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Study on the edible safety and immunomodulatory effects of chitosan oligosaccharide taurine
aqueous solution in mice
QIAO Changsheng', WANG Rui', NIU Sisi’, HUANG Dan’
(1. Tianjin University of Science and Technology, Tianjin 300457, China;2. Tianjin Beiyang Baichuan
Biotechnology Co. , Ltd, Tianjin 300453, China;3. COSMAKER (Tianjin) Biological Science Co. , Ltd,
Tianjin 300385, China)

Abstract: Objective This study aimed to evaluate the safety of chitosan oligosaccharide-taurine aqueous solution for
consumption and its effect on the immune function of mice. Methods Safety was evaluated through acute toxicity tests, a
28-day feeding toxicity study, and genotoxicity experiments. The immunomodulatory effects were determined by measuring
delayed-type hypersensitivity (DTH) , lymphocyte proliferation capacity, hemolytic plaque count, serum hemolysin
levels, monocyte-macrophage function, and NK cell activity. Results The acute toxicity test demonstrated that the LDy,
of a 3x concentrated chitosan oligosaccharide-taurine aqueous solution was greater than 30 000 mg/(kg*BW) (calculated
by the amount of oral solution) in both female and male rat. According to acute toxicity classification standards, the
sample is considered practically non-toxic. The 28-day feeding study revealed no adverse effects on general condition,
body weight, food utilization, organ weight, or organ coefficients in any dose group. No abnormal ocular changes were
observed. Urinalysis, hematological, and biochemical indicators all fell within normal ranges. Histopathological
examination of organs showed no abnormalities related to the test substance. Genotoxicity tests, including the Ames test,
mammalian erythrocyte micronucleus assay, and mouse spermatocyte chromosomal aberration test, all yielded negative

results, indicating no mutagenic or teratogenic effects. The functional study results showed that after 30 days of oral
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administration at doses of 2.5, 5.0, and 10.0 mL/(kg-BW+d) , the chitosan oligosaccharide-taurine aqueous solution

had no significant effects on mouse body weight or organ/body weight ratios. Compared with the negative control group,

there were significant differences (P<0. 05 or P<0.01) in the degree of toe swelling and the number of hemolytic plaques

in the medium and high dose groups of mice, indicating that both the cellular and humoral immune test results of mice

were positive; The results for monocyte-macrophage function and NK cell activity were negative. Conclusion

This study

demonstrates that the chitosan oligosaccharide-taurine aqueous solution exhibits a good safety profile and can modulate

immune function in mice. Qbjective This study aimed to evaluate the safety of chitosan oligosaccharide-taurine aqueous

solution for consumption and its effect on the immune function of mice.

Key words: Chitosan oligosaccharide-taurine aqueous solution; safety evaluation; immune function
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FERME, H s AtT- . SR 25 R EW %2
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A 8 R SE PR T E R

2.2 28d& 0 # IR
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4.2 mL/(kg-BW-d) (7 & 245 7 KB 28 d, 1R it & |
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e 1 TR, 70 2 W A T R /K U T 45 1) 4L Y
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Table 1 Bacterial reverse mutation test results
7 b [ 725 TR % 5L
215 +89 -S9
e/l TA97a TA98 TA100  TA102 TA1535 TA97a TA98 TA100 TA102  TA1535
oAb B % R 0 142+13 3943 142432 201+20  15+1 1366 3424 120+15 190432 132
WHRI(H,0)  0.1mL 155:10 3816 14821 19435  13x2 144x11 37+5 15115 18643 123
H(DMSO) 0.1 mL 13410 38+2 15117  195+13 1443 149222 38+4 130+24  201+19 1243
50 158+3 3443 149+19  191+19 1342 135+8 3427 138+16  184+22 1243
158.1 1613 4042 162415 209+39 1343 149222 3415 148+34  208+49 13+4
AR 500 129+18 3843 13357 204+33 101 15016 40+1 147433 215+44 132
1581 13222 37+4 14416 190+29 1443 132+10 36+5 163+23 20927 1242
5000  141%3 28+1 137+15  200+31 112 162+8 336 156434 209+43 112
2-F K 10 1562+16" 3 416+£104" 3 064+335"
BT 1 iz 200 385+84"
B 18- IEEE 50 895+50°
M 2,4, 7-=HEFEZH 0.2 3 159+196" 3 439+565°
WL Pl 1.0 pL 2612+330" 3691+201°
&AW 1.5 1 435+70"

