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Abstract

We herein performed animal safety assessment in accordance with Good Laboratory Practice (GLP) regulations with the
aim of developing sialic acid from glycomacropeptide (hereafter referred to as “GMP”) as an index ingredient and functional
component in functional foods. GMP is a type of whey protein derived from milk and a safe food, with multiple functions,
such as antiviral activity. A test substance was produced containing 7% (w/w) sialic acid and mostly-hydrolyzed whey protein
(hereafter referred to as “7%-GNANA”) by enzymatic treatment of substrate GMP. The maximum intake test dose level was
selected based on 5,000 mg/kg/day dose set for male NOEL (no-observed-effect-level) and female NOAEL (no-observed-
adverse-effect-level) determined by a dose-range finding (DRF) test (GLP Center of Catholic University of Daegu, Report
No. 15-NREO-001) that was previously conducted with the same test substance. To evaluate the toxicity of a repeated oral
dose of the test substance in connection with the previous DRF study, 1,250, 2,500, and 5,000 mg/kg of the substance were
administered by a probe into the stomachs of 6-week-old SPF Sprague-Dawley male and female rats for 90 d. Each test
group consisted of 10 male and 10 female rats. To determine the toxicity index, all parameters, such as observation of common
signs; measurements of body weight and food consumption; ophthalmic examination; urinalysis, electrolyte, hematological,
and serum biochemical examination; measurement of organ weights during autopsy; and visual and histopathological
examinations were conducted according to GLP standards. After evaluating the results based on the test toxicity assessment
criteria, it was determined that NOAEL of the test substance, 7%-GNANA, was 5,000 mg/kg/day, for both male and female

. ) rats. No animal death was noted in any of the test groups,
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substance, as compared with the control group, with respect to general symptoms, body weight changes, food consumption,
ophthalmic examination, urinalysis, hematological and serum biochemical examination, and electrolyte and blood coagulation
tests during the administration period (P<0.05). As assessed by the effects of the test substance on organ weights, food
consumption, autopsy, and histopathological safety, change in kidney weight as an indicator of male NOAEL revealed up
to 20% kidney weight increase in the high-dose group (5,000 mg/kg/day) compared with the change in the control group.
However, it was concluded that this effect of the test substance was minor. In the case of female rats, reduction of food
consumption, increase of kidney weight, and decrease of thymus weight were observed in the high-dose group. The kidney
weight increased by 10.2% (left) and 8.9% (right) in the high-dose group, with a slight dose-dependency compared with
that of the control group. It was observed that the thymus weight decreased by 25.3% in the high-dose group, but it was
a minor test substance-associated effect. During the autopsy, botryoid tumor was detected on the ribs of one subject in the
high-dose group, but we concluded that the tumor has been caused by a naturally occurring (non-test) substance. Histopathological
examination revealed lesions on the kidney, liver, spleen, and other organs in the low-dose test group. Since these lesions
were considered a separate phenomenon, or naturally occurring and associated with aging, it was checked whether any target
organ showed clear symptoms caused by the test substance. In conclusion, different concentrations of the test substance were
fed to rats and, consequently, it was verified that only a minor effect was associated with the test substance in the high-dose
(5,000 mg/kg/day) group of both male and female rats, without any other significant effects associated with the test substance.
Therefore, it was concluded that NOAEL of 7%-GNANA (product name: Helicobactrol) with male and female rats as test
animals was 5,000 mg/kg/day, and it thus was determined that the substance is safe for the ultimate use as an ingredient
of health functional foods.
Keywords: glycomacropeptide (GMP), sialic acid, animal safety assessment, food material development.
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Fig. 2. Content evaluation results of sialic acid in hydrolyzed whey
protein (7%-GNANA), a test substance, applying the HPLC
analysis method compared to standard sialic acid. A:
Standard sialic acid (10 ppm), B: Sialic acid content in
7%-GNANA (10 ppm)
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Table 1. HPLC operation conditions for analysis of sialic acid

1. HPLC system

(Agilent 1260) 2. 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 uL

* 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
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Fig. 3. Result of evaluation for sialic acid in 7% G-NANA, a test
substance, vs. the standard sialic acid applying the HPLC
analysis method. A: Standard siaic acid (10 ppm), B: Sialic
acid content (10 ppm) inside test substance
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Table 3. Table of severity values for statistical analysis by item
of urinalysis signs during the 90 days oral admini-
stration of 7%-GNANA, a test substance to the rats

Severity 0 1 2 3 4 5
GLU - + = 1+ 2+ 3+ 4+
BIL - - 1+ 2+ 3+
KET - H- 1+ 2+ 3+ 4+
SG (Specific gravity) 1.005 1.010 1.015 1.020 1.025 1.030
PRO - H- 1+ 2+ 3+ 4+
pH 65 70 75 80 85 >=90
URO (EU/L) 0.2 1 2 4 >=8
NIT - +
OB (ulmol/L) - - 1+ 2+ 3+
LEU - - 1+ 2+ 3+
RBC 0o +- 1+ 2+ 3+
WBC 0o +- 1+ 2+ 3+
Epithelial cell 0 +- 1+ 2+ 3+
Cast 0 +- 1+ 2+ 3+

