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From: Tim Murbach

To: Hall, Karen

Subject: Re: [EXTERNAL] Re: Regarding GRN 000992

Date: Wednesday, August 18, 2021 10:49:34 AM

Attachments: Questions to Notifier 2021-08-02+Notifier Responses 2021-08-18.pdf

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hi Karen,

Please find our responses attached. I have set the responses in red font for ease of review (i.e., to
help clearly delineate the responses from queries).

Please let me know should there be need of clarification or further queries.

Kind Regards,
Tim

Tim Murbach, ND, DABT

Senior Scientific & Regulatory Consultant

AIBMR Life Sciences, Inc.

(253) 286-2888

www.aibmr.com | @AIBMRInc

The information contained in this transmission may be legally privileged and confidential
information intended only for the use of the intended recipient. If you are not the
intended recipient, the review, dissemination, distribution, copying, or printing of this

transmission is strictly prohibited. If you have received this message in error, please

notify me immediately. Thank you.

From: "Hall, Karen" <Karen.Hall@fda.hhs.gov>
Date: Thursday, August 12, 2021 at 2:58 PM

To: Tim Murbach <tim@aibmr.com>

Subject: RE: [EXTERNAL] Re: Regarding GRN 000992

Hi Tim,
| am good with August 20th,

Kind Regards,
Karen

From: Tim Murbach <tim@aibmr.com>

Sent: Thursday, August 12, 2021 3:21 PM

To: Hall, Karen <Karen.Hall@fda.hhs.gov>
Subject: [EXTERNAL] Re: Regarding GRN 000992



mailto:tim@aibmr.com
mailto:Karen.Hall@fda.hhs.gov
http://www.aibmr.com/

GRN 992 White Mulberry Leaf Extract Questions

Chemistry

1. On page 10 (Table 2), the notifier provides compositional data for mulberry leaf extract.

* Please confirm that the total iminosugar content includes 1-deoxynojirimycin (DNJ).
Notifier Response: We confirm that the total iminosugar content includes 1-deoxynojirimycin
(DNJ)

* The notifier reports that total carbohydrates are expected to comprise 30-55% of the
finished extract formulation. However, in GRN 000984 (page 10, Table 2), the notifier
reported that the finished extract formulation contains 30-50% maltodextrin in addition to
27-29% carbohydrates. Please clarify whether the total carbohydrate content of 30-55% as
reported in GRN 000992 includes maltodextrin. We note that the notifier states on page 56
of GRN 000992 that approximately half of the weight of the finished extract formulation is
maltodextrin.

Notifier Response: We confirm that the total carbohydrate content of 30-55% includes
the 28-50% maltodextrin.

e The notifier reports the content of “Free amino acids/peptides/proteins” (i.e., total amino
acids) in the finished extract formulation to be 25-35%. We note that in GRN 000894 the
notifier reported the content of “Amino acids” to be 13-15%. Please confirm that the term
“Amino acids” in GRN 000894 referred to free amino acids only, not the total amino acids. If
this is not correct, please explain the increase in the total amino acid content in GRN 000992
compared to GRN 000894.

Notifier Response: We confirm that the term “Amino acids” in GRN 894 referred to free

amino acids only. At the time of submission of GRN 894, there were only limited nutritional
data. As more data had become available since the submission of GRN 894, Table 2 was
revised in GRN992.

2. On page 10 (Table 3), the notifier provides an incorrect CAS Registry Number for DNJ. Please provide
the correct CAS number.
Notifier Response: The CAS number for DNJ is 19130-96-2. The zero reported at the penultimate

position in the GRN was a typo (‘0" is next to ‘- on the keyboard).

3. On page 13, the notifier states that “other raw materials” used in the manufacture of mulberry leaf
extract are food grade. Please confirm that the only raw plant material used in the manufacture of
the extract is the mulberry leaf and that by “other raw materials” the notifier means materials such
as water, ammonia solution, filters, or ion-exchange resins used in the manufacture of the extract.
In addition, please provide a statement that all materials used in the manufacturing process are
approved for their respective uses via a regulation in Part 21 of the U.S. Code of Federal Regulations,
are the subject of an effective food contact notification, or are GRAS for that use in the U. S.

Notifier Response: Mulberry leaf is the only raw botanical material used in the manufacture of

Reducose® 5%. Other raw materials referred to in the second paragraph of Subpart 2.2.3 of GRN 992
on page 13 mean materials such as water, ammonia solution, filters, or ion-exchange resins used in





the manufacture of the extract. These, with the exception of water, are approved for their
respective uses via a regulation in 21 CFR as follows:

= Water: Except for the requirements for specific standardized beverages pertaining to
bottled water, no direct regulation in Part 21 of the U.S. Code of Federal Regulations,
effective food contact notification, or GRAS conclusion was located. Nonetheless,
potable, distilled, and purified waters are considered foods appropriate for human
consumption. As noted in Subpart 2.2.3 on page 13, potable water used for extraction is
subject to monthly and annual testing and complies with regulations for human drinking
water.

= |on-exchange resins used in the manufacture of Reducose® 5% are approved secondary
direct food additives permitted in food for human consumption pursuant to 21 CFR
173.25

®  Filters used in the manufacture of Reducose® 5% are approved indirect food additives
pursuant to 21 CFR 177.2910.

= Ammonium hydroxide (NH4OH; CAS Reg. No. 1336-21-6) is a direct food substance that is
GRAS for use as a pH control agent with no limitations except that use levels do not
exceed cGMP pursuant to 21 CFR 184.1139.

= Sodium hydroxide (NaOH; CAS Reg. No. 1310-73-2) is a direct food substance that is GRAS
for use as a processing aid with no limitations except that use levels do not exceed cGMP
pursuant to 21 CFR 184.1763.

= Hydrochloric acid is a multi-purpose food substance that is GRAS for use as a buffer and
neutralizing agent with no limitations except that use levels do not exceed cGMP
pursuant to 21 CFR 182.1057

On pages 13-14 (Table 4), the notifier provides specifications for the mulberry leaf extract and
identifies an analytical method for each parameter. Please provide a statement that all analytical
methods used to test for each parameter are validated for that purpose.

Notifier Response: All analytical methods used to test each parameter of the Reducose® 5%
finished product specification are validated for their intended purposes.

On pages 15-16 (Tables 5 and 6), the notifier provides results of batch analyses for the extract either
containing or not containing L-leucine, respectively. We note that only the extract that does not
contain L-leucine is the subject of GRN 000992. According to Table 5, none of the four provided
batch analyses for this extract include the results for all specification parameters (e.g., batch
ML20110420 was not tested for mercury, cadmium, total coliforms, or aflatoxins; batch NB6556-|
was not tested for moisture, acid insoluble ash, taste and odor, or solubility). In addition, none of the
four batches in Table 5 were tested for pesticide residues (included as a specification), and three
batches were tested according to the previous version of a specification for total aflatoxin that did
not include aflatoxins G1 and G2. To demonstrate that the subject of GRN 000992 can be
manufactured to meet the proposed specifications, please provide the results of the analyses for a
minimum of three nonconsecutive batches for all parameters included in the specifications
established by the notifier for the mulberry leaf extract.

Notifier Response: Table 4 of GRN 992 represents the complete (i.e., safety-related and non-safety

related) current product specifications applicable to the finished Reducose® 5% ingredient. These
specifications were not altered by the removal of the use of L-leucine in the manufacturing process.
Batch analyses detailed in Tables 5 and 6 are historic batches and demonstrate the reproducibility of
the production process, with or without L-leucine. Removal of L-leucine does not change any
specification attribute, rather it was used to increase spray drying yield (less sticking to walls). We





direct FDA to the introductory text of Subpart 2.3.1 for a more detailed discussion of the historic
batch analyses provided. Due to production cycle of Reducose® 5%, new lots without L-leucine are
not yet available. Nonetheless, if considering only the subset of specification parameters that bear
directly on safety, batch analyses NB6556-1, NB6556-2, and NB6556-3 provide a complete analysis
of three lots without L-leucine. Batch testing of lot ML20110420 was provided to demonstrate that
lots without L-leucine meet the non-safety sensitive parameters set by the Notifier (i.e., moisture,
ash, taste and odor, and solubility), which are tested on a skip-lot basis. As noted in our responses to
chemistry queries 6 and 7 below, the specifications for pesticide residues and aflatoxins are
customer-requested parameters that are unnecessary for food uses in the U.S. and do not bear on
the safety of Reducose® 5%. Also, as noted in our response to Toxicology query #6, the GRAS review
team for GRN 894 concluded the presence or absence of L-leucine has no bearing on safety (which
includes the lack of effect/relevance to all ingredient specifications that bear on safety, as discussed
above).

On pages 13-14 (Table 4), the notifier includes pesticide residues as a specification for mulberry leaf
extract. Please clarify the basis for proposing this specification. We note that we generally ask that
notifiers not include a specification for pesticide residues for ingredients manufactured using food-
grade plant materials produced in accordance with good agricultural practices. Please clearly
indicate that the notifier would not expect these impurities to be introduced by the controlled
method of manufacture of mulberry leaf extract. We also note that limits specified in USP 561 are
not applicable in the U.S. when articles of botanical origin are labeled for food purposes.

Notifier Response: We were not aware of the general advise above and highly appreciate the

feedback. With respect to GRN 992 and FDA’s query above, we do not expect any pesticide residue
impurities to be introduced by the controlled method of manufacture of Reducose® 5%, and,
additionally, do not consider the pesticide specification as a parameter necessary to ensure the
safety of the finished ingredient. Rather, this specification for pesticide residue testing to ensure
that the finished ingredient compiles with the limits of USP 561 has been incorporated at the
request of specific customers. We additionally note that the raw botanical material’s supplier
specification requires analysis of pesticide residues, and as stated in the footnote to Table 4, all raw
material is tested for pesticides prior to purchase and entering the supply chain.

On pages 13-14 (Table 4), the notifier includes aflatoxins B1 and total aflatoxins as specifications for
mulberry leaf extract. Please clarify the basis for proposing these specification and state whether
the notifier expects aflatoxins to be present in the finished mulberry leaf extract manufactured
following current good manufacturing practices.

Notifier Response: As with the pesticide specification, the specifications for aflatoxins were added

due to specific customer requests. Aflatoxins are not expected to be present in the finished
ingredient—Reducose® 5%— manufactured following current good manufacturing practice and a
hazard analysis and critical control point plan. Additionally, aflatoxin specifications are not
considered to be parameters necessary to ensure the safety of the finished ingredient; aflatoxins
are skip-lot tested only as their presence is not an identified risk.





On pages 18-19 (Table 7), the notifier provides use levels for mulberry leaf extract for all food
categories included in the intended uses. On page 56, the notifier states that maltodextrin
comprises approximately half of the weight of the finished extract formulation. Our understanding is
that the use levels in Table 7 represent the use levels of the finished extract formulation containing
approximately 50% maltodextrin. Please confirm that this is correct.

Notifier Response: We confirm that the use levels in Table 7 represent the use levels of the finished

extract formulation containing 28-50% maltodextrin.





Toxicology

1) There are many studies demonstrating that 1-DNJ is an inhibitor of alpha-glucosidase and have
documented physiological effects regulating blood glucose levels.'? We note that according to
the notifier’s website: “A single dose will be effective for an entire meal regardless of
carbohydrate content.”? Please provide a narrative as to why acute and/or chronic exposure to
1-DNJ from the intended use is not a safety concern, especially for those subpopulations that
rely on medications to regulate blood glucose levels.

Notifier Response: Carbohydrates, including sugars, are not essential/indispensable nutrients.
Thus, there is no reason to assume that altering the glycemic index of foods/blocking digestion

of dietary starches and disaccharides would present a safety concern any more so than would
eliminating carbohydrates from the diet. Undigested carbohydrates in the gastrointestinal tract
could be expected to cause transient increases in gastrointestinal side effects similar to
increasing fiber in the diet.

In the clinical trial by Kimura et al., cited above by FDA, the use of mulberry leaf powder
containing 18 mg 1-DNJ did not cause hypoglycemia or alterations in average plasma glucose
compared to placebo over 38 days in healthy subjects even though postprandial plasma
glucose and insulin were statistically significant lower compared to placebo 60 minutes
following acute administration of the powder at doses containing 12 or 18 mg 1-DNJ. Similarly,
in the cited clinical trial by Lown et al., acute administration of Reducose® 5% at doses
containing 12.5 or 25 mg 1-DNJ had statistically significant lowering effects compared to
placebo on the postprandial glucose and insulin responses (as determined by positive
incremental area under the respective curves) in healthy subjects. At no time during the 120
minutes of plasma sample collection did points along the glucose curve fall below lower limit of
the normal range (i.e., 70 mg/dL (3.9 mmol/L) indicating that acute administration of the
mulberry leaf powder, containing up 25 mg 1-DNJ, did not result in hypoglycemia. In addition,
the occurrence of gastrointestinal side effects did not differ statistically among the Reducose®
5% and placebo groups.

In the 28-day repeated dose study by Marx et al. (Marx et al., 2016), summarized in Subpart
6.2.2 of GRN 992 (pages 31-36) and incorporated here by reference, Reducose® 5% did not
cause biologically or toxicologically significant or dose-related alterations in plasma glucose or
other adverse effects in rats at doses containing up to 186 mg/kg bw/day 1-DNJ.

Several clinical trials have administered mulberry leaf extracts (MLE) of varying 1-DNJ content
to subjects with impaired glucose tolerance (IGT) and/or type 2 diabetes mellitus (T2D) (Asai et
al., 2011; Kim et al., 2012; Kim et al., 2015; Riche et al., 2017; Thaipitakwong et al., 2020).
These studies are summarized in Table 24 in Subpart 6.4.3 of GRN 992 (pages 50-52), which is
incorporated here by reference.

! Kimura T, Nakagawa K, et al. Food-grade mulberry powder enriched with 1-deoxynojirimycin suppresses
theelevation of postprandial blood glucose in humans. J Agric Food Chem. 2007;55(14):5869-74.

2 Lown M, Fuller R, et al. Mulberry-extract improves glucose tolerance and decreases insulin concentrations in
normoglycaemic adults: Results of a randomised double-blind placebo-controlled study. PLoS One.
2017;12(2):e0172239.

3https://www.bioriginal.com/products/reducose-mulberry-leaf-extract
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Use of any medications to regulate blood glucose levels was an exclusion criterion in the trials
by Asai et al. (2011), Kim et al. (2015), and Thaipitakwong et al. (2020). No serious adverse
events or statistically significant differences compared to placebo in fasting blood glucose,
HbA1C, glycated albumin, or safety measures monitored occurred in the studies by Asai et al.
and Kim et al. in which subjects received MLEs containing 18 mg 1-DNJ daily for 12 or 4 weeks,
respectively. In the study by Thaipitakwong et al., no hypoglycemia or serious adverse events
were reported following 12-weeks of daily administration of MLE containing 12 mg 1-DNJ. Mild
gastrointestinal symptoms were experienced by the majority of subjects receiving MLE
(adverse events were not compared to the control group) but declined in incidence over the
course of the study, as is typical with introduction of other nondigestible or poorly digestible
carbohydrates, such as fiber and prebiotics, into the diet.

