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Abstract: Effects of chemicals,such as pH,metal ions and antioxidants,on the cyclic nucleotides
content in goat milk were studied. The results showed that cyclic adenosine monophosphate (cAMP)
got the highest concentration at pH 3,while highest concentration of cyclic guanosine
monophosphate (cGMP) was achieved at pH 2. The content of cAMP in goat milk was increased by
Ca*",Cu*,Fe*" ,Ni*",Mg* ,Mn* and Zn*",while decreased by Cd*. The addition of Ca*,Co*,Mg*
and Zn*" could improve cGMP content in goat milk,while Fe*" and Ni*" negatively affected cGMP
content. The contents of cAMP and cGMP in goat milk was decreased by antioxidants during first
2~4 days,but improved after 4 days. This study could provide references for the development of
functional goat milk products.
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FUEFREE S EAR B0 I Y
Jo R4 A 3R A 22 T 3R W 5T L) CER A IR (Cyclic
Nucleotides, CNT) = K I F- 454 ¥ FE B2, I
XF T AR A5 HA PR (4 A BRI AR S 5 AR 7 Bk
BN, B TIHALR W, BAE 0y & 8 P s R
as1-P& 8 B GE T Sy il ONHE S BRI 2 Ah,
FWE A —E AL IR, T B AL G PR IR
(eyclic adenosine monophosphate,cAMP) Fil 35 & F
2 (cyclic guanosine monophosphate,cGMP) , A £ T
Kpif e 2 &1, ARk, AT FL b A% IR 14
ORVE A WS ke B — S 2 A 32 DL R AN AR 20 ) ol
T 2R A5 X 7L BRAZ Y IR 1 B R AT S, dE A R
C TG BRI N I AL, PR A= W B 0 S8 HE 24 1
R A% T 12 5 fE i (Nucleotides cyclase ,NC) 9 1 4 |
i 2L v PR IR B VA 4 N7 Wickson S 5T &
B, &JEET LA Ca™ 3 MUE M H IR PR L (NC)
MWER R A (phosphodiesterase, PDE) {if ¥4 [ /E
FH X0 A P R AZ Y IR Jo e Wk B A — S S, AR A
NRGHTE T HALENR pH, &8 5 1 Fi
S AT X 3 L R AT IR o vk R A SR, R T
Bii 23 S B WA TE Y

I

1 a5
1.1 #MRE5{E

Fh. R ATTILRMBHE K¥FE S IR G 7L
B BUG 7086 T 50 mL 108 S EIEE-40 CF
P URDRAE S BT RIAE 4 CF 7R

F B . S ALH (CuCly) S AL BE (MeCly) &
L5 (ZnCly) . @ ALAS (CaCly) AL I 2k (FeCl,) 5
5l (CoCly) | S % (CdCL) S AL 8 (NICLy) | 541k
ffi (MnCl,) AL S (HC) A& L8 (KOH) , =& &
2 (TCA) 7 A B2 (HCLO,) (AR) : KR J1 4k 2385
A BRA T =5

PUAEAL ] BT FEXT IR 8 (TBHQ) .2,6- L
TOHEXT H Y (BHT) JBUT JEF2 3L 1) A5 ik (BHA) &
FRRIEWE (PG) PUR MR (VC) A BB (VE) (1
) VG 2 b TR A PR R

FEALER . TCL-16B Bl &5 X B.0obl, RifFZ s
BLef A2 T 7= 56 s PHS-3C pH it EiESRHMU RS A
PR 2N ] 7= & ; GSP-9080MBE %! i 7k =X 18 15 5 9% 44
g AR S A BN B BRI R4S T s Multiskan
Go B2 P A BFAR A . 5 BB 20 7] 7™ i