GLU (glucose), BIL (bilirubin), KET (ketone body), LEU (leukocyte),
OB (occult blood), PRO (protein), URO (urobilinogen), NIT (nitrite),
SG (specific gravity)
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Table 2. Definitions of LOAEL, NOAEL and NOEL by three steps of weight-based classification in toxicity test

Weight-based

Criteria of Evaluation

Definitions of criteria

classification toxicity  endpoints
- The lowest exposure level at which there are statistically or biologically significant increases .
Important compound- . . . .. Criteria of
in the frequency or severity of adverse effects between the exposed population and its .. LOAEL
related changes . toxicity
appropriate control.
- The highest exposure level at which there are no statistically or biologically significant
Minor compound- %ncreases in. the frequency or severity of adverse effects between the exposed population and Non-adverse
its appropriate control. NOAEL

related changes

precursors to adverse effects.

effect

- Some effects may be produced at this level, but they are not considered to be adverse or

Noncompound-
related changes

- The highest exposure level at which there are no effects (adverse or nonadverse) observed
in the exposed population, when compared with its appropriate control.

No effect NOEL




FARZ|2 7% Siailc Acid7} EFEXo=Z k&

H=O
T'__

L (7%) 2] BHEES 0|83 0Y HH=HTE0 ZAlR F7t A7 105

Table 4. Investigation results of clinical signs through the autopsy after the 90-day oral administration of 7%-GNANA, a test substance

to the male and female rats (n=10)

Groups (mg/kg/day)”

Days Signs G179 G2 G3 G4
Male Female Male Female Male Female Male Female
0 No finding 0/ 10" 0/ 10" 0/10° 0/10? 0/ 10” 0/10 0/10° 0/ 10"
1~7 No finding 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
8~14 No finding 0/10 0/10 0/10 0/10 0/10 0/ 10 0/10 0/10
15-21 No finding 0/10 0/10 0/10 0/10 0/10 0/ 10 0/10 0/10
2228 No finding 0/10 0/10 0/10 0/10 0/10 0/ 10 0/10 0/10
29~35 No finding 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
36~42 No finding 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
43~49 No finding 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
50~56 No finding 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
57~63 No finding 0/10 0/ 10 0/10 0/10 0/10 0/10 0/10 0/10
64~70 No finding 0/10 0/10 0/10 0/10 0/10 0/ 10 0/10 0/10
71~77 No finding 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
78~84 No finding 0/10 0/10 0/10 0/10 0/10 0/ 10 0/10 0/10
85~89 No finding 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
90 Terminal sacrifice 10 /10 10 /10 10 /10 10/ 10 10/ 10 10 / 10 10/ 10 10 /10

? Number of animals with the sign / Number of animals examined.

%: Control group (G1) Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day), High-dose group (G4: 5,000

mg/10 mL/day)
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Table 5. Weekly investigation results of the effects on the body weight changes during the 90-day oral administration of 7%-GNANA,
a test substance to the male and female rats (n=10)

Groups (mg/kg/day)”

Weeks G1” G2 G3 G4
Male Female Male Female Male Female Male Female
0 192.2+ 5.46 155.1+ 7.00 191.3+ 642 153.8+ 4.71 190.4+ 7.92 153.6+ 6.47 191.2+ 5.05 152.2+ 9.99
1 248.8+11.93 174.0+11.36 2492+ 9.26 171.8+11.24 244.9+12.22 171.8+ 9.05 248.3+ 9.26 172.9+12.00
2 303.6+17.49 194.5+15.46 302.3+11.12 186.6+7.28 297.1+18.25 189.0+ 7.08 300.0+13.58 193.1£12.05
3 348.9+23.49 211.0+14.11 346.2+14.88 202.3+10.75 336.7+23.12 206.3+10.48 339.3+18.00 211.0+12.09
4 386.3+30.30 223.5+12.21 380.4+17.54 215.249.40 368.9+26.04 219.4+£11.90 369.4+22.63 228.0+11.19
5 418.0+34.94 238.8+£16.96 412.0+21.18 224.2+8.56 395.9+29.46 230.5+12.09 397.7+22.87 237.6+£12.91
6 441.6+40.03 248.5+15.74 436.9+23.61 234.9+11.48 419.3£34.58 239.0+11.83 421.1£23.72 243.7+17.51
7 461.8+45.67 257.4+18.26 455.8+24.05 244.7+12.94 439.9+38.17 246.3+ 9.03 441.2+21.67 255.3+14.88
8 481.3+49.84 268.6+16.75 475.2425.78 249.5+12.84 455.1+40.38 254.0+12.17 458.3+21.57 264.7+16.73
9 497.0+53.12 276.5£21.71 494.5+28.63 253.0+11.56 472.6+43.81 259.7£12.16 472.3£20.01 267.6£15.26
10 511.6£56.97 277.3£19.02 509.8+31.12 255.8+11.47 488.4+47.95 263.8+12.80 486.3+£22.67 269.8+16.88
11 523.2459.13 282.0+19.73 521.9433.53 263.0+13.51 501.8+53.11 2682+ 8.32 497.5+£24.40 277.8+17.34
12 538.3+60.81 288.7+19.99 539.3+37.42 269.7+16.83 515.6+56.08 271.7+11.61 512.1+23.62 286.0+18.24

