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July 6, 2015

Paulette Gaynor, Ph.D.

Office of Food Additive Safety (HFS-200)
Center for Food Safety and Applied Nutrition
Food And Drug Administration

5100 Paint Branch Parkway

College Park, MD 20740-3835

Dear Dr. Gaynor:

In accordance with 21 CFR 170.36 (62 FR 18960; April 17, 1997), Intertek Scientific & Regulatory
Consultancy is hereby submitting, on behalf of Nascent Health Sciences, LLC, notice of a
determination based on scientific procedures that the use of pyrroloquinoline quinone (PQQ) disodium
salt, as defined in the enclosed documents, is generally recognized as safe (GRAS) under specific
conditions of use as an ingredient in multiple food categories, and that it is therefore exempt from the
premarket approval requirement of the Federal Food, Drug, and Cosmetic Act.

Enclosed please find an electronic copy of the cover letter, GRAS Exemption Claim, and GRAS
notice.

My contact information is provided below. Please feel free to contact me' by phone or e-mail if you
have any questions regarding this GRAS notice.

Sincerely,
(b) (6)

David H. Bechtel, Ph.D., D.A.B.T.
Vice President New Jersey Office

cC: Michael Chen, Nascent Health Sciences, LLC

' Please note that Choco Finesse, LLC has authorized Dr. David Bechtel
(David.Bechtel@Intertek.com) from Intertek Scientific & Regulatory Consultancy, located at 100
Davidson Avenue, Suite 102, Somerset, NJ 08873, to engage in discussions about any issues related
to the enclosed GRAS notice. Dr. Bechtel may be reached by e-mail (shown above), by telephone at
(908) 429-9202, or by FAX at (908) 429-9260.
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Paulette Gaynor, Ph.D.

Office of Food Additive Safety (HFS-200)
Center for Food Safety and Applied Nutrition
Food And Drug Administration

5100 Paint Branch Parkway

College Park, MD 20740-3835

Dear Dr. Gaynor:

In accordance with 21 CFR 170.36 (62 FR 18960; April 17, 1997), Nascent Health Sciences, LLC is
hereby submitting notice of its determination based on scientific procedures that the use of
pyrroloquinoline quinone (PQQ) disodium salt, as defined in the enclosed documents, is generally
recognized as safe (GRAS) under specific conditions of use as an ingredient in multiple food categories,
and that it is therefore exempt from the premarket approval requirement of the Federal Food, Drug, and
Cosmetic Act.

Enclosed please find an electronic copy of the GRAS notice, which includes a comprehensive summary
of data supporting the safety of the ingredient and the signed statement of an expert panel regarding the
value of these data in supporting a GRAS determination.

My contact information is provided below. Please feel free to contact me! by phone or e-mail if you have
any questions regarding this GRAS notice.

Sincerely,
(b) (6)

Michael Chen

Vice President of Sales and Marketing
Phone: 347-583-2601

Email: michael.chen@zcht.cc

! Please note that Nascent Health Sciences, LLC has authorized Dr. David Bechtel
(David.Bechtel@Intertek.com) from Intertek Scientific & Regulatory Consultancy, located at 100
Davidson Avenue, Suite 102, Somerset, NJ 08873, to engage in discussions about any issues related to
the enclosed GRAS notice. Dr. Bechtel may be reached by e-mail (shown above), by telephone at (908)
429-9202, or by FAX at (908) 429-9260.




GRAS NOTICE

SUMMARY OF DATA SUPPORTING A DETERMINATION
THAT THE USE OF PYRROLOQUINOLINE QUINONE (PQQ) DISODIUM
SALT IN SELECT FOODS IS
GENERALLY RECOGNIZED AS SAFE (GRAS)

Submitted to:

Food and Drug Administration
Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

By:

Nascent Health Sciences, LLC
PO Box 325

Allentown, New Jersey

08501

July 6, 2015



GRAS Exemption Claim

Nascent Health Sciences, LLC has determined that the use of pyrroloquinoline quinine (PQQ)
disodium salt under specific conditions of use as an ingredient in multiple food categories entails
a reasonable certainty of no harm and is generally recognized as safe (GRAS) based on
scientific procedures. Consequently, it is exempt from the premarket approval requirement of

the Federal Food, Drug, and Cosmetic Act.
(b) (6)

Signatur Date / /( /2,«‘)[0""

Michael Chen
Vice President of Sales and Marketing

Name and Address of Notifier

Nascent Health Sciences, LLC
PO Box 325
Allentown, NJ 08501

Contact Name: Michael Chen
Phone: 347-583-2601
E-mail: michael.chen@zcht.cc

GRAS Substance

The subject of this GRAS notice is PQQ disodium salt Nascent Health Sciences.. The product is
manufactured under current good manufacturing practices (cGMP) (21 CFR, part 110).
Inspections and testing are performed at various points during the manufacturing process; every
lot of PQQ disodium salt is tested for compliance with the established specifications (e.g.,
identity, heavy metals, microbiological activity).



Intended Use and Projected Consumer Exposure

Nascent Health Sciences, LLC intends to market PQQ disodium salt for use in foods as
specified in Table 1.

Table 1 Summary of proposed food uses and maximum use levels
PQQ Level RACC* Use-Levels
Food Category Food-Uses (mg/serving) (g or mL) (%)
Energy, Sport, and Isotonic Drinks 20 240 0.008

Beverages and

B Non-Milk Based Meal Replacement Beverages 20 240 0.008
everage Bases

Water (Bottled, Enhanced, Fortified) 20 240 0.008
Milk Products Milk-Based Meal Replacement Beverages 20 240 0.008
Grain Products Cereal and Granola Bars 20 40 0.05
and Pastas Energy, Meal Replacement, and Fortified Bars 20 40 0.05

Basis for GRAS Determination

To make the GRAS determination, Nascent Health Sciences, LLC compiled information about
the substance, specifications, manufacturing, proposed uses, and evidence of safety into a
comprehensive dossier (GRAS Dossier); and sought the opinion of qualified experts (i.e., expert
panel) in determining whether there is consensus among their peers that the use of this
substance as described entails a reasonable certainty of no harm and is generally recognized
as safe based on the available scientific evidence.

All data and information that are the basis for this GRAS determination are available for FDA’s
review and copying at reasonable times at Intertek Scientific & Regulatory Consultancy, 100
Davidson Avenue, Suite 102, Somerset, NJ 08873, and will be sent to FDA upon request.




SUMMARY OF DATA SUPPORTING A DETERMINATION
THAT THE USE OF PYRROLOQUINOLINE QUINONE (PQQ)
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Submitted To: Food and Drug Administration
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SUMMARY OF DATA SUPPORTING A DETERMINATION
THAT THE USE OF PYRROLOQUINOLINE QUINONE (PQQ)
DISODIUM SALT IN SELECT FOODS IS GENERALLY
RECOGNIZED AS SAFE (GRAS)

1.0 Introduction

Nascent Health Sciences LLC (Nascent hereafter) has undertaken an independent safety
evaluation of pyrroloquinoline quinone (PQQ) disodium salt. The purpose of the evaluation was
to ascertain whether the use of PQQ disodium salt in select food products for the general
human population might be considered generally recognized as safe (GRAS) through scientific
procedures. Specifically, PQQ disodium salt is proposed for use in the United States in foods
such as energy, sport, and isotonic drinks; non-milk based meal replacement beverages; water
(bottled, enhanced, fortified); milk-based meal replacement beverages; cereal and granola bars;
and energy, meal replacement, and fortified bars. PQQ disodium salt is intended to be used for
nutritive value in these foods at a maximum level of 20 mg PQQ disodium salt/serving. PQQ is
also intended for use in dietary supplements.

In the present GRAS dossier, Nascent provides detailed information about the intended foods
and use levels, manufacturing, specifications, and batch analyses of PQQ disodium salt.
Nascent conducted searches of the published scientific literature through December 2014 for
information related to its safety in several medical and toxicological databases, as well as
various reference texts, and on-line sources, including:

e TOXLINE

e PUBMED

e The National Toxicology Program (NTP) Chemical Health & Safety Information

e GENETOX

e ChemlIDplus

e Developmental and Reproductive Toxicology/Environmental Teratology Information
Center (DART/ETIC)

e Hazardous Substances Databank (HSDB)

Nascent used the information summarized herein to provide a basis for a determination that the
use of PQQ disodium salt in select food categories entails a reasonable certainty of no harm
and is generally recognized as safe (GRAS) by scientific procedures. Such use would therefore
be exempt from the premarket approval requirements of the Federal Food, Drug and Cosmetic
Act.



2.0 GRAS Substance Characterization

2.1  Description of the Ingredient

The ingredient, PQQ disodium salt, disassociates to PQQ. PQQ is reportedly ubiquitous in the
soil, bacteria, and plants. It has reportedly been found in all plant foods analyzed to date,
suggesting humans have a long history of exposure to PQQ. Kumazawa et al. (1995) detected
nanogram quantities of PQQ in various fruits, vegetables, and beverages. PQQ was also found
in human milk at concentrations between 140 and 180 ng/mL (Mitchell et al., 1999). It has also
been detected in human serum, urine, cerebrospinal fluid, and adrenal tissue (Paz et al., 1988;
Killgore et al., 1989).

Although studies examining to the absorption, distribution, metabolism, and excretion of PQQ
are limited, the available data indicate oral PQQ is bioavailable, distributed in the plasma, and
excreted, primarily in the urine (See Section 5.0 for additional information). Physiological roles
include function as a classical water soluble vitamin/cofactor, roles in cell signaling, and as an
antioxidant. PQQ serves as a coenzyme to several bacterial dehydrogenases. Similarly, a PQQ-
dependent dehydrogenase enzyme was identified in mice. PQQ was also shown to function as
a mammalian redox cofactor in lysine metabolism (Salisbruy, 1979; Kashara and Kato, 2003).
Diets deficient in PQQ resulted in impaired growth, immunological defects, and decreased
fertility in mice (Killgore et al., 1989; Steinberg et al., 1994; Rucker, 2002). PQQ confers
radioprotection, neuroprotection and cardioprotection in in vitro and in vivo models (Rucker et
al., 2009; Xiong et al., 2011; Gong et al., 2012).

2.2  Chemistry Data

Chemical Name: Pyrroloquinoline Quinone Disodium Salt

Synonyms:  Methoxatin disodium salt, Disodium pyrroloquinolinedione tricarboxylate
Chemical Abstracts Service (CAS) Number: 122628-50-6

Molecular Formula: C14H4N>Na,Og

Molecular Weight: 374.17



Chemical Structure:

Figure 2-1 Structure of PQQ Disodium Salt

Melting Point: > 300 °C
Solubility: 3 g/L (25 °C) in water; insoluble in organic solvents

Acid Dissociation Constants (based on Nascent acidification trial)
Pkl: pH=7.0-7.5

Pk2: pH =3.0

Pk3: pH=1.0

Octanol Water Partition Coefficient: -2.02 (for acidic form, see Appendix 7 )



2.3  Manufacturing Process of New Dietary Ingredient

Nascent Health Sciences synthesizes PQQ disodium salt from ethyl 6-formyamino-5-methoxy-
1H-indole-2-carboxylate via a 3-step chemical reaction as shown below



The manufacturing process, which complies with current Good Manufacturing Practice, is
shown in Figure 2-2. Reaction byproducts are quantified in the final analysis of PQQ disodium
salt using HPLC and are required to be less than 0.1% or not detectable. Figure 2-3 compares
the HPLC chromatograms of Nascent’s product to that of standard PQQ. The absence of
additional peaks demonstrates byproducts are absent in Nascent’s product.

The certificate of analysis and HPLC chromatogram for the starting material, ethyl 6-
formyamino-5-methoxy-1H-indole-2-carboxylate, are included in Appendix 1. An HPLC
chromatogram for PQQ is included in Appendix 2. The reagents involved in the synthesis of
PQQ disodium salt from ethyl 6-formyamino-5-methoxy-IH-indole-2-carboxylate include dimethyl
oxoglutaconate, copper acetate monohydrate, dichloromethane, sodium hydrogen carbonate,
diethyl ether, HCL gas, ceric ammonium nitrate, acetonitrite, sodium sulfate, toluene, ethyl
acetate, sodium hydroxide, sodium chloride, silicon dioxide, and ethanol. Purchasing
specifications and risk analysis of raw materials are included in Appendix 3.



Figure 2-2  GLP-compliant manufacturing process for PQQ



Figure 2-3 Comparative HPLC chromatogram of Nascent’'s PQQ to standard

2.3.1 Reaction Byproducts

Four byproducts are known to occur. These impurities are quantified in the final analysis of PQQ
using HPLC and are required to be less than 0.1% or not detectable. Figures 2-4 to 2-7 depict
these structures.

Figure 2-4  4-nitro-5-methoxy-1H-pyrrolo[2,3-flquinoline-2,7,9-tricarboxylic acid 2-ethyl
ester 7,9-dimethyl ester



Figure 2-5  3-nitro-5-methoxy-1H-pyrrolo[2,3-flquinoline-2,7,9-tricarboxylic acid 2-ethyl
ester 7,9-dimethyl ester

Figure 2-6 4-nitro-5-methoxy-1H-pyrrolo[2,3-flquinoline-2,7,9-tricarboxylic acid

Figure 2-7 3-nitro-5-methoxy-1H-pyrrolo[2,3-flquinoline-2,7,9-tricarboxylic acid



2.4  Specifications and Batch Analyses Data for the Ingredient

The specifications for the new dietary ingredient, PQQ disodium salt, are summarized in Table
2-1. Batch analyses data for 6 non-consecutive batches is provided in Table 2-2. Results of a 6-
month accelerated storage stability study are provided in Table 2-3. Product specifications and
certificates of analysis are provided in Appendix 4.

Table 2-1 PQQ disodium salt product specifications and analytical methods
(Nascent Health Sciences, 2015a)

SPECIFICATION | METHOD | PARAMETERS
SENSORY REQUIREMENTS
Appearance Visual Crystalline Powder
Color Visual Reddish Brown
Taste Taste Salty
PHYSICAL-CHEMICAL REQUIREMENTS
Identification FTIR Match Standard
Assay (dry basis) HPLC™ Not less than 98 %
Loss on drying USP<731> Not more than 12 %
Particle size USP<786> Not less than 99 % through 20 mesh
Ash* USP<281> Not more than 1.0 %
CONTAMINANTS/ADDITIVES
Heavy metals, as Pb USP<231> Not more than 10 ppm
Arsenic (As) AAS* Not more than 1.0 ppm
Cadmium (Cd) AAS* Not more than 1.0 ppm
Lead (Pb) AAS* Not more than 0.5 ppm
Mercury (Hg) AAS* Not more than 0.1 ppm
Residual solvent (ethanol) USP<467> Not more than 0.5 %
MICROBIOLOGICAL REQUIREMENTS
Aerobic Plate Count USP<61> Not more than 1000 cfu/g
Yeast & Mold USP<61> Not more than 100 cfu/g
Escherichia coli USP<61> Negative
Salmonella typhimurium USP<61> Negative/10G
PACKAGING, STORAGE & TRANSPORTATION
Packaging 1 KG or 5 KG in a sealed foil bag, impervious to light and humidity with a sealed inner bag.
Storage Untampered package can be stored under room conditions; refrigeration preferred.
Shelf Life 2 Years
Country of Origin China

TImpurities are likewise measured by HPLC They are identified at specific wavelength and peak value and are
required to be less than 0.1% or not detectable
*.Limit of detection 0.5 ppb

Specifications for cerium were not established due to analysis indicating non-detectable levels.

! A copy of the HPLC method used for assessment of purity is provided in Appendix 5.




