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Myricitrin, a flavonol rhamnoside of myricetin extracted from the Chinese bayberry (Myrica rubra Siebold) plant, has been
used in Japan since 1992 as a flavour modifier in snack foods, dairy products, and beverages. It is affirmed as generally
recognised as safe (GRAS) by the US Flavour and Extract Manufacturer Association (FEMA) and is considered safe by the
Joint FAO/WHO Expert Committee on Food Additives (JECFA) at current estimated dietary exposures. In anticipation of
expanded marketing, 97% pure myricitrin was fed to male and female Sprague-Dawley rats at dietary concentrations of
0.5%, 1.5% and 5.0% in a 90-day toxicity study. There was increased food consumption and decreased body weight gain in
males exposed to 5% myricitrin. Blood values were within laboratory reference ranges except for mean increases in
basophils in low- and high-dose males and serum phosphorus in high-dose males. In the absence of abnormal clinical or
histopathological changes, these changes are not considered adverse. Based on the 90-day rat toxicity study, the no
observed adverse effect level (NOAEL) is 2926 mg kg ' day ' in males and 3197 mg kg ' day ' in females. Gavage
administration of myricitrin resulted in blood levels of myricitrin within 1 h after single oral doses of 250, 500 or
1000 mg kg™' body weight, indicating direct absorption of the glycosylated form of this flavonoid. Blood levels of
myricetin, a metabolite of myricitrin, were not present in rats dosed orally with 1.6 mg kg™' myricetin, but were present
only at 12 or 24 h in one of five, in three of five, and in four of five rats dosed with 250, 500 and 1000 mg myricitrin kg™
body weight, respectively, possibly a result of hepatic conversion of myricitrin to myricetin and enterohepatic recirculation
of the resulting myricetin. The current studies further support prior safety assessments of myricitrin as a food flavouring.
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Introduction

Myricitrin is the thamnose glycoside of myricetin, a natu-
rally occurring flavonol isolated from the fruit, bark or
leaves of the Chinese bayberry (Myrica rubra Siebold)
and other medicinal plants. As with other polyphenols, it
has a long history of use for its anti-oxidant, free-radical
scavenging, anxiolytic, antinociceptive and anti-inflamma-
tory properties and has been available from the Japanese
market since 1992. The pharmacological properties are
largely based on the inhibition of subtypes of protein
kinase C, p38MAPX signalling, and inhibition of nitric
oxidase synthetase, cyclooxygenase 2, TNF alpha, and
myeloperoxidase activities (Schwanke et al. 2013). In
Japan myricitrin is used as a flavour modifier in snack
food, dairy products and beverages. Myricetin, the agly-
cone of myricitrin, structurally differs from quercetin by
the presence of a hydroxyl group at the 5’ position on the
B ring. The structures of myricitrin, myricetin and quer-
cetin are present in Figure 1.

As a flavonoid,the bioavailability of dietary myricitrin
is expected to occur following hydrolysis with release of
the aglycone (myricetin) in the small intestine (Cook &

Karmazyn 1996; Bravo 1998; Aherne & O’Brien 2002;
Del Rio et al. 2010). Flavonoids and metabolites not
absorbed in the small intestine are then acted on by colo-
nic microflora with cleavage of conjugating moieties and
ring fission of aglycones, absorption of resultant phenolic
acids, phase II hepatic metabolism with enterohepatic
circulation and urinary excretion (Blaut et al. 2003; Del
Rio et al. 2010).

For myricitrin specifically, early studies in rats show
that intestinal microorganisms breakdown myricitrin to
myricetin, 3,4,5-trihydroxyphenylacetic acid and 3,5-dihy-
droxyphenylacetic acid (Smith & Griffiths 1970) with
urinary excretion of ring-fission hydroxyphenylacetic pro-
ducts (Griffiths & Smith 1972). Once absorbed, the liver is
the main site of myricetin metabolism while intestinal wall
and kidney are secondary sites of metabolism (Ong &
Khoo 1997). In a more recent study using intestinal
loops in anaesthetised rats, myricitrin was absorbed by
intestinal epithelial cells as a glycoside, not as the agly-
cone, with release into mesenteric blood as glucuronide or
sulphate conjugates of myricitrin (Matsukawa et al. 2012).
In simulated digestion experiments mimicking the human
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Myricetin

Figure 1. Structural formulas for myricitrin, myricetin and quercetin.

gastrointestinal system, myricitrin is stable at acidic pH
1.8 conditions and is degraded at alkaline pH 8.5, but
without losing its inhibitory effect on induced low-density
lipoprotein oxidation (Yokomizo & Moriwaki 2005).
Myricitrin metabolites produced in vitro by human intest-
inal bacteria are indicative of dehydroxylation to querce-
tin-3-O-rhamnoside and deglycosylation to quercetin and
myricetin (Du et al. 2014).