13 538.7+62.09 295.3+24.87 541.6+37.64 272.5+17.62 517.8£59.78 276.8+ 9.83 513.14£23.61 287.0+£17.25
Gains”  346.5+60.02 140.2421.30 350.3+34.53 118.6+14.55 327.4453.78 123.1+ 9.04 321.8421.62 134.8+16.20
9 Weight gains are body weight difference between week 13 and week 0.
%: Control group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day), High-dose group (G4: 5,000
mg/10 mL/day)
The data shown represent meantS.D. (n=10).

Table 6. An assessment of the food consumption changes affected by the 90-day oral administration of 7%-GNANA, a test substance
to the male and female rats (n=10)

Groups (mg/kg/day)”

Weeks G1” G2 G3 G4
Male Female Male Female Male Female Male Female

0 23.3+1.67 16.6+1.35 22.7+1.38 15.9+1.03 22.2+0.99 16.1£1.25 23.0+1.17 15.2+2.36
1 21.7+£1.62 14.2+£1.14 21.0£1.27 14.2+0.80 20.2+1.58 13.9+0.55 20.4+1.08 13.6+0.95
2 23.3+1.53 15.0+1.80 22.8+1.63 13.8+0.71 21.9+1.53 13.9+0.10 22.0+0.83 14.4+0.68
3 25.0+2.04 15.8+0.84 23.8+1.79 15.2+0.91 22.8+1.64 15.3+0.50 22.3+0.94 15.3+0.25
4 25.7£2.00 15.3+0.46 23.9+1.40 15.0+0.73 23.2+1.48 15.3+0.85 22.440.92 15.5+0.49
5 26.2+£2.45 16.4+1.15 24.6+1.56 15.4+1.07 23.4+1.49 15.4+0.90 22.8+0.59 15.240.26
6 25.542.37 16.1+0.77 24.4+1.65 15.5+0.97 23.4+1.89 14.6+1.17 22.6+0.61 14.7+0.54
7 25.1+£2.45 15.6+1.32 23.8+1.33 15.5+£1.92 23.3+2.43 15.0+1.12 22.7+0.57 15.0+1.17
8 24.8+2.33 16.6+1.08 23.5+1.10 15.0+£1.41 22.9+2.81 15.2+0.82 22.3+0.38 15.1+1.57
9 24.3+£2.16 16.1£1.24 23.8+1.62 14.3+0.75 23.1£2.40 14.7+0.84 22.7+0.43 14.4+0.37
10 24.4+2.00 15.3+1.36 23.4+1.37 14.3+0.73 22.5+2.41 14.6+0.71 21.7+0.42 13.8+0.74
11 24.242.01 15.0+0.83 23.3+1.58 14.3+0.83 22.842.38 14.5+0.51 21.9+0.63 14.7+0.72
12 24.442.13 15.5+£0.95 23.7+1.61 15.1£1.03 22.0+1.84 14.3£1.15 21.6+0.24 15.1£0.21
13 19.8+1.71 13.7+1.05 19.5£1.76 13.1£1.28 17.7+0.82 12.7+0.63 18.4+0.29 12.0+1.10

Average 24.1+£1.96 15.5£0.57 23.2+1.39 14.8+0.50 22.2+1.72 14.7+0.45 21.9+0.39 14.6+£0.48"

" Significantly different from the controls at levels of p<0.05.

%: Control group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day), High-dose group (G4: 5,000
mg/10 mL/day)

The data shown represent meantS.D. (n=10).
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Table 7. A clinical investigation of the ophthalmic findings affected by the 90-day oral administration of 7%-GNANA, a test substance

to the male and female rats (n=10)

Groups (mg/kg/day)”

Sites Findings G1” G2 G3 G4
Male Female Male Female Male Female Male Female
Left eye Normal 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
Right eye Normal 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

9 Number of animals with the finding / Number of animals examined
%: Control group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day), High-dose group (G4: 5,000

mg/10 mL/day)
The data shown represent meantS.D. (n=10).
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Table 8. An assessment of the urinalysis changes affected by the 90-day oral administration of 7%-GNANA, a test substance to the male

and female rats (n=10)

Groups (mg/kg/day)

