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The Effect of Cyclic Mechanical Stretching
on Bovine and Porcine Trabecular Cells
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Department of Ophthalmology, Okavama University Medical School

Abstract

Cultured bovine and porcine trabecular cells were
exposed to cyclic mechanical stretching, and their
growth rates, morphological changes, and produec-
tion of prostaglandin E, (PGE,) and prostaglandin
F,o (PGF,s) were examined. Cyclic mechanical
stretching did not affect growth rates of the trabec-
ular cells, but the cells became spindle-shaped in
contrast to the stellate shape in the controls. The
production of PGE, by trabecular cells in the loga-
rithmic growth phase decreased in response to
cyclic mechanical stretching, but the production of
PGF,s increased significantly compared with the
controls. The production of PGE, and PGF.. by the

trabecular cells in the confluent stage was not
different significantly from that in the controls.
These findings indicate that trabecular cells might
produce PGF,., in the aqueous humor in response to
changes in the intraocular pressure and have a role
in regulating the intraocular pressure through
relaxation of the ciliary muscle. (J Jpn Ophthalmol
Soe 100 : 680—686, 1996)

Key words: Trabecular cell, Cyclic mechanical
stretching, Prostaglandins, Intra-
ocular pressure

I &

Bilf, 7O0A % 77 Y E,(PGE,), 7u Ay 75 »
¥ ¥ Foa (PGFu0) i3, IRERETHIE LTEHS A TW 3,
ZORETEEOFHABFEL T, A2, 90, bIC
PGF,q % filR L 728, B HETL S & BRIt RN E
322 L {BREXTET S EWLIREIP, 7o

il

AY T 7 I YORETRIERBE A VE X ITX DT
LS LI HET I Lo, B E S BEERBH K
PRETLIIEICEBEEIGATVLD,

—7, EEREIZ 13 PGE,B & ' PGF.0 3K5E L 72 E b
R L > TARS AW I N TWwE Z LD
BoTWEM™, &z, ¥, 23, &+ OBRERICE T
UAY Y5y o BHENEET LI EMBITHIATE

BIRIERSE 0 700 FILERILTHEEMBT 2 —5 — 1 [IUARREFSSIREIEHSE NH AF

(ERE 74912 A 5 HEAY, Frk 8 425 A 9 HGT2H)
Reprint requests to: Hisako Uchida, M.D.

Department of Ophthalmology, Okavama University Medical School.
2-5-1 Shikata-cho, Okayama-shi, Okayama-ken 700, Japan

(Received December 5, 1995 and accepted in revised form May 9, 1996)



‘FRE 8 49 A10H

DO~ Z 6D EREFANTOREDREH 7 o A
FT7 P EoTHIThbAU T SRR RE T
5,

FRHER R X RN THEARR L T H 2 fHEm
FFEL, T D3 E D B, /A58 T i fifa st p s THERE
ENA2LOXRMEE->TED, £ Schlemm &% T1x
2 ~4 BomME TSRS cEBEIATY
B, 25 LI ORE» 5% 2 5 &, IRFE LAF
I IR M A AR S0 b - T B 2 &
FHshS, SHOER T, IBEERBEOET LV ELT
MM I IR 2Nz 5 £ ED & S RZ L
BREE L0 EFNE Z LiC & o T, iR aiifg e
NEBRHILTWwE I hERET L.

II % B /&%

1, SRR OEES X

Tripathi &', Borisuth 590D HFEE2EHFIZLITFO &
DI IR A B R L B LY v, T o
HEKGEERAE U 724408, BRER % 12 BRI DA A Uz,
FNEH ORI e R, SR, 7/ v B % FRKE,
0.2% REF>»3—Fiz104,70% 72—z 30 %
BL, vy a0y g E 4 ik (Dulbecco’s
phosphate buffered saline, PBS) T#:# L 72 1%, IRERD
RN TRHIAREE & ARSI 310 1z, AiTARERAEER 2 5, A
JEE, ok i, HLF 2 B Rtk ARSI T TR A&
DA 2D L7k, e E D N THIF 8 4L,
REOHA ZERE LI, 20 o OMBH % 15% 7 v HRIR
MiF, 7>V 100 ug/ml), A b7 b=A v
(100 gg/ml) 2 &t Iy 0 EgA — 7 )L E4 (Dul-
becco’s Modified Eagle’s Medium, DMEM) H11Z {& X,
37°C, 1 K HE,5% CO., M 100% D 4 » F a—% —
PTHEFE L 7z, BEhiE 3 HEIC 2 #a U 7, B5ERHMAH 2
e i AR A D L € & 7. Z M Z R O G
Al 2 2 ~ 5 {URFE L, MIEAHE I3 2 It
ENnI L EHRL, EERICH W,