Table 2-2

Batch analyses data for PQQ disodium salt

Batch # Batch # Batch # Batch # Batch # Batch #
SPECIFICATION PARAMETERS 20110413* 201301011* 201306003 201310001 201310002 201310003
SENSORY REQUIREMENTS
Appearance Crystalline Powder Conforms Conforms Conforms Conforms Conforms Conforms
Color Reddish Brown Conforms Conforms Conforms Conforms Conforms Conforms
Taste Salty Conforms Conforms Conforms Conforms Conforms Conforms
PHYSICAL-CHEMICAL REQUIREMENTS
Identification Match Standard Positive Positive Positive Positive Positive Positive
Assay (dry basis) Not less than 98 % 99.0 % 99.3 % 99.5 % 99.1 % 99.1 % 99.1 %
Loss on drying Not more than 12 % 8.7% 5.0% 34% 4.8 % 4.6 % 5.0%

0,
Particle size Not less than 99 % - : 99.5 % 99.8 % 99.5 % 99.5 %
through 20 mesh

Ash* Not more than 1.0 % - - 0.05% 0.05% 0.05% 0.05%
CONTAMINANTS/ADDITIVES
I;gavy metals, as Not more than 10 ppm | <10 ppm <10 ppm <10 ppm <10 ppm <10 ppm <10 ppm
Arsenic (As) Not more than 1.0 ppm | - - Not Detected Not Detected Not Detected Not Detected
Cadmium (Cd) Not more than 1.0 ppm | - - 0.03 ppm 0.02 ppm 0.01 ppm 0.01 ppm
Lead (Pb) Not more than 0.5 ppm | - - Not Detected Not Detected Not Detected Not Detected
Mercury (Hg) Not more than 0.1 ppm | - - Not Detected Not Detected Not Detected Not Detected
Residual solvent | ot ore than0.5% | 0.1 % 0.13 % 0.12 % 0.1% 0.2% 0.1%
(ethanol)
MICROBIOLOGICAL REQUIREMENTS*
Aerobic Plate Not more than 1000
Count cfulg - - <10 cfulg 80 cfulg <10 cfulg <10 cfulg
Yeast & Mold lc\lfi)]}g]ore than 100 - - < 10 cfulg <10 cfulg <10 cfulg < 10 cfulg
E. coli Negative - - Negative Negative Negative Negative
Salmonella Negative/10G - - Negative Negative Negative Negative

*Limited tests were performed for product specifications in the beginning. Over time new parameters were added for batches made after June 1. 2013
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Table 2-3 PQQ disodium salt product Stability Data (Nascent Health Sciences,

2015b)

Conditions: Temperature: 40 + 2 °C, Humidity: 75 + 5%
Packaging: Foil bag with inner polyethylene liner

STARTING MONTH
ITEM LIMITS VALUE 1 2 3 6

Lot Number 0040130100
Appearance Red to Reddish Reddish Brown Reddish Reddish Reddish Reddish

Brown Brown Brown Brown Brown
Moisture <12.0% 2.3% 25% 2.8% 2.7% 3.0%
Assay = 98.0% 99.7% 99.4% 99.5% 99.1% 99.3%
Lot Number 0040131002

Red to Reddish . Reddish Reddish Reddish Reddish
Appearance Reddish Brown

Brown Brown Brown Brown Brown
Moisture <12.0% 2.5% 3.0% 2.8% 3.5% 3.4%
Assay = 98.0% 99.1% 98.8% 99.0% 98.6% 98.5%
Lot Number 00401301003

Red to Reddish . Reddish Reddish Reddish Reddish
Appearance Reddish Brown

Brown Brown Brown Brown Brown
Moisture <12.0% 3.9% 4.0% 4.5% 4.3% 4.5%
Assay = 98.0% 99.7% 99.5% 99.2% 99.3% 99.2%

These data indicate that PQQ disodium salt is table for 24 months at room temperature.
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3.0 Requirements for a Generally Recognized as Safe (GRAS)
Determination

Nascent is interested in self-affirming through scientific procedures that the use of PQQ
disodium salt in select food categories (see Section 4.0) is GRAS for its intended uses, in
accordance with Volume 62, Number 74 of the April 17, 1997 Federal Register, Pages 18937 to
18964 (Proposed Rules, 21 CFR Part 170, et al.). Such GRAS uses would therefore be exempt
from the premarket approval requirements of the Federal Food, Drug, and Cosmetic Act.

General recognition of safety, i.e., a determination that there is consensus among qualified
experts that the use of a substance in specific food applications entails a reasonable certainty of
no harm and is Generally Recognized as Safe (GRAS), may be through: (1) experience based
on common use in foods if the substance was used in foods prior to January 1, 1958, when the
Food Additives Amendment was enacted; or (2) scientific procedures. The proposed GRAS rule
indicates that “...general recognition of safety through scientific procedures is based upon
generally available and accepted scientific data, information, methods, or principles, which
ordinarily are published. Thus, studies would be one of several types of scientific data and
information that could support the technical element of a scientific procedures GRAS
determination. However, depending on the circumstances, other scientific information such as
that relating to chemical identity or characteristic properties of a substance, determination of
substantial equivalence to products already approved as safe, as well as methods of
manufacture, could support, and in some cases be sufficient to satisfy that element.”

There are multiple elements required for GRAS determination by scientific procedures, including
extent of exposure/consumption and cumulative effect of the substance in the diet. This report
addresses these elements and provides a comprehensive discussion of safety, as specified in
the proposed sections of 170.36 outlined below:

(c) Notifiers shall submit the following information:

(4) A detailed summary of the basis for the notifier's determination that a particular use of the
notified substance is exempt from the premarket approval requirement of the act because such
use is GRAS. Such determination may be based either on scientific procedures or on common
use in food.

(i) For a GRAS determination through scientific procedures, such summary shall include:

(A) A comprehensive discussion of, and citations to, generally available and accepted
scientific data, information, methods, or principles that the natifier relies on to establish
safety, including a consideration of the probable consumption of the substance and the
probable consumption of any substance formed in or on food because of its use and the

12



cumulative effects of the substance in the diet, taking into account any chemically or
pharmacologically related substances in such diet;

(B) A comprehensive discussion of any reports of investigations or other information that
may appear to be inconsistent with the GRAS determination; and

(C) The basis for concluding, in light of the data and information described under
paragraphs (c)(1), (c)(2), (c)(3), (c)(4)(i)(A) and (c)(4)(i)(B) of this section, that there is
consensus among experts qualified by scientific training and experience to evaluate the safety
of the substances added to food that there is reasonable certainty that the substance is not
harmful under the intended conditions of use.

13



4.0 Intended Food Uses and Projected Dietary Exposure

4.1 Intended Food Uses

PQQ has been reported to function as a water soluble vitamin/cofactor and as an antioxidant.
Pyrroloquinoline quinone (PQQ) disodium salt is proposed for use due to its nutritive value in
the United States (U.S.) in foods, such as energy, sport, and isotonic drinks; non-milk based
meal replacement beverages; water (bottled, enhanced, fortified); milk-based meal replacement
beverages; cereal and granola bars; and energy, meal replacement, and fortified bars. PQQ is
also intended for use in dietary supplements.

Estimates for the intake of PQQ disodium salt were based on the proposed food-uses and use-
levels for PQQ disodium salt in conjunction with food consumption data included in the U.S.
National Center for Health Statistics’ (NCHS) National Health and Nutrition Examination
Surveys (NHANES) 2011-2012 (CDC, 2014; USDA, 2014) (See Appendix 6 for full report)
Calculations for the mean and 90" percentile all-person and all-user intakes were performed for
each of the individual proposed food-uses of PQQ disodium salt and the percentage of
consumers were determined. Similar calculations were used to estimate the total intake of PQQ
disodium salt resulting from all proposed food-uses of PQQ disodium salt combined. In both
cases, the per person and per kilogram body weight intakes were reported for the following
population groups:

e Infants, ages 0 to 2;

e Children, ages 3to 11;

e Female teenagers, ages 12 to 19;

e Male teenagers, ages 12 to 19;

e Female adults, ages 20 and up;

e Male adults, ages 20 and up; and

e Total population (all age and gender groups combined).

The individual proposed food-uses and use-levels for PQQ disodium salt employed in the
current intake analysis are summarized in Table 4-1. Food codes representative of each
proposed food-use were chosen from the NHANES 2011-2012 (CDC, 2014; USDA, 2014).
Food codes were grouped in food-use categories according to Title 21, Section §170.3 of the
Code of Federal Regulations (CFR, 2014a). Product-specific adjustment factors were developed
based on data provided in the standard recipe file for the Continuing Survey of Food Intakes by
Individuals (CSFIl) 1994-1996, 1998 survey (USDA, 2000).
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Table 4-1 Summary of the Individual Proposed Food-Uses and Use-Levels for PQQ
disodium salt in the U.S. (2011-2012 NHANES Data)
PQQ Level RACC* Use-Levels
Food Category Food-Uses (mg/serving) (g or mL) (%)
Energy, Sport, and Isotonic Drinks 20 240 0.008
gznggszaagis Non-Milk Based Meal Replacement Beverages 20 240 0.008
Water (Bottled, Enhanced, Fortified) 20 240 0.008
Milk Products Milk-Based Meal Replacement Beverages 20 240 0.008
Grain Products Cereal and Granola Bars 20 40 0.05
and Pastas Energy, Meal Replacement, and Fortified Bars 20 40 0.05

*RACC = Reference Amounts Customarily Consumed per Eating Occasion (21 CFR 8§101.12 - CFR, 2014b). When a
range of values is reported for a proposed food-use, particular foods within that food-use may differ with respect to

their RACC.

4.2  Estimated Daily Intake of PQQ Disodium Salt from All Proposed Food-Uses

in the

u.S.

Table 4-2 summarizes the estimated total intake of PQQ disodium salt (mg/person/day) from all

proposed food-uses in the U.S. population group. Table 4-3 presents this data on a per kilogram
body weight basis (mg/kg body weight/day). The percentage of users was greater than 38.4% of
the population groups, with female teens having the greatest percentage of users at 68.7%.

The mean and 90" percentile all-person intakes of PQQ disodium salt in the total population
were determined to be 33.6 and 100.0 mg/person/day, respectively. Among consumers in the
total population, the mean and 90" percentile all-user intakes of PQQ disodium salt were
determined to be 60.9 and 145.0 mg/person/day, respectively. Of the individual population
groups, male adults were determined to have the greatest mean and 90" percentile all-user

intakes of PQQ disodium salt on an absolute basis, at 75.4 and 168.0 mg/person/day,

respectively, while infants had the lowest mean and 90™ percentile all-user intakes of 20.3 and
42.7 mg/person/day, respectively.
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Table 4-2 Summary of the Estimated Daily Intake of PQQ Disodium Salt from
Proposed Food-Uses in the U.S. by Population Group (2011-2012 NHANES

Data)
All-Person Consumption
Age (mg/day) All-Users Consumption (mg/day)
Group 90™ 90"
Population Group (Years) Mean Percentile | % Users n Mean Percentile
Infants Oto 2 7.8 27.3 38.3 271 20.3 42.7
Children 3to 11 16.4 46.4 58.6 943 28.0 60.3
Female Teenagers 12to 19 344 90.4 68.7 354 50.1 105.0
Male Teenagers 12to 19 37.2 108.0 63.1 328 58.9 145.0
Female Adults 20 and up 35.9 109.0 55.7 1,296 64.5 149.0
Male Adults 20 and up 39.1 132.0 51.8 1,165 75.4 168.0
Total Population All Ages 33.6 100.0 55.2 4,357 60.9 145.0

On a body weight basis, the mean and 90™ percentile all-person intakes in the total population
were determined to be 0.50 and 1.53 mg/kg body weight/day, respectively. Among consumers,
infants were identified as having the highest mean and 90" percentile all-user intakes of any
population group, of 1.63 and 3.52 mg/kg body weight/day, respectively. Female teens had the
lowest mean and 90" percentile all-user intakes of 0.84 and 1.79 mg/kg body weight/day,
respectively (Table 4-3).

Table 4-3 Summary of the Estimated Daily Per Kilogram Body Weight Intake of PQQ
Disodium Salt from Proposed Food-Uses in the U.S. by Population Group
(2011-2012 NHANES Data)

All-Person Consumption

(mg/kg bw/day) All-Users Consumption (mg/kg bw/day)
Age Group 90™ 90™

Population Group (Years) Mean Percentile % n Mean Percentile
Infants Oto 2 0.63 2.11 38.3 270 1.63 3.52
Children 3to 11 0.60 1.68 58.6 943 1.03 2.36
Female Teenagers 12 to 19 0.58 1.49 68.9 346 0.84 1.79
Male Teenagers 12 to 19 0.54 1.55 63.1 327 0.85 1.85
Female Adults 20 and up 0.49 1.49 55.6 1,281 0.88 1.93
Male Adults 20 and up 0.46 1.46 51.6 1,153 0.88 2.06
Total Population All Ages 0.50 1.53 55.1 4,320 0.91 2.07
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4.3 Estimated Daily Intake of PQQ Disodium Salt from Individual Proposed
Food-Uses in the U.S.

The total U.S. population was identified as being significant consumers of bottled, enhanced,
and fortified water (31.1 to 60.8% users) and energy, sport, and isotonic drinks (3.7 to 24.5%
users). Interms of contribution to total mean intake of PQQ disodium salt, bottled, enhanced,
and fortified water (contributed 74.5 to 89.7% to total mean intakes); and energy, sport, and
isotonic drinks (contributed 4.1 to 18.7% to total mean intakes) were the 2 main sources of
intake across all population groups on both an absolute and on a mg/kg body weight basis. Milk-
based meal replacement beverages contributed <1.6% to total mean PQQ disodium salt intakes
across all population groups; and energy, meal replacement, and fortified bars contributed 2.4
and 2.6% to intakes in infants and children, but were less than 1.4% in other population groups.

4.4  Summary of Consumption Data

Consumption data and information pertaining to the individual proposed food-uses of PQQ
disodium salt were used to estimate the all-person and all-user intakes of PQQ disodium salt for
specific demographic groups and for the total U.S. population. This type of intake methodology
is generally considered to be "worst case" as a result of several conservative assumptions
made in the consumption estimates. For example, it is often assumed that all food products
within a food category contain the ingredient at the maximum specified level of use. In addition,
it is well-established that the length of a dietary survey affects the estimated consumption of
individual users. Short-term surveys, such as the typical 2- or 3-day dietary surveys, may
overestimate the consumption of food products that are consumed relatively infrequently.

In summary, the proposed food use of PQQ disodium salt results in mean and 90" percentile
all-person intakes of 33.6 and 100.0 mg/person/day, respectively. On an all-user basis, the
highest mean and 90" percentile intakes of PQQ disodium salt by the U.S. population from all
proposed food-uses in the U.S., as observed in male adults (aged 20 years and over) were
estimated to be 75.4 mg/person/day (0.88 mg/kg body weight/day) and 168.0 mg/person/day
(2.06 mg/kg body weight/day), respectively. Infants (aged 2 years and under) had the highest
mean and 90" percentile all-user intakes of 20.3 mg/person/day (1.63 mg/kg body weight/day)
and 42.7 mg/person/day (3.52 mg/kg body weight/day), respectively.

17



5.0 Absorption, Distribution, Metabolism, and Excretion

Ten male Swiss-Webster mice (age not specified) received an oral dose of 28 ug of isotopic
radiolabeled PQQ dissolved in saline buffered with 5 mM potassium phosphate by gavage.
Animals were maintained on a chemically defined amino acid-based diet and housed in
metabolic cages. Sixty-two percent of this dose was absorbed in the lower intestine after 24
hours, with 81% of the absorbed dose excreted in the urine. The liver retained only a small

percentage of the absorbed PQQ (i.e., 5.4% after 6 hr and 1.5% after 24 hr). In the blood, nearly

all of the PQQ (95 to 97%) was associated with the blood cell fraction at both 6 and 24 hours.
At 6 hr, the blood cell fraction constituted about 10% of the absorbed label, which was
diminished to 1.2% at 24 hr. An additional 1.3% of the administered dose was detected in the
skin 24 hours after dosing. Additional PQQ was found in the kidney and was presumed to be
destined for excretion (Smidt et al., 1991).

In addition, a computational assessment of the mammalian metabolism of PQQ disodium salt
was generated using the Meta-PC expert rule based program to predict metabolic and
degradation products of chemicals. As shown in Appendix 7, the assessment suggests that
roughly 50% of PQQ disodium salt is metabolized. Metabolism is predicted to involve reaction
of carboxyl moieties to form glucuronide or glycine conjugates typical of Phase Il reactions.
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6.0 Safety

6.1 Overview

The overall safety of PQQ disodium salt is supported by the results of product-specific
toxicological studies (see Section 6.2). The toxicity of PQQ disodium salt has been investigated
in an acute oral toxicity test, 90-day feeding study, and a teratogenicity study.? Additionally,
genotoxicity/mutagenicity studies including, the Ames test, a sperm malformation assay, and
bone marrow micronucleus study were performed. All toxicity studies were performed with PQQ
disodium salt, batch number PQQ20110413. Nascent Health Sciences’ studies followed
GB15193 (Chinese National Standards), which are consistent with OECD Guidelines. Additional
supporting data on the safety of other PQQ products have also been reported in the published
literature and are summarized in Sections 6.3 and 6.4.

6.2 Preclinical Safety Studies on Nascent Health Sciences’ PQQ Disodium Salt

6.2.1 Acute Toxicity Study

An acute toxicity study was conducted using the Horn’s method according to the Chinese
Toxicology Assessment Procedures and Methods for Food Safety (Chinese Standard
GB15193.3-2003). Sprague-Dawley rats (5 rats/sex/group) received 1000, 2150, 4640, 10,000,
or 21,500 mg/kg body weight (bw) of PQQ disodium salt by gavage and were observed for 14
days. The two highest doses (i.e., 10,000 and 21,000 mg/kg bw) were administered as divided
doses. Based on the results of this study, the LDsowas considered to be 5010 mg/kg bw (3440
to 7300 mg/kg/bw) in females and 3690 mg/kg bw (2710 to 5010 mg/kg/bw) in males. According
to acute toxicity classification, PQQ disodium salt demonstrates low toxicity in rats (China
Center for Disease Control and Prevention, National Center for Food Safety Risk Assessment,
2012a). No other information was provided.