Tests Result Severity " Male Female
G1” G2 G3 G4 Gl G2 G3 G4
0 1,250 2,500 5,000 0 1,250 2,500 5,000
GLU - 0 5 5 5 5 5 5 5 5
BIL - 0 5 5 5 5 5 5 5 5
- 0 4 2 5 5 5 5
KET + - 1 1 2
1+ 2 1 2 5 3
<1.005 0 1
G 1.010 1 4 2 1 1 4 3
1.015 2 1 4 3 4
1.020 3 1 1 1 3 1 2 1
<6.5 0 1
7.0 1 1
pH 7.5 2 1 2 1
8.0 3 1 1 2 3 1 1 1
8.5 4 4 4 3 2 2 4 1
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Table 8. Continued

Groups (mg/kg/day)

. Male Female
Tests Result Severity 7
G1” G2 G3 G4 Gl G2 G3 G4
0 1,250 2,500 5,000 0 1,250 2,500 5,000
- 0 2 3 4 3
+ - 1 1 1 2 1 1 3
PRO 1+ 2 2 4 3 1 2
2+ 3 1 1 3 1
3+ 4 1
5 0.2 0 5 5 5 5 5 5 5 3
URO
1 2
NIT - 0 5 5 5 5 5 5
- 0 2 2 5 5 5
+ - 1 3 2
OB
1+ 2 1
2+ 3
- 0 2 1 4 5 4 4
+ - 1 1 3 1 1 1
LEU 1+ 2 1 3 1
2+ 3 1
3+ 4 1
No. of animals 5 5 5 5 5 5 5 5

? The unit of Urobilinogen is Ehrlich unit/dL, * Represents a significant difference at p<0.05 level compared with the vehicle control, %: Control
group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day), High-dose group (G4: 5,000 mg/10
mL/day), The data shown represent mean+S.D. (n=10), GLU: Glucose, BIL: Bilirubin, KET: Ketone body, SG: Specific gravity, PRO: Protein,
URO: Urobilinogen, NIT: Nitrite, OB: Occult blood, LEU: Leukocyte

Table 9. An assessment of the changes in urine sediments affected by the 90-day oral administration of 7%-GNANA, a test substance
to the male and female rats (n=10)

Groups (mg/kg/day)”

Tests Result Severity Male Female
G1” G2 G3 G4 Gl G2 G3 G4
- 0 4 5 5 5 5 5 5 5
RBC
+ - 1 1
WBC - 0 5 5 5 5 5 5 5 5
o 0 3 4 4 4 4 3 5 4
Epithelial cell
- | 2 1 1 1 1 2 1
- 0 4 4 4 5 4 4 3 4
Casts
+ - 1 1 1 1 1 1 2 1
No. of animals 5 5 5 5 5 5 5 5

" "= no finding, %: Control group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day),
High-dose group (G4: 5,000 mg/10 mL/day)

Grade RBC (mean/field) WBC (mean/field) Epithelial cell Casts (mean/field)
- 0 0 0 / 20 fields 0
+ = <4 <5 Few / 20 fields 1

1+ 5~8 6~20 Around 1 / few field 2~5
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Table 10. An assessment of the changes in urine volume and color affected by the 90-day oral administration of 7%-GNANA, a test
substance to the male and female rats (n=10)

Groups (mg/kg/day)

Tests Gl”* G2 G3 G4
Male Female Male Female Male Female Male Female
Volume (mL) 10.3+£3.60 7.8+2.89 10.6+2.63 7.8+4.15 8.6+3.63 8.3+4.81 1243.02 6.3+1.96
Color-yellow 5 5 5 5 5 5 5 5
No. of animals 5 5 5 5 5 5 5 5

%: Control group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day), High-dose group (G4: 5,000
mg/10 mL/day)

T7 RO 23 vlalste] o]dado] AEE ] gtk Table 113} Table 182 7%-GNANAES T3t =7 & o7
Ao ek ishd HALE Yebd Aol & TR A
1) goHstx ZA} 273 v a2 ste] ol dAAL FEE A Skt (p<0.05).

Table 11. An assessment of the changes in hematological values affected by the 90-day oral administration of 7%-GNANA, a test
substance to the male and female rats (n=10)

