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Abstract

Mulberry (Morus alba L.) leaves are of broad popular use for food onady purposes due to their bioactive
properties, especially antidiabetic activity andi@tdative activity. The present study aimed tsess the
toxicological profile ofmulberry leaf extract (MLE), through acute, subadoixicity and genotoxicity testslale
and female rats received by gavage 15.0 g/kg bMiLdE in the acute toxicity test, and 0, 1.88, 3.6 &.50 g/kg
bw/d of MLE for subacute toxicity tesin the acute toxicity study, no mortality or belaal changes were
observed, indicating the Lpis higher than 15.0 g/kg bw. In the subacute fbxiest, no significant changes
were observed in hematological, biochemical oropiathological parameters in the animals expose@& Th
no-observed-adverse-effect level in the subacudieitp study was considered to be 7.50 g/kg bwia, highest
dose tested. In the genotoxicity study, MLE showedmutagenic activity in the Ames assay and noendd of
potential to induce chromosome aberrations or sgmormalities in mice exposed to 10 g/kg bw. @oiNely,
aqueous extract of mulberry leaves could be coreideafe, and the results support the applicatidilde as

novel food ingredient or product.

Keywords: Mulberry leaf extract; rat; subacute toxicity; gemxicity; Ames assay; micronucleus; sperm

abnormality;safety assessment
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1. Introduction

Mulberry Morus alba L.) is broadly distributed in Asia, native to ChjnKorea and Japan, and at present is
cultivated throughout Europe (Gryn-Rynko et al.1@0Hu et al., 2013; Jiang et al., 2013). The hotdnand
pharmaceutical names of mulberry tree Mirus alba L. andFolium mori, respectively (Chen et al., 1995). Mulberry
leaves have been used as a remedy in China sinEnatimes (Song et al., 2009). Currently, theé &al leaf-derived
extracts are reported to be used as food or medicimany countries (Aramwit et al., 2011; Ji et 2016; Tao et al.,
2016; Wanyo et al., 2011). The leaves are useednaing the risk and treatment of type 2 diabeted,diseases of the
cardiovascular system, urinary system, nervouesy$e.g., Alzheimer's disease), as well as in vidags (Hsu et al.,
2012; Liu et al., 2016). In the human studies répgranti-hyperglycemic effects and lipid-lowerieffects, mulberry
leaf extract was administered via the oral route¥ay per day for 30 days (Andallu et al., 2001X),10g per day
repeated in 1 week (Mudra et al., 2007), or 1 gdasr for 12 weeks (Shin et al., 2016), etc. Th@manended daily
amounts of mulberry leaf extracts commercially l@dé in Europe, Canada and America range fromd 45 g per
day as dietary supplement. These applications reagttiibuted to various bioactive compounds thatberay leaves
contain, including polyhydroxy alkaloids, stilbedsj flavonoids, and of particular interest medittinaminosugars
(Gryn-Rynko et al.,, 2016; Ou-yang et al., 2013; &t al., 2014). Concerning the evidence of thérradtive
properties (Jeszka-Skowron et al., 2014; Rebail.et2817; Sanchez-Salcedo et al., 2015), especaitdiabetic
activity and antioxidative activity (Hunyadi et,a2013; Katsube et al., 2010; Kim and Jang, 20Xdinka et al., 2010;

Shin et al., 2016), mulberry leaves and their daresits are gaining more interest in recent years.

Although mulberry leaves has been consumed in Chélitionally, there are still relative few safedgudies on
the mulberry leaf extract (MLE), which is compos&dconcentrated particular active substances. & wensidered
prudent to conduct a series of studies to demdndina safety of such a product for possible ugedd. What's more,
the absence of lethal effects cannot demonstratedtfety of plant preparations with respect to gedaity. In view of
this, the current study describes a battery of gedigity studies, an acute toxicity and a 30-dayidity study

conducted in rat® evaluate the toxicity of mulberry leaf extract.

2. Materialsand methods
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All aspects in this project involving animal cansge and welfare were performed in compliance wighRood and
Drug Administration (FDA) principles of Good Labtwey Practice (GLP) and in accordance with the FBdidance
for Industry and Other Stakeholders, “ToxicologiPainciples for the Safety Assessment of Food ldigrés Redbook
2000” (FDA, 2000) and Chinese National food safgtigndard“The procedures and methods of the toxicological
assessment for food safety” (GB 15193-2003). Allmeah study protocols have been approved by thecofff
Laboratory Animal Welfare, China National Center Fnod Safety Risk Assessment (Beijing, China). phaocol
for the animal study was reviewed and approvedhbylmstitutional Animal Care and Use Committee befanimal

receipt.

2.1. Test substance

Mulberry Leaf Extract (MLE, Batch No. 20140801) waepared by Botanic Century (Beijing) Co. Lt. RFie
leaves were extracted by water. The extractiontisolwvas filtered with a 10KD membrane and theradiiitered with
a 3KD membrane. The filtrate was concentrated analysdried to obtain MLE. It was a yellowish browoawder and

was stored at room temperature for testing. MLE eassidered stable for a period of 24 months.