Myricitrin is affirmed as generally recognised as safe
(GRAS) by the US Flavour and Extract Manufacturer
Association (FEMA; Smith et al. 2009) and is considered
to be of no safety concern based on current estimated
dietary exposures by JECFA (2014). Highly purified com-
mercially available myricitrin contains a small amount of
myricetin, the aglycone of myricitrin. Myricetin and struc-
turally related flavonoids such as quercetin have shown
genotoxicity and DNA damage in several studies
(Hardigree & Epler 1978; MacGregor & Jurd 1978;
Hatcher & Bryan 1985; Sahu & Gray 1993; Hobbs et al.
2015). Previously conducted 3- and 12-month dietary
studies of Chinese bayberry extract in rats were without
toxicity (Yoshino et al. 2001). However, in those studies
the test material was only 29.8% pure and contained
0.44% myricetin. Thus, the actual exposure to myricitrin
may not have been sufficiently high enough to ensure
safety. In anticipation of an expanded market as a flavour-
ing agent, a 90-day rat toxicity study and a single-dose
toxicokinetic (TK) study to define the safety of > 97%
pure myricitrin are reported herein.

Materials and methods
Ninety-day repeated-dose toxicity study

A repeated-dose 90-day oral toxicity study was conducted at
Integrated Laboratory Services (ILS), Inc. (Research
Triangle Park, NC, USA) in male and female Sprague—
Dawley rats following good laboratory practices,
Organisation  for  Economic  Co-operation  and
Development (OECD) Guideline #408, and Eika No. 29

Myricitrin

Quercetin

Table 1. Concentration and uniformity of myricitrin in diet —
batch 1.

Theoretical Actual mean Homogeneity
concentration concentration (coefficient of
(% wiw) (% wiw)* variation (%))*
0.0 None detected -
0.5 0.48 [0.47, 0.47, 0.51] 5.0
1.5 1.38 [1.35, 1.38, 1.40] 1.8
5.0 4.57 [4.28, 4.49, 4.94] 7.4

Note: *Mean/coefficient of variation of three samples.

(Japan Ministry of Health and Welfare). Greater than 97%
pure myricitrin, containing 0.16% myricetin, was obtained
from San-Ei Gen, F.F.L, Inc. (Osaka, Japan) and added to
Purina Certified 5002 meal diet (Ralston Purina Company,
St. Louis, MO, USA) at dose concentrations of 0.5%, 1.5%
and 5.0%. Dose formulations were within acceptable criteria
for both concentration and uniformity (Tables 1 and 2).
Stability of myricitrin in the diet stored between 0 and 30°
C was at least 56 days. Control diet was Purina Certified
5002 meal without added myricitrin. Ten males and 10
females were assigned to each dietary group based on
equivalent body weight following a 7-day acclimatisation
period. Dose levels were selected following a 14-day range-

Table 2. Concentration and uniformity of myricitrin in diet —
batch 2.

Theoretical Actual mean Homogeneity
concentration concentration (coefficient of
(% wiw) (% wiw)? variation (%))*
0.0 None detected -

0.5 0.53 [0.53, 0.53, 0.52] 1.1

1.5 1.48 [1.48, 1.41, 1.56] 5.1

5.0 4.69 [4.70, 4.41, 4.95] 5

Note: *Mean/coefficient of variation of three samples.
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Table 3. Concentration and uniformity of myricitrin and
myricetin in corn oil.

Theoretical Actual mean Homogeneity
concentration concentration (coefficient of
(mg ml™) (% wiw)? variation (%))*
25 26.3 [27.6, 27.0, 24.3] 6.7
50 64.7 [67.8, 66.4, 59.9] 6.5

100 129.7 [141, 131, 117] 9.3
0.16 (Myricetin)  0.158 [0.167, 0.162, 0.145] 7.3

Note: *Mean/coefficient of variation of three samples.

finding study without abnormal clinical observations,
changes in body weights or selected tissue weights.