Groups (mg/kg/day)
Tests Units Gl G2 G3 G4
Male Female Male Female Male Female Male Female
WBC 10l  3.97+0.884 2.03+0.813 4.0340.750 1.72+0.787 3.71£1.148 1.73+0.689 3.72+0.701 1.82+0.621
RBC 1071 9.03+0.282 8.26+0.405 9.44+0.510 8.32+0.407 9.20+0.481 8.34+0.462 9.27+0.498 8.31+0.358
HGB g/dL 13.9+0.79 13.8+0.65 13.8+0.82 14.0£0.29 13.4+1.38 13.840.39 14.1+0.54 13.8+0.47
HCT % 44.2+1.56 43.1£2.01 44.6£1.72 43.3+0.73 44.5+1.73 429+1.13 44.7£1.21 42.7£1.10
MCV fL 49.0+2.56 52.241.15 47.3£2.58 52.1+£2.07 48.442.53 51.6+£2.24 48.3+2.22 51.442.13
MCH pg 15.4+1.13 16.8+0.53 14.7£1.26 16.8+0.86 14.5+1.48 16.6+0.90 15.2+1.12 16.6+£0.91
MCHC g/dL 31.4+1.13 32.2+0.44 31.0+1.00 32.3+0.50 30.0+2.58 32.1+0.43 31.4£0.90 32.3+0.54
RDW % 13.4+0.94 11.6+1.07 13.4+0.96 11.6+1.20 13.240.77 12.0+1.40 13.140.66 12.0+1.34
HDW  g/dL 3.26+0.450 2.80:£0.408 3.42+0.426 2.8340.346 3.35+0.460 2.90+0.461 3.35+0.464 2.91+0.477
PLT 107l 1,075£2523  977+104.1 1,112+£82.9 881+308.3 1,076+187.3  1,038+1322  1,027486.3  1,040+£112.0
MPV fL 7.6+0.28 7.740.43 7.740.50 8.0£1.04 7.740.37 7.9+0.52 7.6+0.36 7.740.30
RET % 1.93+0.526 1.86+0.375 2.04+0.553 1.8440.542 1.96+0.440 1.95+0.422 1.70+0.250 1.88+0.340
% 26.749.62 21.0+£3.91 25.0+4.08 20.4+7.13 26.6+5.79 23.0+6.25 274£7.72 20.9+£6.48

NEU 107uL  1.05£0.451 0.4440.223 1.01+0.273 0.35+0.175 0.99+0.376 0.40+0.204 1.000.265 0.37+0.166
% 68.2+10.15 73.3£3.33 68.9+4.07 73.9+6.81 67.6+5.83 71.5£7.01 66.9+8.22 73.6+6.47

10l 2.71£0.690 1.48+0.576 2.77+0.506 1.28+0.664 2.49+0.795 1.24+0.499 2.50+0.607 1.35+0.481

MONO % 2.5+0.53 2.3+0.96 3.120.52 2.1+0.61 3.0+0.81 2.1+0.55 2.9+0.62 2.240.46
EOS % 2.120.36 2.9+0.98 2.3+0.54 2.7£1.21 2.240.71 2.8+1.02 2.3+0.84 2.8+0.88
BASO % 0.120.06 0.1+0.11 0.1£0.05 0.3+0.26 0.120.07 0.2+0.14 0.0£0.05 0.1+0.09
LuC % 0.5+0.27 0.3+0.19 0.8+0.29 0.5+0.31 0.6+0.37 0.4+0.23 0.4+0.18 0.4+0.13

No. of animals 10 10 10 10 10 10 10 10

WBC (White blood cell count), RBC (Red blood cell count), HGB (Hemoglobin conc.), HCT (Hematocrit), MCV (Mean corpuscular volume), MCH
(Mean corpuscular hemoglobin), MCHC (Mean corpuscular Hb conc.), RDW (Red cell distribution width), HDW (Hb conc. distribution width),
PLT (Platelet), MPV (Mean platelet volume), RET (Reticulocyte)
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Table 12. An assessment of the changes in serum biochemical values affected by the 90-day oral administration of 7%-GNANA, a test
substance to the male and female rats (n=10)

Groups (mg/kg/day)

Tests  Units G1” G2 G3 G4

Male Female Male Female Male Female Male Female
ALB g/dL 3.3+0.12 3.6£0.13 3.3+0.09 3.5+0.09 3.3+0.12 3.540.15 3.4+0.09 3.6£0.15
ALP UL 185+34.1 1354227 189+38.6 130+28.7 194+52.4 135+31.6 196+29.3 130+25.9
ALT UL 28+4.8 21829 3441.2 20+1.9 32+11.1 2546.1 3349.1 22453
AST UL 81£18.8 78+12.7 934+22.8 74+12.9 85+11.7 79+8.7 92+24.5 88+17.2
BIL  mg/dL 0.1£0.03 0.1+0.04 0.140.01 0.1+0.03 0.1+0.01 0.140.03 0.1+0.03 0.140.05

BUN  mgdL 17.242.22 17.0£3.15 17.2+2.47 17.7+2.86 19.242.82 17.9+3.01 18.6+1.54 17.742.74
CHO mgdL 11.0£0.20 10.9+0.28 11.0£0.30 10.7+0.23 10.9+0.33 10.6+0.24 10.9+0.32 10.8+0.25

