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Abstract

Mulberry extract from Fructus Mori contains an anthocyanin pigment and has been widely used as a food additive in China and
other Eastern Asian countries. Only few research has been done on toxicological profiling of mulberry extract for its safety
evaluation; however, the data is inconclusive. In the current study, mulberry extract of 4200, 1400, or 466 mg/kg were orally
administrated to Sprague Dawley rats for 90 consecutive days followed by a recovery period of 28 days. No abnormalities were
detected in body weights, food intake, ophthalmological, hematological, coagulation, clinical chemistry, and organ weights
parameters. Discoloration of urine (red, purple, and brown) and feces (black), along with bedding material (purple) were
observed in the 4200 mg/kg group. Further, microscopic examination revealed brown granules in the renal tubular cells for rats
in 4200 and 1400 mg/kg groups. Since these changes were associated with excretory effect of the extract, the No Observed
Adverse Effect Level was determined to be 4200 mg/kg, which was equivalent to the 1058.5 mg/kg of anthocyanin.
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, , Introduction
What do we already know about this topic?

Mulberry plant (Morus alba L.) grows in Eastern Asian

Mulberry extract is widely used food additive; countries like Korea and China. For centuries, this plant is

however, current data is insufficient for its toxico-

logical evaluation.

How does your research contribute to the field?

Our data of sub-chronic toxicity study shows po-
tential abnormalities in renal tubular cells and NOAEL
of mulberry extract at a dose of 4200 mg/kg (or an-
thocyanin of 1058.5 mg/kg).

What are your research’s implications towards
theory, practice, or policy?

The sub-chronic toxicity and NOAEL obtained in
this investigation for mulberry extract are pivotal to its
risk assessment, based on the FDA Guidance for In-
dustry (FDA-2020-D-1936).

regarded as a traditional medicine for treating diseases such as
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inflammation, cancer, and diabetes.’ Mulberry extract or so-
called mulberry red is extracted from mulberry fruit or leaves
and has been widely used as a food additive to improve flavor
in fruit cake, jelly, fruit wine, juice, and beverage. According
to the China National Standards (GB 2760-2014: National
Food Safety for Standards for Food Additives), addition of
mulberry red should be less than 5.0 g/kg of total weight. The
main constituents of mulberry extract pigments contains
anthocyanins,” which are cyanidin-3-O-rutinoside (C3R) and
cyanidin-3-O-glucoside (C3G), accounting 50% and 40% of
total anthocyanin, respectively.’®

The pharmacological effect of mulberry extract and its
components are explored in the recent years. Total mulberry
extract alleviates lipid peroxides by increasing activities of
superoxide dismutase and glutathione in the liver and reduces
pro-inflammatory cytokines such as tumor necrosis factor-a
and interleukin-6* in hypertension and type 2 diabetes
mellitus.” Anthocyanins, which is the main active ingredients
of mulberry extracts, demonstrate several biological activi-
ties, such as antioxidant, anti-inflammatory, and anti-
cancer.”® The C3G, a major component of anthocyanins,
possess in-vitro oxygen radical absorbance capacity, while
demonstrating in-vivo protection effect against oxidative
stress-induced hepatic ischemia-reperfusion via nuclear
factor kappa B inhibition in mitogen activated protein kinase
pathways.”'' Likewise, C3R, the other most abundant
component, showed protective effects against protein gly-
cation and oxidation,'” in methylglyoxal-induced vascular
dysfunction in rat aorta and mesenteric arterial bed,'* as well
as in the intestinal lipid digestion and absorption.'*

