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Effects of nitric oxide on peritoneal lymphatic stomata and lymph drainage via
NO-cGM P-Ca? pathway
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Abstract: To study the cell signal transduction mechanism of nitric oxide (NO) on the peritoneal lymphatic ssomata and lymph drainage
intherat, cGMP content were measured by a commercially available radioimmunoassay kit, and the [Caz*]i were observed by a
confocal laser scanning microscope in the cultured peritoneal mesothelial cell. Animal experiment was practiced to study the effect of
NO-cGMP-Ca”* pathway on the lymphatic stomata and lymph absorption. The results showed that: (1) Sper/NO increased cGMP of
the rat peritoneal mesothelial cell (RPMC) in a dose-dependent manner (P<0.01) compared to the control group. This effect was
blocked by 1H-[1,2,4] oxadiazolo [4,3-a] quinoxalin-1-one (ODQ) (P<0.05), a specific inhibitor of soluble guanylyl cyclase (sGC). The
level of [Caz*]i in single RPM C decreased by adding Sper/NO (P<0.05). Pretreatment with ODQ for 10 min blocked the Sper/NO-
induced decrease in [Caz*]i. L-typed calcium channel blocker nifedipine induced an immediate and marked decrease in [Caz*]i (P<0.05)..
After [Caz*]i reached a balance again, adding Sper/NO could not change [Caz‘]i (P>0.05). (2) Sper/NO increased the area of the ssomata
(P<0.01) and the quantity of the tracer in a dose-dependent manner (P<0.05) compared to the control group. Pretreatment with ODQ
significantly inhibited Sper/NO-induced change of lymphatic ssomata and lymph drainage (P<0.01). Nifedipine increased the opening
area of the lymphatic stomata (P<0.01) and the concentration of absorbed trypan blue of the diaphragm (P<0.05). Sper/NO could not
make afurther change in the samples pretreated by nifedipine (P>0.05). The results indicate that NO can decrease [Caz*]i in the RPMC
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through the NO-cGM P pathway. This procession is related with the L- type voltage-gated Ca™ channel. NO enlarges the opening area
of the lymphatic stomata and enhances the lymph drainage of tracer by NO-cGMP-[C&”"], pathway.
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fir 4 49 B9k £ L (the peritoneal lymphatic stomata)™ .
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CGM PG 1 1) (it v I 24 K27 M e =) Tl A kA7
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1.3 NOXMKRIERBE KA Ca™ iRERFIT
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B BN A B 5O CRET o B AR IR 3 i R
20 minj5, ¥B2—AHN, IR E T
THE B (37°C) I LCSM & L, FIH LCSM £
T P8 P 2 Ca® Mk . 37°C R, &F20 s Xt
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J&, B 50 umol/L Sper/NO, #4kZEk 10 min;
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b, DATS St 9Jeam g 6, B Leica TCS NT
RIPOGIL R AR B KRG WA g R, il
DUAH X 2 ' i JEE I AR AU (B R
14 NOBEEMAXRMHBAFABRIKEIRE
g SD Kl 42 X, AH 180~190 g, HEMEAH,
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pumol/L nifedipine AL PE 5 minJ&, A 200 wmol/L
Sper/NO RS AREAR IO, FEH IR Z4H
LR ERETER, TGS WA . bR
A 550 nm KBS e RO REA, bR £k
142&#@%%# RBEGIT  HEAR

YIZUH 2.5% 3 AT 1% BRI AU 2, 2% L IR
AT, BN, B ICEEE . H
37, Eiko HCP-2 Al 7t fi A T4, H 57 Eiko IB-5
B IR A A% 4, Stereoscan 260 34 Hi 55 WL
8¢, I 20 KV . RRA1ERAT 6 JURE AL 2 I i
THIMR AL BT S 1, R I Ao A A B AL A6 HOR
LB X 3MHLEF(X 1 000), N Elescope # 1
T AE 1,000 par® AU bk L L o Ko A THI A
1.5 Zitst A EdE B mean £ SD %R,
PRZH B) 22 e 0 A D e A e, 22 4 [R]85 8502 5 ] SPSS
10.0 A AT 7 22 3 M o
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21 AKREEBEARESNEE

