN-HAL 13
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4.3.1.2 Physiological Functions

Ubiquinol-10, the reduced and most common form of coenzyme Qqo in vivo, has
been shown to be a potent lipohilic antioxidant for protection of lipids in a
number of biological and model systems (Frei et al., 1990; Ernster and Forsmark-
Andree, 1993). Furthermore, according to Ernster and Daliner (1995), reduced
coenzymes Q is the only known lipid-soluble antioxidant that animals can
synthesize de novo, and for which there exist mechanisms that can regenerate it
from its oxidized product formed as a resuilt of its antioxidant activity.4.3.2
Bioavailability |

4.3.2.1 Bioavailability of Ubiquinol Compared to Ubiquinone

April 28, 2005 | | | | ' \ CONHDENT‘AL 19
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Figure 3 Comparison of Ubiquinol and Ubiquinone Bioavailability

April 28, 2005 CONHDENT%AL 16
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4.3.2.3 Published Bioavailability Data in Humans

Mohr et al. (1992) examined the effects of coenzyme Q1o supplementation on plasma and
lipoprotein ubiquinol-10 concentrations. Within 6 hours of consumption of a single oral dose of
100 or 200 mg coenzyme Qro, tqtai plasma coenzyme Qqo content was increased by 80% or
150%, respectively, in a single subject. Long-term 3upplementati9n, consisting of oral doses of
100 mg coenzyme Qo threé times daily for 11 days resulted in a 4-fold increase of ubiquinol
{CoQH) in the plasma and LDL of 3 normolipidemic male subjects. The proportion of
coenzyme Qqq in the reduced state [percent CoQH, = 100 CoQH,/ (coenzyme Qio + CoQH,)]
was reportedly unchanged by treatment and remained constant througheut the monitored
period, with approximately 80% of the coenzyme present as CoQH,. ‘The authors suggested
that this finding indicated that efficient reduction of coenzyme Qi to CoQH; must occur either
during absorption or rapidly after the appearance of coenzyme Qy in the blood (Mohr et al.,
1992). \

In light of the approximate 4-fold increase in CoQH;.and the potential role of CoQH, as an LDL
antioxidant, Mohr et al. (1992) also examined whether in vivo supplemented LDL was
correspondingly less susceptible to radical oxidation. The authors reported that incubation of
LDL (isolated from a single subject before and after }ong»-term'suppiehwentation) with 2,2'-
azobis(2-amidinopropane hydrochloride) [AAPH, 20 or 40 pL of 100 mM in 0.156 M NaCl]
resulted in immediate formation of lipid hydroperoxides; formation init?ally occurred at very low
rates, however, a marked increase in the rate of lipid oxidation was noted with the
disappearance of 80 to 90% CoQH,. Results also demonstrated that the cumulative radical
dose required to reach a “break point” in lipid hydroperoxade formation (i.e.,, on a radical/LDL
particle basis, ROO’ /LDL ~3 for non-supplemented versus ~11 for the supplemented LDL) was
nearly proportional to thé 4-fold increase observed in LDL-[CoQH,]. On this basis, Mohr et al.
(1992) concluded that oral supplementation with coenzyme Qy, increases CoQHj; in the plasma
and all lipoproteins, thereby inc‘reasing the resistance of LDL to radical oxidation.

- CONFDENTIL =



4.4 SAFETY OF UBIQUINOL

KANEKA QH™ was used as the test material in all ubiquinol safety studies in Section 4.4.1
(4.41.1,44.1.2,44,1.3). As previously discussed (see Section 4.3.1.1.1), pharmacokinetic
studies in humans indicate that, following oral supplementation with the oxidized form of
Coenzyme Q10 (ubiquinone), this compound is reduced almost completely to ubiquinol in vivo.
Therefore, information in the published scientific literature related to non-clinical toxicity,
genotoxicity, and clinical safety of coenzyme Q,, are also included in this notification to support
the safety of ubiquinol. The following table provides an overview of the test materials used in
the safety studies described herein.

