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February 18, 2020

Renata Kolanos, PhD

Regulatory Review Scientist/Chemistry Reviewer
U.S. Food and Drug Administration

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

Division of Food Ingredients

Re: Responses to GRN 883 questions

Dear Dr. Kolanos,
Please find our responses to your questions for GRN 883 below. The original FDA questions are in blue,
and responses to the questions are in black.

e (QUESTION #1) On page 16 of the notice in Table 2 (specifications), the notifier noted in a footnote
that no specified limits are established for Brix value, however, on page 17 in Table 3 (batch analyses),
a range of 42 to 45°Bx is listed as the acceptable range. Please clarify if the range listed for the Brix
parameter is considered a specification for the notified substance.

e (RESPONSE #1): The Brix value is not currently considered a specification or control point in the
manufacturing process. We apologize for the confusion on the batch analysis table, which suggests
that it could be a specification. The brix values stated as acceptable on the batch analysis table are just
a range that is typically noted based on the experience of the manufacturer/extractor, but is not
considered a true specification for the ingredient.

e (QUESTION #2) We noted contradictory statements in the notice. The following are examples only:

a. On page 60 of the notice, the notifier states, “3 mg/kg bw/day could potentially serve as a no
concern level”; on page 68 the notifier states, “3 mg/kg bw tested in a dose-finding study and at
which no adverse effects were observed in the majority of infants;” on the same page (68) the
notifier states, “3 mg/kg bw/day derived for adults was considered to potentially serve as a basis
to also derive no concern levels for children and adolescents.” Then, on page 76 the notifier states,
“Limited data from short-term clinical trials suggested that caffeine intakes of 3 mg/kg bw/day or
more may have adverse effects in children and adolescents.”

b. On page 77, the notifier states, “the review found that most prospective cohort studies have not
found that coffee consumption is associated with significantly increased risk of heart disease or
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stroke” and then follows with a statement, “randomized controlled trials lasting up to 12 weeks
have found that coffee consumption is associated with increases in several cardiovascular disease
risk factors.”

c. The notifier states in several places in the notices that the consumption of caffeine at levels 300-
400 mg/person/day can be safe. On page 76, the notifier states that 3 mg/kg bw/day (=180
mg/person/day, assuming 60 kg body weight per person) can cause adverse effects. Please explain
how 300-400 mg/person/day can be safe if 180 mg/person/day can cause adverse effects.
(PARTIAL RESPONSE): We answered this in more detail below, however we also wanted to
point out that the statement that 3 mg/kg bw/day can cause adverse events refers to acute (bolus)
dosing in children/adolescents, while the 300-400 mg/person/day safe limit applies to chronic
consumption in adults. We believe this is clear in the GRN submission, however please let us
know if we otherwise are misunderstanding this point.

We realize that the information discussed in the notice was collected from different sources, but it is
the notifier’s responsibility to write a coherent narrative. Please reconcile all contradictory statements
(described above are examples only) in the caffeine safety section narrative (6.2 Safety of Caffeine)
and make necessary changes in your response to FDA.

(RESPONSE #2): The ILSI website for the Wykoff et al. 2017 systematic review on caffeine states
that since 2003, caffeine has been the subject of over 10,000 papers (half of which include effects in
humans) and over 800 reviews related to caffeine effects in humans (https://ilsina.org/caffeine-
systematic-review-2017/). Thus, as FDA is aware, the literature on caffeine research is vast, and we
attempted to put together a reasonably robust summary of the current caffeine safety literature from
numerous sources in GRN 883, suggesting that moderate levels of caffeine intake levels in various
populations are generally recognized as safe. As is easy to imagine, in trying to relay the “good, bad,
and ugly” of this body of information, there are instances of research/reviews that have slightly
contradictory (or what may appear to be contradictory) information or interpretations. Additionally,
reviews published earlier had less data to rely on than more recent reviews. It is the totality of evidence
that was taken into account by various scientific bodies and the notifier to determine levels deemed
safe for various populations.

