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Abstract
Morus alba L. (white mulberry) leaves are one of the oldest recognized traditional Chinese medicines. More recently, M alba leaves
and their constituents, particularly iminosugars (or azasugars), have garnered attention for their ability to maintain normal blood
glucose concentrations, an effect identified in both animal studies and human clinical trials. Reducose (Phynova Group Limited) is a
commercial water-soluble extract of M alba leaves standardized to 5% 1-deoxynojirimycin (DNJ), an iminosugar with a-gluco-
sidase inhibition properties. Although there is an extensive history of consumption of M alba leaves by humans and animals
worldwide, suggesting that the leaves and their extracts have a relatively good safety profile, we are unaware of safety assessments
on an extract containing a higher amount of DNJ than that occurs naturally. The current 28-day repeated dose oral toxicity study
in rats, conducted according to Organisation for Economic Co-operation and Development guidelines, was carried out to assess
the safety of Reducose. Male and female Hsd.Han Wistar rats (4 groups of 10 animals/sex) were administered Reducose via gavage
at doses of 0, 1,000, 2,000 and 4,000 mg/kg body weight (bw)/d. No treatment-related mortality or adverse effects (per clinical
observations, body weight/weight gain, food consumption, ophthalmoscopy, clinical pathology, gross pathology, organ weights, or
histopathology) were observed, and no target organs were identified. The no observed adverse effect level was determined to be
4,000 mg/kg bw/d for both male and female rats, the highest dose tested.
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Introduction

Morus alba L., commonly known as white mulberry, is an agro-

forestry tree of the Moraceae family, native to Asia and widely

distributed in tropical, subtropical, and temperate regions.1 Most

notably, M alba is recognized for its vital role in sericulture,

having been domesticated thousands of years ago for this pur-

pose.2 Morus alba leaves are used as the sole nutritional source

for the silkworm (Bombyx mori) and are known to enhance the

growth and development of the caterpillar and increase the qual-

ity of their cocoons, thereby improving silk production.3,4 In

addition to their role in sericulture, M alba leaves are utilized

worldwide as feed for livestock, including cattle, sheep, goats,

pigs, hens, and rabbits (including pregnant animals), at levels up

to 75% of the diet without safety concerns.2,5-7

Also one of the world’s oldest medicinal plants, its use first

described in Divine Husbandman’s Materia Medica (the earli-

est known Chinese pharmacopoeia).8 Morus alba (particularly

the leaves) is a traditional medicine of China. Various ethno-

medicinal uses for the leaves have been documented in Japan,

Chile, Spain, Turkey, Yugoslavia, Peru, France, and South

Asia.8-10 In recent years, M alba leaves and their constituents

are garnering more interest, primarily due to the evidence of

their antihyperglycemic properties in humans.11-16

Dried leaves of M alba are composed mainly of fiber, car-

bohydrates, protein, and ash and are rich in b-carotene, ascor-

bic acid, iron, calcium, and zinc.17 Constituents also include

various polyhydroxy alkaloids, stilbenoids (such as resveratrol

and oxyresveratrol), flavonoids (including quercetin and

kaempferol), and of particular interest medicinally, iminosu-

gars (also known as azasugars).18,19 Iminosugars are carbohy-

drate mimetics, or sugar analogues, possessing an atom of

nitrogen rather than oxygen in the ring system template of

carbohydrates or their hydrolysis transition states. These small

polar molecules are chemically similar to mono- and disacchar-

ides but possess special attributes, including chemical stability

and potentially a wide range of biological targets that have

intrigued those involved with therapeutic development.20
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The most predominant iminosugar in M alba is the piper-

idine alkaloid 1-deoxynojirimycin (DNJ) (CAS# 19130-96-2),

a D-glucose analogue with an amine group replacing the oxy-

gen on the pyranose ring (see Figure 1).21,22 As an a-glucosi-

dase inhibitor, DNJ is thought to lower blood glucose levels by

interacting with carbohydrate-processing enzymes.19 However,

the amount of naturally occurring DNJ in M alba is relatively

low with dried mulberry species leaves containing approxi-

mately 1.4 to 3.5 mg/g DNJ.19

Reducose 5% (formerly IminoNorm 5%), produced by Phy-

nova Group Limited, is an iminosugar-rich aqueous extract of

M alba with a concentrated DNJ amount of 5% by weight. A

previous acute oral toxicity study conducted on Reducose 5%
(unpublished data) determined that the LD50 of the water

extract was greater than 5 g/kg body weight (bw) in ICR mice.