Though mulberry extracts as a food additive have potential
pharmacological effect and the various applications, its safety
assessment has not been addressed sufficiently. In the year of
2018, Li et.al. have reported good safety profile in acute,
subacute, and genotoxicity studies of mulberry extract.
Whereas the No Observed Adverse Effect level NOAEL) has
been defined as 7.5 g/kg at the 30-day fed subacute toxicity
study.'” However, acute or subacute toxicity studies are in-
sufficient to assess the safety profiles of mulberry extracts as food
additive due to its widespread and long-term use. According to the
Chinese National Standard (2014) GB2760-2014, the proportion
of mulberry red should be less than 5.0 g/kg total diet weight,
which is classified as Concern Levels High (IIT) chemical ac-
cording to the Food and Drug Administration (FDA)
Guidance for Industry: Summary Table of Recommended
Toxicological Testing for Additives Used in Food (Docket
Number: FDA-2020-D-1936, issued in June 2006). Ac-
cordingly, a package of comprehensive toxicological
studies, including genetic toxicity, short-term toxicity, sub-
chronic toxicity, chronic toxicity carcinogenicity, reproduc-
tion, and developmental toxicity studies, are recommended to
performed in Good laboratory practice (GLP) conditions.

To fill the gap in the knowledge, a sub-chronic toxicity
study was performed for toxicity profiling of mulberry red.
The study was performed in accordance with FDA Redbook

2000: IV.C.4.a. Sub-chronic Toxicity Studies with Rodents
(issued on November 2003) and Organization for Economic
Co-operation and Development (OECD): Repeated Dose 90-
Day Oral Toxicity Study in Rodents TG 408), a 3-months
toxicity study of mulberry extract in rats has been performed
in compliance with the FDA GLP regulations (FDA 21 CFR
Part 58) and OECD Principles of Good Laboratory Practice.
In this study, the mulberry extract was firstly characterized
according to applicable requirements, then be orally ad-
ministered to SD rats by gavage at dose levels of 0, 466, 1400,
and 4200 mg/kg/day for 90 consecutive days, followed by
28 days of recovery period. Therefore, the study aims to
determine the potential toxicity and NOAEL to understand
the risk assessment of mulberry extracts.

Methods

Chemicals

The test article used in this study was extracted from mulberry
fruit. The extraction was performed by Huzhou Biological
Technology Co., Ltd (Huzhou, Zhejiang, China) using the
method described elsewhere.'® Briefly, the extraction solution
was filtered using a filter membrane, concentrated, and then dried
to obtain mulberry extract powder (Batch No.190328). The
extract powder was characterized according to the Chinese Food
Safety Standard for Food Additives (Standard No. GB-1886.345)
and Korea Food Additives Code 2019 (INS No. 163). The overall
content, their description, mesh size, ash content, loss on drying,
purity (arsenic and lead), and microbial analysis (yeast and mold,
E.coli, and Salmonella) were included in the certificate.

The doses were calculated based on the weekly body
weight of animals. Whereas, for each dose, the test article was
dissolved in ultrapure water and temporarily stored at room
temperature until the administration of extract within 4 hours
before dosing of preparation.

Animal and Housing Condition

Sprague Dawley (SD) rats, aged 4-5 weeks, were purchased
from Beijing Vital River Laboratory Animal Technology
Co. Ltd. The animals were housed ad-libitum (5 rats/cage) at
20°C-26°C, relative humidity of 40%—70%, and 12 h/day of light
period, with air exchange at least 15 times per hour. Detailed
examination of all animals was conducted once daily during 6-
day’s acclimatization period by a staff veterinarian.

Sub-Chronic Toxicity Design

The sub-chronic toxicity of mulberry extract was evaluated in
compliance with US FDA 21 CFR Part 58, Good Laboratory
practice for non-clinical studies, and the OECD series on
principles of Good Laboratory Practice and Compliance
Monitoring No.l: OECD Principle of Good laboratory
Practice. The execution and interpretation of the study was
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done by the qualified study director quality control inspec-
tors, pathologist, and contributed scientist.

