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Exogenous cGMP regulates seed germination of ryegrass under salt stress

HAN Ting, WEI Xiaohong* , YUE Kai, XIN Xiaqing, ZHAO Ying, SUI Meifei, MA Wenjing, LUO Qiaojuan
College of life science and technology, Gansu Agricultural University, Lanzhou 730070, China

Abstract: ¢cGMP ( cyclic guanosine-3',5'-monophosphate ) is a type of cyclic nucleotide and signaling molecule that can be
responsive to plant abiotic stress. Using cGMP membrane permeability analog 8-Br-cGMP as a donor, this study investigated
the effects of cGMP on seed germination and physiological indicators of ryegrass under salt stress. The effects of cGMP on
the salt tolerance mechanism during the germination of ryegrass were determined through calculating the germination index
and determining the physiological indicators in the process of seed germination. The results showed that a low concentration
(50 mmol/L.) of salt stress could promote the germination of ryegrass seeds. With increasing salt concentrations (100, 150,
200, and 250 mmol/L) , the germination rate of ryegrass seeds gradually decreased and was even inhibited. Adding 20
pmol/L ¢GMP can relieve the damage caused by 100 mmol/L NaCl stress on ryegrass seed, increasing the germination
rate, germination potential, germination index, and vigor index of ryegrass seed by 7.4%, 133.3%, 52.1%, and 104.2% ,
respectively. In addition, compared to the 100 mmol/L NaCl stress condition alone, the growth of roots of ryegrass could be
promoted and the total length, root length, and leaf length of ryegrass plants increased, by 2.5, 2.8, and 2.6 times,
respectively, when 20 pmol/L ¢cGMP was added. The soluble sugar, soluble protein content, amylase activity, and proline
content of seeds increased by 47.9% , 15.7% , 94.3%, and 117.4% , respectively, while starch content, MDA content,
conductivity, and O,. production rate were reduced by 40.9% , 128.7%, 88.6% , and 211.9%, respectively. The results
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showed that 20 pmol/L ¢GMP could increase the contents of soluble sugar, soluble protein, and proline, and reduce the
production of MDA and O, so as to relieve the damage caused by salt stress on ryegrass seed and promote the hydrolysis of

starch, which accelerated seed germination.

Key Words: ¢GMP; salt stress; ryegrass; seed germination; physiological index

S H R (cyclic guanosine monophosphate , cGMP ) J&—Ff H A& il il P 157 8 4% 35 4E 19 58 — {5 f (second
messenger) , 1] #% G 2 FIHEXAZ 1K ( G-protein linked receptor) 315 f%) 2 I ( protein kinases) R AR 3]
YEMIAME S5 R AL, 2 —Fh BA T Z YIS e R TR . cGMP 7EAEY) AR AW 30 B 35 25 ey 1o 55
RZ A Y AR B AR P R IR VE A AR S e LU Y R R cGMP & U A
AR A R AR ], LA ORI R A o3 501 0 v 2 4 R 1K ( GC) AR R (PDE ) S8 M9 . GC REfiEfk
GTP JE A cGMP , i & ¥4 ¥)°# i hE , il PDE REfIT cGMP 455 5'GMP T2k 1% . PRIt , A4 R v R 2 1 oy
) cGMP & it JE i S 54 FA B R . HATXT cOMP EHYIE S5 S b e IE R dgda ' it
T8 KB, AE— SRR A OB EERE B P A 1—10 pmoleGMP | SE T EANSMIE cGMP 1 BE 4014 8
-Br—cGMP HE 34 3% 0 7 I+ (Arabidopsis thaliana ) %} 3 Wy 30 1 it 52 £, BE A6, 38 % BLAE B ( Capsicum
annuum) 1, cGMP T LAV Na®™ F1 K* 0930 5 R 425 89 1747 . M09 52 B0AR A= Wy o3, 81 0% 37 1y 30
LA B Y cGMP &2 [T 5—10 £5™  BEH] cGMP BERESRAF YR P38 19T 21 FE D —Fh 5 5
Wy S A EAE A0 14 F 3 W 157 v e $E A B AR

