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Abstract

A safety assessment for J-galactosidase derived from Aspergillus oryzae (GODO-FAL) was performed. The test article was
a concentrated, purified 3-galactosidase diluted in glycerin and water with an activity of 10,000 U/mL. A series of gen-
otoxicology tests including micronucleus assay, chromosome aberration assay, and reverse mutagenesis (Ames) assay
confirmed that GODO-FAL was not clastogenic or mutagenic at any of the concentrations used, up to 2000 pg/mL for the
chromosome aberration assay and 5000 mg per plate in the Ames assay. GODO-FAL was not toxic in acute, repeated oral
toxicity, and sub-chronic toxicity assays in Sprague—Dawley rats at any dose used, up to 2000 mg/kg/day. Based on results
from the subchronic toxicology assay, the no observed adverse effects level for GODO-FAL was at least 2000 mg/kg/day.
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Introduction dating back as early as 300 BCE.? In addition to its tradi-
tional use in fermented food, 4. oryzae has been utilized to
produce many GRAS enzymes that have received no ques-

glycosidic bonds in galacto-oligosaccharides into mono- tion letters from the FDA (GRNs 8, 34, 43, 75, 90, 103
saccharides. This reaction is an essential part of digesting |5 |13 122. 142 201. and 811) 415 éom; mémb;rs o%
lactose, a disaccharide consisting of galactose and glucose. oo ’

Accordingly, 3-galactosidase is also known as lactase.’
(-Galactosidase has a long history of use in the pro-
duction of food. The enzyme is used during food produc-
tion to generate lactose-free milk and milk products for
consumption by lactose-intolerant individuals. §-Galacto-
sidase is also used to process milk sugars for infant for-
mulas. The enzyme is endogenously made in multiple
organisms, from single-celled bacteria to plants and ani-
mals. B-Galactosidase has been isolated from many dif-

ferent microbial sources for food production, including 'Spherix Consulting Group, Inc., Rockville, MD, USA
mold, yeast, and bacteria.? 2Godo Shusei Co., Ltd, Matsudo, Chiba, Japan

(-Galactosidase is an exoglycosidase that hydrolyzes 3-1-4

the Aspergillus genus, such as Aspergillus parasiticus and
Aspergillus flavus, can produce mycotoxins that are a
hazard to human health, while others, like 4. oryzae, do
not produce mycotoxins.'®

Although A. oryzae is well documented as a safe source
organism in the preparation of food grade enzymes, there is
no available information in the literature describing safety
toxicology studies of (3-galactosidase derived from

The (3-galactosidase that is the subject of these toxicol- .
tudies is derived from Aspergill zae, a mold, also Corresponding author:
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A. oryzae (GODO-FAL). This report details the safety of a
GODO-FAL as determined in a series of studies including a
genotoxicity battery and an acute and subchronic toxicity
study in rats. The total organic solids for GODO-FAL are
10.3% and it has an enzymatic activity of not less than
10,000 U/g. A no observed adverse effect level (NOAEL)
of at least 2000 mg/kg/day is established from the subchro-
nic study.

Materials and methods

Test material

The test article is GODO-FAL, produced by GODO Shusei
Co., Ltd, Japan (GODO-FAL). The production process of
GODO-FAL involves the fermentation of 4. oryzae, and
then a series of filtration and concentration steps are used to
generate a concentrated protein solution containing (-
galactosidase. GODO-FAL was diluted in sterile water to
the indicated concentrations for all assays. No precipita-
tion was observed in any of the concentrations used in
the studies. The enzymatic activity of GODO-FAL was
confirmed to be not less than 10,000 U/g by using Food
Chemicals Codex recommended methods. Unless other-
wise stated, all tests were performed at CMIC Pharma
Science Co., Ltd, Japan.

Chromosome aberration test in cultured Chinese
hamster cells

A mammalian chromosome aberration test was performed
in CHL/IU cells derived from the lung of a female Chinese
hamster in accordance with OECD 473 (2014) and in com-
pliance with Good Laboratory Practice (GLP). The CHL/
U cells were purchased from DS Pharma Biomedical Co.,
Ltd (Osaka, Japan) and used at passage numbers from 14 to
22. The cells were negative for mycoplasma. The cells were
cultivated in a 60-mm culture plate in a carbon dioxide
(CO,) humidified incubator set at 5% CO, and 37°C. The
culture medium for this assay was Eagle’s minimal essen-
tial medium (MEM) liquid medium (lot no: DSG7016;
Wako Pure Chemical Industries, Ltd., Osaka, Japan) with
10% inactivated fetal bovine serum (lot no: AZM197211;
HyClone) and 1% penicillin/streptomycin (lot no:
1786393; GIBCO, Grand Island, New York, USA).

A cell growth inhibition test was conducted according to
OECD 474, with the following concentrations: 125, 250,
500, 1000, and 2000 pg/mL, to determine the dosages used
for the main study. Cell growth inhibition was measured by
measurement of cell proliferation rate (relative population
doubling (RPD)). RPD was calculated by the following
formula:

Population doubling in test substance treated cultures

RPD = - —— :
Population doubling in negative control cultures

x 100

Population doubling

_ log(number of cells posttreatment/ number of cells pretreatment)
N log 2

For both the cell proliferation assay and the main chro-
mosome aberration assay, 5 mL of cell suspension at 4 x
10% cells/mL was seeded to a plate and cultured for 3 days.

Results of the cell growth inhibition test are shown in
Supplemental Table S1. No cell growth inhibition exceed-
ing 50% was observed in any test substance treatment
groups; therefore, 2000 pg/mL was selected as the highest
concentration and a total of four concentrations were pre-
pared using a common ratio of 2.

Short-term tests with and without S9 metabolic activa-
tion were conducted after 6 h of treatment with GODO-
FAL. Rat liver S9 was produced by Oriental Yeast Co., Ltd
(Tokyo, Japan), and stored at —80°C until use. After 6 h of
treatment, the cells were washed with Dulbecco’s phos-
phate buffer saline (pH 7.1), and 5 mL of fresh culture
medium was added to the plate. The cells were further
cultured for 18 h. Continuous treatment tests with and with-
out S9 metabolic activation were conducted after 24 h of
treatment with GODO-FAL. Sterile water was used as the
negative control. The positive control without metabolic
activation was 0.05 pg/mL mitomycin C (MMC; lot no:
577AEE; Kyowa Hakko Kirin Co., Ltd, Tokyo, Japan). The
positive control with metabolic activation was 5.0 pg/mL
cyclophosphamide (CP; lot no: MKBS0021V; Sigma-
Aldrich Inc., St. Louis, Missouri, USA) added to culture
medium at 1% volume. Two hours prior to the preparation
of specimens, the cultures were treated with 0.2 pg/mL
colcemid (GIBCO, Grand Island, New York, USA). The
cells were separated with trypsin solution and then centri-
fuged. The collected cells were resuspended in hypotonic
solution (0.075 M potassium chloride), and then Carnoy’s
fixative (methanol:acetic acid, 3:1) was added. Fixing pro-
cedures were repeated three times. The fixed cells were
dropped onto a slide and air-dried and stained with 2%
Giemsa solution. Duplicate slides were prepared for each
plate.

