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Abstract: This experiment was conducted to investigate the effects of zinc-montmorillonite (Zn-
MMT)on the production performance, slaughter performance, immunologic function and intesti-
nal morphology of broilers. A total of 288 1-day-old male Cob broiler were randomly assigned to 6
groups with 6 replicates per group and 8 birds per replicate. The birds were fed a corn-soybean
meal basal diet or one of the four Zn-MMT diets or 40 mg *» kg™ ' ZnSO, diets, which were the
basal diet supplemented with 20, 40, 60,80 mg » kg™ 'Zn-MMT (zinc content measurement). The
broilers were provided the diets in ad libitum basis. Intestinal tract and spleen were collected on 42
days, and the expression of IL-2, TNF-a, IgG, IgA genes, intestinal villus height and crypts
depth were measured. The results showed as follows: 1) Compared with CK group and ZnSO,
group, Zn-MMT had no significant effect on average daily feed intake (ADFI) of broiler chickens
(P>0.05). However, 80 mg *» kg ' Zn-MMT significantly reduced the average daily gain (ADG)
of chicks aged 1-21, 22-42 and 1-42 days (P<C0.05), and 40 mg « kg™ 'Zn-MMT significantly re-
duced the feed to gain ratio (F/G) of chicks aged 1-42 days (P<C0.05). 2) Compared with CK
group, ZnSO, and 60 mg « kg ' Zn-MMT significantly increased the bursa index at 21 days of age
(P<C0.05), and 60 mg « kg ' Zn-MMT significantly increased the bursa index at 42 days of age
(P<C0.05). At the same time, ZnSO,, 20 and 40 mg * kg ' Zn-MMT significantly increased the
expression level of IgG in spleen at 42 days old (P<C0. 05). Meanwhile, ZnSO, group significant-
ly increased the expression level of IgA in the spleen (P<C0. 05). Compared with CK group and ZnSO,
group, 20 mg * kg ' Zn-MMT significantly improved TNF-a gene expression in spleen. The ex-
pression of IL-2 in spleen was significantly increased in 40, 60 and 80 mg * kg™' Zn-MMT groups
(P<C0.05).3) compared with CK, Zn-MMT had no significant effect on the slaughter perform-
ance of broilers (P>>0. 05). 4) Compared with CK and ZnSO, groups, 40 mg * kg™' Zn-MMT sig-
nificantly increased villus height(VH)and villi height to crypt depth ratio(V/C)of the duodenum
and jejunum (P<C0. 05), and significantly reduced the crypt depth (CD)of the duodenum (P <<
0.05), but had no significant effect on the ileal CD of ileal (P>>0.05). Meanwhile, compared
with CK group, 40 mg * kg™ Zn-MMT significantly increased the ileal VH and V/C (P<C0. 05),
but had no significant difference with ZnSO, group (P>>0.05). At the same time,ZnSO, had no
significant effect on VH ,V/C and CD of duodenum, jejunum, VH and CD of ileum of broilers
(P>0.05), but could significantly improve the V/C of ileum (P<C0. 05). It is concluded that di-
etary supplementation with Zn-MMT can significantly improve feed conversion rate, enhance
body immunity, and promote the development of intestinal villi.

Key words: zinc-montmorillonite; broiler; growth performance;intestinal development; immuno-
logic function
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F % ] Motic-BA210Digital % i3 & s 5 % VH,
CD #17 = . 3+5 V/C,
1.5.5 JRER (IL-2. TNF-q.IgG.IgA) & ik £

S 42 d, RSB g 3 Rk P
PACHE ) P X R S MR M R R R L 7E — 80 °C
AP RAF 20 . il TRIzol (b 5 42504 R
WA PR FD 4 BURZH 208 RNA, JH s %8
HNAT L4y 3656 B 3 (NanoDrop-2000) il 2 RNA ¥
JE RNl B 2 B8R SRR & (PrimeScript™RT re-
agent Kitwith gDNA Eraser) {Ji, B , %f & RNA k47
S s L cDNALf#FA7E — 20 "CokAh 4 . JF
FIH Light Cycler® 480 |[ Systems #¢ G & T L K 3~
1AL, % B SYBR® Green | 38} v, U Bactin N
%, 2 B2 Bl & W 45 (SYBR® Green Pro
Taq HS iR A qPCR 250 &) 317 52 B 28 % 5 i
PCR § 44, ] 27 kiR AL Rk & . 519 )75
H1 75N 4 ME R A R A BR A Wl B L TEILER 2,
1.6 HESEITHH