As FDA pointed out, with regard to children and adolescents, the GRN states that 3 mg/kg bw/day
may be both a level of no concern, and at the same time there is a statement that some evidence
suggests that a specific dose of 3 mg/kg bw/day could cause adverse effects in children and
adolescents. The GRN cites Higdon and Frei, (2006) for this latter statement, which cites a study by
Rapoport et al., (1981) from the Nawrot et al., (2003) paper, in which a single (acute/bolus) dose of 3
mg/kg bw caffeine in boys age 10.6 & 2.5 years resulted in nervous and jittery feelings. While anxious
feelings can be considered an adverse effect, they are considered reversible and are not known to result
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in lasting health effects. Nawrot et al., points out that findings of altered behavior from caffeine,
including anxiety, are difficult to compare between studies due to differences (and in some cases,
inadequacies) in methodologies. After a review of the totality of the literature, Nawrot et al. considered
a total consumption (from all sources) of 2.5 mg/kg bw/day as a cautious/conservative safe level of
exposure in children that is unlikely to cause harmful effects. ILSI’s 2017 systematic review on
caffeine, which used the Nawrot/Health Canada safe levels for various populations as comparators,
determined that the 2.5 mg/kg bw/day safe comparator level in children can still be considered safe,
although they did not attempt to determine a possibly more updated safe limit. EFSA, on the other
hand, in their 2015 opinion on caffeine safety, suggested that while their estimated safe level of
habitual (not acute) consumption for adults of 5.7 mg/kg bw/day may also apply to children (as
caffeine clearance is similar in adults and children), due to limited availability of data/studies on
anxiety and behavioral effects in children, they proposed a level of no concern of 3 mg/kg bw/day in
children. This is the same level that they proposed for acute (single-dose) exposure in adults.
Regardless, per GRN 883: The conservative caffeine exposure estimates (Part 3 of the notice),
which take into account background caffeine consumption plus caffeine consumption from the
RUNA® Concentrate intended uses, resulted in an estimated 90 percentile exposure of 0.8
mg/kg bw/day in children. This falls below both the 2.5 mg/kg bw/day and 3 mg/kg bw/day safe
estimated use levels for children cited by different scientific bodies as discussed above.
Additionally, as stated in the GRN, products containing RUNA® Concentrate are not intended
to be intentionally marketed to children (or to be used in/as infant formula).

As FDA also pointed out, with regard to caffeine and cardiovascular associations, Higdon et al., (2006)
found that most prospective study evidence at the time of their review showed no increased association
of caffeine and risk of heart disease or stroke. However, they also stated that randomized clinical trials
suggest coffee consumption is associated with an increase in several cardiovascular disease risk
factors. More specifically, these risk factors were small increases in blood pressure and increased
serum homocysteine. Discussion of the associations/effects of caffeine on cardiovascular disease are
scattered throughout subpart 6.2 in the GRN (due to the fact that large reviews/opinions are discussed
first—many of which incorporated cardiovascular reviews—followed by sections on specific topics.
Subpart 6.2.3.4 discusses effects of caffeine on cardiovascular disease, and states that while blood
pressure increases (often of low magnitudes) are seen after acute coffee intake, especially in caffeine
naive individuals, tolerance appears to limit this effect as it is not generally seen in more habitual
drinkers, and long term hypertension is not associated with moderate caffeine consumption levels.
While hypertension is a known risk factor for cardiovascular disease, intermittent increases in blood
pressure such as occurs with exercise are not, and hence the acute slight effects on blood pressure and
not clearly clinically relevant. A review on caffeine and cardiovascular health by Turnbull et al., (2017)
details the literature on caffeine/coffee and homocysteine. Generally, the caffeine levels associated
with increases in homocysteine are higher than the 400 mg/day that is generally considered safe for
adults, although in several studies a dose response has been seen at lower doses (starting as low as 89
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mg caffeine in one study). Yet Turnbull importantly points out that while plasma homocysteine has
been identified as a cardiovascular disease risk factor, interventions that reduce plasma homocysteine
don’t show a reduction in heart disease, and thus the impact on cardiovascular risk is not clear,
especially in light of the fact that moderate caffeine intake has not been shown to be associated with
heart disease risk. As relates to GRN 883, according to current studies and reviews, moderate
levels of caffeine (400 mg/day) have not been associated with cardiovascular risk or
cardiovascular effects in adults, with many citations for this research listed in the first
paragraph of subpart 6.2.3.4. The conservative caffeine exposure estimates (part 3 of the GRN),
which take into account background caffeine consumption as well as caffeine consumption from
the RUNA® Concentrate intended uses, resulted in an estimated 90™ percentile exposure of less
than 400 mg/kg bw/day in adults. Thus RUNA® Concentrate, under the conditions of its
intended use, is not expected to be associated with cardiovascular side effects.