Analysis for chromosome aberration was performed in
three test substance concentrations from the highest con-
centration. For structural chromosome aberrations, 300
well-spread metaphase cells in total per concentration
(150 metaphase cells per plate) were observed under a
microscope at a magnification of 1000. For numerical
aberrations, 400 well-spread metaphase cells in total per
concentration (200 metaphase cells per plate) were
observed under a microscope at a magnification of 200.
The chromosome aberrations were classified as shown
subsequently. The cells with structural aberrations
excluding gap (—gap) and including gap (4gap) were
separately totaled. The frequency of the cells with struc-
ture aberrations excluding gap (—gap) was used for eva-
luation of chromosome aberrations.
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Results would be considered positive for chromosomal
aberrations if the test substance-treated samples were sta-
tistically significantly increased (the x? test with Yates
correction with a 5%, one-tailed, level of significance)
compared to the negative control.

Micronucleus test

The micronucleus test was performed using an OECD-
compliant protocol (OECD 474, 2014) in 8-week old Crl:
CD(SD) male rats in compliance with GLP. Six animals
each in the test substance groups given negative control
(water for injection) 500, 1000, or 2000 mg/kg daily of
GODO-FAL for 2 days via oral gavage. The positive con-
trol (CP; Sigma-Aldrich Inc., St. Louis, Missouri, USA, lot
no: MKBS0021V, 20 mg/kg) was administered via one
intraperitoneal injection on the second day. All animals
were observed for clinical signs daily, and body weights
were measured on administration day and on the day of
euthanization. Animals were terminated and specimens
collected 18—24 h after the final administration of the test
substance. Bone marrow cells in the femur were washed
with fetal bovine serum. Excess serum was removed from
the bone marrow cells, and the cells were smeared onto three
slides/animal. The cell-smeared specimens were dried at
room temperature, fixed with methanol for 4 min, and
stained with 0.007% acridine orange stain. The slides were
washed twice with phosphate buffer solution (1/15 M, pH
6.8) and allowed to dry. Two specimens per animal were
observed with a fluorescence microscope at a magnification
of 1000 at random; 4000 immature erythrocytes/animal were
examined, and the frequency of micronucleated immature
erythrocytes was calculated; 1000 erythrocytes/animal were
observed and the ratio of immature erythrocytes was also
calculated.

The Kastenbaum and Bowman statistical analysis
method was used to evaluate the frequency of micronuclei
between the negative control group and test substance and
positive control groups. Dunnett’s test was used to evaluate
differences in body weight and frequency of immature ery-
throcytes between the negative control group and other test
substance groups.

Reverse mutation test (Ames assay)

The reverse mutation test (Ames assay) was performed in
accordance with OECD 471 (1997) and compliance with
GLP. (2-(2-Furyl)-3-(5-nitro-2-furyl) acrylamide (Wako
Pure Chemical Industries, Ltd; lot no: SAE0315), sodium
azide (Wako Pure Chemical Industries, Ltd., Osaka, Japan;
lot no: JPG7700), 9-aminoacridine, (Sigma-Aldrich; lot no:
BCBK1177V), and 2-aminoanthracene (Wako Pure Chem-
ical Industries, Ltd., Osaka, Japan; lot no: DCK3519) were
used as positive controls. Each positive control was dis-
solved in dimethyl sulfoxide (DMSO). All strains of Sal-
monella typhimurium were supplied by the Japan Bioassay

Research Center and Escherichia coli WP2 uvrA was sup-
plied by the National Institute of Genetics (Japan).

The mutagenicity of GODO-FAL was determined using
the preincubation method, with and without metabolic acti-
vation (S9, as described in the chromosome aberration test).
GODO-FAL was diluted in water at 313, 625, 1250, 2500,
and 5000 pg per plate incubated with strains of S. typhimur-
ium (TA98, TA100, TA1535, and TA1537) or E. coli (WP2
uvrA). The strains were then cultured for 48 h at 37°C, and
then colonies were counted. Precipitation was checked
macroscopically at colony counting. Growth inhibition was
examined by the growth of background lawn with the stereo-
scope at colony counting. The numbers of the colonies
treated with the test substance in S. typhimurium TA100 and
positive control of all bacterial strains were counted using a
colony analyzer CA-11D (System Science Co., Ltd) and
counted manually for other strains and conditions.

Two statistical analyses of Dunnett’s multiple compar-
ison method (one-side test) and linear regression method
were used.

The number of revertant colonies for each bacterial strain
and concentration in the dose-finding study and main study
was compared with that of the negative control in both the
presence and the absence of metabolic activation, and sta-
tistically significant difference in the number of revertant
colonies between those two groups was analyzed by multiple
comparison method (p < 0.05). The dose reactivity was ana-
lyzed by the linear regression method (p < 0.05) when the
statistically significant difference was detected by the mul-
tiple comparison method. The numbers of revertant colonies
per plate and the mean values and standard deviation per
concentration of the test substance, negative and positive
controls were tabulated for each strain.

Acute oral toxicity study

This test was performed in accordance with OECD 420
(2001) and compliance with GLP. Five 5-week-old female
Sprague—Dawley (SD) rats were acclimatized and monitored
for abnormalities and clinical signs for 3 weeks. Each animal
was housed individually. The rats were provided feed and
water ad libitum, except for fasting the evening before admin-
istration of GODO-FAL; 2000 mg/kg GODO-FAL was admi-
nistered by oral gavage and the rats were then monitored for
14 days. Mortality and clinical signs were observed before
administration; 30 min; and 1, 2, 4, and 6 h after administra-
tion once a day for the 14 days following administration.
Body weight was monitored on days 0 (before administra-
tion), 1,2, 4,7, and 14. Animals were euthanized and necrop-
sies performed on day 14.

Twenty-eight-day repeated oral toxicity study

This test was performed in accordance with OECD 407
(2008), with the following exceptions: detailed functional
observations were not recorded, and the following organs
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were collected but not subjected to histopathology: spinal
cord, eye, thyroid, trachea, gonads (testis and ovaries),
accessory sex organs (uterus and cervix, epididymides,
prostate + seminal vesicles with coagulating glands),
vagina, urinary bladder, peripheral nerve, skeletal muscle,
bone, and bone marrow. Twenty male and 20 female
6-week old SD rats were acclimatized and monitored for
abnormalities and clinical signs for 10 days prior to
GODO-FAL administration. An ophthalmologic examina-
tion was also performed during the acclimatization period.
Each animal was housed individually. The rats were pro-
vided feed and water ad libitum.