2. BEAmIfmE D OMA R

B Lo v >, 7 ORI S SRR = 72 o
7o #,0.25% DAY BEU0.02% ZF VYT R
> UFERE (EDTA) #& ¢ DMEM iz L g2 £ 515
I L, E £ 6 cm @ EE 2 M (Nunc, Roskilde, Denmark)
2 VIR IRE 2 10X 10%cells/well DEE T, 7 ¥
TR R & 2.5 % 105cells/well DR THERE L, 24
RFEF R T THEE L, BRI O KR IC L -
DEHL TIEFE RREREIC -8, BN HEES %
3 Hfdse U T A, HIfasasiic 3510 2 28 2 JE e,
[AlfRICHE R L, 72 BRI R L O ML IR AE T e -
T, —FEERSERHE o aci L, BRI % 3 BRIER T
Iz sz iz & 0, fafRE I B 1 282 H i~

FHEREDIE, 1O L) REBLHY, THA5EA

681

R I

Y=
// Pt
i
C
M1 EEOREHAMASLEE @, bBLUrnl

K& (c).

a: ZEESE EHE6om OB 3 Mz FEr e
HEMAZ %, b FHEFE c HEMNEHRTE A
vE FFT 22 Lk g A HE L, ik
BHEMZ 5.

P D EETFTAZEICE D, BEIEROH
DEB A A 4,500 gm/m (4,500 g strain) 730 & 5 &
% 30 WA TINZ 2 (B 2). &% 13, 1983 £
LA 2 e o RS IR 23R EE O h iR R B #EE I & - ChE
Feah, MILKFET AR TR > 7 —TFR S hiz, 6k



682

(mm/m)
5
g /\ /\/
& 0 \/
0 30 60

FR) (8)

E2 BUTFHBERICL > THELLEENOUT &,
30 B REBAT 4,500 gm/m T XS B AEMMAT:.

B &I O RS ML O RS 2838 13, EBRBHEFF 12 10 m]
ElLie.

3. MERROFRERZE(L & BIBENBRERE

AL oD FE TR ZE AL i, BB O MR & S AR RE O # e
I AL R IR BRI Z T, 24 FRFEVEE (VA 22 B
g I & D SEEREE & O IREE ORI Fu 0 & R %
‘L.

HH R D HE T X, 24 IREFR], 48 B, 72 Br[E£2 o Ml e B %=
HIE U7z, 97, BN O R #k5| L, PBS THilg
BPEHRBHL,0.25% ) F¥ B X1070.02% EDTA
#g&t DMEM % 2 ml iz, REFEMA QMR 1 63>
Mgk s k5 cEEMER» SH L2, 2OMEE F
VS TN —THRAE L, Beffs S 22> o T2 MR 2 % [
BRETEME THIE L 72,

4, PGE,, PGF,. DE=

24 [FF[R], 48 HF[E, 72 BF[E1 %212 PGE,, PGFra O FE &R D
reoEREEFNAFRIMI FORRL, EEE DO
PGE,, PGF.« ®ER % CAYMAN CHEMICAL #H#»
Prostaglandin E, Enzyme Immunoassay Kit, 5 L 0°
Prostaglandin F,» Enzyme Immunoassay Kit #Hw T
enzyme immunoassay |2 X D {757z,

B, 7 X IgG i T 277 ADE S 70—
FATE T —FT 4 7 ENL B RINVF A — i,
NN F v Y —BEG PGE. & %5 Wik PGFue, 7 ¥ F1
PGE, I % % w35l PGF. M &, HESKELTO
PGE.® % 313 PGFsa, 5 WIZFRHOY > 2 MZ,
FRT 18 MR-, v — 25 [EkEL, REO
AFERRFE L7, # LT Ellman’s reagent THJ 1 Re[HI5Z
&L, 414 nm TOBSEE %2 RIE L 7z, iR Ic S » T,
H > TN D PGE,, PGF.0 DH#EE 2 HE L, B HE %
B L7tk VB 2BOBPRICOWTHIEL
o, FNENOHEM L, FHEEICN T 2RELETH 503
GO LRE L, FUEICH T 2MEHETH S < >k
Ay b=—UREICLDBREL .