In our laboratory, mulberry extract had a maximal solu-
bility of 210 mg/mL in water. However, at concentration
more than 210 mg/mL, it appeared as a suspension or paste.
The highest orally administration volume for rats was 20 mL/kg;
therefore, 4200 mg/kg was selected for the high dose group,
whereas 1400 mg/kg and 466 mg/kg were set as the middle and
low dose group, respectively. Totally, 104 SD rats aged 45 week
with body weights ranging from 68-87 g were included in the
study. Rats were then randomly divided into 4 groups: vehicle
control group (deionized water), low dose group, middle dose
group, and high dose group. All animals were orally ad-
ministrated with either deionized water or the test article for
90 consecutive days, where ten male and ten female rats in
each group were sacrificed at the end of dosing period. For
the vehicle control and high dose group, additional 6 males
and 6 females were sacrificed after 28-day’s recovery.

Animals were observed daily for altered symptoms in
clinical, behavioral activities, glandular secretion, respiration,
and other parameters. Whereas the body weights and food
consumption were measured at least once a week. Ophthal-
mologic examination of conjunctiva, cornea, iris, and lens
was performed at pre-treatment, end of dosing period, and
end of recovery period by using YZ25C ophthalmoscopy
(66 Vision Tech Co., Ltd, Suzhou, Jiangsu, China) and
KJ5S1 slit lamp (66 Vision Tech Co., Ltd, Suzhou, Jiangsu,
China). Tropicamide eye drop (Santen Pharmaceutical Co.,
Ltd Shiga Plant, Japan) was used as a mydriatics for the
ophthalmological examination.

Hematology, Coagulation, and Clinical Chemistry

Rats were fasted overnight but had free access to water before
the necropsy. Animals were anesthetized by 30 mg/kg pen-
tobarbital sodium, and then blood samples were collected into
Ethylene Diamine Tetraacetic Acid (EDTA)-K, anticoagulant
tubes from the abdominal aorta for hematological exami-
nation using an automatic blood analyzer (ADVIA 2120i,
Bayer, Germany). Additional blood sample was collected into
trisodium citrate anticoagulant tubes for coagulation profile
by using an automated coagulometer (CA-1500, Sysmex, Ger-
many). Following parameters were studied: white blood cell
count (WBC), red blood cell (RBC), hemoglobin concentration
(HGB), hematocrit (HCT), platelet count (PLT), mean corpus-
cular hemoglobin (MCH), mean corpuscular volume (MCV),
mean corpuscular hemoglobin concentration (MCHC), platelet
distribution width (relative number) (PDW), platelet packed
volume (relative number) (PCT), red blood cell volume distri-
bution width (RDW), mean platelet volume (MPV), red blood
cell hemoglobin distribution width (absolute number, HDW),
basophils% (BAS%), eosinophil (EOS%), lymphocyte%
(LYMP%), monocytes% (MONO%), neutrophil% (NEU%),
large unidentified cells% (LUC%), prothrombin time (PT), and
activated partial thromboplastin time (APTT).

To prepare serum samples, non-heparinized blood samples
were allowed to coagulate for 30 minutes and then centri-
fuged for 10 minutes. Thereafter, the sera were measured
using an automatic biochemical analyzer (7180, Hitachi,
Japan) for the following parameters: alanine aminotransferase
(ALT), aspartate aminotransferase (AST), glutamyl trans-
peptidase (GGT), alkaline phosphatase (ALP), total choles-
terol (CHO), triglyceride (TG), urea nitrogen (BUN), glucose
(Glu), albumin (ALB), globulin (GLO), creatinine (CREA),
albumin (ALB), creatine phosphate kinase (CPK), calcium
(Ca), and total protein (TP), chloride (C17), sodium (Na"),
and potassium (K).

Urinalysis

At the end of dosing and recovery period, overnight urine
samples were collected over approximately a 20-h period
using stainless-steel metabolism cages. The urine samples
were analyzed by an automated analyzer (Uritest-500B Urine
Analyzer, Inc, Kyoto, Japan) or microscope (Olympus, Ja-
pan) for the following parameters: color, turbidity, urine
sediment, specific gravity, pH, WBC, nitrite, vitamin C,
protein, glucose, ketones, urobilinogen, and bilirubin.