The rats were divided into groups of five animals/sex
for each dose of GODO-FAL: 0, 500, 1000, and
2000 mg/kg/day administered by oral gavage for 28 days.
Mortality and clinical signs were observed twice daily
(before and after administration of GODO-FAL) and
before necropsy. Body weights were recorded on the first
day of GODO-FAL administration and weekly during the
administration period. Rats were weighed the day of
necropsy, and this body weight measurement was used for
calculation of the relative organ weight. Food consump-
tion was measured (food intake per day) by the amount of
food given and food remaining. Ophthalmologic exami-
nations were performed during week 4 of dosing. Urine
was collected using a urine funnel during week 4 of dos-
ing, and the following parameters were analyzed: pH,
protein, glucose, ketone bodies, urobilinogen, bilirubin,
occult blood, sediments, color, volume, specific gravity,
sodium (Na), potassium (K), and chloride (CI).

All animals were fasted the night before euthanization
and necropsy. Blood was collected from the abdominal
aorta of all animals under isoflurane anesthesia at necropsy
after the measurement of body weight, and the following
hematological parameters were analyzed: red blood cell
count, white blood cell count, hematocrit value, hemoglo-
bin content, mean corpuscular hemoglobin, mean corpus-
cular volume, mean corpuscular hemoglobin concentration
(MCHC), reticulocyte count, platelet count, prothrombin
time (PT), activated partial thromboplastin time, and differ-
ential leukocyte count. The following clinical chemistry
parameters were also analyzed from serum collected at
necropsy: aspartate aminotransferase, alanine aminotransfer-
ase, alkaline phosphatase, lactate dehydrogenase, y-glutamyl
transpeptidase, glucose, total cholesterol, triglyceride,
phospholipid, total protein, albumin, albumin/globulin ratio
(A/G), urea nitrogen, creatine, total bilirubin (T.Bil.), Na, K,
Cl, inorganic phosphorus, and calcium (Ca). At necropsy,
the organs were weighed and fixed as described subse-
quently. The pituitary gland and thyroid gland were fixed
in 10% neutral-buffered formalin and then weighed on the
day after necropsy. Paired organs were weighed together.
The following organs were weighed and fixed: brain, heart,
thymus, spleen, lung (including bronchus), submandibular
glands, liver, kidneys, prostate, seminal vesicle, testes, epi-
didymis, ovaries, uterus, pituitary gland, thyroid glands

(including parathyroid gland), and adrenal glands. The eyes,
including the optic nerve, were fixed in Davidson’s fixative,
the testes were fixed in Bouin fixative, and other organs and
tissue were fixed in 10% neutral-buffered formalin. Bone
tissues were decalcified with 10% formic acid formalin. For
all rats of the control and high dose groups, the following
fixed organs were embedded, thin sectioned, stained with
hematoxylin and eosin (H-E), and examined microscopi-
cally: brain, heart, thymus, spleen, lung, liver, kidney, adre-
nal gland, stomach, duodenum, jejunum, ileum, cecum, and
colon. Statistical analysis for homogeneity of variance was
performed by Bartlett’s test (significant level: 5%). Dun-
nett’s multiple comparison test (significant level: 5%, two-
tailed) was used for homogeneous data, and Steel’s multiple
comparison test (significant level: 5%, two-tailed) was used
for heterogeneous data.

Subchronic toxicity study in rats

A 90-day subchronic toxicity study was performed in
6-week old male and female SD rats in compliance with
GLP. The study was performed in compliance with OECD
408 (1998), with the exception that only one dose of
GODO-FAL was used in addition to the control (water).
Rats were housed individually during quarantine, acclima-
tion, and the study period. Prior to dosing, the rats were
randomized by body weight into two groups (rn = 10/sex/
group). During the 90-day treatment period, each group
was treated with either the control (water) or 2000 mg/kg
GODO-FAL. All animals were observed for clinical signs
and mortality twice daily, before and after test substance
administration, and before necropsy. Body weight was
recorded on the first day of dosing, then once weekly dur-
ing the dosing period, on the day before necropsy, and the
day of necropsy. The body weight measured at necropsy
day was used for calculation of the relative organ weight.
Food consumption was measured weekly once during the
dosing period and divided by seven to compute the average
food intake per day. Food consumption was measured by
the amount of food given and food remaining. Fresh urine
samples were collected for 2 h from five males and five
females from each group during the last week of the study
and analyzed for pH, protein, glucose, ketone bodies, uro-
bilinogen, bilirubin, occult blood, sediments, color, vol-
ume, specific gravity, Na, K, and CI. All animals were
fasted the evening before necropsy. Blood was collected
from the abdominal aorta of all animals on the day of
necropsy under isoflurane anesthesia at necropsy after the
measurement of body weight, and the following parameters
were examined: red blood cell count, white blood cell
count, hematocrit value, hemoglobin, content, mean cor-
puscular hemoglobin, mean corpuscular volume, MCHC,
reticulocyte, platelet count, PT, activated partial thrombo-
plastin time, and differential leukocyte count. Serum col-
lected at necropsy was analyzed for the following clinical
chemistry parameters: aspartate aminotransferase, alanine
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aminotransferase, alkaline phosphatase, lactate dehydro-
genase, y-glutamyl transpeptidase, glucose, total choles-
terol, triglyceride, phospholipid, total protein, albumin,
A/G, urea nitrogen, creatine, T.Bil., Na, K, Cl, inorganic
phosphorus, and Ca. The following organs were weighed
and fixed: brain, heart, thymus, spleen, lung (including
bronchus), salivary gland (submandibular glands, sublin-
gual gland), liver, kidneys, testes, seminal vesicle, prostate,
epididymides, ovaries, uterus, pituitary gland, thyroid
glands (including parathyroid gland), and adrenal glands.
The fixed organs were embedded, thin sectioned, stained
with H-E, and examined microscopically without blinding.
Bone tissues were decalcified with 10% formic acid forma-
lin. Other organs and tissues were preserved in 10% neutral
buffered formalin: brain, heart, thymus, spleen, lung, liver,
kidney, adrenal gland, stomach, duodenum, jejunum, ileum,
cecum, and colon. Analysis for homogeneity of variance
was performed by F test (significant level: 5%). Statistical
analysis for homogeneous data was performed using Stu-
dent’s #-test (significant level: 5%, two-tailed). Statistical
analysis for heterogencous data was performed using
Aspin—Welch’s test (significant level: 5%, two-tailed).

Results

Chromosome aberration test

Exposure to GODO-FAL did not inhibit cell growth of
CHL/IU cells at concentrations up to 2000 pg/mL, the
highest dose used (see Online Supplemental Table S1).
No statistical difference was observed between the negative
control and any concentration of GODO-FAL in the fre-
quencies of cells with structural aberrations and numerical
aberrations in the 6-h or 24-h (Table 1) treatments. The
frequencies of cells with structural aberrations in all posi-
tive controls were statistically increased compared with the
negative controls, demonstrating the validity of the assay.