s 28 Excel 4 ¥LE R A SPSS 26. 0 47 5.
K& )5 22531 Cone-way ANOVA) , [l Duncan [G
AT Z2 L 0 2 R Y L)L OF B (B (Mean) £ 5
#E 22 (SD) "R, P<0. 05 R i 3% K F .

2 F R
2.1 Zn-MMT 33 B9 38 4 < 14 B8 B9 % 1

Zn-MMT X} R 38 A K P AR 19 5% i UL 3% 3. i
£ 30 W, Zn-MMT %f 1~21.22~42 & 1~42 H %
AT () ADFI JC i 2 520 (P >>0. 05) , {H I 2 M
# I ADG K 1~42 H#$ ) F/G(P<C0.05), 5 CK
M ZnSO, 40 A o, ¥ fn 60 1 80 mg + kg
Zn-MMT B ZREE T 1~21 HiR WP ADG(P<<
0.05), H 80 mg * kg ' Zn-MMT i ZEML 22~42
K 1~42 BB ADG(P<<0.05) ; Zn-MMT %}
1~21.22~42 H# WAFXH) ADF1 5 F/G K& 1~
42 H I RAFXS Y ADFI G & 2 %0 (P>>0.05) , {0
40 mg » kg ' Zn-MMT B EFEMK T 1~42 H IR
() F/G(P<0.05),
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Table 1 Composition and nutrient levels of diets (air-dry basis) %

i H & Content

Item 1~21 H i 1-21 days of age 21~42 H# 21-42 days of age

J5kl Ingredient

E Kk Corn 52. 39 56. 20

E K E [ # Corngluten meal 5.37 5. 80

FH1 Soybean meal 33.99 28.33

K= Soybean oil 3. 30 5.19

£ ¥ Limestone 1. 50 1. 20

Wiz 255 CaHPO, 1. 70 1.53

3 NaCl 0. 30 0. 30

DL-EZ k' DL-Methionine 0.17 0.16

L B R #h PR 41 0. 28 0. 29

L-Lysine monohydrochloride

TR L Premix 1. 00 1.00

B IR K Nutrient level

RigtaE/(M] « kg ') ME 12. 38 12. 96

M F B CP 21.51 19. 55

%5 Ca 1. 20 1.03

AW AP 0. 46 0.42

AW Lys 1. 32 1. 19

HEER Met 0. 54 0.51

HEAMR + MAR Met+Cys 0.93 0. 88

5°/(mg kg ') Zn 27.35 27.02

VB DL-E A R DL-E A R =>99. 0% .2,

L’*ﬁﬁﬁﬁﬁﬂﬁ%\(iﬂ*4{dﬁt”%ﬂ) /ﬁ\%(u CsHiu N, O, -

HCL F 3k it) =

98.5%.". WiRE NET M B MRIEME. VA 15 200 1U, VD, 4 400 IU, VE 32 IU, VK, 3.2 mg. VB, 4 mg, VB, 12 mg, VB; 4. 8 mg,
VB,,0. 032 mg,D-2E¥ % 0. 12 mg, 7% 1. 6 mg., MR 48 mg, D72 8 18 mg, &k (iR I 4%) 100 mg ., i (Wi R i) 8 mg. 4 (i FR 4%

120 mg, flt (BAR45)0. 7 mg, i LA AR 4K 0. 3 mg.*. B IRAKFE RITHAE. .

'. Feed grade DL-Methionine: DL-Methionine==99. 0%. 2.
HCD>98.5%. °.