Toxicokinetic (TK) study

A TK study of myricitrin (> 97% pure as above) was
conducted at ILS in accordance with the USFDA’s Good
Laboratory Practice Regulations (21 CFR Part 58). This
study was designed to satisfy the Testing Guideline No.
417: Toxicokinetics (OECD 2010), specifically time-
course studies; plasma/blood kinetics, as well as all
applicable standard operating procedures of ILS. Twenty
male Sprague—Dawley rats were allocated to one of four
designated dose groups and administered a single oral
dose of one of three dose levels of myricitrin (250, 500
and 1000 mg kg~' body weight) or one dose level of
myricetin (1.6 mg kg~' body weight) in corn oil. The
concentration and uniformity of myricitrin and myricetin
in corn oil was within acceptable limits (Table 3). The top
dose of myricitrin (1000 mg kg™ body weight) was
selected due to the low toxicity and the limit dose as
stipulated in the test guideline (OECD 2010). Because
myricetin, the aglycone of myricitrin, has some demon-
strated genotoxicity, one group of rats was administered
1.6 mg kg ™! myricetin based on the amount of myricetin
present in the highest dose of myricitrin. Blood was
collected prior to and at 1, 3, 6, 12 and 24 h following
dose administration. Plasma was analysed for myricitrin
and myricetin concentrations by Applied Biosystems
API-3000 LC/MS/MS (Applied Biosystems, Grand
Island, NY, USA).

Animal care

Both studies were conducted within the same Association
for Assessment and Accreditation of Laboratory Animal
Care International (AAALAC)-accredited specific patho-
gen-free facility. All procedures were in compliance with
Animal Welfare Act Regulations (9CFR 1-4) and the
Guide for the Care and Use of Laboratory Animals
(ILAR 2011), and with approval of the ILS Institutional
Animal Care and Use Committee.
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Statistical analysis

Group mean and standard deviations (SDs) were calculated
and reported. All data were analysed — final body weight,
body weight gain, food consumption (g kg ' day),
absolute and relative (to body weight) tissue weights,
neurotoxicological endpoints, urinalysis endpoints, and
clinical pathology endpoints — using Statistical Analysis
System version 9.2 (SAS Institute, Cary, NC, USA). First,
studentised residual plots were used to detect possible
outliers in the data. Homogeneity of variance was analysed
using Levene’s test. If the data were heterogeneous, then
appropriate transformations (log, square root, multiplica-
tive inverse) were performed and the data reanalysed for
homogeneity of variance. Data were then analysed using a
one-way analysis of variance (ANOVA) and myricitrin-
exposed groups were compared with the appropriate con-
trol group using Dunnett’s test. Heterogeneous datasets
were analysed using a Dunn’s test to compare exposed
groups with the concurrent control group. Finally, dose-
dependent changes were evaluated using a linear regres-
sion model.

TK parameters were derived using non-compartmental
methods employing a validated installation (validated on
20 September 2013) of Phoenix WinNonlin® version 6.3
(Pharsight Corporation, St. Louis, MO, USA). Area under
the curve (AUC) values for myricitrin concentration of
each animal were determined and the resulting values
were compared among groups via appropriate #-tests.

Results
Ninety-day repeated-dose study

All rats survived to the scheduled termination at
90-93 days without any clinical evidence of moribundity.
There were no myricitrin-related clinical abnormalities
during the study. Group mean initial and final body
weights as well as body weight gain are presented in
Table 4. While there were no statistically significant

Table 4. Body weight changes in the 90-day study.

Dose Initial mean Final mean Mean body
level body weight  body weight  weight gain
%)  Sex  (9=SD*  (9£SD*  (z)=SD
0.0 Male 181.5+8.7 454.5+333 273.1 +£284
0.5 Male 180.6 £ 7.7 4418 £32.0 261.2+278
1.5 Male 181.0 £8.3  441.7+24.0 260.7+17.3
5.0 Male 181.5+82 4257 +19.7 2443 +19.8*

0.0 Female 1442 +7.6  2589+19.7 1147 +15.6
0.5 Female 143.1+74 2564 +15.7 1133 +14.0
1.5 Female 1425+6.6  262.6 +13.1 120.1 +11.4
5.0 Female 142.2+6.3 263.6 £ 135 1214=+124

Notes: *Calculated from individual animal data.
*Dunnett’s test, p = 0.0277 compared with the carrier diet alone.
SD, standard deviation.
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Table 5. Feed and test article consumption.