The main chromosome aberration test was performed
with short-term treatments with and without metabolic acti-
vation, and 24-h continuous treatment with 500, 1000, and
2000 pg/mL GODO-FAL. The frequencies of cells with
structural aberrations and numerical aberrations in the
GODO-FAL-treated cells were not statistically signifi-
cantly different than the negative control. In contrast, the
positive controls for the 6 and 24 h treatments with and
without S9 activation were statistically significantly
increased compared to the negative control. Based on these
results, GODO-FAL did not induce chromosomal aberra-
tions under the study conditions.

In vivo micronucleus assay

No abnormal clinical signs and no significant body weight
changes were observed in any of the rats orally adminis-
tered GODO-FAL for the in vivo micronucleus test. Clin-
ical sign and body weight results are shown in

Supplemental Tables S3 and S4. The frequency of micro-
nuclei in GODO-FAL administered groups was not statis-
tically different from the negative control (Table 2) and
within the range of the background data of the negative
control (see Supplemental Table S5). Conversely, the rats
treated with the positive control had statistically increased
frequency of micronuclei. The frequency of immature ery-
throcytes to total erythrocytes was not statistically different
among the GODO-FAL groups compared to the negative
control (Table 2), suggesting that bone marrow toxicity did
not occur in this assay. Thus, GODO-FAL did not induce
micronucleus formation under the study conditions.

Reverse mutation test (Ames assay)

No precipitation or growth inhibition was observed in the
GODO-FAL treated group. No statistically significant
increase in the number of revertant colonies was observed
in any of the GODO-FAL treatment groups compared to the
negative control. The numbers of revertant colonies in the
positive control were twice or more than those of the negative
control in all bacterial strains in both the presence and the
absence of metabolic activation, demonstrating the validity of
the assay (Table 3). Based on these results, GODO-FAL was
not mutagenic under the present study conditions.

Acute toxicity study

No deaths were observed after single oral administration of
GODO-FAL at 2000 mg/kg in five female SD rats. No
abnormal clinical signs were observed in any rats during
the observation period. A decrease in body weight was
observed in two rats on day 2 and one rat on day 7 (see
Supplemental Table S6). These decreases were slight and
may have been GODO-FAL administration related. No
abnormalities were found during necropsy and gross
pathology. Accordingly, the lethal dose of GODO-FAL in
rats was determined to be over 2000 mg/kg.

Twenty-eight-day repeated oral toxicity study

In a 28-day dose-range finding study, O (control), 500,
1000, and 2000 mg/kg GODO-FAL was given to male and
female SD rats for 28 days. No deaths or abnormalities
were observed in any groups during the dosing period. A
small, but statistically significant, decrease in food con-
sumption was observed in males fed GODO-FAL at
1000 mg/kg/day on days 27-28 of the study (23 g compared
to 28 g in the control). This change was not considered
treatment related because there was no dose relationship
and no decrease in food consumption was observed in the
female rats. Additionally, there were no differences in body
weights in the 1000 mg/kg fed male rats compared to con-
trol or to other treatment groups (data not shown). No dif-
ferences in body weight were observed in female rats
during the study.
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Table I. Chromosome aberration test in cultured Chinese hamster cells exposed to GODO-FAL.

Cells showing structural aberrations

Cells showing numerical aberrations

Treatment  Conc.
conditions  (ug/mL) RPD (%) Observed Gap CTB CSB CTC CSC Others Total (%) Observed Pol End Total (%)
6hS9 Water 100 150 0 I 0 0 0 0 I 200 0 0 0 0.0
mix (—) 150 | 2 0 0 0 0 2 200 0 0 0
Total 300 | 3 0 0 0 0 3(1.0%) Total400 O 0 0
500 99.2 150 0 0 | 0 0 0 | 200 I 0 I 0.5
150 I 0 o0 0 0 0 0 200 I 0 I
Total 300 | 0 | 0 0 0 1 (0.3%) Total 400 2 0 2
1000 105.4 150 0 2 0 0 0 0 2 200 0 0 0 0.0
150 0 0 o0 0 0 0 0 200 0 0 0
Total 300 0 2 0 0 0 0 2 (0.7%) Total 400 O 0 0
2000 104.9 150 0 | 0 0 0 0 | 200 0 0 0 0.3
150 0 2 0 0 0 0 2 200 I 0 I
Total 300 0 3 0 0 0 0 3(1.0%) Total 400 | 0 I
MMC 0.05 — 150 I 9 I 0 0 0 19 200 I 0 I 0.3
150 0 5 | 0 0 0 16 200 0 0 0
Total 300 | 4 2 0 0 0 35 (11.7%%) Total 400 | 0 I
6hS9 Water 100 150 0 | 0 0 0 0 | 200 0 0 0 0.0
mix (+) 150 0 0 0 0 0 0 | 200 0 0 0
Total 300 0 | 0 0 0 0 2 (0.7%) Total 400 O 0 0
500 100.9 150 I 2 0 0 0 0 5 200 I 0 I 0.3
150 0 | 0 0 0 0 2 200 0 0 0
Total 300 | 3 0 0 0 0 7 2.3%) Total 400 | 0 I
1000 101.3 150 0 0 o0 0 0 0 I 200 2 0 2 0.8
150 0 2 0 0 0 0 2 200 I 0 I
Total 300 0 2 0 0 0 0 3(1.0%) Total 400 3 0 3
2000 104.9 150 0 | 0 0 0 0 | 200 0 0 0 0.3
150 0 | 0 0 0 0 | 200 I 0 I
Total 300 0 2 0 0 0 0 2 (0.7%) Total 400 | 0 I
CP5.0 — 150 0 0 o0 0 0 0 27 200 0 0 0 0.0
150 2 I 3 0 0 0 29 200 0 0 0
Total 300 2 21 3 0 0 0 56 (18.7%") Total 400 0 0 0
24 h Water 100 150 0 | 0 0 0 0 I 200 2 0 2 0.5
150 2 2 0 0 0 0 2 200 0 0 0
Total 300 2 3 0 0 0 0 3(1.0%) Total 400 2 0 2
500 97.0 150 0 | 0 0 0 0 | 200 0 0 0 0.3
150 0 | 0 0 0 0 | 200 I 0 I
Total 300 0 2 0 0 0 0 2 (0.7%) Total 400 | 0 I
1000 8l1.8 150 | | 0 0 0 0 | 200 I 0 I 0.3
150 0 0 o0 0 0 0 0 200 0 0 0
Total 300 | | 0 0 0 0 1 (0.3%) Total 400 | 0 I
2000 80.9 150 I 4 I 0 0 0 5 200 0 0 0 0.3
150 0 3 0 I 0 0 4 200 I 0 I
Total 300 | 7 I I 0 0 9 (3.0%) Total 400 | 0 I
MMC 0.05 — 150 | I5 | 26 0 0 38 200 I 0 I 0.3
150 2 8 0 26 0 0 31 200 0 0 0
Total 300 3 23 | 52 0 0 69 (23.0%%) Total 400 | 0 I

GODO-FAL: B-galactosidase derived from Aspergillus oryzae; Conc.: concentration; RPD: relative population doubling; MMC: mitomycin C; CP:
cyclophosphamide; CTB: chromatid break; CSB: chromosome break; CTE: chromatid exchange; others: multiple aberration; Pol: polyploids; End:

endoreduplication.
Negative control: water for injection (Japanese Pharmacopoeia).
*p < 0.05: statistically significantly different from negative control.