6.2.2 GLP-Compliant Repeated-Dose Toxicity, 90 days feeding study

Weanling Sprague-Dawley rats, specific pathogen-free grade (SPF grade), were individually
housed in suspended stainless steel, open-mesh cages in a light/dark cycle, temperature, and
humidity controlled room. Eighty healthy rats (10/sex/group) received 0, 100, 200, and 400
mg/kg bw of PQQ disodium salt daily by gavage for 90 days. Distilled water was administered to
the control group. Food and water were provided ad libitum. The highest dose (400 mg/kg bw)
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was about 10% of the LDs, established by the acute toxicity study. Clinical observations were
conducted twice daily. Food consumption was measured once a week. Hematological
parameters and serum chemistry were evaluated on the 46™ and 91% day. At the end of the
study, all rats were sacrificed and full necropsy was performed.

No mortality or adverse effects were observed. No significant difference was observed on the
body weights, food intake, weight gain, food utilization rate, white blood cells (WBCs), red blood
cells (RBCs), hemoglobin (HGB), platelet count (PLT), monocytes (MO) , alanine
aminotransferase (ALT), alkaline phosphatase (ALP), blood urea nitrogen (BUN), creatinine
(CRE), cholesterol (CHO), triglycerides (TG), total protein (TP), lymphocytes (LYM) and albumin
(ALB) of treated rats compared to control rats. Body weight and food intake data are presented
in Figures 6-1 through 6-4. Results for hematology, biochemistry, and relative organ weights
have been summarized in Tables 6-1 through 6-3. A statistically significant increase was
observed in granulocytes of female rats receiving 200 mg/kg body weight of PQQ on the 46"
day of the study. A statistically significant decrease was observed in the blood glucose of male
rats receiving 100 mg/kg body weight of PQQ disodium salt on the 45" day of the study. Both
observations were transient, not dose-dependent, were gender specific and were within the
normal range; thus, these findings were considered to be of no biological significance. As shown
in Table 6-4, lesions were noted in the heart, liver, kidney, and testes of both treated and control
rats. The incidence and/or severity of these lesions was not treatment-related and therefore not
considered to be of indicative of toxic effects of PQQ disodium salt. Histopathological
examination revealed no differences in the spleen, thymus, stomach, or adrenal glands. The
observed histopathologic changes do not appear to be dose-related, and in fact, the incidence
of lesions in the various control groups renders the results to be spurious. No significant effects
were seen on organ weights or organ to body weight ratios of treated mice relative to control
mice. No other signs of toxicity were observed. The no-observed-adverse-effect-level (NOAEL)
of PQQ disodium salt was considered to be 400 mg/kg bw/day in rats, which is in excess of 100-
fold the serving amount (Liang et al., 2014).
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Table 6-1

Effects of PQQ disodium salt on rat hematology (Liang et al., 2014)

Gender |, Dosage [ oo T oo WBC RBC HBC PLT LYM GR MO
(mg/kg bw) (x10°/L) (x10%/L) (g/L) (x10%/L) (%) (%) (%)

0 10 |46 |657£179 [6.97+046|151.3+84 |681.8+1161 |744+32 |161+28 |95+16

91 |7.26:0.80 | 7.38+0.31 | 167.6+7.4 | 461.6£658 | 73.9+53 | 16.2+4.6 | 9.9+20

100 1o |46 [7.30+1.98 |6.9540.39 | 1542+74 |678.9+1389 | 73.4+34 |185+29 |81+009

Fomale 91 [817+1.18 | 7.40£0.30 | 160.3+8.4 | 444.0+69.4 | 763+2.6 | 16.2+2.4 | 75+10

200 10 |46 [ 868+262 |6.60+0.27 | 1448+54 |654.2+81.9 |71.2#3.1 |21.0+24%|78%17

91 [7.50+214 |7.19+0.34 | 161.0+9.6 | 467.3+68.2 | 71.6+4.6 | 185+1.0 | 9.90+4.4

200 10 |46 [7.20+1.72 [7.14+0.28 | 1535+86 | 622.8+84.6 | 72.3+6.7 |189+53 |8.8+24

91 |7.28+1.40 | 7.26+0.63 | 156.6 £ 12.6 | 408.5£67.3 | 73.9+35 | 17.7+25 | 8.4+2.1

0 10 |46 [855+2.05 [7.1240.31]156.0£57 |846.6+1399 | 73.0£2.05|186%23 |84 +17

91 | 10.60+0.95 | 7.33+0.26 | 168.0+17.5 | 656.8+1459 | 73.1+14 | 106+1.7 | 7.3+12

100 1o |46 [9.00+2.00 [7.094041|156.1+45 |793.8+2011 |74.7+44 |160%37 |9.3+26

Male 91 11.52+2.75 | 7.41+£0.87 | 159.2+13.4 | 597.0 + 62.7 74.3+2.7 17.4 +3.3 83+2.1

200 10 46 8.74 +1.90 7.24+0.23 | 165.0+11.7 | 853.2+138.9 | 77.2+4.2 155+4.0 7.3+1.7

91 [ 9.86+1095 | 7.52+0.40 | 162.0+13.0 | 625.3+97.8 | 71.1+42 | 203+2.7 | 8.6+2.1

200 10 |46 [9.11+247 [7.2440.25|1607+67 |730.1+137.1 | 76.2+30 |16.2+36 | 7.6+15

91 | 10.71+2.88 | 7.42£0.39 | 159.1+6.2 | 553.3+83.5 | 73.0+4.0 | 18.7+25 | 83+2.1

Values represent mean + SD.
WBC: white blood cells, RBC: red blood cells, PLT: platelet count, HBC: hemoglobin, LYM: lymphocytes, GR: granulocyte, MO: monocyte

* P < 0.05 as compared to the control.
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Table 6-2 Effect of PQQ disodium salt on rat blood chemistry indices (Liang et al., 2014)

Qe Dosage No. of Day ALT AST ALP BUN CRE CHO TG GLU TP ALB
(mg/kg bw) | Rats (U/L) (U/L) (U/L) (mmol/L) | (umol/L) | (mmol/L) | (mmol/L) | (mmol/L) (g/L) (g/L)
46 354+ 1419 + 100.2 + 537+ 61.9 + 2.04 + 0.44 + 555+ 68.0 + 44.8 +
0 10 5.7 18.2 23.7 1.61 6.4 0.42 0.03 0.59 3.2 1.7
o1 20.7 + 147.2 + 65.0 + 525+ 64.0 + 1.96 + 0.64 + 4.44 + 78.2 449 +
4.3 18.1 18.0 1.12 3.1 0.47 0.16 1.05 4.2 2.5
46 40.7 £ 151.0 + 1195+ 5.09 + 62.4 + 2.07 + 0.49 + 6.20 + 69.6 + 45.6 £
100 10 6.6 23.6 57.5 1.32 8.7 0.43 0.06 0.72 4.3 2.2
91 204 + 157.6 = 60.0 = 519+ 64.7 + 2.07 + 0.52 + 494 + 779+ 451 +
Female 8.2 24.3 18.0 0.68 7.5 0.45 0.05 0.60 3.7 2.1
46 425+ 141.3 + 124.2 + 6.05 + 62.9 + 2.04 + 0.56 + 6.08 + 69.3 + 46.0 +
200 10 8.9 20.1 49.6 1.68 7.0 0.45 0.16 0.94 4.9 3.0
91 18.1 + 159.7 + 63.1 + 546 + 68.3 + 1.82 + 0.53 + 491+ 78.2 45,1 +
5.7 19.9 13.8 0.79 3.4 0.51 0.13 0.79 3.0 2.2
46 374+ 154.3 + 90.1 + 4.62 + 59.8 + 2.05 + 0.54 + 5.87 + 705+ 46.5 +
400 10 4.40 22.4 31.7 0.80 7.0 0.52 0.09 1.00 3.4 1.4
01 19.8 + 156.7 + 71.0 + 557+ 67.9 + 211+ 0.57 + 462 + 79.3 459 +
3.2 20.7 24.6 1.17 5.5 0.64 0.13 0.59 1.8 1.9
46 39.3+ 180.2 + 154.2 + 442 + 58.1 + 1.72 + 0.51 + 5.27 67.2 + 43.3 +
0 10 2.8 19.3 47.7 0.94 6.4 0.38 0.09 0.41 4.1 2.1
91 295+ 171.4 + 131.3 5.88 + 67.6 = 1.89 + 0.84 + 4.39 + 745+ 41.7
9.6 36.8 22.6 1.05 5.9 0.34 0.30 0.56 3.3 2.2
46 38.8 186.0 + 138.0 + 457 + 57.1+ 1.77 £ 0.59 + 4.49 + 66.2 + 43.6 +
100 10 3.2 30.1 37.5 1.03 4.6 0.38 0.14 0.31* 4.2 2.3
91 28.2 + 194.1 + 134.2 + 503+ 62.9 + 1.65+ 0.77 + 4.84 + 719+ 40.5 +
Male 6.7 32.6 25.2 0.62 6.6 0.25 0.23 0.53 3.6 1.5
46 39.7 + 184.9 + 157.8 + 419+ 61.8 + 2.00 + 0.54 + 5.27 + 69.1 + 44.8 +
200 10 4.1 23.4 51.8 0.56 5.2 0.39 0.09 1.01 5.3 2.1
o1 24.6 + 174.1 + 117.9 + 503+ 66.1 + 1.77 + 0.59 + 476 + 75.8 + 42.1 +
4.3 18.8 27.2 0.61 6.4 0.35 0.13 0.53 3.4 1.0
46 39.0 + 191.2 + 132.1 + 4,94 + 590.1 + 1.74 + 0.52 + 5.00 + 67.5+ 44.4 +
400 10 3.9 135 36.4 0.78 5.9 0.47 0.09 0.47 5.1 2.1
91 27.8 + 173.2 + 123.8 + 553+ 68.5 + 1.69 + 0.66 + 4.66 + 74.2 + 41.3+
9.4 17.5 19.8 1.16 5.6 0.38 0.22 0.46 2.7 0.9

Values represent mean + SD.

*P < 0.05 as compared to the control.

ALT: alanine aminotransferase, ALP: alkaline phosphatase, AST: aspartate aminotransferase, BUN: blood urea nitrogen, CRE: creatinine, CHO: cholesterol,
TG: Triglycerides, GLU: Glucose, TP: Total Protein, ALB: Albumin, GLU: glucose
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Table 6-3 Organ-to-body weight ratio of rats receiving PQQ disodium salt for 13 weeks (Liang et al., 2014)
Liver Spleen Kidney Thymus Heart Testicle
Dose | No.
Sex (9/kg of BW (g) Organ Organ Organ Organ Organ Organ
bw) | Rats W (9) to BW W (9) to BW W (9) to BW W (9) to BW W (9) to BW W (9) to BW
(%) (%) (%) (%) (%) (%)
0 10 2685+ | 80.1+ | 3.02+ | 055+ | 021+ | 217+ | 082+ | 029+ | 011+ | 1.04+ | 0.39% i i
17.2 0.71 0.22 0.07 0.03 0.18 006 0.09 0.04 0.12 0.03
01 10 2606+ | 779+ | 3.00+ | 049+ | 019+ | 224+ | 086+ | 031+ | 012+ | 097+ | 0.37% i )
Female 27.2 0.89 0.36 0.07 0.04 0.22 0.10 0.10 0.04 0.07 0.02
0.2 10 263.9 = 7.86 = 297+ 0.58 + 0.22 + 2.26 0.86 = 031+ 0.12 + 0.99 + 0.38 = ) )
' 24.8 1.17 0.31 0.14 0.05 0.20 0.07 0.11 0.04 0.11 0.02
0.4 10 269.2+ | 791+ | 294+ | 056+ | 021+ | 231+ | 086+ | 029+ | 011+ | 1.03+ | 0.38% i )
25.1 1.31 0.42 0.11 0.04 0.16 0.09 0.08 0.03 0.14 0.05
0 10 4465+ | 1149+ | 261+ 0.71 + 0.16 = 3.29+ 0.75 % 0.38 0.08 = 147+ 0.33 % 3.35+% 0.76 =
43.6 1.16 0.43 0.16 0.04 0.42 0.15 0.05 0.01 0.13 0.06 0.18 0.09
01 10 4526+ | 11.16+ | 246+ 0.72 = 0.16 + 331+ 0.73 0.42 0.09 + 150 £ 0.33 % 3.30 0.73
Male 41.6 1.40 0.14 0.10 0.02 0.34 0.06 0.10 0.02 0.19 0.03 0.33 0.10
0.2 10 4545+ | 11.79+ | 2.60 + 0.68 £ 0.15 + 3.59+ 0.80 £ 0.34 0.07 = 152+ 0.34 + 354+ 0.78 =
50.5 1.65 0.31 0.10 0.02 0.44 0.14 0.07 0.01 0.15 0.06 0.31 0.06
0.4 10 4527+ | 1238+ | 2.74+ | 069+ | 015+ | 467+ | 082+ | 036+ | 008+ | 149+ | 033+ | 3.16+ | 0.70%
] 58.4 1.66 0.26 0.12 0.03 0.74 0.18 0.07 0.01 0.20 0.05 0.29 0.09

Values represent mean + SD.
BW: body weight; W: weight

Table 6-4 Histopathological changes of rats treated orally with PQQ disodium salt for 13 weeks (Liang et al., 2014)
Organs Lesions Dose®
0 mg/kg bw 100 mg/kg bw 200 mg/kg bw 400 mg/kg bw

Liver Slight sporadic focal necrosis 0 0 2 0

Spotty necrosis 3 1 3 1
Heart Focal necrosis 3 1 2 5
Kidneys Deposition of calcium salts in renal tubular 0 0 0 1
Testes Testicular atrophy 0 0 0 1

410 animals/sex/group




6.2.3 Genotoxicity Studies

The genotoxic potential of PQQ disodium salt was examined in 3 studies, namely an Ames
bacterial mutagenicity assay, a sperm malformation assay, and an in vivo mouse bone marrow
micronucleus study.

6.2.3.1 Ames Assay

The Ames assay, a reverse mutation assay, was used to investigate the mutagenic potential of
PQQ disodium salt in Salmonella typhimurium strains TA97, TA98, TA100, and TA102. NaNs
(sodium azide), 2-AF (2-aminofluorene), 4-nitro-O-Phenylenediamine, MMC (Mitomycin C), and
1,8-dihydroxyanthraquinone served as positive controls depending on the strain used and the
presence or absence of metabolic activation. As shown in Table 6-5, concentrations of 0, 62,
556, 1667, and 5000 ug/plate were tested in all strains with and without metabolic activation.
The experiment was run in duplicate. Positive control showed a significant increase in
revertants, validating the assay. Data from the Ames assay demonstrates that PQQ disodium
salt was non-mutagenic under the conditions of this study (China Center for Disease Control
and Prevention, National Center for Food Safety Risk Assessment, 2012a). No other
information was provided.