Use of insulin was an exclusion criterion in the study by Kim et al. (2012); however, the use of
sulfonylureas, biguanides, or a-glucosidase inhibitors were not exclusion criteria. While it was
not reported how many subjects were taking oral hypoglycemic agents or which agents they
were using, it was reported that the type and dose was maintained throughout the study. The
study intervention provided 2 g MLE daily (the 1-DNJ content was not reported) in combination
with two other botanicals for six months. One subject receiving the intervention dropped out
due to mild adverse effects; no other adverse events were reported, and no differences
compared to placebo were observed in biochemical safety indices (creatinine, ALT, and AST).
Fasting blood glucose and insulin did not differ between the intervention and placebo groups.

Specific inclusion criteria in the study by Riche et al. (2017) were a diagnosis of T2D with use of
oral hypoglycemic single or combination therapy with no adjustments for at least two months
and stable HbA1C. Exclusion criteria included the use of insulin therapy or an a-glucosidase
inhibitor. 100% of enrolled subjects were taking metformin, 50% of intervention group subjects
and 58% of placebo group subjects were taking a sulfonylurea, 25 and 42% of the respective
group subjects were taking a dipeptidyl peptidase IV inhibitor, 17 and 33% were taking a
thiazolidinedione , and 8 and 17% were taking either exenatide or colesevelam. Subjects
ingested 3 g MLE daily (n = 12) or placebo (n = 12) for 3 months; however, the 1-DNJ content of
the MLE intervention was not reported. As reported in Table 24, 1 subject in the placebo group
and one subject in the MLE group withdrew due stomach upset and one subject in the MLE
group withdrew due to bloating, and while gastrointestinal effects were the most commonly
reported adverse effects, differences in incidence of gastrointestinal adverse events did not
differ significantly between the groups. No serious adverse events occurred in the MLE group.
The incidence of documented hypoglycemia did not differ between the groups (cumulative
incidence < 1%) and no there were no complaints of severe or symptomatic hypoglycemia.
There were no adverse effects on body weight, blood pressure, AST, ALT, bicarbonate, or serum
electrolytes. While some statistically significant increases in kidney function tests (creatinine
and BUN) were observed in the MLE group compared to placebo and/or baseline, they
remained within normal ranges.

The above evidence, as well as the rest of the evidence reported in Part 6 of GRN 992,
demonstrate that the intended use of Reducose® 5% by healthy individuals is not a safety
concern. The above evidence also indicates that the intended use of Reducose® 5% by
individuals with IGT or T2D who are not taking medications to regulate blood glucose levels is
not safety concern. This is supported by the L-leucine-adjusted 258-fold margin of exposure
(MOE) at the 90t percentile of consumers from the intended use of Reducose® 5% as
compared to the NOAEL from the study by Marx et al. (2016). The above studies by Kim et al.
(2012) and Riche et al. (2017) provide limited support for a lack of safety concern from the





intended use of Reducose® 5% by individuals take oral hypoglycemic medications although the
1-DNJ content of these MLEs is unknown.

To our knowledge, there have been no trials that have investigated the combine effects of
insulin therapy and MLEs. Likewise, there have been no trials investigating the combined
effects of pharmaceutical a-glucosidase inhibitors and MLEs. Nonetheless, as noted in GRN
992, Subpart 6.8 (pages 54-55), no adverse events associated with consumption of Reducose®
5% have been reported to Phynova since its market introduction in 2018 (note, Phynova
independently concluded the GRAS status of the intended use of Reducose® 5% in late 2016)
following sales of 1015 kg (700 kg of which were sold in the U.S.); since the submission of GRN
894, an additional 2435 kg have been sold (2345 of which was sold in the U.S.), also without
any adverse event reports having been received by Phynova. While no data is available
regarding the demographics of consumers, this still provides indirect evidence that there is not
a safety concern in individuals taking medications to regulate blood glucose levels, either
because no adverse events have occurred in individuals of this subpopulation consuming
products containing Reducose® 5% or because individuals of this subpopulation actively avoid
products containing Reducose® 5%. Furthermore, patients taking medications to regulate
blood glucose levels should be under the care of a health care provider and instructed in
potential adverse effects and interactions of the medications in use, proper self-monitoring of
fasting and postprandial blood glucose, recognition and self-treatment of hypoglycemic
symptoms (as well as when to seek medical intervention), and the need to advise their care
provider of dietary changes and use of dietary supplements and functional foods intended for
maintenance of healthy blood glucose.

2) Additionally, we have identified three derivatives of 1-DNJ, Miglitol, Miglustat and Migalastat,
which are FDA-approved drugs for different indications. Furthermore, Miglitol (Glyset®) is
contraindicated in certain patients®. In a paper by Reuser et al. (1994), the authors describe
potential side effects of absorbable alpha-glucosidase inhibitors such as Miglitol. Importantly,
they note that these inhibitors can accumulate in tissues in patients with renal impairment,
rendering them susceptible to potential adverse effects such as glycogen accumulation. Please
explain why exposure to 1-DNJ does not pose a safety concern in patients with renal disease or
undiagnosed renal impairment. If 1-DNJ’s absorption, distribution, metabolism, and excretion
profile is expected to be different from derivates that are FDA-approved drugs, please provide
data and information that support your conclusion.

Notifier Response: Pharmacokinetics of 1-DNJ were discussed in GRN 992, Subpart 6.1 (pages
26-30), which is incorporated here by reference. These data suggest that a fraction of orally
administered 1-DNJ is rapidly absorbed and eliminated, intact, in the urine and does not
bioaccumulate, while the unabsorbed fraction is eliminated in the feces; the absorbed fraction
appears, based on limited data, to be greater in humans as compared to rats. Bioavailability
appears to decrease with dose. The data further suggest that 1-DNJ is less bioavailable when
administered as a constituent of an MLLE compared to administration as a pure compound.

4 Gylset® is contraindicated in patients with diabetic ketoacidosis; inflammatory bowel disease, colonic ulceration,
or partial intestinal obstruction, and in patients predisposed to intestinal obstruction; chronic intestinal diseases
associated with marked disorders of digestion or absorption, or with conditions that may deteriorate as a result of
increased gas formation in the intestine (https://pfizermedicalinformation.com/en-us/glyset/contradictions)





To the best of our knowledge, accumulation of 1-DNJ has not been specifically investigated in
subjects with renal impairment; however, because renal excretion is the primary route of
elimination of absorbed 1-DNJ, it is expected that excretion would be reduced in people with
advanced kidney disease, possibly leading to tissue accumulation. While we disagree that
miglitol, a pharmaceutical derivative of 1-DNJ is comparable to 1-DNJ itself, as FDA’s GRAS
team has made the comparison above, we note that miglitol’s package insert
(https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/020682s010Ibl.pdf) states,
“Patients with creatinine clearance <25 mL/min taking 25 mg 3 times daily, exhibited a greater
than two-fold increase in miglitol plasma levels as compared to subjects with creatinine
clearance >60 mL/min.” Use of miglitol is not recommended in people with creatinine
clearance <25 mL/min; however, there is not contraindication or recommendation against its
use in people with creatinine clearance >25 mL/min. Creatinine clearance <25 mL/min occurs
in patients with stage 4 chronic kidney disease (CKD) or worse. Stage 4 and 5 CKD patients
should be under the regular care of a nephrologist and a dietitian, and patients who have
progressed to kidney failure require dialysis to remove metabolic waste products and other
waste materials from circulation. In other words, individuals in whom theoretical accumulation
of 1-DNJ might occur following exposure to Reducose® 5% are expected to be under close
medical supervision to include what they are consuming dietarily. Thus, consuming foods
containing Reducose® 5% is not expected to be a safety concern in this population any more
than foods in general are.

Reuser et al. (1994), cited above by FDA, is a theoretical paper about potential, but
unsubstantiated, adverse effects of pharmaceutical 1-DNJ derivatives that are not the
equivalent of naturally occurring 1-DNJ or Reducose® 5%. The study relies on experimental
data and theoretical scenarios, such as in vitro data using high concentrations of a
pharmaceutical 1-DNJ derivative and that these artificially induced concentrations under
acellular in vitro conditions are analogous to certain inherited disorders of metabolism
followed by extrapolation that use of such pharmaceutical 1-DNJ derivatives by humans under
prescribed conditions will mimic these disorders in individuals with kidney failure. Even in
parenteral experiments in rats, extremely high doses of miglitol were unable to induce
lysosomal a-glucosidase inhibition sufficient to result in lysosomal glycogen accumulation.
Furthermore, under in vitro conditions, concentrations of 1-DNJ 1500x higher than the
concentration of miglitol theoretically expected under normal oral dosing using the
assumption that miglitol is freely distributed to all bodily tissues (i.e., a volume of distribution
of 1; note, pharmacokinetic data provided in the miglitol package insert demonstrate “a
volume of distribution of 0.18 L/kg, consistent with distribution primarily into the extracellular
fluid”) were required to induce delay of insulin receptor transport to the cell surface; thus,
given the huge concentration required under the necessity of an apparent volume of
distribution of 1 (which is not reality), we find this theoretical potential of 1-DNJ to induce a
deficiency of insulin receptor at the cell surface to lack credible biological plausibility. Overall,
we conclude that extrapolation from this paper to the real word is not credible and, rather, the
scientific utility of the paper is that of hypothesis generation. We are not aware of any
available data that has tested and substantiated any of the potential hypotheses of the paper.

In the real world, due to Reducose® 5%’s intestinal mechanism of action to reduce the
glycemic index of carbohydrate foods and lack of evidence for any beneficial or adverse
systemic effects in preclinical and clinical studies (including those cited and summarized in
GRN 992) of Reducose® 5% and other related substances, bioaccumulation is not expected to
occur or to be a major safety concern. Additionally, as noted above, it is expected that





3)

individuals with severe kidney disease would be under the care of a nephrologist and dietitian
with appropriate monitoring and instruction, and individuals with kidney failure would
additionally be on dialysis.

Also, as noted above, Reducose® 5% has a wide MOE both as a whole ingredient and in terms
of its 1-DNJ content. Additionally, using a 100x multiplicative uncertainty factor, the ADI of
Reducose® 5% is 40 mg/kg bw/day and the ADI in terms of its 1-DNJ content is 1.86 mg/kg
bw/day. The respective maximum EDIs in the general U.S. population (ages 2+ years) at the
90t percentile of consumers are 13.1 mg/kg bw/day for the whole ingredient and 0.722 mg/kg
bw/day for 1-DNJ. As the EDlIs are less than the ADIs, this supports a conclusion that the
intended use of Reducose® 5% is reasonably certain to be safe. As the multiplicative
uncertainty factor represents both rat to human extrapolation and interindividual variability, it
is expected to compensate for the data gap of available scientific data in the subpopulation of
individuals with renal impairment. Also, as noted above, no adverse events associated with
consumption of the GRAS substance Reducose® 5% have been reported to Phynova since its
market introduction in 2018 following sales of 3450 kg (3045 kg of which were sold in the
u.s.).

In the Redbook 2000 (Chapter IV.C.3.a), it is stated that results from a sub-acute/28-day repeat
dose oral toxicity studies in rodents:

(1) can help predict appropriate doses for the test substance for future subchronic or
chronic toxicity studies, (2) can be used to determine NOELs for some toxicology
endpoints, and (3) allow future studies in rodents to be designed with special emphasis
on identified target organs.

Several statistically significant differences were identified in Marx et al. (2016), using a test
article that was identical to the article of commerce (pg. 30 of the notice). While these values
were stated as lying within the historical range and reportedly were not associated with
histopathological findings (pg. 32 of the notice), please provide an explanation as to why a
longer study (such as 90-day oral repeat-dose studies) using the article of commerce at similar
doses would not result in toxicologically relevant adverse effects.

Notifier Response: We note that Redbook 2000 is under revision, and FDA’s GRAS team has
previously advised that until revision is completed, referral to the Redbook should be avoided
and to rely, instead, on OECD guidelines. Regardless, of the Redbook citation as prefix, we
have addressed the main point of query 3 below.

Whether a 28-day study is suitable for extrapolation to lifetime exposure is a question to be
answered on a case-by-case basis. Below we consider the factors pertaining to this
determination beginning with the statistically significant observations of the study by Marx et
al. referenced in FDA’s query 3 above.

While a statistically significant decrease in body weight gain was observed transiently
between Days 18 and 21 in high dose female rats, this had no effect on cumulative body
weight development. Female body weight fluctuations during the study did not deviate from
the controls at any point during the study by more than +2 or —=1% and no fluctuations were
statistically significant. Final mean body weight of the female control group was 183.7+9.6 g
while final mean body weight of the female control group was 181.6 + 4.1 g, a difference of
—1%. There were no statistically significant differences in mean body weight or body weight
gain in male groups.





Neutrophil percent and lymphocyte percent differences were observed, in male and female
animals, but were not dose related in the females or for neutrophils in the males and the
magnitude of change in lymphocytes in males was low (—6%). In addition to the lack of a dose
relationship, it is an important consideration that these changes remained within the range of
the historical control data (HCD) of the laboratory. These HCD are data collected from control
animals of the same strain and age, housed under the same conditions, provided the same
feed and water, and having blood samples drawn from the same site under the same timing,
and analyzed on the same equipment. Furthermore, these changes did not correlate with
changes in total leukocyte count and their significance in terms of absolute neutrophil and
lymphocyte counts, which is what matters biologically, is unknow as these were not measured
or calculated and subjected to statistically analysis. There was an 18% decrease in percent
reticulocytes compared to controls at the high dose in male rats. Again, this change was well
within the range of the laboratory’s HCD, which, again, is an important factor to be
considered, and was not correlated with changes in erythrocyte count, hematocrit,
hemoglobin, red blood cell indices, or total leukocyte count that could be indicative of anemia
nor were there any trends suggestive of a move towards anemia. In fact, hemoglobin was
non-significantly increased by 2% compared to controls, and histological alterations were not
observed in bone marrow. Activated partial thromboplastin time (APTT) was statistically
significantly increased compared to controls in males at the mid and high doses by 15 and
23%, respectively. Again, these changes were within normal range as determined by
comparison against the laboratory’s HCD. They were not correlated with change in
prothrombin time (PT) or platelets, and we are not aware of any evidence to suggest or
demonstrate that mulberry leaf, 1-DNJ, or maltodextrin are inhibitors of clotting factors, such
as factors VIII, IX, Xa, or XIl, that might result in a prolonged APTT in the presence of a normal
PT.