Decreases in total urine excretion of Na, K, and CI were
observed in males at 500 and 2000 mg/kg during the last
week of treatment. Decreases in total urine excretion of K
and Cl were observed in males at 1000 mg/kg. These
decreases were very slight and since no histopathological
abnormality was observed in the kidney, and similar obser-
vations were not found in the female treatment groups,

these changes were not considered to be related to treat-
ment or toxicologically significant. No other differences
were observed in urinalysis between groups.

Hematology parameters showed a statistically signifi-
cant decrease in neutrophils (8.4% compared to 16.3% of
leukocytes in the control, p < 0.05) and a statistically sig-
nificant increase in lymphocytes (88.8% compared to
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Table 2. Results of in vivo micronucleus test of GODO-FAL in rats.

Number of observed micronucleated immature

erythrocytes Frequency of
Concentration  No. of micronuclei (%),
Test substance (mg/kg) animals | 2 3 4 5 6 total mean + SD
Negative control 0 6 3 6 10 7 12 3 41 0.17 + 0.09
GODO-FAL 500 6 7 7 7 12 8 5 46 0.19 + 0.06
1000 6 9 | 7 3 4 7 31 0.13 + 0.07
2000 6 6 6 9 8 5 3 37 0.15 + 0.0
Positive control (CP) 20 6 132 156 97 133 66 77 661 2.75 + 0.89*
Immature erythrocytes and micronucleated immature
erythrocytes Frequency of immature
Concentration  No. of erythrocytes (%),
Test substance (mg/kg) animals | 2 3 4 5 6 mean + SD
Negative control 0 6 506 576 566 501 622 531 55.0 + 4.7
GODO-FAL 500 6 562 627 592 641 458 596 579 + 6.6
1000 6 578 550 563 507 522 613 55.6 + 3.8
2000 6 588 574 561 560 607 555 574 + 20
Positive control (CP) 20 6 543 502 585 549 456 456 515 + 53

GODO-FAL: B-galactosidase derived from Aspergillus oryzae; Positive control (CP): cyclophosphamide; SD: standard deviation.
Negative control: water for injection (Japanese Pharmacopeia).
?p < 0.01: significantly different than the control, as assessed by Kastenbaum and Bowman method.

Table 3. GODO-FAL bacterial reverse mutation test.

Revertants per plate (mean + standard deviation)

Base-pair substitution type

Frameshift mutation type

S9 Concentration
activation Treatment (ng per plate) TAI100 TAI1535 WP2 uvrA TA98 TAI1537
—S9 Negative control — 125 + 6.7 10 + 3.1 24 + 7.5 21 + 49 8.0 4+ 1.2
GODO-FAL 313 118 + 5.8 I+ 3.0 24 + 6.1 19 4+ 3.6 6.0 + 0.6
625 118 + 14.4 I+ 25 21 + 53 25 + 6.5 4.0 + 0.6
1250 124 + 9.5 12+ 1.5 22 + 35 21 + 3.6 70 + 40
2500 130 + 5.6 12 4+ 6.1 26 + 5.5 24 + 4.5 70 + 3.1
5000 121 + 17.0 10+ 1.7 17 + 2.6 17 + 3.1 60 + 1.7
Positive control: AF-2 0.01 490 + 31.2 — 118 + 12.1 — —
0.1 — — — 311 + 19.7 —
Positive control: AZI 0.5 — 564 + 425 — — —
Positive control: 9AA 80.0 — — — — 290 + 73.7
+ S9 Negative control — 142 + 3.1 12 + 20 30 + 59 30 + 40 14 + 1.5
GODO-FAL 313 142 + 5.5 10 + 3.8 30 + 25 28 + 5.0 14 + 1.5
625 144 + 2.6 10 + 4.0 29 + 3.1 26 + 7.8 13+ 1.5
1250 142 + 13.6 10 + 23 29 + 6.7 27 + 59 14 4+ 3.1
2500 138 + 16.7 10 + 2.0 26 + 4.7 30 + 3.8 15 4+ 0.0
5000 142 + 7.8 I+ 35 26 + 79 31 + 2.6 13 + 1.7
Positive control: 2AA 0.5 — — — 560 1+ 41.4 —
1.0 1251 + 108.3 — — — —
2.0 — 451 + 29.0 — — 220 + 20.3
10.0 — — 1012 + 19.5 — —

AF-2: 2-(2-furyl)-3-(5-nitro-2-furyl) acrylamide; AZI: sodium azide; 9AA: 9-aminoacridine; 2AA: 2-aminoanthracene; GODO-FAL: B-galactosidase

derived from Aspergillus oryzae.

Negative control: water for injection (Japanese Pharmacopeia).
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80.1% of leukocytes in the control, p < 0.05) in females
administered 1000 mg/kg GODO-FAL. There was no dose
relationship to these findings and they were not considered
treatment-related (data not shown). No significant differ-
ences were observed in any of the other hematology
parameters.

Clinical chemistry results noted increases in gamma-
glutamyl transpeptidase (0.5 U/L compared to 0.3 U/L in
the control) and C1 (112 mEg/L compared to 110 mEq/L in
the control) in males administered 2000 mg/kg/day GODO-
FAL. These changes were very slight and were therefore
not considered to have toxicological significance. No
changes were noted in females from any treatment group.

One male administered 2000 mg/kg/day of GODO-FAL
had an enlarged spleen and a small prostate. One male
administered 500 mg/kg/day of GODO-FAL had an
enlarged right-side adrenal gland. These gross pathology
findings were considered incidental. No gross pathology
abnormalities were found in any of the female groups.

The absolute and relative weights of the thymuses in
females fed 500 mg/kg/day GODO-FAL were increased
compared to the controls (data not shown). This increase
was not considered treatment related as there were no
changes in organ weights observed in male rats fed
GODO-FAL, no dose-dependent relationship was
observed, and there was no corresponding histopathology.

Histopathological examination in male rats fed
2000 mg/kg/day GODO-FAL for 28 days noted focal
mononuclear cell infiltration in the liver. This finding was
very slight and also observed in the control group and was
not considered to be treatment related nor was it toxicolo-
gically significant. No other histopathological abnormal-
ities were observed.