VE £ 7 R 2o A X I AL 9 2 A
2.4 W FL 3 21 A AR o i

F % 2 AT L, 5 B PR BR AL A L, 32 308E B 10 45
7 i 2 % R TE b S M 25 57 (P>0. 05) , T B A % R 4
At 25 M 22 5+ (P<0. 05) o R, 4550 i 41 22 R4 1)
PCE/(PCENCE) F B I7E [V XS B 20% LAY, %
W 52 3 %o 0 4 L B TG R A o e SR A i

T KT 3 A5 VAR A0 WA DL 5% /)N B 22 Y T
LR AT B, A, 2 X g 22 Y 21 400 M 5 20 240 i L A
PCE/(PCE+NCE) A= 52 , PR W 7€ S50 2 il i A W
3 it Y 200 VL 1) R 7L S0 0 £ AT AR R 0 4 R B
2.5 /INBURS BE 40 A 2 €0 R 0 AR 3 55

25 YRS BE A0 i e 65 R AR R AR R LR 3, 320

F 2 SRR O DN B A0 B TR e A A A I 22 G 21 200 B 5 S £ A0 B LE A A 52

Table 2 The effects of the test samples on the incidence of micronucleus in mouse bone marrow cells and the ratio of polychromatic

red blood cells to total red blood cells

PES I (mL/kg-BW) %k PCE % M PCERL 3% % (%0 , X£5) PCE $/ .21 41 i %4 PCE/ B 21 41 f(X+S)
o&lifbiK) 5 10 000 9 0.9+0.5 1000/1 922 0.52+0.02
5 5 10 000 4 0.4+0.4 1000/1 874 0.530.02
I 10 5 10 000 6 0.6+0.7 1000/1 943 0.51%0.01
20 5 10 000 7 0.7+0.4 1 000/1 969 0.51+0.01
R Ik B 5 10 000 199 19.9+1.6% 1 000/74 0.48+0.01
o&lifbsK) 5 10 000 8 0.8+0.6 1 000/1 932 0.52+0.01
5 5 10 000 5 0.5+0.4 1000/1 923 0.52+0.01
i3 10 5 10 000 8 0.8+0.4 1 000/1 896 0.53+0.01
20 5 10 000 7 0.7+0.6 1000/1 933 0.5220.02
R Bk B 5 10 000 205 20.5+3.8% 1000/2 037 0.49+0.02

o 5 E X R4 H g, P<0.05
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B ity 2% A 50 B 4 e (5 P AR R P e 0 0 A 1R
A& R H Y PR LA A R L B R X B A L
PE2E 5 (P>0.05) , 1 BH 4 X BE 41 00 B 58 o 1 B 1

X MR 2H (P<0. 05) , DA I 58 55 2 0 R /K I8 W 3 A%
e 28 WA /N BRORS B 20 i e 1A e 2 1 0 4 R O
BHAE

3 FOTENEF B K I RO /N BRURS 240 L S €5 A% W05 25 £ 5 0] (X))

Table 3 The effect of chitosan oligosaccharide taurine oral liquid on chromosomal aberrations in mouse spermatocytes (X+S)

F 4 mL/ (kg BW-d) s/ R ARG B 20 M B/ A S /A F I 2R / %
0 5 500 3 0.6+0.9
5 5 500 4 0.8+0.8
10 5 500 3 0.6+0.9
20 5 500 2 0.420.5
40mg/ kg BW (B e ) 5 500 118 23.6+5.6*

e+ R 5 B X BR 4T H 4, P<0.05
2.6 XA T 5

/NELEE B85 T O TR R 5T 0 AR e R UK T TR
30 d Ji , 2% 0 2 /N RO B ZOR IR T AR i i
Iy i 55 1AL O O/ A R L S T R R 2R L, 3
T E 25 (P>0.05)
2.7 FEEEBEAEE IR X ConA 35 5 /N BUIK B 40 i
A 50 19 5 )

&40, EEHEE /N 30d 5,3 M HEHS)
Py 0 Ik T 240 B 1 BE e T 5 B E XS R AR L, 200
FEPE2Z R (P>0.05),
F4  FEIEWER B KRN ConA 5 5 19/ BRLitk L2 40 %

B e B (X £S)

Table 4  The effect of chitosan oligosaccharide taurine oral liquid

on CONA-induced lymphocyte transformation test in mice (X+5)

F2 6 FT LI TR K BN BT AR AN B 1Y S T (X +S)
Table 6 The effect of chitosan oligosaccharide taurine oral

liquid on antibody-producing cells (X+S)