Test e Test Substance - - Notes
4.4.1.1 Acute Toxicity | | The sample name,
4.4.1.2 Subchronic Toxicity Kaneka QH ™  |method, and the result

are described as ubiquinol

4.4.1.3 Genotoxicity .
; . o
Degraded Kaneka QH ™

-

4.4.2 Non-clinical & Genotoxicity|

4.4.3 Clinical Safety Coenzyme Q10 _{ Published scientific literature

4.4.4 Supporting Saféty studies. Coenzymé Q1o Published scientific literature

4.4.1 Non-clinical and Genotoxicity Studies Conducted with KANEKA QH’

4.4.1.1 Acute Toxicity

me  CONFDENTIAL
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4.4.1.2
4.4.1.2.1

Subchronic Toxicity

1 3—Week Study\in Male and Female Dogs A
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4.4.1.2.2 13-Week Study in Male and Female Rats )
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4.4.1.2.3 Follow up 13-Week Oral Toxicity Study with Ubiquinol in Female Rats

April 28, 2005 ’ S CONFEDENT}AL 42
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4413 Genotoxicity
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4.4.2 Non-clinical and Genotoxicity Studies Conducted with Degraded
KANEKA QH™ ‘
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4.4.3 Clinical Safety

Pharmacokinetic studies in humans indicate that, following Qral supplementation with the
oxidized form of Coenzyme Qs (ubiquinone), this compound is reduced almost completely to
ubiquinol in vivo. On this basis, clinical studies examining the safety of coenzyme Q;o were
considered supportive of KANEKA QH™ (ubiquincl) safety. A brief summary of the available
safety data for coenzyme Qqq is provided ‘below. '

Weber ef al. (1994) imf/esﬁgated the effect of coenzyme Qg supplementaﬁon on antioxidative
status by exposing healthy subjects {n=22) to coenzyme Qg supplementétion before and after
induction of oxidative stress by fish oil supplementation, and subsequently monitoring markers
of plasma oxidative status ,{léveis of antioxidants (a-tocopherol, ascorbic acid), lipid peroxidation
products (thiobarbituric acid reacting substances; TBARS), and the total amount and redox
status of coenzyme Q] Subjects consumed 90 mg/day of coenzyme Qs for 6 weeks; during
weeks 3 and 4, a-tocopherol (10 mg/day) was added to the treatment regimen, while during
weeks 5 and 6, subjects also consumed 3 g/day fish oil (in capsules furnishing 1.1 g/day EPA,
0.8 g/day DHA, and 10 mg/day vitamin E) to increase oxidative stress. Results pertaining to the
effect of coenzyme Q4o supplementation on antioxidant piasma levels and TBARS are not
discussed herein since they were considered outsidévthe scope-of the current document; results
pertaining to the effect of coenzyme Q1o supplementation on the total amount and redox status
of coenzyme Qj, are summarized below.

The level of total coenzyme Qo increased significantly after coenzyme Qo supplementation and
remained constant throughout the supplementation beriod; In addition, the redox status of
coenzyme Qi (reduced coenzyme Qso/total coenzyme Q1p) was unchanged by coenzyme Qg
supplementation. The authors suggested\that this:finding indicated that exogenously supplied
coenzyme Qqp is reduced when appearing in plasma. Furthermore, Weber et al. (1994)
suggested that the constant redox status implies the existence of a reducing capacity for
coenzyme Qy large enough to maintain the majority of plasma coenzyme Qo in the reduced
form, even when the total coenzyme Q, level increased 2-fold. With respect to the effect of
increased oxidative sttess, the redox level of coenzyme Q4o was reportedly unaffected by the
addition of fish oil to tﬁe treatment regimen (Weber et al,, 1994).

4.4.4 - Supporting Safety Studies Conducted With Coenzyme Q1o

As noted previously, pharmacokinetic studies in humans indicate that, following oral
supplementation with the dxidized,form of Coenzyme Qi (ubiquinone), this compound is
reduced almost completely to the reduced form, ubiquinol in vive. Mohr et al. (1992) and
Weber et al. (1994) reborted that following dietary supplementation with coenzyme Qy, efficient
reduction of coenzyme Qo to ubiquinel (CoQH,) oceurs either during absorption or rapidly after
the appearance of coénzyme Qo in the blood. Furthermore, ubiquinol-10 has been identified as
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the most common form of coenzyme Q, in vivo (Frei et al., 1990), representing more than 80%
of the total ubiquinol-10 + coenzyme Qo pool in human plasma, intestine and liver (Edlund,
1988; Okamoto et al., 1989; Aberg et al., 1992). Qn this basis, studies examining the safety of
coenzyme Qi were considered supportive of ubiquinol safety, and a brief summary of the
available safety data for coenzyme Qy, is provided below.