K BRI R) B 4 A AN B 9% 24 n s, TRAR M RE
K, B ERIESEAMMIE, 3~4 dnliEas,
TE R B A RSN . e AUk g5 R, BoR 4l A
WAMPIEEAPUSEBHIE(E L AL B), FHVIHT

-

c v D

B 1 SRR E A A) MBI R APURBITEB), PV FHiiR(C) ML A 41 i CD45 Fiik B PE(D)
Fg. 1. Cultured celsreacted positively with antibodies to cytokeratins (A) and vimentin (B), but negatively with factor Vil (C) and CD

45 (D). Scale bar, 10 um.
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ISP AT A 41 e CD45 FiliBItE(K 1 €. D), ¥
AT HERR LT AL M . oA B2 40 R 4, 4l
¥ 95% LA L.
2.2 NO M B H4MAEA cGMP HIRIn

AT Sper/NO1Eh NO A4, 5 NO X i) iz
YL P CGMP K521 . Sper/NO (10, 50 pmol/L)
ERI 30 minJ&, JE P9 cCGMP [k B 5 ht IR 4 5 791
M 38 I (P<0.01) B4 I AT 4 ODQ (SGC ¥ 5+
PEFAIF) BT 7F 1 wmol /L #1014 30.63% (P<
0.05), 1t 10 pmol/L I, 1] LL5E4= 40| Sper/NO 5|
i 1) 1] J2 40 il cGMP 1) 71 =1(P<0.01) (&12). 45
FW], NO n LUE R G sGC My It = ) Bz 41 i Py
cGMP /K-,

co
1

[=2]

[a%]
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E=y

0
oDQ (umollL) - - - - 1 10
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Bl 2. NO xS 4il i 9 cGMP (11 5%

Fig. 2. Effect of NO donor on the cGMP of peritoneal mesothe-
lial cellsinrat. "P<0.01 compared with control group, “P<0.05
compared with Sper/NO (50 pmol/L) group , “P<0.01 compared
with Sper/NO (50 pumol/L)group .

2.3 NO X B 4R i B8 Ca™" M

& 3 (A~C) T LU H 51 5965 5 FEAR L
5, Sper/NO (50 pmol/L) R {5 1] J&z 4H A AH X 2¢ )t it
JEFEAG: I Spar/NO (50 pwmol/L) i b (41.42 + 15.2),
J Sper/NO 140 s J5, HAX /KPR 4(16.34 £
5.33) (P<0.05), 1M 240 s J&[#%%3(4.95 + 1.45) (P<
0.05), 1A V. #Rifn, Wi4&HT A ODQ (10 pmol/
L) FH A5 3000 1) 12 440 A8 20 min, DU v LR St it L
Sper/NO 52 ) [Ca®™], 7KV N B 18] 5z 40 Ha At 5%
FesREELE NN ODQ 1 (5.91 + 2.33) K AFH] 240 s )5
(5.33 £2.09), LW EAAL (P>0.05), 50 Sper/
NO (50 pmol/L)FHH 120 s, X526 5m)E (4.06
+ 1.85)JF Il A8 4K (P>0.05, 84 A~C). 4§k
], ODQ EANT | H] 17 41 i Py 2 [Ca’™], (AR,
B R] LA Sper/NO, 58] j 40 ffu[ Ca’™], B
¥ 10 pmol /L nifedipineff: FH K BRI ) Jz 41 i =
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[F1) B2 200 Jif A %o 9 S 53 58 57 B S PR A . 20 s A
(10.14 + 3.58) [4%(3.66 = 0.88) 5, ik Fif(P<
0.05). nifedipine /45 minj5, F I Sper/
NO (50 umol/L) 1 H 120 s, i) 3 40 Jifd () AH X 5%
JEaE Ok (2.45 £ 0.55), # nifedipine /A A i f5
M5 G, HA LW 2 A4k (P>0.05, K5
A~C). SEZIG#ERLEEH, Sper/NO wJl i F i) Bz i
L cGMP K F i B#R[Ca™],, IEidFE S L- 4050
SEEEI

2.4 NO-cGMP-Ca™ i& & %4 X B ik B2 7L IR W /E FA &Y
I

241 FREMBKEMELEE

AL & oy AR S 0 B AT BB
Table 1. Concentration and light absorbance of standard sample of
trypan blue at 550 nm