A similar M alba extract containing 1% DNJ (Reducose 1%),

also produced by Phynova Group Limited, was assessed in a

battery of good laboratory practice (GLP) toxicological studies

conducted in a China National Centre for Food Safety Risk

Assessment. This unpublished assessment was comprised of

genotoxicity (bacterial reverse mutation, bone marrow micro-

nucleus, and sperm deformity tests), 14-day repeated dose

(gavage), and 30-day repeated dose (dietary admix) oral toxi-

city studies. It was concluded that the test article was not muta-

genic or genotoxic in a bacterial reverse mutation (levels up to

5,000 mg/plate in 4 strains of Salmonella typhimurium with and

without metabolic activation), bone marrow mouse micronu-

cleus (Kunming SPF mice; oral dose of up to 10 g/kg bw twice

at an interval of 24 hours), and sperm deformity (Kunming SPF

mice; oral dose of up to 10 g/kg bw/d for 5 days) studies. The

14-day repeated dose oral toxicity study conducted in Sprague

Dawley rats concluded that the maximum tolerated dose

(MTD) was greater than 15 g/kg bw. The 30-day repeated dose

oral toxicity study in Sprague Dawley rats utilized levels of

1.88, 3.75 and 7.5 g/kg bw/d, and although slight blood chem-

istry and organ weight changes were noted, these changes were

not considered to be test article related. Therefore, the NOAEL

was determined to be 7.5 g/kg bw/d, the highest dose tested.

Numerous other published studies on various M alba leaf

extracts, including genotoxicity, mutagenicity, and acute oral

toxicity studies, as well as a subchronic repeated dose oral

toxicity study on silkworm powder extract (containing 1.25%

DNJ) have also demonstrated a general lack of safety concerns

at doses of up to 5,000 mg/kg bw/d in rodents.23-31

Although available toxicological data suggest that M alba

leaves and leaf extracts have a relatively good safety profile

and that M alba leaves are recognized as a highly digestible,

highly palatable, nutrient-rich feed for various animal species

without toxic effects, until now, we are unaware of any safety

assessments on an extract containing a more concentrated DNJ

content.2

Material and Methods

Test Article

The test article was Reducose 5%, a commercial aqueous

extract of the leaves of M alba Linn. standardized to 4.5% to

5.5% DNJ as determined by high-performance liquid chroma-

tography. The raw leaf material for the extract is sourced from

China, a geographical location known to produce high levels of

iminosugars. The raw material is analyzed for DNJ content,

heavy metals, pesticide residues, yeast, and molds and is then

air-dried by the raw material supplier. The dried mulberry leaf

then undergoes a water extraction and ion exchange chromato-

graphy to enrich the alkaloid components. The eluent is

reduced under vacuum to allow optimum spray drying. The

remaining components of Reducose 5% include additional imi-

nosugars (2%-3%), carbohydrates (27%-29%), amino acids

(14%-15%), and maltodextrin as the carrier material (48%-

52%).

Reducose 5% (batch number IM150522), a water-soluble,

light brown powder with a characteristic odor and slightly sour

taste, containing 4.65% DNJ was provided to Toxi-Coop Zrt

(Budapest, Hungary) along with specifications, a certificate of

analysis, and MSDS by the sponsor of the studies (Phynova

Group Limited, Oxford, United Kingdom).

Twenty Eight–Day Repeated Dose Oral Toxicity Study
in Rats

This 28-day repeated dose oral toxicity study was conducted to

characterize the toxicity profile of Reducose 5%, the test arti-

cle. The study was conducted in compliance with GLP and

internationally accepted guidelines Organisation for Economic

Co-operation and Development (OECD) 40732 and US FDA

Redbook 2000, IV.C.3.a.,33 and the care and use of study ani-

mals was in compliance with laboratory standard operating

procedures under the permission of the laboratory’s Institu-

tional Animal Care and Use Committee, the National Research

Council Guide for Care and Use of Laboratory Animals,34 and

the principles of the Hungarian Act 2011 CLVIII (modification

of Hungarian Act 1998 XXVIII) regulating animal protection.