FBAZ B (Lolium perenne) N ARAFL B HIRIEY) , HorBEL J@ i m TR K B R EE et
U G PR R A ORARHCRE  C SO 3R B R BRI RE D5 AR ROR S TR
A Tt ER BRI 7 | R N A HLBR | A RS 95 1K e MO B A B bR ) i - R Ak A
YA FR R ) R T RS R N T2 A, DR B R E KR B E AR R R Bt BF o B2 v
—J7 HIRE N & MOl AR B R 08 B4, 2 SRR B 3 Ol ; 55— T T e i 5 v PR A2 B it £V | RERS DI 3R 1 H 43
FEEE ) R B A S IR S, B R 2O BHIE TAE F L e I8, 55 fF M NO  Ca™ (H,S %
SRR BT A AR BE I E A R 25T, {H cGMP X HE 16 38 58 244 F BB BVE SR AR 2, AR
B AR cGMP Ab3E NaCl [ T 2822 U I % i & S e 72 b n s P nl i M dE 1 3E R |
TE Ry TG P S I R AHDOE L 38 O P AR TN A AR BIESE  FR 1T cGMP 22 fif 3 [ 38 o) PR Az e i
TR TEFEAE N, 578 0 1 SR O A T R A B A R L A R £ A BEAL ) A O ST AR A — i B Ry
WA

1 #MRERFE

1.1 K5k

RITF 2017 4 5 H—9 A AR ARR E Bt Y AR B0 2 04T, Eilb el o 247 A B2 w7 |
FHM A BB T, TR E H 2.0034 g, FIREOEHRAT 8-Br—cGMP LT ApexBio /A A,
1.2 ek

TPRBUFFRLARLI |, K/N—35, T B AR B AP 1~ 1 0.1% 1Y HgCL, 7 MR M0 3 5 min, 7R 2848 /K vh vk
5—6 K, FHHTEIE B SR TR /R 5 A 2 IEARM B IR L (@ =9 em) , BFULECE 50 A7, FIAS [R] ik &
(0.50.,100,150,200,250 mmol/L) Y NaCl £ F£ M A& H 20 wmol/LeGMP (1A 6] & (0,50 ,100 150,200
250 mmol/L) i) NaCl S 3E 5% . A B35 IR ILAATE (25£1) °C AIXHREE R 80% 12 h JGHE/12 h WG 5%
AR B PR IR S IR B IR A TR 5% B IRERE 4000 Lux, 4 24 h B H— AL BRI 4 mL, DA &8 H A R Fl i &
FIARES, B 24 h gk — Ik, — E I 25 7 K, 0 HoR 2R hn , Al PRI E T 3 M EA
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FAMRIRTT T = AP (1) CK(Z£187K) 5 (2) 100 mmol/L NaCl ¥ : (3)20 pmol/LeGMP+100 mmol/
L NaCl . 433 FHZ81% 7K 100 mmol/L NaCl i #K .20 wmol/LeGMP+100 mmol/L NaCl 2 323 ¥ fp -7 48 h ¥
T 78 T A BUZIELRREFR L (@ =9 em) o7, 411 50 R T, AL BT 5 3 Uk, D HE32 LN Ak 31 4
ml,24 h B RAL B, BEFRAE(25 + 1) °C, 12 h EI/12 h BBREAF T, 4 BIAEAL S 19 0.2 4 .6 d HURE,
T & B EZY BRI E ; FEC 2 46,8 d e Hh i A B R AR
1.3 WEFR bR SOTHE
1.3.1 FhFRZ4ER

K 2% ( germination percentage ,GP)=7 d N & & AT/ i Fh 74 x100% "7

% 2 germination energy , GE) = Rij 4 d & ZEFh T80/ AT B 8x100% )