With regard to other statements that could be or may appear to be contradictions in subpart 6.2, we

located the following:

e On page 93 of the GRN, it states that a 2011 meta-analysis on coffee and blood pressure and
cardiovascular disease concluded that in hypertensive individuals, caffeine intake (200-300
mg/day) produces acute increases in both systolic (8§ mmHg) and diastolic (6 mmHg) blood
pressure for up to three hours after consumption, similar to what has been shown in
normotensive individuals. As discussed above, caffeine is not associated with long-term
hypertension or increased cardiovascular disease, and transient increases in blood pressure caused
by exercise or from caffeine are not known to lead to long term adverse effects.

e While the Wikoff et al., (2017) systematic review supports a safe level of 300 mg/day of caffeine
during pregnancy, EFSA suggests a more conservative 200 mg/day “based on prospective cohort
studies showing a dose-dependent positive association between caffeine intakes during pregnancy
and the risk of adverse birth weight-related outcomes (i.e. fetal growth retardation, small for
gestational age) in the offspring.” This level (< 200 mg/day for pregnant women) was also
considered reasonable in 2010 by the American College of Obstetricians and Gynecologists with
regard to miscarriage or preterm birth. While Wikoff et al. also identified some studies suggesting
adverse (but low magnitude) birth weight effects below 300 mg/day, they found that a majority of
studies showed no such effect at 300 mg/day or higher. They found that the studies that more
robustly evaluated small for gestational age or intrauterine growth restriction did not suggest a
concern at 300 mg/mg. Wikoff et al., also evaluated current data related to miscarriages and found
a moderate to high level of support for 300 mg/day as a safe level in pregnancy that would not be
expected to result in miscarriage or preterm births, except possibly in some subgroups with genetic
susceptibility to caffeine. As relates to GRN 883, the conservative caffeine exposure estimates
(part 3 of the GRN), which take into account background caffeine consumption combined
with caffeine consumption from the RUNA® Concentrate intended uses, resulted in an
estimated 90" percentile exposure of less than 300 mg/day in women of childbearing age. Of
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note, the GRN exposure estimates using NHANES data only cover women of childbearing age
without knowledge of pregnancy, and the exposure estimate was 224.6 mg per day for background
plus RUNA® Concentrate intended uses. As discussed on page 29 of the GRN, Knight et al. (2004)
reported that in their study of 10,712 individuals, pregnant women consumed about half of the
caffeine as compared to non-pregnant women of reproductive age (90" percentile consumption
during pregnancy was 157 mg/day versus 229-247 mg/day in reproductive aged non-pregnant
women). Thus, while the exposure estimate from background plus RUNA® Concentrate intake is
slightly higher than the 200 mg limit suggested by some EFSA, the Knight et al. data suggests that
the GRN 883 exposure estimates during pregnancy would be well under 200 mg/day.

e The contradictory designations by IARC (that coffee was 1) possibly carcinogenic to the human
urinary bladder (Group 2B) in 1991, and 2) not classifiable as to carcinogenicity to humans in
2016 (Group 3)), were explained via new information in the latter conclusion and a what was
considered limited controlling for tobacco smoking (associated with coffee drinking and a risk
factor for bladder cancer) in the earlier conclusion. This is further discussed in the GRN, both in
the IARC section and on page 86 in the bladder cancer section.