2.2. Animals and housing conditions

Healthy Kunming mice (SPF grade) and SD rats (SRHe) were supplied by Beijing HFK Bioscience Ctd,L
and Beijing Vital River Laboratory Animal Technolp@o. Ltd with the license number SCXK (Jing) 20JeB4 and

SCXK (Jing) 2012-0001, respectively.

Animals were reared in the Animal Laboratory of jBej Stomatology Hospital, Capital Medical Univéysi
iPhase Biosciences (Beijing) and Institute of Lalbary Animal Sciences, CAMS & PUMC, with license .N&Y XK
(Beijing) 2013-0018, SYXK (Jing) 2014-0022 and SYXHing) 2013-0014, respectively. Animal rooms were

maintained well-ventilated at temperature of 20=23relative humidity of 40-55%, with a 12-h lightftacycle.

Animals had free access to solid feed and waténgliine experiments.
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Animal feeds were sterilized with Co-60 irradiatisapplied by both Beijing HFK Bioscience Co. Ltddan
Experiment Animal Centre, China Academy of Militakedial Sciences with the licenses number SCXKg)Jin

2014-0008 and SCXK (Jing) 2012-0003 respectively.

2.3. Genotoxicity studies

231 Bacterial reverse mutation assay (Ames test)

The tester strains of auxotroph&almonella typhimurium TA97, TA98, TA100 and TA102 (MOLECULAR
TOXICOLOGY INC., NC, USA) was employed, in the pease and absence of the metabolism activationray&,
iPhase Biosciences, Beijing). Based on the resfiléspreliminary toxicity dose-range test, five ddsvels were set as
62, 185, 556, 1667 and 50Q@/dish in the present study, with three platesefach dose. The solvent control was
sterile water and positive controls were standautagens as follows, sodium azide (Nalll.5 pg/plate) for TA100
without S9, 2-aminofluorene (2-AF, 1@/plate) for TA97, TA98, and TA100 with S9, 4-niophenylenediamine
(4-NOPD, 20ug/plate) for TA97 and TA98 without S9, mitomycin KAC, 2.5 pg/plate) for TA102 with S9, and

8-dihydroxyanthraquinone (DHAQ, 5@/plate) for TA102 without S9.

In the test, 0.1 mL of the test sample (or contr@ll mL of the bacterial suspension and 0.5 meitbfer the S9
mixture or the phosphate buffer (pH 7.4) were adde?.0 mL of top agar. After mixing thoroughly etimixture was
poured onto minimal glucose agar plates. After 48cabation at 3T, the number of revertant colonies was counted
manually. A positive result was determined wher mbvertant colony counts were greater than 2-flotde of the

solvent control and a clear dose-response reldtipngas observed.

232 I'n vivo mouse bone marrow micronucl eus assay

Fifty healthy Kunming mice (SPF grade), weighing3Bg, were randomized by body weight into 5 gro(fps
male and 5 female for each group). Mice were tcede oral gavage (20 mL/kg bw) with either distillevater
(negative control), or MLE solution at a dose @&,2%.0 or 10.0 g/kg bw. The highest dose level prapared with

50.0 g MLE dissolved in distilled water to make I80. Lower doses were prepared though 2-fold seiiation with
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distilled water. Cyclophosphamide (40 mg/kg bw) waed as positive control. All groups were tredigaral gavage

twice, and the second treatment was precisely &#eh the first gavage.

Six hours after the second gavage treatment, asiwete euthanized and sternums were asepticallgvean The
contents of the spinal canal were squeezed oypesded with calf serum, and then smeared ontosslitiee slides
were fixed with methanol and stained with Giemsad Rlood cells (RBC) and polychromatic erythroc(e€E) were
observed under microscopy. The number of PCE wasited from 200 RBC for each animal and the ratio

PCE/RBC was calculated. For each animal, 1000 Pé&ie examined to determine the incidence of micri@usc

233 Mouse sperm malformation assay

Sexually mature male healthy Kunming mice (SPF gradeighing 28-30g, were randomized into 5 grodje
5 groups included a negative control group (deddifvater), a positive control group (40 mg/kg bwloghosphamide),
and 3 MLE treatment groups (2.5, 5.0 and 10.0 gy 10 g MLE was dissolved in 20 mL distilled wate make the
MLE solution for the high-dose group, which was blleudiluted with distilled water to make the MLEwion for the
middle-does and low-dose group. All the mice weeated by oral gavage with volume of 20mL/kg bweendaily for
5 successive days. Thirty days after the last gavige mice were sacrificed by cervical dislocatidhe bilateral
epididymides were harvested and adipose tissuaamgved. The epididymides were then cut into piéeesormal
saline, and then centrifuged at 1000 r/min for fi.Mihe supernatant was disposed and sperm suspeawvasoapplied
on a slide, dried in air, fixed with methanol andirsed with 1.5% eosin. The slides were examingtl wiicroscopy.
One thousand sperms per mouse were screened asifiethinto normal and different abnormal typesdshon

similar criteria described by Wyrobek and Bruce ¢dbhek and Bruce, 1975).