1.2 LWHE
121 pH/EX FA PR FBRRFTRE Y H I
15 mL ZLFEF 20mL i£45 F, H 1 mol/LL HCI 5% 1
mol/L. KOH 14 15 ZLEE Y pH 4351k 2.3 .4.5.6.7 .8,
9.10 .11 12 13, ZE = T~ 4F 2 h, I & H CNT &t
IR, IR LR R 2 IR,
122 2B T FILFTHRBEFTRAZTRED
B 990 wL MFLAET 2 mL i, 2l A 10
pL ¥ EE 25 100 pmol/L 5% 10 mmol/L ) CuCl,,
MgCl, . ZnCl, . CaCl, FeCl, CoCl,,CdCl, NiCl, MnCl,
R R U = S R R A 2 7 1 a2
pmol/L 3% 100 wmol/L J& K HIR G35, F=EIR T
TRAF 2 h, e FL CNT o3 vk B LR A BRFLREAE
25 HXTE
123 HAMH T F LT R BRR T REY R
FREL 0.02 ¢ i TBHQ .BHT .BHA PG . VC .VE % jl
A E] 100 mL W FEFLA, HIRIER G &R 5 1
min, TR A), B 1 mL 38t &4k 70 iY 7L R
F 2 mL B 78 4 CFEAE 8 d, 4FF% 1 d L
FEDUE H CNT o7 it R B[] IRpoRE oA A B 7 ] 2%
PRI 6, A R 2s AR
1.24 ZeFmegn e MR E 0.5 mL FLAE
T2 mL B0 A GEIRF R B 5 1% =
SRR MR A3 50 10% 1) =50 LR (TCA) IR & H72)
JEAE 3 000 g FESC 15 min, 55 B2 BRI FTITE .,
B E3E W, A 1 mol/L i KOH #8735 H: pH % 6.7 (3¢
FLRSK pH) , FHF CNT J 1% B I 5

PR BRI AE . cAMP Fl cGMP R JH] i B¢ %0 28
(ELISA) i & 22 0 & 7E = 0 (20 °C) FF
i 20 min J5 , WO R & PR 4%, B 10 wL b3S
(AR I AR 4% S I FL AR, 42238 I ARE A BT 40
L, FR T ACBAR 2 SR A P T (HRP) A i BB 50
pl, FH SRS E R B fLJE, 7 37 C TR 60
min, K5 75 RN AL AR KA Ak B TR DB AR
AR AE RN JE R FLHOIA 350 ol YRR,
FE 1 min 5, 70 R UERI, AEUEAR A0 T Nk
525 K FEVEVR G AR OB AL TR AR A B 45
50 wl,37 CHRECAEIE 15 min, e a 78 KR AL A
Z kW 50 pll, 15 min NAE 450 nm #2045 £L
WOGEE , B ER 3K,

IR AT B A HE i Ze i 25 1) b 3 J7 A A
[F] JoT H VA B c AMP (cGMP) b o i 9 I B 4K )5 LA
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A

JoT i vk B R AR R (X)), OD (B R PN AR AR (V) , 2 1
cAMP (cGMP) b I 2 , T35 2Pk [0 5 75 2, 4[] )
TR A A RS cAMP Hl cGMP [V
x1 FZEFBRANEAFERBEXRE
Table 1 Linear regression equations and their correlation
coefficients of CNT

LRAE U )7 7R IR B R?

cAMP Y=0.004 1X+0.086 0.999 6
cGMP ¥Y=0.001 4X+0.093 0.999 6

1.3 HiESWH
Bt 45 9% FH Excel 2003 .DPS 7.05 {42 &
£,

LR

21 pHXMEFHAZEFRREKENF I

1 RTVEH 2 pH o 2 B EFL T cAMP
JF U R (2 558.92+54.16) ng/mL;pH A 3 i, 2
FLr cAMP Jit £ v B B R 3R, ik E] (5 493.12+
94.36) ng/mL; 4 pH KT 3 B, FEFL cAMP 1 )it
VR T R AIG 24 pH oA 13 B, SE R cAMP R
R RN E] (638.41£19.51) ng/mL, FFH cGMP
Fia ik BEAE pH Ry 2 B dem, 3K F] (18 000.77+
240.61) pg/ml, ZJ5 Rl pH 135 K 2 % 8 AR R #
#;2 pH A #] 13 B, SE 2 1 cGMP it 2 e FE B AR
£ (4 871.40+262.33) pg/mL, AL pH 4k HFFLEE
cAMP 1 ¢cGMP J51 & ¥ B 73 51 24 (1 592.59+68.21)
ng/mL F1 (4 982.29+268.84) pg/mL,7E pH i 3 B ¢
FLrf cAMP [T VR B iR SR, B R AR BEFLAE I I T
245% ,pH KT 3 i}, ZEFLH cAMP 1 51 5 v B2 2
TRE, M pH KT 7 B SEZ T cAMP 72 9 B 1
FART AR EF T cAMP R E; 76 pH H 2
ISR FLr cGMP J5T v B o5 ey, Lb oA Ak 3L AR 3 n
T 261%, WEAT UL FERRVER T T AEZL T cAMP F
cGMP Ji i ik FE W 3 K, i AEBPE 2R 55 R 3L
cAMP 1 cGMP J5 & ¥ & B & R A,