REZFFRE(GI) = X (Gr/De) ' (X, De A ZFHEL, Gt 5 De MBI EE R 0 % 25 R T-40)

W HFREL(VI) = GIXER 7 RIEF g Pt (o, 4l e o BRI S #4110 i)

TR AR AR I R R RO (KR S B2 50 BRAT AR I T 35918) .
1.3.2 ARSI E

ATV AR o R S ST G-250 Fh vkl e Pt s Ve BTG 1R 3, 5- AN S K A R vk e Y
YA PR B R R B L (o e s 2 IR SR P BR MBS = BRI E 2 ; BRI B R (L) T
SE ] DDS—11A BUH S0 /2 AM B i R (1 s AR 7 (0;) P A sl F ML s 1,0, & = 1
e
1.4 Bdsseitobr

BB E 3 AN B, R Microsoft Excel 2010 & BRAM 445 | i F SPSS19.0 ( Duncan 3 ) #E4T 8 1k
ST

2 HREH

2.1 AMIE cGMP X AS[RI R B AR B3 T PR 22 HORh 1 & 1) R i)

1A 5 CK M, B NaCl VB TR, B2 B & 255 (6) BRI THE G BRI AR L a3 AN )
AR PR 2E 5 35 (P<0.05) s KEFH(GE) K ZFFREL(GI) FIE T 3880 (VI) B 5 LB R A2 fe i 3 I [a) b 3
252 (P<0.05) , HH1,50 mmol/L NaCl &b ¥ %) & 2z B LU X BEZH 2R 4 5 1 3.5% ;11 100 mmol/L
NaCl PR R EZ R F IR F R (6) RAF P (GE) R ZFHRE(G) FEG JIH8E (VD) 43 5 Hoxt AR T 38.
9% .73.5% . 141.8% Fl 141.0% ; 1 24 NaCl ¥ B 15 £ 250 mmol/L B, A FFp T 1) & ZE R (GP) | K
(GE) KZFHEEL(GI) TG S48 8 (VI) Bk B B Ik, R 22 Fopp 1 AR A ih M FEAS Rl 2 (50,100,150
200,250 mmol/L) NaCl AT, LA 20 wmol/LeGMP B REHE 5 JA F2 Rl 71 K 23R & 2E 3 & 2R 3R KR
J1HE%, FHr X} 100 mmol/L NaCl AbPH ) MAAZ BERh 1 L i A W2 . 20 pmol/LeGMP+100 mmol/L A0 B 1) 2
7 HORP - LE A 100 mmol/L NaCl Zb3H & 2738 R 23 R ZFFaBORE J1Ha 5o e s 1 7.4% 133.3% \52.
1% 104.2%

2.2 HME cGMP XFEhan T 22 FRR - & AR ROIR B 5 )

& 1A M R A KIES B EE 1,20 pmol/LeGMP+100 mmol/L NaCl 4b Hi fit) B8 2 & b 178 H
it LBl 100 mmol/L NaCl JHp3ft i) S8 27 B Rl & B A B AR s AE KIPE . sk 2 nT A 3],
20 pmol/LeGMP+100 mmol/L NaCl 20 HH i H5H 100 mmol/L NaCl &b B iy B2 32 B b 1A 40 K MR e KR
A ERPE R, R T 2.5 .2.8 5 A1 2.6 1%,

2.3 HME cGMP X ERJME T Rl A& i A v S B AR Ak Y e

FEATRI AR PR 25T, Bl A B [B] 9 SE K | P27 b7 Pl i e B 1 i S SR BB B Tk (A

2) . TEALFEYES 2 K, 100 mmol/L NaCl 1 20 umol/LeGMP+100 mmol/L NaCl &b ¥ fi4) B8 3 25 i1~ Py o] i M
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o 25 TR ZE, H 20 wmol/LeGMP+100 mmol/L NaCl A3 iy 28 5 B Py AT s PE AR (4 1 100 mmol/
L NaCl Zb 3T AR A & s m 15.7% , LEXT BREE S T 56.1% ; 7EARFRAYSE 4 K, AR s R &
AR W FEAR RS 6 K, A AL PR (8] 25 55 35 (P<0.05) , Hod iIn ASE A5 cGMP Ah 3 {1 SR 27 B fp
TN AT A A U BRI T 21.3% , L0 100 mmol/L NaCl Bl FFH T 8.4%,