CPK UL 86+12.8 86+23.6 82+15.6 76+21.8 95+17.9 84+14.6 80+12.0 78+21.2
CRE  mg/dL 108+46.2 73+21.9 127+75.7 76+38.5 102+41.1 91+24.7 103+43.6 109+£75.7
GLU mgdL 0.6+0.08 0.6+0.09 0.6+0.07 0.7+0.04 0.6+0.04 0.7+0.06 0.6+0.03 0.7+0.04
P mg/dL 177+26.7 135+16.4 170+21.4 126+12.3 165£24.1 134+16.9 177+£21.0 141£19.6
PRO g/dL 5.84+0.585 5.38+0.729 6.04+0.482 4.83+0.732 5.78+0.449 4.81+0.773 5.68+0.655 5.21+0.825
TG mg/dL 6.3+0.25 6.4+0.26 6.3+0.24 6.2+0.20 6.2+0.35 6.2+0.24 6.4+0.19 6.5£0.32
A/G Ratio 72+49.0 3348.2 53+13.3 33+9.0 60+26.6 34+8.9 47+10.7 30£9.9
Ca¥  mg/dL 1.120.07 1.3+0.07 1.1+0.06 1.3+0.07 1.240.07 1.3+0.04 1.1£0.05 1.2+0.10

Na' mg/dL  139.0£0.81 137.140.88 139.340.55 137.740.63 139.0+1.36 137.941.20 139.0+0.65 137.4£0.36
K’ mmol/L  4.13+0.253 3.76+0.105 4.26+0.116 3.84+0.198 4.26+0.260 3.78+0.232 4.03+0.221 3.70+0.214
Cl"  mmol/L  106.2+1.23 107.6+0.53 106.4+0.47 108.840.63 105.8+1.12 109.240.87 105.6+0.86 108.0+1.02

No. of animals 10 10 10 10 10 10 10 10

%: Control group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day), AST (Aspartate aminotransferase),
ALT (Alanine aminotransferase), ALP (Alkaline phosphatase), BUN (Blood urea nitrogen), CRE (Creatinine), GLU (Glucose), CHO (Total
cholesterol), PRO (Total protein), CPK (Creatine phosphokinase), ALB (Albumin), BIL (Total bilirubin), TG (Triglyceride), IP (Inorganic
phosphorus), A/Gratio (Albumin/Globulin ratio), Ca** (Calcium ion), Na* (Sodium ion), K* (Potassium ion), CI~ (Chloride ion)

Table 13. An assessment of the changes in plasma coagulation values affected by the 90-day oral administration of 7%-GNANA, a test
substance to the male and female rats (n=10)

Groups (mg/kg/day)”

Tests G1” G2 G3 G4
Male Female Male Female Male Female Male Female
PT (sec) 8.5440.370 8.67+0.509 8.66+0.354 8.94+(.448 8.33+0.341 8.88+0.281 8.49+0.293 8.78+0.369
APTT(sec) 17.6£1.52 17.0+1.50 16.7£1.53 17.0+1.34 17.4£1.89 16.6£1.19 18.0£1.89 16.6+2.14
No. of animals 10 10 10 10 10 10 10 10

%: Control group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day)
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Table 14. An assessment of the
substance to the male

changes in absolute organ weights affected by the 90-day oral administration of 7%-GNANA, a test
and female rats (n=10)

Organ weight"

Groups (mg/kg/day)”

© G1™ G2 G3 G4
Male Female Male Female Male Female Male Female
Adrenal(L) 0.0260+0.00294  0.0634+0.01079  0.0243+0.00242  0.0609+0.00845  0.0256+0.00303  0.0602+0.00714  0.0259+0.00310  0.0655+0.00816
Adrenal(R) 0.0244+0.00347  0.0647+0.01186  0.0243+0.00202  0.0654+0.01014  0.0243+0.00237  0.0634+0.01206  0.0257+0.00275  0.0683+0.01172
Pituitary 0.0133+0.00161 0.0124+0.00141 0.0130+0.00154 0.0129+0.00174
Thymus 0.4588+0.09823  0.3136+0.06780  0.44714+0.10037  0.245140.05655  0.4425+0.13683  0.2520+0.03107  0.4321+0.06935  0.2344+0.04380*
Pituitary 0.0312+0.00446 0.0319+0.00308 0.0324+0.00561 0.0334+0.00489
Ovary(L) 0.0304+0.00361 0.0297+0.00330 0.0307+0.00416 0.0319:+0.00412
Ovary(R) 0.0163+0.00253 0.0158+0.00176 0.0173+0.00218 0.0180+0.00131
Prostate 0.7492+0.15138 0.7916+0.12675 0.6470+0.15774 0.7047+0.11978
Testis(L) 1.9440+0.16247 1.8693+0.18969 1.8509+0.16331 1.9046+0.18961
Testis(R) 1.9791+0.18432 1.7446+0.35818 1.8530+0.15628 1.9120+0.19394
Epididymis(L)  0.6816+0.05997 0.6816+0.07728 0.6609+0.06245 0.6812+0.05264
Epididymis(R)  0.6975+0.05698 0.6495+0.08645 0.6848+0.06111 0.6982+0.04752
Spleen 1.0666+0.24859  0.5887+0.10268  1.1236+0.21456  0.5799+0.07361  1.1258+0.30077  0.5730+0.07541  0.9650+0.18379  0.5903+0.10374
Kidney(L) 1.418540.14116  0.7994+0.06339  1.4113£0.08042  0.7903+0.06262  1.421140.15464  0.7757+0.06449  1.5246+0.13816 0.8581+0.04814
Kidney(R) 1.4209+0.12167  0.8044+0.04636  1.4522+0.09971  0.7817+0.07460 1.4361+0.13310  0.7986+0.05700  1.5268+0.12167  0.8541+0.04648
Heart 1.4230+0.13770  0.8644+0.06959  1.4238+0.15498  0.8420+0.08140  1.3826+0.10954  0.8429+0.07471 1.3981+0.12799  0.8480+0.06259
Lung 1.8385+0.19198  1.2578+0.11501  1.757440.14490  1.2794+0.08861  1.7622+0.07097  1.2682+0.08068  1.7882+0.15544  1.2864+0.06129
Brain 2.2381+0.07477 2.0151£0.10113  2.2191+0.07777  1.9880+0.08094  2.1878+0.08788  2.0035+0.11266 2.1944+0.09831 2.0017+0.07320
Liver 13.8765+1.99662  6.7533+1.17137 13.7635+1.21293  6.3858+0.68144 13.4108+1.90139 6.5099+0.54514 13.5237+1.33087 6.8268+0.56704
No. of animals 10 10 10 10 10 10 10 10