Mean feed Mean myricitrin
Dose consumption (g kg™ consumption (mg kg™’
level body weight day ') body weight day ")
(%) Sex + SD* + SD*
0.0 Male 60.1 £ 2.1 n.a.
0.5 Male 604 +£2.0 306.2 = 10.3
1.5 Male 63.7 £ 4.3* 913.6 = 61.1
5.0 Male 63.1 £2.4% 2926.1 + 110.5
0.0 Female 66.9 + 3.3 n.a.
0.5 Female 67.5+3.7 342.0 = 18.8
1.5  Female 684 £ 1.5 980.8 £ 21.7
5.0 Female 69.0 + 4.6 3196.9 £ 214.2

Notes: *Calculated from individual animal data.

*Statistically significant increase compared with the carrier diet alone
(Dunn’s test, p < 0.05).

SD, standard deviation; n.a., not applicable.

changes in final body weight, there was a 10.5% reduced
body weight gain in males in the 5.0% dose group. There
were no changes in feed consumption in females exposed
to muyricitrin compared with concurrent controls. There
was a significant increase in food consumed by male rats
exposed to 1.5% and 5.0% myricitrin compared with
concurrent controls with a significant dose-dependent
trend (Table 5).

Prior to dosed-diet exposure, ocular examinations
found six male and four female rats with mild corneal
crystals. Examination of control and high-dose group ani-
mals within 1 week of study termination found mild
corneal crystals in three male and two female rats in the
control group and in five male and four female rats in the
high-dose group. No other abnormalities were observed.
Corneal crystals are a common finding in Sprague—
Dawley rats and were not considered to have a causal
relationship with myricitrin exposure. With respect to
neurotoxicity screening, the functional operation battery
evaluation and automated motor activity assessments of
animals showed no significant changes in myricitrin-
exposed animals compared with concurrent controls
(data not shown). There were no effects on oestrous cycli-
city in treated versus control females during 5 consecutive
days immediately preceding termination (data not shown).
There were no significant changes in urinalysis parameters
in male or female rats exposed to myricitrin compared
with concurrent controls.

Minor gross observations were seen in one control,
one 0.5% and three 5.0% females. These were subse-
quently identified histologically as minimal non-adverse
lymphoid enlargements representing Peyer’s patches in the
intestines.

The majority of tissues examined showed no changes
in their absolute and relative weights (relative to body
weight) when compared with concurrent controls.
Tissues with no changes in either gender compared with

those of the concurrent control group included: adrenals,
brain, lungs, salivary glands, thymus, epididymides, pros-
tate, seminal vesicles, testes, ovaries and uterus with
Cervix.

Significant decreases in absolute, but not relative, male
liver (88% of control) and thyroid (81% of control)
weights were observed in male rats exposed to 5.0%
myricitrin  compared with the carrier diet alone
(Figure 2). Absolute pituitary weights were significantly
decreased in male rats exposed to 0.5% or 5.0% (86% and
89% of control, respectively) myricitrin compared with
animals given carrier diet alone; however, no differences
in pituitary weights relative to body weight were observed
(Figure 2). There was a corresponding significant decreas-
ing dose-dependent trend in male pituitary weights.
Absolute and relative spleen (90% and 89% of control,
respectively), relative heart (92% of control), and relative
kidney (93% of control) weights were significantly
decreased in female rats exposed to 5.0% myricitrin com-
pared with the concurrent control animals (Figure 3).

Administration of myricitrin in feed to male and
female Sprague-Dawley rats for 90-93 days was not
associated with any definitive microscopic findings attri-
butable to myricitrin exposure based on examination of
high-dose and control groups. Histopathological findings,
all of which are commonly observed spontaneous changes
in 90-day rat studies, are presented in Table 6.

Mean haematological values for males are presented in
Table 7. A statistically significant increase was measured
in mean corpuscular volume (MCV) in male rats exposed
to 5.0% myricitrin (103% of control) as compared with the
concurrent controls. The MCV changes were all within the
performing laboratory reference ranges. Statistically sig-
nificant increases in basophils were present in male rats
exposed to 0.5% or 5.0% myricitrin (143% and 146% of
controls, respectively). Mean haematological values for
females are presented in Table 8. Segmented neutrophils
(70% of control) and monocytes (73% of control) were
significantly decreased in female rats administered 5.0%
myricitrin. Female rat lymphocyte levels exhibited a sta-
tistically significant increasing dose-dependent trend with-
out significant changes in any dose group compared with
the concurrent control. Segmented neutrophil and mono-
cyte values fell within the reference ranges of the perform-
ing laboratory.

