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The vas deferens smooth muscles play an essential role in the
transport of spermatozoa and seminal emission from the testis to the urethra.
However the mechanisms and regulatory factors of their contraction remaind in
almost unknown. Thus, the contractile responses to neurotransmitters and excess
external XK' in the guinea pig vas deferens have been studied in this thesis,
with reference to cellular mechanisms of muscle innate contraction and
relaxation.

In Chapter 2, the basic contractile properties of the guinea pig vas
deferens were investigated. Contractile responses to 100uM of noradrenaline
(NA), adenosine triphosphate (ATP) and acetylcholine (ACh) were markedly altered
by cooling the bath solution to 25C.

The NA-induced contractions were inhibited by prazosin but not by
propranolol or yohimbin, indicating that the «i:1-adrenoceptor was dominant in
the vas deferens. Pirenzepine (M. antagonist) was more potent at inhibiting the
ACh~induced contractions than antagonists of other muscarinic acetylcholine
receptor subtypes, suggesting that the M: -muscarinic acetylcholine receptor was
dominant. In the ATP responses, prior treatment with «, S-methylene ATP
blocked ATP-induced contractile responses. Suramin, recently accepted as a
P2+ purinergic receptor blocker, attenuated contractions induced by a high
concentrations of ATP (100uxM) and completely abolished responses to the low
concentration (10u M).

NA-, ATP- and ACh-induced contractions were almost completely
inhibited by deprivation of extracellular Ca®’, although nifedipine (L-type Ca®"
channel blocker, 10uM) did not inhibit completely the tonic phase of the NA-
and ACh-induced contractions. The ATP-induced responses were inhibited by
nifedipine. These data suggest that the NA-, ATP- and ACh-induced contractions

+

require the influx of Ca®’ from the extracellular space, and that a nifedipine-
insensitive pathway, presumably receptor—operative Ca®*-channels may contribute
to the NA- and ACh-induced influx.

In Chapter 3, the contractile responses to various concentrations of
NA, ATP and ACh, and to excess external XK' in the epididymal, middle and
prostatic portions of the guinea pig vas deferens were investigated by measuring
the isotonic contraction and monitoring the intracellular Ca2+ concentration
([Ca®"]:) using fura-2 fluorescence. In the epididymal portion, the contraction
evoked by each of these agonists was biphasic comprising a transient followed by
a tonic phase. In the middle portion, NA and ACh evoked biphasic contractions

whereas the ATP-induced contraction was an almost monophasic transient. In

contrast, in the prostatic portion, only transient contractions were evoked by
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ACh and ATP, while the NA-induced contracion was oscillatory. The maximum
responses of tonic contraction to each of the neurotransmitters were largest in
the epididymal portion, decreased in the middle and were almost absent in the
prostatic portion. These regional differences in the contractile properties of
the vas deferens were also evident upon stimulation with excess external X .
Such regional differences in contraction may involve regional differences in the
Ca’" homeostasis and/or the sensitivity of the contractile apparatus to
intracellular Ca®" ions. The physiological relevance of the muscle innate
regional contractile differences are unknown, however, it may contribute to the
transport of spermatozoa by preventing back flow of the luminal contents,
together with neuronal regulation.

In Chapter 4, the effects of caffeine, 3-isobutyl-l-methylxanthine
(IBMX) and forskolin on the NA-induced contraction were investigated. All drugs
reduced the tonic contraction induced by NA in a concentration—dependent manner.
Methylxanthines (caffeine and IBMX), by inhibiting the phosphodiesterase
activity, cause an increase in intracellular cAMP concentration. Forskolin, by
directly stimulating adenylate cyclase, also causes an increase in
intracellular cAMP concentration. It is thus suggested that the reduction of
NA-induced tonic contraction by these drugs may be mediated by cAMP.
Pretreatment with these drugs inhibited the NA-induced contraction in a
concentration—dependent manner, suggesting that cAMP affected not only the tonic
phase but also the initiation of contraction evoked by NA. The effects of cAMP
on NA-induced [Ca®']: responses were investigated using the same protocol as for
the contractile responses. Forskolin (10ux M) did not have significant sustained
effects on the NA-induced [Ca®']: rise. In only the epididymal portion, a small
transient [Ca®']: decrease was observed. In contrast, pretreatment with
forskolin (10uM) completely inhibited the [Ca®*]: increase. With excess
external K' stimulation, the same concentration of forskolin did not inhibit the
[Ca®']: increase. However, although sufficient increases of [Ca®']: were
observed, contractile responses to excess K' were attenuated by pretreatment
with forskolin. The inhibiting effect of forskolin suggests that relaxation
mechanism(s) independent of decrease in [Ca®’’]: exists in the smooth muscle and
that cAMP may be involved in this Ca®'-independent relaxation.