=) =)
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Fig. 1 Effect of pH on contents of CNT

x2 AFEpHAEEIERMGEEZ R CNTHREREL
Table 2 Ratio between CNT contents in different pH
treated goat milk and CNT contents in

untreated goat milk

AbFAE CNT/AR AL A CNT

pH
2 1.61 3.61
3 3.45 2.95
4 1.80 2.73
5 1.08 2.17
6 1.07 2.08
7 0.72 1.49
8 0.70 1.43
9 0.66 0.95
10 0.53 1.27
11 0.42 1.13
12 0.46 1.10
13 0.40 0.98

22 ERBFMFEISRABERRERXRENZ I

M3, F4 00, HEFLT Ca¥+ Cu® Fe*,
Ni** Mg? Mn**fl Zn* ¥ FE R 1 wmol/L B, FFLH
cAMP [T 43503 SIS I T 70% 44% 113% 37% .
T4% 19% 0 T2% ; >4 F| v ik 26 8 Vi B 3 i 3]
100 wmol/L B, SEFL o cAMP Ji 2 ¢ i A A [F) 72
FER BTN, B Ca® Cu® Fe* Ni* Mg Mn*Fl Zn*
BT EFLT cAMP BTELR B AR R . MERL
T CA™ M 1 pmol/L i, 2R 7 cAMP i ¥ 5
TRET 88% ;£ FLh CA* ¥k BEREG i E] 100 wmol/L
BF,SEFL A cAMP 75 R B2 A TR AR, R W Cd™ B8
FXFEFL P cAMP iR E A AR . 481 Co™
XFEFLT cAMP R B A R [ s 2 2R 2L
Co™ e B2 A 1 pmol/L B, 2EFL 1 cAMP JoT i v i 4%
H AL LRI 36%, 14 EFLH Co* e 4 100
wmol/L B} | 2EFL cAMP J 5k J e oA &b 2 2 L [
1% 18% , F WA E (1 wmol/L) Co* X FEFL b cAMP
JoT g W B A A EAE T 1T 1 Y 2 (100 pumol /L) Co® 4
FF P cAMP B FEMAER

&3, R40H, HEFLT Ca® Co™ Mgl
oW FE R 1 wmol/L B}, SEFL A cGMP J5 it ¥k B 43
BN T 22% 6% 13% M 11% ; 24 27| X 2L 8 1
WREHE ] 100 wmol/L B, *EFL T cGMP i & W JE
AT AN [R) B2 B2 (0 36 26 BH Ca® \Co® \Mg™ Ml Zn* 5§
TXEFLH cGMP BT W AR M . MFE2 D
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FeX Fl NiZ ¥R FE R 1 wmol/L i, £ FLAY cGMP Ji i ik
FEG MR T 4%H 6% ; F-FLh Fe? Fl Ni vk
3 100 wmol/L B, SEFLH cGMP J5t & ¥ B LA
FITREAIG , 2% Fe* Ml Ni2* 85 X 2L cGMP Joit it vk
B FEACAER 24270 b Mo 43 %10 1 wmol/L Al

100 pmol/L B, FFFLH cGMP it it ¥k BE AR L AN K
®3 SEBETLENFIAPCNTHRERE
Table 3 Contents of CNT in metal ions treated goat milk

cGMP i it ¢ &£/ (pg/mL)