T 5E (8 B E B LA 3 UCFAT I SE o B At

L-Lysine monohydrochloride (feed addition) ; content (C; Hy, N, O,
The premix provided the following per kg of diets: VA 15 200 1U, VD, 4 400 1U, VE 32 1U, VK3 3.2 mg, VB,

4 mg,VB,12 mg,VB; 4. 8 mg. VB, 0. 032 mg,D-biotin 0. 12 mg, folic acid 1. 6 mg. nicotinamide 48 mg,D- pantothenic acid 18 mg,Fe

(ferrous sulfate) 100 mg, Cu(copper sulfate) 8 mg, Mn (manganese sulfate) 120 mg, I(Calcium iodate) 0. 7 mg, Se ( sodium selenite)

4

0. 3 mg.

2.2 Zn-MMT 3 7 38 B == M Bt B9 2 1
Zn-MMT X} R XS & SAPERE s UL 4, B3R 4
AL, Zo-MMT X i LA AT 1 2 52 0 (P<<0. 05) , {5
X B R PR R R A R R T R R LR BRI
RICFH W (P>0.05), M CK 4. %1 Zn-MMT
X PAFAS 42 H % Y i LS TE 3 52 e (P=>0. 05) . {H
5 7ZnSO, HAH AN 40 mg « kg ' By Zn-MMT i %
P T 42 B AR RS R M ILEE (P<<0. 05)
2.3 Zn-MMT X ABREREEHNIEIN
Zn-MMT X P 3% B 92 4% B 48 B0 52 M WL 4 5,
H 5 AT 0L, Zo-MMT XF 21 H i P 4739 3 [ 4 15 5L

=4
W

=24
2

SR
2

. Nutrient levels were calculated values.®. Values determined by analysis and each value based on triplicate determinations

F A2 H i R AT STk TG 8 B5ORT i i i 50F b 35 1k 52
M (P<20. 05) Xt 21 H i P47 %% fifa it A e 0k 6 5010 %
Xt A2 H I P A NS BOBEA 3 B (P=>0. 05) ,
5 CK A M, 60 mg+ kg ' Zn-MMT B ETHi T
21 H & WAF XS 7L R BEFE B (P<<0. 05) ,{H Y5 ZnSO, 4
FIC 25 (P>0.05), 5 CK 44k, Zn-MMT
Xt 42 F iy A AT it iR 46 250C 2 5 1w (P=>0. 05) 5 {1,
FIH ZnSO, 41, 40 F1 80 mg « kg™' Zn-MMT ki 4
T 42 HORY AT XS e R 46 £k (P<<0.05), 5 CK I
ZnSO, HAH .60 mg « kg ' Zn-MMT @ FW N T
42 H i AT R FEHE 5 (P<<0. 05).,
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Table 2 The primers of target genes and reference genes
FEH ¥ 31 (5'—>3") 275 KR ) PR /bp
Gene Primer sequence Source of reference Accession number Length
I1L-2 F.CTGTATTTCGGTAGCAATG [10] NM_204153. 1 161
R:ACTCCTGGGTCTCAGTTG
TNF-« F. TGTGTATGTGCAGCAACCCG [11] NM204267. 1 164
R:AACAACCAGCTATGCACCCC
IgG F.:ATCACGTCA AGGGATGCCCG [12] X07174. 1 118
R:ACCAGGCACCTCAGTTTGG
IgA F.GTCACCGTCACCTGGACTACA [12] S40610 192
R:ACCGATGGTCTCCTTCACATC
Bactin F:CACCACAGCCGAGAGAGAAAT [13] 108165 135

R: TGACCATCAGGGAGTTCATAGC

R 3 Zn-MMT 3t B 38 & K M BEAY 521

Table 3 The effect of Zn-MMT on growth performance of broilers

i { 1 28 Zn-MMT/(mg « kg™") ZnS0, 41 Py
Item CK 20 40 60 80 ZnSO, group P-value
1~21 H#g 1-21d

FHHEE/ (g D TADG 30.7040. 43" 29.4140. 26" 30.29+0.32" 28.3340.60" 26.93+0.59° 30.04+1.61* <C0.001

FHHRER/ (g d) "V ADFL 45.34+7.34  40.5344. 36
KELL F/G

22~42 Hit 22-42 d
FHHBE/ (g d) ' ADG
FHHRERE/(g-d) P ADFI 131.9148.39 127.4145.23
BLE L F/G

