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N, 3, 4, 5-mgEe (IP) R4 /7 b—n], 2-
HA 70y 7THRDERE &

BIEHIIERREHMRT>EELRAT, 2v 2T
O—LREEIRH E L LICBEOH S0 %E i, BRI
50 %BHBMEETHS, BIEHAIEHM G2 EHL,
WREBYE, REAROBAICHEL -2
HEIL T, R, TEERORESM, BEREEFOH
AT SUCHBBECERELEHEHLE W5, B
FEEL TN EIR 72 A7 7F 202
> (PC), 74 Rx77Fnxy/—n73r (PE),
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Metabolic pathways of inositol phospholipids and their derivatives in cell activation.
Symbols denote: A : phospholipase C, @ : phospholipase A;, W : diacylglycerol kinase, OJ:
diacylglycerol lipase, O: cytidine triphosphate phosphatidate transferase, * : cytidine
diphosphate diacylglycerol inositol transferase, A : inositol monophosphate phosphatase.
Abbreviations : PI: phosphatidylinositol, PIP: PI - monophosphate,

PIP;: PI - diphosphate, IP;: inositol trisphosphate, IP:: inositol bisphosphate, IP: inositol
monophosphate, Ins (1, 2 -cy) P: inositol 1, 2 - cyclic monophasphate, Ins(1, 2 - cy) P2 : inositol
1, 2-cyclic diphosphate, Ins (1, 2-cy) Ps: inositol, 1, 2-cyclic triphosphate, IP,: inositol
tetrakisphosphate, DG : diacylglycerol, MG : monoacylglycerol, AA : arachidonic acid, PGs:
prostaglandins, PA : phosphatidic acid, PE: phosphatidylethanolamine, PS: phosphatidylserine,
PC: phosphatidylcholine, LPI: lyso-PI, LPA: lyso-PA, LPE: lyso-PE, LPS: lyso-PS,
LPC: lyso - PC.
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EHRRMICHATHIHAN) ORFT TERILEN',

EhEnAL /o b—n1-48 (IP), £ /=11,
4-7358 (IP) R4 /2 b—n ], 4, 5-=4%8 (IPs)
ECTIAT)eu—n (DG) IcRKBENS,

Z O PLC ok BRI BRIEEIL #E e I
ERREN, Fic Pl4,5- diphosphate # 5 & L 7238
A3 BHLINTH B, Pl Pl 4-phosphate & FE#fiz
mAka#EE N 55% Pl 4,5- diphosphate N34 1R#
2Tl Av, CEARIRSRE CSRENEAH S
W) TGTP roiifutkdkE (, GTP %#k#L &t
MCHRAMELTEAT S, GEAKICLZ PLCHE
LB %X 212773, PLC oiEtEfbic s V&
B L 2 1Psid R NCa> IR AL (=4 79V —L4%)
T Ca* 2L, MWPERCaREY LR X €3
fER=e, i nCa® 2 HIMNICHAZE2ERLE
T35 eHBH 5N, Berridge 523z k0 “IPslt
MIANCa* IELZMMELE Ay P =L LT
ERAL T3 " vy RBrREENZ, ZndHic
LRI LA L zCa¥* 4 A>3, AreTFal) >
R FoH=> CHENMEBANC HAEFAT L XREL
T, 204EREROBIER OPEE G £ iEEL (2
I AERE) L, fcnEBERAZRTEVILD
THd,

4 73 b —=n=RrhEEkIPs- 3 - kinase DYER'IC
&0, BLicHEbEnizf /7 b—11,3,45-1
#mEE (IP) b, Mfss» o0 Ca>* o Al—BlE
THAVZ eBEEN TV 5%, MKW Ca* 7—nh
LOBBIERIZ L WEENTWS, ZHZ kL, #&
AERIPNC TP R AL TORBEUCEILIEL w2 L

Hypothetical interaction of GTP binding protein and phospholipase C.
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D_MLDKEERDBRER FIcEB L 72356143, 1 /3
F—=n1,2-%4 20w 2khl, PlERENDKE
HICHERL LR ERDIPAEL 2 EBREL TS
GBI niFFehEs> &, Pl 4 - phosphate, PI4,5-
diphosphate #* &1, T &, {1 /¢ F—n1,2-%
47V 74-_848, A/ r—nN12-4427Yy
74, 5-SHEHERT 3 2 EAREENLT, £iEY
470y 7hniERE R 3 I2RT,

A7 =n1,2-%42)y 7HEEDERTRIC
BT 2RI LA, /M ERAWLEERT, K
= R0, RoEHE2TUESELBEE, 1/
Sh—=n1,2-%4271) 7 4,5-ZHEI3, FOHRA
FHTEW Ca* DHRHBREIERERTH I LR
HEanL™, 27 F=REEBLHCLERT, 4
Sy b—=n1,2-%4 71y 74, 5-Z158I, HoE
FHLEERV LHPEENTE, Nk 5 PLC
MiIEHLEI NS, HA4 7)) v 7RLERT R L
PREZNTHE), SEREBEICHEIED LN, HEUR
EBEICNT Y4 20 7HKOBHLBHEIND L
W s,

B. DG 4R & &# R U Pl nEAH
PLC miftEftic & D £ L 72 DG i3, DG X+—+
L& NER,ICPAICKEBIE N, B F227 1
Z7x2—}F-DG (CDP-DG) ##&dlL, IP.o&#%
( inositol monophospate phosphatate DfEAIC L 3)
ISk NEL4 7o b—nE#aL, PIEEESNE
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Fig. 3. Chemical structures of inositol 1, 2 - cyclic

FIEENS (H1%M), Inositol monophosphate
phosphatase NFMALAH: U2 BA&E, 4/ b=
DEBAMH & 0 Pl OBRBAI W 6057, Bk
ERAL Tl MM A FET 2128, Pl offefgiz Eic
Z DEGLIC MT B de novo BARKICHI > TW3, D
T HARBER # AiEMILY 2 ) F724 (LiY) i3, BEAD
Pl 7— N2 A &4, SRS & 3 RIBERT T
20, ZoOBF#INFL T, BUE) F 7 2B B
ICHREBROER (MBREL T 5 400) (cFERE
ntTwsa,

DG n 8% IS SV TS, BERL ORI —
7o & DRSS IT S Tv 5, DG i protein kinase
C (PKC) mitfblF& L C@E, sHEAH%
BELT 5 o LATRENS, MRS ®ICL S
BHErEMENSv, PKCIZDGIc k) FEMEILENS
Bt R Ca*t RUF PS Hidb i L 224540, AEfEYC
EELE3 NS, - TRERRBIC L EELI
PLC (3, #miap:ii Ca® i £ i & ¢ 5 DG b [k
ICHERL, ML - TUTE B LS MEHIC, F2fh
NER T NDBmBEHIFHR » TERAZHMEL TW5Z
ELEZLND, NERMBUC L > TERT 2 &0+
ArFrverrx—tInsbicMETo8BEY
41I2RT,