Based on these results, GODO-FAL was administered
at 2000 mg/kg. Only one dose level was evaluated con-
sistent with OECD repeated-dose study protocol gui-
dance that allows for a limit test at one dose level if
no observed adverse effects are produced at a level
equivalent to 1000 mg/kg of body weight per day in
other studies, and no toxicity is expected based on exist-
ing data for other related compounds.

Subchronic toxicity study

To evaluate the toxicity of GODO-FAL, doses of GODO-
FAL at 0 (control) and 2000 mg/kg were given to SD rats
for 90 days. No significant differences in body weights in
males or females (Figure 1) or food consumed (Table 4)
between the GODO-FAL and control groups were found
during the dosing period. No differences in urinalysis para-
meters were observed between control and treated male or
female rats (see Supplemental Tables S7 to S10).
Hematology analysis noted a decrease in PT in males, a
decrease in MCHC, and increase in the absolute and relative
numbers of reticulocytes (Ret) in females administered 2000
mg/kg/day GODO-FAL (Table 5). The PT in males fed

700
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Figure |. Rat body weight during subchronic toxicity study,
treated with 0 or 2000 mg kg~ ' day~' GODO-FAL. Each point is
the average of five rats/group with the standard deviations shown.

GODO-FAL was statistically decreased when compared to
the control (13.6 + 0.7 vs. 14.5 + 0.7 in the control) but was
still within the historical control data range (mean: 14.4 +
1.7, range: 11.5-21.5). MCHC was statistically decreased in
females fed GODO-FAL (37.5 £+ 0.5 vs. 38.1 £+ 0.5) but
was within the normal historical control data range for SD
rats (mean: 37.3 + 0.8, range: 35.4-39.1). Absolute and
relative numbers of Ret were statistically increased in
females fed GODO-FAL (absolute Ret in test group was
26.68 + 4.10 vs. 22.06 + 5.11 in the control; relative Ret
in test group: 3.34 + 0.56 vs. 38.1 + 0.5 in the control) but
was considered within normal historical control data ranges
(mean absolute Ret: 25.30 + 4.33, range: 15.94-39.55;
mean relative Ret: 3.00 + 0.52, range: 1.88-4.62).
Although statistically different from control, these differ-
ences were very slight, not toxicologically significant and
not considered test article related as the changes are within
the historical control data for the testing facility.

Clinical chemistry results noted statistically significant
increases in serum Ca in males, A/G, and T.Bil. in females
fed 2000 mg/kg/day GODO-FAL (Table 6). The serum Ca
in males fed GODO-FAL was statistically increased when
compared to the control (10.1 + 0.3 vs. 9.7 £+ 0.3 in the
control) but was still within the historical control data range
(mean: 9.6 + 0.4, range: 8.9—11.6). The A/G ratio in
females fed GODO-FAL was statistically increased when
compared to the control (0.78 + 0.06 vs. 0.72 + 0.04 in
the control) but was still within the historical control data
range (mean: 0.73 + 0.07, range: 0.6—-0.94). The females fed
GODO-FAL also had a statistical increase in T.Bil. com-
pared to control animals (0.10 £+ 0.02 vs. 0.07 £+ 0.01 in
the control). This result was within the historical control data
range (mean: 0.08 + 0.02, range: 0.04—0.17). However,
these changes were not considered related to administration
of GODO-FAL because these changes were within the his-
torical data for control animals at the testing facility.

A dilated pelvis in the right kidney and cyst cervix in the
uterus were observed upon gross pathology in one female
administered 2000 mg/kg/day GODO-FAL for
90 days. These findings were considered to be incidental,
as it was only observed in one animal and was therefore not
test substance related.
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Table 4. Food consumption (g/day) in the 90-day subchronic toxicity study.
Day of treatment

GODO-FAL mg/kg  5-6 12-13 1920 26-27 33-34 4041 4748 54-55 61-62 6869 75-76 82-83 89-90
Male, n = 10 per group

0 25+3 28+3 27 +3 28+3 26 +4 26+4 26+3 25+3 254+3 26 +3 25+3 24 +4 25+ 4

2000 25+2 26+2 28+2 27+2 27 +3 27+3 27 +2 27+3 26+2 26+3 27+2 26+2 27 +3
Female, n = 10 per group

0 l6+2 17+2 16+2 184+2 16+2 l6+3 16+2 17+2 16+2 I5+1 I15+2 l6+2 14+2

2000 l6 +2 l6+4 16+2 I18+1 l6+2 17+2 174+2 17+2 17+2 I5+2 16+2 17+2 14+2
GODO-FAL: B-galactosidase derived from Aspergillus oryzae.
Table 5. Hematology results from 90-day subchronic toxicity study.

Male, n = 10 per group Female, n = 10 per group

GODO-FAL mg/kg/day 0 (Control) 2000 0 (Control) 2000
RBC (10*/uL) 911 + 20 876 + 48 807 + 35 801 + 35
WBC (10%/uL) 723 + 20.0 80.1 + 21.9 387 + 124 392 + 80
Ht (%) 420 + 1.8 412 + 14 40.2 + 1.2 41.1 + 09
Hb (g/dL) 6.1 + 0.5 15.6 + 0.6 153 + 0.6 154 + 04
MCH (pg) 177 £ 0.5 179 + 0.6 19.0 + 0.6 193 + 04
MCV (fL) 46.1 + 2.0 47.1 + 2.0 498 + 1.9 513 + 1.6
MCHC (g/dL) 384 + 0.8 380 + 05 38.1 + 0.5 375 + 0.5°
Ret (%) 3.0l + 054 3.37 £ 057 2.75 + 0.67 3.34 + 0.56°
Ret (10*/uL) 2745 + 4.84 2942 + 4.75 22.06 + 5.11 26.68 + 4.10°
PLT (10%/uL) 1109 + 10.6 112.6 + 8.1 872 + 192 963 + 15.7
PT (s) 145 + 0.7 13.6 + 0.7° 125 + 172 124 + 0.5
APTT (s) 232 + 24 21.7 £ 20 172 + .1 17.7 + 1.1
Lymphocyte (%) 66.6 + 9.5 69.3 + 6.3 754+ 79 76.1 + 6.9
Neutrophil (%) 274 + 9.6 247 + 64 199 + 73 188 + 6.1
Monocyte (%) 43 + 09 4.1 + LI 3.1 +£09 3. £ 08
Basophil (%) 0.0 + 0.0 0.0 + 0.0 0.0 + 0.1 0.0 + 0.0
Eosinophil (%) 1.8 + 0.8 1.9 + 0.6 1.6 + 09 20+ 1.0
Lymphocyte (10%/L) 47.6 + 135 549 + 129 29.3 + 10.2 30.1 +76
Neutrophil (10%/uL) 205 + 10.0 203 + 9.7 76 + 3.8 72 + 22
Monocyte (10%/pL) 3.0+ 11 33+ 1.0 12 + 04 1.2 + 03
Basophil (10%/uL) 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0
Eosinophil (10%/uL) 12 + 0.6 1.5+ 07 0.6 + 0.3 08 + 0.3

GODO-FAL: B-galactosidase derived from Aspergillus oryzae; RBC: red blood cells; WBC: white blood cells; Ht: hematocrit value; Hb: hemoglobin
content; MCH: mean corpuscular hemoglobin; MCV: mean corpuscular volume; MCHC: mean corpuscular hemoglobin concentration; Ret: reticulo-

cytes; PLT: platelet count; PT: prothrombin time; APTT: activated partial
?p < 0.05 (Dunnett’s test): significantly different from control.
®p < 0.0l (Dunnett’s test): significantly different from control.