Statistically significant increases compared to control in ALT and AST, the later without a dose
relationship, in high-dose males were well within the HCD and well under a fold increase and,
therefore, do not indicate damage to the liver, but were correlated to a dose responsive
increase in liver weight relative to body weight. These changes could be indicative of enzyme
induction, reflecting an adaptive and reversible change in response to increased metabolic
demand. However, the absence of any histological changes in the livers of study animals
indicates that a functional, let alone, potentially adverse, change has not been initiated. The
statistically significant 9 and 10% decreased in creatinine in mid and high dose males with
respect to controls are also well within normal range, and in the absence of muscle wasting,
which was not observed, are in the direction opposite of biological or toxicological concern.
Serum sodium was also statistically significantly decreased at the mid and high dose
compared to control in males; however, sodium is under tight homeostatic control; thus, that
the magnitude of the changes was —1% and they remained well within the range of HCD is an
extremely important factor. Likewise, the —2% changes in sodium and calcium at the high
dose and —3% change in calcium at the mid dose in females, remaining firmly within the
respective HCD ranges are indicative of normal variation.

In addition to the changes in liver weight relative to body weight discussed above, there were
several other minor, but statistically significant, changes in mean absolute and relative organ
weights at the mid and high dose or high dose only. All of these changes remained well within
the corresponding HCD ranges and none exceeded + 30% of control values or were correlated
(except liver relative to body weight as noted above) with changes in clinical, gross, or
histopathology. Therefore, they were not toxicologically relevant.
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In terms of whether any of the above changes would be expected to progress to a
pathological degree if a study of longer duration were conducted, there are no obvious trends
in the data discussed above nor are there potentially concerning findings based on correlation
of parameters and/or biological plausibility of an underlying test item effect to suggest the
likelihood of such progression. We also discussed this with the GRAS team at our March 29,
2018 pre-submission meeting and toxicology had no concerns. The 28-day study on the article
of commerce is pivotal because it is the article of commerce and was tested up to the highest
feasible dose (4000 mg/kg bw/day), which was determined as the NOAEL. However, we also
note that this study does not stand alone in the safety evaluation as there are corroborative
studies of longer duration on other related test substances as well as studies in humans and
pharmacokinetic data, all of which form a bridge to suggest the use of Marx et al. as the
pivotal study for risk characterization is appropriate.

In Subpart 6.3.1 of GRN 992, pages 43—-44 we summarized a 90-day repeated-dose study in
rats in which the test item was a hydroethanolic MLE containing 1.1% 1-DNJ. No test item
related effects on body weight, clinical pathology parameters, organ weights, gross pathology
or histopathology were observed. The high-dose was equivalent to 884.5 and 995.7 mg/kg
bw/day (equivalent to 9.7 and 11.0 mg/kg bw/day 1-DNJ, respectively) in male and female
rats, respectively. In Table 23 of Subpart 6.3.2 of GRN 992 on page 47 we summarized a 90-
day repeated-dose study in rats with a 28-day recovery period in which the test item was a
silkworm extract containing 1.25% 1-DNJ. While some statistically significant changes in
clinical pathology parameters were observed, they were within the HCD ranges and were not
statistically significant at the end of the recovery period. Body weight was also significantly
increased in high-dose males, remaining increased at the end of the recovery period, but was
within the HCD range at all times. Some significant increases in absolute organ weights
compared to controls were considered due to the increased body weight, and the NOAEL was
determined to be 2000 mg/kg bw/day (equivalent to 25 mg/kg bw/day 1-DNJ); the highest
dose tested. These trials corroborate the lack of toxicologically relevant changes from longer
term exposure to MLE and/or 1-DNJ although the doses were lower compared to the 28-day
study by Marx et al.

Studies in humans, also corroborate the results of the 28-day rat study by Marx et al. as
pivotal in determining an MOE and ADI for the intended use of Reducose® 5%. No serious
safety concerns were raised by the clinical trials reported in Table 24 on pages 50-53 of GRN
992, Subpart 6.4.3 with exposure durations to MLE up to 6 months at 2 g daily or doses up to
5 g (18 mg 1-DNJ) for 4 weeks. One trial gave 3.6 g MLE containing 54 mg 1-DNJ for 38 days.
The maximum EDI at the 90t percentile of consumers in the general U.S. population (2+
years) using a 10% presence probability factor is 839.0 mg/day containing up to 46.1 mg 1-
DNJ.

In addition, the use of Marx et al. is corroborated by the pharmacokinetics and
pharmacodynamics of 1-DNJ. 1-DNJ is active on carbohydrate in the intestinal lumen with no
known systemic activities and is metabolically inert. 1-DNJ is rapidly absorbed and rapidly
excreted intact in the urine without bioaccumulation following oral administration to rats,
suggesting 28-days should be adequate to investigate its systemic effects.

You state on pg. 30 “... the test items evaluated by Marx et al. and Li et al. are identical to the
article of commerce that is subject to this GRAS Notice, except that, due to manufacturing
process change in order to comply with US regulations governing GRAS substances, L-leucine is
no longer used as a processing aid.” However, in comparing the description of the test article
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described in the two studies, it is not clear that the two test articles are identical. For example,
Marx et al. state:
“The dried mulberry leaf then undergoes a water extraction and ion exchange
chromatography to enrich the alkaloid components. The eluent is reduced under
vacuum to allow optimum spray drying.”
Li et al. state:
“Dried leaves were extracted by water. The extraction solution was filtered with a 10KD
membrane and then ultra-filtered with a 3KD membrane. The filtrate was concentrated and
spray dried to obtain MLE.”

Given that ion exchange chromatography and filtration are different manufacturing/purification

steps, please provide an explanation as to why you concluded that the two test articles are

identical without analytical methods to confirm identity and composition.

Notifier Response: The referred to statement on page 30 is inaccurate. We now amend this

statement to read as follows:
“... the test item evaluated by Marx et al. is identical to the article of commerce that is
subject to this GRAS Notice, except that, due to a manufacturing process change in order
to comply with US regulations governing GRAS substances, L-leucine is no longer used as
a processing aid. L-leucine is still present in the ingredient at approximately 1-2% as a
naturally occurring constituent of the white mulberry leaf extract. The test item
evaluated by Li et al. is Reducose® 1%, a related product produced as a simple extract
from the same raw botanical starting material and standardized to 1% 1-DNJ.”

On pg. 43-44, the notifier cites a reference for a 90-day oral toxicity study in rats that is only
available in Japanese. This study is listed within references that are generally available, and it
was noted that an English translation was used. On pg. 44, the notifier states: “A few lesions of
slight degree were observed in various organs during the histological examination; however,
these findings occurred with similar incidence in both treated and control animals and did not
differ statistically ...” Please provide a) an explanation for why this study in Japanese is
considered generally available; b) how the presented experimental data and the authors’
conclusions can be evaluated by qualified experts who are not literate in Japanese and may not
have access to an English translation.

Notifier Response: a) This is corroborative data (see GRN 992 Subpart 6.10.2, pages 57-58)
that is not required to be generally available according to the 2016 GRAS Final Rule on pages
49 and 50 as well as preexisting regulation at 21 CFR 170.30(b).

b) We inadvertently included this English translation of a Japanese study in the list of
references that are generally available provided in Subpart 7.2 of GRN 992, pages 60—64. We
now amend GRN 992 to list the citation for this study (Miyazawa M, Miyahara C, et al. Ninety-
day dietary toxicity study of mulberry leaf extract in rats [English translation]. Shokuhin
Eiseigaku Zasshi. 2003;44(4):191-7) as data and information that are not generally available in
Subpart 7.1, page 60, and we amend Subpart 7.2 of GRN 992 on page 62 to remove the citation
for this study (number 36).

The notifier has provided exposure estimates for both Reducose 5% as well as 1-DNJ.
Additionally, they have calculated these exposure estimates utilizing a 100% presence
probability factor as well as a 10% presence probability factor; however, margin of safety (MOS)
calculations were only performed using the exposure estimates based on the 10% presence
probability factor. The MOS for Reducose 5% (3740mg/kg/67.8mg/kg) is approximately 55-fold





and for DNJ content (67.8mg/kg x 4.5-5.5%) the MOS (186mg/kg/3.05-3.73mg/kg) ranges from
50 to 61-fold when utilizing the 100% presence probability factor. These calculations are based
on the NOAEL determined from the 28-day oral tod xicity study (Marx et al.), adjusted for the
added L-leucine. Please explain why this MOS is adequate to support the conclusion that the
intended use of Reducose 5% is reasonably certain to be safe.

Notifier Response: Exposure calculations were also discussed at the March 29, 2018 pre-
submission meeting. It was noted that the number of food categories contained in the intended
use, would by de facto result in a huge exposure using 100% presence probability. Mike DiNovi
(FDA’s GRAS team exposure expert at the time of the meeting) joked with the Notifier saying,
“you would love to be able to sell that much, right?” and further implied that he would consider
a 10% presence probability analysis to be highly conservative. As such, the exposure estimates

for the purpose of conducting the risk characterization (i.e., MOS) were conducted using a 10%
presence probability factor. We included the exposure (but not risk characterization) at 100%
presence probably as Mike DiNovi had informed us that even though only the 10% presence
probability is used for the risk characterization, we should still provide FDA with the 100%
presence probability data along with the explanation of why it is a gross overestimate of
exposure and the reasons why the 10% presence probability is conservative. This was all
provided, as advised, in GRN 992 and is expanded on below.

As discussed on page 22 of GRN 992, Subpart 3.2, 100% presence probability assumes that
every single product in the intended use categories would contain Reducose® 5% at the
maximum addition levels shown in Table 7 (pages 18 and 19, Subpart 3.1) and that every time
an individual consumed any product from any of the categories, they would be exposed to the
maximum amount of Reducose® 5%/serving. As shown in Table 7, the intended use contains a
wide range of food categories that are widely consumed, such as breads, pastas, beverages,
deserts, and snack foods, and as noted on page 21, the exposure analysis using 100% presence
probability estimates that 100% of the U.S. consumers of these categories would be exposed to
Reducose® 5% at the maximum addition level per serving.

In reality, the above assumptions are highly unrealistic. Reducose® 5% would not be a
characterizing ingredient (e.g., flour in bread) in any of the intended use categories nor would it
be required for a physical or technical functional effect (e.g., yeast in bread) in any of the
intended use categories. Rather, Reducose® 5% is a functional ingredient, with a significant cost
consideration for food producers, and as such is likely to be use only in the ‘functional foods’
market segment, and only in a subset of foods in that category, such as foods intend for people
interested in following a low glycemic index diet yet not wanting to give up high glycemic index
foods (the function of Reducose® 5% is, essentially, to lower the glycemic index of foods
containing the ingredient).

The intent of the 10% presence probably was to represent a 10% market share in each of the
categories. This is still highly conservative. Consider, for example, the likelihood that even 10%
of all products in the coffee, bread, or potato chip markets (or any of the other categories listed
in Table 7) would contain Reducose® 5%. Such an assumption is still highly conservative. It
would be much more realist, yet still conservative, to assume that Reducose® 5% could capture
10% of the market share of the low glycemic index subset of the subset of ‘functional foods’
contained within each and every one of the intended use categories (note, such a limited and
realistic, yet conservative, assumption is not possible to analyze within the NHANES data set).

In addition, the 10% presence probability analysis is much more conservative than a 10%,
across the board, market share assumption in which the aggregate total of the 100% presence
probability analysis is simply multiplied by 10%, which would result in an absolute exposure to
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Reducose® 5%, at the 90t percentile of consumers, of 400.6 mg/day and an exposure relative
to body weight of 6.8 mg/kg bw/day (approximately ¥ the exposures estimated using the 10%
presence probability factor). The 10% presence probability factor assumes that a consumer
would randomly pick a product containing the ingredient 10% of the time they consumed any
product from any food category listed in Table 7. As shown in Tables 10 and 11 on pages 22 and
23, respectively, and discussed on page 23, approximately 66% of the general U.S. population
(2+ years) of consumers of products in the intended use categories were identified as
consumers of Reducose® 5% when using the 10% presence probability factor, a highly
conservative assumption.

In summary, the exposure estimate was performed using 10% presence probability and was
considered reasonable for the reasons explained in GRN 992 and expanded on above. This
estimate was used to calculate the MOS, which was considered reasonable with regard to
supporting a conclusion that the ingredient is reasonably certain to be safe under the
conditions of its intended use. The 100% presence probability data is NOT the exposure
estimate for the intended use of Reducose 5% and was provided for informational purposes
only, as it is a step in the process of deriving the actual exposure estimate.

Finally, pertaining to this query, Chemistry query #5 above, and Toxicology query #3 above, we
note that the intended use, exposure estimates, and MOS calculations of GRN 992 are almost
identical to the intended use, exposure estimates, and MOS calculations contained in GRN 894.
We further note that we were asked, at the end of an August 31, 2020 teleconference, to
request FDA cease evaluation of GRN 894 only because one member of the GRAS team believed
that the amendments to GRN 894 that would be required to explain the minor, non-significant
manufacturing change to remove L-leucine as a processing aid for regulatory compliance
reasons and its effect on the MOS calculation and safety assessment would be too confusing as
an amendment and, therefore, required a new submission. Neither chemistry or toxicology had
any safety concerns regarding the intended use, exposure estimates, or MOS calculations
presented in GRN 894 during FDA’s review nor were there any safety concerns when
considering the effect that removal of L-leucine as a processing aid would have on overall
safety or the MOS calculations. This lack of safety concern, including that the removal of L-
leucine has no bearing on safety, was clearly stated by Ron Chanderbhan during our August 31,
2020 teleconference with the GRAS team during the review of GRN 894 and confirmed by the
review team’s toxicology and chemistry members.

The Notifier describes the composition of Reducose 5% within the identification section (pg. 10),
stating that white mulberry leaf extract contains flavonoids (kaempferol), stilbenoids
(resveratrol), and anthocyanins, as well as other iminosugars and proteins. Please provide a
narrative addressing the safety of the other components of white mulberry leaf extract.

Notifier Response: We note that GRN 992 is a safety assessment (i.e., GRAS conclusion) of
Reducose® 5%, an iminosugar-rich extract of white mulberry (Morus alba L.) leaves that is
standardized to a concentration of 5% 1-deoxynojirimycin (DNJ). It is not a safety assessment of
purified flavonoids (kaempferol), stilbenoids (resveratrol), anthocyanins, or any particular
iminosugar or protein.