Test article doses were prepared daily as a solution by dis-

solving Reducose 5% in distilled water (vehicle) to achieve

concentrations of 100, 200, and 400 mg/mL (approximately

5, 10 and 20 mg/mL DNJ) in order to provide a constant dosing

volume of 10 mL/kg bw. Stability data conducted by the

Figure 1. Chemical Structure of 1-deoxyjirimycin (DNJ)
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manufacturer have indicated that DNJ is stable in an aqueous

(water) solution for up to 3 months. Doses were prepared by

careful weight measurement and administered within 4 hours

of preparation. The negative control groups received the same

volume of the distilled water vehicle only.

Specific pathogen-free male and female Hsd.Han Wistar

rats (Toxi-Coop) were housed individually with a 12-hour

light–dark cycle at 22�C + 3�C and 30% to 70% relative

humidity in type II polypropylene/polycarbonate cages with

Lignocel certified laboratory wood bedding (J. Rettenmaier

& Sohne GmbHþCo.KG; D-73494 Rosenberg). Animals

received ssniff SM R/M-ZþH complete diet for rats and mice

(ssniff Spezialdiäten GmbH, Soest, Germany) and potable tap

water ad libitum.

At the start of the experimental period, animals were 37 to

40 days old and weighed 131 to 162 g (males) and 103 to 121 g

(females). Eighty rats were stratified by weight and randomly

assigned to 4 groups of 10 rats/sex/group. The test article was

administered by gavage in doses of 0 (vehicle-control), 1,000,

2,000, and 4,000 mg/kg bw/d (approximately 50, 100 and 200

mg/kg bw/d of DNJ) for 28 days (males) or 29 days (females).

Because the available literature on M alba and the test arti-

cle itself does not specifically suggest toxicity of the extract

and taking into account the conclusion of the 14-day repeated

dose oral toxicity study of an MTD >15 g/kg bw/d, the high

dose for the 28-day study was set at 4,000 mg/kg bw/d. Addi-

tional doses were selected using a graduated declining dose

schedule to include 3 treatment groups in order to encompass

the broadest reasonable range of doses. Doses were selected

with the aim of inducing toxic effects but no mortality or life-

shortening toxicity at the highest dose and a NOAEL at the

lowest dose.

Animals were observed twice daily for morbidity and mor-

tality, and general cage-side observations for clinical signs

were made twice during the acclimation period and once daily

after administration of the test article. Detailed clinical obser-

vations were conducted on the day prior to the first test article

administration and once weekly during the experimental

period. A functional observational battery was performed dur-

ing the final week to assess parameters such as general physical

condition and behavior, sensory reactions to various stimuli,

grip strength, and motor activity using a modified Irwin test.35

Individual body weights were recorded twice during the accli-

mation period, on the first experimental day prior to treatment,

twice weekly during weeks 1 to 4, and immediately prior to

sacrifice. Food intake was determined and food efficiency

calculated once weekly (body weight gain/food consumption;

calculated using SPSS PCþ statistical software). Ophthalmo-

logical examination (using Humapent 5 mg/mL eye drops;

TEVA Pharmaceutical Works Private Ltd. Co, Gödöll}o,

Hungary) was carried out on all animals prior to the experi-

mental period and prior to the study termination in control and

high-dose group animals.

After an overnight fast (approximately 16 hours) following

final administration of the test article, blood samples were

collected from the retro–orbital venous plexus under Isoflurane

CP anesthesia (CP-Pharma Hadnelsgesellschaft GmbH,

Ostlandring, Burgdorf, Germany), after which the animals

were euthanized by exsanguination. Blood samples were ana-

lyzed for hematologic, blood coagulation, and clinical chem-

istry parameters. Gross pathological examinations were

conducted on male animals on day 28 and on female animals

on day 29, and absolute and relative organ weights were deter-

mined on all animals. Full histopathological examinations were

conducted on preserved organs (as specified by OECD guide-

lines) of all animals of the control and high-dose groups.

Statistical Analyses

Statistical analyses were conducted using SPSS PCþ software

(version 4; SPSS, Inc, Chicago, Illinois). Bartlett homogeneity

of variance test was used to assess heterogeneity of variance

between groups. One-way analysis of variance (ANOVA) was

performed if no significant heterogeneity was detected, and

Duncan multiple range test was used to assess the significance

of intergroup differences if a positive ANOVA result was

obtained. Where significant heterogeneity was detected by Bar-

tlett test, the Kolmogorov-Smirnov test was performed to

examine normally distributed data. Kruskal-Wallis nonpara-

metric 1-way ANOVA, followed by the Mann-Whitney U test

for intergroup comparisons of positive results, was used in the

case of a nonnormal distribution. A P value of <.05 was con-

sidered statistically significant, and statistically significant

results were reported at the P < .05 and P < .01 levels.