Nk 5 % PKC mif LRI T e fIREdE + &4

phosphates. T 5 DGICHERMTHY, WHMREEZESLDGRL
V7 xeF4F, F27V T4 F, BERD SR
CELL MEMBRANE
7 ROPONIN C MYOSIN LIGHT CHAIN KINASE-==-->
*ﬂll% IN /» CALCINEURIN >
2 CALMODULIN NAD KINASE >
N PHOSPHODIESTERASE==========ex= >
AN ADENYLCYCLASE chCLIc AP )--->
\ chcmsz CYCLIC )===>
AN PHORYLASE B KINASE-=----~- >
\ &mmmsmmEmE ----------- ;
mﬁmmmms --------------
AN ? ~ATPASE: 2 >
STIMULATION -3 7 > \ CORRESPONDING
SPECIFIC CELL
-{D6) —> PROTEIN KINASE C-===m=nnmnan- > [ FUNCTION
CvcLic AP| ——— CycLic AVP DEPENDENT
PROTEIN KINASE====m=rmmawa=ma= >
CycLic GP| ————— m%lglﬂlﬁguum X
PROTEIN KINASE==m=m=meammmam=-x
—— > TYROSINE KINASE===n=n=mmmmm=n= >/

l: ¢ INTRACELLULAR 2ND MESSENGERS
Fig. 4.

Formation of several intracellular messenger systems by several extracellular stimulations.
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Table 2. The role of protein kinase C in several cell functions

Adrenal cortex ::--sreesseeeerereeees Steroidgenesis

Neutrophils «-e-e=seerreeeenreeernenees Superoxide generation
Neutrophils ........................... Hexose transport

Smooth muscle ----+reseermeereeeses Contraction

Platelets ................................ Serotonin release
Plateletg: -« eeesereserrersensossreren Lysosomal enzyme release
Basophils +eeceesereesensinansnienine Histamine release
Neutrophilg seeereeeeerrerreeseecncenes Lysosomal enzyme release
Mast cellg reerrereeesrstmanicennn Histamine release
Pituitary cellg:eseseerereeeeecenree Growth hormone release
Pituitary cellgesesssreeeeeeenseeeense Luteinizing hormone release
Pituitary cellg-e-eroeeeereerenceennnes Thyrotropin release
Pituitary cellg:eresseeeerrareescense Prolactin release

Ileal nerve «sccceeeceerererenccnnsees Acetylcholine release
Uterus nerve see-sessrerreesreesreceee Acetylcholine release
PC-12 cellg -+oorrreerrevnnsnossranans Dopamine release

Caudate nucleug:--++eseserereeeees Acetylcholine release
Adrenal medulla---+---esreeeereeees Catecholamine release
Adrenal cortex ---=sreermeeenereeenes Aldosterone release
Pancreatic islets --»+--eeeerereeeess Insulin release

Insulinoma cellg---++seerrerereeeees Insulin release

Pancreatic acinisee:eseeersenererenes Amylase release

Parotid gland «esesereeeeserereeenes Protein secretion

RavATFo—nN, BERETCIESTHS, PKCo
A LEL IR I PS T4 ), PE CiEDTIE
HALERIZSHC, PC T3, o< iEfEfLizBH o
Ww?® —%, DG tRMERZAET L RNK—ALTF
v—1F (PDB) hknK—ns 75—} (PDA)
( DG 2 DG kinase % DG lipase iz & ) %% %1%
TV, RAK—NIZXTFABIIINLERIZENS
BENiwv) % Aplysia (PA73) c#BATSE,
WRD Ca®* F xRN EIFRA BDRFNHBAFHL VWS
470 Ca®*F x> ANHEEFMHKZI LS #BE
X, 7v M RESNEKRERICEML B4, B
MARERZICEL 2 ->0B7EBKEON, B>
K= P 2PHIL, BERSEE Vv i
hb, £72, AEFERAVWEERT, 7vi4 Fl
WEMEREVIILICINVBESEEELBP L LR
HLENTWE, B, TEFNLa)) o SHMEERIC
PDB 28B4 2 &, TFNLa) BB ELLZ &
HRERENTWE,

L IHI2 PKCiz 4 /& b — VSR BN BEE: &
FEICREFEL TERR, 0F - BE - BT OTES,
K&, P, B, BEZENLFTF V-4, /MR,

IE#G4mAE, BPER, MR, NSO, MOEE, AWK,
EHGRSNMMT, SHiIch2BEERZRBWML
TWBHEDH ), $BOFRREIF NS, PKC
NRMEL - FEMERBREER2 ICRT (R1ICRLL
MBBR L —REHTS),

C. PA nig#l

L2, #Bap Ca*7—n kN Ca>* A %
EREINIZEREZBELDILNEG, IPsEEZLNBEN,
s 50 Ca* AL IPsil R kN BATET S
ZerBEINTEN, CalHANEREHL TS
LiE 2 @V, PA TN, RRRIMIC Ca?t it AR
E—HLTHY, BE, PARCAAEEAL~XHT
F—niEERL Ca®*-4 A /71T LTCa¥* 2 8
AAATIE (FEA A > Hy) THRSE o) Ca®t % NI
WAZERWZ LHTRBEEINTVWE, ZOERBEEIH
THMREEDL H,

D. Phospholipase A2 ( PLA.) /&
Pl o B EENTTHEIC Y, TIX FBHIELAIC
BEENIZ L HIBEINTWE, TF7XF &



Tt zGE & MR IR RS 7

PHOSPHOLIPIDS

mﬁngME?
PHOLIPASE A1)
FREE FATTY ACID
( CONTAINING:
ARACHIDONIC
ACID)

LYSOPHOSPHOL IPIDS

LYSOPHOSPHOLIPID
ACYLTRANSFERASE

Acvi- CoA “% FREE FATTY ACID

I

PHOSPHOL 1PIDS :PHOSPHATIDYLINOSITOL (PI), PHOSPHATIDIC ACID (PA),
{PE), PHOSPHATIDYLSERINE (
, LY 50-PS

PHOSPHAT IDYLETHANOLAMINE
LysoPHOSPHOLIPIDS:LYSO-PI, LYso-PA, LYsO-

Fig. 5.

Wh®LTIX FrhRAr—Feal EBiGtEni
W7 2R2 75574 (PGs) Rufat
(LTs ) ~eRBENFHOEEER+*RMT 5, £
DBEOEEBENEER 2 PLA type BEE TH B L H 2
LN THY, phospholipids & ) &9 % lysophos-
pholipids 2 4R ¥ 2, 2D T 7 % ¥ ErERET
% (F13mM), PLAA Ca®tiz k) iEILE N 5TE
HhROEBEFKTHY), RETICLBITTS, 2FHKD
EMEc &0 3R P RABIEEHREL, PR
DG TE, ThoERWAERICEY), MRAD
Ca**BEErmL, ol 7z Ca®*ic & ) PLA:®
EEALYEL, Ploahic@aLTw it T I% P8
H Pl bt 720, PAEBHLTIV 74277
Fov8 (LPA) #4ERT 3BT I LNLEZ
LNB®, CHEICTIX PRI PIEKREEZ S
han, 2@z PC, PL, PE (c#H#: PLAAERT
52 kiCEN, FioT L, ﬂﬁ?’ylb{bm#ﬁﬁﬁﬁ;
2D, BHEBEE»LLT 7% FoBrElEnsd
(®5), TT% FEuificfL TIRBE o0&k
AR ENTH Y, Likokofm, DG &N DG
r—rnfelic &) DG n—{rolii e mdL €/
TinZ)kea—i (MG) 2T 284rH5,
FOBRT % F By T 2328 THhs, L
» L&A, Chau H2VI3IM/AME #EB#HE L L, DG
lipase MDA (RHC8027 ) #MALTLTIx%F
CERREREBEL Lo T Ed b, ZTOBKIZER
THdEL T3, Chus LR#ICIZ, DG lipase
HCa* ERENEK THB I Lo, TIX