Furthermore, while we stated on page 10 that raw M. alba leaves contain the above mentioned
constituents, we did not state that Reducose® 5% contains these constituents. Flavonoids
(kaempferol), stilbenoids (resveratrol), anthocyanins are not expected to be present in the
extract as they are removed by the ion exchange process. Proteins are removed by filtration
(see chemistry query 1 above and minor point 2 below) using a ultrafiltration membrane with a
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cut-off of 3 kDa (average protein molecular weight is 55 kDa and even small proteins would be
in the range of > 5kDa). Iminosugars other than 1-DNJ are present only at low levels.
Cumulatively, other iminosugars are expected to be present in the finished Reducose® 5%
ingredient at 2—-3% (see Table 2, Subpart 2.1 on page 10 of GRN 992 as well as chemistry query
#1 above. Individually, other iminosugars, such as fagomine (commonly found in buckwheat) or
DAB (1,4-dideoxy-1,4-imino-D-arabitol) are present in the finished ingredient at less than 1%, a
level considered insignificant and inconsequential, especially given, as noted below and above,
that toxicological testing was performed on the ingredient as a whole.

Reducose® 5% is a M. alba leaf extract spray-dried on a maltodextrin carrier, which comprises
28-50% of the finished ingredient, for standardization. The extract is filtered to remove large
components such as proteins, purified, and concentrated and filtered multiple times. We
discuss some data concerning 1-DNJ only because it is present in the ingredient at levels we
consider to be greater than insignificant/trace and because it is used as the marker for
standardization. Additionally, pharmacokinetic data on MLEs are available only in terms of 1-
DNJ and it may contribute to the functional effect of the ingredient and, was, therefore,
considered relevant in identification of corroborative safety data on related ingredients. In
terms of the pivotal study for purposes of establishing an MOS (Marx et al.), the test item was
Reducose® 5% and was identical to the current Reducose® 5% substance that is the subject of
GRN 992 except for the removal of L-leucine as a processing aid. Thus, the study by Marx et al. is
a toxicological investigation of Reducose® 5% as a whole ingredient including its extract and
carrier components as well as all constituents of the extract component at the levels present in
the finished ingredient. Furthermore, the finished ingredient, being standardized to 1-DNJ
content, the extract proportion of finished ingredient is identical to the extract proportion of
Reducose® 5% containing added L-leucine as a processes aid, the finished ingredients differing,
other than L-leucine content only in maltodextrin content, which is adjusted to compensate for
the absence of L-leucine.

In Section 6.4.2, the notifier discusses studies by Huh et al. (2020), in which MLE was shown to
potentiate the effect of and decrease the clearance of metformin in an experimentally induced
diabetic rat model. The notifier states:

“The MLE was not assessed for DNJ content, but was reported to contain trans-caffeic
acid, syringaldehyde and chlorogenic acid; thus, it is uncertain how similar this MLE is to
Reducose® 5%.”

Please provide data and/or other information that support your implicit conclusion that these
observed effects are due to constituents (i.e., trans-caffeic acid, syringaldehyde and chlorogenic
acid) that are not present in your article of commerce. If they are not present, please provide
generally available and accepted evidence that there are no drug-herb interactions between
your article of commerce and metformin.

Notifier Response: We did not implicitly conclude that the observed effects of Huh et al. (2020)
were due to trans-caffeic acid, syringaldehyde, or chlorogenic acid. In making this statement,
we were only pointing out that there are dissimilarities, as well as unknowns, between Huh et
al.’s test item and Reducose® 5% and it is uncertain for what specific effects any differences
might be responsible. While Reducose® 5% does not contain trans-caffeic acid, syringaldehyde
and chlorogenic acid, there may also be other unknown dissimilarities between Reducose® 5%
and Huh et al.’s test item. Thus, the quoted statement above should be taken to imply that
these are the constituents of Huh et al.’s test item that were responsible for the observed






effects.

The search string “((("metformin"[MeSH Terms] OR "metformin"[All Fields] OR
"metformine"[All Fields] OR "metformin s"[All Fields] OR "metformins"[All Fields]) AND ("drug
elimination routes"[MeSH Terms] OR ("drug"[All Fields] AND "elimination"[All Fields] AND
"routes"[All Fields]) OR "drug elimination routes"[All Fields] OR ("drug"[All Fields] AND
"clearance"[All Fields]) OR "drug clearance"[All Fields]) AND ("caffeic acid"[Supplementary
Concept] OR "caffeic acid"[All Fields] OR "trans caffeic acid"[All Fields])) OR
(("metformin"[MeSH Terms] OR "metformin"[All Fields] OR "metformine"[All Fields] OR
"metformin s"[All Fields] OR "metformins"[All Fields]) AND ("drug elimination routes"[MeSH
Terms] OR ("drug"[All Fields] AND "elimination"[All Fields] AND "routes"[All Fields]) OR "drug
elimination routes"[All Fields] OR ("drug"[All Fields] AND "clearance"[All Fields]) OR "drug
clearance"[All Fields]) AND ("syringaldehyde"[Supplementary Concept] OR "syringaldehyde"[All
Fields]))) OR (("metformin"[MeSH Terms] OR "metformin"[All Fields] OR "metformine"[All
Fields] OR "metformin s"[All Fields] OR "metformins"[All Fields]) AND ("drug elimination
routes"[MeSH Terms] OR ("drug"[All Fields] AND "elimination"[All Fields] AND "routes"[All
Fields]) OR "drug elimination routes"[All Fields] OR ("drug"[All Fields] AND "clearance"[All
Fields]) OR "drug clearance"[All Fields]) AND ("chlorogenic acid"[MeSH Terms] OR
("chlorogenic"[All Fields] AND "acid"[All Fields]) OR "chlorogenic acid"[All Fields])) did not
return any hits in PubMed.

As expected, due to the known metabolism of 1-DNJ, the search string “((metformin) AND (drug
clearance)) AND (1-deoxynojirimycin)” also did not return any hits.

Nonetheless, Huh et al. do discuss the biological plausibility of caffeic acid and chlorogenic acid
(which as noted above, are not constituents of Reducose 5%) affecting the clearance of
metformin by altering its hepatic metabolism. They cite studies by Geng et al. (2015)" and Xu et
al. (2016)" stating, “plant extracts of caffeic acid and chlorogenic acid could inhibit the activities
of CYP2C11 and CYP3A1” as well as a study by Jung et al. (2019)* demonstrating “Met[formin] is
metabolized by hepatic CYP2C11, 2D1, and 3A1/2, and eliminated via the kidneys in rats.”

We also note that Riche et al. (2017) evaluated the effects of 3 g daily for 3 months of an MLE in
T2D humans taking metformin in which no significant adverse effects were observed (see
response to Toxicology query #1 above), suggesting that MLEs in general do not present a
safety concern if consumed by diabetic individuals taking metformin. Importantly, this was a
study in human subjects.

*Geng, T.; Si, H.; Kang, D.; Li, Y.; Huang,W.; Ding, G.;Wang, Z.; Bi, Y.; Zhang, H.; Xiao,W. Influences of Re Du
Ning Injection, a traditional Chinese medicine injection, on the CYP450 activities in rats using a cocktail method. J.
Ethnopharmacol. 2015, 174, 426-436.

¥ Xu, X.; Geng, T.; Zhang, S.; Kang, D.; Li, Y.; Herbal, G.D.C. Inhibition of Re Du Ning Injection on enzyme
activities of rat liver microsomes using cocktail method. Chin. Herb. Med. 2016, 8, 231-241

tJung, S.-H.; Han, J.-H.; Park, H.-S.; Lee, D.-H.; Kim, S.J.; Cho, H.S.; Kang, J.S.; Myung, C.-S. E_ects of unaltered
and bioconverted mulberry leaf extracts on cellular glucose uptake and antidiabetic action in animals. BMC
Complement. Altern. Med. 2019, 19, 55.





Minor Points:

1)

2)

On pg. 49, the notifier refers to two unpublished clinical trials using white mulberry leaf
preparations. Please discuss whether any effects of these preparations on glucose levels were
observed and if so, please indicate why this is not a safety concern.

Notifier Response: The unpublished study cited as “Gallagher et al. (2015, unpublished)” in
Table 24 on page 51 of GRN 992, Subpart 6.4.3 (and also listed as data and information that
are not generally available in Subpart 7.1 on page 60 as, “The clinical trial PYN-IM-002a of
Reducose 5% by Gallagher et al. (2015)”) was an open-label 5-arm trial to evaluate the effect
of Reducose® 5% on the glycemic index of 4 common carbohydrate test foods. Glycemic
indexes of the test foods in combination with 250 mg Reducose® 5% (test arms) were
determined by the test arm postprandial incremental area under the glucose curves versus
that of a glucose meal (reference arm). Results were compared to the glycemic index values
of the test foods recorded in the literature. Adverse events were monitored as secondary
outcomes. As noted on page 51 in Table 24, there were no adverse effects reported by
participants or observed by the investigators. All subjects had normal blood pressure at
baseline and blood pressure was not affected by administration of the test meals with
Reducose® 5%. Study data indicates that administration of the test meals with Reducose® 5%
did not adversely affect glucose levels at any of the collection timepoints or the overall
postprandial glucose response curve over the 120-minute monitoring period.

The unpublished study, cited on page 60, Subpart 7.1 as “The clinical trial PYN-IM-003 of
Reducose 5% by Thondre et al. (2016)” was inadvertently left out of Table 24 (note, while the
study was cited in both GRNs 894 and 992 as quoted here, in responding to this query it came
to our attention that the study number was incorrectly cited; PYN-IM-003 is actually the
published study cited in Table 24 as Lown et al., 2017. We now amend the citation in GRN
992 to read PYN-IM-004). This study (PYN-IM-004) has recently (April 2021) been published
(Thondre et al., 2021). The study was a randomized double-blinded placebo-controlled
crossover trial conducted in 37 healthy adults to assess the effects of Reducose® 5% on
postprandial glycemic and insulinemic responses. Data was reported for 36 subjects as insulin
data were not available for one subject. A single bolus of 250 mg Reducose® 5% was
administered with 75 g sucrose as the test meal, and 75 g sucrose alone was administered as
the placebo meal. The study was powered to detect statistically significant differences in
mean incremental area under the glucose curve. The authors reported that no adverse
effects occurred during the study; however, the methods did not describe how adverse
effects were assessed. Neither glucose nor insulin levels fell below baseline (fasting levels)
during the 120-minute monitoring period following ingestion of the test meal.

The notifier states that 25-35% of Reducose 5% is composed of free amino acids, peptides, or
proteins. Given the relatively high protein content, please address why bioinformatics analyses
and/or other analytical methodologies® to support your case report analysis are not needed to
ensure that the risk for allergenicity from the intended use is low.

Notifier Response: Reducose® 5% contains an MLE that does not contain proteins due to
extensive filtration (see response to Toxicology query #7 above). We now amend GRN 992
Table 2 column 1 of row 4, Subpart 2.1 on page 10 to read, “Free amino acids/peptides”. Free
amino acids naturally present in mulberry leaf make up the majority of the 23—-35% free amino
acids/peptides reported in Table 2, comprising approximately 85% of this total while peptides
<27 amino acid residues make up the remaining 15%.






3)

As noted on page 54 in GRN 992, Subparts 6.6 and 6.7, no reports of allergic reactions to M.
alba leaves were located despite an extensive history of consumption dating back to at least
659 A.D. We now amend Subpart 6.6 to further include a recent publication by Papia et al.
2020. This paper cites respiratory allergies to mulberry pollen and food allergies to mulberry
fruit (Papia et al., 2020). We also note that the paper incorrectly reports that Navarro et al.
(1997) reported a case of allergy to M. alba leaves. As reported in GRN 992, Subpart 6.6, page
54, Navarro et al. (1997) reported an allergic reaction to ingestion of M. alba fruit in a female
who also reported a history of several episodes of asthma when near M. alba leaves. As this is
a vague description without an official diagnosis it should not be over-interpreted to presume
an allergy to M. alba leaves (e.g., “near M. alba leaves” could mean near an M. alba tree that
was releasing pollen). Papia et al. further report potentially allergenic proteins identified a in
mulberry leaf extract of 18 kDa, in mulberry fruit with molecular weights of 10*, 18*, and 17
kDa, in mulberry pollen with molecular weights of 72, 15, 10, 10*, 8*, and 7* kDa, and in
mulberry species without specific identification of plant part of 17, 18, and 9 kDa (* indicates
proteins specifically identified in the noted plant parts of M. alba; other proteins were
identified in other mulberry species/genera or their sources were identified only by the
common name). If any of these, or other, potentially allergenic proteins are present in raw
mulberry leaves used for the production of Reducose® 5%, either naturally or by cross
contamination, they would be removed during manufacture by the 100 kDa and 3 kDa
ultrafiltration cut offs. Thus, given the absence of intact proteins in Reducose® 5% and the long
history of use of mulberry leaves without confirmed reports of allergic reactions, the allergenic
potential of Reducose® 5% is considered very low, and it was not considered necessary to
perform bioinformatics analyses and/or other analytical methodologies for this extract.

Please identify the sources (databases) and search parameters used for the literature searches
performed for the safety assessment of this GRAS notice.

Notifier Response: Sources for the literature searches included PubMed, Google Scholar,
National Toxicology Program, toxplanet (including its indexed databases, such as the former
TOXNET databases), websites of US FDA, EFSA, WHO, and FAO, medical libraries of University
of Washington and University of Arizona, and AIBMR's internal library.

Search parameters included Reducose; Iminonorm; Morus alba; 1-deoxynojirimycin; toxicity;
toxicology; toxicity tests—subacute, subchronic, chronic, acute; mutagenicity; mutagenic;
genotoxic; genotoxicity; genetic toxicity; clastogenic; carcinogenicity; carcinogenic; safety; no
observed adverse effect level; NOAEL; no observed effect level; NOEL; Lowest observed
adverse effect level; LOAEL; lowest observed effect level; LOEL; chromosome aberrations;
micronucleus; bacterial reverse mutations; Ames test; comet; pharmacokinetics; ADME;
absorption; distribution; metabolism; excretion; elimination; bioavailability; and biological
availability. The searches included MESH terms associated with these terms when and where
applicable. The terms were put together in various Boolean search strings used when and
where applicable. On some search occasions databases were searched more specifically, such
as for a specific paper (for example, a reference cited in another article). Some databases
were searched using primarily key words related to the name of the substance rather than
Boolean strings (e.g., toxplanet, FDA’s Food Ingredient and Packaging Inventories).





4) On pg. 49, the notifier states “thirteen out of 16 clinical trials...are summarized in Table 24” yet
only 12 studies are listed. Please provide the summary for the missing study in Table 24.
Notifier Response: The study missing from Table 24 is the unpublished study cited on page 60,
Subpart 7.1 as “The clinical trial PYN-IM-003 (now corrected to PYN-IM-004; see response to
Minor Point #1 above) of Reducose 5% by Thondre et al. (2016)”. The study has now been

published (as of April of this year) as Thondre et al. (2021) and is summarized above at Minor
Point #1.

5> Moreno FJ. Gastrointestinal digestion of food allergens: effect on their allergenicity. Biomed Pharmacother.
2007;61(1):50-60.
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CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hi Karen,
I am writing to ask if we can receive an extension on the requested 10 business day timeframe.