o The GRN summary of Wikoff et al., (2017) states that some effects for physiologic endpoints for
cardiovascular disease were noted in some studies at doses lower than 400 mg/day for adults and
2.5 mg/kg bw/day for children, and effects on anxiety have been shown to occur in some cases at
doses lower than 400 mg/day. However, we believe that appropriate explanations as to why such
levels were still considered safe by the authors is already present in the GRN (subpart 6.2.1.6),
thus we will not repeat them here unless requested.

e The GRN summary of Higdon et al., (2006) states that limiting caffeine consumption to 300
mg/day may help prevent osteoporotic fractures in older adults. However, the more updated review
by Wikoff et al., (2017) found that the majority of relevant studies support that 400 mg/day in
healthy adults is not harmful with respect to bone marrow density, osteoporosis, and risk of
fracture. Risk is especially low if calcium intake is adequate. Importantly, the exposure estimates
in part 3 of the GRN suggest that caffeine exposure from background plus RUNA® Concentrate
intended uses is expected to be less than 400 mg/day in adults.

e On page 95, it is mentioned that single large boluses of caffeine (> 250 mg) may exaggerate post-
prandial hyperglycemia and hyperinsulinemia in diabetic individuals when sugar is consumed at
the same time. The amounts of caffeine in a single serving in the RUNA® Concentrate intended
use products are only 150 mg/serving (i.e. much lower than 250 mg, and thus are not expected to
cause this response in diabetics).

e The GRN states that single doses of up to 200 mg (~3 mg/kg bw/day for 70 kg adult) are considered
safe by EFSA. Yet single doses of 100 mg (about 1.4 mg/kg bw for a 70 kg adult) may increase
sleep latency and reduce sleep duration in some adult individuals, particularly if consumed close
to bedtime. As stated in the GRN on p.74, effects of caffeine on sleep are not necessarily
considered as adverse—such effects highlight the difficulty of characterizing adversity versus
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well known desirable and/or anticipated effects (as caffeine is often ingested to avoid
sleepiness).

(QUESTION #3): We noted that on pages 55-56 the notifier included in quotes a significant amount
of text copied from OECD SIDS document. Using quotes and ascribing the source is not enough to
avoid plagiarism when the section being copied is long. Please rewrite the section in quotes in your
own words. Be aware of the rules to avoid plagiarism; there are many guidance practices including
those provided by the U.S. Government, National Institutes of Health, etc.

(RESPONSE #3): Thank you for informing us that plagiarism may still be an issue if a section is too
long, despite the fact that we used quotations and referenced the information. The quoted text is a
description of NTP studies on caffeine, and as a brief explanation as to why it was quoted initially, the
quoted text was intended to show the reader what information was given versus what was missing due
to the fact that quite a lot of information that is usually described in toxicology studies is missing.
Thus, the thought was that it would be clearer and leave less room for many questions if the summary
was directly quoted in this case. We apologize for this oversite.

The quoted text summarizes two 90-day toxicity studies, one in Fischer 344 rats and one in B6C3F1
mice, in which caffeine was administered via the drinking water at concentrations of 0, 188, 375, 750,
1500, and 3000 ppm (rats) and 0, 94, 188, 375, 750, and 1500 ppm (mice). Results in the rat study
included a statistically significant decreased body weight gain compared to controls in the high-dose
group only. The high-dose group also showed decreased water consumption compared to controls,
while the opposite was true in the 375 and 750 ppm groups (which showed increased water
consumption). No significant clinical signs were noted up to 1500 ppm, which suggests that there were
signs noted in the high-dose (3000 ppm) group, yet none were described. There were no dose-related
changes in clinical chemistry, although again, no details were given. The only gross or
histopathological finding noted was a dose-dependent cellular enlargement in the salivary gland,
which was considered a well-known adaptive effect from caffeine. The NOAEL was 1500 ppm (151
and 174 mg/kg bw/day in male and female rats, respectively).