Table 6-5

Mean revertants per plate (with standard deviation)

Dosage TA97 TA98 TA100 TA102
(pg/dish) -S9 +S9 -S9 +S9 -S9 +S9 -S9 +S9
Exp 1 138.3 129.0 41.0 46.3 121.0 137.3 291.3 275.0
62 +7.6 +24.6 +5.3 +2.3 +6.6 +20.0 +184 +1.0
Exp 2 127.0 132.3 46.0 49.0 113.3 146.0 281.0 282.7
+115 +17.2 +10.6 +6.1 +3.8 +35 +5.2 +124
Exp 1 134.0 130.0 42.3 44.0 147.3 128.0 293.0 283.0
185 +6.2 +21.0 +7.6 +9.6 +21 +16.5 +17.3 +27.1
Exp 2 131.0 140.0 43.0 48.7 136.3 129.0 283.0 284.7
+25.1 +6.0 +87 +4.2 +18.6 +20.5 +23.6 +23.7
Exp 1 139.3 137.0 52.7 48.3 120.0 137.7 296.0 299.0
Test Material 556 +15.0 +20.3 +21 +10.7 +89 +19.2 +21.0 +18.0
Exp 2 147.1 120.3 51.3 453 116.3 142.3 289.3 278.7
+22.7 +6.8 +3.1 +9.9 +8.6 +18.7 +258 +15.3
Exp 1 137.7 131.3 44.3 46.0 124.3 151.3 269.0 298.0
1667 +74 +8.3 +29 +4.6 +17.2 +15.3 +78 +28.6
Exp 2 142.3 128.3 37.0 51.0 125.3 133.3 2717 296.7
+205 +14.2 +3.0 +1.0 +9.1 +15.6 +14.0 +32.6
Exp 1 134.7 141.3 40.3 51.0 145.3 165.3 272.0 298.3
5000 +145 | +£197 | 92 +6.9 +327 | +117 | +195 | +6.1
Exp2 137.0 137.7 48.7 443 141.3 148.0 276.7 294.3
+22.1 +18.9 +5.8 +75 +9.0 +26.7 +9.3 +12.7
Exp1 144.0 124.3 48.0 47.0 132.3 129.3 291.0 3017
Control Group +13.2 +13.1 +85 +35 +12.9 +154 +10.1 +17.0
Exp 2 140.3 142.0 51.7 47.7 129.3 141.3 278.3 287.7
+18.6 +13.1 +57 +3.2 +4.2 +16.4 +7.6 +11.0
Exp 1 147.0 137.0 36.0 36.0 140.3 146.3 291.3 269.0
Solvent Control +15.9 +13.5 +2.6 +1.0 +7.6 +7.2 +25.6 +14.7
Exp 2 140.3 139.7 43.0 39.0 142.3 132.3 287.0 284.0
+20.8 +16.2 +26 +53 +14.8 +17.2 +17.7 +24.6
Positive Control(ug/dish)
Exp 1 1380.7
NaNs 15 £224.0
Exp 2 1579.3
+119.0
E 1187.3 2955.3 1669.3
xp 1 +140.0 +83.7 +200.8
2-AF 10.0 —— — —
Exp 2 1312.0 2967.3 1536.0
+149.0 +213.8 +228.1
. 1308.0 1871.3
Ph:nr;(lltc:r‘:egiam il 200 [ 1268 1934
ine Exp 2 1065.3 1817.3
+205.2 + 1515
1845.3
MMC il 25 £144.3
Exp 2 1638.7
+575
18- Exp 1 5753;38
dihydrgxyanthr 50.0 870'0
aquinone Exp 2 +84.9




6.2.3.2 Sperm Malformation Assay

The potential of PQQ disodium salt to increase the incidence of sperm malformation was
evaluated in mice. Thirty-five Kunming mice were divided into five groups and exposed to 20
mL/kg body weight of PQQ disodium salt by oral gavage. Doses of 460, 920, and 1840 mg/kg
body weight were administered daily for 5 days. The highest dose was established based on the
acute toxicity study in mice. Distilled water and 40 mg/kg body weight of cyclophosphamide
were administered as the negative and positive controls, respectively. There were no deaths
reported in any of the mice following dosing. No clinical changes were reported in any of the
control mice. Thirty days after the last PQQ disodium salt dose, 5 mice/group were randomly
selected to be sacrificed. The epididymides were removed and examined microscopically and
sperm aberration rate was calculated per 1000 sperm per mouse. Sperm were evaluated for
sperm count and abnormal morphology such as amorphism, large-head, banana-shaped-head,
double-heads, double-tail, and folded-tail. As shown in Table 6-6, no significant increase in
sperm malformation in PQQ disodium salt-treated groups relative to the control group was
observed. Positive control showed a significant increase in sperm malformation, validating the
assay. Thus, it was concluded that PQQ disodium salt was non-mutagenic under the conditions
of this assay (China Center for Disease Control and Prevention, National Center for Food Safety
Risk Assessment, 2012a). No other information was provided.

Table 6-6 Effects of PQQ disodium salt on the incidence of mouse sperm
malformation
Animal Sperm Sperm Malformation Sperm Malformation

DS (el 12177) Number Number No. Ratio
0 5 1000 21.0£3.0 2.10°

460 5 1000 21.8+2.8 2.18

920 5 1000 23.2+2.8 2.32

1840 5 1000 19.8+3.1 1.98
Positive Control b

CP 40 mglkg bw 5 1000 54.6 £3.5 5.46

@ Comparing to each test material control, ( X* test, P>0.05)
Comparing to each test material control and negative control, (X2 test, P<0.01)
CP: cyclophosphamide

6.2.3.3 Micronucleus Assay

In an in vivo mouse bone marrow micronucleus assay, five groups of Kunming mice
(5/sex/group) were exposed to 20 mL/kg body weight of PQQ disodium salt twice by oral
gavage in 24 hours. Doses of 630, 1250, and 2500 mg/kg body weight were administered to
females and dose of 460, 920, and 1840 mg/kg body weight were administered to males. The
highest doses were established based on the acute toxicity study in mice. Distilled water and 40
mg/kg body weight of cyclophosphamide were administered as the negative and positive
controls, respectively. Mice were sacrificed 6 hours after the last administration. Bone marrow
cells were collected from all mice and were examined microscopically for the presence of
micronuclei. A summary of the results of the bone marrow and micronucleus assay of PQQ




disodium salt is presented in Table 6-7. There was no significant increase in the number of
micronucleated PCEs in PQQ disodium salt-treated groups relative to vehicle control in either
male or female mice at any dose level or bone marrow collection time. Positive control showed
a significant increase in micronucleated polychromatic erythrocytes (PCEs), validating the
assay. Thus, it was concluded, under the conditions of this study, PQQ disodium salt was non-
genotoxic under the conditions of this assay (China Center for Disease Control and Prevention,
National Center for Food Safety Risk Assessment, 2012a). No other information was provided.

Table 6-7 Incidence of polychromatic erythrocytes (PCEs) in mouse bone marrow
following exposure to PQQ disodium salt
PCE Micronucleus
Dose No. of
Gender . RBC PCE/RBC No. of Rate of MN
(mg/kg bw) | Mice No. PCE No. (%) observed PCE No. of MN (%)
0 5 200 | 108.4+4.2 54.2 1000 1.8+1.3 1.8°
630 5 200 | 108.0+7.0 54.0 1000 16+1.1 1.6
Female 1250 5 200 | 108.6+6.9 54.3 1000 1.6+0.9 1.6
2500 5 200 | 108.4+6.0 54.2 1000 20+1.4 2.0
CP 40 b
ma/kg bw 5 200 95.6 + 6.8 47.8 1000 1.8+3.8 18.0
0 5 200 | 109.6+7.5 54.8 1000 1.6+0.9 1.6%
460 5 200 | 108.4+5.1 54.2 1000 22+1.3 2.2
Male 920 5 200 | 109.0+4.1 54.5 1000 1.6+0.5 1.6
1840 5 200 | 108.8+4.8 54.4 1000 1.2+0.8 1.2
CP 40 b
malkg bw 5 200 96.4+5.6 48.2 1000 18.6+2.9 18.6

¥ comparing to the test material dose group, (poisson distribution P>0.05)
®: comparing to the test material dose group and negative control (poisson distribution P<0.01)
PCE: polychromatic erythrocytes

MN: micronucleus
CP: cyclophosphamide

6.2.4 Teratogenicity Study

Pregnant Wistar rats (SPF grade) were randomly divided into 4 groups with at least 24 rats
each. Rats were administered 0, 78, 310 and 1250 mg/kg body weight of PQQ disodium salt by
oral gavage from the 7™ to the 16" day of gestation. Doses were based on results from the
acute toxicity study. Food and water were provided ad libitum. Pregnant rats were euthanized
on the 20" day. Results are summarized in Tables 6-8, 6-9, and 6-10. PQQ disodium salt had
no significant effects on embryo survival and development, fetal gross malformations, and fetal
bone and organ development. Pregnant rats receiving the highest dose demonstrated
significantly reduced body weights on days 9 and 12 compared to the rats receiving the
negative control. However, because results were transient they were not considered to be
toxicologically significant. No teratogenic effects were observed (China Center for Disease
Control and Prevention, National Center for Food Safety Risk Assessment, 2012b). No other
information was provided.




Table 6-8

PQQ disodium salt’s influence on embryo survival and development

Effects of PQQ disodium salt on Embryonic Survival

Dose (mg/kg bw) Live-Births/nest | Absorptive Fetuses/nest Stlllblsr':hs/ne Fetal Loss Rate (%)
0 13.4+2.6 0.7+1.0 0 4.7
78 13.7+£4.0 0.7+1.0 0 5.0
310 13.8+3.9 0.8+1.0 0 5.4
1250 149+15 0.7+1.1 0 3.8

Effects of PQQ disodium salt on Growth and Development of Fetal Rats (mean £ SD)

Dosage (mg/kg bw) Observe;‘de;?tal N Weight (9) Length (cm)
0 13.4+2.6 3.87+0.43 4.16 £ 0.20
78 13.7+4.0 4.05 + 0.66 4.24 £0.25
310 13.8+3.9 3.94 + 0.56 4.15 £ 0.20
1250 149+15 3.77+0.43 417 £0.21
Table 6-9 Effects of PQQ disodium salt on skeletal development of fetal rat
Skull Sternal Other Skeletal Skeletal
(ragifg %Zf:lréi? Abnormalities/ Nest | Abnormalities/Nest | Abnormalities/Nest | Abnormality Rate
Malf. Malf. Malf. (mg/kg bw)/ Nest
bw) No./Nest | Malf. No. Rate (%) Malf. No. Rate (%) Malf. No. Rate (%) (%)
0 6.9+1.3 08+1.0 10.6 1.3+£1.0 18.9 0.1+04 1.3 19.6
78 7.0£2.0 09+14 12.7 1.0+x1.2 12.8 00 0 21.1
310 7.2+19 0.9£0.9 11.6 1.2+13 16.1 00 0 19.1
1250 7.6+0.8 0.8+0.9 9.9 14+1.0 18.1 00 0 20.5

Malf. : Malformation

Table 6-10  Effects of PQQ disodium salt on the weight of preghant rats (mean £ SD)
Dose Day 0 Day 3 Day 7 Day 9 Day 12 Day 16 Day 18 Day 20
(mg/kg bw) (9) (9) (9) ) (@) @) (9) (9)
0 267.2 + 274.8 + 284.7 + 293.8 + 309.8 + 341.3 368.4 + 398.2 +
12.8 13.6 17.8 17.9 20.1 28.9 39.2 49.8
78 267.9 + 2755 + 284.0 + 291.2 + 309.4 + 343.8 + 3720 + 397.7 +
16.9 19.9 22.1 23.9 29.5 36.4 41.3 47.7
310 2675+ 274.8 + 284.0 + 290.9 + 307.7 + 344.8 + 371.0 + 395.8 +
13.1 15.3 17.8 16.2 20.8 35.1 45.2 56.3
1250 266.2 + 2721 + 280.0 + 2832 + 296.2 + 3283 + 361.3 + 389.4 +
10.7 10.7 13.5 13.9* 18.4* 30.0 41.9 55.2

*compared with negative group P < 0.05




6.3

6.3.1 BioPQQ™

Preclinical Safety Studies on Other PQQ Products

BioPQQ™ (PQQ disodium salt from Mitsubishi Gas Chemical Co. Inc.) was evaluated in in vitro
(Nakano et al., 2013) and in vivo (Nakano et al., 2014) assays. These studies are summarized
in Table 6-11 and 6-12, respectively.

Table 6-11  Genotoxicity assays for BioPQQ™
Study Type Test System S9 Exposure Positive Control Results
Ames test Salmonella -S9 0, 10, 20, 39, 78, 156, 313, AF-2, NaNs, Not
typhimurium strains: 625, 1250, 2500, 5000 ICR-191 mutagenic.
TA98, TA100, pg/plate for 48 hrs
TA1535, TA1537 +S9 0, 156, 313, 625, 1250, 2500, | B[a]P,
and 5000 pg/plate for 48 hrs 2AA
Echerichia coli strain
WP2uvrA
Chromosome | Lung fibroblast from -S9 0, 12.5, 25, 50, 100, 200, 400 | MMC Not
aberration new born, female pyg/mL for 6 and 24 hrs mutagenic. ?
Chinese hamsters +S9 0, 117.2,234.4, 468.8, 937.5, | B[a]P
1875, 3750 pg/mLfor 6 hrs
Chromosome | Human peripheral -S9 0, 234.4, 468.8, 937.5, 1875, MMS Not
aberration blood lymphocytes 3750 pg/mL for 48 hrs mutagenic.
from non-smoking AND
male and female 0,117.2, 234.4, 468.8, 937.5,
adults 1875, 3750 pg/mL for 24 hrs
+S9 0, 234.4, 468.8, 937.5, 1875, | cyclophosphamide
3750 pg/mL for 48 hrs
In vivo Crlj:CD1 (ICR) male | N/A 0, 250, 500, 1000, 2000 MMC Not
micronucleus | mice mg/kg bw mutagenic.

test

A statistically significant increase in the incidence of structural aberrations was observed in the first experiment after
6 hrs of exposure to 200 pg/mL in the absence of S9. Authors declared this “weakly” positive due to a low incidence
of structural aberrations in the negative control based on historical data. Furthermore the incidence of structural
aberrations observed was below 5%, indicating the result could not be classified as “positive.”

Nakano et al., (2014) investigated the effects of BioPQQ™ in acute, 14-day dose-range finding,
28- day renal toxicity (with 4-week recovery period), and 13-week oral toxicity studies in
Sprague-Dawley rats. BioPQQ™, suspended in 0.5% aqueous methylcellulose solution was
administered by gavage. Acute, 14-day, and 13-week studies were conducted in accordance
with GLP. Four (only acute) or five-week-old rats were purchased, quarantined, and acclimated
for one week before initiation of studies. Animals were housed individually under controlled
environmental conditions regulating 20.1-25.2 °C temperature, 32.9-61.2% relative humidity, 13-
17 fresh air exchanges/hour, and 12-hour light/dark cycles. Pelleted food (CRF-1) and tap water
were available ad libitum. As summarized in Table 6-11, effects on the kidney were reported in
female rats in the 14-day dose range finding study. However, a follow up 28-day study
demonstrated these changes were reversible, and no toxicologically significant findings were
seen in a 13-week study. The NOAEL in the latter study was considered to be 100 mg/kg

bw/day, the highest dose tested.




Table 6-11  In vivo oral toxicity studies for BioPQQ™ (Nakano et al., 2014)
Study Animal Exposure Endpoints Measured Results
Type number (mg/kg bw)
(rats/group)
Acute 10/sex Single dose | Clinical observations, LDso for males: 1000-2000 mg/kg bw
of 0, 500, body weight, and LDso for females: 500-1000 mg/kg bw
1000, 2000 | necropsy
14-day 6/sex 3,12, 48, Clinical observations, A significant increase in sodium levels at 768
dose- 92, 768 per | body weight, food mg/kg bw/day in males and females. Authors
range day consumption, attributed the increase in sodium levels to the
finding hematology, clinical exposure to BioPQQ™. Increased relative kidney
biochemistry, weights were paired with focal basophilic
urinalysis, gross changes and atrophy of the renal tubules at 768
necropsy, mg/kg bw/day in females. No other treatment
histopathology related effects observed.
28-day 12 females* | 0, 200, 700 | Clinical observations, No deaths or significant adverse clinical findings
renal body weight, water noted in any treated groups throughout the study
toxicity consumption, clinical period. Although the presence of protein and
biochemistry, crystals in the urine sediment at 200 mg/ kg bw/d
urinalysis, necropsy, and 700 mg/kg bw/d were considered treatment-
histopathology related, these effects were not accompanied by
any other significant changes in clinical chemistry
parameters related to kidney function, or in the
results of the gross and histopathological
examinations, and resolved during the four-week
recovery period.
13- 10/sex 0, 3, 20, Clinical observations, No deaths occurred in any group throughout the
week 100 body weight, food study period. There were no significant clinical

consumption,
ophthalmology, clinical
chemistry, hematology,
urinalysis, gross
necropsy,
histopathology

findings observed in any group during the study
period, with the exception of green-colored feces
in some male and female rats of the high-dose
(200 mg/kg bw/d) group during days 7-11, and
for all animals in this group during days 12-90,
which were attributed to the fecal excretion of the
dark-colored test substance. There were no
significant differences in body weight gain or food
consumption throughout the study period
compared to the control groups and no
ophthalmological abnormalities were noted in
any animal. There were no significant differences
in hematology or urinalysis parameters in any
treatment group compared to the control group.
Statistically increased AST activity was seen in
the low-dose (3 mg/kg bw/d) group, decreased
total cholesterol concentration was observed in
the mid-dose (20 mg/kg bw/d) group, and
decreased triglyceride concentration was
reported in the high-dose group. These effects
were considered physiological variations, as they
were within the normal historical range for the
laboratory, and were considered to be incidental
due to the lack of dose dependency. No
treatment-related effects were seen on
histopathological examination. The NOAEL was
considered to be 100 mg/kg bw/day, the highest
dose tested..

*Six animals were euthanized at the end of the 28-day period; remaining six rats were monitored for a 28-day
recovery period.




6.3.2 Additional PQQ Sources

Ten male Wistar rats (age not specified) were kept at 24 + 2 °C and 55 + 10% humidly under an
alternating 12 hr light-dark cycle. Food was provided ad libitum. Five rats received PQQ
dissolved in 2% (w/v) sodium biocarbonate solution intraperitoneally for 4 consecutive days at
daily doses of 11.5 mg/kg body weight (10 mL/kg). Five control rats received the vehicle only.
No significant differences were seen in the body weights of PQQ-treated rats relative to
controls. Urinalysis revealed increased excretion of protein, glucose, ketone body, and occult
blood, although the statistical significance of these changes was not addressed. Blood urea
nitrogen and serum creatinine levels were significantly higher in PQQ-treated rats, while serum
triglycerides were significantly lower. Serum glutamate pyruvate transaminase and glutamate
oxaloacetate transaminase activities were also significantly higher in PQQ-treated rats. Gross
examination revealed swelling of the kidneys, which was accompanied by increased absolute
and relative kidney weights, the latter of which was significant. Evidence of renal tubular
damage (i.e., vacuolar degeneration, atrophy, and necrosis of the proximal tubular epithelium in
the renal cortex, dilation and regeneration of the tubules) was seen upon histopathological
examination (Watanabe et al., 1989).