LYSOPHOSPHOL IPASE

ﬁwmnwwmum(m)
. LY

Acylation and deacylation of phospholipids.

ko gz Ca* NN UWEATHSL (Ll L)
2, PLAfERIIEMA AL REBUCIE, Ca®* A UETHB)
CEDPLLEENTHDLLHEZDL, wThicdd, 7
T % F o ERERESBROBUIL, BRICLINBEEH
RABTHH 9,

PLA:»BERNC & ) fligiisings il nasZ &
2, L OERTEHLNTWB B, RIERHC
HFHENTWRERAT oA FENRRIEETHET R
VY, F47972F v 7 F VL, AT 24
B, ACFAHL LT % FoBRABNCES T3
Pr7urxiy—wnlfeRIcm, PLA:NEHED
s kicE D, PGs AEAMHIE N3 ke
HEINTWD, HETR, BIFEEALEDRE
fEEE, PGsR o kX4 (TXs) Fodring
e b PLA G2 M () HanF o SoreEkiElt
BEMRNEREZRIE) T2 20k, REZNS
EEZ LNTW BN

BRAORBBENTTHIC I VEL LT IX B
2, ¥7vt%iyFr—¥Eni3) KLy —v%
NEEFIC LN PGs, TXs, LTs, Y #E%> > (LXs)
EEHREAREND, TIXF BARAy—FEAMTS
RBEDIE, BA 100 MGBEEMLSNTEY, Thb
NECIE, FEOMBRPMRTEMEMNER, £k
$EELERERT S, Zhb—lln{baiz, cAMP
RGMPEntH s F Ay Ly P o—DERZRES
ZIMET AEALH N, FHMEROBEENR, RE
Ao EELHEmL 20, B, EEDHYE
B, ROVE S HRE, m/MKSENS, MEDEE 055
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T, RAFICLBEL T3, Inb—llnftd
Wiz, Bk L E2idr—F 234 FERIETH, %
DFMIC BT 2 HBUZE LI b L L TERICEE
THB*H, FRTRIWET 5,

E. LPA ni&#l

PLA:O{ERIZE DL LPAIZ, PALD L &
HAERER (MERLEEEMHRR R T DREIER,
RN, m/MRERIEIER) RBHTHS, 1,
Ca®*-4 A/ 7+T L LTHEAL, PALY LW
EREENTWEYY, LPA § PA LREIRE, Ca*ti
~x - nHEERL, ARt Ca® Einic
HASEIEERFZEILNEZINTWE, EELMY,
LPA i3, Na*pump HEETH2M| ( Na*+ K*) -
ATPase Bt 2G5 5 = L #BHTHN, LPA H R
SEEERSY, REEN—REIB-> T2 Wikl
NDHDBIEEZIRBL T3

I FE THRARTE 2 SRMENS & 0 KL A ARG
RBEYRIIRBMOEE (35ic, PLC, PLA;, IPs, IP,,
DG, PA, LPA il % plaicEiv7z) 2R 6IRT,

Ric PLKBHEEE 0 TUME & MERNAE, RAEETFIc o
THEAICOVWTLES @HICBAL v,

F. @RNMAMETIC & 2 iHEE0H
AR AR T3, ARRAMD Golid &b GRIcBITS

Increase in turnover of phosphoinositides and hypothetical model for cell activation. For

4 % “competence HF ” & SHIcHITE S
“progression BF " i2KFl &, HENEFOIEAE
WicoWTit, FoirX+r—¥iEgEFHOI L
HEENTVEHZNERABIEIC OV TIIBHRE T W,
BB NERTFO—>Th 5 M/ MRERENEHERTF ( PDGF),
REMBMAMEF (FGF ) (3, Swiss 3T3 RMEF 4
iz, IPs nEIE#{2i# L, DG EREN
ML T PKC niEtE b2 BRI 2P L HEENT
w3, PDGF % FGF (243 Ca® it BE % ¥ 5
SELBHALNTWE, LI LLhs, ZRFH—
Thd{ra) BT, PIRBEIRTEERS
Ca*mREmIZ % (, PKC #RBHciEELTiuy, 4
faniati ( DNA AR{Rif) » MBS h b9 LS
ntvws,

G. BHRIEFHRZL IPs R HEIE

BALB / c - 3T3 #usF4ifaic PDGF % FGF ##&H
L, IPs oft@tEE RHET 3 &, BWRIEFH—DT
b3 c- myc HEFNREBERIE (c- myc #HEFE
RiICHENS 42 DNAASRKREHE) L, 122
CHELEL 2B, RN REHRMIR LN
ELTw3, C-mycfliz¥F#HEMRBOIBEN~ER
5%, stz PDGF %@ L 72384 & B Stfiit %
BRIV epBESNTS, £ Y BRTL, 12-
0-F+S3FH /A NKNKE—nzxF L (TPA) %
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ER&¢5 & c- myc HETFDRBHRIMT 2492 & ¢
ot dnTwa, 20t )i Pl oRRBEENRE
E, c-myc HEFDER T ERLBRICH ), Fc
AR RIRERRIN D Golll & GURI~DATIC TREE 2 15l
EBLTWA I ENRENTWS, ZORERMERA
i3, IPs HARBTTHE T 172 DG % PKC #iE#1(L
FTaERICMZ, IPsnfEmIc L DRmL 22 Ca**ic &
3 protein kinase O iff{kic k), BRI EN
Wb,

MR HEALBRICRM 7 o T — 7 HIRENMICERT
AIErMLNTEY, MIBNTEKL /2 DG »*RE
7aE—7E L TERT AR —EEZ LN,
L# L, DG i1 DG kinase % DG lipase Z4:kH D
PRERICINVEHDTHSPICHBREINEZ LD,
FOERIEBBEHTCLUWERDbNE, LA L, FhY
SEBEEOERE ST Y, DG M, PKC %iEHt(t
35 PDB, TPA, ¥V A %3, REENEHL
ZJoE—% L L UBERMNMEHICBEEEZS5250
TH2, Lrl, ERICIISEROBSELIETS
5 {Ef (down regulation ) A%, Mfb# kT
BEADH P L BHLN TV D, THRORSZ
HoELcEL, H4ICRLEEMEels Y FAy ey
Cr—BOMEMEERHLRELRIE T LITL
ITRLNDH, FWTIIERT S,

