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Oxytocin-stimulated insulin release in a clonal p-cell line RINm5F： 
involvement of phospholipase C-dependent and -indepe ndent pathways 

Bumsup LEE， Ter-Hsin CHEN， Walter H HSU (Department of Veterinary Physiology and 

Pharmacology，Iowa State University，Ames IA50011，USA) 

KEY VdDRDS islets ofl部gem啪 s；ouIRired cells； 

insulin；oxytco in；calcium；inositol 1，4，5-trisphos· 

phate；U一73122；argipressin；phospholipase C 

A玎 ：To study the mechanisms underlying oxy． 

tocin(Oxy)．induced insulin release．MEn ： 

In a clonaI panoreatic p-cell Iine．RINm5F ceils 

RF．,SULI~： Oxy increased jnsulin release and 

l Oaz lI jn a concentratior~ependent rl~rllFler． 

Oxy．ind uced insulin release was not altered by 

pretreatment with pertussis toxin(PT)． U-73122 

(2—8 lamo1．L )，a phosl：Iholipase C (PLC) 

inhibitor，concentration-dependently inhibited  Oxy· 

induced increases in[Ca2 ]1 with I岛0 value of 2．8 

±0 2 pmo1·L～ ． In addition． 73122 diminished 

the Oxy．induced incres．se in jntracellular 

con centration of jnositoI 1．4．5一trisphosphate 

CIP3)． L 3122 at 8 prnol'L totally abolished 

the Oxy—induced increases in l C ’JI and 1P3； 

however jt reduced the Oxy．induced jncrease jn 

ins~lin release only by 36 ％ and 63％ in the  

rnonolayer and suspended ce lI preparation s， 

res pectively． O0NaLUSl0N ： Oxy irlcre~ses 

jnsulin release through beth PLC and non-PLC 

mediated signaI transduction  mechanisms． 

Oxytocin(Oxy)stimulates myometrial 0on— 

traction and milk ejection． Besides Oxy decreases 

glucose concentration in plasmaL j and stimulates 

insulin releaseL The possibility that Oxy phys a 

role in the control of endocrine pancrl~s is supported 

by the presence of Oxy and its receptors in 

pancreatic islets[ 

Oxy activates a specific ph0~pholipase C(PLC) 

which breaks down phc~phoinositol 4，5-bisphosph— 

ate(PIPz)to produce second messengers inositol 

1，4，5-triphosphate(IP3)and diacylglycerol(DAG) 
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in mous~pancreatic islets J．a hamster irmulinoma 

col1 line HIT．Tl5【 ．and a rat insulinoma-cel1 1ine 

RINm5 sJ
．  
IPt increases the release of Caz from 

the endoplasmic reticulum to elevate [Ca2 ]，， 
whereas DAG activates protein kinase C． How- 

e、憎 ．the Oxy-induead insulin release in pancreatic 

islets is not accompanied by an increase in cAⅣ 

levdsLzJ 

1一{6．[[1713-3．Methcotyestr,~-i，3，5(10)一trim-17． 

y1]amino]hexyll一1H—pyrrole-2，5-dione(U一73122) 
is a specific PLC inhibitOT in a number of cdIs 

indnding pancreatic ~cells ． In the present 
study， the meehanisans of Oxy-induced insutin 

release were studied 

M  IERIALS AND lVlETItODS 

Matl~rials Oxy．RPMI-1640 medium ．and fetaI bovine 

serm (m3S)w purchased from 鲫 Chemical，USA； 

24-~ell culture p les were pu k from Costar，MA， 

USA  Fura 2 啷 purchased fr~-n Molecular Probes．OR， 

USA；U-73122 啪 s purchasedf啪 Bicmol Res Lab．PA． 

USA Pordne insulin a gift of Eli Lilly Laboratories． 

IN．U ． Tlle anfie~rum against D0耐ne 1nsulln was 

donated byDr JosephDUNBAR Wayne StateUniversity． 

M I．U ． 

I cultm~ RIN F eelIs啪  donated by Dr姐 PeI【 

(University of Michigan Medical Center，MI，USA) Tlle 

cells唧 grown at 37 ℃ in 5％ ∞ ，+ 95 ％ air and 

maintained in RPMI一1640 medium with 10％ FBSL ． AlI 

experiments w p日 ed by using cells in passages 

35—55 

I唧 HⅡ n吐嘁  Stafic in~ tions WP．Te perfo~ ed to 

study insulin teleasei The celk唧 plated or~to 24一wel1 

Costar plates at lOs eells／wull and grown for 4 d
．

The 

growth medlta~ was then retnoved ．and insulin release from 

the RINn】5F mot~olayer cells incubated with Kreb争Ringer 

bicarbonate(KRB)medium plus t t agents w∞ determined 

0 a 5- or 15-min D ac 37℃ after a 15-min 

preincubation． U-73122 was ven 5 min before the 

administration of( ． Insulin o ⅡIt jn the stlpemalan'cs 

啪 s r】1easIⅡed by Tadj0 n1mur10assay u “g rat insulin as 
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standards． 