Pathology Examinations

At necropsy days, animals were anesthetized by 30 mg/kg
pentobarbital sodium and then sacrificed by exsanguination
from the abdominal aorta. At first, gross necropsy was per-
formed for all organs including external surfaces, orifices,
thoracic, and abdominal cavities. Secondly, brain, thymus,
heart, livers, spleen, kidneys, adrenal gland, uterus, ovaries,
testes, and epididymides were collected for the organ weight
and relative weights calculation. Lastly, the following organs
and tissues were preserved in 10% neutral buffered formalin
for histopathological examinations: adrenals, brain (repre-
sentative regions including cerebrum, cerebellum, and me-
dulla), colon, duodenum, epididymides, heart, jejunum,
ileum, lung (with main-stem bronchi), liver, spleen, kidneys,
mesenteric lymph node, ovaries, pancreas, pituitary, prostate,
rectum, stomach, testes, thymus, thyroid, urinary bladder,
uterus with cervix, and tissues with any gross lesions. Fol-
lowing at least 7 days of fixation, the organs were subjected to
paraffin embedding, sectioning, hematoxylin—eosin staining,
and histopathological examination.

Statistical Analysis

The statistical analyses were conducted by using SPSS sta-
tistic 21.0. The body weights, food intake, hematological,
coagulation, clinical chemistry, and organ weight parameters
were analyzed using a one-way analysis of variance (ANOVA)
followed by Dunnett T test for pairwise comparison. P-value
of less than .05 (P < .05) was considered statistically
significant.



INQUIRY

Results

Characterization of Mulberry Extracts

The final product of mulberry extract powder had purple black
appearance. The anthocyanin was characterized as 25.2% of
the total extracts weight (Table 1). The results of ash content,
loss of drying, arsenic, and lead were within the applicable
requirements of the Korea and/or Chinese Standards. More-
over, testing items that did not have either standard such as
mesh size, total heavy metals, total plate counts, yeast and
mold, E.coli, as well as Salmonella were tested according to the
internal standards of the laboratory, all obtained results were
acceptable and included in the certificate.

Clinical Observations

Discolored urine (red, purple, and brown), feces (black), and cage
bedding (purple) were observed in the high dose group. Other
findings such as hair loss and occasional transient salivation was
also observed after dosing but were considered as spontaneous or
handling related and not related to the test article. In ophthal-
mological examination, except for one sporadic conjunctiva
congestion noted in the right eye of a male animal of the high
dose group, no test article-related adverse effect was observed.

Body Weights and Food Consumption

No changes in body weight were noted for the test article group
when compared with the concurrent vehicle control group for
both males and females (Figure 1). During the study period,
food consumption in the 4200 mg/kg group was slightly higher
than that in the vehicle control group (P <.05 or P <.01).
Whereas females in the 1400 mg/kg group had a slightly lower
food consumption than those in the 0 mg/kg group (Figure 1).

Table I. Characterization of the Mulberry Extract Powder.

Clinical Pathology (Hematology, Coagulation, Clinical
Chemistry, and Urinalysis)

At the end of dosing period, hematological and coagulation
examination showed significant increases of NEU% and PT
in male animals for the low and high dose group, as well the
decreased LYM% in male for the high dose group, as com-
pared with the vehicle control group. Meanwhile, increased
BAS% was noted in the female animals of the high dose group.
At the end of recovery period, significant decreases of RBC,
PLT, WBC, LYM, MONO%, BAS%, and PT, but increase of
MCH were noted in males of the high dose group, whereas,
PDW% and PT were increased in females of the high dose
group. However, these changes were regarded of no toxico-
logical significance, as they were minimal, sporadic, no dose
dependent, and within the background value of the test facility
(Supplementary Table 1 and Supplementary Table 2).