In summary, it is concluded as follows:
1) The contractile responses to neurotransmitters were demonstrated to be
potentiated by cooling the ambient temperature, whereas such hyprothemic
potentiation was not observed for excess K'-induced contraction of guinea pig
vas deferens.
2) The «i1-adrenergic, Mi-muscarinic acetylcholine and P:x—purinergic receptors

play essential roles in mediating the neurotransmitter—induced contractions of
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the vas deferens.

3) Extracellular Ca®' is necessary for the neurotransmitter—induced contraction
of vas deferens. Nifedipine-insensitive Cagk influx pathways may be
‘indispensably involved in the NA- and ACh-induced contractions.

4) In the guinea pig vas deferens, there are regional differences in the
contractile responses to various neurotransmitters. These differences may
involve variation in the mechanisms. of Ca®" homeostasis and the sensitivity of
contractile apparatus to intracellular Ca®' ions.

5) Increases of intracellular cAMP level may directly relax NA- and excess
external K'-induced contractions by a mechanism independent of reduction in
(Ca®']l:. Increased cAMP may also inhibit the NA-induced Ca®"* influx via
nifedipine-insensitive Ca®' pathways, thereby inhibiting NA-induced [Ca®"]:

rise, and contraction
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L. MER—BR, TATy FABELBATITRGEFRERRL LT, BEE
EWHE (VT RV FUV Y, NA 75233V B, ATP; 7R F A=Y >, ACh) DOIX
MECRETRELMBOREL., THLOLOHBREEYERCKREREK” (high-K7) It &
DHOBRIBICRH T IMMHEE, BLXOMBEANC*TEBE ([Ca®']) EizHETSZ
EW Lo T L, WX ERENMBR EHEICL > THEFT L, [Ca’ ]l xCa’ " BEH
HIERFE (fura-2) ZAVEEMEEERETEC R > THHAE L, TOHFER X
STHELNEERBRIEIUTRRITEY TH S,

1. BB EERGOMMIIBMR TIX, NA & ACh (£100uM) KEoTUOERRZIEN B
BRESIOLERYV ISRMBTZ2 - BEONBTHEMN, EAMNTIREL I LN Y %
DHBIZFHFEHEZ L T _HEONRETHD ¢V BEINRE, ZOBMIC L EHHED
23, RCEDECLIIEEBLZMALARE Thigh-K'HEET > LI > TH AR
KB ENAZ &0, BBETEGEEANFONMEHEEBOHMNETHL I ERHALMN
S,

2. [Ca’ ] BIBOBEREMLSLL., NALATP Z LT ACh iCk-oTBl&ERBZ&END
[(Ca® "] i DELICHNENFET LI ENBESIL, CABNERBORMEZICES L
TWAHAEEMENRE S hi,

3. Ca*"~free BIBEZAWVWEERIZEY NMICE-TEl &z ENB[Ca*' ] LHE
IHMEICIE, SFETHMLNTWVWEMBABRECa oD Ca’ XY b Ca’>’ OMARK
ENLECa" " MARLDIFERREVWZ L, TEZTNRFLEC " FYy X2 NVAEHETH S
ZT7 VTR ENZVCATTOMARKTHE I ENFTRENT,

4. FEBEAN cAMP OBRER» FREIEAZENTOLNTVEI I T2V, AV TFNARAF
NEFUF Ly (IBMX) BLB7x+Az2alyr (FK) 13, BEEEHCESEENEL S X
¥, FEMABC Lo THEMIBERLE, ThboMBEAL [Ca?"] OXEBOLE
PhH, MEPLTLL—HELTBLT, ZALD cAMP XL 32MBRABERICa" ] KEKF
L2WbDTHBZENALNRR o7, . 20 cAMP OB & X, cAMP KEMHE B
HY BB (PKA) OREMLREFTA THIH-BIC LV EEINT, PRAZA S 2 VB
BTHDHIENFRBEINTE,

5. FKTHILE T2 &0k oT, NA B LB [Ca®" ] L HF R A8 0 I 1258
sZHHEND, L2ArL, AL FK BiLETH, high- K'HfIBic LB [Ca* ]  EFIXME
ENT—BEOWHBHLBAB ENTE, ZOZ L LV, cAMP Db 5 —o2DEHRE LT (3)
TR NAICEB[Ca’ ] EHZMIPZLICLoTh., WHEAIME L TV D AREMEMN
ARENT,

IOMEBRED L, ZIE2O2VWTHEHBREBEEATHD, 3. 4, 52V THHRBEOERMN
SETLTW3,

ORI, RERGEERPBACITLOATWARDL, ERRNBHEENREHL I
ENTVhoELEy FMNGEEEBH BT, MUK I > THHERISNERLBE Z &
ERAOPIZLEZEICELEELT, ZOFTHEAN cAMP K XA2NBEMHHZIECHTREN
L, TOBBEZ(Ca* ] LEOWMHE TN EIMI LZMEERO2 > OBBOEEL
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