A decrease of relative weight in the brain, testes, epidi-
dymis, and seminal vesicle in males and a decrease of
relative weight in the kidney in females were observed in
GODO-FAL-fed groups. Although these decreases were
statistically significant, the decreases in organ weights
were very small and well within the historical control data
for SD rats from this facility measured over the preceding
5 years of studies and there was no corresponding histo-
pathology. The relative brain weights in males fed GODO-
FAL were statistically decreased when compared to the
control (0.38 + 0.03 vs. 0.41 + 0.04 in the control) but
were still within the historical data range (mean: 0.41 +
0.4, range: 0.3-0.52). The GODO-FAL—fed males had a

thromboplastin time.

statistical decrease in relative testes weight (0.59 + 0.04
vs. 0.64 £ 0.06 for controls), but this decrease was within
the historical controls (mean: 0.64 + 0.7, range: 0.45-0.80).
Similarly, a statistical decrease in the relative weight of
epididymides was observed between the GODO-FAL fed
males and the controls males (0.21 + 0.012 vs. 0.24 +
0.019 in the control). This difference was within the range
of expected epididymides relative weight (mean: 0.26 +
0.034, range: 0.18-0.36). The relative weight of the seminal
vesicles in the GODO-FAL-fed males was statistically
smaller than the control (0.31 + 0.054 vs. 0.37 + 0.040
in the control) but still within historical data (mean: 0.38 +
0.061, range: 0.25-0.61). The kidney relative weights in
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Table 6. Clinical chemistry results from the 90-day subchronic toxicity study.

Male, n = 10 per group

Female, n = 10 per group

GODO-FAL mg/kg/day 0 (Control) 2000 0 (Control) 2000
AST (U/L) 799 + 19.1 76.1 + 138 875 + 19.6 87.9 + 26.3
ALT (U/L) 265 + 7.1 242 + 47 24.1 + 6.0 284 + 9.2
ALP (U/L) 248.1 + 47.1 238.6 + 52.6 1354 + 248 125.0 + 31.5
LDH (U/L) 822 + 78.1 639 + 6.7 593 + 6.7 62.3 + 169
y-GTP (U/L) 04 + 02 04 + 0.2 04 + 0.1 04 + 0.1
Glu. (mg/dL) 172 + 38 167 + 24 19 + 17 134 + 28
T. Chol (mg/dL) 61 + 10 63 + 13 63 +£ 10 66 + 14
TG (mg/dL) 48 + |1 63 + 28 16 + 4 20 + 10
PL (mg/dL) 98 + 13 101 + 19 118 + I 129 + 21
TP (g/dL) 58 + 0.2 59 + 02 62 + 0.2 63 + 04
Alb. (g/dL) 22 + 0.1 23 + 0.l 26 + 0.1 27 + 0.2
AIG 0.6 + 0.0 0.6 + 0.0 0.72 + 0.04 0.78 + 0.06*
BUN (mg/dL) 14 +2 13 +2 18 +3 17 +2
Crea. (mg/dL) 0.27 + 0.04 0.28 + 0.07 0.41 + 0.07 0.39 + 0.05
T. Bil. (mg/dL) 0.06 + 0.0l 0.06 + 0.01 0.07 + 0.01 0.10 + 0.02°
Na (mEq/L) 143 + 2 143 + | 143 + | 143 + |

K (mEgq/L) 47 + 02 47 + 03 42 + 04 41 +£03
Cl (mEq/L) I+ 1 110 + 2 114 + 2 114 + |
P (mg/dL) 59 + 05 57 + 05 50 + 0.6 50+ 1.0
Ca (mg/dL) 9.7 + 03 0. + 0.3* 98 + 0.3 10.0 + 0.3

AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; GODO-FAL: -galactosidase derived from Aspergillus oryzae;
LDH: lactate dehydrogenase; y-GTP: gamma-glutamyl transpeptidase; Glu: glucose, T. Chol.: total cholesterol; TG: triglycerides; PL: phospholipid; TP:
total protein; Alb: albumin; A/G: albumin/globulin ratio; BUN: urea nitrogen; Crea: creatine; T. Bil.: total bilirubin; Na: sodium chloride; K: potassium; Cl:
chloride; P: phosphorus; Ca: calcium.
?p < 0.05 (Student’s t-test): significantly different from control.
®p < 0.01 (Student’s t-test): significantly different from control.

Table 7. Absolute and relative organ weight results in 90-day subchronic toxicity study.

Male Female
Organ GODO-FAL mg/kg/day 0 2000 0 2000
Body weight (g) 527 + 58 570 + 44 266 + 32 276 + 30
Brain g 2.14 + 0.1 2.13 + 0.09 1.94 + 0.10 1.94 + 0.09
% Body weight 0.41 + 0.04 0.38 + 0.03* 0.74 + 0.08 0.71 + 0.06
Heart g 1.45 + 0.12 1.50 + 0.15 0.83 + 0.0058 0.86 + 0.0095
% Body weight 0.28 + 0.022 0.26 + 0.027 0.31 + 0.022 0.31 + 0.034
Thymus g 0.29 + 0.059 0.33 + 0.069 0.22 + 0.04 0.23 + 0.046
% Body weight 0.054 + 0.011 0.058 + 0.012 0.082 + 0.015 0.084 + 0.017
Spleen g 0.76 + 0.093 0.76 + 0.11 0.46 + 0.063 0.49 + 0.096
% Body weight 0.14 + 0.018 0.13 +£ 0019 0.17 + 0.024 0.18 + 0.035
Lung g I.51 + 0.10 1.55 + 0.10 1.10 + 0.10 I.13 + 0.09
% Body weight 0.29 + 0.02 0.27 + 0.02 0.42 + 0.03 041 + 0.04
Submaxillary salivary glands g 0.74 + 0.084 0.78 + 0.11 0.45 + 0.047 + 043 + 0.07
% Body weight 0.14 + 0016 0.14 + 0.019 0.170 + 0.018 0.16 + 0.025
Liver g 13.68 + 1.76 1497 + 1.97 6.40 + 0.49 6.73 + 1.08
% Body weight 2,60 + 0.23 2,62 + 025 242 + 0.14 243 + 0.20
Kidneys g 3.15 £ 0.21 321 + 038 1.71 £ 0.18 1.67 + 0.18
% Body weight 0.60 + 0.06 0.56 + 0.05 0.65 + 0.05 0.60 + 0.02°
Pituitary gland g 0.015 + 0.0014 0.016 + 0.0019 0.021 + 0.0026 0.021 + 0.003
% Body weight 0.0029 + 0.00027  0.0027 + 0.00033 0.0078 + 0.00098 0.0075 + 0.0011
Thyroid gland g 0.027 + 0.0053 0.028 + 0.0048 0.019 + 0.0028 0.021 + 0.0033
% Body weight 0.0050 + 0.0010 0.0048 + 0.00084 0.0070 + 0.0011 0.0075 + 0.0012
Adrenal gland g 0.048 + 0.008 0.055 + 0.007 0.062 + 0.009 0.057 + 0.012
% Body weight 0.0091 + 0.0015 0.0097 + 0.0012 0.023 + 0.0034 0.021 + 0.0044