We are well along the road to preparing responses, but I have to send draft responses to the Notifier
in Australia for input and review who also has to then forward aspects to various colleagues in the
United Kingdom. So each draft has to go back and forth across the International Date Line twice,
which takes time.

By my calculation, the original timeframe was to have responses back to you by end of business on
Monday August 16. I think if we could have until the end of the week (i.e., August 20), it would be
sufficient although I anticipate having in completed earlier.

Kind Regards,
Tim

Tim Murbach, ND, DABT

Senior Scientific & Regulatory Consultant

AIBMR Life Sciences, Inc.

(253) 286-2888

www.aibmr.com | @AIBMRInc

The information contained in this transmission may be legally privileged and confidential
information intended only for the use of the intended recipient. If you are not the
intended recipient, the review, dissemination, distribution, copying, or printing of this
transmission is strictly prohibited. If you have received this message in error, please
notify me immediately. Thank you.

From: "Hall, Karen" <Karen.Hall@fda.hhs.gov>
Date: Monday, August 2, 2021 at 11:41 AM
To: Tim Murbach <tim@aibmr.com>

Subject: Regarding GRN 000992

Good Afternoon Dr. Murbach,

After reviewing Phynova’s GRAS Notice 000992 for the intended use of white mulberry leaf extract,
we noted some concerns attached to this email that need to be addressed. Responses may be sent
in an email or in a separate document. Please do not send a revised copy of the notice. We
respectively request a response within 10 business days. If you are unable to complete the response
within that time frame or have questions, please contact me to discuss further options at 240-402-
9195 or via email.

Kind Regards,
Karen

Karen Hall

Regulatory Review Scientist
Division of Food Ingredients
Office of Food Additive Safety
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GRN 992 White Mulberry Leaf Extract Questions

Chemistry

1. On page 10 (Table 2), the notifier provides compositional data for mulberry leaf extract.

* Please confirm that the total iminosugar content includes 1-deoxynojirimycin (DNJ).
Notifier Response: We confirm that the total iminosugar content includes 1-deoxynojirimycin
(DNJ)

* The notifier reports that total carbohydrates are expected to comprise 30-55% of the
finished extract formulation. However, in GRN 000984 (page 10, Table 2), the notifier
reported that the finished extract formulation contains 30-50% maltodextrin in addition to
27-29% carbohydrates. Please clarify whether the total carbohydrate content of 30-55% as
reported in GRN 000992 includes maltodextrin. We note that the notifier states on page 56
of GRN 000992 that approximately half of the weight of the finished extract formulation is
maltodextrin.

Notifier Response: We confirm that the total carbohydrate content of 30-55% includes
the 28-50% maltodextrin.

e The notifier reports the content of “Free amino acids/peptides/proteins” (i.e., total amino
acids) in the finished extract formulation to be 25-35%. We note that in GRN 000894 the
notifier reported the content of “Amino acids” to be 13-15%. Please confirm that the term
“Amino acids” in GRN 000894 referred to free amino acids only, not the total amino acids. If
this is not correct, please explain the increase in the total amino acid content in GRN 000992
compared to GRN 000894.

Notifier Response: We confirm that the term “Amino acids” in GRN 894 referred to free

amino acids only. At the time of submission of GRN 894, there were only limited nutritional
data. As more data had become available since the submission of GRN 894, Table 2 was
revised in GRN992.

2. On page 10 (Table 3), the notifier provides an incorrect CAS Registry Number for DNJ. Please provide
the correct CAS number.
Notifier Response: The CAS number for DNJ is 19130-96-2. The zero reported at the penultimate

position in the GRN was a typo (‘0" is next to ‘- on the keyboard).

3. On page 13, the notifier states that “other raw materials” used in the manufacture of mulberry leaf
extract are food grade. Please confirm that the only raw plant material used in the manufacture of
the extract is the mulberry leaf and that by “other raw materials” the notifier means materials such
as water, ammonia solution, filters, or ion-exchange resins used in the manufacture of the extract.
In addition, please provide a statement that all materials used in the manufacturing process are
approved for their respective uses via a regulation in Part 21 of the U.S. Code of Federal Regulations,
are the subject of an effective food contact notification, or are GRAS for that use in the U. S.

Notifier Response: Mulberry leaf is the only raw botanical material used in the manufacture of

Reducose® 5%. Other raw materials referred to in the second paragraph of Subpart 2.2.3 of GRN 992
on page 13 mean materials such as water, ammonia solution, filters, or ion-exchange resins used in



the manufacture of the extract. These, with the exception of water, are approved for their
respective uses via a regulation in 21 CFR as follows:

= Water: Except for the requirements for specific standardized beverages pertaining to
bottled water, no direct regulation in Part 21 of the U.S. Code of Federal Regulations,
effective food contact notification, or GRAS conclusion was located. Nonetheless,
potable, distilled, and purified waters are considered foods appropriate for human
consumption. As noted in Subpart 2.2.3 on page 13, potable water used for extraction is
subject to monthly and annual testing and complies with regulations for human drinking
water.

= |on-exchange resins used in the manufacture of Reducose® 5% are approved secondary
direct food additives permitted in food for human consumption pursuant to 21 CFR
173.25

®  Filters used in the manufacture of Reducose® 5% are approved indirect food additives
pursuant to 21 CFR 177.2910.

= Ammonium hydroxide (NH4OH; CAS Reg. No. 1336-21-6) is a direct food substance that is
GRAS for use as a pH control agent with no limitations except that use levels do not
exceed cGMP pursuant to 21 CFR 184.1139.

= Sodium hydroxide (NaOH; CAS Reg. No. 1310-73-2) is a direct food substance that is GRAS
for use as a processing aid with no limitations except that use levels do not exceed cGMP
pursuant to 21 CFR 184.1763.

= Hydrochloric acid is a multi-purpose food substance that is GRAS for use as a buffer and
neutralizing agent with no limitations except that use levels do not exceed cGMP
pursuant to 21 CFR 182.1057

On pages 13-14 (Table 4), the notifier provides specifications for the mulberry leaf extract and
identifies an analytical method for each parameter. Please provide a statement that all analytical
methods used to test for each parameter are validated for that purpose.

Notifier Response: All analytical methods used to test each parameter of the Reducose® 5%
finished product specification are validated for their intended purposes.

On pages 15-16 (Tables 5 and 6), the notifier provides results of batch analyses for the extract either
containing or not containing L-leucine, respectively. We note that only the extract that does not
contain L-leucine is the subject of GRN 000992. According to Table 5, none of the four provided
batch analyses for this extract include the results for all specification parameters (e.g., batch
ML20110420 was not tested for mercury, cadmium, total coliforms, or aflatoxins; batch NB6556-|
was not tested for moisture, acid insoluble ash, taste and odor, or solubility). In addition, none of the
four batches in Table 5 were tested for pesticide residues (included as a specification), and three
batches were tested according to the previous version of a specification for total aflatoxin that did
not include aflatoxins G1 and G2. To demonstrate that the subject of GRN 000992 can be
manufactured to meet the proposed specifications, please provide the results of the analyses for a
minimum of three nonconsecutive batches for all parameters included in the specifications
established by the notifier for the mulberry leaf extract.

Notifier Response: Table 4 of GRN 992 represents the complete (i.e., safety-related and non-safety

related) current product specifications applicable to the finished Reducose® 5% ingredient. These
specifications were not altered by the removal of the use of L-leucine in the manufacturing process.
Batch analyses detailed in Tables 5 and 6 are historic batches and demonstrate the reproducibility of
the production process, with or without L-leucine. Removal of L-leucine does not change any
specification attribute, rather it was used to increase spray drying yield (less sticking to walls). We



direct FDA to the introductory text of Subpart 2.3.1 for a more detailed discussion of the historic
batch analyses provided. Due to production cycle of Reducose® 5%, new lots without L-leucine are
not yet available. Nonetheless, if considering only the subset of specification parameters that bear
directly on safety, batch analyses NB6556-1, NB6556-2, and NB6556-3 provide a complete analysis
of three lots without L-leucine. Batch testing of lot ML20110420 was provided to demonstrate that
lots without L-leucine meet the non-safety sensitive parameters set by the Notifier (i.e., moisture,
ash, taste and odor, and solubility), which are tested on a skip-lot basis. As noted in our responses to
chemistry queries 6 and 7 below, the specifications for pesticide residues and aflatoxins are
customer-requested parameters that are unnecessary for food uses in the U.S. and do not bear on
the safety of Reducose® 5%. Also, as noted in our response to Toxicology query #6, the GRAS review
team for GRN 894 concluded the presence or absence of L-leucine has no bearing on safety (which
includes the lack of effect/relevance to all ingredient specifications that bear on safety, as discussed
above).

On pages 13-14 (Table 4), the notifier includes pesticide residues as a specification for mulberry leaf
extract. Please clarify the basis for proposing this specification. We note that we generally ask that
notifiers not include a specification for pesticide residues for ingredients manufactured using food-
grade plant materials produced in accordance with good agricultural practices. Please clearly
indicate that the notifier would not expect these impurities to be introduced by the controlled
method of manufacture of mulberry leaf extract. We also note that limits specified in USP 561 are
not applicable in the U.S. when articles of botanical origin are labeled for food purposes.

Notifier Response: We were not aware of the general advise above and highly appreciate the

feedback. With respect to GRN 992 and FDA’s query above, we do not expect any pesticide residue
impurities to be introduced by the controlled method of manufacture of Reducose® 5%, and,
additionally, do not consider the pesticide specification as a parameter necessary to ensure the
safety of the finished ingredient. Rather, this specification for pesticide residue testing to ensure
that the finished ingredient compiles with the limits of USP 561 has been incorporated at the
request of specific customers. We additionally note that the raw botanical material’s supplier
specification requires analysis of pesticide residues, and as stated in the footnote to Table 4, all raw
material is tested for pesticides prior to purchase and entering the supply chain.

On pages 13-14 (Table 4), the notifier includes aflatoxins B1 and total aflatoxins as specifications for
mulberry leaf extract. Please clarify the basis for proposing these specification and state whether
the notifier expects aflatoxins to be present in the finished mulberry leaf extract manufactured
following current good manufacturing practices.

Notifier Response: As with the pesticide specification, the specifications for aflatoxins were added

due to specific customer requests. Aflatoxins are not expected to be present in the finished
ingredient—Reducose® 5%— manufactured following current good manufacturing practice and a
hazard analysis and critical control point plan. Additionally, aflatoxin specifications are not
considered to be parameters necessary to ensure the safety of the finished ingredient; aflatoxins
are skip-lot tested only as their presence is not an identified risk.



On pages 18-19 (Table 7), the notifier provides use levels for mulberry leaf extract for all food
categories included in the intended uses. On page 56, the notifier states that maltodextrin
comprises approximately half of the weight of the finished extract formulation. Our understanding is
that the use levels in Table 7 represent the use levels of the finished extract formulation containing
approximately 50% maltodextrin. Please confirm that this is correct.

Notifier Response: We confirm that the use levels in Table 7 represent the use levels of the finished

extract formulation containing 28-50% maltodextrin.



Toxicology

1) There are many studies demonstrating that 1-DNJ is an inhibitor of alpha-glucosidase and have
documented physiological effects regulating blood glucose levels.'? We note that according to
the notifier’s website: “A single dose will be effective for an entire meal regardless of
carbohydrate content.”? Please provide a narrative as to why acute and/or chronic exposure to
1-DNJ from the intended use is not a safety concern, especially for those subpopulations that
rely on medications to regulate blood glucose levels.

Notifier Response: Carbohydrates, including sugars, are not essential/indispensable nutrients.
Thus, there is no reason to assume that altering the glycemic index of foods/blocking digestion

of dietary starches and disaccharides would present a safety concern any more so than would
eliminating carbohydrates from the diet. Undigested carbohydrates in the gastrointestinal tract
could be expected to cause transient increases in gastrointestinal side effects similar to
increasing fiber in the diet.

In the clinical trial by Kimura et al., cited above by FDA, the use of mulberry leaf powder
containing 18 mg 1-DNJ did not cause hypoglycemia or alterations in average plasma glucose
compared to placebo over 38 days in healthy subjects even though postprandial plasma
glucose and insulin were statistically significant lower compared to placebo 60 minutes
following acute administration of the powder at doses containing 12 or 18 mg 1-DNJ. Similarly,
in the cited clinical trial by Lown et al., acute administration of Reducose® 5% at doses
containing 12.5 or 25 mg 1-DNJ had statistically significant lowering effects compared to
placebo on the postprandial glucose and insulin responses (as determined by positive
incremental area under the respective curves) in healthy subjects. At no time during the 120
minutes of plasma sample collection did points along the glucose curve fall below lower limit of
the normal range (i.e., 70 mg/dL (3.9 mmol/L) indicating that acute administration of the
mulberry leaf powder, containing up 25 mg 1-DNJ, did not result in hypoglycemia. In addition,
the occurrence of gastrointestinal side effects did not differ statistically among the Reducose®
5% and placebo groups.

In the 28-day repeated dose study by Marx et al. (Marx et al., 2016), summarized in Subpart
6.2.2 of GRN 992 (pages 31-36) and incorporated here by reference, Reducose® 5% did not
cause biologically or toxicologically significant or dose-related alterations in plasma glucose or
other adverse effects in rats at doses containing up to 186 mg/kg bw/day 1-DNJ.

Several clinical trials have administered mulberry leaf extracts (MLE) of varying 1-DNJ content
to subjects with impaired glucose tolerance (IGT) and/or type 2 diabetes mellitus (T2D) (Asai et
al., 2011; Kim et al., 2012; Kim et al., 2015; Riche et al., 2017; Thaipitakwong et al., 2020).
These studies are summarized in Table 24 in Subpart 6.4.3 of GRN 992 (pages 50-52), which is
incorporated here by reference.

! Kimura T, Nakagawa K, et al. Food-grade mulberry powder enriched with 1-deoxynojirimycin suppresses
theelevation of postprandial blood glucose in humans. J Agric Food Chem. 2007;55(14):5869-74.

2 Lown M, Fuller R, et al. Mulberry-extract improves glucose tolerance and decreases insulin concentrations in
normoglycaemic adults: Results of a randomised double-blind placebo-controlled study. PLoS One.
2017;12(2):e0172239.

3https://www.bioriginal.com/products/reducose-mulberry-leaf-extract
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Use of any medications to regulate blood glucose levels was an exclusion criterion in the trials
by Asai et al. (2011), Kim et al. (2015), and Thaipitakwong et al. (2020). No serious adverse
events or statistically significant differences compared to placebo in fasting blood glucose,
HbA1C, glycated albumin, or safety measures monitored occurred in the studies by Asai et al.
and Kim et al. in which subjects received MLEs containing 18 mg 1-DNJ daily for 12 or 4 weeks,
respectively. In the study by Thaipitakwong et al., no hypoglycemia or serious adverse events
were reported following 12-weeks of daily administration of MLE containing 12 mg 1-DNJ. Mild
gastrointestinal symptoms were experienced by the majority of subjects receiving MLE
(adverse events were not compared to the control group) but declined in incidence over the
course of the study, as is typical with introduction of other nondigestible or poorly digestible
carbohydrates, such as fiber and prebiotics, into the diet.