£1 ARERE NaCl HEZEMHFHELZHIFZM

Table 1 Effects of different concentration of NaCl on seed germination of ryegrass

b BIFRCP B35 CE R G ROV
Treatment Germination Germination Germination Index Vigor Index
Percentage/% Energy/%
ZRIBIK ( Distilled Water) 93.8+0.07a 42.6+0.02a 27.7+0.18a 2.4+0.01a
20 wmol/LeGMP 97.8+£0.04a 41.3+0.02b 22.3+1.10a 2.1+0.10a
50 mmol/L NaCl 96.3+0.04a 35.0+0.20a 27.2+0.31a 2.2+0.02b
20 wmol/LeGMP+50 mmol/L NaCl 97.8+£0.04a 48.8+0.05a 48.1+0.38a 3.9+0.03b
100 mmol/L NaCl 67.5+0.05b 11.3+0.04b 11. 5£0.60b 0.5+0.02¢
20 pwmol/LeGMP+100 mmol/L NaCl 72.5+0.04b 26.3+£0.02¢ 17.4+1.48b 1.0+0.08¢
150 mmol/L NaCl 33.8+£0.04¢ 1.0+£0.09bc 6.0+£0.42¢ 0.0+£0.01d
20 pmol/LeGMP+150 mmol/L NaCl 40.0+0.14¢ 8.8+0.02d 12.5+0.11¢ 0.2+0.01d
200 mmol/L NaCl 7.5+0.01d 0.0+£0.00¢ 0.4+0.01d 0.0£0.01e
20 pmol/LeGMP+200 mmol/L NaCl 6.3+0.05d 2.5+0.01d 1.9+1.17d 0.0+0.01d
250 mmol/L NaCl 2.5+0.01d 0.0+£0.00¢ 0.2+0.21d 0.0+0.00e
20 pmol/LeGMP+250 mmol/L NaCl 5.0+0.04d 3.8+0.02d 3.5+0.42d 0.0+0.01d

[FISVEEA RN PR 22 5738 5% B8 K

&2 5ME cGMP 3t 100 mmol/L NaCl e T E2Z 57 FAE KK RN

Table 2 Effects of exogenous cGMP on seed germination of growth condition under 100 mmol/L NaCl stress

B ERIS s8N NN
Treatment Overall Length /mm Root Length/mm Leaf Length/mm
100 mmol/L NaCl 28.0+0.17a 10.6+0.02a 15.4+0.02a
20 pmol/LeGMP+100 mmol/L NaCl 68.8 £0.03b 29.5+0.01b 40.7+0.13a

20 umol/L ¢cGMP + 100 mmol/L NaCl 100 mmol/L NaCl

B 1 5ME cGMP X} 100 mmol/L NaCl BB T 2 E 5 F £ KRR B2 0E

Fig.1 Effects of exogenous cGMP on seed germination of growth condition under 100 mmol/L NaCl stress

FEATRI AL R A5 T | BB B P RV P 2 i 2 I 7 A BT ) 9 S R AR IR R R T = R e (1R 2)
FERLSRAEE 2 T HRZH AT S P ME & i 3R 0 RAE M T 59.1% , T I A SN cGMP FIE Al NaCl B~ A] ¥k
W& BN i FEAC PR EE 4 K, 100 mmol/L NaCl 1 20 wmol/LeGMP +100 mmol/L NaCl Ab ) B 37 ¥
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RTINS Bk B Rl Hod in A MR cGMP AbFRAY . 100 mmol/L NaCl Bk b B 1 %6F B8 43 531138
T 10.7%F1 33.3% ; tEAL K 6 K, 100 mmol/L NaCl Byt fb 3 11 B2 5 2 o 1 N Al i M Bl & B S SR T %, TN
IIASNE cGMP A FR AN BEWE ST, 2R A mE BE AN & In A AME cGMP AL B AY HE X FE AT 100 mmol/L NaCl #