44.41 Non-Cliriic‘aI Safety of Coenzyme Q,

4.4.4.2 Clinicél Safety of Coenzyme Qi

Coenzyme Q, deficiency has been reported in patients with various cardiovascular diseases
(e.g., congestive heart failure, angina pectoris, coronary artery disease, cardiomyopathy,
hypertension, mitral valve prolapse), therefore, much o’fithg available clinical data for coenzyme
Q1o was obtained from studies examining its possible therapeutic effect in these conditions.
Although in most instances the safety of coenzyme Qo supplementation was not the focus of
clinical trials, the absence of major adverse effects in subjects, as réported by several authors
(Shults et al., 2002, The Huntington Study Group, 2001, Baggio ef al., 1994; Hofman-Bang et
al., 1995; Langsjoen ef al., 1990), does offer support for safety. Adverse effects associated with
coenzyme Qy, therapy were reportedly rare and included na‘usea;(‘OJB%); decreased appetite
(0.23%), epigastric dis’comfortf(U.BQ%’),‘v vomiting (rare), and diarrhea (0.12%). Increased lactic
dehydrogenase and serum glutamic oxalotransferase levels have also been observed in rare
instances, at coenzyrrie Qo doses above 300 mg/day; however, serious hepatotoxicity has not
been reported (Singh et al., 1998; Tran et al., 2001). Thekuse of coenzyme Qy; is not
recommended in patients with renal insufficiency, or.during pregnancy and lactation
(Micromedex, undated; Tran et al., 2001),

.
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4.4.5 Proposed Daily Intake -

As mentioned in Section 3 of the current document, label directions of the dietary supplement
containing KANEKA QH’" will suggest or recommend consumption of up to 6 servings per day,

resulting in 2 maximum daily consumption of up to 300 mg KANEKA QH™ (equivale,nt‘ to6
mg/kg/day for a 50 kg body weight person). . '

Shapiro et al. (1995) and Mugford and Kedderis (1998) suggested that exaggerated
gender differences in rat drug metabolism might hinder extrapolation to other species, including
humans, in which gender-related differences are generally subtler.

Aside from gender-dependent differences noted in female rats, the selection of an appropriate
experimental animal model was influenced by reported species-dependent differences.
Specifically, as mentioned in Section 4.3.1.1.1, coénzyma Q homologs consist of a redox active
quinoid moiety, and a: hydrophobic side chain comprised of 6 to 10 isoprenoid units, depending
on the species (lbrahim et al., 2000; Matthews et al., 1998; Lenaz, 2001). In humans and most
mammals, including dogs, the predominant form of coenzyme Q is coenzyme Qo (CoQyo),
which consists of 10 isoprenoid units in the side chain (Ramasarm,é}, 1985). In rats and mice the
primary form is coenzyme Qgq, which contains 9 isoprenoid units (Battino et al., 1992).
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SUMMARY
The information presented herein shows that:

@) The chemical composition of KANEKA QH™ is well characterized, and the
manufacturing process yields a product demonstrated to reproducibly meet
compositional specifications. V

(it)

T~

(iii) | \\m i

(iv)  Numerous studies in the scientific literature have demonstrated the safety of
coenzyme Q. Given that efficient reduction of coenzyme Qo to ubiquinol (CoQH,)
occurs either during absorption or rapidly after the appearance of coenzyme Qyq in
the blood, studies conducted with coenzyme Qo were considered supportive of the
safety of KANEKA QH™.

- (V) Small quantities of KANEKA QH" will be consumed as dietary supplements.

(vi) Ubiquinol is a vital nutritive substance naturally present in human tissues and a
common component of the human diet.
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CONCLUSION

Based on the evidence above, including resuits of chronic safety studies, the absence of
mutagenic and reproductive activity, the presence of a safety factor in.excess of 100-fold for
human exposure compared to the lowest effect levels in safety studies, and substantial clinical
experience indicating ample tolerance as well as potential benefit, Kaneka concludes that the
chronic use of KANEKAQH’" in dietary supplements at a level of up.to 300 mg KANEKA QH™
(equivalent to 6 mg/kg/day for a 50 kg body weight person), will- be reasonably expected to be
safe. '
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