Rous WEEV A W R (RSV) TFrIF > A7+ —4L
2= b ) BEFMIIC VT, IPs DB EIE R
#L, s, sreHETEY (RSV nBHEFEY)
DBEAICE D, PlORBERENRIES 272 L il
EntTvws, —5h, FVAEY 4 vR (UR2 §#{EF)
ThFIoR7r—2L72MRTE, FEHETFICEN 20—
FEN2&BH (ros#p) »*PKCiEfE2Fo>Z i
mz, IPs of@EE, #ic IPBoiEdks, EFICLL
HBEALTWBOZ EpRENTWE, 2k )i, &
&b, WAHOBETENY Pl R GHEEC HE%
B 23 REec S L Ty 2 E I b
5, LL%Lhs, RE7oe—7METEEY
AHr AT OSECEREE 0L 5 ITIE8 L
T, RELHRMMZERIEI2H1IDOVTRBET
B dd £<, MROMILEBEE > TLv~<NTERT
5, SHICRENLBEL 2V,

m. $ » ¥ &

HHURE & B AB & oMz > v T, &%
HEORR DT — I NELWE EMEL 2RI T, % okeg
FEHTHBICENTIICHD, SOTHOTRIL

FERICZ L, SIS ERERADTIRLEN LY

(L, ENEREBRALBLHEDTREICE S IPs
KRB EIEDFROPEL S Hug L 22552, $4, £HoM
RARFFNORSR (MESLMMBOMIcL L nE
Bath), £TICHBLARARLIEVWEEWD) L L
THRALZWZ LD, OB TITLLEERT
Hdh, VI ELAEXPTIRNRD T HEL 2,
L Lads, BAESCOHMRBEICLE), Mirofis
T, R BHLNTWE LAY LiIF/z224 ) T
H3 (F1BM), 2L THLHELZFF-» TRITIUSEE
Thd,

AR 31T 3 Ca®* DIRWIC DV TR ITIEFOHR
ICE D HEBRERBEENLRHID D, HELERE
W RV O REREE, MM, AR B
1+ 5 Ca®* % protein kinase NEHI= 2V TiE, LD
REIC & VHEICHED SN, i) DEFRERY
BONTWBLEITHEY, FRFEFICFFLILT
BEE N iz vnEn, IPs KRBT D SR
BIckEVWC, TNLERBFORMLITWIPRBAS
naxlliFens, R BAERBTHEA TS,
EHZBICHIZD, WIETIME & HHEER 2 Vo R
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Recent developments in the biology and
pathogenicity of Candida albicans

Masakazu Niimi and Michiko Tokunaga

Department of Microbiology, Kagoshima University,
Dental School, Kagoshima 890, Japan

Abstract

The imperfect, dimorphic fungus Candida albicans is a widespread commensal of
human and other animals recovered from oral cavity, alimentary tracts and vagina,
and is clinically isolated as an opportunistic pathogen. The incidence of both superficial
and systemic candidiasis has been increased markedly over the last few decades.
Some reasons for this are due to iatrogenic factors such as long-term-uses of broad-
spectrum antibiotics, immunosuppressive agents and indwelling catheters to compromised
hosts.

In an attempt to survey some developments and future trends of the basic researches
of this medically important fungus, this review endeavors to summarize recent papers
dealing with the basic problems and subjects described below. Those are as follows:
1) taxonomy and nomenclature; 2) dimorphism including environmental factors to
promote morphological transition, physiological and biochemical changes during the
transition, and a glucose effect of the fungus; 3) adherence and fungal toxins or
toxic metabolites presumably associated with pathogenicity; 4) host defense mecha-
nisms; and 5) basic problems of antifungal agents and chemotherapy.

Key words
C. albicans, taxonomy, dimorphism, opportunistic infection, antifungal agents
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I, {ELsHic

11, 8% LRI

M, —##% ( Dimorphism )
A, HE - LEHFERT

- & FaF

B, BIEERICHE ) ML - £{LFHEL

1, HHfase
2, MR
3. BEBIU I 0H
4 . calmodurin
5. cAMP
fi &
V., R
A, Bk BT RN ER
1, %
2. # *
3. B %
B. 183 B EEEE
1. FEREReVB BB
2, HROPEERE
V. BB LR
A, amphotericin B
B. 5 - fluorocytosine
C. 437V —NRINHEAE]
VI. 8b0Ic

I. @Lsic

BHIRHE Candida albicans i3 EERFTHA—R & L
TREANDE, Sl BEBLUVELYCHELT
WENBFHCRET I EAH S, EHERICBVW-TIR
BE o Zathic B OME thrush Rt O M % denture
stomatitis % ¥ DIRFEMEAH > S TEICHRT A - EiiD
FToHL v, —F, BREEREDELWEHICLY,
A MR 2 DB H 2 CIEERFICEALR
RAEH A D TR T L 7278E ( compromised host ;
SRLEES - RRIEREEE) o, HEDHLAT
ERALESH, HMEEH 2R EeENHHNOXRE
&, BEAT—TNnEHERICE-T, 774BE
W, 740X, HE, FaiE&bo0d54 708
RIREMIC & 2 RilfE ( opportunistic infection ) ¢
Bl TEL, AEX, M, A, @R IcES
LIHBENEEES L O TERER L H > ¥ FMEIR
ZOWTH B, BHKEN 1975 £H 5 1984 £3 T
B, 13 %BoRETHEREEIRESH, 20
FEDAHCTETRL EC, DVTTANUI LR
E, 7V7 b2y ARETHH> e BEL TS, &

LICENERICHHEEBL L TLBORBZHT
TWZ:”(,

D& I Ay T TEDRERE T RBERNIC X
ELWRMOBRICH D, 4 HEZDOMNEHIESE RS
TEELBRBEL L >Tv5, hETRANRHKHE C
albicans \=B8$ 5 ERERIHRIC BROBHH U ENTE
2R RBANDEI D EL, A2 TEORERT LK
REARTHD, ZOBHETIR C albicans DEFHICE
Eh MR, 5 Candida RO EF L@
13 & C. albicans DRREZER (ZHA%E), RFERBICH
ET30NNER L EEXOREHEBHIz DWW h
FTCIRHELP IR L TAMR L SHOMBEEHBL,
BRI HEEELEREORRIC W E Z &I
T3, &, #>27BEURRIENEMICOWT
IENHEE (PIZIF3, 4) 2N TEREN

2wy,

II. ¥ LOMRS
WMEAEEMOBRIC & » CHBME, FEES
EFHBUCHT LN, AREMETLebLWh IS
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Do T DRTELBERICTHEN TS,
ZOlRDICTAEEEBIC3EE ARSI g S
n, Y7L LHOERMNEE LISy, F—H
HARICB W TLHBMECRBNH 2HEI SREFEL
Twd, Candida B L ATLERICELFB¥ LD
BB S NEMEL T3, BREE» S5
BN d Candida B3 C. albicans K% Lo, %
iz C. tropicalis, C. parapsilosis, ¥z C. guillier-
mondii, C. krusei, C. slellatoidea *% %,

ol R N i B B BEEES SO “The yeasts,
a taxonomic study” & 3 Kiic BV TH L o HkR
HRIBEN, Candida BEIZOWTIWOHhNEE
T b, 2R TRLKAE 2L C. stellatoidea
Ht C. albicans (=& 8722 & &, Torulopsis BH 5
WEENT Candida IBicEINI2Z L THB, C
stellatoidea |35~ O Y09 A C. albicans & &>
THEMLL, DNA niHRML VT C. albicans =W
WENLRTHD, Lr LKREDNED ST 5 &
oA IHEr RSN, MBENHKANEENIMbNT
Wb, %7z TorulopstsJ& (¥7ic T. glabrata |ZIREFT K
P LBEEICTHEEI NS EHREBEN—E) I3 R
EFRBAVEV) ET Candida BE L ER 3 LT iz
B, WIEEIZL AR THT 2 DIEERD L wEW S
b & Torulopsis Bhi§ 2. 1. D TH B ( T. glabrala
i1 C. glabrata \2EE), Z0HIcBL TLEHBEED
M TR RBEHIRI » TWaY,