PhALFEAEEIN T 34.3% 11 47.9%

16 -
3.0 ¢ —~
—~ ocK
a L a
g @NaCl b H 4T
2 25 I mNaCl+cGMP a . .
UIIEH?“ a a @ C %ﬂ ab
w& 20 2 @ 10t b
E% ag@ 41‘§§ 8 b
gg 15 g 87
&8 b #H o 6 a b
oo XS I a a
= 1.0 f >~ oh a
=5 F2 4l aa
2 05 z,|
2 3
0 0
0 2 4 6 0 2 4 6

Kb BRI ] Treatment time/d

B2 SMNE cGMP Xf NaCl BB FREZE#MFHLZEEPAIAEEAMAIAEES SN
Fig.2 Effects of exogenous cGMP on the soluble protein and sugar content in germinating ryegrass seeds under NaCl stress

AH Ak BERBOR [R) Bk R 22 5 18 (P<0.05)

HH ] 3 AT £ A BT 1) R 22 BERh - PN T A 5 B Y I A A B [ ) A A A B B S T IS T R S Ak
s, LIRS 2 K, =AM FRYE R & s IR B KA, 7 W3 T 30.8% ,28.6% .9.9% ; TEALFRES 4 K,
BRI (8] 25 5 0 3 (P<0.05) , A0 BT BT ROFP - P BE Ry 1 S VT B FEAR BRI EE 6 K, R [RI b # T A
T NTER & 1 T BRI IR BB IR, A b PR A] 22 57 12 35 (P<0.05) 5 Horr  inASMNE cGMP A3 5 100 mmol/
L NaCl 2SI B 4350 T RE T 11.3% 1 50.4%

FH L 3 FT AT 45 A3 ) R 22 B DR R A 0 2 1 I A A BT [ ) B A 2 RS T R S BRI
fa, EALBRAYES 2 K, =AM FE 2 6] 24 5 2 (P<0.05) , Hod st BR 43 ) e in A AR 20 wmol/LeGMP Fl
100 mmol/L NaCl Byt b 5 At 3 By il 1 PERE AN 15.3% 24.3% ; EAL B 4 K = A FRER K B 5 R Al Hodoxt
JEZH Fit /I cGMP A3 A% YE Ky BTG PR 25 S8 35, P LU B 100 mmol/L NaCl A3 T 1y 437l #2551 46.8%
1 48.6% ; TEAL IS 6 K, T RRZH Ty il 1 M Je 57, 43 L 100 mmol/L NaCl FlJiti il cGMP &b 2R (1% 55 69.
0% .29.4% ,20 pmol/LcGMP 5 100 mmol/L NaCl F:[RI AL 1% b 100 mmol/ L NaCl Bt Ak B 14) 3 43 G P 4
T 53.2%, VLB cGMP {1 B8 22 FORh 7 P9 e M S 1, Ik T S A (0 /K A, R & SR it Re it

6 -
a b o CK 35
o 51 @ NaCl i b
. ® NaCl+cGMP g— 3.0 T
& . \
S 4t a,a ° a 2 s
mﬁg b 'ﬁ‘\:?’ a
@} 3 #7520 a
ol b L3 b b ab
He ¢ ¢ XRB 15}
S 2 " e a a c
5 210 Ta b
g 4 =
7] :CE 0.5 F
0 0
0 2 4 6 0 2 4 6

Kb} ] Treatment time/d

B3 4ME cGMP Xf NaCl B T B Z & F 85 & T 12 dh i M A0 i MEsiE 1 H 2

Fig.3 Effect of exogenous cGMP on the starch contentand amylase activity in germinating ryegrass seeds under NaCl stress
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2.4 AN cGMP XFERJHpa T & 22 RERh ] & o A AR BRER BR 5