FW M> B 7 X270 cGMP B 5 52 i 45/
[l LA F 2L PR B (1 pmol/L) Cd™ A1 Cu?*
XFEFL T cGMP [T 2 Wk BE A — 2 PR SR T 1 e vk
J& (100 wmol/L)Cd* il Cu®Xf EFL b cGMP Jii 2 e
B B HIVE

cAMP Jii & ¥ £/ (ng/mL)

SRAT :
= 1 pmol/L 100 pwmol/L ey =| 1 pmol/L 100 pmol/L
Ca* 1 683.40£55.99¢ 2 866.56+43.56" 3 142.90£70.63" 5 158.19+£245.68° 6 269.98+92.58" 7 106.77+117.11*
Cd* 1 683.4+£55.990¢" 199.99+19.17! 1 565.35£75.92h 5 158.19+245.68° 6 305.34+79.77" 3 846.04+107.06#
Co* 1 683.40+55.99¢ 2 281.69+81.87" 1 388.28+111.04' 5 158.19+245.68° 5 488.19+83.70! 6 344.62+86.35"
Cu* 1 683.40£55.99¢ 2 419.86+84.40¢ 1 769.25+67.79¢ 5 158.19+245.68° 5 264.26+197.40° 2 962.10+32.19"
Fe* 1 683.40£55.99# 3 586.92+24.86" 3 541.31+57.09* 5 158.19+245.68° 4 961.76+61.68" 3 688.89+63.79¢
Ni* 1 683.40+£55.99¢ 2 303.15+46.13" 2 323.27+64.56' 5 158.19+245.68° 4 851.76+89.74" 4 843.90+135.64"
Mg* 1 683.40£55.99¢ 2 921.56+85.41 2 414.49+94.46¢ 5 158.19+245.68° 5 826.05£67.01° 5 680.69+43.47°
Mn* 1 683.40£55.99¢ 3 011.44£23.73" 3 058.39+86.19" 5 158.19+245.68° 5 146.40+95.98° 5 315.33+87.34*
Zn* 1 683.40+£55.99¢" 2 893.39+167.98 2 488.27+42.77° 5 158.19+245.68° 5 712.12+76.55° 6 179.62+74.04"

TE Rz R R 28 B A B FLRE 25 11 .1 wmol/L AT 100 wmol/L 1Y 43 Ji & Ak BURE 1 AR B AN [F) 3R0R 22 5 W 3%

(p<0.05) .,

R4 eRETREFIASKRLEFIAD CNT HREKRELL
Table 4 Ratio between CNT contents in different mental ion treated goat milk and CNT contents in untreated goat milk

AbBRFE cAMP/A AL B A cAMP

1 pmol/L 100 pwmol/L 1 pmol/L 100 pwmol/L

Kb ERFE cGMP/A AL EEAE cGMP

Ca* 1.70 1.87 1.22 1.38
Cd* 0.12 0.93 1.22 0.75
Co* 1.36 0.82 1.06 1.23
Cu* 1.44 1.05 1.02 0.57
Fe* 2.13 2.10 0.96 0.72
Ni** 1.37 1.38 0.94 0.94
Mg* 1.74 1.43 1.13 1.10
Mn* 1.79 1.82 1.00 1.03
In* 1.72 1.48 1.11 1.20

2.3

AT T FE 2 P IR B R 2R E R R0

M 2 3% 5 AT LAFE A 6 Rt A e m
FLrf cAMP 19 50 ft e B A8 Ak R S AR — B, R Ak
25 FAFLREIY A7 301 18] cAMP i f 3¢ 8 G W (2 25 1k (p<
0.05) ; I ABT AL 9 EFLIEN AR5 2~4 d B FEHL
H cAMP T VR FERG AT B i in BHA (19F 5L
H cAMP 755 2 d I35 B IR AR E (946.17+24.55) ng/
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mL, A% T 37% , % it BHT  TBHQ .PG . VC .VE #Y
EF cAMP 1E45 4 d Bk B R AR (411.59+
12.15) ng/mL. (546.67 +36.89) ng/mL. (890.05 =
27.75) ng/mL. (824.66 +25.90) ng/mL. (813.48 +
26.65) ng/ml, 3 HIBEAR T 73% .64% 41% 45% F
46%; 5 4 d J5 IR INAS BT &AL R EFL T cAMP
Jo e BE S AN R AR B A i, R BT AR R X I A7
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2~4 d WFEFL cAMP 5T vk B B FEARAE T, XF
I7E 4 d 5 E30H cAMP vk AR EVE T .