Measm'em~t 0f[ca2 ]j Caz ]．Ⅷ measured by a 

Fura一2 nu 目1oe technique in R1Nr F cd】suspensions~ 

Brieft y' RI m5F celts were remspended in KRB buffer 

containing HEPES 10 mmol。L u∞se 4 mmol·L ，and 

0．1％ ~)Vtne 8elx．R~l albundn． Fura-2l~dlngw船 performed 

by incubating the ~uspended cells wjth Fura一2 aceto~y— 

methy[ester to a fined conc entration of 1 omd ·I I1 at 37 ℃ 

for 30min ThetlucaescencemeasL1r锄 朗 饵 were (耵n耐  

at room t~ ture by ng a SLM80o0 speetrofluororrmter 

(SLM I nlrr1％ ，IL，usA)．Changes in the 340 nm 

38o nm fluor'~=,cence ratiowere recorded． 

Mm t lea f划 by using a 

m~lpetifive radloreceptor-binding assay kit(DuP(mt Co，MA， 

USA)． Cel】susD 0ns1．5×1 in1 mL ofKRB buffer 

were prepared in polypmff~lene tubes and incahated by 

shaking at 37℃ T}leincuhatic~1wastemllrmted in10 s by 

adding 20 ％ (w／v)ice-cold trichloroaceric add． For the 

determinatlc~a of the dfmt of U-73122 on PLC，Oxy was 

appli甜 100 s a{t~-the adaninistration of U-73122． 

Statistical analysis AI】valueswele expressed  a5x ±S
．  

R~M ts w盯e analyzed by f—test for r~,ed [丌unpaired values． 

RESUI =s 

in a concentration-dependent manner(Fig 2) 
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The rise in lCa” ]；after the administration of 

Oxy usually peaked within 30 40 s(the first 

phase)and decreased to a sustained level for the 

following 4 min(the second phase)，which was 

seen in al1 concentrations of Oxy studied． 

Effect of pertussis toxin (PT) and Oxy- 

induced[ca2 ：l and insulin release Both Oxy 

(0．1 n∞1．L )一induced inemas~in[Ca2 ]；and 
insulin release were not significantly altered by the 

overnight pretreannent with frr(O．1 mg’L )． 

Oxy-stimulated insulin release was 469 26 Pg 

·min per 10。cells( =8)and Oxy-stimulated 

insulin release after overnight treatment with PT 

was 486 23 Pg·min per 10 cells( =8)． PT 

alone did not significantly change basal insulin 

release． Oxy—stimulated[Ca i was 216±25 

nmol·L ( =4)andOxy-stimulated[Ca2 ]i after 

2-h treatment with PT was 229± 18 nmol·L 

("=4)． PT alone did riot sign ificantly change 

basaI Ca” concentrations． 

Effec t of U-73122 oll Oxy-induced im ulin 

release，[Ca2 ]l，andⅡ U_73122(2 8 wnol 
·L )inhibited Oxy (0．1 tmaol·LI1)一induced 

insulin release in a concentration—dependent manner 

(Fig 4) But U一73122 alone did not change basal 

insulin release． At the highest concentration 

studied(8“mDI．LI1)，U一73122 inhibited Oxy— 

induced insulin release by 36％ and 63 ％ in the 

monolayer(Fig 4A)and suspended 0d1 preparations 

(Fig 4B)，respectively． 

U-73122 alone did not change[Ca i except 

that at 8t~mol·L～，itincreased[Ca2 ] by 10％ 

of the basal leve1．which was subsided within 100 s 

of the administration Pretmatment with U-73122 

(1 8 t~rnd·LI1) for 100 s concentration- 

dependently inhibited the Oxy(0．1 tmaol’L )一 

inducedincreasein[Ca2 ]．(Fig 5)．U．73122 at 8 

md·L abolished the Oxy(0．1>tool·L )． 

inducedincreasein[Ca2 ]；(Fig 5)and production 

ofIP3(Fig 3)． 

DISCUssIc 

This study wtqN undertaken to investigate the 

mechanisms by which Oxy increases insulin release 

in RINm5F celN． Oxy increased insulin release and 

[Ca2 ]．in a concentration—dependent manner 

U．73122／p．mol。L 

Fig 4． Effect of U-73122 uⅡOxy．induced insulin release in 

RINmSF cells． (A)S~atkj栅 b 辱f 5 m{n． 

(B)Incubation of suspended cellsf栅 5min． U-73122 

given100 s befoceOxy(0．1Imml。L一 )． =4， ±5． 

>0．05， P< O．05 雠 。 -alone． 

U-73122，s specific PLC inhibitor，inhibited Oxy— 

induced insulin release and[Ca ；． U-73122 st 

the highest concentration studied(8 grnol。L ) 