Clinical chemistry analyte mean values for males are
presented in Table 9. The level of phosphorous (113% of
control) was statistically significantly increased; and urea
nitrogen (85% of control), cholesterol (80% of control),
triglycerides (64% of control) and globulin (88% of con-
trol) were significantly decreased in male rats exposed to
5.0% myricitrin compared with concurrent controls.
Potassium levels were significantly increased (119% of
control) in male rats exposed to 1.5% myricitrin.
Creatinine levels were significantly decreased in males
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Figure 2. Absolute and relative weights of (A) liver, (B) pituitary and (C) thyroid from male Sprague—Dawley rats at the end of the 90-
day study. Relative weights are relative to body weight. Bars represent the mean + standard deviation (SD) of 9-10 rats/group.
Statistically significant decrease compared with carrier diet alone. Dunnett’s test, p < 0.05.
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Figure 3.  Absolute and relative weights of (A) heart, (B) kidney and (C) spleen from female Sprague—Dawley rats at the end of the 90-
day study. Relative weights are relative to body weight. Bars represent the mean + standard deviation (SD) of 9-10 rats/group.
Statistically significant decrease compared with carrier diet alone. Dunnett’s test, p < 0.05.
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Table 6. Histopathological findings in Sprague—Dawley rats in

the 90-day study.

Males Females
Dose level 0% 5% 0% 5%
Adrenal glands
Focal cortical hypertrophy 1/10  0/10 0/10 0/10
Cortical vacuolation (1+) 0/10 2/10 1/10 0/10
Kidneys
CPN (1+) 8/10 9/10 6/9 7/10
CPN (2+) 2/10 0/10  0/9 0/10
Hyaline droplets (1+) 6/10 7/10  3/9 3/10
Hyaline droplets (2+) 2/10 0/10  0/9 0/10
Liver
Mixed cellular infiltrate (1+) 3/10 4/10 4/10 5/10
Bile duct hyperplasia, focal 0/10 0/10 0/10 1/10
Lungs
Lymphocytic infiltrate (1+) 1/10  0/10 0/10 0/10
Subacute pleural inflammation (1+) 1/10 0/10 0/10 0/10
Alveolar histiocytosis (1+) 0/10 0/10 1/10 0/10
Lymph node (mandibular)
Hyperplasia (1+) 0/10  1/9 0/10  0/8
Mammary gland
Adenoma 0/10 0/10 1/9 0/10
Fibroadenoma 0/10 0/10 1/9 0/10
Skeletal muscle
Mixed cellular infiltrate (1+) 0/10 0/10 2/9 0/10
Chronic inflammation (3+) 0/10 0/10 1/9 0/10
Ovaries
Multiple cysts - - 0/10 1/10
Pancreas
Acinar atrophy (1+) 1/10  3/10 0/10 0/10
Acinar atrophy (2+) 0/10 0/10 1/10 0/10
Cellular infiltrate in islets (1+) 1/10 0/10 0/10 0/10
Ectopic spleen 0/10 0/10 2/10 0/10
Pituitary gland
Cyst /1 0/10 1/10 0/10
Pars distalis hyperplasia (1+) 0/10 1/10 0/10 0/10
Prostate
Lymphocytic infiltrate (1+) 2/10  0/10 - -
Mineralisation (1+) 2/10  0/10 - -
Thyroid gland
C-cell hyperplasia (1+) 0/1 1/10 0/10 0/10
Ultimobranchial cyst 1/10 1/10 0/10 1/10
Uterus
Dilation (1+) - - 0/1 1/10
Dilation (2+) - - 1/10  1/10
Endometrial haemorrhage (1+) - - 1/10 0/10
Cystic endometrial hyperplasia (1+)  — - 3/10 4/10
Zymbal's gland
Cysts 0/1 0/10 1/10 0/10

Notes: CPN, chronic progressive nephropathy

Severity grade: (1+) = minimal, (2+) = mild and (3+) = moderate.

exposed to 1.5% and 5.0% (90% and 87% of control,
respectively) myricitrin compared with the concurrent
controls. A statistically positive dose-dependent decrease

Table 7. Haematological data from control and myricitrin-exposed male Sprague-Dawley rats at the end of the 90-day study.