For clinical chemistry, compared with the vehicle control
group, significant decrease in ALT was noted in males of the
high dose group at the end of dosing period. While female
animals had significant BUN increase at the end of recovery
period. However, these changes were regarded of no toxico-
logical significance, as they were minimal, sporadic, no dose
dependent, and within the background value of the test facility
(Supplementary Table 3 and Supplementary Table 4).

For the urinalysis, no test article-related changes were
observed either at the end of dosing or recovery period.

Pathological Examination

At necropsy, no changes were observed either at the end of
dosing period or recovery period for any animals upon
macroscopic examination.

Results of organ weights showed no statistical differences
between the test article and the vehicle control group.

Items Results

Chinese GB-1886.345

Korea food additives code 2019

Description Purple black powder

Purple red/purple black powder

Dark red powder
Not applicable
Not applicable
Not applicable
Not applicable

Anthocyanidin® 25.2% Not applicable
Mesh size® 100% pass 80 mesh Not applicable
Ash content 4.0% <5.0%

Loss of drying 4.1% <8.0%

Total heavy metal® <20 ppm Not applicable
As <1.0 ppm <1.0 ppm

Pb <2.0 ppm <2.0 ppm

Total plate count” <10 000 cfu/gm
Yeast and mold® <1000 cfu/gm
E.coli® Negative
Salmonella® Negative

Not applicable
Not applicable
Not applicable
Not applicable

Not applicable
<4.0 ppm
<10.0 ppm
Not applicable
Not applicable
Not applicable
Not applicable

Characterization was performed according to the method described in Chinese Food Safety Standard for Food Additives (Standard No. GB-1886.345) and

Korea Food Additives Code 2019 (INS No. 163).

*Method was described in the standards but without any acceptance criteria.

®Internal standard made by the laboratory but not included in either of the national standard.
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Figure |. Effect of mulberry extract on the body weights and food intakes. Body weights were measured twice weekly; food consumptions
were measured. Data was presented as MeattStandard deviations and analyzed using a one-way ANOVA followed by Dunnett T test for
pairwise comparison. *P < .05, ** P < .0] when compared with the vehicle control group.

However, a slight increase of liver weight in males and a
decrease of ovary weight in females were noted for the high
dose group (Supplementary Table 5).

Microscopically, mild to moderate renal tubular pigmenta-
tion was noted in all animals in the high dose group at the end
of the dosing period. Minimal renal tubular pigmentation was
also noted in four female animals of the middle dose group.
As shown in the Figure 2, renal tubular cell of high dose
group animals had lots of densely distributed brown granules
(Figures 2(B) and 2(D)), while there were no brown granules
observed in animal of the vehicle control group. Meanwhile, no
other renal abnormalities, such as tubular necrosis and kidney
injury, were seen in either of the groups. Further, no changes
were observed for all organs at the end of recovery period.

Discussion

The potential toxicity of natural food additive has become an
important growing issue for both regulatory and industrial
agencies. Mulberry extract is widely used as natural food
additive in food industry, though sufficient toxicological
study results are scarce.'” Therefore, this study investigated
the toxicology profile for providing the risk assessment data
of mulberry extract. The SD rats were dosed with mulberry
extract for 90 consecutive days followed by 28 days’ re-
covery. Mortality and moribundity, clinical observations,
body weights, food consumption, ophthalmic examinations,
clinical pathology (hematology, coagulation, clinical chem-
istry, and urinalysis), organ weights, morphology, and

histopathological examinations were performed. The
NOAEL was also determined as 4200 mg/kg/day, which was
the highest dose tested in the current investigation. Since
anthocyanin account for 25.2% of the total mulberry extracts,
4200 mg/kg/day of the extract was equivalent to 1058.5 mg/
kg/day of anthocyanin.

The ocular examination showed conjunctival congestion
in one male animal. This anomaly is generally regarded as a
common ophthalmological abnormality, arising due to hair
contamination during handling procedure and not by the test
article. However, sporadic but transient salivation in each of
the groups might have been induced by the oral treatment
procedure and cannot be considered as an adverse effect.