6.4 Clinical Studies

Clinical studies with PQQ are summarized in Table 5-12. Many of these studies were designed
to evaluate the efficacy of PQQ and only included limited safety evaluations. No adverse effects
were reported in these studies.



Table 6-12

Clinical studies with PQQ

Subjects
Reference Study Type receiving test PQQ Exposure Comments related to Safety
material
Harris et al., | Preliminary clinical | 10 (5/sex). 0.075 mg/kg Approximately 1% of PQQ consumed
2013 Mean age: 28.1 | bw/day for 7 days was recovered in the urine as
nonderivatized PQQ. Serum
0.15 mg/kg bw/day | concentrations of nonderivatized PQQ
for 7 days increased significantly.
0.3 mg/kg bw/day
for 7 days
Cross-over design | 10 (5/sex). Single dose at 0.2 Authors indicate cholesterol,

Mean age: 28.1 | mg/kg bw creatinine, glucose, LDL, HDL, TG,
uric acid, total protein, and AAT
isozyme activity were within normal
range.

Levels of PQQ peaked in serum in
about 2 hours.

Harris et al., | Cross-over design | 10 (5/sex). 0.3 mg/kg bw for 3 | Authors indicate cholesterol,

2013° Mean age: 28.1 | days creatinine, glucose, LDL, HDL, TG,
uric acid, total protein, and AAT
isozyme activity were within normal
range.

Rucker et Cross-over design 10 10-20 mg/day for 3 | Authors indicated no changes in

al., 2012 days clinical indices.

Nakano et Double-blind, 22 healthy 20 mg/day for 12 Efficacy study that measured

al., 2009 placebo-controlled, | adults (9 male, weeks performance on mental function tests

parallel group 13 female) Authors indicated no adverse effects

or abnormal findings related to the
test material were observed, although
it was not clear what endpoints were
measured.

Nakano et Open-label 17 males and 20 mg/day No adverse effects related to

al., 2012 females BioPQQ™ for 8 BioPQQ™, as measured by

wks subjective symptoms, objective

findings and abnormal changes in the
measured values (e.g,. weight, BMI,
heart rate, blood pressure), were
observed.

Unpublished | Two prospective, Information not 60 mg/day Authors indicate no adverse effects

data. Cited randomized, provided BioPQQ™ for 4 related to BioPQQ™ were observed,

in: Nakano parallel group, wks although it was not clear what

etal., 2014 | placebo-controlled, endpoints were measured .

double-blind
6.5 New Dietary Ingredient Notification for PQQ

In September of 2013, Nascent Health Sciences submitted a New Dietary Ingredient (NDI)
notification to FDA. The agency responded with questions related to product chemistry and
safety. The original naotification reported the presence of hydropic degeneration in epithelial cells
in the renal tubules in the 90-day study. In the absence of a complete histopathology report
(because it was unclear to the agency how many animals had this lesion or how the lesion
distribution and severity differed between the treated animals verses the control animals), it was
not clear to the agency that this observation was inconsequential. As a result, the agency




concluded that Nascent’s notification failed to provide an adequate basis to conclude that a
dietary supplement containing PQQ, under the conditions recommended or suggested on the
product label, would reasonably be expected to be safe®. In March of 2014, Nascent submitted
a revised NDI notification providing additional detail related to product chemistry and safety. The
agency again failed to accept the notification, indicating that synthetic PQQ does not fall into
any of the dietary ingredient categories within 21 U.S.C. 321(ff)(I). The agency also again
expressed concern that the lack of a complete histopathology report detailing severity of the
kidney changes and incidence in the various treatment groups was of concern®.

The hydropic changes cited in the original study report were not considered by the study
authors to be indicative of PQQ toxicity. Also known as vacuolar degeneration, this cellular
swelling is reversible (Kumar et al., 2005). Similar reversible changes were also seen in a 90-
day study by Nakano et al. (2014). Increased relative kidney weights were paired with focal
basophilic changes and atrophy of the renal tubules were seen in a 14-day dose range finding
study at 768 mg/kg bw/day in females. In a follow-up 28-day nephrotoxicity study, the presence
of protein and crystals in the urine sediment was reported at 200 mg/ kg bw/d and 700 mg/kg
bw/d. However, these changes were not accompanied by any other significant changes in
clinical chemistry parameters related to kidney function, or in the results of the gross and
histopathological examinations, and resolved during the four-week recovery period. No
evidence of PQQ-related kidney toxicity was reported in either published 90-day study (Liang et
al., 2014, Nakano et al., 2014). Furthermore, background histological changes such as tubule
hyperplasia and thickening of the basement membrane are commonly observed in rat’s in the
early stages of chronic progressive nephropathy, a distinctive lesion with no known counterpart
in humans (Hard and Khan, 2004; Hard et al., 2013).

The publication of the 90-day study report by Liang et al., (2014) which reports that the
incidence and/or severity of the observed lesions was not treatment-related and therefore not
considered to be indicative of toxic effects of PQQ disodium salt adequately addresses the
agency'’s concerns with regards to safety. The synthetic nature of Nascent’s ingredient does not
affect its eligibility for GRAS status.

6.6 Other PQQ Products Currently on the Market

Mitsubishi Gas Chemical Company submitted a 75-day premarket NDI notification to FDA for its
pyrroloquinoline quinone (PQQ) disodium salt (i.e., BioPQQ™). Mitsubishi recommended a daily

% Agency Response Letter to NDI 805. Received October 29, 2013
4 Agency Response Letter to NDI 825. Received May 23, 2014



intake of 20 mg/day, with a maximum suggested intake of 50 mg/day (Mitsubishi Technical Data
Sheet, 2011).

7.0 Conclusion

Nascent Health Sciences’ PQQ disodium salt is synthesized from ethyl 6-formyamino-5-
methoxy-1H-indole-2-carboxylate in a complex 3-step chemical reaction. Batch analysis data
indicate that this manufacturing method results in a finished product that reproducibly meets
product specifications. Reaction byproducts are quantified in the final analysis of PQQ disodium
salt using HPLC and are required to be below the limit of detection.

PQQ is reportedly ubiquitous in the soil, bacteria, and plants and has been detected in various
fruits, vegetables, and beverages, including human milk. It has also been detected in human
serum, urine, cerebrospinal fluid, and adrenal tissue. Although studies examining the
absorption, distribution, metabolism, and excretion of PQQ are limited, the available data
indicate oral PQQ is bioavailable, distributed in the plasma, and excreted, primarily in the urine.

Physiological roles include function as a classical water soluble vitamin/cofactor, roles in cell
signaling, and as an antioxidant. Diets deficient in PQQ resulted in impaired growth,
immunological defects, and decreased fertility in mice. PQQ reportedly confers radioprotection,
neuroprotection and cardioprotection in in vitro and in vivo models.

PQQ disodium salt is proposed for nutritive use in energy, sport, and isotonic drinks; non-milk
based meal replacement beverages; water (bottled, enhanced, fortified); milk-based meal
replacement beverages; cereal and granola bars; and energy, meal replacement, and fortified
bars. PQQ disodium salt is intended to be used in these foods at a maximum level of 20 mg
PQQ disodium salt/serving. These proposed uses would result in mean and 90" percentile all-
user intakes of 61 and 145 mg/person/day, or 0.9 and 2.1 mg/kg bw/day, respectively. These
exposures are greater than 100-fold lower than the NOAEL reported in the 90-day rat study.
PQQ is also intended for use in dietary supplements.

Product specific safety studies have been conducted and support the safety of Nascent Health
Sciences’ PQQ disodium salt. In genotoxicity evaluations, PQQ disodium salt was investigated
for its potential to induce mutations in the bacterial reverse mutation assay, the sperm
malformation assay, and in an in vivo micronucleus test. No mutagenicity or genotoxicity was
observed in any of these tests. The acute oral LDs, of PQQ disodium salt was shown to be
3,690 to 5,010 mg/kg bw in rats. In a 13-week oral, repeated dose subchronic study in Sprague-
Dawley rats, no unscheduled deaths occurred, and there were no treatment-related changes in
food consumption or body weight gain. No toxicologically significant effects on hematology,
serum biochemistry, or histopathology were observed. The observed histopathologic changes
observed do not appear to be dose-related, and in fact, the incidence of lesions in the various
control groups renders the results to be spurious. The no-observed-adverse-effect-level



(NOAEL) of PQQ disodium salt was considered to be 400 mg/kg bw/day in rats (Liang et al.,
2014). The NOAEL, 400 mg/kg, is in excess of 100 fold of the 90" percentile all-user intakes of
PQQ resulting from the proposed uses of PQQ. No teratogenic effects were seen following
administration of PQQ disodium salt to pregnant rats on Days 7 through 16 of gestation.

These studies are supported by other preclinical and clinical studies with PQQ. PQQ was not
genotoxic or mutagenic. Effects on the kidney were reported following intraperitoneal
administration of PQQ. Similarly, Nakano et al. (2014) reported increased relative kidney
weights were paired with focal basophilic changes and atrophy of the renal tubules at 768 mg/kg
bw/day in females in a 14-day dose range finding study. These changes were found to be
reversible in a follow-up 28-day study. Furthermore, no toxicologically significant effects were
seen on the kidney in either Nascent’'s 13-week study or in the 13-week study of BioPQQ™.

Information summarized herein provides a basis for a determination that there is consensus
among qualified experts that the intended use of Nascent Health Sciences’ PQQ disodium salt
in select food categories entails a reasonable certainty of no harm and is generally recognized
as safe (GRAS) by scientific procedures.
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Estimated Daily Intake of Pyrroloquinoline Quinone Disodium
Salt by the United States Population from Proposed Food-
Uses

1.0 INTRODUCTION

Pyrroloquinoline quinone (PQQ) disodium salt is proposed for use in the United States (U.S.) in
foods, such as energy, sport, and isotonic drinks; non-milk based meal replacement beverages;
water (bottled, enhanced, fortified); milk-based meal replacement beverages; cereal and
granola bars; and energy, meal replacement, and fortified bars.

Estimates for the intake of PQQ disodium salt were based on the proposed food-uses and use-
levels for PQQ disodium salt in conjunction with food consumption data included in the U.S.
National Center for Health Statistics’ (NCHS) National Health and Nutrition Examination
Surveys (NHANES) 2011-2012 (CDC, 2014; USDA, 2014). Calculations for the mean and 90"
percentile all-person and all-user intakes were performed for each of the individual proposed
food-uses of PQQ disodium salt and the percentage of consumers were determined. Similar
calculations were used to estimate the total intake of PQQ disodium salt resulting from all
proposed food-uses of PQQ disodium salt combined. In both cases, the per person and per
kilogram body weight intakes were reported for the following population groups:

e Infants, ages 0 to 2;

e Children, ages 3to 11;

e Female teenagers, ages 12 to 19;

e Male teenagers, ages 12 to 19;

e Female adults, ages 20 and up;

e Male adults, ages 20 and up; and

e Total population (all age and gender groups combined).

2.0 FOOD CONSUMPTION SURVEY DATA

2.1  Survey Description

NHANES for the years 2011-2012 are available for public use. NHANES are conducted as
continuous, annual surveys, and are released in 2-year cycles. Each year about 7,000 people
from 15 different locations across the U.S. are interviewed, and approximately 5,000 complete
the health examination component of the survey. Any combination of consecutive years of data
collection is recognized and used as a nationally representative sample of the U.S. population.
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It is well-established that the length of a dietary survey affects the estimated consumption of
individual users and that short-term surveys, such as a 1-day dietary survey, may overestimate
consumption compared to surveys conducted over longer time periods (Anderson, 1988).
Because two 24-hour dietary recalls administered on 2 non-consecutive days are available from
the NHANES 2011-2012 survey, these data were used to generate estimates for the current
intake analysis.

NHANES 2011-2012 survey data were collected from individuals and households via 24-hour
dietary recalls administered on 2 non-consecutive days (Day 1 and Day 2) throughout all

4 seasons of the year. Day 1 data were collected in-person, and Day 2 data were collected by
telephone in the following 3 to 10 days, on different days of the week, to achieve the desired
degree of statistical independence. The data were collected by first selecting Primary Sampling
Units (PSUs), which were counties throughout the U.S., of which 15 PSUs are visited per year.
Small counties were combined to attain a minimum population size. These PSUs were
segmented and households were chosen within each segment. One or more participants within
a household were interviewed. For NHANES 2011-2012, 13,431 individuals were selected for
the sample, 9,756 were interviewed (72.6%) and 9,338 were sampled (69.5%).

In addition to collecting information on the types and quantities of foods being consumed,
NHANES 2011-2012 collected socio-economic, physiological and demographic information from
individual participants in the survey, such as sex, age, height and weight, and other variables
useful in characterizing consumption. The inclusion of this information allows for further
assessment of food intake based on consumption by specific population groups of interest
within the total population. The sample design for NHANES 2011-2012 includes an oversample
of Asian Americans, however sample weights were incorporated to allow estimates from these
subgroups to be combined to obtain national estimates that reflect the relative proportions of
these groups in the population as a whole (CDC, 2014; USDA, 2014).

2.2 Statistical Methods

Statistical analysis and data management were conducted in DaDiet Software (Dazult Ltd.,
2014). DaDiet Software is a web-based software tool that allows accurate estimate of exposure
to nutrients and to substances added to foods, including contaminants, food additives and novel
ingredients. The main input components are concentration (use level) data and food
consumption data. Data sets are combined in the software to provide accurate and efficient
exposure assessments.

For the intake assessment, consumption data from individual dietary records, detailing food
items ingested by each survey participant, were collated by computer and used to generate
estimates for the intake of PQQ disodium salt by the U.S. population using DaDiet Software.
Estimates for the daily intake of PQQ disodium salt represent projected 2-day averages for each
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individual from Day 1 and Day 2 of NHANES 2011-2012 data; these average amounts
comprised the distribution from which mean and percentile intake estimates were generated.
Mean and percentile estimates were generated incorporating survey weights in order to provide
representative intakes for the entire U.S. population. All-person intake refers to the estimated
intake of PQQ disodium salt averaged over all individuals surveyed, regardless of whether they
potentially consumed food products containing PQQ disodium salt, and therefore includes
individuals with “zero” intakes (i.e. those who reported no intake of food products containing
PQQ during the 2 survey days). All-user intake refers to the estimated intake of PQQ disodium
salt by those individuals who reported consuming food products containing PQQ disodium salt,
hence the “all-user” designation. Individuals were considered "users" if they consumed 1 or
more food products containing PQQ disodium salt on either Day 1 or Day 2 of the survey.

Mean and 90" percentile intake estimates based on sample sizes of less than 30 and 80,
respectively, may not be considered statistically reliable due to the limited sampling size (LSRO,
1995). As such, the reliability of estimates for the intake of PQQ disodium salt based on the
consumption of these foods may be questionable for certain individual population groups.
These values were not considered when assessing the relative contribution of specific food
uses to total PQQ disodium salt consumption and are marked with an asterisk in Appendices A
and B.

3.0 FOOD USAGE DATA

The individual proposed food-uses and use-levels for PQQ disodium salt employed in the
current intake analysis are summarized in Table 3-1. Food codes representative of each
proposed food-use were chosen from the NHANES 2011-2012 (CDC, 2014; USDA, 2014).
Food codes were grouped in food-use categories according to Title 21, Section §170.3 of the
Code of Federal Regulations (CFR, 2014a). Product-specific adjustment factors were
developed based on data provided in the standard recipe file for the Continuing Survey of Food
Intakes by Individuals (CSFIl) 1994-1996, 1998 survey (USDA, 2000). All food codes included
in the current intake assessment are listed in Appendix C.
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Table 3-1 Summary of the Individual Proposed Food-Uses and Use-Levels for PQQ
Disodium Salt in the U.S. (2011-2012 NHANES Data)

Food Category Food-Uses PQQ Disodium RACC* Use-Levels
Salt Level (g or mL) (%)
(mg/serving)
Beverages and Energy, Sport, and Isotonic Drinks 20 240 0.008
Beverage Bases Non-Milk Based Meal Replacement 20 240 0.008
Beverages
Water (Bottled, Enhanced, Fortified) 20 240 0.008
Milk Products Milk-Based Meal Replacement 20 240 0.008
Beverages
Grain Products and Cereal and Granola Bars 20 40 0.05
Pastas Energy, Meal Replacement, and 20 40 0.05

Fortified Bars

*RACC = Reference Amounts Customarily Consumed per Eating Occasion (21 CFR §101.12 - CFR, 2014b). When a
range of values is reported for a proposed food-use, particular foods within that food-use may differ with respect to
their RACC.

4.0 FOOD SURVEY RESULTS

Estimates for the total daily intakes of PQQ disodium salt from proposed food-uses are provided
in Tables 4.1-1 and 4.1-2. Estimates for the daily intake of PQQ disodium salt from individual
proposed food-uses in the U.S. are summarized in Tables A-1 to A-7 and B-1 to B-7 of
Appendices A and B, respectively. Tables A-1 to A-7 provide estimates for the daily intake of
Substance per person (g/day), whereas Tables B-1 to B-7 provide estimates for the daily intake
of PQQ disodium salt on a per kilogram body weight basis (mg/kg body weight/day).