ME 4 ATLIE ) CK 5 100 mmol/L NaCl Zb3HF (1) S8 22 Riph7E i A B iy MDA & #08 2 9 LAY
#3520 wmol/LeGMP+100 mmol/L NaCl 22 HSE ETHG FRERI S EA T RS 6 Rk f KAE, fEAL B
52 K, S Z AR B 22 (P<0.05) s A FEAER 4 K, 100 mmol/L NaCl B Zb A HE CK 5 A
HNIE cGMP AL BRI SXSIBEAN T 3.0 F5H01 1.6 45,3 AL ER 2 [ 77 7E B 19 22 FbE (P<0.05 ) ; AL BRI SR 6 K,
100 mmol/L. NaCl Jf4bF b CK 5 ASMNE cGMP AFRAG4 FIE N T 2.3 fi5F0 1.4 F5, A SN cGMP ()22
F BRI MDA &k B i KM AL FRAIEE 8 K, CK S IMASMNE cGMP (1) 28 2 B fh 11 % i #2H MDA &
IR 245 100 mmol/L NaCl Bl ZbFE Y CK FIMA cGMP ALBESEfiIN T 1.8 £%5H01 1.6 %,

F L 4 W B R R TR A RE S, B Al R R I AR & A LT E R, shhaa s in T A
2 BORP T & B I R O i AR SR 6 Ak B KAE, S5 8 N R, A AL B A B P R A5 T CK
5 100 mmol/L NaCl Bl Zb3AH Lt ,20 pumol/LeGMP+100 mmol/L NaCl AbFHHH i 54 1 S5 B fh 115 0 & it
PR, R 2—8 d, il T 1.5.1.5 1.7 £ 2.2 £%

_ O CK . a
& # 100 [ @ NaCl
ot & ® NaCl+cGMP
2 = s} T
mmg 1 2
& &1 3 b
El & b b
S 4 g o0 by
gg ® 5 b
< 27 2
g Z 20
£
0 0

Kb F s} ] Treatment time/d

B4 5ME cGMP 3t NaCl BE TEZEMTFEFLZTIZ2H MDA FfHSBRSEMN N

Fig.4 Effect of exogenous cGMP on the MDA content and proline contentin germinating ryegrass seeds under NaCl stress

LS W Bl & R TR A AE G , B ATl R R O PR AR BRI, A b B R 3 A
Ab PR [B) 2% 53 2 (P<0.05) o #hPhia B AR UE T A7 & b 0; B A H0R i ASME cGMP BEBH i
FEAG DR BT & i) O By =Bl P e Ab BRI 2 6 X, 100 mmol/L NaCl FRAfAbBE EE CK 1 20 wmol/
LeGMP +100 mmol/L NaCl &b 3 i SR 27 B Ah i A ik B v 43 3G 0 1 3.1 4570 1.6 %,

EXF A AT ke 20 S A2 401 405 O R, G 5 BT /IR, 100 mmol/ L NaCl A 351 8 48 i 1 B 22 B g AR X6
SR I EURHRT R % i 7 Ak BB ) (9 228 < T 0, T CK AR fE AR B B, 20 pmol/LeGMP +100 mmol/L
NaCl Ab 3B B fh7  HARX B 5% /N 100 mmol/L NaCl B AbFE YEALFRAYSE 6 KAIZE 8 K, 100 mmol/L
NaCl 4b B i) B8 2 B B, S %820 3l CK F 20 pumol/LeGMP+100 mmol/L NaCl AbFEIG I T 1.7 1.4 1.9 f5%H0 1.
31,