The data shown represent means+S.D. (n=10).
%: Control group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day)
" Represents a significant difference at p<0.05 level compared with the vehicle control.
* Weight (g); unit of absolute weight of organ
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2] %% THp<0.05). g, &% 48 ¢ E_%%@ 280l A #HEE o HIAI g

49 HtE Adsisd

4) 2444
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e 2AATE vehd Aotk Table 173} Table18> 7%-GNANAE Fo g+ o Ao
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Table 15. An assessment of the changes in relative organ weights (% of body weight) affected by the
7%-GNANA, a test substance to the male and female rats (n=10)

90-day oral administration of

Organ weight

Groups (mg/kg/day)”

@' G1™ G2 G3 G4
¢ Male Female Male Female Male Female Male Female
Adrenal(L) 0.0050+0.00053  0.0229+0.00380  0.0047+0.00055  0.0237+0.00415  0.0052+0.00077  0.0229+0.00286  0.0052+0.00056  0.0244+0.00374
Adrenal(R)  0.0047+0.00074  0.0234+0.00428  0.0047+0.00037  0.0255+0.00465  0.0049+0.00053  0.0241+0.00465  0.0052+0.00050  0.0252+0.00373
Pituitary 0.0026+0.00021  0.0113+0.00163  0.0024+0.00024  0.0124+0.00128  0.0026+0.00031  0.0123+0.00196  0.0026+0.00034  0.0124+0.00180
Thymus 0.0880+0.01341  0.1122+0.02049  0.0864+0.02290  0.0941+0.01688  0.0880+0.01989  0.0963+0.01479  0.0877+0.01314  0.0875+0.01979
Ovary(L) 0.0110+0.00145 0.0115+0.00097 0.0117+0.00130 0.0118+0.00170
Ovary(R) 0.0059+0.00097 0.0061+0.00078 0.0066+0.00084 0.0067+0.00050
Prostate 0.1448+0.02427 0.1513+0.02024 0.1296+0.02875 0.143240.02411
Testis(L) 0.3779+0.04179 0.3583+0.03393 0.3740+0.03992 0.3865+0.03005
Testis(R) 0.3841+0.03758 0.3340+0.06588 0.374240.03695 0.3882+0.03307
Epididymis(L)  0.1323+0.01261 0.1307+0.01507 0.1334+0.01453 0.1383+0.00861
Epididymis(R)  0.1354+0.01291 0.1249+0.01929 0.1381+0.01308 0.1419+0.00831
Spleen 0.2061£0.04519  0.2110+0.02591  0.2143+0.03298  0.2239+0.02055  0.2271+0.06144  0.2186+0.03265 0.1956+0.03444  0.2183+0.03465
Kidney(L) 0.2741£0.01348  0.2891+0.03081  0.2711£0.02207  0.3063+0.02508 ~ 0.2862+0.02674  0.2949+0.01793  0.3094+0.02196" 0.3185+0.02325"
Kidney(R) 0.2754+0.02132  0.2907+0.02340  0.2788+0.02398  0.3031+0.03198  0.2899+0.02872  0.3039+0.01906  0.3102+0.02247" 0.3167+0.01676
Heart 0.2754+0.01906  0.3121+0.02798  0.2722+0.01623  0.3264+0.03347  0.2787+0.02187  0.3208+0.02791  0.2840+0.02408  0.3143+0.01968
Lung 0.3564+0.03426  0.4531+0.03020  0.3377+0.03376  0.4959+0.03694  0.3567+0.03688  0.4827+0.02846  0.3629+0.02254  0.4780+0.03868
Brain 0.4359+0.04430  0.7295+0.07218  0.4264+0.03163  0.7715+0.05495  0.4427+0.04191  0.7625+0.03782  0.4461+0.02088  0.7443+0.06426
Liver 2.6702+0.18633  2.4282+0.36368  2.6330+0.10828  2.4762+0.28171 2.6862+0.22023 2.4762+0.17913  2.7435+0.19710  2.528440.16711
No. of animals 10 10 10 10 10 10 10 10