4.1 Estimated Daily Intake of PQQ Disodium Salt from All Proposed Food-Uses
in the U.S.

Table 4.1-1 summarizes the estimated total intake of PQQ disodium salt (mg/person/day) from
all proposed food-uses in the U.S. population group. Table 4.1-2 presents this data on a per
kilogram body weight basis (mg/kg body weight/day). The percentage of users was greater
than 38.4% of the population groups, with female teens having the greatest percentage of users
at 68.7% (Table 4.1-1).

The mean and 90" percentile all-person intakes of PQQ disodium salt in the total population
were determined to be 33.6 and 100.0 mg/person/day, respectively. Among consumers in the
total population, the mean and 90" percentile all-user intakes of PQQ disodium salt were
determined to be 60.9 and 145.0 mg/person/day, respectively. Of the individual population
groups, male adults were determined to have the greatest mean and 90" percentile all-user
intakes of PQQ disodium salt on an absolute basis, at 75.4 and 168.0 mg/person/day,
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respectively, while infants had the lowest mean and 90™ percentile all-user intakes of 20.3 and
42.7 mg/person/day, respectively (Table 4.1-1).

Table 4.1-1 Summary of the Estimated Daily Intake of PQQ Disodium Salt from
Proposed Food-Uses in the U.S. by Population Group (2011-2012 NHANES
Data)
Population Group Age All-Person Consumption All-Users Consumption (mg/day)
Group (mg/day)
(vears) Mean oo™ % n Mean oo™
Percentile Users Percentile
Infants Oto2 7.8 27.3 38.3 271 20.3 42.7
Children 3to11 16.4 46.4 58.6 943 28.0 60.3
Female Teenagers 12 to 19 344 90.4 68.7 354 50.1 105.0
Male Teenagers 12 to 19 37.2 108.0 63.1 328 58.9 145.0
Female Adults 20andup | 35.9 109.0 55.7 1,296 64.5 149.0
Male Adults 20andup | 39.1 132.0 51.8 1,165 75.4 168.0
Total Population All Ages 33.6 100.0 55.2 4,357 60.9 145.0

PQQ Disodium Salt = pyrroloquinoline quinone

On a body weight basis, the mean and 90™ percentile all-person intakes in the total population
were determined to be 0.50 and 1.53 mg/kg body weight/day, respectively. Among consumers,
infants were identified as having the highest mean and 90" percentile all-user intakes of any
population group, of 1.63 and 3.52 mg/kg body weight/day, respectively. Female teens had the
lowest mean and 90" percentile all-user intakes of 0.84 and 1.79 mg/kg body weight/day,
respectively (Table 4.1-2).

Table 4.1-2

Summary of the Estimated Daily Per Kilogram Body Weight Intake of PQQ

Disodium Salt from Proposed Food-Uses in the U.S. by Population Group
(2011-2012 NHANES Data)

Population Group Age Group | All-Person Consumption All-Users Consumption (mg/kg bw/day)
(Years) (mg/kg bw/day)
Mean 90™ % n Mean 90™
Percentile Percentile

Infants Oto2 0.63 2.11 38.3 270 1.63 3.52
Children 3to 11 0.60 1.68 58.6 943 1.03 2.36
Female Teenagers 12t0 19 0.58 1.49 68.9 346 0.84 1.79
Male Teenagers 12t0 19 0.54 1.55 63.1 327 0.85 1.85
Female Adults 20 and up 0.49 1.49 55.6 1,281 | 0.88 1.93
Male Adults 20 and up 0.46 1.46 51.6 1,153 | 0.88 2.06
Total Population All Ages 0.50 1.53 55.1 4,320 | 0.91 2.07

bw = body weight; PQQ = pyrroloquinoline quinone
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4.2 Estimated Daily Intake of PQQ Disodium Salt from Individual Proposed
Food-Uses in the U.S.

Estimates for the mean and 90" percentile daily intakes of PQQ disodium salt from each
individual food category are summarized in Tables A-1 to A-7 and B-1 to B-7 on a g/day and
mg/kg body weight/day basis, respectively. The total U.S. population was identified as being
significant consumers of bottled, enhanced, and fortified water (31.1 to 60.8% users) and
energy, sport, and isotonic drinks (3.7 to 24.5% users).

In terms of contribution to total mean intake of PQQ disodium salt, bottled, enhanced, and
fortified water (contributed 74.5 to 89.7% to total mean intakes); and energy, sport, and isotonic
drinks (contributed 4.1 to 18.7% to total mean intakes) were the 2 main sources of intake across
all population groups on both an absolute and on a mg/kg body weight basis. Milk-based meal
replacement beverages contributed <1.6% to total mean PQQ disodium salt intakes across all
population groups; and energy, meal replacement, and fortified bars contributed 2.4 and 2.6% to
intakes in infants and children, but were less than 1.4% in other population groups (see Tables
A-1to A-7 and/or B-1 to B-7 for further details).

5.0 CONCLUSIONS

Consumption data and information pertaining to the individual proposed food-uses of PQQ
disodium salt were used to estimate the all-person and all-user intakes of PQQ disodium salt for
specific demographic groups and for the total U.S. population. This type of intake methodology
is generally considered to be "worst case" as a result of several conservative assumptions
made in the consumption estimates. For example, it is often assumed that all food products
within a food category contain the ingredient at the maximum specified level of use. In addition,
it is well-established that the length of a dietary survey affects the estimated consumption of
individual users. Short-term surveys, such as the typical 2- or 3-day dietary surveys, may
overestimate the consumption of food products that are consumed relatively infrequently.

In summary, on an all-user basis, the highest mean and 90" percentile intakes of PQQ disodium
salt by the U.S. population from all proposed food-uses in the U.S., as observed in male adults
(aged 20 years and over) were estimated to be 75.4 mg/person/day (0.88 mg/kg body
weight/day) and 168.0 mg/person/day (2.06 mg/kg body weight/day), respectively. Infants
(aged 2 years and under) had the lowest mean and 90" percentile all-user intakes of 20.3
mg/person/day (1.63 mg/kg body weight/day) and 42.7 mg/person/day (3.52 mg/kg body
weight/day), respectively.
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Appendix A

Estimated Daily Intake of PQQ Disodium Salt from Individual
Proposed Food-Uses by Different Population Groups Within the U.S.
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Table A-1

Food-Uses by Infants Aged 0 to 2 Years Within the U.S. (2011-2012
NHANES Data)

Estimated Daily Intake of PQQ Disodium Salt from Individual Proposed

Food-Use Category % All-Person All-Users Consumption (mg/day)
Contribution Consumption
to Total (mg/day)
Mean Intake "\ o0 9o™" % n Mean | 90"
Percentile Percentile
All 100 7.8 27.3 38.3 271 20.3 42.7
Beverages and Beverage Bases
Energy, Sport, and Isotonic 8.9 0.7* na 3.7 29 18.8* 43.9*%
Drinks
Non-Milk Based Meal 2.9 0.2* na 1.2 7 19.3* 18.6*
Replacement Beverages
Water (Bottled, Enhanced, 74.5 5.8 20.1 31.1 237 18.7 42.7
Fortified)
Milk Products
Milk-Based Meal Replacement 0.4 <0.1* na 0.6 5 5.0* 5.0*
Beverages
Grain Products and Pastas
Cereal and Granola Bars 10.9 0.8* na 6.8 22 12.4* 18.5*
Energy, Meal Replacement, and 2.4 0.2* na 1.7 9 11.0* 10.7*
Fortified Bars

na = not available; NHANES = United States National Health and Nutrition Examination Survey;

PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Table A-2

Estimated Daily Intake of PQQ Disodium Salt from Individual Proposed

Food-Uses by Children Aged 3 to 12 Years Within the U.S. (2011-2012
NHANES Data)

Food-Use Category % All-Person All-Users Consumption (mg/day)
Contribution Consumption
to Total (mg/day)
Mean Intake "\, 0 9o™" % n Mean | 90"
Percentile Percentile
All 100 16.4 46.4 58.6 943 28.0 60.3
Beverages and Beverage Bases
Energy, Sport, and Isotonic 12.3 2.0 na 10.0 | 142 20.2 41.5
Drinks
Non-Milk Based Meal 0.7 0.1* na 0.5 11 21.6* 37.2*
Replacement Beverages
Water (Bottled, Enhanced, 76.2 12.5 40.0 44 .4 793 28.1 60.4
Fortified)
Milk Products
Milk-Based Meal Replacement 1.9 0.3* na 0.9 6 33.9* 43.6*
Beverages
Grain Products and Pastas
Cereal and Granola Bars 6.5 1.1 5.8 11.2 135 9.5 11.8
Energy, Meal Replacement, and 2.6 0.4 na 3.6 31 11.8 17.0*
Fortified Bars

na = not available; NHANES = United States National Health and Nutrition Examination Survey;
PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Table A-3

Estimated Daily Intake of PQQ Disodium Salt from Individual Proposed

Food-Uses by Female Teenagers Aged 12 to 19 Years Within the U.S. (2011-
2012 NHANES Data)

Food-Use Category % All-Person All-Users Consumption (mg/day)
Contribution Consumption
to Total (mg/day)
Mean Intake "\, 0 9o™" % n Mean | 90"
Percentile Percentile
All 100 34.4 90.4 68.7 354 50.1 105.0
Beverages and Beverage Bases
Energy, Sport, and Isotonic 11.8 4.1 14.0* 12.8 | 59 31.7 48.8*
Drinks
Non-Milk Based Meal 0.0 na na 0.0 0 na na
Replacement Beverages
Water (Bottled, Enhanced, 84.0 28.9 81.7 60.8 309 47.5 103.0
Fortified)
Milk Products
Milk-Based Meal Replacement <0.1 <0.1 na 0.3 1 4.4* na
Beverages
Grain Products and Pastas
Cereal and Granola Bars 4.0 1.4 5.3* 11.0 59 12.4 21.0*
Energy, Meal Replacement, and 0.3 0.1* na 0.7 5 12.9* 10.7*
Fortified Bars

na = not available; NHANES = United States National Health and Nutrition Examination Survey;

PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Table A-4

Estimated Daily Intake of PQQ Disodium Salt from Individual Proposed

Food-Uses by Male Teenagers Aged 12 to 19 Years Within the U.S. (2011-
2012 NHANES Data)

Food-Use Category % All-Person All-Users Consumption (mg/day)
Contribution Consumption
to Total (mg/day)
Mean Intake "\, 0 9o™" % n Mean | 90"
Percentile Percentile
All 100 37.2 108.0 63.1 328 58.9 145.0
Beverages and Beverage Bases
Energy, Sport, and Isotonic 18.7 7.0 25.0 245 | 94 28.4 53.7
Drinks
Non-Milk Based Meal 1.6 0.6* na 2.0 7 28.9* 26.4*
Replacement Beverages
Water (Bottled, Enhanced, 75.5 28.1 80.1 48.2 270 58.3 140.0
Fortified)
Milk Products
Milk-Based Meal Replacement 0.1 <0.1* na 0.3 3 17.6* [ 15.0*
Beverages
Grain Products and Pastas
Cereal and Granola Bars 35 1.3 5.8* 10.6 41 12.4 17.5*%
Energy, Meal Replacement, and 0.5 0.2* na 1.4 8 12.3* 17.0*
Fortified Bars

na = not available; NHANES = United States National Health and Nutrition Examination Survey;

PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Table A-5

Estimated Daily Intake of PQQ Disodium Salt from Individual Proposed

Food-Uses by Female Adults Aged 20 Years and Over Within the U.S.
(2011-2012 NHANES Data)

Food-Use Category % All-Person All-Users Consumption (mg/day)
Contribution Consumption
to Total (mg/day)
Mean Intake "\, 0 9o™" % n Mean | 90"
Percentile Percentile
All 100 35.9 109.0 55.7 1,296 | 64.5 149.0
Beverages and Beverage Bases
Energy, Sport, and Isotonic 4.1 15 na 5.7 97 25.7 48.0
Drinks
Non-Milk Based Meal 1.8 0.6 na 25 66 25.3 49.6*
Replacement Beverages
Water (Bottled, Enhanced, 89.7 32.2 103.0 45.8 1,134 | 70.3 159.0
Fortified)
Milk Products
Milk-Based Meal Replacement 1.0 0.4 na 1.6 41 22.7 40.3*
Beverages
Grain Products and Pastas
Cereal and Granola Bars 2.6 0.9 na 8.5 158 10.9 20.0
Energy, Meal Replacement, and 0.9 0.3 na 2.1 33 16.5 34.0*
Fortified Bars

na = not available; NHANES = United States National Health and Nutrition Examination Survey;

PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.

Nascent Health Sciences, LLC
February 12, 2015

16




Table A-6

Estimated Daily Intake of PQQ Disodium Salt from Individual Proposed

Food-Uses by Male Adults Aged 20 Years and Over Within the U.S. (2011-
2012 NHANES Data)

Food-Use Category % All-Person All-Users Consumption (mg/day)
Contribution Consumption
to Total (mg/day)
Mean Intake "\, 0 9o™" % n Mean | 90"
Percentile Percentile
All 100 39.1 132.0 51.8 1,165 | 75.4 168.0
Beverages and Beverage Bases
Energy, Sport, and Isotonic 11.7 4.6 14.4 12.2 | 220 37.5 70.8
Drinks
Non-Milk Based Meal 2.7 1.1 na 2.8 63 38.3 74.4*%
Replacement Beverages
Water (Bottled, Enhanced, 80.1 31.3 116.0 39.4 | 957 79.6 167.0
Fortified)
Milk Products
Milk-Based Meal Replacement 1.6 0.6 na 2.3 46 26.9 48.6*
Beverages
Grain Products and Pastas
Cereal and Granola Bars 2.4 0.9 na 7.1 110 13.1 245
Energy, Meal Replacement, and 1.4 0.6 na 3.0 37 18.2 40.0*
Fortified Bars

na = not available; NHANES = United States National Health and Nutrition Examination Survey;

PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Table A-7

Food-Uses by the Total US Population (2011-2012 NHANES Data)

Estimated Daily Intake of PQQ Disodium Salt from Individual Proposed

Food-Use Category % All-Person All-Users Consumption (mg/day)
Contribution Consumption
to Total (mg/day)
Mean Intake Mean oo™ % n Mean 90"
Percentile Percentile
All 100 33.6 100.0 55.2 | 4,357 60.9 145.0
Beverages and Beverage Bases
Energy, Sport, and Isotonic 9.1 3.1 na 9.9 641 30.9 55.2
Drinks
Non-Milk Based Meal 2.0 0.7 na 2.1 154 31.1 74.4
Replacement Beverages
Water (Bottled, Enhanced, 83.6 28.1 96.6 43.8 | 3,700 | 64.2 149.0
Fortified)
Milk Products
Milk-Based Meal Replacement 1.2 0.4 na 1.6 102 25.2 46.8
Beverages
Grain Products and Pastas
Cereal and Granola Bars 2.9 1.0 na 8.5 525 11.6 20.5
Energy, Meal Replacement, and 1.2 0.4 na 25 123 16.1 34.0
Fortified Bars

na = not available; NHANES = United States National Health and Nutrition Examination Survey;

PQQ = pyrroloquinoline quinone; U.S. = United States.
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Table B-1

Estimated Daily Per Kilogram Body Weight Intake of PQQ Disodium Salt

from Individual Proposed Food-Uses by Infants Aged 0 to 2 Years Within

the U.S. (2011-2012 NHANES Data)

Food-Use Category

%

All-Person

All-Users Consumption (mg/kg

Contribution Consumption bw/day)

to Total (mg/kg bw/day)

Mean Intake ") 90" % n Mean | 90"

Percentile Percentile

All 100 0.63 211 38.3 270 1.63 3.52
Beverages and Beverage Bases
Energy, Sport, and Isotonic 8.5 0.05* na 3.7 29 1.43* 3.52*
Drinks
Non-Milk Based Meal 2.9 0.02* na 1.2 7 1.57* 1.28*
Replacement Beverages
Water (Bottled, Enhanced, 75.2 0.47 1.71 31.1 236 1.51 3.50
Fortified)
Milk Products
Milk-Based Meal Replacement 0.4 <0.01* na 0.6 5 0.43* 0.48*
Beverages
Grain Products and Pastas
Cereal and Granola Bars 10.5 0.07* na 6.9 22 0.96* 1.34*
Energy, Meal Replacement, and 25 0.02* na 1.7 9 0.91* 0.90*
Fortified Bars

Abbreviations: bw = body weight; na = not available; NHANES = United States National Health and Nutrition
Examination Survey; PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Table B-2

Estimated Daily Per Kilogram Body Weight Intake of PQQ Disodium Salt

from Individual Proposed Food-Uses by Children Aged 3 to 12 Years Within

the U.S. (2011-2012 NHANES Data)