Results of the mouse study also included a decrease in body weight compared to controls in some
groups, however the effects were not dose-dependent and not seen in the high-dose group. As in the
rat study, water consumption was decreased in the high-dose group mice (as well as in the second to
highest dose) but was increased in the lower dose groups. The same adaptive change to the salivary
glands as in the rat study was the only histopathological finding mentioned for the mice, and the
NOAEL was considered the highest dose tested of 1500 mg/kg bw/day (167 and 179 mg/kg bw/day
in male and female mice, respectively).
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(QUESTION #4): The notifier presents several publications in a manner that suggests these
publications are the position papers of the institutions, i.e., the authors’ affiliations are listed in the
headings of several sections of the notice. Examples:

Section 6.2.2.2. Facultad de Medicina, Valencia, Spain/Cano-Marquina et al., 2013

Section 6.2.2.4. Cambridge University, Harvard University, University of Cantania/Grosso et al.,
2017

To avoid misleading information, please provide revised headings for the relevant sections (include
the publication reference only without the name of the institution).

(RESPONSE #4): Please see the revised headings for the relevant sections below:

Subpart 6.2.2.1 “Linus Pauling Institute (LPI)/Higdon and Frei (2006)” should instead read:
“Higdon and Frei (2006)”

Subpart 6.2.2.2 “Facultad de Medicina, Valencia, Spain/Cano-Marquina et al., (2013)” should
instead read “Cano-Marquina et al., 2013”

Subpart 6.2.2.3 “Northern Ireland Centre for Food and Health/Pourshahidi et al. (2016)” should
instead read “Pourshahidi et al., 2016”

Subpart 6.2.2.4 “Cambridge University, Harvard University, University of Cantania/Grosso et al.
(2017)” should instead read “Grosso et al., 2017”

(QUESTION #5): On page 126, the notifier describes a mouse study published by Zhang et al. (2014)
and states that “the rats fed CA plus caffeine showed a decrease in body weight.” Please clarify
whether the study was conducted with mice or rats.

(RESPONSE #5): The study was reference #423 in the notice (Zheng G, Qiu Y, et al. Chlorogenic
acid and caffeine in combination inhibit fat accumulation by regulating hepatic lipid metabolism-
related enzymes in mice. Br J Nutr. 2014;112(6):1034-40). The study was performed in mice, thus the
sentence should be corrected to instead read “the mice fed CA plus caffeine showed a decrease in body
weight.”

(QUESTION #6): On page 136, the notifier refers to “Teavino” We note that it should be “Teavigo.”
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(RESPONSE #6): Noted, thank you.

(QUESTION #7): The notifier should consult the following publications and provide a brief, targeted
narrative on the following aspects as suggested below.

Publications to consult:
(a) Caffeine toxicity (https://www.ncbi.nlm.nih.gov/books/NBK532910/);
(b) Temple, J. L., et al. 2017. The safety of ingested caffeine: a comprehensive review. Front.
Psychiatry. 8:80. doi: 10.3389/fpsyt.2017.00080.
(c) Wikoff, D., et al. 2017. Systematic review of the potential adverse effects of caffeine
consumption in healthy adults, pregnant women, adolescents, and children. Food Chem.
Toxicol. 109(Pt 1):585-648.
(d) Wise, G., Negrin, A. 2019. A critical review of the composition and history of safe use of
guayusa: a stimulant and antioxidant novel food. Crit. Rev. Food. Sci. Nutr. 1:1-12.

Aspects to be addressed in the response to FDA:

The notifier should consult the first three publications and address the following points:

e (QUESTION A): Address the pharmacokinetics and metabolism of caffeine in no more than
1-2 pages in your own words. Mention the caffeine-metabolizing enzymes (e.g., CYP1A2), the
known metabolites, the half-life of caffeine, etc. The pharmacokinetics and metabolism
discussion is scattered in the GRN; please consolidate this information in this section.

e (RESPONSE A): Indeed, there is pharmacokinetic (PK) information about caffeine in various
locations of the GRN, although we would like to point out that there is also a dedicated section
on caffeine PK (subpart 6.2.3.1) in the GRN notice as well. Regardless, we have compiled a
new PK discussion here as directed by FDA based specifically on information from the three
publications listed above. The citations of (a)—(c) are utilized in this communication.