1~42 Hi% 1-42 d

P HBEE/ (g D P ADG
W HRER/ (g d) ' ADFI 88.63+7.10 83.97+3.20
BEWF/G

1.4840.23  1.37+£0.14
71.66+4.64° 70.86+2.33"
1.844+0.12  1.84+0.10

51.20£1.99* 50.10£0.91°

1.73£0. 04" 1.7040.03**

1.36+0. 10

1.794+0. 05

41.30+2.91 41.9844.08 40.10+4.28 42.34+2.66 0.427

1.4640.13  1.45£0.04  1.4240.07  0.730

70.4542.02* 74.14+1.46" 63.69+0.80" 73.25+7.61* 0.035
123.89+7.22 127.5949.61 125.1147.75 132.35+8.82 0.363

1.7940.06  1.87+0.05 1.8340.05 0.702

50.7740.86* 51.41+0.82° 45.34+0. 86> 50.80+3.68* 0.001
82.60E£2.65 84.7846.49 82.62+4.61 87.35%5.26 0.247
1.6440.04¢ 1.67+0.04" 1.75+0.06* 1.724+0.03 0.011

[ AT Bl 5 B b AR R R 28 5 3 (P <0, 05) T bR 7 B AR [ 7R 28 e R L 36 (P>0.05) . 1 3K [

Different letters in the same row mean significant difference between the treatments(P< 0. 05), same letter in the same row means not

significant difference between treatments(P>>0.05). The same as below

2.4 Zn-MMT X 338 f7 T2 72 9 %2 i

Zn-MMT X} S B JE 25 i 52 i UL 26 6., 1t & 6
AL IR Zo-MMT o] DL 5 o+ — 38 . 25 1
[ VH.CD k& V/C(P<<0.05), #A CK 5 ZnSO,
2L U 40 mg » kg 'Y Zo-MMT 0] DL 4+ —
felm 25l ey VH il V/C(P<<0.05), H i KK+
AR CD(P<20. 05) H X 5] i (1) CD JG i 3 52 i
(P>0.05), [ A}, /e CK, 40 mg « kg ' f) Zn-
MMT & 342 5 mm ey VH il V/C(P<<0.05) B 5

ZnSO, AT E %R (P>0.05), [, A6 CK, &
i ZnSO, X RAFXS + Z 48 M. a5 VH.CD J V/C
K lnlfz g VH L CD J6 i 3 5% 1 (P=>0. 05) , {H g 1} 3
FEE A V/C(P<0.05),
2.5 7Zn-MMT 3t Q36 & & (IL-2, TNF-a . IgG,
IgA) RiXH) %