2.4. Rat studies

24.1.  Acutetoxicity study

of

Twenty healthy SD rats, half males and half femalesighing between 186.2 g and 212.8 g were ushd. T

animals were fasted for 16 hours with free wattakia before test. To make a 0.5 g/mL MLE suspen&@rdb g of test

sample was mixed with 75 ml of distilled water. Mmume administrated by oral gavage was 15.0 nikgtwice a



136 day, which is equivalent to the acute toxicity dasel5.0 g/kg bw. The animals were observed on ily dese
137  throughout 14 days after treatment and the aningaieeral behaviour and any deaths due to toxicésewnonitored

138 and recorded.

139 242,  Subacuteoral toxicity study

140 After acclimating to the laboratory environment twre week, 80 weaning SD rats weighing approximatélto
141 113 grams were assigned randomly to 4 groups domsisf 10 males and 10 females in each group. & lgeoups
142  included 1 control group and 3 treatment groupedad 1.88, 3.75 and 7.5 g/kg bw/d (equivalentig 150- and
143  300-fold of the recommended human dose). The fatiol was calculated on the basis of daily intaxdybweight
144  ratio (10%) for Sprague-Dawley rats. To make thet fbr the treatment group, normal diet was blendih 375 g,
145 750 g and 1500 g of MLE and 83 g, 165 g and 330apasein, respectively, followed by mixing well agdantifying
146 to 20 kg. Animals in the control group were fed mormal diet, and MLE was administered by treatingugs in

147 constant dietary concentrations of 1.88%, 3.75%, AaB%, respectively, for 30 days.

148 2.4.2.1. In-life observations

149 Throughout the experimental study, each animal kegt in a single cage with free access to wateneGs
150 clinical observations were recorded daily. Body ghtichange and food consumption was measured aaddesl

151  weekly.

152 24.22. Hematology and clinical chemistry

153 At the end of 30-day treatment periods, the ratevi@sted of feed for 16-18 h with free drinkingtera The rats
154  were then anesthetized with 3% sodium pentobarbdhition and blood was collected from the innattlas vein.
155  The whole blood stabilized by the anticoagulanyletiie diamine tetraacetic acid (EDTA) was analyasidg Coulter
156  Diff Hematology Analyzer (Beckman Coulter Corpooall. The parameters evaluated include red bloddcoeints
157 (RBC), hemoglobin (HG), platelet counts (PLT), vehlilood cells counts (WBC), and leukocyte diffel@ntounts.
158 Clinical chemistry was analyzed with an automatimical analyzer (Hitachi 7080, Hitachi High-Techogies

159 Corporation) to determine serum alanine aminoteaase (ALT), aspartate aminotransferase (AST),
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alkalinephosphatase (ALP), total protein, albumglucose, blood ureanitrogen, creatinine, cholekteamd

triglyceride.
2.4.2.3. Necropsy and histopathol ogy

At study termination, all animals were weighed authanized for complete gross necropsy. The orgacls as
liver, kidney, spleen, testes (or ovary) were aild and weighed. Organ-to-bodyweight ratios (retabrgan weight)
were calculated as (organ/body weighf)00. Gross examination of the liver, spleen, kidnestomach, duodenum,
testes or ovaries of animals in each dose grougscadied out. Organs and tissues from each aniragg fixed in
10% formalin, embedded in paraffin, sectioned,ngdiwith hematoxylin and eosin. Histopathologicedrainations
were first conductedn liver, spleen, kidneys, stomach, duodenum, semtevaries of animals only in the high-dose
and control groups. If there were pathological gfesnobserved, histological examination of the apwading organs

were also carried out in the mid-dose and low-dpseps.
2.5. Satistical analysis

Statistical analysis was performed using SPSS softwf the variance in each group was homogenaemgsway
ANOVA was carried out, and differences were consdesignificant at p<0.05. The mean was comparéadamn
each dose group and control group using S-N-K(S) i€ homogeneity of variance was not met, othatigical

methods such as Brown-Forsythe test or Welch test @mployed. The %est was used for numeration data.

The data from thén vivo mouse micronucleus assay were analyzed usingdpdsdistribution. Data from the

mouse sperm abnormality assay were processed thaingilcoxon rank sum test.
3. Results
3.1. Genotoxicity tests

3.11L Bacterial reverse mutation test



181 As shown in Table 1, the positive controls indutenteases in the number of revertant colonies agpaoed with
182  the negative controls. However, MLE did not inceeéfse number of revertants in any tester strairtiérabsence or

183  presence of S9 metabolic activation, and no ddséedechanges were observed either.



