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In Vivo Evaluation of the Safety of Hydrolyzed GMP Powder containing Highly
Concentrated Sialic Acid (23%) produced by Enzyme Separation and Solvent
Enrichment Method using Micronucleus Test in Mice
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Abstract

This study was designed to determine the mutagenic potential of hydrolyzed glycomacropeptide (GMP) powder (hereafter
referred to as 23%-GNANA; product name: HELICOBACTROL-23) in a micronucleus test using bone marrow in ICR mice.
Three experimental groups were used: a 3-step concentration group, with a maximum concentration of 2,000 mg/kg, and
other sequentially two-fold lower concentrations, a negative control group, and a positive control group. The test material
was administered for 2 d to observe the frequency of micronucleus formation up to 48 h after the test material was absorbed
by the body. When the polychromatic erythrocyte (PCE) content of erythrocytes was compared, no significant differences
were noted between the negative control group and the test group (p<0.05). Similarly, when the average numbers of
micronucleated PCE (MNPCE) in 2,000 PCE per animal were compared, no significant difference was observed between
the negative control group and the test group (p<0.05). No dose-response relationship with regard to the concentration of
the test material administered was noted. These results allow us to conclude that hydrolyzed whey protein powder does not
cause formation of micronuclei in mouse bone marrow cells under the applied conditions. In this study, the average
frequency of micronucleus formation in PCE was significantly higher in the positive control group compared with the
negative control group; thus, the test conditions were appropriate for detecting the frequency of micronucleus formation
induced by the test material. In conclusion, the safety of 23%-GNANA test substance was verified in an in vivo micronucleus
test in mice, conducted before the registration of HELICOBACTROL-23 as a food additive.
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Fig. 1. Sialic acid production from GMP by a Alcalase 2.4FL (Neuraminidase type)

acetylneuraminic acid(sialic acid), galactose(gal) ZL2]3. N-
acetylgalactosamine(GalNAc) 2] 371 ¢] ©o] 37§ E= 4717t A
A% e Z Thrt Ser 7710 AZ= o] I ThErnest et al.,
2000). ©]% sialic acid= &4~%1 Neuraminidaseg”} 2] (Fig.
D = AHMoon et al., 2005).

Sialic acids= nine-carbon sugar familyol| &3}l= ©FoE
Axy #87 g de GAE JHE FAEo] glom, ¥
SEEY AxY vAEANA glucoseZF-E A4 thWang
et al., 2003). 12]3 715X EZAE 8719 91A & AA
A1 & A D(Schauer et al., 1984), 2] ganglioside®] +Zx9} 7]
ol 98-8 sh= A EZ o3 (Wang et al., 2001), = oY
g g H(Wang et al., 2009; Karim et al., 2007), 34
9 gats) Fofl JE-S st ALE A 2™ (Gorog et
al., 1978), & HE-E AZF E coliold SAEAW, E. coli
ZHEE Aitd 84 E o] 83 N-acetyl-D-glucosamine 2. 2
H =M, 77t shehA 9O R YAk o] i
oFE 4 AANE &I o H(ljima ef al, 2004), 3 &
Aol A Feld sialic acidS 4]FAHd] A&8 = =
o] o7 opH7A = Jltt.

n A3 A AKmicronuclei test)= 1973 d0] H22 T f
5 A HHO 2l F 47 (bone marrow)E A 5 5k
43k & tdA A EHPCE, polychromatic erythrocyte)E
ABPHARE g o]8-F 3 At Wandl et al., 1989; Heddle
et al, 1973). M|&¥-E 4 TZ2FA AME 24 5 £3)
dhe AR o]z LM E o] ThEskAY, 11 F At
g 7HA AL QA oz #Azho] Hof gol ALtk
(Ledeur, 1973; Schmid et al., 1975). Z&Fo)A 1] 43L& May-
Griinwald Giemsa stain®l| ]3] v]Ad < &2 PCES} A<
3 Ky 72 H9A Y (normochromatic erythrocyte, NCE)
2 FEY F U 4 oA B SAAEEY MEFHTH
%5793 7}l = Metaphase analysis, Sister chromatid exchange(SCE)

Fol gol AFHNCLE, SFolE BN w1 Go] Heo
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HHA st Ags ARE =EANE F U U T
shuel u 423 HA de] HAEsE o] ) th(Fenench et al.,
1985; Sudharsan et al., 1982; Joskic et al., 1997).
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4 i g R FAEQ sialic acidE A EAANE FEA
S F0|7] Y5t AFEZ 2 GMP 7hrEal vl 2 2H(23%-

GNANA)S GLP 7}o|=akelel] whal “mpe-2 F5A| L] 4
YN F S B AHYS Bsedh
Mz 3wy
1. @8y =l
GMP+= sialic acid’l 7%7F 23e el 2 v == Natra
PepGMP(Murry Goulburn Co-Operative Co., Australia)= 7%
ato] AR E ARESIATE AIRAER AXE sk, ZAlTl 7%
WW)EA GMPE &38|A17] & &4 Alcalase 2.4FL(Novozymes
Co., Denmark)E 712 th¥] 0.24%(wiv)E skl 7TA17H
(57C) &t 7HEslE AFATHEFig 1). 183 7hEEE &
o} 29} o BhE 0] H]go] 8o] HEE T F oflehg E
me AE JAES AAG F ol FedvE 4 1%
AlA A %3 HELICOBACTROL Al#(23%-GNANA)S 3+
Hpo] QW EAN ) Z Fro Wrol Ald=d 2 ARSI THEFig. 2).