HGB (GM dI'") MCV (FL) MCH (PICO GM)
(2) = SD + SD HCT (%) + SD +SD + SD MCHC (%) + SD

RBC (1 000 000 pl™")

WBC (1000 pI™)
+£SD

Dose level
and N

372 +04
36.8 £0.6

36.4 +0.3

19.2 £ 0.6
19.5+0.2
193+ 0.4
19.5+0.3

5242
53+1

46.1 £ 1.6

17.1 £ 0.5
174 £ 1.1

8.92 +£0.13

13.1+25
146 +1.5

10
10
10
10

0.0% N
0.5% N

472 +32

8.93 +£0.49
9.11 £ 0.57
9.09 + 0.50

53+1

483 +3.4
48.6 £2.4

176 £1.2
17.7 £ 0.9

132+33
136 £1.9

1.5% N
5.0% N

36.5+0.4

53+1

0.0110

*pz

Lymphocytes Monocytes Eosinophils Basophils Segmented neutrophils
(1000 pI™"y + SD (1000 pI™"y + SD (1000 pI™") + SD

Platelets
(1000 pI'") + SD

(1000 pl™"y + SD

(1000 pI™"y + SD

MPV (FL) + SD

2.23 £0.97
2.29 +0.62

0.22 + 0.06
0.32 + 0.06
p=0.0472

0.23 +£0.03
0.22 £ 0.06

1.78 £ 0.45
2.12 £0.32

8.61 +1.85
9.63 + 1.06

763 + 116
771 £ 78

6.6 0.2
6.7+0.2

10
10

0.0% N
0.5% N

1.96 +0.52
2.03 £0.71

030 £0.12
0.32 £0.09

0.19 £0.10
0.20 £ 0.06

1.89 £0.38

8.83 £2.44
9.03 £1.43

759 + 53

6.6 0.2
6.6 £0.1

10
10

1.5% N
5.0% N

1.98 £ 0.54

768 + 105

0.0330

*p:

Notes: N, number of individual animals samples analysed.

Dunnett’s test. WBC, white blood cell; RBC, red blood cell; HGB, haemoglobin; HCT, haematocrit; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration;

MPV, mean platelet volume.

*p =
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in bile acids was noted; however, there were no significant
pairwise comparisons between myricitrin-exposed animals
and concurrent controls. All the above statistically signifi-
cant clinical chemistry levels were within the reference
ranges of the performing laboratory, except for the
increased phosphorous levels that fell slightly outside the
reference range.

Female rat clinical chemistry analytes are presented in
Table 10. Calcium levels were significantly elevated at all
dose levels (11.8% in females exposed to 5.0% myricitrin)
with an increasing dose-dependent trend. ALT was signif-
icantly increased (135% of control) in female rats exposed
to 0.5% myricitrin compared with the concurrent controls.
Urea nitrogen was significantly decreased (83% of con-
trol) in female rats administered 5.0% myricitrin while
creatinine was significantly decreased in female rats admi-
nistered 1.5% and 5.0% myricitrin (88% and 85% of
control, respectively). All the above significantly affected
clinical chemistry levels were within the reference ranges
of the performing laboratory.

Coagulation test data and thyroid hormone levels are
presented in Table 11 for both sexes. Prothrombin and
APTTs did not differ among groups and were within the
testing laboratory reference range for this age of rats.
Serum T4 levels were statistically significantly increased
(124% of control) at 1.5% myricitrin administration in
male rats with a significant dose-dependent increase. The
serum T4 level was significantly increased (121% of con-
trol) in female rats exposed to 0.5% myricitrin. All serum
T4 values for male and female rats were within the per-
forming laboratory reference range.

Toxicokinetic (TK) study

Using jugular implants, blood was collected from five rats
in each dose group at 0 (pre-dose), 1, 3, 6, 12 and 24 h
following gavage administration of myricitrin or myricetin
in corn oil. The 1.6 mg kg ' body weight of myricetin was

Food Additives & Contaminants: Part A 9

Table 12. Toxicokinetic parameters of myricitrin concentrations.