I &5 R

1, MMEETHRRRIERE & o AR L
V¥, 7 OFMERERT B O REERR % B 3 1R, v
¥, 78 OFMERHHIN I, 5538 L R 24~48 Efi

HER&EE 100% 9%

P
o
1

w
(=]
5%

HMREHE (x10'8)

0OHE 1BE 288 3HH
M3  #uehsimpan s,
PSR IR %10 2 7 BE & SRS L OBl AR 212
ootz

vy 0 e RIS 0 2 7B, O RHERRE

7 0w IR S 0 2 fo B, O SHERE

T ABUTHIIN L, 72 BER H i< 312 IR AR AR R 1o 2
U7z, FISAROR R 7 % 0 2 7 B & Rt & OB Ic B R
nEIEDSL, T,

Kz, WHEP R O RER AL % B 4 1R 3, BEEE o
TRMERCHAIR I R D 2N A2 B B LW TR b D
F R M O I 43 T, 72 BRI 2l o R e s
By ol c T 2@ s» A0z (4Db,e).
—H, AERDEMATYH 0 0T R wVEEEMm
D FE I OSSR C ik, Mifu o B i B ic 2 ki
Aot (4 a,d, e, ), BIFREE QM FIRIE
HEDEMZ T, BFeroBlcEtizssnido
Iz,

2. PGE,H L U PGF.. Db

WHER O 7 v, 78 ORI X %5 PGF.e B
X U PGE, Ol 1 47 D O3B %5, 6 10K,
REFEcR D v o RRER I I R AR D 2 2 e T
ik, MBI R T PGF,e OIS ERE IS L 72 (=
YelkA v b =—UKE, MIED v t 8E, p<0.05), 2
izt LT, PGE, 04 ik i3 BB I 2 N2 78T
SHBPEBECEHEA LTz (z > s kA v b =—U #E, Hic
DIxw t BE, p<0.05), WHH O 7 & SRR B
WT b, BB X D PGF.e O3 EE 2
mLtwls(w> sk vy b=—URE, GOt
ME, p<0.05), PGE, 0 iic 3 EE LTI A 5 h ik
oz,

v ¥, 7% OFIRMRE O M R AR 2z 7z
R T, W oML L Ffk xR Ashs oo,
FOERIMEANWCERE TR ok (K1),

IV %

1, MEEEICOWT
S B AR R F) % hn 2 72 20 1%, — A I iR I
WA EcmFEMOERZHEK0.4H5% VO TEELN%E



L 8 429 H10H

MHERERTHING & R )y - P

4 FERRRfREATINE 72 BRSO LA Z L,

683

V¥, 75 LI, BRI X 0 R O T ORRILO RS T, s RS o HisER s 26 L 72,
OF BOD I RO LS T, SR L OF R A S Wik ot N —13 100 gm #7F. TS 57213
MR O 2 o % Hike L 7z,
al vy, blv o EEEMPR), o v MBEERIEY, d: 72 8B, e: 7% MR (GE#m
thi), {1 7% (i (B3N 7)