4t mL/ (kg BW - d) B/ H I S BER/ 10° 4R i
0 10 314.0+36.65

2.5 10 333.5£38.16

5 10 349.5+27.02%

10 10 355.5+22.17*

E 5 B X B L #5, P<0.05
2,10 STTEME AR TR VA VRO LV VA I 3R A R )
M 7 L JELEREE 30d S5, 3 D4l g
PP R R S B B A L, T E 2
(P>0.05),
T FCEEBEA BRI K WO LT S L3R 5 (X+S)
Table 7 The effect of chitosan oligosaccharide taurine oral

liquid on serum hemolysin (X+S)

FlEmL/ (kg-BW-d)  si¥%/ A ARG 5 RE 7 (0D 22 1)

0 10 0.209+0.045 HlHmL/(kg:BW-d) S E/ R PURBLE

2.5 10 0.229+0.034 0 10 124.30+19.17

5 10 0.235+0.034 25 10 122.90+11.52

10 10 0.202+0.032 5 10 130.10+20.25
10 10 132.10£18.16

2.8 5O BENE A B R 2K I WO /N BGR & AR S RO

y 211 FE SR A B R AR W /AN L - 2
(DTH)#Y 5 i

RSO, ESER 30d 5,3 R 245
Yy K B K B X R ZE A LG b R R A B
YA 2% 22 5 (P<0. 05,P<0.01) .
5 FIEEE BERR KRN /N BUR % RIS 25 2B (DTH) Y
0 (X+S)
Table 5 The effect of chitosan oligosaccharide taurine oral

liquid on delayed-type hypersensitivity (DTH) in mice (X+S)

4t mL/ (kg BW - d) PR/ R A AE ) (OD 2 i)
0 10 1.12+0.26

2.5 10 1.35+0.31

5 10 1.55+0.36*

10 10 1.63+0.45%*

T 5 BT BRAT L 55, P<0.05 5+ 5 B X BR A L 45, P<0.01

2.9 SEIEME AR T IR KV WRORT BT AR A= B A0 B 1Y 5
M6, ELWEE 30d 5,3 MR8

Yy % 1M 25 BERCS B X B A L, b R R

AT k2 M 25 7 (P<0. 05,P<0.05) .

A Wik Ty BE 7Y 52 W]
201001 5T T HH A R KOV WO /0 B A - I A
i i 5 355 T e 1Y) 5

RS, ESMER 30d 5,3 MF &4l g
Y1 R JEE VS BE 1 S X B AR b, TR E R S
(P>0.05).
2.11.2  SEBERE AR R R K O/ BUE W 4 i
Wik X 21 241 A BE 7 1) 52 Bl

R OTIL,ELHES 30d 5,3 MRl &4l s)
Py 1) A I 23 0 A e 50 B VX B AR L, T
PE22 5 (P>0.05),
2012 ST GEME A flh R KV WX /)N BRLBRL A - W 4
e B ¥ ) R 1) 52 i)

i 10 T UL 22 HEE 30 d J5 L, 3 A 4l 8l
Y %) B A% - L 0 240 Ll B 9 BB 0 5 PR X B A I,
T E M2 H (P>0.05)
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F8 STEEMEAR R A RN /) B P - I I 200 Rk B B
RN IR (X+S)
Table 8 The effect of chitosan oligosaccharide taurine oral
solution on the carbon clearance function of mononuclear

macrophages in mice (X+S)

it mL/ (kg BW - d) sy A AT A 2 ()
0 10 4.91+0.69
2.5 10 5.590.85
5 10 5.631.02
10 10 5.19:0.66

FO FETERE AR R ER K VAN /)N BRI W 200 M 7 RS 1 240
fiE 1 1 R (X+S)
Table 9  The effect of chitosan oligosaccharide taurine oral
solution on the phagocytic ability of mouse macrophages to

engulf chicken red blood cells (X+S)

FlEmL/ (kg BW-d)  ZiE/ R HFmE TR HL (a)

0 10 22.95+2.13 0.85+0.02

2.5 10 23.60+1.93 0.85+0.03

5 10 25.30+3.49 0.86+0.03

10 10 25.70+2.57 0.87+0.02

F 10 FoZEBH AR RR /K RO /N BB - 400 it Bk G 35 3
RE RS2 IR (X£S)

Table 10 The effect of chitosan oligosaccharide taurine oral
solution on the carbon clearance function of mononuclear

macrophages in mice (X+5)

sl mL/ (kg BW-d) A Ay 45 2 (a)
0 10 4.910.69
2.5 10 5.59+0.85
5 10 5.63+1.02
10 10 5.19+0.66