The PK profile of caffeine, which is soluble in both water and lipids, is well established.(c) It
is rapidly and nearly completely (~90%) absorbed in the stomach/small intestines, with peak
plasma concentration occurring within two hours of ingestion.(a)(b) Absorption does not
appear to be affected by gender or genetic background. Once absorbed, caffeine is widely
distributed in body fluids (e.g. saliva, cerebrospinal fluid, umbilical cord and breast milk) and
other tissues, and crosses the blood-brain barrier.(b) Caffeine is primarily metabolized in the
liver via n-demethylation, acetylation, and oxidation reactions.(a) The CYP1A2 enzyme is the
major contributor to caffeine metabolism, and its activity may be increased/decreased via
various genetic variations/polymorphisms, circadian rhythms, xenobiotics (e.g. caffeine
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clearance increases with cigarette smoking and decreases with alcohol consumption), and/or
health states of the liver (e.g. liver disease may decrease clearance).(a—c) Caffeine metabolism
is also slowed by the presence of steroid hormones (e.g. during pregnancy, fetal stage, and oral
contraceptive use), which increase caffeine’s half-life.(c) While the metabolites of caffeine are
not discussed in the three references provided by FDA, they are described in subpart 6.2.3.1
of the GRN.

Much of the more recent research on the PK of caffeine is dedicated to studying the effects of
various genetic alleles of caffeine metabolizing enzymes and receptors to which it binds, as is
discussed in a subsequent response to an FDA question below. The overall half-life of caffeine
is 3—-10 hours in adults, and again depends on complex genetic and environmental
interactions.(a)(b) While the half-life of caffeine in neonates is relatively high (65—130 hours),
by six months of age (before the age at which consumption of RUNA® Concentrate containing
products is expected), caffeine is eliminated at the same rate as that of adults.(b) Caffeine and
its metabolites are excreted in the urine.

e (QUESTION B): Address the clinical findings of caffeine toxicity in normal adults in
conditions of overdose in no more than 1-2 pages in your own words. You may cite the
reference as “(see review by Wikoff et al., 2017 and references therein)”, or you may cite the
individual references from Wikoff et al. (2017). These references are expected to be already
covered by the 497 references in the current notice.

e (RESPONSE B): The adverse effects of caffeine overdoses in normal adults are considered
related to the alkaloid’s various effects as an antagonist of adenosine receptors, inhibitor of
phosphodiesterase, producer of renin and catecholamines, and sensitizer of dopamine
receptors.(a)(b) According to Wikoff et al., (2017), the majority of overdoses occur from
consumption of caffeine at high doses over a relatively short time frame, mainly in the form of
powder or tablets, while the remainder have reportedly come from energy drinks, cola, coffees
and teas.(c) A lethal dose is generally considered 10 g caffeine or greater.(a)(c) Note that the
exposure estimates based on the RUNA® Concentrate intended uses in the GRN do not suggest
that a high dose ingestion pattern will occur up to the 90 percentile consumer.

While death from caffeine overdoses are quite rare, determining serum caffeine concentrations
after large ingestions and reducing them (e.g. by using hemodialysis or intralipid emulsion
therapies) may be critical to prevent acute kidney injury, rhabdomyolysis, and/or cardiac
arrest.(a) Clinical findings of caffeine toxicity may include nausea/vomiting (due to gastric
irritation—vomiting aids in the prevention of toxic effects), fever, tachycardia (or
bradycardia), hypertension (which may be followed by hypotension), rigid muscles, pupil
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dilation, and neurological effects such as agitation, hallucinations, delusional thoughts,
seizures, and hyper reflexes.(a)(b) Laboratory values may show an elevated lactate level (and
subsequent anion gap metabolic acidosis), hypokalemia, hypocalcemia (although large
amounts of calcium may be released from intracellular stores during extreme toxicity),
hyponatremia, hyperglycemia, and altered myoblobin and creatine kinase levels. An
electrocardiogram may show results of tachycardia, ST segment depressions, or T wave
inversions.(a)(b)

e (QUESTION C): Address the inter-individual differences in caffeine metabolism, emphasizing on
the adverse effects of caffeine in those individuals, in no more than 1-2 pages in your own words.

e (RESPONSE C): Inter-individual differences in caffeine metabolism and effects are often
associated with genetic variation in metabolizing enzymes and the receptors to which caffeine
binds. This is an active area of current caffeine research and is touched on in various sections of
GRN 883, including more specifically subpart 6.2.3.10. Genetic variability in subjects is complex
and likely accounts for variation in research study outcomes, and is by no means fully understood.
Utilizing only information from the citations suggested by FDA, a brief discussion follows.