Test Dose level Median Mean C,,,x Mean AUC
article (mgkg") T () (gml™)  (h*ng ml")
Myricitrin 250 3 349 307
Myricitrin 500 6 54.5 471
Myricitrin 1000 6 114 1150

based on the amount of myricetin present in the highest
dose of myricitrin (1000 mg kg™ "). All animals survived to
termination without signs of moribundity, abnormal clin-
ical signs or abnormal body weight changes. Myricitrin
TK parameters are presented in Table 12. Median T,.x
was at 3 h for rats dosed with 250 mg kg™' myricitrin and
6 h for rats dosed with 500 or 1000 mg kg™ myricitrin.
Mean Cp,.x and AUC,, values increased approximately
proportionally to dose level.

Administration of myricitrin resulted in quantifiable
concentrations of myricetin in the blood. Myricetin plasma
concentrations were observed in rats administered
250 mg kg (1/5 rats), 500 mg kg ' (3/5 rats), and
1000 mg kg ' (4/5 rats) myricitrin only at 12 and/or 24 h
post-dose. Myricetin concentration data generated from
animals administered myricitrin were not analysed for TK
parameters as there were not enough quantifiable concen-
trations over the 24-h collection period to provide mean-
ingful results. Both myricitrin and myricetin were below the
LOQ in rats administered 1.6 mg of myricetin kg™' body
weight, a dose equivalent to the concentration of myricetin
present in the top myricitrin dose of 1000 mg kg

Discussion
Ninety-day repeated-dose study

The 90-day repeated-dose toxicity study was undertaken
because of significant increases in the purity of myricitrin

Table 11. Coagulation tests and serum thyroid hormone analytes from Sprague—Dawley rats at the end of the 90-day study.

Dose level APTT (s) Total T; Total T4 Total TSH
(%) Sex PT (s) = SD (g) = SD (ng dI'") = SD (ug dI™") = SD (ng mI™") = SD
0.0 Male 17.0 £ 1.2 359+6.5 102 = 17 4.0+0.5 5+2
0.5 Male 176 £ 1.3 36.6 £ 4.5 103 £ 20 4.2 +0.7 4+3
1.5 Male 171+ 1.7 38.4 +10.7 112 + 17 4.9 + 0.6 5+3
*p=10.0102
5.0 Male 16.6 £ 1.2 31.7+4.6 110 £ 17 4.7 +0.9 4+2
0.0 Female 180+ 1.4 30.1 £6.7 127 £ 25 4.0 +£0.7 3+1
0.5 Female 179 £ 1.3 31.7+5.5 149 £ 15 4.8 +£0.7 3+1
*p = 0.0409
1.5 Female 183+ 1.0 30.1 £5.3 141 £ 28 44 +0.6 3+1
5.0 Female 17.8 £ 0.8 32.7+89 146 + 32 4.5+0.9 3+1

Note: N = Number of individual animals samples analysed. *p = Dunnett’s test. PT, Prothrombin; APTT, activated partial thromboplastin time; Ts,

triiodothyronine; TSH, thyroid stimulating hormone.
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as compared with the myricitrin used in a previous 90-day
and 52-week dietary study (Yoshino et al. 2001). The
myricitrin used in the Yoshino study was 28.8% pure
and contained 0.44% myricetin, the aglycone of myrici-
trin. The myricitrin used in the present 90-day study was
97% pure and contained 0.16% myricetin.

The statistically significant reduced body weight gain
and non-statistical decreased final body weight in males
consuming the 5% myricitrin diet considered in light of a
statistically significant increased food consumption in the
mid- and high-dose males suggests a decreased efficiency
of feed utilisation. All other clinical observations remained
normal throughout the study and ophthalmological and
histopathological changes were within normal background
levels for the age and strain of rats in the study. In the light
of no treatment-related histopathological changes in any
organ, the reduced body weight gain in the high-dose
males is judged as not adverse.

There were several decreases in tissue organ weights
primarily including liver, thyroid and pituitary in 5.0%
group males and spleen, heart and kidneys in 5.0%
group females. In general these reductions were minor
and none was accompanied by histopathological changes
or altered relevant clinical chemistry analytes. The
decreased organ weights may be related to reduced caloric
intake or nutrient displacement by the high level of dietary
myricitrin. The majority of measured haematological and
serum study parameters did not differ significantly
between myricitrin-exposed rats and concurrent controls;
and when statistically significant, were within reference
values of the performing laboratory. The exceptions were
an increase in basophils in the WBC differential cell count
for 0.5% and 5.0% group males and serum phosphorus in
the 5.0% male group. There is no apparent explanation for
the elevated basophil count that was dose independent,
and the serum phosphorus level was marginally significant
and only slightly outside the control reference value of the
performing laboratory. Furthermore, these two changes are
not related, are relatively minor and are not consistent
across both genders. Consequently, the differential baso-
phil cell count and the slightly increased serum phos-
phorus level are not regarded as adverse.