F1 BEEMNBRAEMAT-EENDTL, 74D PGF.a, PGE,OSikE
PGF.a PGE,
(Hg5Eh) (CFHfE + BRI X 10-2pg/cell) (FPE57fE = A3 HE R X 10 2pg/cell)
0 24 18 72 (KF8) 0 24 48 72 (E5)
7 AR HE R R (n=8) (n=4)
[ROERIE 08201 3.640.6* 4.0£0.4* 4.5£0.4  1550.1 1.940.1  10.240.3°% 17.140.2°
R 1.140.3  2.8+0.6  3.1+0.8 3.1£0.8  1.6+0.1 2.140.1 12.340.2 18.9+0.1
7 RRME R (n=8) (n=4)
IREMERIE 93407  17.344.7  18.7£1.9° 21315 9.940.5 26.245.8 22.340.1 3114113
R 9.2£1.0 16.246.3  15.243.0 15.043.5  0.940.1 21.2+1.0 22.540.1 32.440.1
PGF, PGE,
AR E) (ST B  10-2pg/cell) (P18 B x 10-2pg/cell)
0 24 48 72 (i) 0 24 48 72 (FRFET)
7 ERHERE R (n=g8) (n=4)
PROERAE 01101 33422 3.1+1.6  3.4+2.5  3.120.1 65505 2.6:50.1%%% 180,10
R 0.1£0.1  2.3+1.2  2.4+0.5 4.143.3  3.340.3 4.040.2  3.340.1  3.740.2
77 BRHERT A (n=8) (n=4)
BOOEROY 0401  8.9+£0.7  7.620.7 8.0+L1 1.5£0.3  3.040.2  3.840.9  3.9+0.1
R 0.3£0.1  9.1+1.1  6.3+1.7 6.843.2  1.5+0.3 2.440.5  3.740.2  4.440.5

PGF:a : 702 % 759V Foae PGE,: 7uz¥ 77>V E, dEdhw t BE p<0.05* p<0.005**, p<0.0005***



684

PGF2a EELEIEINE (107 *pg/ cell)

20 1

PGE2 EEAEINE (10 'pg/ cell)

5 YEHERO Y AT 1 ER ) AT S
PGF,« (a), PGE. (b) DEERFIREL 5 DEMNE.
#7713 TORIEED S MBI A
DS (0E) IcBI2HIEREZR U EERT.
FEEAR R 2N A 72 BT, PGFa OFIBEHEE
IR L 7z, — 77, PGE, D43 1 R AR 2 ) %
ZEETHERCRA L,

WiE O T Wtk E I p<0.05*, p<0.005**,p<
0.0005***, T FiIEEHERE 2R T,

PGF;s: Tei 2% #5553 % Fiay PGE, T 701 X
7T R,

W AR RN R B R

MzBZEeNTEL, ZOBEOVDTFAIREHEMICEC
N8 3 WERNYTH D O T, BRI L THER
PHEANORRICHEIETEL LFEZLND,

2. RHEATEIRARIRTE & FEREMIZ(LIC DWW T

JE SR A R 1 % 0 2 72 356y oD A AR A oD A e
12, TERE S D S BIRTIRIEICE T 5 £ TR B L 12 IZFRR
L 72, 20 Z L6, R F W AR &
HIR T 2 3MEF 2 2 k72 <, MBS 0 A EF IR B % L
X 72 Wi O SRR & v 2 B, A ] R R (R R T & 0
zitoi3AMPE T Th M, Blcbhbiz2MEHO
FECOVWTR, B S CHARZLEYDH S, FHH
BHE LIV LEVE-—INZ 2 &, a0 e v
B3 AIREE D H 5.

TERERIC 13 5 b IR E ) O 8 A2 2 ) A R
O O RHER TR I, B S 8RN i 25 k3 %

HIR£sE 100& 9%

-
o
f

104

PGF2 a EEAIE/NA (10 *pg/ cell)

18HE 2HE 388

301

20

PGE2 L 18NE (10 %pa/ cell)

M6 #hErhn 7 & ikEEma 1 {ES Y A 9T 5
PGF.« (a), PGE. (b) DEEBRIRRSA S DIEINE.
?ﬂ?w Z 7 3RS TORNERD S MBS N1
OIS0 B2 EREH EEERT
AR 2N A 72 BT, PGFae D731 ;H:; B
RS L7, — 4, PGE, oA kM ic Bzl
oz,

BIE DO Wt E I p<0.05%,p<0.005**,p<
0.0005***, T Fid ARz %R T,

PGFa : 7OR Y /5 Y > Faay, PGE, . 70 A
¥ 75 vy E,.