184 Table1l Bacterial reverse mutation test conducted withbemry leaf extract (confirmatory assay). Data gieen as mean + SD revertants/plate for three
185 replicates for each concentration in each experimen
Treatmer Dose TA97 TA98 TA100 TA102
/
g‘i‘fh) -S9 +S9 -S9 +S9 -S9 +S9 -S9 +S9
MLE 62 140.3 £8.0 121.3 £14.0 49.7 £5.7 49.3 +3.2 124.3 £12.7 115.7 £10.0 286.7 5.9 307.7 £13.1
185 140.0 £13.1 147.3 8.5 47.3+2.1 42.0 +6.6 141.7 £13.1 145.0 £12.0 293.0 +4.6 273.0+12.1
556 135.7 £15.9 120.7 £8.7 48.7 +8.6 37.7+2.3 136.0 £15.9 127.3 £18.0 290.0 +24.3 287.3 £23.5
1667 125.3 +14.2 142.7 +25.1 53.0 +3.5 41.7 +6.7 121.7 +13.0 136.3 £23.5 292.3 +17.2 281.7 +11.8
5000 131.7 £22.5 157.0+17.1 49.7 +6.7 47.3+7.4 149.7 £37.9 128.0 £17.1 295.7 +28.3 285.0 £3.0
Untreatec
control 135.3£16.4 136.3 £15.0 36.7 £1.2 39.7 +4.0 124.7 £16.7 134.7 £20.5 281.3 +18.8 282.0 £15.7
?grl]\:reo?t 132.7 £23.7 148.3 £5.9 41.0+4.4 37.7 +4.0 128.3 £8.5 126.0 £14.2 282.7 2.5 271.3 +15.3
Positive ) ) ) ) ) ) ) i
controls
NaN; 15 - - - - 1579.3+119.0* - - -
2-AF 10 - 1312.0+149.0* - 2967.3+213.8* - 1536.0+228.1* - -
4-NO 20 1065.3£205.2* - 1817.3+151.5* - - - - -
MMC 2.5 - - - - - - 1638.7+57.5* -
1,&-DHAQ 50 - - - - - - - 670.0+£84.9*

186  * Statistically significant difference from contrealues (P < 0.05)
187  Abbreviations:. -S9 = without metabolic activation; +S9 = with tadeolic activation;
188  4-nitro-O-phenylenediamine ; MMC= mitomycin C; IDBHAQ= 1,8-dihydroxyanthraquinone

NahE sodium azide; 2-AF= 2-aminofluorene; 4-NO=

10



189 312 In vivo mammalian cell micronucleus test

190 As shown in Table 2, there was no significant cleaingPCE/RBC ratios in the MLE treatment groups parad
191  with the control group, indicating that MLE was noytotoxic to bone marrow through oral exposuree Th
192  micronucleus frequency in the positive control grewvas significantly higher than that in the negatontrol group
193  (p<0.05) for both male and female animals. By @stirno significant differences were encountereahicronucleus
194  frequency between all MLE groups and the negator@rol groups (p>0.05). The results indicated MagE was not

195  mutagenic to somatic chromosomes in mouse.

196 Table2 Invivo mouse bone marrow micronucleus assay conductédmvitberry leaf extract.

Sey Dose PCE analysis Micronucleus analysis
(g/kg bw' PCE count PCE/ Micronucleus Micronucleus
(counts / RBC counts frequency
each) (%) (counts / each) (%o)
Female 0 108.2+6.1 54.1 16+1.1 16+1.1
25 107.4+4.5 53.7 20+1.0 20+1.0
5 108.2+4.0 54.1 1.8+1.5 1.8+1.5
10 . 109.2+4.8 54.6 14+15 14+15
fgﬂgf’kg";?vham'c 924+73 462 15.6 + 4.6 15.6 + 4.6%
Male 0 107.8+6.1 53.9 14+1.1 14+1.1
25 109.0 £ 6.5 54.5 1.6+0.9 1.6+0.9
5 107.8 6.0 53.9 14+1.1 14+1.1
10 108.0 £ 3.5 54.0 20+1.6 20+1.6
Cyclophosphamic’0 g, ¢, 75 473 16.2+6.1 16.2 + 6.1%

mg/kg bw
197  ** Statistically significant difference from contrealues (P < 0.01)
198  Abbreviations: PCE= Polychromatic Erythrocytes; RBC= Red Blo@ll<
199  ?positive control
200

201 313 Mouse sperm malformation assay

202 As shown in Table 3, the sperm malformation ratthapositive control group was significantly highiean that
203 in the negative control group (p<0.05). The differes in sperm malformation rate between each Mldumrand
204  negative control group, however, showed no statistignificance (p>0.05) (Table 3), indicatingtthdLE had no
205 adverse effect on spermatozoa generation in madiikewise, there was no indication of any specifigersn

206  abnormality under MLE treatment.

11
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Table3 Mouse sperm abnormality test conducted with nmjbleaf extract.