Use of insulin was an exclusion criterion in the study by Kim et al. (2012); however, the use of
sulfonylureas, biguanides, or a-glucosidase inhibitors were not exclusion criteria. While it was
not reported how many subjects were taking oral hypoglycemic agents or which agents they
were using, it was reported that the type and dose was maintained throughout the study. The
study intervention provided 2 g MLE daily (the 1-DNJ content was not reported) in combination
with two other botanicals for six months. One subject receiving the intervention dropped out
due to mild adverse effects; no other adverse events were reported, and no differences
compared to placebo were observed in biochemical safety indices (creatinine, ALT, and AST).
Fasting blood glucose and insulin did not differ between the intervention and placebo groups.

Specific inclusion criteria in the study by Riche et al. (2017) were a diagnosis of T2D with use of
oral hypoglycemic single or combination therapy with no adjustments for at least two months
and stable HbA1C. Exclusion criteria included the use of insulin therapy or an a-glucosidase
inhibitor. 100% of enrolled subjects were taking metformin, 50% of intervention group subjects
and 58% of placebo group subjects were taking a sulfonylurea, 25 and 42% of the respective
group subjects were taking a dipeptidyl peptidase IV inhibitor, 17 and 33% were taking a
thiazolidinedione , and 8 and 17% were taking either exenatide or colesevelam. Subjects
ingested 3 g MLE daily (n = 12) or placebo (n = 12) for 3 months; however, the 1-DNJ content of
the MLE intervention was not reported. As reported in Table 24, 1 subject in the placebo group
and one subject in the MLE group withdrew due stomach upset and one subject in the MLE
group withdrew due to bloating, and while gastrointestinal effects were the most commonly
reported adverse effects, differences in incidence of gastrointestinal adverse events did not
differ significantly between the groups. No serious adverse events occurred in the MLE group.
The incidence of documented hypoglycemia did not differ between the groups (cumulative
incidence < 1%) and no there were no complaints of severe or symptomatic hypoglycemia.
There were no adverse effects on body weight, blood pressure, AST, ALT, bicarbonate, or serum
electrolytes. While some statistically significant increases in kidney function tests (creatinine
and BUN) were observed in the MLE group compared to placebo and/or baseline, they
remained within normal ranges.

The above evidence, as well as the rest of the evidence reported in Part 6 of GRN 992,
demonstrate that the intended use of Reducose® 5% by healthy individuals is not a safety
concern. The above evidence also indicates that the intended use of Reducose® 5% by
individuals with IGT or T2D who are not taking medications to regulate blood glucose levels is
not safety concern. This is supported by the L-leucine-adjusted 258-fold margin of exposure
(MOE) at the 90t percentile of consumers from the intended use of Reducose® 5% as
compared to the NOAEL from the study by Marx et al. (2016). The above studies by Kim et al.
(2012) and Riche et al. (2017) provide limited support for a lack of safety concern from the



intended use of Reducose® 5% by individuals take oral hypoglycemic medications although the
1-DNJ content of these MLEs is unknown.

To our knowledge, there have been no trials that have investigated the combine effects of
insulin therapy and MLEs. Likewise, there have been no trials investigating the combined
effects of pharmaceutical a-glucosidase inhibitors and MLEs. Nonetheless, as noted in GRN
992, Subpart 6.8 (pages 54-55), no adverse events associated with consumption of Reducose®
5% have been reported to Phynova since its market introduction in 2018 (note, Phynova
independently concluded the GRAS status of the intended use of Reducose® 5% in late 2016)
following sales of 1015 kg (700 kg of which were sold in the U.S.); since the submission of GRN
894, an additional 2435 kg have been sold (2345 of which was sold in the U.S.), also without
any adverse event reports having been received by Phynova. While no data is available
regarding the demographics of consumers, this still provides indirect evidence that there is not
a safety concern in individuals taking medications to regulate blood glucose levels, either
because no adverse events have occurred in individuals of this subpopulation consuming
products containing Reducose® 5% or because individuals of this subpopulation actively avoid
products containing Reducose® 5%. Furthermore, patients taking medications to regulate
blood glucose levels should be under the care of a health care provider and instructed in
potential adverse effects and interactions of the medications in use, proper self-monitoring of
fasting and postprandial blood glucose, recognition and self-treatment of hypoglycemic
symptoms (as well as when to seek medical intervention), and the need to advise their care
provider of dietary changes and use of dietary supplements and functional foods intended for
maintenance of healthy blood glucose.

2) Additionally, we have identified three derivatives of 1-DNJ, Miglitol, Miglustat and Migalastat,
which are FDA-approved drugs for different indications. Furthermore, Miglitol (Glyset®) is
contraindicated in certain patients®. In a paper by Reuser et al. (1994), the authors describe
potential side effects of absorbable alpha-glucosidase inhibitors such as Miglitol. Importantly,
they note that these inhibitors can accumulate in tissues in patients with renal impairment,
rendering them susceptible to potential adverse effects such as glycogen accumulation. Please
explain why exposure to 1-DNJ does not pose a safety concern in patients with renal disease or
undiagnosed renal impairment. If 1-DNJ’s absorption, distribution, metabolism, and excretion
profile is expected to be different from derivates that are FDA-approved drugs, please provide
data and information that support your conclusion.

Notifier Response: Pharmacokinetics of 1-DNJ were discussed in GRN 992, Subpart 6.1 (pages
26-30), which is incorporated here by reference. These data suggest that a fraction of orally
administered 1-DNJ is rapidly absorbed and eliminated, intact, in the urine and does not
bioaccumulate, while the unabsorbed fraction is eliminated in the feces; the absorbed fraction
appears, based on limited data, to be greater in humans as compared to rats. Bioavailability
appears to decrease with dose. The data further suggest that 1-DNJ is less bioavailable when
administered as a constituent of an MLLE compared to administration as a pure compound.

4 Gylset® is contraindicated in patients with diabetic ketoacidosis; inflammatory bowel disease, colonic ulceration,
or partial intestinal obstruction, and in patients predisposed to intestinal obstruction; chronic intestinal diseases
associated with marked disorders of digestion or absorption, or with conditions that may deteriorate as a result of
increased gas formation in the intestine (https://pfizermedicalinformation.com/en-us/glyset/contradictions)



To the best of our knowledge, accumulation of 1-DNJ has not been specifically investigated in
subjects with renal impairment; however, because renal excretion is the primary route of
elimination of absorbed 1-DNJ, it is expected that excretion would be reduced in people with
advanced kidney disease, possibly leading to tissue accumulation. While we disagree that
miglitol, a pharmaceutical derivative of 1-DNJ is comparable to 1-DNJ itself, as FDA’s GRAS
team has made the comparison above, we note that miglitol’s package insert
(https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/020682s010Ibl.pdf) states,
“Patients with creatinine clearance <25 mL/min taking 25 mg 3 times daily, exhibited a greater
than two-fold increase in miglitol plasma levels as compared to subjects with creatinine
clearance >60 mL/min.” Use of miglitol is not recommended in people with creatinine
clearance <25 mL/min; however, there is not contraindication or recommendation against its
use in people with creatinine clearance >25 mL/min. Creatinine clearance <25 mL/min occurs
in patients with stage 4 chronic kidney disease (CKD) or worse. Stage 4 and 5 CKD patients
should be under the regular care of a nephrologist and a dietitian, and patients who have
progressed to kidney failure require dialysis to remove metabolic waste products and other
waste materials from circulation. In other words, individuals in whom theoretical accumulation
of 1-DNJ might occur following exposure to Reducose® 5% are expected to be under close
medical supervision to include what they are consuming dietarily. Thus, consuming foods
containing Reducose® 5% is not expected to be a safety concern in this population any more
than foods in general are.

Reuser et al. (1994), cited above by FDA, is a theoretical paper about potential, but
unsubstantiated, adverse effects of pharmaceutical 1-DNJ derivatives that are not the
equivalent of naturally occurring 1-DNJ or Reducose® 5%. The study relies on experimental
data and theoretical scenarios, such as in vitro data using high concentrations of a
pharmaceutical 1-DNJ derivative and that these artificially induced concentrations under
acellular in vitro conditions are analogous to certain inherited disorders of metabolism
followed by extrapolation that use of such pharmaceutical 1-DNJ derivatives by humans under
prescribed conditions will mimic these disorders in individuals with kidney failure. Even in
parenteral experiments in rats, extremely high doses of miglitol were unable to induce
lysosomal a-glucosidase inhibition sufficient to result in lysosomal glycogen accumulation.
Furthermore, under in vitro conditions, concentrations of 1-DNJ 1500x higher than the
concentration of miglitol theoretically expected under normal oral dosing using the
assumption that miglitol is freely distributed to all bodily tissues (i.e., a volume of distribution
of 1; note, pharmacokinetic data provided in the miglitol package insert demonstrate “a
volume of distribution of 0.18 L/kg, consistent with distribution primarily into the extracellular
fluid”) were required to induce delay of insulin receptor transport to the cell surface; thus,
given the huge concentration required under the necessity of an apparent volume of
distribution of 1 (which is not reality), we find this theoretical potential of 1-DNJ to induce a
deficiency of insulin receptor at the cell surface to lack credible biological plausibility. Overall,
we conclude that extrapolation from this paper to the real word is not credible and, rather, the
scientific utility of the paper is that of hypothesis generation. We are not aware of any
available data that has tested and substantiated any of the potential hypotheses of the paper.

In the real world, due to Reducose® 5%’s intestinal mechanism of action to reduce the
glycemic index of carbohydrate foods and lack of evidence for any beneficial or adverse
systemic effects in preclinical and clinical studies (including those cited and summarized in
GRN 992) of Reducose® 5% and other related substances, bioaccumulation is not expected to
occur or to be a major safety concern. Additionally, as noted above, it is expected that



3)

individuals with severe kidney disease would be under the care of a nephrologist and dietitian
with appropriate monitoring and instruction, and individuals with kidney failure would
additionally be on dialysis.

Also, as noted above, Reducose® 5% has a wide MOE both as a whole ingredient and in terms
of its 1-DNJ content. Additionally, using a 100x multiplicative uncertainty factor, the ADI of
Reducose® 5% is 40 mg/kg bw/day and the ADI in terms of its 1-DNJ content is 1.86 mg/kg
bw/day. The respective maximum EDIs in the general U.S. population (ages 2+ years) at the
90t percentile of consumers are 13.1 mg/kg bw/day for the whole ingredient and 0.722 mg/kg
bw/day for 1-DNJ. As the EDlIs are less than the ADIs, this supports a conclusion that the
intended use of Reducose® 5% is reasonably certain to be safe. As the multiplicative
uncertainty factor represents both rat to human extrapolation and interindividual variability, it
is expected to compensate for the data gap of available scientific data in the subpopulation of
individuals with renal impairment. Also, as noted above, no adverse events associated with
consumption of the GRAS substance Reducose® 5% have been reported to Phynova since its
market introduction in 2018 following sales of 3450 kg (3045 kg of which were sold in the
u.s.).

In the Redbook 2000 (Chapter IV.C.3.a), it is stated that results from a sub-acute/28-day repeat
dose oral toxicity studies in rodents:

(1) can help predict appropriate doses for the test substance for future subchronic or
chronic toxicity studies, (2) can be used to determine NOELs for some toxicology
endpoints, and (3) allow future studies in rodents to be designed with special emphasis
on identified target organs.

Several statistically significant differences were identified in Marx et al. (2016), using a test
article that was identical to the article of commerce (pg. 30 of the notice). While these values
were stated as lying within the historical range and reportedly were not associated with
histopathological findings (pg. 32 of the notice), please provide an explanation as to why a
longer study (such as 90-day oral repeat-dose studies) using the article of commerce at similar
doses would not result in toxicologically relevant adverse effects.

Notifier Response: We note that Redbook 2000 is under revision, and FDA’s GRAS team has
previously advised that until revision is completed, referral to the Redbook should be avoided
and to rely, instead, on OECD guidelines. Regardless, of the Redbook citation as prefix, we
have addressed the main point of query 3 below.

Whether a 28-day study is suitable for extrapolation to lifetime exposure is a question to be
answered on a case-by-case basis. Below we consider the factors pertaining to this
determination beginning with the statistically significant observations of the study by Marx et
al. referenced in FDA’s query 3 above.

While a statistically significant decrease in body weight gain was observed transiently
between Days 18 and 21 in high dose female rats, this had no effect on cumulative body
weight development. Female body weight fluctuations during the study did not deviate from
the controls at any point during the study by more than +2 or —=1% and no fluctuations were
statistically significant. Final mean body weight of the female control group was 183.7+9.6 g
while final mean body weight of the female control group was 181.6 + 4.1 g, a difference of
—1%. There were no statistically significant differences in mean body weight or body weight
gain in male groups.



Neutrophil percent and lymphocyte percent differences were observed, in male and female
animals, but were not dose related in the females or for neutrophils in the males and the
magnitude of change in lymphocytes in males was low (—6%). In addition to the lack of a dose
relationship, it is an important consideration that these changes remained within the range of
the historical control data (HCD) of the laboratory. These HCD are data collected from control
animals of the same strain and age, housed under the same conditions, provided the same
feed and water, and having blood samples drawn from the same site under the same timing,
and analyzed on the same equipment. Furthermore, these changes did not correlate with
changes in total leukocyte count and their significance in terms of absolute neutrophil and
lymphocyte counts, which is what matters biologically, is unknow as these were not measured
or calculated and subjected to statistically analysis. There was an 18% decrease in percent
reticulocytes compared to controls at the high dose in male rats. Again, this change was well
within the range of the laboratory’s HCD, which, again, is an important factor to be
considered, and was not correlated with changes in erythrocyte count, hematocrit,
hemoglobin, red blood cell indices, or total leukocyte count that could be indicative of anemia
nor were there any trends suggestive of a move towards anemia. In fact, hemoglobin was
non-significantly increased by 2% compared to controls, and histological alterations were not
observed in bone marrow. Activated partial thromboplastin time (APTT) was statistically
significantly increased compared to controls in males at the mid and high doses by 15 and
23%, respectively. Again, these changes were within normal range as determined by
comparison against the laboratory’s HCD. They were not correlated with change in
prothrombin time (PT) or platelets, and we are not aware of any evidence to suggest or
demonstrate that mulberry leaf, 1-DNJ, or maltodextrin are inhibitors of clotting factors, such
as factors VIII, IX, Xa, or XIl, that might result in a prolonged APTT in the presence of a normal
PT.