W Al R AR B o

Ha s, 2oL, flaaEs i IR S L
Tz bEZLND, Uin L, K8 L 2 IME W B A
Tz s & 2075 b RERICHlSHIEE < Zolc L w
HEEOL H LD T, ZOFBBOZEIZHE M HES
RELTREE-OTHLUHEEETETE 2V, E b
RMERE A IC PGFLe 2 MNA CHRERELTH, 20
R OE C EEE S R o T L LI FRETIC
B, COBEBERBLEA L PGFa D72 Tik
TurtBbha, SEOERTASNIZMREIICRIGL
TR MERE R DT REZAL 2 fF 13 B ls 2 B ERRICE
=Pz TEZTHDLE, BAREBE TR LEHHKE
{8 Schlemm BRSO O # IBE EHFFCHEA 2 5
Fz 80T, AR R SRR 2 AT 5 & D &AL
BILTWLAREY S TETE &,



R 8 4 9 H10H

3. PGE.H LU PGF.0 ®&ibIZ2WT

PGE. % & UF PGF.q 13, 5538 L 72 &+ fRHERE MR
FoTEARENBUWENT VB Z ERDbH>TWVRED,
SEIOFEREN S, 7B L7 ¥ SRS S BRI
PGE, & U PGFa 2533 5 Z E DS TR T2,
ARSI %A 5 &, 7 o BRI T 1 PGF,q
DS USIE L, PGE, D 73034 U 1z, 7 % $RHEAE
Ml T b FIEEIC PGF,e D4 WAHSEINIL 72,

— AR 1T, MRS B s B BRI R Bk, il
BEDOHNT I AAF v F v 20N 2 L kil
WAA N T LA L Y BTRAT B MEADH V7 A
A VIRENERT 2L MERNO 7+ A7 3V 8—+F
A NEMELE N, 77 F FoEerE s ¥ Lic kD
TURAZ Ty PEBRENE ZEBbhroTW
219, —77, & P BRI AT = A B i M 2 & T g, R
NEZFEPHBNCENEA 4 > F v ¥ ANV OFEEHTHER
ENTWwa SEOEBR CHENER D22 5 &
PGF:a D3 HEIIL 72 2 & 5 &, EERHH L &[5
BREaMBDICE®RAA Vv F ¥y AVDREEL, HED %
BAIL, ANY DAL BNLTT T % F BB
BEHNEMAL S M- REME DS B B, — 5, RERg{E I &
D PGE, D3 Was#icmA L2 kid, 775 FrBR
HWRERE TI3 PGE, > & PGFL0 DA I 0L 5 52K b 74
TE9bLEZLOND, DF V,PGE,» 5 & PGF,q 48
Bl S, PGE, Sl E s N 7- Al REMA B 5, 72, BRI
RO FRMER TG & D BFEF ORI T Z 5 L7z %1 ks
WETH-2Z ik, WETh oMo HoiHE 3
LRIEDBRETH -l LHRIS NS,

4, TORE TS0 OEERIEE

PLEFRART & 72 X 50z, SREERTN < B 30 2
Nz 2 &, BEOEAL, PGF.e O45 W0, PGE,®
STOWA % E Ul Zh 6 OZGIE, BB R i
BENEMCTREESNTWS &5 2HBEHE2BEIT 22
BFHROPBHETHRICLEEL T A TRE 2R L
T, £ LT, EMRNT G IRE AR S s R
MEEND &, Mz 2BEHL T PGFe 2433
L AJREME D WE T E 2, 73l & iz PGF e 13 BEE
BCHEET 2ZHFEVCHEE L, BRIES &g
B, R E D BB FE T 5 L v EEpg R E E
HoTwa :Ezens,

WRERZ BICHT2 D, AWFF I BE LS & R %50
& L7 | Z R EHIRBIA R O MR EES i Eaf v i
LS9, IGEBNS, Sl 7272 & £ U 2o R R EE 5T 1 6
AL BT &5, &7, AR ) BT i 2 Bt L
TR & o 7z IR 8 AR B AR LE PRl O th e 1 9 g 1
Bl £,

A3, FIILAFEFRICRHFEOR IR TH 3,

1

3)

4)

6)

7

9)

10)

11)

12)

13)