B 3.3 6 TATLLAE A 6 Rt S Ak 57 /Y
FFH T cGMP By T v AR A S B AR — 3, RAb
B Zs (2R LI A7 0 1) cGMP R B ik 5 G A B AR 1k
(p<0.05); JIMABTEALTN I FEFLAEN A5 2~4 d B
FFLh cGMP i W FE R A R R, Hodh, W
TBHQ .BHA % 2 d #YFFLH cGMP J57 it ¥ i A%
9 (2 803.12+89.42) pg/mL . (4 200.86+139.46) pg/
mL, A R A B E L 3 B REAR T 40% 1% , %
BHT PG . VC .VE M £FLH cGMP 225 4 d 1} 3k 5|
HARS A (3 422.25+138.70) pg/ml. (3 004.39+
202.85) pg/mL. (3 118.61£131.69) pg/mL . (4 205.74+
194.95) pg/mL, B 5 514 27% 36% 34%F1 10% ;
5 4 d JE I INAS R SR A SE 2L cGMP T i i
BEX A AR R B N, SRR AL R AE 2~4 d
M FEFLH cGMP vk B B A BEAUE R, XTIEAr 4
d J5 I EFL T cGMP it it ik B HAT AR A .

g 4 000 —e—TBHQ—=—BHT BHA PG —¥— Ve —8— Ve —— 75 [
2 3000}

i -
% 2 000 . . 3
IH 1000F

B

=9 0 L

2 0 2 4 6 8
S I a)/d

B2 SiRUHALENFILP cAMP REREHEL
Fig. 2 Changes of cAMP concentration in antioxidants

treatment goat milk
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Fig. 3 Changes of ¢cGMP concentration in antioxidants

treatment goat milk

x5 MEUFLEEINSKRAEEIS AMP HIREREL

Table 5 Ratio between cAMP contents in different antioxidants treated goat milk and CNT contents in untreated goat milk

s i a/d

0 1.03 1.02 0.99
2 0.37 0.58 0.63
4 0.27 0.36 0.69
6 0.52 0.60 0.77
8 0.90 1.02 1.14

P AL
PG
1.03 1.02 0.97 1.00
0.91 0.61 0.81 1.03
0.59 0.55 0.54 1.00
0.85 0.72 1.01 0.99
1.36 1.11 1.24 1.02

6 MENFLBFXASKLEFEIH cGMP HWRERELL

Table 6 Ratio between cGMP contents in different antioxidants treated goat milk and CNT contents in untreated goat milk

st e /d - = - -
T

0 1.05 1.04 1.03
2 0.60 0.76 0.89
4 0.69 0.73 0.94
6 0.93 0.89 1.01
8 0.97 1.17 1.05

|3 it

AT TR 2 = Wl R A% 1T TR 20 A% 1T TR B4 1k il
(NC) AL A Bl , BE B 5 2 158 i (PDE ) 4 £k /K 7 1%
FAL A R ; Wada "B 58 2 W] pH Xt NC 1 PDE (% f#
feFEtE =g my, I HAE pH 7.5 B PDE 936 4 i

P AL
0.99 0.95 0.97 1.00
0.96 0.72 1.01 0.98
0.64 0.66 0.90 1.01
0.96 0.89 1.16 1.00
1.18 1.34 1.38 0.99

=, PR pH AT 20 NC AT PDE 4 35 1 1 52 i
CNT W& i, WFoEhEZ0H cAMP Fil cGMP Jii i ik
JEAEME S TR 2 X AT RE S A3 pH 7
PER BT 5 PDE TEMEAL e (i EZLh A 3R
KA BR A3, 51 CNT JR vk B R AT 6, TR
1604 A o e P A 350 B 1T LIS S PDE 28 A8 a8 0