As stated above, the cytochrome p450 enzyme CYP1A2 is responsible for much of the metabolism
of caffeine in the liver. This enzyme has a high amount of genetic variability between individuals,
and individuals with decreased/slower activity of this enzyme have slower metabolism of, and
hence increased sensitivity to, caffeine.(b)(c) Temple et al., (2017) suggests that at least 150 single-
nucleotide polymorphisms can accelerate caffeine clearance.(b) CYP1A2*1K alleles are
associated with decreased caffeine metabolism, while other alleles of CYP1A2 have been
associated with increased patterns of caffeine consumption, as cited in Wikoff et al., (2017).(c)

Additionally, while not specifically related to caffeine metabolism, the adenosine receptor, on
which caffeine acts and produces many of its physiological effects via various biochemical
pathways, also has a number of variants that are known to affect the specific actions/effects of
caffeine in humans.(b)(c) For example, small nucleotide polymorphisms in the ADORA2A
(adenosine A2A receptor) gene have been found to affect a person’s sensitivity to caffeine,
including effects on sleep and levels of anxiety reaction to acute caffeine exposure.(b)(c) Wikoff
et al. found evidence that consumer self-regulation and awareness of potential sensitivity to
caffeine occurs and is important for avoiding caffeine-induced anxiety.(b)

Genetic variations that lead to increased caffeine sensitivity differences may then lead to inter-
individual differences in any caffeine related health outcome (anxiety, effects on blood pressure,
sleep, etc.). Yet individuals generally have awareness of their personal tolerance to caffeine
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through experience over time and moderate their intake accordingly. This is discussed (and
research is cited) in subpart 6.2.3.10 of the GRN. This self-regulation effect is also demonstrated
by the fact that caffeine consumption levels have remained stable in the U.S. despite many new
caffeine beverage additions to the market (see GRN citation numbers 14—16 and 55-58). The
majority of studies in the literature are assumed to have subjects representative of a large range of
genetic differences, and safe level determinations by various scientific bodies are based on total
subject populations.

e (QUESTION D): Bridge the entire information discussed above with the safety of your product.
This should be simple to address because caffeine-sensitive individuals are expected to avoid your
product (assuming that your product will be labeled to contain caffeine). For the caffeine-
consuming population, the EDI of your product should be much less than the accepted safe level
of caffeine consumption.

e (RESPONSE D): While the pharmacokinetics of caffeine are generally well-established, as
discussed above, it is also established that genetic polymorphisms have significant effects on
caffeine metabolism and overall effects in individuals. Safe levels discussed in the GRN have been
determined by various scientific bodies, and are based on the population as a whole, with the
understanding that there is a range of individual sensitivities. As is discussed above and cited in
section 6.2.3.10 of GRN 883, and is also discussed in Wikoff et al., (2017), there is evidence that
self-regulation of caffeine intake limits its overall consumption by sensitive individuals. As
RUNA® Concentrate is expected to be labelled with regard to caffeine content, individuals who
are sensitive are expected to avoid or limit consumption of RUNA® Concentrate/caffeine-
containing products. This is supported by the number of studies showing that caffeine consumption
levels have remained stable in the population (including children and adolescents) despite new
caffeinated beverage additions to the market, as cited throughout the GRN.