FRIERE A & RIS - NE 685

8ok
Crawford K, Kaufman PL, Gabelt BT : Effects
of topical PGF,«. on aqueous humor dynamics in
cynomolgus monkeys. Curr Eye Res 6: 1035—
1044, 1987.
Hayashi M, Yablonski ME, Bito LZ:
Eicosanoids as a new class of ocular hypotensive
agents. 2. Comparison of the apparent mechanism
of the ocular hypotensive effects of A and F type
prostaglandins. Invest Ophthalmol Vis Sci 28:
1639—1643, 1987.
Kerstetter JR, Brubaker RF, Wilson SE, Kuller-
strand LJ: Prostaglandin F.e-1-isopropylester
lowers intraocular pressure without decreasing
aqueous humor flow. Am J Ophthalmol 105 : 30—
34, 1988.
Gabelt BT, Kaufman PL: Prostaglandin F,e
increases uveoscleral outflow in the cynomolgus
monkey. Exp Eye Res 49 : 389—402, 1989.
Nilsson SFE, Samuelsson M, Bill A, Stjerns-
chantz J: Incresed uveoscleral outflow as a
possible mechanism of ocular hypotension caused
by prostaglandin F,«-1-isopropylester in the
cynomolgus monkey. Exp Eye Res 48: 707—716,
1989.
Crawford K, Kaufman PL: Pilocarpine antago-
nizes prostaglandin PGF,«-induced ocular
hypotension in monkeys. Evidence for enhance-
ment of uveoscleral outflow by prostaglandin Fa.
Arch Ophthalmol 105: 1112—1116, 1987.
Weinreb RN, Mitchell MD, Polansky JR:
Prostaglandin production by human trabecular
cells: In witro inhibition by dexamethasone.
Invest Ophthalmol Vis Sci 24 : 1541—1545, 1983.
Weinreb RN, Polansky JR, Alvarado JA, Mit-
chell MD: Arachidonic acid metabolism in
human trabecular meshwork cells. Invest Ophthal-
mol Vis Sci 29: 1708—1712, 1988.
REZE  RBERTELLTOFuRI S I I
WrEDHPL. HERSFE 97: 289—296, 1993,
Matsuo T, Cynader MS: Localisation of pros-
taglandin F.. and E, binding sites in the human
eye. Br J Ophthalmol 76: 210—213, 1992.
Matsuo T, Cynader MS: The EP, receptor is
the predominant prostanoid receptor in the human
ciliary muscle. Br ] Ophthalmol 77: 110—114,
1993.
HIRIRE | B OREE L R IR 18 R © IRE
BT 774 AN, BAESEOED T, O,
B, 56—57, 1994.
Tripathi RC, Tripathi BJ: Human trabecular
endothelium, corneal endothelium, keratocytes,
and scleral fibroblasts in primary cell culture. A
comparative study of growth -characteristics,
morphology, and phagocytic activity by light and
scanning electron microscopy. Exp Eve Res 35:
611—624, 1982,



686

14)

15)

16)

17)

Borisuth NSC, Tripathi BJ, Tripathi RC:
Identification and partial characterization of
TGF-B1 receptors on trabecular cells. Invest
Ophthalmol Vis Sci 33 : 596—603, 1992.

Jones DB, Nolte H, Scholubbers JG, Turner E,
Veltel D: Biochemical signal transduction of
mechanical strain in osteoblast-like cells.
Biomaterials 12 : 101—110, 1991.

Mo M, Eskin SG, Schilling WP : Flow-induced
changes in Ca*" signaling of vascular endothelial
cells: Effect of shear stress and ATP. Am ]
Physiol 260 : H1698—H1707, 1991.

FREEB, BFTA BIE=S: 7u0Ry 7774
v Foo ORFRE MEEREBRICRIZTRE. b

18)

19)

20)

21)

HiR&EE 100% 95

LWERF 11: 945—949, 1994.

Bill A: Some aspects of aqueous humour drain-
age. Eye 7: 14—19, 1993.

R H, B & HHEEZ L ROKE. 2.
ReFor s r74 X, BE 31: 1161—
1168, 1989.

Sackin H: Mechanosensitive channels. Annu
Rev Physiol 57 : 333—353, 1995.

Goh Y, Hotehama Y, Mishima HK : Characteri-
zation of ciliary muscle relaxation induced by
various agents in cats. Invest Ophthalmol Vis Sci
36: 1188—1192, 1995.