PERBUEE 13 1 ARG AY 7 351 & WA £
DB L T izdt, ik DNA HEHERH L williz T
BFOFEHERHIM) Anbh, FLEZLEELFRRE
LBHEOPIC L FREMOBENZNWLEINEI LI
$oT, TEEMNLBMIBIENILRTHS, L
PL—=FCHRERENHBY EXAEEI L >TB
BrH N, T b BRI FBFEREEIIMKEI NS
EZHFTERAE%EEIFHREMLES LT NIE LS
Twewn i iglr e EnTwa",

. =% (Dimorphism )

—C BB IR S 2 3P o Mg £ & 25,
H2VIRARICES MU LEABOVWT LD DORER
XERL, TNFNEERE S L URKE LIFA T
3, HEORICRENLDWTHORME (BRFCHE
) 1L LELNBILOXH), ToMEY _HE
( dimorphism ) XIE(F, Tk I REERET LI
B % ZMMEEHE (dimorphic fungi ) L#FL TwWv3,
WHERAENPICI RN TERT LS, C
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Fig. 1.

Morphology of C. albicans cells. (A) Yeast form cells in 18-h culture in Sabouraud’s broth

supplemented with 0.5 % (w:v) veast extract at 37T . X 400. (B) Germ tube-forming cells
after 3-h incubation of veast cells in proline phosphate buffer medium at 37T . x 400.
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Fig. 2.

Biosynthetic pathway of chitin from glucose in C. albicans, also showing points of input of

N-acetylglucosamine and glutamine and related metabolic pathways. The enzymes involved
in the pathways are: (1) glucosaminephosphate isomerase (glutamine-forming) (2) glucosamine-
phosphate isomerase, (3) glucosamine-phosphate acetyltransferase, (4) N-acetylglucosamine-6-
phosphate deacetylase, (5) N-acetyl-D-glucosamine kinase, (6) acetylglucosamine phospho-
mutase, (7) UDPacetylglucosamine pyrophosphorylase and (8) chitin synthase. (Quoted from

ref. 9.)
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Fig.3. A. Diauxie and substrate consumption in C. albicans cells grown in YNB medium containing
0.03 % (w:v) glucose and 0.1 % (w:v) mannitol.@, cell growth; [, glucose concentration in
the medium; A, mannitol concentration in the medium.

B. Diauxie and NAD-linked mannitol dehydrogenase activity in C. albicans. Cells were grown
in YNB medium containing 0.03 % (w:v) glucose and 0.1 % (w:v) mannitol. Solid symbols,
cell growth; open symbols, specific activity of NAD-linked mannitol dehydrogenase. To a
portion of the culture was added 4 ug of trichodermin per ml before (A, A ) or at (O,

) the intermediate pause.
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Fig. 4.

Transverse section of C. albicans cells by freeze-substitution fixation for transmission electron

microscopy. Very delicate fibrillar structure covered outer surface of the cell wall (CW). In
cytoplasm, abundant ribosomes, mitochondrion (M), nuclei (N) and smooth contour of membranous

systems are clearly seen. >40,000,
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Fig.5. Time-lapse cinematographs of in vitro phagocytosis of C. albicans by human polymorphonuclear
leukocytes (PMNs). = 200. (a) Two phagosomes were seen in a PMN (arrow) 44 min after
incubation of C. albicans yeast cells with PMNs. (b) One of the engulfed yeast cells initiated
germ tube formation (arrow) after 113 min incubation. (c) Protrusion of a germ tube - forming
cell within the PMN after 168 min incubation, immediately before the PMN destruction. (d)

The PMN burst after 170 min incubation,
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Fig. 6. Ergosterol synthetic pathway of fungi and
mode of actions of antifungal drugs, (1)
thiocarbamate and alylamine, (2) azoles
(imidazoles and triazoles), and (3) polyene
antimycotics. Additively (4), feedback
inhibition by accumulated intermediates
of sterol biosynthesis occurs.
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A. amphotericin B

amphotericin B % ¥ ) #) 1 > 4T3 B Ml
RO ITZTa—NIc#e L TR Z Kbt
FHECH < (H6), WhHhiifunfifaiiaor A7 o—
MK L TR B (R TEIRBEE B SN 5,
Lo L Kid$&Eic & » G ROPHRE, FRE
L ¥ OBWER %11 kit H 5, £ N7:#H amphotericin
Botsf 4 F L 2 FLEEKE BV, JEY—
LI AL THIRMIC G T 3 4 &E BIER B
PRELNTD, TNk ) LR > TWaHZ
NDEFNTHAREERZ L ON T, BEENMETLA
153 ( immunocompromised host ) (212 —ER
FlThHd, 4B OMNRRTIEOECREEONRIC
A 515 C. albicans » YRGS %4 L T amphotericin
Boroy 72#0BMIC LIZS KBRS HEET
T 5 HENGHRIRERML T3,

B. 5 - fluorocytosine

5 - fluorocytosine ( FC) &Rt 2> 7+
O—7ThHY), BEERRINICN L T CnosiRi
2HLTWwW3, ZO%HL cytosine permease 1= & -
THIBPIC R &, KIS cytosine deaminase I2 & -
THRT7 3 246& T 5- fluorouracil (FU) icZh3,
BV Or DB E T CTERSINLS-
fluorodeoxyuridylate ( FAUMP ) #F 3 ¥ > BAK
B¢% ( thymidylate synthase ) # %L T DNA &
BRHEEERZT (BHEH, ©7), 2oficdi FCo
K#h S RNAICIRD A E, #ARNA O
uracil #* fluorouracil T¥iRE L TRHE L RNA AR
Ens, FCHobipsfaicst L Tl %R & e WERIG
cytosine deaminase A &< FEL kv E
2203 K s LA d, cytosine permease i
LKW LTH D,

FC 3BHERIA A7 ClivaIREEZ AL T3 K,
BHEH O MBLIEH W & v I Rlidd 3%, BERHy
LaEa N3 C. albicans ) 57 %H¢ FC i&S4E, 6 %H*
EIEEHE, R 0 37 BAhMBIEE R RL Iz v K
En#ENH B, BOEORMEENHRFIC L 3 & C. albicans
358% 2 (%K (diploid ) TH Y, ShBEERNEHR]
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Yeast cell de novo RNA
membrane pyrimidine synthesis
synthesis
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#
FUTP Inhibition of
DNA synthesis
Abnormal RNA
synthesis
Fig.7. Metabolism and mode of actions of 5-fluorocytosine in yeast. The normal pathways of de

novo pyrimidine synthesis,

pyrimidine salvage, and thymidylate synthesis are indicated

schematically. Several enzymes involved in the pathways are: (1) cytosine permease, (2) cytosine
deaminase, (3) uracil phosphoribosyltransferase and (4) thymidylate synthase.