Food-Use Category

%

All-Person

All-Users Consumption (mg/kg

Contribution Consumption bw/day)

to Total (mg/kg bw/day)

Mean Intake ") 0 9o™" % n Mean | 90"

Percentile Percentile

All 100 0.60 1.68 58.6 943 1.03 2.36
Beverages and Beverage Bases
Energy, Sport, and Isotonic 111 0.07 na 10.0 | 142 0.67 1.64
Drinks
Non-Milk Based Meal 0.6 <0.01* na 0.5 11 0.74* 1.34*
Replacement Beverages
Water (Bottled, Enhanced, 76.4 0.46 1.47 44.4 793 1.03 2.43
Fortified)
Milk Products
Milk-Based Meal Replacement 1.7 0.01* na 0.9 6 1.10* 0.70*
Beverages
Grain Products and Pastas
Cereal and Granola Bars 7.6 0.05 0.15 11.2 135 0.41 0.73
Energy, Meal Replacement, and 2.6 0.02 na 3.6 31 0.44 0.63*
Fortified Bars

bw = body weight; na = not available; NHANES = United States National Health and Nutrition Examination Survey;
PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Table B-3

Estimated Daily Per Kilogram Body Weight Intake of PQQ Disodium Salt

from Individual Proposed Food-Uses by Female Teenagers Aged 12 to 19
Years Within the U.S. (2011-2012 NHANES Data)

Food-Use Category

%

All-Person

All-Users Consumption (mg/kg

Contribution Consumption bw/day)

to Total (mg/kg bw/day)

Mean Intake ") 0 9o™" % n Mean | 90"

Percentile Percentile

All 100 0.58 1.49 68.9 346 0.84 1.79
Beverages and Beverage Bases
Energy, Sport, and Isotonic 10.6 0.06 0.21* 12.8 | 56 0.48 0.93*
Drinks
Non-Milk Based Meal 0.0 na na 0.0 0 na na
Replacement Beverages
Water (Bottled, Enhanced, 84.5 0.49 1.31 61.0 303 0.81 1.92
Fortified)
Milk Products
Milk-Based Meal Replacement 0.0 na na 0.0 0 na na
Beverages
Grain Products and Pastas
Cereal and Granola Bars 4.5 0.03 0.09* 11.2 59 0.23 0.40*
Energy, Meal Replacement, and 0.3 <0.01* na 0.7 5 0.25* 0.16*
Fortified Bars

bw = body weight; na = not available; NHANES = United States National Health and Nutrition Examination Survey;
PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Table B-4

Estimated Daily Per Kilogram Body Weight Intake of PQQ Disodium Salt

from Individual Proposed Food-Uses by Male Teenagers Aged 12 to 19
Years Within the U.S. (2011-2012 NHANES Data)

Food-Use Category

%

All-Person

All-Users Consumption (mg/kg

Contribution Consumption bw/day)

to Total (mg/kg bw/day)

Mean Intake ") 0 9o™" % n Mean | 90"

Percentile Percentile

All 100 0.54 1.55 63.1 327 0.85 1.85
Beverages and Beverage Bases
Energy, Sport, and Isotonic 19.9 0.11 0.40 246 | 94 0.43 1.00
Drinks
Non-Milk Based Meal 1.8 0.01* na 2.0 7 0.49* 0.38*
Replacement Beverages
Water (Bottled, Enhanced, 73.4 0.39 1.14 48.1 269 0.82 1.85
Fortified)
Milk Products
Milk-Based Meal Replacement 0.1 <0.01* na 0.3 3 0.26* 0.22*
Beverages
Grain Products and Pastas
Cereal and Granola Bars 4.3 0.02 0.07* 10.7 41 0.22 0.36*
Energy, Meal Replacement, and 0.6 <0.01* na 1.4 8 0.23* 0.26*
Fortified Bars

bw = body weight; na = not available; NHANES = United States National Health and Nutrition Examination Survey;
PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.

Nascent Health Sciences, LLC
February 12, 2015

23




Table B-5

Estimated Daily Per Kilogram Body Weight Intake of PQQ Disodium Salt

from Individual Proposed Food-Uses by Female Adults Aged 20 Years and
Over Within the U.S. (2011-2012 NHANES Data)

Food-Use Category

%

All-Person

All-Users Consumption (mg/kg

Contribution Consumption bw/day)

to Total (mg/kg bw/day)

Mean Intake ") 0 9o™" % n Mean | 90"

Percentile Percentile

All 100 0.49 1.49 55.6 1,281 | 0.88 1.93
Beverages and Beverage Bases
Energy, Sport, and Isotonic 4.4 0.02 na 5.6 95 0.38 0.79
Drinks
Non-Milk Based Meal 1.8 0.01 na 25 65 0.34 0.65*
Replacement Beverages
Water (Bottled, Enhanced, 89.2 0.44 1.37 45.7 1,120 0.95 2.11
Fortified)
Milk Products
Milk-Based Meal Replacement 1.1 0.01 na 1.6 41 0.35 0.69*
Beverages
Grain Products and Pastas
Cereal and Granola Bars 25 0.01 na 8.6 158 0.14 0.28
Energy, Meal Replacement, and 1.0 0.01 na 2.1 32 0.25 0.47*
Fortified Bars

bw = body weight; na = not available; NHANES = United States National Health and Nutrition Examination Survey;
PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Table B-6

Estimated Daily Per Kilogram Body Weight Intake of PQQ Disodium Salt

from Individual Proposed Food-Uses by Male Adults Aged 20 Years and
Over Within the U.S. (2011-2012 NHANES Data)

Food-Use Category

%

All-Person

All-Users Consumption (mg/kg

Contribution Consumption bw/day)

to Total (mg/kg bw/day)

Mean Intake ") 0 9o™" % n Mean | 90"

Percentile Percentile

All 100 0.46 1.46 51.6 1,153 | 0.88 2.06
Beverages and Beverage Bases
Energy, Sport, and Isotonic 12.1 0.06 0.17 12.3 218 0.45 0.85
Drinks
Non-Milk Based Meal 2.8 0.01 na 2.8 63 0.46 1.04*
Replacement Beverages
Water (Bottled, Enhanced, 79.8 0.36 1.28 39.2 946 0.93 2.04
Fortified)
Milk Products
Milk-Based Meal Replacement 1.6 0.01 na 2.3 45 0.32 0.60*
Beverages
Grain Products and Pastas
Cereal and Granola Bars 2.4 0.01 na 7.1 109 0.15 0.28
Energy, Meal Replacement, and 1.4 0.01 na 3 36 0.20 0.37*
Fortified Bars

bw = body weight; na = not available; NHANES = United States National Health and Nutrition Examination Survey;
PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Table B-7 Estimated Daily Per Kilogram Body Weight Intake of PQQ Disodium Salt
from Individual Proposed Food-Uses by the Total US Population (2011-2012
NHANES Data)

Food-Use Category % All-Person All-Users Consumption (mg/kg
Contribution Consumption bw/day)
to Total (mg/kg bw/day)
Mean Intake ") oo™ % n Mean | 90"
Percentile Percentile
All 100 0.50 1.53 55.1 | 4,320 0.91 2.07
Beverages and Beverage Bases
Energy, Sport, and Isotonic 9.3 0.05 na 9.9 634 0.48 1.00
Drinks
Non-Milk Based Meal 1.9 0.01 na 2.2 153 0.44 0.94
Replacement Beverages
Water (Bottled, Enhanced, 82.3 0.42 1.34 43.7 3,667 0.95 2.12
Fortified)
Milk Products
Milk-Based Meal Replacement 1.2 0.01 na 15 100 0.39 0.71
Beverages
Grain Products and Pastas
Cereal and Granola Bars 3.8 0.02 na 8.6 524 0.22 0.45
Energy, Meal Replacement, and 14 0.01 na 25 121 0.28 0.63
Fortified Bars

bw = body weight; na = not available; NHANES = United States National Health and Nutrition Examination Survey;
PQQ = pyrroloquinoline quinone; U.S. = United States.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum

reporting requirements.
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Appendix C

Representative NHANES Food Codes for Proposed Food-Uses of PQQ
Disodium Salt in the U.S.
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Representative NHANES Food Codes for Proposed Beverage-Uses of POO Disodium Salt

inthe U.S.

Beverages and Beverage Bases

Energy, Sport, and Isotonic Drinks
[PQQ Disodium Salt ] = 0.008%

95310200
95310400
95310500
95310550
95310555
95310560
95310600
95310700
95310750
95310800
95311000
95312400
95312500
95312550
95312555
95312560
95312600
95312700
95312800
95312900
95312905
95320200
95320500
95321000
95322200
95322500
95323000
95330100
95330500

Full Throttle Energy Drink

Monster Energy Drink

Mountain Dew AMP Energy Drink

No Fear Energy Drink

No Fear Motherload Energy Drink

NOS Energy Drink

Red Bull Energy Drink

Rockstar Energy Drink

SoBe Energize Energy Juice Drink

Vault Energy Drink

Energy Drink

Monster Energy Drink, Lo Carb

Mountain Dew AMP Energy Drink, sugar-free

No Fear Energy Drink, sugar-free

NOS Energy Drink, sugar-free

Ocean Spray Cran-Energy Cranberry Energy Juice Drink
Red Bull Energy Drink, sugar-free

Rockstar Energy Drink, sugar-free

Vault Zero Energy Drink

XS Energy Drink

XS Gold Plus Energy Drink

Gatorade Thirst Quencher sports drink

Powerade sports drink

Fruit-flavored thirst quencher beverage

Gatorade G2 Thirst Quencher sports drink, low calorie
Powerade Zero sports drink, low calorie

Fruit-flavored sports drink or thirst quencher beverage, low calorie
Fluid replacement, electrolyte solution

Fluid replacement, 5% glucose in water

Non-Reconstituted Sport Drinks
Adjusted for not being reconstituted, 16 g of powder to 240 mL of water
[PQQ Disodium Salt = 0.12

92900300

Fruit-flavored thirst quencher beverage, dry concentrate, not reconstituted

Non-Milk Based Meal Replacement Beverages
[PQQ Disodium Salt] = 0.008%

95101000 Boost, nutritional drink, ready-to-drink

95101010 Boost Plus, nutritional drink, ready-to-drink

95104000 Glucerna, nutritional shake, ready-to-drink

95105000 Kellogg's Special K Protein Shake

95110000 Slim Fast Shake, meal replacement, regular, ready-to-drink

95110010 Slim Fast Shake, meal replacement, sugar free, ready-to-drink

95110020 Slim Fast Shake, meal replacement, high protein, ready-to-drink
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95120000 Nutritional drink or meal replacement, ready-to-drink, NFS

95120010 Nutritional drink or meal replacement, high protein, ready-to-drink, NFS
95120020 Nutritional drink or meal replacement, high protein, light, ready-to-drink, NFS
95120050 Nutritional drink or meal replacement, liquid, soy-based

Non-Reconstituted Non-Milk Based Meal Replacement Beverages
Adjusted for not being reconstituted, 16 g of powder to 240 mL of water
[PQQ Disodium Salt] = 0.12

95201300 EAS Soy Protein Powder

95201500 Herbalife, nutritional shake mix, high protein, powder
95201600 Isopure protein powder

95201700 Kellogg's Special K20 Protein Water Mix

95210000 Slim Fast Shake Mix, powder

95210010 Slim Fast Shake Mix, sugar free, powder

95210020 Slim Fast Shake Mix, high protein, powder

95220000 Nutritional drink mix or meal replacement, powder, NFS
95220010 Nutritional drink mix or meal replacement, high protein, powder, NFS
95230010 Protein powder, soy based, NFS

95230020 Protein powder, light, NFS

95230030 Protein powder, NFS

Water (Bottled, Enhanced, Fortified)
[PQQ Disodium Salt] = 0.08%

94100100 Water, bottled, unsweetened
94100200 Water, bottled, sweetened, with low or no calorie sweetener
94100300 Water, fruit flavored, sweetened, with high fructose corn syrup and low calorie sweetener

94210100 Propel Water

94210200 Glaceau Water

94210300 SoBe Lifewater

94220200 Glaceau Water, low calorie

Milk Products

Milk-Based Meal Replacement Beverages
[PQQ Disodium Salt] = 0.08%

95102000 Carnation Instant Breakfast, nutritional drink, regular, ready-to-drink
95102010 Carnation Instant Breakfast, nutritional drink, sugar free, ready-to-drink
95103000 Ensure, nutritional shake, ready-to-drink

95103010 Ensure Plus, nutritional shake, ready-to-drink

95106000 Muscle Milk, ready-to-drink

95106010 Muscle Milk, light, ready-to-drink

Non-Reconstituted Milk-Based Meal Replacement Beverages
Adjusted for not being reconstituted, 16 g of powder to 240 mL of water
[PQQ Disodium Salt] =0.12

95201000 Carnation Instant Breakfast, nutritional drink mix, regular, powder

95201010 Carnation Instant Breakfast, nutritional drink mix, sugar free, powder

95201200 EAS Whey Protein Powder

95202000 Muscle Milk, regular, powder

95202010 Muscle Milk, light, powder

Nascent Health Sciences, LLC 29
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95230000

Protein powder, whey based, NFS

Grain Products and Pastas

Cereal and Granola Bars
[PQQ Disodium Salt] = 0.05%

53710400
53710500
53710502
53710504
53710600
53710700
53710800
53710802
53710804
53710806
53710900
53710902
53710904
53710906
53711000
53711002
53711004
53711006
53711100
53712000
53712100
53712200
53712210
53713000
53713100
53714200
53714210
53714220
53714230
53714250
53714300
53714400

Fiber One Chewy Bar

Kellogg's Nutri-Grain Cereal Bar

Kellogg's Nutri-Grain Yogurt Bar

Kellogg's Nutri-Grain Fruit and Nut Bar

Milk 'n Cereal bar

Kellogg's Special K bar

Kashi GOLEAN Chewy Bars

Kashi TLC Chewy Granola Bar

Kashi GOLEAN Crunchy Bars

Kashi TLC Crunchy Granola Bar

Nature Valley Chewy Trail Mix Granola Bar
Nature Valley Chewy Granola Bar with Yogurt Coating
Nature Valley Sweet and Salty Granola Bar
Nature Valley Crunchy Granola Bar

Quaker Chewy Granola Bar

Quaker Chewy 90 Calorie Granola Bar

Quaker Chewy 25% Less Sugar Granola Bar
Quaker Chewy Dipps Granola Bar

Quaker Granola Bites

Snack bar, oatmeal

Granola bar, NFS

Granola bar, lowfat, NFS

Granola bar, nonfat

Granola bar, reduced sugar, NFS

Granola bar, peanuts , oats, sugar, wheat germ
Granola bar, chocolate-coated, NFS

Granola bar, with coconut, chocolate-coated
Granola bar with nuts, chocolate-coated
Granola bar, oats, nuts, coated with non-chocolate coating
Granola bar, coated with non-chocolate coating
Granola bar, high fiber, coated with non-chocolate yogurt coating
Granola bar, with rice cereal

Energy, Meal Replacement, and Fortified Bars
[PQQ Disodium Salt] = 0.05%

53714500
53714510
53714520
53720100
53720200
53720300
53720400
53720500
53720510
53720600
53720610
53720700
53720800

Breakfast bar, NFS

Breakfast bar, date, with yogurt coating
Breakfast bar, cereal crust with fruit filling, lowfat
Balance Original Bar

Clif Bar

PowerBar

Slim Fast Original Meal Bar

Snickers Marathon Protein bar

Snickers Marathon Energy bar

South Beach Living Meal Bar

South Beach Living High Protein Bar
Tiger's Milk bar

Zone Perfect Classic Crunch nutrition bar

Nascent Health Sciences, LLC
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53729000 Nutrition bar or meal replacement bar, NFS
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Regulatory-compliant computational assessment of the mammalian metabolism of
disodium pyrroloquinolinedione tricarboxylate with MetaPC
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EXECUTIVE SUMMARY

The purpose of this study was to perform an assessment of the mammalian metabolism of

disodium pyrroloquinolinedione tricarboxylate. The evaluation consisted of testing the
compounds against MetaPC V 1.8.1 with the mammalian metabolism dictionary.

The assessment, based upon the computer simulation of mammalian metabolism of disodium
pyrroloquinolinedione tricarboxylate (PQQ), suggests that roughly 50% of PQQ is metabolized.
Metabolism is predicted to involve reaction of carboxyl moieties to form glucuronide or glycine
conjugates. Eighteen main metabolites of disodium pyrroloquinolinedione tricarboxylate, with
yields ranging from 0.82% to 9.20%, were identified, of which the major metabolites are 7,9-
bis((6-carboxy-3,4,5-trihydroxy-tetrahydro-2H-pyran-2-yloxy)carbonyl)-4,5-dioxo-4,5-dihydro-
1H-pyrrolo[2,3-f]quinoline-2-carboxylic acid (S10, yield 9.20%), 7-((6-carboxy-3,4,5-
trihydroxy-tetrahydro-2H-pyran-2-yloxy)carbonyl)-9-((carboxymethyl)carbamoyl)-4,5-dioxo-
4,5-dihydro-1H-pyrrolo[2,3-f]quinoline-2-carboxylic acid (512, yield 5.92%), 7-((6-carboxy-
3,4,5-trihydroxy-tetrahydro-2H-pyran-2-yloxy)carbonyl)-2-((carboxymethyl)carbamoyl)-4,5-
dioxo-4,5-dihydro-1H-pyrrolo[2,3-f]quinoline-9-carboxylic acid (S14, yield 5.92%) and 2-
oxoacetic acid (S29, yield 5.08%). The enzymes and reactions involved in forming these

metabolites are suggested.
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Study Objective

The purpose of this study was to perform an assessment of the mammalian metabolism of

disodium pyrroloquinolinedione tricarboxylate. The evaluation consisted of testing the

compounds against MetaPC V 1.8.1 with the mammalian metabolism dictionary.