Number of various types of sperm malformation (%tobél Malformati
Dose malformations) Total number of on
(9/kg bw) Amorphou Hookles Big Banana-shaped malformation incidence
Other o
s s head head (%)
H,O 39(45.9)  27(31.8) 17(20.0) 2(2.3) 0(0.0) 17.0% 3 1.70
25 35(43.2)  26(32.1) 19(23.5) 1(1.2) 0(0.0) 162 1.62
5 40(44.4) 31(34.4) 17(18.9) 2(2.3) 0(0.0) 18.0 2 1.80
10 38(43.7)  27(31.0) 19(21.8) 3(3.5) 0(0.0) 172 % 1.74
CF, A0mOkO gs4za)  6533.2) 36(18.4) 7(3.6) 3(1.4) 39.2+3.1 3.92%

** Statistically significant difference from confrealues (P < 0.01)
@ positive control

Taken together, the results of threvivo micronucleus and sperm abnormality assays showeevitence of

genotoxic activity of MLE either in somatic or genalls.

3.2. Rat studies

321 Acutetoxicity

Animals did not show any signs of toxicity-inducegmptoms during daily monitoring and no mortalitasw
recorded. Body weights before and after 14 daytsitese showed in Table 4. The test result indic#tetl the L3, of

the mulberry leaf extract was greater than 15.9 bik.

Tabled4 Weights of rats treated orally with mulberry leafract in the acute toxicity study.

Sex Weight before Test (g) Weight after Test (g) LDso (g/kg bw)
Female 192.845.1 230.2+6.6 >15.0
Male 204.6+9.1 286.2+16.1 >15.0

Values are the Mean £ SD (n = 10).

322 Thirty-day feeding study

No death or treatment related toxic signs wereatietieduring the 30-day feeding study. As shownabl& 6 the
decrease in feeds intake in the females treated 3vit5 g/kg bw MLE was significant compared witlattlin the

control group during the second week of the tes0(B5). This value was within the historical redd the testing lab

12



224
225

226

227

228
229
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231
232
233

and was considered as having no biological sigmiite. The rest of the animals (both sexes) inestegroups showed

no significant difference in body weight, food ikéeand efficiency of food utilization compared wilte control group

(P>0.05) as showed in Table

5-8.

Table5 Effects of MLE on body weight gain of rats treatedlly with mulberry leaf extract for 30 days.

Sex Dose (g/kg bw/d) Initial Weight (g) Week 1 (g) Week 2 () Week 3 (9) Week 4 (g)
Female 0 97.0 £10.7 128.9+6.7 159.0 +8.8 18119.8 203.6 £15.3
1.88 92.8+8.1 125.8+ 7.6 154.3+9.4 177.3 613. 197.6+16.4

3.75 96.2+7.4 128.3+5.4 159.2 +10.2 179.9 411 204.0+13.3

7.5 95.8+4.6 128.1+11.6 160.2 +15.4 180.2 #18 201.2 +22.7

Male 0 89.6 +6.4 159.0 +18.9 224.1+22.6 282261 326.5+24.7
1.88 88.9+5.6 151.3+13.1 215.1+154 269.983 315.2+39.1

3.75 89.0+6.5 153.0 +14.0 218.7+14.1 273. 761 321.9+24.2

7.5 89.4+5.8 148.8 +6.4 210.0+10.2 267.1 912. 314.8+15.4

Values are the Mean + SD (n = 10).

Table6 Effects of MLE on food consumption of rats treabedlly with mulberry leaf extract for 30 days.

Sex Dose (g/kg bw/d) Week 1 (g) Week 2 (g) Weel)3 ( Week 4 (g)
Female 0 115.2+9.0 129.6 £10.2 125.9+11.7 7326.3
1.88 109.3+10.6 119.3+10.0 120.3+9.4 125910+
3.75 107.0+9.9 115.4 +11.8* 116.7 £ 8.8 1239.¢

7.5 105.4 £13.0 119.7+12.4 115.4+9.9 119.241
Male 0 127.2 +15.5 172.1+16.3 184.8 +14.2 19319.1
1.88 126.9 +13.4 158.4 +20.9 179.6 £ 20.6 182285
3.75 128.7+11.6 163.0+13.1 172.4 +35.2 1881596

7.5 119.7+9.4 155.4 +14.6 173.5+10.8 179.881

Values are the Mean + SD (n = 10).
* Statistically significant difference from contrealues (P < 0.05).
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Table 7 Effects of MLE on food weekly feed consumption efsrtreated orally with mulberry leaf extract fdr 3

days

Sex Dose (g/kg bw/d) Week 1 (g) Week 2 (g) Weef)3 ( Week 4 (g)

Female 0 27.1+11.6 23.2+40 18.1+3.6 16.23+ 3
1.88 30.1+8.9 24.0+6.0 18949 16.2+2.7
3.75 30.2+4.3 26.5+3.9 17.8+3.3 19.4+2.6
7.5 30.4+ 5.8 26.7+3.9 17.1+5.6 17.4 +3.7

Male 0 54.3+11.2 37.9+24 314+28 23.1+3.2
1.88 48.8 £6.8 41.0+94 29.5 +10.7 24.9+6.0
3.75 49.4+4.6 40.4+4.3 32.2+3.0 25.7+5.3
7.5 495+4.7 39.5+3.0 329+15 26.5+5.2

Values are the Mean £ SD (n = 10).