Abbreviations: (F)C, (5-fluoro)cytosine; (F)U, (5-fluoro)uracil; (F)UMP, (5-fluoro)uridylate ;
(F)UDP, (5-fluoro)uridine diphosphate; (F)UTP, (5-fluorojuridine triphosphate; (F)YdUMP, (5-

fluoro)deoxyuridylate ; (F)dUDP,
late. (Modified from ref. 51.)

Tt R{EFiz~T o484k ( heterozygote ) TH 2 =
EhGh o1z, o TNT uiEdfhd &40 ( mitotic
segregation ) I & - ThEHAMK ( homozygote ) »*
AU 3 & BERE: & BRI EHH M2 (FCY/fey
— fcy/fcy + FCY/FCY ; fcy i3 4% ) resistant
allele ), & LICREEZHDHIMETF (FCY) i3 FU
2 Bt L T FUMP o %44 3 i ) { uracil
phosphoribosyltransferase (5|&, UMP pyrophos-
phorylase ) NEL*XEBT 2 /EFTH 2 Z Lo o,
N, HtEnREBEAK (fey/fcy ) 13- nBEEHRINT
BIOICEEREIC LD L YR LD I h 5T,
Fofic T Tld b 5 ¢ cytosine deaminase FH:N K
iz & - TEEEBHLHRLALN TS,

C. 437 /—NRFEEH

4 3 7 /—nFHEEA) ( miconazole, clotrimazole,
econazole % &) 132 10 £ 51T 5 HITE R B
ROk GHT X2, miconazole BiHEF~C i

- HHERTHD, ZOBOHHEAIR ZHENHTL

Enld, HENRTFo—nNaRRICERAL, lda-
demethylase ( cytochrome P -450i40m monooxy-
genase ) IC&k > THEENS lda- A FNLRTO—ND
C-UBAFMLRIE2MET 2, TOHRE X

(5-fluoro)deoxyuridine diphosphate ; dTMP, deoxythymidy-

Fo—NDERHSHES N, PHEN lda-XFNAT
o—ABRICERL (BREERE R T LWL D
&k (W6), 437V —LgliifipaRans 7o
v — LEI%HR ) cytochrome P - 450 isozymes (= & &
A% 35, HEHR N cytochrome P - 450 {2 e~ T8l
MERE L VK, ZDEHAL I TV —LEHENT
BREGFATIERLEZ LN S, DA MIC
(B/NREHILRE) LD ENBIBRE CII B O Y
YRR L CTHEBOICHER2S 2, TORERE%
NEEEB LUK A 4 > % KEBELHENRS DR H
LI L CRENCE <, ketoconazole 3L { AKX
ENTHREEDKIEEEA I 7/ — L BHEKTH B,
D &b DRIHHEES T & { AN TIREIRE CIEL
WHITHE A7 P2 L BEER» S Wi FORE
2HLTW3, Zofiic4 3 7/—1 R EE U ERR
E2RT TV — A REHBRRPRA T o — LA
BDFUNERALIZVER ( squalene epoxidase &t % B )
FTEFAANNRICEBIUTILT I RFAEH
ORRHAEHiEDLN TS (6),

B MHEROBRRE L35, HEORMNIER
MREBDHLILDICRFEFLTRILINTW S,
it amphotericin B i fiiic, FC & amphoter-
icin B Ot ML RERREENHRC LIFLIEST
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hbnsdniz NP THs, amphotericin B A LM
MBI %8 % B>, FC BN AKREAFRE 5 =
EHT TG > THWBNT, WENRICL > TFC
fitt# o) B & amphotericin B nEIfEE B IL & 1,
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BN~ & 512 C. albicans DEMEERIL A
DHh s TV WVwAT, ZHOHDBIEEMHHFRIL
Saccharomyces Bgf} e &1 & L THBH TAFITH 5,
Lo L, Wil ZBRvwi2x720772F 284
g5 \bhWaHEHMELERE ( parasexual reproduction )
DFREHSFELL, F72 C albicans DBIZFI7u—=>
T ELHHLENTWBE2, Z kI LR FE
% C. albicans DR AER, WLk, FHEET, EH
DERBIEL & UlitED L { ADBIFICIERT A2 &
L& T, T BMAFREKIC DV THORBEMEH TR
HENCBRE N, BRANDEBRKIC D% H5 L LiEE
LTw3,

B BoRERIBCHLN, FHOV L) (FR) 1
Candida DTRRT —= %5 2 THE £ BRI & 5 Wik
HEWC B, JCERERFE IR Sk b—BuRc
RELOIWPELERL, HERICERELZBTET, o8
LERR A VDR L BRI A R 2 L KA THUR, &
5 VRIS WIS BRE L BB S % 5V 70 JURDR S B2 HR A BN 2 4%
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Abstract

Since the pain is an obscure expression of mental suffering induced by several
factors and individual emotional susceptibility, should be analized the character and
variation of the pain from onset of present suffering according to systematic detection
before to do anything of medical or surgical treatment. In this review, the nature
of receptors or algesic agents to evoke the pain and the mechanism of conductive
relationship of afferent impulses between paleo and neo spinothalamic tracts under
pathophysiological and cytochemical standpoint, then theoretical mechanism of analgesia
will be discussed for the successful management of pain.
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I. Introduction:

Pain is an unpleasant sensory and emotional
experience associated with actual or potential
tissue damage, characteristically serves as a
warning sign of onset of disorder or a reflecrt
of pathologic condition in the pain conduction
system except normal process in childbirth.

Since the character
fluctuates with time progress and emotional
susceptibility, a careful analysis of the nature of

of pain frequentry

pain and point out the real feature or rule out
the confused signs by detective work, often lead
to find out the hidden disorder related to the
present suffering. How the pain began, arised
location and the mode of radiation, all of them
imply important clues of the disorder.