H 5 AT LUE . Bl & 20 R A RE G | BE A7 Boph 76 i & i # b 1,0, & i S B LIS MR s 3T
HTESS 6 KIkF e KAA, 8PS R 46 A0 FIL 2 ] 22 5 1 35 (P<0.05 ), EhJHhaf B I 398 Jin R 2 H 1 i &
AR H,0, FFLERE I ASMNE cGMP R 35 FEAKER I T H,0, % &M 2 HE L CK LR H,0, % &
e, PR BRAY A 6 K, 100 mmol/L NaCl A A # (1) B 22 Bop 7 P H,0, AL B &2 5 e CK A1 20 wmol/
LeGMP+100 mmol/L NaCl 3417 2.7 4% F0 1.4 1%,

3 Wit

31 AFEHEEER A T R T A
TERE AR A BB LE T 30T TP, o3 A DR 0y i A S0 e i T A 7 A I B, G o ol R S i i
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= 167 100 ¢
‘;14- 90 |
g ot 80
T &n -
5 N .
'k B35 o0
H g o
LT 7232 bi b
S Eg 4 f
©e 230t
5 o L
2 10
g I
o 0
S 2 4 6 8

Kb ¥} ] Treatment time/d

4.0
30 | O CK
NaCl
B NaCl+cGMP

»

o
T
o

H,0.8&#
H,0, content/(umol/g #E )
=

f%

2

(=}

a
’-\%

C

4

a

b

C

4

AbFERS} ] Treatment time/d

5 SME cGMP 3f NaCl e T B ZEMFHELZITREHR Oy (EXBESEM H,0,2EMF M
Fig.5 Effect of exogenous cGMP on the O;" production rate,electrolyte leakage and H, O, content in germinating ryegrass seeds under

NaCl stress

i 7 LR RURR A [ B, i B VR A A R R ) B il S AR A AR B 1E R A K AR R, SRR T &
ZER R IEARNR ZER B RRAR S FhF i & B R SRS S AR B T DU MR TR 2R RE S, — R I
T, RERGR AR S E—20 AU R, cGMP AbBEAR & T U R I7 A B Eh vk, 2 BU7E SR 30 T A
PRI T AR KRR A8 & 28 A8 K B NaCl Jpai X 28 22 50— (R 1 FF 22 80 R MG e B (it , s e 3 0
il , 50 mmol/L %) NaCl AbFEX M ZZ BFh—+ 15 & AT fE i E R, 124 NaCl ¥ B2 /5 T 50 mmol/ L B it Ah BV B 119
T i PR A BRI R R R DR BRI 18 B R T R A HO 4 v R 4 AR A A A B 4
58, 3 [] SRRV 0 AT A SR — S, AR A ER VA RO Bl T i & B IR R MR AR DN v B R 2 X
T A L A, B AR O DA A A A AR T R A A K RS RE N S 4l K A TR R BT U £ 3 A
hFE I HILPIHE FAE BB TR — R E LR ] AR R R A K 24 NaCl ¥ JE K F] 250 mmol/
L i}, B3 RORh T K RN 2.5% , FhFi% S REAR 2% |

MR RIS R AE B AE AR A SME RS DB A R A Ak SR 5 ke N AR B A fR AR AR i 22 1k
B SR AR A AR RV A 5 . 8—Br—cGMP J2& cGMP i —Fi B P2 UM , cGMP A 4 41 it Y 1)
— PP AR, BEVR AR A W s AR AR A O IE R M. COA RGBSR Y B cGMP FEAE K RIS M
AR RS TEEEHAD FELRE P, cGMP 158 H,0, ) FifE SRS AR ERMAERDY AR5 45 R
FH,20 pmol/LeGMP X 100 mmol/L NaCl i T HAZZ BFh—+ 1) & 28 R4 FHE AN B &, (H RE BH b £ 5y R 42
TR F7E 100 mmol/L NaCl Bl T 1 & ZE 3 Kk ZEFaBORIG 13680, A0 fie 1 2L 0 & B AN cGMP fg
HEER TN IE T R RN R RAR R A K R RE S AR AR AR K o BB cGMP W] BEE58 3 fi F £k i 38
TR TR R LT, DL ISRk e X B 22 FORp 7l & i 45 3%
3.2 AMIE cGMP X ERrE T RR A R 1 B A s