Results

No mortality was observed in any group throughout the study.

Daily and weekly detailed clinical and functional observations

of the animals did not reveal any toxicologically relevant

abnormalities. Slight salivation occurred in 3 female rats in the

4,000 mg/kg bw/d group appearing shortly after administration

and ceasing approximately half an hour thereafter. Scarring and

alopecia on the neck were noted for a single male in the 2,000

mg/kg bw/d group from day 18 until the end of the observa-

tional period.

No test item–related changes were noted in body weight (see

Supplemental Figures 1a and 1b), body weight gain, daily food

consumption, or feed efficiency in male or female rats at any

dose level. A statistically significant decrease was noted in

mean body weight gain in female animals at 4,000 mg/kg

bw/d compared to controls between days 18 and 21. Mean daily

food consumption was slightly but significantly lower com-

pared to controls in female animals in the 4,000 mg/kg bw/d

group during the first week of the study, and a slightly higher

feed efficiency was noted in the same animals during week 2.

Additionally, a lower feed efficiency was noted in female and

male animals in the 4,000 mg/kg bw/d group during weeks 3

and 4, respectively.

No alterations were noted in ophthalmoscopic examina-

tions. Slight, statistically significant changes were noted in

various hematology and clinical chemistry parameters in both

Marx et al 3
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sexes compared to control animals (see Tables 1 and 2).

Among these changes was a significant increase in neutro-

phils (NEU) in all treated females. In females of the 2,000 and

4,000 mg/kg bw/d groups, a significant increase in activated

partial thromboplastin time (APTT) and a significant

decrease in lymphocytes (LYMs) were also noted. Significant

increases in alanine aminotransferase (ALT) and aspartate

aminotransferase (AST) were noted in male animals in the

4,000 mg/kg bw/d group and appeared to be dose dependent.

Similarly, slight, statistically significant differences com-

pared to controls were found in various absolute and relative

organ weights in both sexes (see Tables 3-5). A few of these

changes appeared possibly dose dependent: a decrease in

spleen (absolute and relative to body weight) and epididymides

(absolute) weights in males of the 2,000 and 4,000 mg/kg bw/d

groups, a decrease in epididymides weights (relative to brain

weights) in the 4,000 mg/kg bw/d group, and an increase in liver

weights (relative to body weight) in all treated males. Addition-

ally, although a dose dependency was not noted, thymus weights

(relative to body weight and brain weight) were significantly

lower in males of the 1,000 and 4,000 mg/kg bw/d groups, and a

significant decrease in thymus weights (absolute) in the 4,000

mg/kg bw/d group was observed.

In all treated female animals, ovarian weights (absolute)

were significantly and dose dependently decreased, and a sig-

nificant decrease in ovarian weights (relative to body weight)

was observed in the 2,000 and 4,000 mg/kg bw/d groups. A

significant decrease in ovarian weights (relative to brain

weight) in the 1,000 and 4,000 mg/kg bw/d groups was also

observed. Brain weights (absolute) were also significantly

decreased in the 2,000 and 4,000 mg/kg bw/d groups. Lastly,

although dose dependency was not clear, liver weights (relative

to brain weight) were significantly higher in females of the

2,000 and 4,000 mg/kg bw/d groups and spleen weights (abso-

lute and relative to body weight) were significantly decreased

in females of the 1,000 and 4,000 mg/kg bw/d groups.

Upon gross examination, pyelectasis (dilatation of the

renal pelvis) was seen unilaterally in 1 male in the 4,000

mg/kg bw/d group. An elevated percentage of NEU and

decreased percentage of LYMs were detected in this animal;

however, no correlating clinical or histopathological findings

were discovered. In female animals, hydrometra (dilated and

fluid-filled uterine horns) was detected in all groups including

control upon macroscopic and microscopic evaluations (see

Table 6). Mild alveolar emphysema and mild hyperplasia of

bronchus-associated lymphoid tissue (BALT) were noted in

both control and treated animals with similar incidence. No

other histopathological findings were observed in the exam-

ined organs and tissues.