It is generally presumed that pain is a sensory,
realized on cerebral cortex by projected final
impulses which were transmitted through the legal
channel or the collateral path way of somatic
and autonomic nervous systems when evoked on
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the pain receptors existing at distal parts of the
body or on any part of the pain conduction system.
The receptors for pain has been naturally
thought as nociceptive throughout the process of
injury or any other disorder,
character of pain develops into variously with time
progress, it suggests that another affective factor
(s) may be accumulated on or close to the receptors
in the following process of injury or disorder, then
it influences on the receptors as chemoreceptive.
While the pain evoked by any nociception
or injury are readily blocked by morphine and
other narcotic analgetics, but not by non-narcotic
antipyretic analgetics such as aspirin. The above
evidences lead to point out that aspirin affects
on neither the central nervous system nor the
nociperceptors, and morphine may be affects on
both or either of them, because mental disturbance
never happen by aspirin but it usually occurs by
morphine, moreover selective analgesia is possible
by intrathecal administration of morphine but quite
impossible by aspirin in the same method.
Another interesting evidence is an effect of
anticonvulsants for the relief of the pain of the
trigeminal nerve tic douloureux. In spite of nothig
efficacy for another nature of pain, why
diphenylhydatoin or carbamazepine has excellent
analgetic effect against only trigeminal and
glossopharyngeal neuralgia. It has been
customarily used without clear mechanism,
however the anatomical relationship between
trigeminal nerve and crossed artery in the
posterior fossa strongly suggested the mechanism
of the onset of tic douloureux then, related
mechanism of anticonvulsants for the relief of the
pain of tic douloureux has become agreeable.
Current managemant of pain thus, theoretical
analysis for the pain should be done before any
application to be attempted.

however, the

II. The Nature of the Pain Receptors and
Algesic Chemical Agents
Although the morphological structure of the
pain receptor is unknown, there are, currently,
two opposing concepts of receptor: (i) pain is a

I

specific modality like vision or hearing “with its
own central and peripheral apparatus”, and (ii)
pain is produced by intense stimulation of
nonspecific receptors since “there are no specific
fibers and no specific endings” . The latter concept
is derived from the work of Sherrington', who
drew attention to the apparent lack of specificity
of the nerve endings or receptors for pain.
However, the physiological display of pain is quite
suggestive of coexistence of specific endings or
receptors close to the nociperceptor, because each
evidence has individual feature and character of
pain and variously fluctuates progressively.

The concept that .some chemical products
influences on uninjured nerve endings to evoke
various of pain was speculated and confirmed by
Lim®, who demonstrated artificial pain evoked

by either natural or synthetic bradykinin
repeatedly without apparent injury to the
receptors.

Other chemical agents, among them amines
(histamine, 5-HT or serotonin, acetylcholine) and
polypeptides (arginyl-bradykinin, lysyl-bradykinin,
methionyl-lysyl-bradykinin, substance P, angio-
tensin, arginyl-vasopressin, lysyl-vasopressin) and
prostaglandin (PGE, PGI) have been found to be
highly active in producing pain by intra-arterial
or intra-peritoneal application.”®’ Certain chemical
agents elevates the susceptibility of nerve fibers
or endings specifically, it seems as peculiar
receptors for pain has been demonstrated on the
nerve endings or close to it and chemical products
are a reliable component to evoke the pain.*’

It does not rule out the classical causal
relationship between nociception and pain, but
indicates that receptor or axon may be stimulated
accidentally and unspecifically as they lie in the
path of injury.®

Accordingly, there is provided with the
possibility to evoke an inexplicable pain at
anywhere through the axon even nothing of injury
or disorder at visible distal part as certain cranial
nerve neuralgia.”

From these considerations it might be easily
explained that the initial momental sensation of
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injury, thermal burn and any other attack is
realized likely one of impact frequently lack of
pain, however promptly fall into various sensation
with pain in proportion to the grade of attack.

Current opinion regarding to the receptor for
pain is supported by the above evidences that the
intact receptor responses naturally as nociceptive
if adequate stimulus has given, but essentially as
chemoceptive.

On the site of injury, the peripheral circulation
slows down as the result of injury itself or due
to the liberation of vasoactive agents such as
histamine and serotonin lead to the accumulation
of blood corpuscles, then bradykinin and other
peptides which favorable to evokes pain are
composed from the broken fragments of
accumulated corpuscles or released from the
lysosomes of leucocytes and other cells.” They
are postulated to cause further vasodilatation with
increased permeability and finally
constitute inflammation.” The paravascular
sensory nerves to end in unmyelinated free

branching terminals in connective tissue spaces
10)

vascular

close to the capillaries and venulles'” everywhere
throughout the body, thus appear to be the
chemoreceptors for pain. Since bradykinin is
readily destroyed by kininase in plasma or lymph,
if circulation does not improve the pain cannot
be far removed from the capillary area.

In early stage of malignant neoplasm usually
not indicates pain or any other unpleasant
sensations, also even in advanced stage until tissue
damage or involved nerve system has become
destructive. With the progress of destruction the
beneficial relief for the pain are limited to narcotic
and non-narcotic
antipyretic analgetics quite ineffective, because
they act as to block the synthesis of certain algesic
chemicals which affects on the chemoreceptors,

analgetics or nerve block,

so that cannot block the pain after proximal part
of receptors has been involved.

The above evidences conclusively suggests
that the normal uninjured pain receptor is
naturally nociceptive but essentially chemoceptive.

. The Mechanism of Pain

Pain is a final response of cerebral cortex
for afferent impulses which were transmitted
through the spinothalamic tract and the
paleospinothalamic tract both which arise from
dorsal horn in the spinal column as well known
as second neurons.'V

The spinothalamic tract are composed by
neospinothalamic fibers and connected with third
neurons at thalamus, and the paleospinothalamic
tract are composed by numerous spinoreticular
fibers, so that probably connected with final
neurons at reticular formation and hypothalamus
or limbic system of archicortex. The relationship
or the conductive order between the spinothalamic
tract and the paleospinothalamic tract is not yet
well understood, however it to be thought that
the spinothalamic tract always influences on the
paleospinothalamic tract dominantly, then emo-
tional reaction and actual existence of pain may
be realized on the cerebral cortex.'?

Nerve fibers have been classified into three
groups according to their size as A, B and C.
Large A fibers is further classified into a, 8 7,
and & in proportion to their size. Among of them,
A-¢& is myelinated fiber and approximately 3~6
« in diameter hold 15~40 m/second of conduction
velocity, and smallest C is unmyelinated fiber and
approximately 0.5~1 g in diameter hold 0.5~2.5
m/second of conduction velocity.'®

Hardy, Wolff and Goodell (in 1952) speculated
as different character of pain which (i) momental,
sharp and localized impact may be transmitted
by large A-delta fibers named quick pain and
(if) continuous, violent would rather unlimited
suffering follow to quick pain may be transmitted
by small C-fibers so called slow pain, probably
cooperate through same afferent path individually
with time lag then may finally be realized as an
complexed pain on the cerebral cortex.'"® Since
a part of sympathetic afferent path which
composed by C-fibers and arised from nucleus
intermediolateralis of spinal column links with
same and more upper or lower level of paraver-
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tebral sympathetic trunks through gray com-
municans ramus, though under spinal anesthesia,
bilateral sympathetic collateral path from
peripheral area via sympathetic ganglions and
trunks until not anesthetized level of them where
communicated to the dorsal horn of spinal column
through white ramus are still intact, therefore
reasonably certain unpleasant sensation such as
vascular pain may be realized.'®'”

In 1965, a new theory of pain mechanism has
been reported by Melzack & Wall.'® It is one
of the self control system for pain held on
substantia gelatinosa (SG) and first central
transmission cells (T) of dorsal horn based on
the difference of conduction velocity between large
and small afferent fibers affects on both SG and
T as cooperatively, then the impulses to
restrictively be controlled together with negative

i

feedback impulses toward central transmission
system like as gate control. The above of “gate
control theory” is still evaluated as a basic concept
of pain mechanism.