2,13 STEEWE AR 2K P WO /I B NK 40 36 1 Y
A
HIF 11 AT UL S 30 d e, 3 47l it 21 5
Yy NK 4 M35 1 5 B ek B2 A T, T R T 2
5 (P>0.05).
F 11 FCTEREARRRTR K WO /I B NK 40 B PR (52 1 (X +S)
Table 11 The effect of chitosan oligosaccharide taurine oral

liquid on NK cell activity in mice (X+S)

F 4% mL/ (kg BW-d) S/ R NK 2 i 7% M/ %
0 10 27.22+4.99
2.5 10 28.46+5.76
5 10 27.86+5.38
10 10 27.16+3.16

3 #it5itie

12 i TN S5 R R, O 5T SE B A i R
KRR 3 A8 W A A0 M R R A D IR
LD,,>30 000 mg/ (kg BW ) . AR5 2 1 2 1 7 5 73 G2
P, 2 RE O J8 S B JC 7 9% 5 28 d MR SR PR S I 4
Rl 7R 7 B W A R KO TR A ) e 2 i s ) —
M R R R R E g DRSS R

BH O S AR 5 MR A A R & B R AR AR IR TR
FE AR IV 27 4 A B AR AR AR 4 R WK 45 AR B
HAE IE 5 90 Bl 5 4% JUE 4 55 B 20 21 2 G A 24 oK DL 5 52
RS DG B A L B PR S A5 R R
Ames S5 W 7L 30 9 21 40 A 1 R S 58 R/ BRORS B
21 6 e £ (AR IR AL ST G 5 S 2 Oh B A L B AR
TEH

Ty BE 2 I 53 45 S W |, 50 5205 A B R K I T LA
2.5.5.0.10.0 mL/(kg*BW-d)3 > F 4 28 [ 45 T /)N
R 30 d J& , 0P SE G dh W p MR R RS/ 1R R LY A TE ]
952 ) 5 55 B A b A, v R ) AN B
Ik Jib B BE AT MR 22 5 (P<0. 05, P<0.01) , /N FRL 41
i A 9 3k e 95 R BH P 5 5 B o B L s, b R
a5 20 /) BB IS SRR B3 1 25 5 (P<0. 05, P<
0. 05) , /N B T H 328 X 65 235 RS PH 4 5 o A - 5 s 4
T he S NK 4 ff i v 25 R 3 Bk . 25 %W 1
ARSI S F T 5 T W A B R KO TR A B s R
o5 T DI REAE H

7 E BE R AR i R X O w4 E H AT S s 08 T 0
Mo b 485 B G5 ST SRR T 3 5 /N U Ho s B 2
LR 2 B B AR A 1 AN G 22 | I T U I 3 O
S I T 4 3 o R R UE AR R LG Ak o AE DG TE
FEEE SRR TEAT IREERE 1Y H AR P ER N 100 mg/ke
SCEENE AT i 2 B T T IeG  IgM Al IgA VR
BEAh 76 S HAT — 2 1 e B E A, YU S
W 5% & BLIE B 5% 52 0 0] BE 8 o 0% NF-«B S 801
NO.TNF-a 974k . BRI Z 41, 52 524 0 A A iF i
Ji IR B 40 B ) R T Ak, TR T Bk B 4
ke g Tk e Al i SR A R A e A i
TR SR IR AR R Y 50% DL B AR R T
PEIE T IR CU 40 AR AN B Ik O 40 At B4 35 58, 384 T 240 g Jo
PR Ca™ ¥ B, B8 o 2 BE 1. KIM 45 Ui 9% %
B, 2R 6 R 0T S /0N B I 40 7 A TL-1, 42 R )
R e 200 5 A, 4 i 0 4T AR 7 R R
YER , 20 RAE RN o 25 1 BT I, 52 55 05 A1 4 6 R
HELA RV RE ) o AR ST IR SOMG SR SR 5 A
il 12 02 T 5 LA S SR S AL . B K 2R
AEdtE & S R & A o AT Y BE B A DA A
B AR, 45 R R TSR e %, K
91 IR FH R WL ¢ B AT A B BIVE o 3X Ok LN SE 5 A
W 52 56 1) S B R B85 T IR SR A R B 4
PEHR PERL 22 R4

25 b ST A B ORI O — R A AL,
FLA 148 G0 8 D) BRI B AR WE 5T O AR Sy — R B
A Vs T B 1 S G R ) BE R A B T R B AR At
T —E MR
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