Zn-MMT Xf G IL-2 . TNF-o . I1gG. IgA &
IR UL 2 7, B2 7 A8, Zn-MMT i #
o W M IL-2 , TNFo . IgG . IgA 3t N ) 3 i
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Table 4 The effects of Zn-MMT on carcass parameters of broilers %
i H i B 441 Zo-MMT/(mg - kg™ ") ZnS0, 4 P
Item CK 20 40 60 30 ZnSQO, group  P-value
JB SRR 94.6341.24 93.68+£2.15 93.46+0.71 93.88740.47 93.20£0.64 93.97+0.70 0.371
Slaughter
percentage
2 W i 86.1942.00 85.37+1.62 85.44+0.61 84.57+1.28 84.4740.81 85.35+1.45  0.301
Half-eviscerated
percentage
4 i R 75.714+5.21  75.95+1.01 73.83+4.34 74.31F£1.40 75.00£0.96 75.19+1.45 0. 806
Eviscerated
percentage
S 1.28+£0.22 1.1340. 30 1.1640. 28 1.17+£0. 48 1. 0640. 46 1.1940. 34 0. 941
Abdominal fat
percentage
it LR 33.5442. 62" 32.7142.29" 34.9641.92" 32.454+1.08" 32.32+1.26" 31.24+1.29" 0.032
Pectoral muscle
percentage
iR R 31.9942.33  31.6642.96 31.4342.91 30.29+£1.79 30.19+£1.33 30.17=%1.04 0.443
Leg percentage
iR LR 25.004+2.19 24.6642.68 25.10+1.89 23.48+2.15 24.41+1.80 23.88+1.27 0.712
Leg muscle
percentage
#£5 ZIn-MMT X ABERERERHNZIE
Table 5 The effect of Zn-MMT on immune organ indexes of broilers g kg !
W H Xt HE 41 Zn-MMT/(mg * kg ) ZnSO, # P {H
Item CK 20 40 60 80 ZnSO, group  P-value
21 Hiy 21 d
i i 4 6.1940.24  6.124£0.28  6.2340.21  6.1040.44  6.06+0.55  6.35%0.26 0. 993
Thymus index
hREEE R 2.284+0.29"  2.80+0.70" 2.97+0.20" 3.434+0.39" 2.8340.29" 3.40+0.18" 0.043
Bursa index
fig i 45 %% 0.7140. 39 0.8740.10 0.7840.08 0.7340.07 0.7540.05 0.6940.03 0.428
Spleen index
42 Hig 42 d
it I3+ B 4.4240.72"  4.2240.59"  4.63=+0.39° 3.68+0.49" 4.5440.31*  3.68+0.48" 0. 040
Thymus index
AVE €2 1.43+0. 36 1.1940.12° 1.52+£0.19* 2.10+0.25" 1.73£0.26" 1.4840. 48" 0.017
Bursa index
g i 45 %% 0.93£0.11 0.81£0. 24 0.7240. 87 0.8940.19 0.61£0.22 0.8040.11 0.083
Spleen index
(P<<0.05) . #lH CK i1 ZnSO, 41,20 mg » kg ' 80 mg » kg ' [ IE E B IE IL-2 B3k (P<<0.05),
Zn-MMT i F 5 W TNF-« %31k, H 40,60 FI i ZnSO, 2145 CK 22 5 A i 3 (P>>0. 05) ., [A] B, AH
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e CKL 480 ZnSO, #1120 5 40 mg * kg ' fZn-MMT

BEEEM [oG B3R (P<C0.05), /. CK #1 Zn-

6 Zn-MMT 3 P9 38 i3 7 75 60 % 1)
Table 6 The effect of Zn-MMT on the intestinal morphology of broilers

MMT 41,ZnSO, I Z s IgA 33k (P>0.05),

7 H gl Zn-MMT/(mg « kg ') ZnS0, 41 P
Item CK 20 10 60 80 ZnSO, group  P-value
+ — 48 % Duodenum
HEFH/pm VH 909. 9099. 13" 875.50450. 91" 1 125. 20=40. 02* 908. 60+42. 67> 938. 77+113. 01" 868. 254-50. 21" <C0. 001
Fs R CD 159. 15412, 43 136.15411.92°  140.2243. 61> 146.024-15. 78 158.10414.68*  160.4048.00* 0. 001
HE/ e V/C 5.4140. 55¢ 6.8940. 65" 7.9340. 74° 6.7240.70" 5.3610. 44¢ 5.9040.59¢  <0.001
%2 Jejunum
S E &/ pm VH 886.024+162.55° 995.39+62.78" 1 121.28+55. 77" 942.12435. 70>  882. 64+66.83° 869.01+56.53° <0. 001
Wa g5 B/ pm CD 116.7449.43"  122.3048. 44> 134.574£9.03> 132.33+£14.37" 163.82429.17* 119.13416.90" <C0. 001
HE/Fas V/C 7.82+0. 42" 8.940. 46 8. 68+0. 43¢ 7.3340.57 5.3040. 35¢ 7.61£0.95  <<0.001
[l 7 Tleum
2 EH/pm VH 655.874+84. 5"  733.82469.53" 787.49439.23" 673.33492.39" 706.55458. 13" 714.71+49. 33 <0.039
B %%/ pm CD 136.51£20. 60* 137.06+16.64* 130.48414.97* 105.61411.62" 121.24410.45" 122.65+15.91*" 0.004
%E /e V/C 4.9240.67" 6.29+0.70° 6.38+0.59° 6.2640. 30° 5.96+0. 32° 5.9340.66°  0.001
* 7 Zn-MMT 3t g 38 B2 IL-2  TNF-a . IgG . IgA mRNA 3 % 7k T 1 £ iy
Table 7 Effect of Zn-MMT on the gene expression in broiler spleen(IL-2, TNF-a, IgG, IgA)
H P Xif e 2 Zo-MMT/(mg * kg™ ZnSO, 41 P4
Gene CK 20 40 60 30 ZnSQO, group P-value
TNF-« 1. 00+0. 05" 1.5840.41*  0.77+0.24*  0.514+0.09°  0.6940.02"  0.90+0. 30" <C0. 001
IL-2 1.00+£0. 11" 1.764+0.48"  9.06+£2.03"  7.1744.87°  9.2743.47*  2.06+£0.67" <0.001
IgA 1.0740.45>  0.06£0.03°  0.57£0.19*  0.91£0.18"  0.76+£0.18™  3.83£1.07" <0.001
IgG 1.0540.34"  3.6440.55°  3.12%1.60°  0.962+0.42"  0.72240.15"  4.2941.00° <0.001
o AT PR RS ) L L L P SRR A X SAE W H
3 W i BRI ZnO-MMT™ il Ca-MM T i {5 4} 7 1
3.1 Zn-MMT ¥ §9 38 4 7= 1 85 59 251 A2 —5, Zn-MMT 42 & ) k5 4k 5% 0] g 5 6k