The data shown represent means+S.D. (n=10), %: Control group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day),
" Represents a significant difference at p<0.05 level compared with the vehicle control,

* Ratio (%); Relative ratio of organ weight against body weight

Table 16. An assessment of the changes in necropsy findings affected by the 90-day oral administration of 7%-GNANA, a test substance
to the male and female rats (n=10)

Groups (mg/kg/day)”

Organs Observed signs GI™ Q2 G3 G4
Male Female Male Female Male Female Male Female
Testis Undersized 0 1 0 0
Rib Tumor 0 1 0 0
Uterus Retention of clear fluid 1 1 1 1
Ovary Retention of red fluid 1 0 0 0
Lung Redness 2 2 4 2
Thymus Redness 0 0 1 1
No. of animals 10 10 10 10 10 10 10 10

%: Control group (G1), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day)
" Represents a significant difference at p<0.05 level compared with the vehicle control.
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Table 17. An assessment of the changes in histopathological findings affected by the 90-day oral administration of 7%-GNANA, a test

substance to the male and female rats (n=10)

Groups (mg/kg/day)”

Organs Observed signs G1” QG2 G3 G4
Male Female Male Female Male Female Male Female
Glomerulosclerosis 3 1 2 3
) Inflammatory cells infiltration 3 2 1 -
Kidney )
Regeneration 2 1 1 1
Mineralization 1 1
Liver Vacuolization of hepatocytes - 1 1 -
Urinary bladder Inflammatory cells infiltration 1 -
Heart Myocarditis 1 -
Spleen Hemosiderin pigment - 1
No. of animals 10 10 10 10
" - "=no finding , “ = no slide
%: Control group (Gl), Low-dose group (G2: 1,250 mg/10 mL/day), Medium-dose group (G3: 2,500 mg/10 mL/day)
AZde v BsE AdEdeH, A4 f9 8l AAHAJTE AP A, AP EETFA B AE717H0Y)
AL AT AEEA f-2] 4 (biological significance)s §le T AT ES HASHRA] otk et AW AAA, AT
Ao 2 AGHIh FAAM e Aae v 2ok A% sk AR R, hA e AL 234 2 e AL
(kidney)oll A1 W] 2Fek(minimal) A+ 74 3K glomerulosclerosis) A3t HA 9 AT AIHAL F M E ol ¥
7F Az 1ok 28 38 UEh, ol AEE AR sh7F AFEA Fokoh 2] A9, A NAMRE SG, pH,
Z3n) g wstE kst AW dSAIE S (inflammatory KET(ketone body) ¥ SG(specific gravity) 55 =7} 58 %
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Table 18. Result of toxicity test by weight-based classification in SD rats administrated orally with 7%-GNANA for 90 days

. Male Female
Weight-based I~ Do
classification Findin 0s¢ Findin: se
¢ (mgkg/day) ¢ (mg/kg/day)
I rtant -
mportant compound Not detected Not detected
related changes
Food consumption decrease 5,000
Mi 4 Weight of organ (kidney increase) 5,000
inour compound- . . . :
related changes Weigh of organ (kidney, increase) 5,000 Weight of organ (thymus, decrease) 5,000
Histological exmnatlon (kidney, 0, 5,000
glomerulosclerosis)
Urinalysis (PRO, increase) 1,250 Blood chemistry (Ca®* decrease) 1,250, 2,500
Utinalysis (KET, SG increase) 2500  Diagnosis of autopsy (redness of 2,500, 5,000
thymus)
Histological cxamination (testis, dwarf)y 1250 ~ Dignosis of autopsy (retention oft  © 50 1 g5 5 0
clearfluid in uterus)
i i o . Diagnosis of autopsy (retention of
Ht}sti;)glcal examination (bortyoid tumor 1250 clearfluid in ovary) 0
of ri
Diagnosis of autopsy (redness of lung) 0, 1,250, 2,500, 5,000
Histological examination 0. 5.000 Histological examination (kidney, 0
Noncompound- (glomerulosclerosis of kidney) > inflammatory cellular infiltration)
related changes Histological examination (inflammatory 0. 5.000 Histological examination (cytothesis of 0. 5.000
cell infiltration of kidney) » 7 kidney) T
HlS'[OlOglf:al examination (kidney tissue 0, 5000 Hlsto'loglcal exmnatlon (kidney 0, 5,000
regeneration) remain cool minereol)
Histological examination (hepatocyte 5000 Histological examination (cystitis 0
vacuolation) ’ Jeungsepojimyun)
Histological examination (liver, focal 0
Histological examination (heart 0 Necrosis)
myocarditis) Histological examination (spleen, 5.000

hemosiderin pigment)

cells infiltration), A= M| 3 2] )| A (regeneration), P & 3]
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