Toxicokinetic (TK) study

Following gavage administration of 250 mg kg™ and
greater myricitrin in corn oil, blood levels of myricitrin
without deglycosylation were detected within 1 h in all
rats. This was an unexpected finding. In published
accounts of myricitrin metabolism, as well as metabolism
of structurally related flavonoids, blood levels are typically
glucuronide and/or sulphate conjugates of the flavonoid
aglycone. There are a couple of notable exceptions, how-
ever. Using ligated intestinal loops in anaesthetised rats,
absorption of myricitrin as the glycoside, not the aglycone,

was demonstrated via transcellular transport (Matsukawa
et al. 2012). In contrast to our findings, Matsukawa and
co-workers identified myricitrin glucuronide or sulphate in
mesenteric blood and not unconjugated myricitrin glyco-
side. They propose that myricitrin glycoside was taken up
by the glucose transporter, GLUT2, with transfer to the
epithelial apical brush border and incorporation into the
epithelium by endocytosis. There is some experimental
evidence for direct glycoside absorption with a related
flavonoid glycoside, quercetin, employing chambers with
rat intestinal mucosa (Wolffram et al. 2002). In addition,
using ligated jejunal and ileal intestinal loops, the highly
soluble quercetin glycoside, alpha-G-rutin, resulted in
appearance of intact glycoside as well as quercetin and
conjugated quercetin in mesenteric blood (Matsumoto
et al. 2007). We believe that the blood levels of myricitrin
in our study reflect direct absorption in the small intestine
without deglycosylation, similar to what has been shown
with quercetin glycoside (Wolffram et al. 2002;
Matsumoto et al. 2007), and that this response is, in part,
a consequence of using > 97% pure myricitrin in this
study. Concomitant circulating conjugated forms of myr-
icitrin may have also been present following metabolism
in the liver. However, these were not measured in the
present study. Any of the dosed myricitrin that may have
reached the large intestine would most probably have
undergone glycosidic cleavage by anaerobic bacteria
yielding the ring-fission products 3-hydroxyphenylacetic
acid and 3,5-dihydroxyphenylacetic acid (Smith &
Griffiths 1970; Griffiths & Smith 1972).

Myricetin is the active form of myricitrin and has
some genotoxic activity (Hardigree & Epler 1978;
MacGregor & Jurd 1978; Hatcher & Bryan 1985; Sahu
& Gray 1993; Hobbs et al. 2015). Quantifiable blood
levels of myricetin were observed in 1/5, 3/5 and 4/5
rats dosed with 250, 500 and 1000 mg kg ' of myricitrin,
respectively. A group of rats was dosed with 1.6 mg kg™
myricetin based on the amount of myricetin present in the
highest dose (1000 mg kg ") of myricitrin. Since blood
levels of myricitrin and myricetin were below the LOQ at
all times tested, we believe that this small amount of
administered myricetin was either broken down in the
gastrointestinal tract or rapidly conjugated and metabo-
lised. The fact that myricetin was detected in blood of
some rats at 12 and/or 24 h post-dosing with myricitrin is
likely a consequence of hepatic conversion of myricitrin to
myricetin and perhaps enterohepatic recirculation of the
resulting myricetin.

Conclusions

Administration of > 97% pure myricitrin resulted in quanti-
fiable blood concentrations of myricitrin within 1 h follow-
ing oral administration indicating direct absorption of the
glycosylated form of this flavonoid. Blood levels of
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myricetin were below the LOQ in rats dosed orally with
1.6 mg kg ' myricetin, but were present in 20-80% of rats,
increasing with dose level, dosed with myricitrin. The
FEMA GRAS status and positive JECFA safety opinion of
myricitrin attest to its safety at current use levels. The pre-
sent 90-day rat toxicity study using > 97% pure myricitrin
further supports the safety of myricitrin as a food flavouring.
Based on the 90-day rat toxicity study, the no observed
adverse effect level (NOAEL) is 2926 mg kg ' day ' in
males and 3197 mg kg ' day ' in females.
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