As described above, the estimated exposure to caffeine from the RUNA® Concentrate intended
uses plus background caffeine consumption are shown in part 3 of the GRN, and there are also
many studies that suggest that caffeine consumption in adults, adolescents and children has
remained stable over the last decade despite new caffeine products being added to the marketplace.
The estimates fall below daily intake levels considered safe by various scientific bodies. Levels of
caffeine per serving in each of the intended use categories are considered reasonable compared to
caffeine levels per serving in other foods in the marketplace, and compared to levels generally
considered safe for bolus dosing of caffeine. In conclusion, RUNA® Concentrate’s intended uses
are expected to be safe for humans.
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e (QUESTION E): The reference (d) is related to your product. Please discuss the findings from this
publication in no more than 2-3 pages in your own words that relates to the safety of your product.
This reference is currently missing in the notice.

e (RESPONSE E): The review by Wise et al. was published online August 1%, 2019, after the
literature searches were completed for GRN 883 and very close to its submission date to FDA,
thus discussion of it was not included in the original submission. The review discusses the recent
large international interest in /lex guayusa leaf consumption, most specifically in the form of tea.
The authors used the EU novel food assessment framework to analyze the literature surrounding
the safety of guayusa for human consumption.

The paper covers the taxonomy, cultivation and processing, ethnobotany, composition, antioxidant
profile, toxicology, and history and patterns of safe use of the guayusa plant, much of which is
also covered in our GRN 883, and will not be repeated here unless requested. The authors
concluded that the current knowledge of the composition of the plant suggests that it is similar to,
and no more of a safety concern with respect to consumption, than that of Camellia sinensis
(green/black tea) or the related llex paraguariensis (yerba maté).

The authors discuss the broad history of use of guayusa in/as beverages, without known side
effects. They specifically cite a study on the safety of consumption in Ecuador (population of 14.5
million), which was assessed by analyzing three years of data from provincial hospital admissions,
national disease register, national toxicology call center, and the national food safety authority.
There were no findings related to guayusa consumption, other than a single call center report of
hyperactivity and insomnia after its consumption. The lack of any data on adverse effects of the
plant despite wide-spread consumption helps support the history of safe use of this plant, and
ultimately RUNA® Concentrate.

Some of the gaps in the literature that the authors identified include a need for further research to
understand accumulation of metals/heavy metals in the plant across different growing conditions,
as well as various determining factors affecting the caffeine content of the plant, as leaf
concentrations in the literature vary quite widely. The subject of GRN 883 (RUNA® Concentrate)
is not expected to be affected by these variation factors, as it has specifications limiting both total
and various specific heavy metals as well as caffeine concentration (Table 2 in the GRN).

Wise et al. also discussed that the “brief resting period” commonly occurring after harvest of
guayusa leaves (similar in length to that for green tea rather than more highly fermented teas such
as black or yerba maté) limits risk of microbial contamination during processing. The clear
microbial specifications for RUNA® Concentrate additionally alleviates concerns in this realm
(Table 2 of the GRN). As is also discussed in the GRN, Wise et al. authors mention that the roasting

2800 E. Madison St.

Suite 202

Seattle, WA 98112

(253) 286-2888

www.aibmr.com

www.toxicoop.com


http:www.toxicoop.com
http:www.aibmr.com

and smoking that normally takes place during yerba maté processing is linked to the formation of
compounds that may have negative health impacts. Traditionally, and in the case of RUNA®
Concentrate manufacturing, no roasting or smoking steps are utilized, and thus any health hazards
related to the formation of such compounds are not expected. Lastly, the authors suggest that risk
of pesticide residue contamination is minimal due to the organic agriculture practices that are
generally used in growing this plant. Regardless, the raw leaf material utilized in every batch of
the RUNA® Concentrate manufacturing process undergoes pesticide evaluation, and batches
would be rejected if they were to ever exceed the specified tolerances.

As in GRN 883, the Wise et al., authors suggest that consumption patterns for guayusa tea will
likely mimic and substitute for those of other teas. A toxicology study that is not mentioned in
GRN 883 was cited by the authors, in which the lethal concentration for an aqueous extract of
guayusa was determined to be >10,000 mg/mL in brine shrimp, which does not suggest any safety
concerns. Overall, this very recent review does not suggest any additional safety issues, and overall
corroborates the safety of Ilex guayusa and thus RUNA® Concentrate consumption.

We hope that these responses are adequate with regard to your questions. Please don’t hesitate to let us
know if there are any further questions or comments during your GRN evaluation process. We will be
happy to discuss and/or provide any additional written responses.

Sincerely,

(b) (6)

Amy Clewell, ND, DABT
VP Scientific and Regulatory Affairs
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