Conentration

(ng/ml)
Absorbance 2.774 1399 0.762 0431 0294 0.214

000 500 250 125 625 3125

SARME T, R 1P AR S LA R r=
0.990, HryfEiZk k. y=2.488+1.318x, My k
LT S W IR BE TR, x IR RE X 4
2.4.2 FAEBFR{LIE 550 nm T E S EHR N EE,
FHAMEMEEERENEASRPEIMIERN
RE SR NE2, 4R ER, Sper/NO (200
umol/L)4H, nifedipine (50 pmol/L)41F1 nifedipine (50
pmol/L)+Sper/NO (200 pmol /L) ZH 2 [8] ) & Wy 5 )
FEH) 2 G 5 X (P>0.05), {Hi% =41 [H
Sper/NO(10 wmol/L) 411 £ W i e & 255 v 1) FRZH (P
<0.05). ODQ *f K Fsl AR WS WL i 77 RO AR H B AT 56 i
(P>0.05), {H ODQ TiitAb®] J& nJ LA i 2 41 i) Sper/NO
(200 pmol /L)% |2 I & W 5 v & Tt 51 (P<0.01)

2.5 NO-cGMP-Ca™ i &%+ X B itk B FLAB IR &5 # Y
A1)

S FH 145 F B U0 5 K £ R 5 i 6 4 F b £ L
(RN A B R A8 R I 2 ) A7 AR B il 22 5
(K1 6A~G). £ Elescope # {1 AbHE i/ (3 2), Sper/
NO (200 pmol/L)4l, nifedipine (50 umol/L)Z1F1
nifedipine (50 pmol/L)+ Sper/NO (200 umol/L)ZH i) itk
AL 20 AT T AR (5 1 000 pur?) e o) [ 20 5 1 ik 4
K, ZRBEG R X (P<0.01), (HiX =524
PP ) ) 22 7 9 e 4e v i X (P>0.05) . Sper/NO
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Kl 3. BRI £ BN (LCSM) T L %< Sper/NO S [ 52 41l Jfs 4 Cat* 1 5% 1R
Fig. 3. LCSM observation of the effect of Sper/NO on the cultured peritoneal mesothelial cells. A: Cells of treated with medium only.
B: Cells of 140 s after treatment of Sper/NO 50 umol/L. C: Cells of 240 s after treatment of Sper/NO 50 pmol/L. Scale bar, 10 um.

Bl 4. LCSM %2 ODQ A1 Sper/NO X [i] 7 41 it Py Cal* (1 541
Fig. 4. LCSM observation of the effect of ODQ and Sper/NO on the cultured peritonea mesothelia cells. A: Cells of treated with
medium only. B: Célls of 300 s after treatment of ODQ (10 umol/L). C: Cells of 300 s after treatment of Sper/NO 50 umol/L. Scae

bar, 10 pm.

Bl 5. LCSM F%% nifedipine 1 Sper/NO X i) i 41 it Py Ca®* (1 5411
Fg. 5. LCSM observation of the effect of nifedipine and Sper/NO on the cultured peritoneal mesothelia cells. A: Cells of treated with
medium only. B: Cells of 20 s after treatment of nifedipine (10 umol/L). C: Cells of 120 s after treatment of Sper/NO 50 umol/L. Scale

bar, 10 pm.
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Bl 6. #5200 A R Bl IR IS b 2 L1 PR B 1

Fig. 6. Scanning electron microscopic observation of the rat diaphragmatic peritoneal lymphatic ssomata. A: Lymphatic stomata of the
control group. B: Lymphatic stomata of the Sper/NO 10 pmol/L group. C: Lymphatic ssomata of the Sper/NO 200 pmol/L group. The
opening area of the lymphatic stomata are significantly increased. D: Lymphatic sscomata of the group pretreated with ODQ 50 pmol/L.
E: Lymphatic stomata of the group pretreated with ODQ 50 pmol/L and then Sper/NO 200 pumol/L. F: Lymphatic stomata of the
nifedipine 50 umol/L group. G: Lymphatic stomata of the group pretrested with nifedipine 50 pmol/L and then Sper/NO 200 pmol/L. M,
mesothelia cell; S, lymphatic stomata; 0 particles of Trypan blue. A~E, scale bar, 20 um. F, G, scaebar, 50 um.
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A 2. BRI AR LR &) SR P 4wy 1K 49 R E (ug/mi) 5 B 3L A& AR 69 FLAR (um?1 000 um?)
Table2. Comparison of trypan blue concentration in diaphragm homogenate (ug/ml) and the opening area of lymphatic somatabetween groups

(um?%1 000 um?)