SRSt £ 510 2017 £H 36 5% 41
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PDE, b7 CNT tAEJE Y PDE A5 PEM, i
(1) 45 ¥ A8 Ak DL & CNT 19 5 7 AE 3415 pH 52
CNT i iR A O¢ B CNT () 5 23 A A 2 1 A9
i e 1A RN LA BRI 1 2 3 3 A, HL vl R 35 A ) 7
pH 7.4 BFff 25, X ol A CNT 7% pH 7.5 B K fift B
K e U0 CNT rf B A S50 Ak 1) s I 35k AT /6 B /&5 pH
{E A BT PDE Xt CNT B9 Kf# , b i pH X2 3L
H cAMP #l ¢cGMP 5 5 A — & FEARE
Thomas" Wi 55 % B, 4 J& B T BY A7 78 2 ik 5§,
il CNT #i 4 5¢ PDE Kf#g, WMoraEE riy
PDE (1) W IR B A1 2% 4 | B AR H % 8, AT 980 22 CNT
KA, — 264 @ B 25 %F PDE &3 /E R,
W CNT By /K i, BN CNT /K34 & th Z Ff PDE
V) T35 1 JUT R 0 ) 3 S il ) T 1 A2 M 4 T R
W WEFE A BL, Mg™ Zn™ Mn* Ni** Co™BETH 5 4.0
IE AR g CNT [ PDE F9 3 12190 PR e A = 2L P
U 4> Ja B b v a2l AR S FL P PDE I R
CNT & &, Law™HF5¢ & 30 Zn> 09 35 ZAE FH 2 4m 41
PDE [ 1, Zn> b BEAG 2 2L CNT & T AR 40 3
FL,% RS Law BIAFSE— 30 1R 9 M8 o Ath 4
JE B T, XA PDE 35 MR TR £ B4
FHM Ca®* Fe* .Cu® & FXf PDE i 1 th A A [F] 72 i
(R 9 A S A 42 )8 B - 0T LURT CNT 1B iR
A R A LSS AU 4N Mo Al LUGE i 254 CNT 1 4
WAL CNT Btk B, H4JE Cd™HE i cGMP/
NO 38 38 % B A7 A 47 T 52 iU 92 T Cd* X CNT
(52, 25 o ARk B Y Cd>nl o 2 S 2L

SE3H

cAMP [ B R i

TBHQ .BHT .BHA PG VE J& F l Bl it A AL 7,
A ROE R A L, T R AR AR BB
ZOBHCLRBUN RE YRR A B B 5 RN
A Y R BRSBTS A K s Ree
PR A T BB 1 1 2 A SRy R S 1 43, DT
5 SN 1) A% 3o SR RE L VC TR T AR Y 3K e g T X
S BRI SRS T, TR R TR B A R 5 R B
PO 6 P, TR — J5 T AT ) PDE 35 £ |, BH
1E CNT ZK i BLEAAZ AT TR, o5 — J5 T, Bt 48 Ak 77) )
R E RS R AC R GC A2 mee>) E3lh
CNT 7EHLE AT AL 2~4 d, FFLH CNT Ji i
JEREAR, 55 4 d J5EFLH CNT sk i w2 Wi e
A RE 5 3L v R R PR A S R P A O

|4 = i

Xof 5% W) 2 7L PR A% A R T R B A E R
MBI 5E , 2 B R M BR 5% 0] 42 = S W b cAMP
cGMP (1) J5 ¥R B | i Bk R 58 0] PR A2 7L cAMP
Fl cGMP itk ; 4 )@ B T Ca* Cu® Fe** Ni**,
Mg Mn>Hl Zn>*%t 2209 cAMP 5 v B A9 38 N A
TEHEVE T, CA* AR T cAMP A9 5t e B ; Ca® . Co™ .
Mg Zn* X 2 FL i cGMP i it vk 32 A5 14 i 4
Fe Fll Ni2 X £ FL o cGMP J5i 5 ik A B AR A9 7
PN I AER I £ FL cAMP L cGMP A ]
AR
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