The test article appeared as a purple black powder,
whereas the formulation was purple black solution after
preparation in water. As a result, discolored urine (red, purple,
and brown), feces (black), and cage bedding (purple) were
observed due to the test article. Studies have reported that
unchanged anthocyanins and its metabolites mainly get ex-
creted through urine, bile, and feces.'®!? Hence, the discol-
oration was mainly attributed as an excretion effect and not an
adverse effect. The renal tubular pigmentation (brown gran-
ules) observed in pathological examination along with urine
discoloration also been considered as an excretion effect.

The other reason that the statistical changes of clinical
pathological parameters been considered as non-toxicological
significant was no correlated changes among the findings.
For RBC-related parameters, RBC decrease (| 6% from the
vehicle control) along with the MCH increase (T 5%) was
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Figure 2. Microscopic changes in renal tubes of rats treated with mulberry extract. The renal tubules images at the end of dosing period after
90 day’s treatment of either ultrapure water or 4200 mg/kg mulberry extract. Panel A: 200% scan of animal in the control group; Panel B:
200x scan image of animal in the high dose group; Panel C: 400% scan of animal in the control group; Panel D: 400% scan of animal in the high
dose group. The arrows in Panels B and D indicate pigmentation of mulberry sediment in the renal tubular cells. No pigment was noted in the

vehicle control group.

noted in males of the 4200 mg/kg group at the end of re-
covery period, whereas no changes were observed at the end
of dosing period; For WBC-related parameters, NEU%
increase (1 41%) and LYM% decrease (| 6%) in males of the
466 mg/kg group, and WBC decrease (| 38%) and BAS%
increase (| 48%) in males of the 4200 mg/kg group were
observed, whereas no changes were observed for females.
For PLT-related parameters, PLT decrease (| 21%) and PCT
decrease (| 19%) in males and PDW decrease (| 4%) in
females were noted at the end of recovery period, whereas
no changes were observed at the end of dosing period. For
coagulation parameters, PT increase (1 2%) was observed in
males of the 1400 mg/kg group, whereas decrease (| 5% and
7%) in males and females of the 4200 mg/kg group. Sim-
ilarly, the ALT decrease (1 19%), CHOL decrease (| 25%),
and BUN increase (1 18%) were considered as spontaneous
because no other changes in liver- or kidney-related bio-
markers were observed.

Apart from renal cells pigmentation, no other abnormal
changes were observed in either kidney or other organs.
Besides, organ weight and/or organ coefficients, hemato-
logical, clinical chemistry examinations, and urinalysis were
unremarkable. In addition, reports showed the pigmentation
was considered as an excretory effect of the anthocyanins and
its metabolites.'®'* Thus, the pigmentation did not have any
adverse impact on the structure and function of kidney or
other organs, whereas at the end of recovery period, no
discoloration or pigmentation was noted in renal cells.

Slightly higher food consumption in males and females of
the 4200 mg/kg, whereas the lower food consumption in fe-
males of the 1400 mg/kg were noted in this study. As shown in
Figure 1, the differences were more likely to be caused by the
biological deviations within the 4200 mg/kg than changes
between groups. As previous reports showed no effect of
mulberry extract on the appetite and food consumption,'>**!
the causal relationship between food consumption and the test
article need further investigation. Besides, the slight increase or
decrease in food consumption had no impact on the body
weight in both male and female rats, thus the changes were not
considered as the adverse effect.

Conclusion

In conclusion, oral administration of mulberry extract once daily
for 90 consecutive days at dose levels of 4200, 1400, and 466 mg/
kg followed by a 28-day recovery period did not have any sig-
nificant adverse effect. Although, renal tubular pigmentation and
discharge coloration were seen in fed animals, it was an excretory
effect of the test article rather than an adverse effect. Overall, for
mulberry extract, the NOAEL was determined to be 4200 mg/kg/
day, which is equivalent to the 1058.5 mg/kg/day of anthocyanin.
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