Compound Investigated:

The structure of the studied chemical is pictured below:

Test compound Chemical Structure

M2t o ma

Disodium
pyrroloquinolinedione
tricarboxylate
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Results
MetaPC cannot predict salts and mixtures, therefore an acidic form of disodium pyrroloquinolinedione tricarboxylate was used

in this evaluation. The predicted metabolites and involved biochemical reactions and rules are presented below

Input structure: S1. C14H608N2 C1(C(C2=C(C(C(0)=0)=CC(C(0)=0)=N2)C2=C1C=C(N2)C(0)=0)=0)=0
Molecular weight (MW) = 330.212
Octanol-water partition coefficient (log P) =-2.02
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Tree scheme:
| S —

@le|ela
S

SIS N S

— - Quplicate —-Undanle - Sluble ——-nNometanalites
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The scheme legend:
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Major metabolites and yields

MetID | Formula SMILES Molecular Log Theoretical | Rule
weight Kow* | yield:
Level 2 metabolites
S10 C14H408N2C6H | C1(C(C2=C(C(C(O(C%99C(O)C(O)C | 682.467 -3.70 | 9.20% [11.1.1] Glucuronic O-conjugation of
9062 (0)C(C(=0)0)0%99))=0)=CC(C(O(C carboxylic acid
%98C(0)C(0)C(0)C(C(=0)0)0%98)
)=0)=N2)C2=C1C=C(N2)C(0)=0)=0
)=0
S12 C16H8O9N3C6H | C1(C(C2=C(C(C(NCC(0)=0)=0)=CC | 563.392 -4.27 | 5.92% [8.2] Glycination of aryl/vinyl
906 (C(O(C%99C(0)C(0)C(O)C(C(=0)0O) carboxylic acids
0%99))=0)=N2)C2=C1C=C(N2)C(O)
=0)=0)=0
S14 C16H8O9N3C6H | C1(C(C2=C(C(C(0)=0)=CC(C(O(C% | 563.392 -4.27 | 5.92% [8.2] Glycination of aryl/vinyl
906 99C(0)C(0)C(0O)C(C(=0)0)0%99))= carboxylic acids
0)=N2)C2=C1C=C(N2)C(NCC(0)=0
)=0)=0)=0
S29 C2H203 C(C(0)=0)=0 74.036 -0.96 | 5.08%
S17 C2H502N NCC(0)=0 75.068 -3.16 | 3.10% [7] Hydrolysis of any amide
S18 C16HB0O9N3C6H | C1(C(C2=C(C(C(0)=0)=CC(C(NCC( | 563.392 -1.86 | 1.83% [11.1.1] Glucuronic O-conjugation of
906 O(C%99C(0)C(0)C(O)C(C(=0)0)O carboxylic acid
%99))=0)=0)=N2)C2=C1C=C(N2)C(
0)=0)=0)=0
S19 C16H80O9N3C6H | C1(C(C2=C(C(C(O(C%99C(O)C(O)C | 563.392 -4.27 | 1.83% [11.1.1] Glucuronic O-conjugation of
906 (O)C(C(=0)0)0%99))=0)=CC(C(NC carboxylic acid
C(0)=0)=0)=N2)C2=C1C=C(N2)C(O
)=0)=0)=0
S28 C14H70O7N3 C1(C(C2=C(C(C(0)=0)=CC(C(N)=0) | 329.228 0.14 1.69%
=N2)C2=C1C=C(N2)C(0)=0)=0)=0
S22 C18H12010N4 C1(C(C2=C(C(C(NCC(0)=0)=0)=CC | 444.317 -4.83 | 1.63% [8.2] Glycination of aryl/vinyl
(C(NCC(0)=0)=0)=N2)C2=C1C=C( carboxylic acids
N2)C(0)=0)=0)=0
S24 C18H12010N4 CL(C(C2=C(C(C(0O)=0O)=CC(C(NCC( | 444.317 -4.83 | 1.63% [8.2] Glycination of aryl/vinyl

0)=0)=0)=N2)C2=C1C=C(N2)C(NC

C(0)=0)=0)=0)=0

carboxylic acids
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S26 C18H12010N4 C1(C(C2=C(C(C(O)=0)=CC(C(NCC( | 444.317 -243 | 0.82% [8.1] Glycination of pri, sec, tert
NCC(0)=0)=0)=0)=N2)C2=C1C=C( aliphatic acids
N2)C(0)=0)=0)=0

S31 C16H8O9N3C6H | C1(C(C2=C(C(C(NCC(O(C%99C(O) | 563.392 -5.14 | 1.83% [11.1.1] Glucuronic O-conjugation of

906 C(0O)C(0O)C(C(=0)0)0%99))=0)=0)= carboxylic acid

CC(C(0)=0)=N2)C2=C1C=C(N2)C(
0)=0)=0)=0

S38 C14H70O7N3 C1(C(C2=C(C(C(N)=0)=CC(C(0)=0) | 329.228 -3.14 | 1.69%
=N2)C2=C1C=C(N2)C(0)=0)=0)=0

S34 C18H12010N4 C1(C(C2=C(C(C(NCC(0)=0)=0)=CC | 444.317 -8.12 | 1.63% [8.2] Glycination of aryl/vinyl
(C(0)=0)=N2)C2=C1C=C(N2)C(NC carboxylic acids
C(0)=0)=0)=0)=0

S36 C18H12010N4 C1(C(C2=C(C(C(NCC(NCC(0)=0)= | 444.317 -5.71 | 0.82% [8.1] Glycination of pri, sec, tert
0)=0)=CC(C(0)=0)=N2)C2=C1C=C( aliphatic acids
N2)C(0)=0)=0)=0

S40 C16H8O9N3C6H | C1(C(C2=C(C(C(0)=0)=CC(C(0)=0) | 563.392 -5.14 | 1.83% [11.1.1] Glucuronic O-conjugation of

906 =N2)C2=C1C=C(N2)C(NCC(O(C%99 carboxylic acid

C(0)C(O)C(0)C(C(=0)0)0%99))=0)
:O):O):O

S45 C14H70O7N3 C1(C(C2=C(C(C(0)=0)=CC(C(0)=0) | 329.228 -3.14 | 1.69%
=N2)C2=C1C=C(N2)C(N)=0)=0)=0

S43 C18H12010N4 C1(C(C2=C(C(C(0)=0)=CC(C(0)=0) | 444.317 -5.71 | Peak conc.: | [8.1] Glycination of pri, sec, tert
=N2)C2=C1C=C(N2)C(NCC(NCC(0O) 0.82% aliphatic acids

:O):O):O):O):O

Log Kow* — Octanol-water partition
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Enzymes and reactions involved in the simulation.

S1
biotransformed with by [11.1.1] Glucuronic to give S2 Foye W O, Principles of
Glucuronyl transferases | O-conjugation of Medicinal Chemistry, 3rd ed.
carboxylic acid 1989, Lea & Febiger,
(priority= 5 rule= 964) Philadelphia, p98; Sayre L M, The
"LMS™ paper, p45
biotransformed with by [8.2] Glycination of | to give S4 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl101; Sayre L M,
The "LMS" paper, p54
biotransformed with by [8.2] Glycination of | to give S6 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl101; Sayre L M,
The "LMS" paper, p54
biotransformed with by [8.2] Glycination of | to give S8 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl10l; Sayre L M,
The "LMS" paper, p54
S2
biotransformed with by [11.1.1] Glucuronic to give S10 Foye W O, Principles of
Glucuronyl transferases | O-conjugation of Medicinal Chemistry, 3rd ed.
carboxylic acid 1989, Lea & Febiger,
(priority= 5 rule= 964) Philadelphia, p98; Sayre L M, The
"LMS" paper, p45
biotransformed with by [8.2] Glycination of | to give S12 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl01; Sayre L M,
The "LMS" paper, p54
biotransformed with by [8.2] Glycination of | to give S14 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl0l; Sayre L M,
The "LMS' paper, p54
sS4
biotransformed with by [7] Hydrolysis of any | to give S1 Foye W O, Principles of

Amidases

amide (priority= 7 rule=
785)

Medicinal Chemistry, 3rd ed.
1989, Lea & Febiger,

Report/Study number; MT-11625
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Philadelphia, p95; Sayre L M, The
"LMS™ paper, p44; He et al, Drug
Metab & Dispos, 2001, 29(5), pl4

biotransformed with by [7] Hydrolysis of any | to give S17 Foye W O, Principles of
Amidases amide (priority= 7 rule= Medicinal Chemistry, 3rd ed.
785) 1989, Lea & Febiger,
Philadelphia, p95; Sayre L M, The
"LMS™ paper, p44; He et al, Drug
Metab & Dispos, 2001, 29(5), pl4
biotransformed with by [11.1.1] Glucuronic to give S18 Foye W O, Principles of
Glucuronyl transferases | O-conjugation of Medicinal Chemistry, 3rd ed.
carboxylic acid 1989, Lea & Febiger,
(priority= 5 rule= 964) Philadelphia, p98; Sayre L M, The
"LMS" paper, p45
biotransformed with by [11.1.1] Glucuronic to give S19 Foye W O, Principles of
Glucuronyl transferases | O-conjugation of Medicinal Chemistry, 3rd ed.
carboxylic acid 1989, Lea & Febiger,
(priority= 5 rule= 964) Philadelphia, p98; Sayre L M, The
"LMS" paper, p45
biotransformed with by [8.2] Glycination of | to give S22 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl10l; Sayre L M,
The "LMS" paper, p54
biotransformed with by [8.2] Glycination of | to give S24 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl01; Sayre L M,
The "LMS" paper, p54
biotransformed with by [8.1] Glycination of | to give S26 Foye W O, Principles of
Glycyl transferases pri, sec, tert aliphatic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
789) Philadelphia, pl01; Sayre L M,
The "LMS" paper, p54
biotransformed via by [0.1.7] Decomposition | to give S29 Source is unavailable
spontaneous reaction of carbinol amine
(priority= 0 rule= 177)
biotransformed via by [0.4.1-2] to give S29 Source is unavailable

spontaneous reaction

Decomposition of
hydroxamide (priority= 0
rule= 214)

Report/Study number; MT-11625
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S6

biotransformed with by [7] Hydrolysis of any | to give S1 Foye W O, Principles of
Amidases amide (priority= 7 rule= Medicinal Chemistry, 3rd ed.
785) 1989, Lea & Febiger,
Philadelphia, p95; Sayre L M, The
"LMS™ paper, p44; He et al, Drug
Metab & Dispos, 2001, 29(5), pl4
biotransformed with by [11.1.1] Glucuronic to give S12 Foye W O, Principles of
Glucuronyl transferases | O-conjugation of Medicinal Chemistry, 3rd ed.
carboxylic acid 1989, Lea & Febiger,
(priority= 5 rule= 964) Philadelphia, p98; Sayre L M, The
"LMS"™ paper, p45
biotransformed with by [7] Hydrolysis of any | to give S17 Foye W O, Principles of
Amidases amide (priority= 7 rule= Medicinal Chemistry, 3rd ed.
785) 1989, Lea & Febiger,
Philadelphia, p95; Sayre L M, The
"LMS™ paper, p44; He et al, Drug
Metab & Dispos, 2001, 29(5), pl4
biotransformed with by [8.2] Glycination of | to give S22 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl101; Sayre L M,
The "LMS" paper, p54
biotransformed via by [0.1.7] Decomposition | to give S29 Source is unavailable
spontaneous reaction of carbinol amine
(priority= 0 rule= 177)
biotransformed with by [11.1.1] Glucuronic to give S31 Foye W O, Principles of
Glucuronyl transferases | O-conjugation of Medicinal Chemistry, 3rd ed.
carboxylic acid 1989, Lea & Febiger,
(priority= 5 rule= 964) Philadelphia, p98; Sayre L M, The
"LMS" paper, p45
biotransformed with by [8.2] Glycination of | to give S34 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl0l1; Sayre L M,
The "LMS" paper, p54
biotransformed with by [8.1] Glycination of | to give S36 Foye W O, Principles of
Glycyl transferases pri, sec, tert aliphatic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
789) Philadelphia, pl01; Sayre L M,
The "LMS" paper, p54
biotransformed via by [0.1.7] Decomposition | to give S38 Source is unavailable
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spontaneous reaction

of carbinol amine

(priority= 0 rule= 177)

biotransformed via by [0.4.1-2] to give S38 Source is unavailable
spontaneous reaction Decomposition of
hydroxamide (priority= 0
rule= 214)
S8
biotransformed with by [7] Hydrolysis of any | to give S1 Foye W O, Principles of
Amidases amide (priority= 7 rule= Medicinal Chemistry, 3rd ed.
785) 1989, Lea & Febiger,
Philadelphia, p95; Sayre L M, The
"LMS™ paper, p44; He et al, Drug
Metab & Dispos, 2001, 29(5), pl4d
biotransformed with by [11.1.1] Glucuronic to give S14 Foye W O, Principles of
Glucuronyl transferases | O-conjugation of Medicinal Chemistry, 3rd ed.
carboxylic acid 1989, Lea & Febiger,
(priority= 5 rule= 964) Philadelphia, p98; Sayre L M, The
"LMS" paper, p45
biotransformed with by [7] Hydrolysis of any | to give S17 Foye W O, Principles of
Amidases amide (priority= 7 rule= Medicinal Chemistry, 3rd ed.
785) 1989, Lea & Febiger,
Philadelphia, p95; Sayre L M, The
"LMS" paper, p44; He et al, Drug
Metab & Dispos, 2001, 29(5), pl4
biotransformed with by [8.2] Glycination of | to give S24 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl0l1; Sayre L M,
The "LMS" paper, p54
biotransformed via by [0.4.1-2] to give S29 Source is unavailable
spontaneous reaction Decomposition of
hydroxamide (priority= 0
rule= 214)
biotransformed with by [8.2] Glycination of | to give S34 Foye W O, Principles of
Glycyl transferases aryl/vinyl carboxylic Medicinal Chemistry, 3rd ed.
acids (priority= 8 rule= 1989, Lea & Febiger,
792) Philadelphia, pl01; Sayre L M,
The "LMS'™ paper, p54
biotransformed with by [11.1.1] Glucuronic to give $S40 Foye W O, Principles of

Glucuronyl transferases

O-conjugation of
carboxylic acid
(priority= 5 rule= 964)

Medicinal Chemistry, 3rd ed.
1989, Lea & Febiger,
Philadelphia, p98; Sayre L M, The
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"LMS™ paper, p45

biotransformed with
Glycyl transferases

by [8.1] Glycination of
pri, sec, tert aliphatic
acids (priority= 8 rule=
789)

to give 543

Foye W O, Principles of
Medicinal Chemistry, 3rd ed.
1989, Lea & Febiger,
Philadelphia, pl101; Sayre L M,
The "LMS"™ paper, p54
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Conclusions

Assessment based upon the computer simulation of mammalian metabolism of disodium pyrroloquinolinedione tricarboxylate (PQQ)
suggests that roughly 50% of PQQ is metabolized. Metabolism is predicted to involve reaction of carboxyl moieties to form
glucuronide or glycine conjugates. Eighteen main metabolites of disodium pyrroloquinolinedione tricarboxylate, with yields ranging
from 0.82% to 9.20%, were identified, of which the major metabolites are 7,9-bis((6-carboxy-3,4,5-trihydroxy-tetrahydro-2H-pyran-2-
yloxy)carbonyl)-4,5-dioxo-4,5-dihydro-1H-pyrrolo[2,3-f]quinoline-2-carboxylic acid (S10, yield 9.20%), 7-((6-carboxy-3,4,5-
trihydroxy-tetrahydro-2H-pyran-2-yloxy)carbonyl)-9-((carboxymethyl)carbamoyl)-4,5-dioxo-4,5-dihydro-1H-pyrrolo[2,3-f]quinoline-
2-carboxylic acid (S12, yield 5.92%), 7-((6-carboxy-3,4,5-trihydroxy-tetrahydro-2H-pyran-2-yloxy)carbonyl)-2-
((carboxymethyl)carbamoyl)-4,5-dioxo-4,5-dihydro-1H-pyrrolo[2,3-f]quinoline-9-carboxylic acid (S14, yield 5.92%) and 2-oxoacetic
acid (S29, yield 5.08%). The enzymes and reactions involved in forming these metabolites are suggested.
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