Table8 Effects of MLE on overall food utilization efficiey of rats treated orally with mulberry leaf extrémr 30

days
Se» Dose Body weight gair Total food Total food utilization rate (weight gain as %
(g/kg bw/d) (9) intake (g) total food intake)
Female O 106.6 + 24. 503.4 + 42. 21.0+3’
1.8¢ 104.8 £ 18. 474.0 £ 26. 22.1+ 3!
3.7¢ 107.8 £13. 462.8 £ 37. 23.3+ 2.
7.t 105.5 £ 20. 460.3 £ 42. 228+ 2.!
Male 0 237.0 £ 23. 677.6 £49. 35.0+£2.;
1.8¢ 226.2 + 39. 647.6 + 65. 34.7£3.!
3.7¢ 232.9+23. 652.3 + 51. 35.7 £ 1.
7.5 225.3 + 15. 628.2 +42. 359+1.

Values are the Mean + SD (n = 10).

Result of hematology parameters (Table 9) showadtltere was no significant change at all treatndeses of

MLE on both sexes when compared with their respeatontrol group (P>0.05).

As showed in Tabl8, ALT levels in female rats of the 7.5 g/kg bw easoup were significantly lower than those
in the control group (P<0.05). This statisticallgrsficant difference in clinical chemistry pararaet fell within the
historical control range of the testing laboratand showed no clear-dose response relationshipgr @ematology

parameters showed no differences.
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248 Table9 Effects of MLE on blood biochemistry and hematotadiparameters in rats following 30 days of treatine
Parameter Group (Female) Group (Male)
Control 1.88 g/kg bw/d  3.75 g/kg bw/d 7.5 g/kg bw/d Control 1.88 g/kg bw/d  3.75 g/kg bw/d 7.5 g/kg bw/d
WBC (1(?/L) 9.38 £1.98 10.27 £ 3.08 10.35+2.01 12.00332 12.48 + 4.36 12.42 + 3.17 11.49 £3.73 12.47 £ 3.15
RBC (1dzlL) 7.66 £ 0.51 7.71£0.54 7.70 £0.55 7.80+043 7.69x0.55 8.13+0.53 7.78 £ 0.36 7.84+0.14
(F'gff)‘og"’b'” 153.10£6.87 1517047.33 149.80£7.020 w5 0 " 14980 +8.40 154.90+7.77 150.70+4.16  152.9004
Lymphocytes (%) 83.74 +3.30 80.58 £6.01 80.97445 82.33+6.88 83.25+3.04 84.22 £ 5.58 82.80/8 85.32+£2.93
Other cells (%) 5.43+0.69 5.36+1.81 5,52+146 4.29+0.81 6.16 + 1.35 7.43+1.83 7.57+1.86 .106:2.06
Neutrophils (%) 10.10+2.28 11.99 + 4.55 11.46933 11.57 +5.46 11.32+2.78 10.42 £4.09 12.3346 10.39+2.61
ALT (UIL) 50.8045.05 ~ 47.60£6.50  5140%7.41 50" 5330+7.00 47.90+895 4640+810  46.50 85.2
287.70 = 272.10 = 284.60 £ 310.30 = 280.10 £ 306.50 259.60 *
AST(UL) 57.50 54.92 37.19 258.90 + 18.68 51.28 59.44 51.51 44.57
BUN (mmol/L) 6.63 +0.67 6.57 +0.46 6.69+052 5%+0.51 6.58 + 0.53 6.28 + 0.37 6.70 £ 0.91 63615
CRE (umol/L) 75.76 £5.79 70.54 £8.31 69.39+£7.8467.38£7.71 63.72 £ 6.36 61.78 £5.97 63.13468. 60.54 +5.71
CHOL (mmol/L) 2.42 +£0.75 2.36 £0.59 248+ 059 .52+043 2.07 £0.29 225+0.31 2.18 £0.38 32D0.25
TG (mmol/L) 0.74 £0.28 0.59 £0.13 0.82 £0.22 D80.26 0.59 £0.12 0.66 £0.18 0.57 £0.16 G@)Y22
BG (mmol/L) 2.41+0.74 2.24+0.79 1.92+0.45 260.48 1.92+0.46 2.04+£1.00 1.74 +0.42 2:@R59
TPROT (g/L) 69.73 +5.20 69.97 £ 7.95 72.70 £ 8.68 69.88 + 7.90 69.54 + 4.08 66.32 + 6.48 70.83 6.0 71.80+7.91
ALB (g/L) 40.55+3.41 40.93 £ 5.88 4252 +6.03 .G®+4.74 37.35+2.54 36.30 £4.52 38.90 +5.7838.52 + 3.47
249  Values are the Mean + SD (n = 10).
250  * Statistically significant difference from contrealues (P < 0.05).
251 Abbreviations: WBC = White Blood Cells; RBC = RedoBd Cells; ALT =Alanine Aminotransferase; AST Aspartate Aminotransferase; BUN = Urea
252 Nitrogen; CRE = Creatinine; CHOL = Cholesterol; ¥Griglycerides; BG = Blood Glucose; TPROT = Tdeabteins; ALB = Albumin.
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As showed in Table 10, the kidney weight and thrganrto body weight ratio in female rats of the @lkg bw
dose group were significantly higher than thosthécontrol group (P<0.05), the liver to body weigdtio in the male
rats of the 3.75 and 7.5 g/kg bw dose groups wgrefisantly higher than those of the control grai<0.05) and the
spleen weight and the spleen to body weight ratimale rats of the 1.88, 3.75 and 7.5 g/kg bw dpseps were
significantly lower than those of the control gra#x<0.05). But these changes were non-dose-deperahehwere all
within the range of the historical records of tlesting lab, so these changes were not considerdaobmical
significant. Compared with the control group, therere no significant differences in body weightdref sacrifice,