Discussion

No toxicologically relevant abnormalities were observed in

the clinical and functional observational examinations con-

ducted throughout the study. The salivation in the three

4,000 mg/kg bw/d females was not considered toxicologicallyT
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relevant due to its transient nature (occurring at least 1 day and

up to 16 days, depending on the animal) and may have also

been due to large doses of the test article. The scarring and

alopecia findings in the single male in the 2,000 mg/kg bw/d

group were also not considered toxicologically relevant

because they are known to be common dermal changes in

experimental rats.36

The changes noted in body weight gain, daily food con-

sumption, and feed efficiency were not considered to be of

toxicological relevance due to their transient nature, the small

degree of change, and because they had no significant influ-

ence on overall body weight or in body weight gain. In hema-

tological examinations, changes in APTT were primarily due

to a relatively low mean control value (with respect to histor-

ical control values) and were not related to any histopatholo-

gical or clinical abnormalities. The changes noted in NEU and

LYM were not dose dependent and remained well within

historical controls. The significant increases in ALT and AST

in male animals in the 4,000 mg/kg bw/d group were slight in

magnitude, fell well within the historical control ranges, and

lacked related histopathological changes. All of the remaining

statistically significant changes in hematology and clinical

chemistry parameters remained within historical controls and

did not correlate with any clinical or histopathological find-

ings and, therefore, were not considered to be of toxicological

relevance.

Although there was some indication of dose dependency in

certain organ weight changes, they were slight in magnitude,

the values remained within historical control ranges, and there

were no correlating clinical or histopathological findings. The

degree of increase in the renal pelvic diameter noted in 1 high-

dose male animal was slight and lacked medullar or cortical

atrophy, inflammatory infiltrates, hemorrhage, hemosiderin,

and degenerative or fibrotic lesions; therefore, it was

considered an individual disorder without toxicological signif-

icance. The presence of hydrometra was not dose dependent

and is considered a common neurohormonal phenomenon in

connection with the proestrus phase of the female sexual cycle,

a frequent observation in experimental animals.37,38 The mild

alveolar emphysema and mild hyperplasia of BALT were con-

sidered a consequence of exsanguination and a physiological

immunomorphological phenomenon, respectively.39-42

All of the significant differences noted above were slight in

magnitude and remained well within the laboratory’s historical

control ranges for the species of animal used. No clinical or

histopathological correlates were found with respect to hema-

tological and clinical chemistry findings or organ weight

changes; therefore, these findings were not considered to be

toxicologically relevant.

Conclusions

In the present study, Reducose 5%, a commercial aqueous

extract of M alba, did not cause toxic effects in male or female

Hsd.Han Wistar rats after a 28-day repeated oral administration

of 1,000, 2,000 or 4,000 mg/kg bw/d. The NOAEL was con-

cluded as 4,000 mg/kg bw/d, the highest dose group tested, in

both male and female animals.

The safety of M alba is corroborated by its use as a compo-

nent of traditional medicines in China and the broad use of

mulberry leaves as animal feed worldwide without safety con-

cerns. Several other published toxicological and human clinical

studies on various M alba extracts, as well as the previously

described unpublished toxicological studies on Reducose 1%
and 5%, also support the conclusion of this study.12,31,43 The

present study reinforces this safety profile and also supports the

safety of M alba extracts with a higher DNJ content (5%) than

what is found naturally.

Table 6. Summary of Notable Histopathology Findings.a

Organs Observations

Incidence of observations per group dose groups (mg/kd bw/d)

Control 1,000 2,000 4,000

Male
Kidneys

Pyelectasis 0/10 / / 1/10
Alveolar emphysema 2/10 / / 2/10

Lungs
Hyperplasia of BALT 1/10 / / 1/10

Female
Lungs

Alveolar emphysema 2/10 / / 1/10
Uterus

Dilatation 1/10 / / 2/10

Abbreviations: BALT, bronchus associated lymphoid tissue; /, not examined.
aData represent the number of animals with observation per number of animals observed. Full histopathological examinations were conducted on the preserved
adrenals, aorta, femur bone marrow, cerebrum, cerebellum, pons and medulla oblongata, esophagus, lacrimal and Harderian glands, female mammary glands,
testes with epididymides, ovaries, uterus, vagina, heart, kidneys, cecum, colon, rectum, Peyer’s patches, liver, main stem bronchi, submandibular and mesenteric
lymph nodes, quadriceps muscle, nasal turbinates, pancreas, pituitary, prostate, submandibular salivary glands, sciatic nerve, seminal vesicle with coagulating gland,
skin, duodenum, ileum, jejunum, cervical, midthoracic and lumbar spinal cord, spleen, sternum, stomach, thymus, thyroid, parathyroid, trachea, and urinary bladder
of all animals of the control and high-dose groups.
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