Group Concentration Opening area
Control 201.30 + 13.93 2321 +7.31
Sper/NO (10 umol/L) 289.99 + 39.54 32.75+ 10.74
Sper/NO (200 umol/L) 444.80 + 74.90" 70.79 + 32.99"4
ODQ (50 umol/L) 194.11 + 15.38% 26.05 £+ 9.94*
ODQ (50 pmol/L)+ Sper/NO (200 pmol/L) 211.76 + 14.10™ 22.00 + 8.17"~
Nifedipine (50 umol/L) 457.48 + 76.82 78.26 + 25.77"4

Nifedipine (50 umol/L)+ Sper/NO (200 umol/L)

451.93 + 79.90" 71.01 + 34.18"*

"P<0.05, ""P<0.01, “*P>0.05 compared with control group; “P<0.01 compared with Sper/NO (200 umol/L) group; “P>0.05 compared

with each other.

(10 pmol /L) 2 )ik B AL d5e KT TBCRI AR B00T B A IR AT
K (P<0.05). ODQ (50 umol/L)41 % ODQ (50
pumol/L)+Sper/NO (200 pmol /L) 28 bk [ L e KT T
AR AL/, B2 5 g it 2 X (P>0.05) .
SERL IR, Sper/NO A1 nifedipine 34) fii fi 2 14 in i i
IR LI R TF I TR, Sper/NO %o ik L FL I AF
A4 ODQ JIrflikl; nifedipine Tkt ¥ 5 Sper/NO Jf:
AfERE D Bk AL B R TR IR A, $275 NO
SR ELFL AR FH 55 40 ) cGMP RI[Ca™ ), A %

3 iFig
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FnsEE i Ding! (S — L R 0, R 2gxt
WL 5 NO 47 % . Doboszynska @ IIHIF 5T 4 1iE
SI2 (R EL L) ) 52 40 i P9 A7 EH eNOS,  REAE NO 75k
FUBEHG TRES S E AL AR . FRATIIEST
LRI NO ] LA g bk 4 7L ORI sk £
W (H NO Y sk ELSLRIHLED R W ARiE . A
S 1 U NO Y Pk 2 FL I NO-cGM P-Ca 41 fiftd Py
5557 SigmHT T Hit.

R ELFL 1 40 ) B AR S R B, T 5T
NO V# Mk e L, (kR BLa, FRATTR T 8%
TR RIS K 4B, R T NO e A& P 115 5 5%
S. NOMVF£ £ B ThRE el i 3% sGC, Tl
HLPY cGMP /KIS B, AR sth i 3579 L. 076
L0 PR RN 2 5 ppge A PRI e 5 ARt b 3R

1T Sper/NO 1 4 NO fit4k, 5T NO i i 5z 4
e cGMP/K 52 . Sper/NO J&—F1 T 8! 1 NO fit
e, HAT K, wT LB R R IOT T )
NO, HRE 52 EAT RIFM&E SR, (£
37°C, fEpH{H 7.4 40 FEEEN 39 mint?, A2
B o AN SIZ B0 B Ok FRAR) N O b4 . FRATT 1 52 56 4IF
S, HXTIZARLE, NO AJ DL & AR A b 5 TR
F A L) cGMP/KF-. ODQ (SGC & Fe s 51)) i)
LA 4 M b BHL KT Sper /N O 515 1 1) 5z 41 g
CGMP Ft = (P 2) 45 4178 NO R 38 1) Bz 41
W) sGC, M w4 i N cGMP 7K.

Ca L4 N SR A5, S5 Z AR
M. % NO XMLy Ca* [, T 8t
SR LA 5 AN, BT 48 B AR -
FAT o NO FHI AP WLAN I Ca™ I Sl A 2
CGM P AP IR, 34 P A2 J 3 40 o) P s A
S T LI, (HAS B R AT i P S R A
RIS L, ERNE LIREAER, NO fifkn]
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