liver, kidney, spleen and testis weight as wellhase organ to body weight ratio (P>0.05).
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261 Tablel0 Organ weights and relative organ weights (g/100lgpdy weight) of rats treated orally with MLE.

Group (Female) Group (Male)

Parameter

262
263

Control 1.88 g/kg bw/d  3.75 g/kg bw/d 7.5 g/kg bw/d Control élﬁg bw/d S/Zg bw/d ;/Eg bw/d
Weight when killed (g) 186.3 +11.7 181.7 £15.5 188.7 £ 13.4 186.7 £21.7 299.6 £26.1 290.4+32.3 285.6+24.9 289.8+17.5
Liver g 6.22+0.63 5.90+0.69 6.36 + 0.58 5.93.98 9.07+£0.79 8.85+0.92 9.23+0.89 9.44+0.93
g/100g 3.34+0.29 3.24+0.19 3.37£0.20 3.18380 3.04+0.22 3.05+0.11 3.23+0.10* 3.26+0.22*
Spleen g 0.48+0.08 0.50+0.11 0.45+0.05 0.0316 0.73+0.09 0.57+0.10* 0.61+0.08* 0.61+0.05*
g/100g 0.26+0.04 0.28+0.06 0.24 £0.03 0.23080 0.24+0.02 0.20+0.03* 0.22+0.04* 0.21+0.02*
Kidney g 155+0.09 154+0.14 1.64 +0.15 1.2 255+0.24 250+0.28 255+0.29 250+0.17
g/100g 0.83+0.05 0.85+0.05 0.87 £0.05 0.93060 0.85+0.05 0.86+0.06 0.89+0.06 0.86=0.04
Testis g - - - - 3.06+£0.30 3.05+0.25 2.80+0.24 296x0.22
g/100g - - - - 1.02+0/08 1.06+0.11 0.98+0.05 1.02+0.08

Values are the Mean + SD (n = 10).

* Statistically significant difference from contrealues (P < 0.05).
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Gross necropsy and histopathological examinatibna/ed no abnormal changes during the macroscopiysis
of the organs and tissues. The samples of livanesi, spleen, stomach, duodenum and testis or ¢iganes, obtained
from 10 males and 10 females of the control and-digse groups, revealed no changes associated Muith
treatment. Only a few animals showed spotty nesrokithe hepatocytes (1/20 cases in control gr@(#f) cases in
high-dose group) and focal necrosis of the livdisq@/20 cases in control group, 0/20 cases it+dgse group). For
kidneys, some animals showed renal tubular calcaposits (1/20 cases in the control, 0/20 caskgmdose group).
Spleen from some animals showed splenic sinus sglhgiit dilation and congestion. Given the fact ttis above
pathological changes in liver, kidneys and spleenc@mmon lesions in these animals, and the differe between
high-dose group and control group had no statissigmificance, these changes were considered tonbelated to
MLE treatment. There were no significant patholagithanges induced by MLE observed in the liveanky, spleen,

stomach, duodenum, testis and ovary.

4. Discussion

Mulberry leaf has been reported in the literatuog fts anti-oxidative, antiobesityanti-cancerous, and
anti-inflammatory activity, especially for its effieto reduce the risk of type 2 diabetes (Lim et2013; Riviere et al.,
2014; Shin et al., 2016; Zhang et al., 20Hpwever, literature is sparse on regulatory toxigatal evaluation on
mulberry leaf extracts. The pioneer of the toxiggistudies either used extracts prepared with ethdiiferent in the
amount of certain active ingredients, or adopteetlodoses tested (Marx et al., 2016; Oliveira gt24l16) compared
with this study. In the current study, we conduatethprehensive investigation of the toxicity of merry leaf extracts
bothin vivo andin vitro. The results demonstrated that, the aqueous éxiratulberry leaves have no adverse effects
in the genotoxicity study, acute and subacutetosatity study. These data provided supportive emik for the safety

of mulberry leaves that may be used in the forrfioodl or dietary supplements.