RARGERR R+ B A TF TT5 Y e #AE
o) A % T ) P 28R A B Al 85 700 8 A gh i A e R
il I ) 52 PP S L7 M A RN B A 6 A 1 B g
EANAAXETRREF EER A KE &
BHERFTE R Z 0, HE A HUETE PrR AR KR
A R B AR SR I T B 5 & B, Cue
MMTH 0] i 25 B AL & 4% kL S e F kL & L . AL
WGBS B A5 Co-MMT YR fe i R X 4L
PR, Ke A AR R RL I ek 52 A B R4
B 2 0T 3 P W AT i AR K PR Hu %Y T
38 OB R N 52 00 A0 ZnO, 3 B ik 3% 0 4 K
PERE . AW LI ,40 mg « kg ' Zn-MMT 0] i 3%

WR R 6 - AR B M B B AE B W W B N R A TR
B U0 FORR TROREL TR L £ 4 S R o X R B BE AL BEAIR
PUE TR 05 0 T BRI 18 N B R o R, 1
T 3 ARG A2 R A S5 T A i
il % B A . [, AR B 58 8 & B, 80 mg « kg
Zo-MMT A[R&IK ARG ADG, X 5% 4 3 18 A X
TR P s 40 380 mg « kg ' BBEMI R A S B
R AR IS RS R 5, X RE S EEEE A
R SR (14 445 K FIVEE A R R A 6 EL VR I it — s )
WL T REE I R B A R A R M E S B 7 ik
PR R Al 3 (R T 5 5 1 BH B8 k2B A M g ffE 52
i) H A A ) o0 R K AT HLAr T RO B e 5 it
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VBRI A W 2 i 2 A g R A T2,
3.2 Zn-MMT 33 B 38 B £ A RO &2 M

HSCAIFSE b 7R 25 )Rk op R i R & o Ak
ARG EHE IS 14 JIR (A it Jo e J) 4% 2 G g 3
S L FRE 6% 10 PR 0 e B BRI R, DY
5 Qin VTS B R AR RO S A AN
[V BE (1 ZnSO, X 1A XS & 52 M e T & 52 .
A RIS e B 3 I B A T AR v AR A v b R
g UL 0B LR i3 B A R RE L AR AR AR R
LA CKLE I Zn-MMT 5 ZnSO, %f 3% & 52
R R A R R R R R R R LR T
252 3X ] RE 55 0 T R S A AR
REEBAME & T L RGN EFERER X, I
A B 0T W AE Sh AR e S R W R A R
4R AU R TR RS R 3N e e AR ki
R E R S ROR A B2, (A ZnSO, 5 60 F1
80 mg » kg ' Zn-MMT 4, 0 40 mg « kg ')
Zn-MMT B E 05 T 42 H B0 ILR ., 5K [
BHRBEEMAE W BE KT, X ZnSO, 5 Zn-
MMT W AL 25 5 A G A Fe e — B 5E
3.3 Zn-MMT 3 B8 &&= E IS H M %M