abolished Oxy—induced increase in[Ca2 i and IP3， 

but U一73122 only reduced the Oxy-indueed insulin 

release Therefore．it is likely that Oxy stlmulaten 

insulin release through bo th PLG dependent and 

— independent pathways． 

Ca2 plays a major role in stimulating insulin 

release~, 
． Insulin release under physiologicaI 

eon ditio138is critically dependant on Ca z release 

术 ∞g一 口l1磊 口一 u兀p口lI口 3 H0 
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U-73122／ttmol L一 

F 5． Effect of U-73122 硼 0 -jnduo jn盯e鹅e in 

[ca2 ]l at peak．nRINmSF cells．U-73122 given100 s 

before呻 (0．1~raol·L一 )．n=4，x± ． >0．05， 
bp<0．05 Oxr．alone． 

from internal Ca2 stoles aM Ca2 influx through 

the L—type voltage-dependent Caz channels 

(VDCC )[9。
．  A number 0f h0m or1es and 

netlrotransrmtters can induce insuIin telease by 

mleasiug Ca2 into the cytosol Argipressin 

(Arg)，another neurohypophyseal hormone which 

shares high homology with Oxy by the differences of 

two amino acids， causes a biphasic rise in 

[Caz ]its3 The initial[Ca2 ]，transient is due t0 

the release from interns1 Ca stores and the 

sustained phase of the increase in[ ]．is due to 

Ca  influx through channels including L-type 

VI~ Ct - ． Oxy atso esuse~a biphasicincrease in 

[ca2 ]．through Cd release and influx．The fact 

tha t nimodipine， an L—type VDCC blocker，only 

partially reduces the Ca 2 influx stimulated by Oxy， 

raises a possibility that other typea of Caz chan nels 

in addition to the L-type may be activated by Oxy 

(unpublished observation)． Our findings are 
consistent with those of otherst5- with regard to 

theArg—inducedincreasein[Caz ] ． 

U_73122．a specific PLC inhibitor．to block 

the formation of IP3 and DAG in many cel1 

preparations ， does not change the effect of 

ionomycin on the increase of FCa2 j．in RINm5F 

ceils 5Jl even though ionomycin raises[Caz ]． 

predominantly by increasing Ca 2 release ftom the 

endoplasmie reticulum~11J 

In the present study，U一73122 at the highest 

concentration studied(8 vmol·L。。)abolished Oxv— 

induced increase in[Ca2 ] and IP3，but it only 

reduced the Oxy—induced insulin release． Thus． 

PLC-independent pathways may also contribute to 

the effect of Oxy on insulin release from RINmSF 

cells． The possible mechanisms by which Oxy 

increase．s insulin release may be throug h the 

activation of pbospholipase A2 (PL ) and 

phospbolipese D (PLD)． Arg-induced insulin 

release is not altered by a PLA2 inhibitor， (P— 

amylciun mnoy1) anthran ilic acid an d Oxy 

stimulates insulin release via Vlb Arg reee- 

ptors( - 
． Based on these findings．there is little 

possibi|ity that Oxy stiraulates insulin release by 

activating PL PLD induced—insulin release does 

not require Ca  influx or activation of PK 14j
． 

In fact， Oxy stimulates hydrolysis of 

phosphatidylchuline in HIT-T15 cells ． In 

addition， guanine nucleotides induce Ca 2 一 

independent insulin release by activating a site 

different from the transmembrane signalling 

systems[15】
． rhe above are possible PLC 

independent pathways for Oxy-ind uced insulin 

release． 

In summary，Oxy increased insulin release， 

【( i and IP3 in RINll15F celg． The effect 0f 

Oxy on[C ]．was antagonized by U一73122 in a 

concentration-dependent manner，but the effect of 

Oxy on insulin m[ease was only reduced by 

U 73122． Our findings sug gested that Oxy 

activates multiple signal transduction pathways to 

stimulate insulin release from RINrn5F cells． 

possibly via both PLC-dependent and —independent 

pathways． 
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