1-Deoxynojirimycin (DNJ) is one of the major actiecempounds in mulberry leaf extracts (Kim et aD1@;
Kimura et al., 2007; Tao et al., 2010). DNJ is #wmlaid azasugar or iminosugar which has been prdeepossess
antidiabetic (Do et al., 2015; Hu et al., 2017)ti-abesity, and antiviral features (Gao et al., @01t is proved that

mulberry leaf water extracts contained more DNJ famekr phytochemicals than ethanol extracts, angmextracts
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289  showed higher inhibitory activity of glucose uptalde et al., 2013). Currently, available informatiooncerning the
290  toxicity of DNJ is very rare. It is only reportelat iminosugars are toxic to some insects (Hodlet2014). In dried
291  mulberry leaves, the DNJ concentration is aboue0(Gao et al., 2016), and in MLE we tested its eom@tion is up
292  to 1%. Though the natural mulberry leaf has a leistpry of consumption, indicating mulberry leafsar@latively safe
293  for human use, we are still unaware of safety f@adf the extract containing higher amount of DMJthe present

294  study, the DNJ-rich extract did not exhibited gematity or subacute toxicity.

295 The extract of mulberry leaf with 50% ethanol waglged toxicologically in male and female SD rais 90 days
296 (Miyazawa et al., 2003), and the results indichi tietary intake of 1% mulberry leaf extract @i days (884.5
297  mg/kg/d for males and 995.7 mg/kg/d for femalesjsea no toxicological change in rats. The extraet® made with
298 ethanol, so the ingredients may be different frown ¢urrent study using water. A 28-day repeate@ timscological
299  study of an aqueous extract of mulberry leaves emmlucted, and no toxicologically relevant abnoitiesl were
300 observed at doses up to 4000 mg/kg (bw)/d (Mad.eR016). In the present study, the DNJ contemivice as much
301  asthe extract discussed above, and higher dosedested, which is meaningful for the safety aasest. The studies
302  above proved the safety use of mulberry leaf etdrprepared in various methods, and the curredysiat as a vital
303 complementary addition for the mulberry leaf pradudn this studyMLE was subject to an acute oral toxicity test,
304  and results demonstrated that thes¢.Bf MLE in rats was greater than 15 g/kg bw. Theuhes of subacute toxicity
305 experiment showed no evidence of any untoward &figfcdietary exposure to MLE at doses of up tog/kly bw/d for
306 30 days. Several statistically significant changebaematology and clinical chemistry were not ad&®d to be of
307  toxicological relevance since the changes wererabll in nature and fell within the historical canitrange of the
308 testing laboratory and/or showed no clear dosesresp relationship. A few statistically significadifferences in
309 absolute and/or relative organ weight values wecended, but all again were of minor magnitude ggalty limited to
310 a single sex, within the historical control rangasd there were no histological or clinical patlggl@orrelates. The
311  results of the 30-day study provided no indicatidrany safety concerns of MLE. The no-observableesk-effect

312  level (NOAEL) was considered to be 7.5 g/kg bwie highest dietary dose tested.

313 An ethanol extract oMorus alba L. (Moraceae) with highly inhibitory effect againscute inflammation was

314  evaluated for acute toxicity and genotoxicity ircen{Oliveira et al., 2016). The result showed tirat administration
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of the extract did not result in genotoxicity, ltraperitoneal injection caused several formsarhdge to the mice.
Though the extract made with ethanol may contdferdint ingredients compared with the water exjréut results of
the oral test are still consistent with the negat@sults obtained in the current study of the Aassay and in thie
vivo mouse micronucleus and sperm abnormality assdyes.rdsults of the present series of genotoxiciigiss on
MLE showed no evidence of mutagenic or clastogefiiects in either somatic or germ cells. The Amest tvas
negative in all tester strains to the limit dosébahg/plate. There was no indication of micronusleduction in the
bone marrow cells of mice treated at up to 10 d¢fkgdose level, and there were no effects on thidemce of sperm
abnormalities in mice treated at up to 10 g/kg What's more Morus alba andMorus nigra leaf extracts, and their
mixtures were reported to have genoprotective ptegse since they decreased the mutability leveluaed with

chemical mutagens, gamma-rays and aging in thespdand rats cells (Kesuma and Norio, 2012).

In summary, the negative results of the acute ityxgtudy and a 30 day feeding study together withnegative
genotoxicity results for MLE, support the safetg wd this product for potential dietary consumptignhumans, either

in the form of food or dietary supplements.
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» MLE showed no acute toxicity (LDsgy > 15.0 g/kg bw)

» MLE showed no subacute toxicity (NOALE=7.50 g/kg bw/d)

» MLE showed no genotoxicity activity

» Aqueous extract of mulberry leaf was considered safe for dietary

consumption