2. NEE2E W XIEYF sialic acid HHE

A EZ Y sialic acid®] £ a8 2 S S 9
3} 10 mM Sodium Acetate Buffer &9¢]] A|HE2 S L3

s

AL &, o e-E 8 mLoll A9 2 mLE T3S & o] E 30
&<t Sonication(25C) B ¥41#21(3,000 rppm x 20 min, 25C)
4 AASATE 182, 45 A TS 0.22um membrane S
2 o]3}3te] o] 2 HPLC System(Agilent 1260, USA) ¥4S
st AIEZ A& tH(Table 1).
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Fig. 2. Manufacturing process diagram for 23%-GNANA, a test
substance containing 23% sialic acid, through the enzyme
(Alcalase 2.4 FL) separation mechanism of sialic acid,
the marker compound having the glycomacropeptide (GMP)
as a substrate, and the ethanol refining process.

Table 1. HPLC operation conditions for analysis of sialic acid

1. HPLC system

2. lysi iti
(Agilent 1260) Analysis conditions

- Wavelength: 205 nm

- Column: Aminex® HPX-87H Ton
Exclusion Column
(300x7.8 mm, 9 um, Bio-Rad Co.)

- Mobile phase: 10 mM H,SO,4

+ Running time: 20 min

- Flow rate: 0.5 mL/min

+ Injection volume: 10 pL

- Temperature: 40C

- Standard Sol.(w/w): Silaic acid 0.1 ppm,
1 ppm, 10 ppm

+ Pump: G1311C

- Auto sampler: G1329B
- Column: G1316A

- UV detector: G1314F

EFA = Sigma-AldrichAH(A2090)2 43k 0.1 ppm(w/w),
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A AR = Al T E ] Al EA S 297 T3

4) M@ 74

AR A TS SR 17, T 375500 mgkg,
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Fig. 3. Content evaluation results of sialic acid in hydrolyzed
whey protein (23%-GNANA), a test substance, applying
the HPLC analysis method compared to standard sialic
acid. A: Non-enzymatically modified GMP, B: Standard
sialic acid (25 ppm), C: Result of sialic acid detection
in 23%-GNANA. 23%-GNANA was prepared through
the ethanol enriching process and final hot air drying
process after treating the 0.2% (v/v) alclase for 1 hour
(40C) versus GMP.
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Table 2. The body weights changes after administered once on
the day of 2nd oral administration of 23%-GNANA, a
test substance to the male mice (n=25)

Body weights (grams)

Dose .
(mghg)  AumAl Gowing
administration
1101 30.4 37.1
1102 332 33.7
0 1103 349 345
D.W) 1104 35.9 33.7
1105 3372 35.9
Mean+S.D. 34.3+2.63 35.0+1.50"
1201 325 35.1
1202 339 36.8
500 1203 352 33.0
1204 3622 35.0
1205 37.0 342
Mean=S.D. 35.0+1.81 34.6+1.05
1301 294 36.1
1302 34.4 343
1000 1303 349 343
1304 36.3 35.6
1305 36.4 33.8
Mean=S.D. 34.242.85 34.8+0.96
1401 326 35.0
1402 344 343
2000 1403 345 35.0
1404 358 349
1405 36.5 323
Mean=S.D. 34.8+1.49 34.3+1.16
1501 325 35.1
1502 339 35.0
2 1503 357 35.9
(Mitomycin C) 1504 36.1 333
1505 36.3 32.7
Mean=S.D. 34.9+1.65 3444133

0 : saline(vechicle)
*: Significantly different from the vehicle control group at p<0.05
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Table 3. The observations of micronucleus after administered once on the day of 2nd oral administration of 23%-GNANA, a test substance
to the male mice (n=25)

Dose Animal’ MNPCE MNPCE / PCE PCE/
(mg/kg) observed 2,000 PCE (%) counted 200 RBC (%)

1101 3 0.15 81 40.5
1102 3 0.15 84 42.0
0 1103 3 0.10 77 385
(D:W) 1104 2 0.10 83 415
1105 3 0.10 82 41.0

Mean+S.D. 2.6£0.56" 0.13+0.027" 81.4+2.70" 40.7+1.35"
1201 3 0.15 81 40.5
1202 3 0.15 81 40.5
500 1203 3 0.15 76 38.0
1204 4 0.20 84 4.0
1205 2 0.10 80 40.0

Mean+S.D. 3.0£0.71 0.15+0.035 80.4+2.88 40.2+1.44
1301 2 0.10 77 385
1302 3 0.15 81 40.5
1000 1303 3 0.15 77 385
1304 3 0.15 82 410
1305 3 0.15 80 40.0

Mean+S.D. 2.840.45 0.14+0.022 79.4+2.90 39.7+115
1401 2 0.10 80 40.0
1402 2 0.10 78 39.0
2000 1403 3 0.15 80 40.0
1404 2 0.10 84 420
1405 4 0.20 77 385

Mean+S.D. 2.6+0.89 0.13+0.045 79.86+2.68 39.9+1.34
1501 32 1.60 87 435
1502 32 1.60 85 4.5
2 1503 31 1.55 83 415
(MMC) 1504 32 1.60 85 4.5
1505 35 1.75 81 40.5

Mean+S.D. 32.441.52 1.62+0.078 84.242.28 42.1+1.14

MNPCE: Micronucleated polychromatic erythrocyte, PCE: Polychromatic erythrocyte,
RBC: Red blood cells (polychromaric erythrocyte + normochromatic erythrocyte), MMC: Mitomycin C
*: Significantly different from the vehicle control group at p<0.05
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