PR H MR IR Z —, S i T
A2 DI AH G . I B2 52 i) B R L 3k TS R E L
B BB S G I S AR T A AN IS E R 1AL
REAFTIRE S, RS E5E8 29 MNA
G 32 FIA I B 2 L 2 BILAAR B KW fo 8 4% L OF
VB SR HILAA 240 i G 328 AR VR S 88 1 o B L 7 B 8 9
TR HEEEYIRE ., fERER N b i R BT
PR RE RGN (B R R R L B
PRAE, BE N B W AR B 0 B i, KGR P AR e g )
RELOY . ARERS KB BN 60 mg » kg ' Zn-MMT
I G X TR IR R 4. X 5 B A S g
FIAR S i 2 4 111+ (2 afF XS e e 38 B R F L 2
PRI I E T8 B0 45 A — B, [l A, AR5 8 &
.40 mg » kg 'Zn-MMT #H I ZnSO, BFEE T
A2 H i PR i R 5 K. X AT B 5 RE R ER 2h 1 Al R
V1A W ST 0 i VA F 1 A G B 52 A T B S T Y
TR 32 AL AL P B B Wk B S e, S BL AR T 4k
TE PR B VR R e B R OO 2B L AT R S R E R
I o DU 5 - ) R S0 R DR, AT s R R R R
5 2 e 06 55 MO BE 5 1 1 R 355l Zn-MMT
Hrp R R & T ZnSO, 40, 48 JE g B & & . o3
PRI XS s 928 1 i

3.4 Zn-MMT X3 38/ i7 2 35 B0 22 T

Wi s ) E AR T HIERE R E R
R N F TR AR I S W T 2 e R P Y
FEBRT Y PR S MR AN B AR B TE
BRSO ALIA o2 S Bt . BE S S5 2R &
B SR EF®VMEE, B KM, Zn-
SO, FH 2 2 F B8 i 25 14 m s 3 4% € & DY 5 Cu-
MMT fig i E e m WA= i VH & V/C; Ca-MMT Af
Gz il AFBL 175 J (1 RS 7 2 REE 0 4 » B2 w8 480 v JBE
V/C ARG L5 SRR IR0 40 mg » kg 'Y Zn-
MMT mfl e ZE 8w+ =4 . = mey VH f1 V/C,
HB 2R+ 4wy CD. X 5 Xia 217 % 3 ok 1
SRATEEER2 B VH M V/CH—%%. /Mg
B IR R B R TR R O BRI R e TR
ARG b R A AR R D 3N 5B R Y
PR 42 o TE B o 1 0 75 33 0 T P W A, 4 5 e LA 7Y
AR L H SRR R R 5 A T A
R Ji T PN 5 0 T A B ik R 8% - W B 1 1 i T
YT B R R G B L R A A 545
e B 8 P B AT I %) 44 B R R A A2 3 i A
RH AR B S
3.5 Zn-MMT 3% 938 B 5 [F 3R & B &2

BN Y HILAA 1 4 S P B 8 5 ) 4 AR VR e 78 T2
i A 928 L R A f i Tl B bR U A0 i 7 AR A S T
KA T AN % 2 T bk B 40 i S H 4 i 1
AR oA T A G AT A TR LR IR
FE P F AR A0 PR o TL-2 g T i
MRS 119 928 5 7 1) DG Bk 4 T R O Hl 90 1) T 4
43 A s TNF-o 2 Fh S A2 200 L L I I3 240 i o s
20 L5 7 A ) B TR o A ARRE B S A 9 R
RHEAE Y . AW KB, Zo-MMT BE 48 & 19
TNF-q . IL-2 }¢ IgG Wik, ZnSO, 3% 4& =
IgA A, XA RE S 48 rk W2 #h 4 #F 9 b 7 5%
PERREE 1A A Bk e 4 i o 1k . 42 5 e g Bk 1
Bt R A R R LR G

4 &

PRI T K- ORI Al H AR PR 40 mg « kg 'Y
Zn-MMT {2 #E i IL-2.IgG HE () %3k, IF B F 4%
[ =0 /Ny N I 7R R S = 0 1 S = 1
SR IR+ 48 I 0 BRss TR, SR 9 B 1
20 P R T B R ki R R S SR A
W, P i R fE R . Wi 40 mg + kg ' ZnSO, 7]
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