P 2 A 7 A R RE R AR B A AT 3 R R R T R B SRR R i
B [ IR R AR AR Bl R A SO e Ry R AR 1, X se ) SRR T &t
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8 S % 38 &

TR K St A 5 BRI 3 IR, A2 5 30 A AN A Ry B BRI 28 2L B4 1 o0 R AR B R Y JEORE Y A T R
cGMP XF{E7F 2 M2 e B A BUE 0 F5 B9, cGMP REESIE Y H 0 F rp 453 mi [ PR F miR828 MRk it
W] cGMP Z 5RTHEY) B B i, A2 R W] Eh W0 W 25 B T Ve R R TG M T T ek B K A,
il T AT RN T AR AR ARG, A cGMP BERE RN PN EHS & 5, B 5 UE R B M 30 T T
MR A SR, UL SNE cOMP 3458 T SR e TR 1 N BB (20 T ek, JERE AR
) — T B R B IR TR, AS BT 70 A S o] 3 A LG o A K BT B S R
3.3 HMIE cOMP JE iR Hia T B 22 FORh i R I 2R MDA (HL 5% 05 (H,0, 7 & (1) 52

BB R I8 1 IR 0 — P AR AL I SRR A AR B PR Y R A AR, W LAY BR
TS B PUEALRE ) B R R T A BRI R, R A A & ARG & B, A SR
cGMP fie fik 2 46 = AR o0 R B 22 FOAh - 1 K i 1 I 2R 5 o, HLAE AL R AN [R) B 1), AR IR cGMP &b 3 1) R A2
BFP TR o B S T CK 5 100 mmol/L NaCl St gb B | 3¢5 ) T 28 i h 3 X Ay v i i 0 35

T A 32 SR 3 i B 40 6 P 356 P S AT S e R AT 7™ A 0 4, 1 A MR R e 4, 51
o MR G 1 AL VR e =) 258k MDA, I B8R Y SMB W S n , v %38 i, A 586 5% & B
100 mmol/L. NaCl 4b ¥ B3 B Rh—F il & a3 A2 v, MDA &5 2 fl L 5 AR Bt i3 T CK i 20 wmol/LeGMP +100
mmol/L NaCl b3 FR 247 FLAh 11 & ) MDA % & FlH S 38 0 2K T 100 mmol/L NaCl Foph b3 {HAR I CK
=, Ui cGMP JE 456 MDA K AMB )5 & iR /AP 3R A S AR AR K

b e A K ROS MY Z EC AR ZIRGE , AR R W e W8 T, B2 FRh 77 i & ad 72
t O, Fl H,0, 1Y%t e A 25 st 1] (4 4K WY St 3900, B BT vk B2 1% NaCl B BCR ARG | 31X 5 /N2 F B KRS
W) b RS 45 2 | TS A ER AL AR 1Y, 20 pmol/LeGMP +100 mmol/L NaCl &b B 4y B8 3% B4 ff - 7E
Kt 05 i H,0, & i B E AL, UL cGMP £ Z2 A Uk Mt 1) e

4 iR

Thh i BAL GRS WA IRAYAT B R AR A L AR R A SN IR cGMP fE
PERA WA TR AR R T WA AR, FEIELE SMR cGMP ] LiF S48 i 22 w5 kb1 iy i 72 P i =R
ALEVEEE AR B I T W B ORI SR B I VR 1Y RE T, B Uy A R O A T R R A D T
I MDA (H,0, & 8 &% 0, 77 A SR FEAR B AL, D8 R b aa X A ) A B A 40 3, AR R i X
FAEL A 7 R A FO AR R AN 20 pumol/ LeGMP | LA FEAR B4 4 75 A4y 28 A= K, 39 50 BB A2 R0 0] 8 Ty 0 49 3 17
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