Statistically significant increases compared to control in ALT and AST, the later without a dose
relationship, in high-dose males were well within the HCD and well under a fold increase and,
therefore, do not indicate damage to the liver, but were correlated to a dose responsive
increase in liver weight relative to body weight. These changes could be indicative of enzyme
induction, reflecting an adaptive and reversible change in response to increased metabolic
demand. However, the absence of any histological changes in the livers of study animals
indicates that a functional, let alone, potentially adverse, change has not been initiated. The
statistically significant 9 and 10% decreased in creatinine in mid and high dose males with
respect to controls are also well within normal range, and in the absence of muscle wasting,
which was not observed, are in the direction opposite of biological or toxicological concern.
Serum sodium was also statistically significantly decreased at the mid and high dose
compared to control in males; however, sodium is under tight homeostatic control; thus, that
the magnitude of the changes was —1% and they remained well within the range of HCD is an
extremely important factor. Likewise, the —2% changes in sodium and calcium at the high
dose and —3% change in calcium at the mid dose in females, remaining firmly within the
respective HCD ranges are indicative of normal variation.

In addition to the changes in liver weight relative to body weight discussed above, there were
several other minor, but statistically significant, changes in mean absolute and relative organ
weights at the mid and high dose or high dose only. All of these changes remained well within
the corresponding HCD ranges and none exceeded + 30% of control values or were correlated
(except liver relative to body weight as noted above) with changes in clinical, gross, or
histopathology. Therefore, they were not toxicologically relevant.
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In terms of whether any of the above changes would be expected to progress to a
pathological degree if a study of longer duration were conducted, there are no obvious trends
in the data discussed above nor are there potentially concerning findings based on correlation
of parameters and/or biological plausibility of an underlying test item effect to suggest the
likelihood of such progression. We also discussed this with the GRAS team at our March 29,
2018 pre-submission meeting and toxicology had no concerns. The 28-day study on the article
of commerce is pivotal because it is the article of commerce and was tested up to the highest
feasible dose (4000 mg/kg bw/day), which was determined as the NOAEL. However, we also
note that this study does not stand alone in the safety evaluation as there are corroborative
studies of longer duration on other related test substances as well as studies in humans and
pharmacokinetic data, all of which form a bridge to suggest the use of Marx et al. as the
pivotal study for risk characterization is appropriate.

In Subpart 6.3.1 of GRN 992, pages 43—-44 we summarized a 90-day repeated-dose study in
rats in which the test item was a hydroethanolic MLE containing 1.1% 1-DNJ. No test item
related effects on body weight, clinical pathology parameters, organ weights, gross pathology
or histopathology were observed. The high-dose was equivalent to 884.5 and 995.7 mg/kg
bw/day (equivalent to 9.7 and 11.0 mg/kg bw/day 1-DNJ, respectively) in male and female
rats, respectively. In Table 23 of Subpart 6.3.2 of GRN 992 on page 47 we summarized a 90-
day repeated-dose study in rats with a 28-day recovery period in which the test item was a
silkworm extract containing 1.25% 1-DNJ. While some statistically significant changes in
clinical pathology parameters were observed, they were within the HCD ranges and were not
statistically significant at the end of the recovery period. Body weight was also significantly
increased in high-dose males, remaining increased at the end of the recovery period, but was
within the HCD range at all times. Some significant increases in absolute organ weights
compared to controls were considered due to the increased body weight, and the NOAEL was
determined to be 2000 mg/kg bw/day (equivalent to 25 mg/kg bw/day 1-DNJ); the highest
dose tested. These trials corroborate the lack of toxicologically relevant changes from longer
term exposure to MLE and/or 1-DNJ although the doses were lower compared to the 28-day
study by Marx et al.

Studies in humans, also corroborate the results of the 28-day rat study by Marx et al. as
pivotal in determining an MOE and ADI for the intended use of Reducose® 5%. No serious
safety concerns were raised by the clinical trials reported in Table 24 on pages 50-53 of GRN
992, Subpart 6.4.3 with exposure durations to MLE up to 6 months at 2 g daily or doses up to
5 g (18 mg 1-DNJ) for 4 weeks. One trial gave 3.6 g MLE containing 54 mg 1-DNJ for 38 days.
The maximum EDI at the 90t percentile of consumers in the general U.S. population (2+
years) using a 10% presence probability factor is 839.0 mg/day containing up to 46.1 mg 1-
DNJ.

In addition, the use of Marx et al. is corroborated by the pharmacokinetics and
pharmacodynamics of 1-DNJ. 1-DNJ is active on carbohydrate in the intestinal lumen with no
known systemic activities and is metabolically inert. 1-DNJ is rapidly absorbed and rapidly
excreted intact in the urine without bioaccumulation following oral administration to rats,
suggesting 28-days should be adequate to investigate its systemic effects.

You state on pg. 30 “... the test items evaluated by Marx et al. and Li et al. are identical to the
article of commerce that is subject to this GRAS Notice, except that, due to manufacturing
process change in order to comply with US regulations governing GRAS substances, L-leucine is
no longer used as a processing aid.” However, in comparing the description of the test article
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described in the two studies, it is not clear that the two test articles are identical. For example,
Marx et al. state:
“The dried mulberry leaf then undergoes a water extraction and ion exchange
chromatography to enrich the alkaloid components. The eluent is reduced under
vacuum to allow optimum spray drying.”
Li et al. state:
“Dried leaves were extracted by water. The extraction solution was filtered with a 10KD
membrane and then ultra-filtered with a 3KD membrane. The filtrate was concentrated and
spray dried to obtain MLE.”

Given that ion exchange chromatography and filtration are different manufacturing/purification

steps, please provide an explanation as to why you concluded that the two test articles are

identical without analytical methods to confirm identity and composition.

Notifier Response: The referred to statement on page 30 is inaccurate. We now amend this

statement to read as follows:
“... the test item evaluated by Marx et al. is identical to the article of commerce that is
subject to this GRAS Notice, except that, due to a manufacturing process change in order
to comply with US regulations governing GRAS substances, L-leucine is no longer used as
a processing aid. L-leucine is still present in the ingredient at approximately 1-2% as a
naturally occurring constituent of the white mulberry leaf extract. The test item
evaluated by Li et al. is Reducose® 1%, a related product produced as a simple extract
from the same raw botanical starting material and standardized to 1% 1-DNJ.”

On pg. 43-44, the notifier cites a reference for a 90-day oral toxicity study in rats that is only
available in Japanese. This study is listed within references that are generally available, and it
was noted that an English translation was used. On pg. 44, the notifier states: “A few lesions of
slight degree were observed in various organs during the histological examination; however,
these findings occurred with similar incidence in both treated and control animals and did not
differ statistically ...” Please provide a) an explanation for why this study in Japanese is
considered generally available; b) how the presented experimental data and the authors’
conclusions can be evaluated by qualified experts who are not literate in Japanese and may not
have access to an English translation.

Notifier Response: a) This is corroborative data (see GRN 992 Subpart 6.10.2, pages 57-58)
that is not required to be generally available according to the 2016 GRAS Final Rule on pages
49 and 50 as well as preexisting regulation at 21 CFR 170.30(b).

b) We inadvertently included this English translation of a Japanese study in the list of
references that are generally available provided in Subpart 7.2 of GRN 992, pages 60—64. We
now amend GRN 992 to list the citation for this study (Miyazawa M, Miyahara C, et al. Ninety-
day dietary toxicity study of mulberry leaf extract in rats [English translation]. Shokuhin
Eiseigaku Zasshi. 2003;44(4):191-7) as data and information that are not generally available in
Subpart 7.1, page 60, and we amend Subpart 7.2 of GRN 992 on page 62 to remove the citation
for this study (number 36).

The notifier has provided exposure estimates for both Reducose 5% as well as 1-DNJ.
Additionally, they have calculated these exposure estimates utilizing a 100% presence
probability factor as well as a 10% presence probability factor; however, margin of safety (MOS)
calculations were only performed using the exposure estimates based on the 10% presence
probability factor. The MOS for Reducose 5% (3740mg/kg/67.8mg/kg) is approximately 55-fold



and for DNJ content (67.8mg/kg x 4.5-5.5%) the MOS (186mg/kg/3.05-3.73mg/kg) ranges from
50 to 61-fold when utilizing the 100% presence probability factor. These calculations are based
on the NOAEL determined from the 28-day oral tod xicity study (Marx et al.), adjusted for the
added L-leucine. Please explain why this MOS is adequate to support the conclusion that the
intended use of Reducose 5% is reasonably certain to be safe.

Notifier Response: Exposure calculations were also discussed at the March 29, 2018 pre-
submission meeting. It was noted that the number of food categories contained in the intended
use, would by de facto result in a huge exposure using 100% presence probability. Mike DiNovi
(FDA’s GRAS team exposure expert at the time of the meeting) joked with the Notifier saying,
“you would love to be able to sell that much, right?” and further implied that he would consider
a 10% presence probability analysis to be highly conservative. As such, the exposure estimates

for the purpose of conducting the risk characterization (i.e., MOS) were conducted using a 10%
presence probability factor. We included the exposure (but not risk characterization) at 100%
presence probably as Mike DiNovi had informed us that even though only the 10% presence
probability is used for the risk characterization, we should still provide FDA with the 100%
presence probability data along with the explanation of why it is a gross overestimate of
exposure and the reasons why the 10% presence probability is conservative. This was all
provided, as advised, in GRN 992 and is expanded on below.

As discussed on page 22 of GRN 992, Subpart 3.2, 100% presence probability assumes that
every single product in the intended use categories would contain Reducose® 5% at the
maximum addition levels shown in Table 7 (pages 18 and 19, Subpart 3.1) and that every time
an individual consumed any product from any of the categories, they would be exposed to the
maximum amount of Reducose® 5%/serving. As shown in Table 7, the intended use contains a
wide range of food categories that are widely consumed, such as breads, pastas, beverages,
deserts, and snack foods, and as noted on page 21, the exposure analysis using 100% presence
probability estimates that 100% of the U.S. consumers of these categories would be exposed to
Reducose® 5% at the maximum addition level per serving.

In reality, the above assumptions are highly unrealistic. Reducose® 5% would not be a
characterizing ingredient (e.g., flour in bread) in any of the intended use categories nor would it
be required for a physical or technical functional effect (e.g., yeast in bread) in any of the
intended use categories. Rather, Reducose® 5% is a functional ingredient, with a significant cost
consideration for food producers, and as such is likely to be use only in the ‘functional foods’
market segment, and only in a subset of foods in that category, such as foods intend for people
interested in following a low glycemic index diet yet not wanting to give up high glycemic index
foods (the function of Reducose® 5% is, essentially, to lower the glycemic index of foods
containing the ingredient).

The intent of the 10% presence probably was to represent a 10% market share in each of the
categories. This is still highly conservative. Consider, for example, the likelihood that even 10%
of all products in the coffee, bread, or potato chip markets (or any of the other categories listed
in Table 7) would contain Reducose® 5%. Such an assumption is still highly conservative. It
would be much more realist, yet still conservative, to assume that Reducose® 5% could capture
10% of the market share of the low glycemic index subset of the subset of ‘functional foods’
contained within each and every one of the intended use categories (note, such a limited and
realistic, yet conservative, assumption is not possible to analyze within the NHANES data set).

In addition, the 10% presence probability analysis is much more conservative than a 10%,
across the board, market share assumption in which the aggregate total of the 100% presence
probability analysis is simply multiplied by 10%, which would result in an absolute exposure to
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Reducose® 5%, at the 90t percentile of consumers, of 400.6 mg/day and an exposure relative
to body weight of 6.8 mg/kg bw/day (approximately ¥ the exposures estimated using the 10%
presence probability factor). The 10% presence probability factor assumes that a consumer
would randomly pick a product containing the ingredient 10% of the time they consumed any
product from any food category listed in Table 7. As shown in Tables 10 and 11 on pages 22 and
23, respectively, and discussed on page 23, approximately 66% of the general U.S. population
(2+ years) of consumers of products in the intended use categories were identified as
consumers of Reducose® 5% when using the 10% presence probability factor, a highly
conservative assumption.

In summary, the exposure estimate was performed using 10% presence probability and was
considered reasonable for the reasons explained in GRN 992 and expanded on above. This
estimate was used to calculate the MOS, which was considered reasonable with regard to
supporting a conclusion that the ingredient is reasonably certain to be safe under the
conditions of its intended use. The 100% presence probability data is NOT the exposure
estimate for the intended use of Reducose 5% and was provided for informational purposes
only, as it is a step in the process of deriving the actual exposure estimate.

Finally, pertaining to this query, Chemistry query #5 above, and Toxicology query #3 above, we
note that the intended use, exposure estimates, and MOS calculations of GRN 992 are almost
identical to the intended use, exposure estimates, and MOS calculations contained in GRN 894.
We further note that we were asked, at the end of an August 31, 2020 teleconference, to
request FDA cease evaluation of GRN 894 only because one member of the GRAS team believed
that the amendments to GRN 894 that would be required to explain the minor, non-significant
manufacturing change to remove L-leucine as a processing aid for regulatory compliance
reasons and its effect on the MOS calculation and safety assessment would be too confusing as
an amendment and, therefore, required a new submission. Neither chemistry or toxicology had
any safety concerns regarding the intended use, exposure estimates, or MOS calculations
presented in GRN 894 during FDA’s review nor were there any safety concerns when
considering the effect that removal of L-leucine as a processing aid would have on overall
safety or the MOS calculations. This lack of safety concern, including that the removal of L-
leucine has no bearing on safety, was clearly stated by Ron Chanderbhan during our August 31,
2020 teleconference with the GRAS team during the review of GRN 894 and confirmed by the
review team’s toxicology and chemistry members.

The Notifier describes the composition of Reducose 5% within the identification section (pg. 10),
stating that white mulberry leaf extract contains flavonoids (kaempferol), stilbenoids
(resveratrol), and anthocyanins, as well as other iminosugars and proteins. Please provide a
narrative addressing the safety of the other components of white mulberry leaf extract.

Notifier Response: We note that GRN 992 is a safety assessment (i.e., GRAS conclusion) of
Reducose® 5%, an iminosugar-rich extract of white mulberry (Morus alba L.) leaves that is
standardized to a concentration of 5% 1-deoxynojirimycin (DNJ). It is not a safety assessment of
purified flavonoids (kaempferol), stilbenoids (resveratrol), anthocyanins, or any particular
iminosugar or protein.