(continued)
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Table 7. (continued)

Male Female
Organ GODO-FAL mg/kg/day 0 2000 0 2000
Testes g 335 + 0.19 3.37 + 030 —_ —
% Body weight 0.64 + 0.06 0.59 + 0.04* — —
Epididymides g 128 + 0.1 121 + 0.069 — —
% Body weight 0.24 + 0019 021 + 0012° — —
Prostate g 1.053 + 0.18 I.I + 0.15 — —
% Body weight 0.20 + 0.034 0.19 + 0.025 — —
Seminal vesicles g 1.95 + 0.21 1.74 + 0.31 — —
% Body weight 0.37 + 0.040 031 + 0.054° — —
Ovaries g — — 0.1 +£0.013 0.10 + 0.014
% Body weight — — 0.042 + 0.0049 0.037 + 0.0051
Uterus g — — 0.53 + 0.11 0.55 + 0.145
% Body weight — — 0.20 + 0.042 0.20 + 0.053
GODO-FAL: B-galactosidase derived from Aspergillus oryzae.
?p < 0.05 (Student’s t-test): significantly different from control.
®p < 0.01 (Student’s t-test): significantly different from control.
b < 0.05 (Aspin—Welch’s t-test), significantly different from control.
Table 8. Histopathological findings in the 90-day subchronic toxicity study.?
Male, n = 10 per group Female, n = 10 per group
GODO-FAL mg/kg/day Grade 0 2000 0 2000
Heart
Infiltration, mononuclear cell, focal, myocardium Grade | 3 2 0 0
Liver
Fatty change, hepatocyte Grade | 2 | 0 0
Necrosis, focal Grade | 0 I 0
Pancreas
Fibrosis, islets Grade | 2 | 0 0
Yellow-brown pigmentation Grade | 2 3 0 0
Infiltration, eosinophil, focal Grade | 2 0 0 0
Infiltration, mononuclear cell, islet Grade | 0 0 | 0
Kidney
Dilation, pelvis, right kidney Grade 3 0 0 0 |
Urinary bladder
Infiltration, neutrophil, mucosa Grade | 0 0 0 |
Edema, mucosa Grade | 0 0 0 |
Prostate
Infiltration, mononuclear cell, interstitium Grade | 5 5 — —
Uterus
Cyst, cervix Grade | — — 0 |
Vagina
Mucinous degeneration Grade | — — 0 |
Pituitary gland
Dilation, Rathke’s cleft Grade | 0 0 0 |

GODO-FAL: B-galactosidase derived from Aspergillus oryzae; Grade |: slight, Grade 3: marked.

?No significant histopathological findings were detected for the following organs: cerebrum, cerebellum, medulla oblongata, spinal cord, sciatic nerve,
eye, optic nerve, Harderian gland, aorta (thoracic), trachea, bronchus, lung, thymus, spleen, mesenteric lymph node, submandibular lymph node,
submaxillary gland, sublingual gland, tongue, esophagus, stomach, duodenum, jejunum, ileum and Peyer’s patches, cecum, colon, rectum, testis, epidi-
dymis, seminal vesicles, ovary, mammary gland, skin, femoral muscle, thyroid gland, parathyroid gland, adrenal gland, sternum and bone marrow, and

femur and bone marrow.

females fed GODO-FAL were statistically decreased when
compared to the control (0.60 + 0.02 vs. 0.65 + 0.05 in the
control) but were still within the historical control data range
(mean: 0.66 + 0.5, range: 0.56-0.76). None of these

observed changes in relative organ weights were considered
to be test substance-related as the changes were minimal,
within the historical control data range for SD rats from 2012
to 2017 at the test facility, and there were no corresponding
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differences in the histopathology for any of these organs
(Table 7).

Histopathological analysis found some slight (grade 1)
pathological findings in the heart, liver, pancreas, and pros-
tates in both treated and untreated males (Table 8). One
female in the treated group had marked dilation of the right
kidney, which was noted in the gross pathological findings
(Table 8). These findings were considered incidental and
not test substance related.

No significant treatment-related toxicologically
changes were found in male or female rats administered
2000 mg/kg/day GODO-FAL. In conclusion, the NOAEL
of GODO-FAL was determined to be at least 2000 mg/kg/
day under the present study conditions.

Discussion

(-Galactosidase has a long history of human use in food
production and has been the subject of multiple “no ques-
tions” GRAS notices to the FDA (GRNs 485, 649, and
743).'7°1% Lactase, a synonym for (3-galactosidase, has
been the subject of five “no questions” GRAS notices to
the FDA (GRNs 132, 510, 572, and 579).>* % Furthermore,
galacto-oligosaccharides, derived from [-galactosidase
enzyme products, are also the subject of numerous “no
questions” GRAS notices to the FDA (GRNs 236, 285,
286, 334, 484, 489, 495, 518, 569, 620, 721, and 729).2+

Although (-galactosidase is the subject of many GRAS
notifications and published safety studies, this is the first
safety study of a lactase isolated from A. oryzae. The strain
of A. oryzae used to GODO-FAL has not been genetically
modified. 4. oryzae has a long history in the use of food,
especially in traditional Japanese cuisine derived from koji,
a fermented product derived from a mold culture grown on
soybeans or grains, such as rice. Koji serves as a source of
enzymes that break down natural plant compounds to make
miso, soy sauce, and sake.?

GODO-FAL was non-mutagenic, non-clastogenic, and
has a NOAEL of at least 2000 mg/kg/day (TOS 206 mg/kg/
day) in a 90-day toxicology rat study. The results of these
studies of GODO-FAL confirm the safety of this 3-galac-
tosidase for food use. The results are corroborated by Ke
et al.,>® who also described a NOAEL of 2000 mg/kg/day for
[-galactosidase produced by Papiliotrema terrestris in a sub-
chronic toxicity study in SD rats.
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