Furthermore, while we stated on page 10 that raw M. alba leaves contain the above mentioned
constituents, we did not state that Reducose® 5% contains these constituents. Flavonoids
(kaempferol), stilbenoids (resveratrol), anthocyanins are not expected to be present in the
extract as they are removed by the ion exchange process. Proteins are removed by filtration
(see chemistry query 1 above and minor point 2 below) using a ultrafiltration membrane with a
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cut-off of 3 kDa (average protein molecular weight is 55 kDa and even small proteins would be
in the range of > 5kDa). Iminosugars other than 1-DNJ are present only at low levels.
Cumulatively, other iminosugars are expected to be present in the finished Reducose® 5%
ingredient at 2—-3% (see Table 2, Subpart 2.1 on page 10 of GRN 992 as well as chemistry query
#1 above. Individually, other iminosugars, such as fagomine (commonly found in buckwheat) or
DAB (1,4-dideoxy-1,4-imino-D-arabitol) are present in the finished ingredient at less than 1%, a
level considered insignificant and inconsequential, especially given, as noted below and above,
that toxicological testing was performed on the ingredient as a whole.

Reducose® 5% is a M. alba leaf extract spray-dried on a maltodextrin carrier, which comprises
28-50% of the finished ingredient, for standardization. The extract is filtered to remove large
components such as proteins, purified, and concentrated and filtered multiple times. We
discuss some data concerning 1-DNJ only because it is present in the ingredient at levels we
consider to be greater than insignificant/trace and because it is used as the marker for
standardization. Additionally, pharmacokinetic data on MLEs are available only in terms of 1-
DNJ and it may contribute to the functional effect of the ingredient and, was, therefore,
considered relevant in identification of corroborative safety data on related ingredients. In
terms of the pivotal study for purposes of establishing an MOS (Marx et al.), the test item was
Reducose® 5% and was identical to the current Reducose® 5% substance that is the subject of
GRN 992 except for the removal of L-leucine as a processing aid. Thus, the study by Marx et al. is
a toxicological investigation of Reducose® 5% as a whole ingredient including its extract and
carrier components as well as all constituents of the extract component at the levels present in
the finished ingredient. Furthermore, the finished ingredient, being standardized to 1-DNJ
content, the extract proportion of finished ingredient is identical to the extract proportion of
Reducose® 5% containing added L-leucine as a processes aid, the finished ingredients differing,
other than L-leucine content only in maltodextrin content, which is adjusted to compensate for
the absence of L-leucine.

In Section 6.4.2, the notifier discusses studies by Huh et al. (2020), in which MLE was shown to
potentiate the effect of and decrease the clearance of metformin in an experimentally induced
diabetic rat model. The notifier states:

“The MLE was not assessed for DNJ content, but was reported to contain trans-caffeic
acid, syringaldehyde and chlorogenic acid; thus, it is uncertain how similar this MLE is to
Reducose® 5%.”

Please provide data and/or other information that support your implicit conclusion that these
observed effects are due to constituents (i.e., trans-caffeic acid, syringaldehyde and chlorogenic
acid) that are not present in your article of commerce. If they are not present, please provide
generally available and accepted evidence that there are no drug-herb interactions between
your article of commerce and metformin.

Notifier Response: We did not implicitly conclude that the observed effects of Huh et al. (2020)
were due to trans-caffeic acid, syringaldehyde, or chlorogenic acid. In making this statement,
we were only pointing out that there are dissimilarities, as well as unknowns, between Huh et
al.’s test item and Reducose® 5% and it is uncertain for what specific effects any differences
might be responsible. While Reducose® 5% does not contain trans-caffeic acid, syringaldehyde
and chlorogenic acid, there may also be other unknown dissimilarities between Reducose® 5%
and Huh et al.’s test item. Thus, the quoted statement above should be taken to imply that
these are the constituents of Huh et al.’s test item that were responsible for the observed




effects.

The search string “((("metformin"[MeSH Terms] OR "metformin"[All Fields] OR
"metformine"[All Fields] OR "metformin s"[All Fields] OR "metformins"[All Fields]) AND ("drug
elimination routes"[MeSH Terms] OR ("drug"[All Fields] AND "elimination"[All Fields] AND
"routes"[All Fields]) OR "drug elimination routes"[All Fields] OR ("drug"[All Fields] AND
"clearance"[All Fields]) OR "drug clearance"[All Fields]) AND ("caffeic acid"[Supplementary
Concept] OR "caffeic acid"[All Fields] OR "trans caffeic acid"[All Fields])) OR
(("metformin"[MeSH Terms] OR "metformin"[All Fields] OR "metformine"[All Fields] OR
"metformin s"[All Fields] OR "metformins"[All Fields]) AND ("drug elimination routes"[MeSH
Terms] OR ("drug"[All Fields] AND "elimination"[All Fields] AND "routes"[All Fields]) OR "drug
elimination routes"[All Fields] OR ("drug"[All Fields] AND "clearance"[All Fields]) OR "drug
clearance"[All Fields]) AND ("syringaldehyde"[Supplementary Concept] OR "syringaldehyde"[All
Fields]))) OR (("metformin"[MeSH Terms] OR "metformin"[All Fields] OR "metformine"[All
Fields] OR "metformin s"[All Fields] OR "metformins"[All Fields]) AND ("drug elimination
routes"[MeSH Terms] OR ("drug"[All Fields] AND "elimination"[All Fields] AND "routes"[All
Fields]) OR "drug elimination routes"[All Fields] OR ("drug"[All Fields] AND "clearance"[All
Fields]) OR "drug clearance"[All Fields]) AND ("chlorogenic acid"[MeSH Terms] OR
("chlorogenic"[All Fields] AND "acid"[All Fields]) OR "chlorogenic acid"[All Fields])) did not
return any hits in PubMed.

As expected, due to the known metabolism of 1-DNJ, the search string “((metformin) AND (drug
clearance)) AND (1-deoxynojirimycin)” also did not return any hits.

Nonetheless, Huh et al. do discuss the biological plausibility of caffeic acid and chlorogenic acid
(which as noted above, are not constituents of Reducose 5%) affecting the clearance of
metformin by altering its hepatic metabolism. They cite studies by Geng et al. (2015)" and Xu et
al. (2016)" stating, “plant extracts of caffeic acid and chlorogenic acid could inhibit the activities
of CYP2C11 and CYP3A1” as well as a study by Jung et al. (2019)* demonstrating “Met[formin] is
metabolized by hepatic CYP2C11, 2D1, and 3A1/2, and eliminated via the kidneys in rats.”

We also note that Riche et al. (2017) evaluated the effects of 3 g daily for 3 months of an MLE in
T2D humans taking metformin in which no significant adverse effects were observed (see
response to Toxicology query #1 above), suggesting that MLEs in general do not present a
safety concern if consumed by diabetic individuals taking metformin. Importantly, this was a
study in human subjects.

*Geng, T.; Si, H.; Kang, D.; Li, Y.; Huang,W.; Ding, G.;Wang, Z.; Bi, Y.; Zhang, H.; Xiao,W. Influences of Re Du
Ning Injection, a traditional Chinese medicine injection, on the CYP450 activities in rats using a cocktail method. J.
Ethnopharmacol. 2015, 174, 426-436.

¥ Xu, X.; Geng, T.; Zhang, S.; Kang, D.; Li, Y.; Herbal, G.D.C. Inhibition of Re Du Ning Injection on enzyme
activities of rat liver microsomes using cocktail method. Chin. Herb. Med. 2016, 8, 231-241

tJung, S.-H.; Han, J.-H.; Park, H.-S.; Lee, D.-H.; Kim, S.J.; Cho, H.S.; Kang, J.S.; Myung, C.-S. E_ects of unaltered
and bioconverted mulberry leaf extracts on cellular glucose uptake and antidiabetic action in animals. BMC
Complement. Altern. Med. 2019, 19, 55.



Minor Points:

1)

2)

On pg. 49, the notifier refers to two unpublished clinical trials using white mulberry leaf
preparations. Please discuss whether any effects of these preparations on glucose levels were
observed and if so, please indicate why this is not a safety concern.

Notifier Response: The unpublished study cited as “Gallagher et al. (2015, unpublished)” in
Table 24 on page 51 of GRN 992, Subpart 6.4.3 (and also listed as data and information that
are not generally available in Subpart 7.1 on page 60 as, “The clinical trial PYN-IM-002a of
Reducose 5% by Gallagher et al. (2015)”) was an open-label 5-arm trial to evaluate the effect
of Reducose® 5% on the glycemic index of 4 common carbohydrate test foods. Glycemic
indexes of the test foods in combination with 250 mg Reducose® 5% (test arms) were
determined by the test arm postprandial incremental area under the glucose curves versus
that of a glucose meal (reference arm). Results were compared to the glycemic index values
of the test foods recorded in the literature. Adverse events were monitored as secondary
outcomes. As noted on page 51 in Table 24, there were no adverse effects reported by
participants or observed by the investigators. All subjects had normal blood pressure at
baseline and blood pressure was not affected by administration of the test meals with
Reducose® 5%. Study data indicates that administration of the test meals with Reducose® 5%
did not adversely affect glucose levels at any of the collection timepoints or the overall
postprandial glucose response curve over the 120-minute monitoring period.

The unpublished study, cited on page 60, Subpart 7.1 as “The clinical trial PYN-IM-003 of
Reducose 5% by Thondre et al. (2016)” was inadvertently left out of Table 24 (note, while the
study was cited in both GRNs 894 and 992 as quoted here, in responding to this query it came
to our attention that the study number was incorrectly cited; PYN-IM-003 is actually the
published study cited in Table 24 as Lown et al., 2017. We now amend the citation in GRN
992 to read PYN-IM-004). This study (PYN-IM-004) has recently (April 2021) been published
(Thondre et al., 2021). The study was a randomized double-blinded placebo-controlled
crossover trial conducted in 37 healthy adults to assess the effects of Reducose® 5% on
postprandial glycemic and insulinemic responses. Data was reported for 36 subjects as insulin
data were not available for one subject. A single bolus of 250 mg Reducose® 5% was
administered with 75 g sucrose as the test meal, and 75 g sucrose alone was administered as
the placebo meal. The study was powered to detect statistically significant differences in
mean incremental area under the glucose curve. The authors reported that no adverse
effects occurred during the study; however, the methods did not describe how adverse
effects were assessed. Neither glucose nor insulin levels fell below baseline (fasting levels)
during the 120-minute monitoring period following ingestion of the test meal.

The notifier states that 25-35% of Reducose 5% is composed of free amino acids, peptides, or
proteins. Given the relatively high protein content, please address why bioinformatics analyses
and/or other analytical methodologies® to support your case report analysis are not needed to
ensure that the risk for allergenicity from the intended use is low.

Notifier Response: Reducose® 5% contains an MLE that does not contain proteins due to
extensive filtration (see response to Toxicology query #7 above). We now amend GRN 992
Table 2 column 1 of row 4, Subpart 2.1 on page 10 to read, “Free amino acids/peptides”. Free
amino acids naturally present in mulberry leaf make up the majority of the 23—-35% free amino
acids/peptides reported in Table 2, comprising approximately 85% of this total while peptides
<27 amino acid residues make up the remaining 15%.




3)

As noted on page 54 in GRN 992, Subparts 6.6 and 6.7, no reports of allergic reactions to M.
alba leaves were located despite an extensive history of consumption dating back to at least
659 A.D. We now amend Subpart 6.6 to further include a recent publication by Papia et al.
2020. This paper cites respiratory allergies to mulberry pollen and food allergies to mulberry
fruit (Papia et al., 2020). We also note that the paper incorrectly reports that Navarro et al.
(1997) reported a case of allergy to M. alba leaves. As reported in GRN 992, Subpart 6.6, page
54, Navarro et al. (1997) reported an allergic reaction to ingestion of M. alba fruit in a female
who also reported a history of several episodes of asthma when near M. alba leaves. As this is
a vague description without an official diagnosis it should not be over-interpreted to presume
an allergy to M. alba leaves (e.g., “near M. alba leaves” could mean near an M. alba tree that
was releasing pollen). Papia et al. further report potentially allergenic proteins identified a in
mulberry leaf extract of 18 kDa, in mulberry fruit with molecular weights of 10*, 18*, and 17
kDa, in mulberry pollen with molecular weights of 72, 15, 10, 10*, 8*, and 7* kDa, and in
mulberry species without specific identification of plant part of 17, 18, and 9 kDa (* indicates
proteins specifically identified in the noted plant parts of M. alba; other proteins were
identified in other mulberry species/genera or their sources were identified only by the
common name). If any of these, or other, potentially allergenic proteins are present in raw
mulberry leaves used for the production of Reducose® 5%, either naturally or by cross
contamination, they would be removed during manufacture by the 100 kDa and 3 kDa
ultrafiltration cut offs. Thus, given the absence of intact proteins in Reducose® 5% and the long
history of use of mulberry leaves without confirmed reports of allergic reactions, the allergenic
potential of Reducose® 5% is considered very low, and it was not considered necessary to
perform bioinformatics analyses and/or other analytical methodologies for this extract.

Please identify the sources (databases) and search parameters used for the literature searches
performed for the safety assessment of this GRAS notice.

Notifier Response: Sources for the literature searches included PubMed, Google Scholar,
National Toxicology Program, toxplanet (including its indexed databases, such as the former
TOXNET databases), websites of US FDA, EFSA, WHO, and FAO, medical libraries of University
of Washington and University of Arizona, and AIBMR's internal library.

Search parameters included Reducose; Iminonorm; Morus alba; 1-deoxynojirimycin; toxicity;
toxicology; toxicity tests—subacute, subchronic, chronic, acute; mutagenicity; mutagenic;
genotoxic; genotoxicity; genetic toxicity; clastogenic; carcinogenicity; carcinogenic; safety; no
observed adverse effect level; NOAEL; no observed effect level; NOEL; Lowest observed
adverse effect level; LOAEL; lowest observed effect level; LOEL; chromosome aberrations;
micronucleus; bacterial reverse mutations; Ames test; comet; pharmacokinetics; ADME;
absorption; distribution; metabolism; excretion; elimination; bioavailability; and biological
availability. The searches included MESH terms associated with these terms when and where
applicable. The terms were put together in various Boolean search strings used when and
where applicable. On some search occasions databases were searched more specifically, such
as for a specific paper (for example, a reference cited in another article). Some databases
were searched using primarily key words related to the name of the substance rather than
Boolean strings (e.g., toxplanet, FDA’s Food Ingredient and Packaging Inventories).



4) On pg. 49, the notifier states “thirteen out of 16 clinical trials...are summarized in Table 24” yet
only 12 studies are listed. Please provide the summary for the missing study in Table 24.
Notifier Response: The study missing from Table 24 is the unpublished study cited on page 60,
Subpart 7.1 as “The clinical trial PYN-IM-003 (now corrected to PYN-IM-004; see response to
Minor Point #1 above) of Reducose 5% by Thondre et al. (2016)”. The study has now been

published (as of April of this year) as Thondre et al. (2021) and is summarized above at Minor
Point #1.

5> Moreno FJ. Gastrointestinal digestion of food allergens: effect on their allergenicity. Biomed Pharmacother.
2007;61(1):50-60.
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