As an electrophysiological study, quite
interesting evidence has been reported by Reynolds
9 that highly effect of analgesia was observed
in rat by electro focal stimulation of brain, and
simialr evidence were demonstrated in cat*® and
man®" in 1977. Bowsher?® speculated about those
phenomenons that the opioid receptors located on
the cytochemical circuit in the substantia
gelationosa of dorsal horn may be occupied by
released endorphins through efferent impulses of
electro stimulus, then the opioid receptors play
a part of postsynaptic or presynaptic inhibition
for the nociceptive input neurons.

Endorphins means endogenous substances

CENTRAL
CONTROL
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FEEDBACK

\

GATE CONTROL SYSTEM
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INPUT
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Fig. 1. Schematic diagram of the gate control theory of pain mechanism. L: the large-diameter fibers,
S: the small-diameter fibers. The fibers project to the substatia gelationosa (SG) and first central
transmission (T) cells. The inhibitory effect exerted by SG on the afferent fiber terminals is

increased by activity in L fibers and decreased by activity in S fibers.

The T cells project

to the entry cells of the action system. The central control trigger is represented by a line
running from the large-fiber system to the central control mechanisms, in turn, project back
to the gate control system together negative feedback impulses to the central transmission system.

+ : Excitation,— : Inhibition.

(modified illustration from original of Melzack R. & Wall P.D. 1965)'®
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within morphine, it is one of a family of opioid-
like polypeptides originally isolated two penta-
peptides by Hughes and Kosterlitz in 1975 from
the brain of animal®®

Little before, researchers had concluded that
the complex interactions among morphine-like
drugs, antagonists, and mixed agonist-antagonists
could best be explained by postulating the
existence of more than one type of receptor for
the opioids and related drugs.?

Endogenous opioid peptides recently, three
distinct families have been identified as: the
enkephalins, the endorphins, and the dynorphins.
Each family is derived from a genetically distinct
precursor polypeptide and has a characteristic
anatomical distribution. These precursors are now
commonly designated as proenkephalin, pro-opio-
melanocortin, and prodynorphin. However the
detailed mechanism of releasing or inhibitory
process of endorphins for the relief of the pain
are not well known, probably the reflected efferent
impulses play a role of trigger if the afferent input
potency beyond the threshold and pain has
maintained, because quantitative endorphins in the

cerebrospinalfluid has shown increasing tendency

in parallel of intensity and duration of pain, and
no doubtful clinical evaluation of endorphins for
the relief of the pain has been established when
apllied into spinal subarachnoidal space.?®

Pain thus, has not been realized by only
afferent component, but certainly placed under
arranged situation by own synchronized controll
mechanism.

V. The Mechanism of Analgesia

A. Non-Narcotic Analgetics

Non-Narcotic antipyretic analgetics have been
established favourable situation for the relief of
the pain.

Since analgetic doses of these derivatives do
not cause mental disturbances, hypnosis, or
changes in modalities of sensation other than pain,
their action had been speculated as play on a
subcortical site.

The speculation was clearly demonstrated by

Lim® in 1967 with (1) Cross-perfused splenic
method and (2) Central and peripheral cannula
method. The demonstration was observed under
cooperating in conscious two dogs how the
analgesic effect of aspirin display against evoked
pain by bradykinin on the vaso-isolated but
innervated spleen of a recipient dog R connected
by cross perfusion with a donner dog D. Two
remarkable evidences were observed that: (a)
evoked pain in dog R by bradykinin injection into
the splenic artery of dog R is blocked when aspirin
or any other non-narcotic antipyretic analgetics
is injected into the blood of dog D perfusing the
spleen of dog R, but block does not occur when
the analgetics injected into the brain circulation
via the brachiocephalic artery of dog R. (b) the
opposite is true that with the narcotic analgetics
blocked bradykinin-evoked pain only when given
to dog R intravenously.

The above results indicates a block site of
aspirin is not central but peripheral, and narcotics
is quite opposite. Speculatively to be thought
that morphine and other narcotic analgetics
probably block synaptic transmission in the central
pathways for pain, and aspirin and other non-
narcotic antipyretic analgetics acts peripherally
by blocking the generation of impulses at the
chemoreceptors for pain.

In 1970, Vane®® and his colleagues discovered
a fundamental evidences that aspirin and aspirin-
like drugs has an inhibitory effect for an enzyme
which synthesizes prostaglandins
unsaturated fatty acid and arachidonic acid as
a physiological precursor of some prostaglandins.

Since prostaglandins are found in inflam-
matory exsudates and produce an inflammatory
response on intradermal
aspirin-like derivatives play a part of blocking
the generation of some chemical substance like
prostaglandin. Certainly, prostaglandin E, (PGE
1) has pain producing effect, however the principal
action of PGE, is not to produce overt pain but
to sensitize the chemoreceptors.?”

The experimental evidences of Lim and his
comment therefore, might be modified more clearly

from the

injection, aspirin and
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as an analgetic effect of aspirin for induced pain
by bradykinin play principally on the process of
systhesis of some chemical products which to
sensitize the chemoreceptor as PGE,, because
bradykinin is never eliminated by aspirin, but
readily destroyed by kininase in plasma, and
never inhibits the susceptibility of
nociperceptor in an effective dose for the relief
of the pain.

aspirin

B. Narcotic Analgetics
Recent studies of narcotic analgetics has been
concentrated on the opioid receptors located on
the substantia gelatinosa of the dorsal horn.
The concept of opioid receptors was intr-
oduced by some interesting evidences that while
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morphine and morphinomimetic substances do not
depress proprioceptive pathways in the dorsal
horn, they produce an unusually intense, prolonged
and segmental analgesia when injected into the
spinal subarachnoidal or epidural space of animals
and human.?®

Possible mechanism or morphological struc-
ture of some receptors binding with narcotic
analgetics in the spinal cord were investigated
by immunohistochemical studies and autoradiog-
raphic studies.?®330

Surprisingly, there abundant opiate receptors
existed in the substantia gelatinosa of the dorsal
horn especially in Rexed’s (1952) laminae 1 and
2, and more important that the spinal distribution
of the enkephalin terminals were concentrated in

NE

Excitatory and inhibitory connections

are represented by open circles and filled circles respectively. Excitatory afferent input (a)

is illustrated as originating from an SP-containing primary afferent fiber.

Descending input

(b) is bulbospinal axon that inhibits the spinothalamic tract (STT) postsynaptically by nor-

epinephrine (NE).

The enkephalinergic interneuron (ENK) inhibits the STT postsynaptically

(c). The SP excitatory and ENK inhibitory controls may be exerted through another excitatory
interneuron (d) of the dorsal horn. The broken line is a possible enkephalinergic presynaptic
control of the primary afferent fiber (e). (modified illustration from original of Basbaum A.
I.: Advances in pain research and therapy,1985)**
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substantia gelatinosa,*?*® where the selective
pharmacological depressing effects of narcotics
has shown on nociceptive pathways by epidural
or intrathecal administration.

The enkephalins are synthesized on a single
precursor molecule, proenkephaline A, which
produces six copies of methionine-enkephalin and
one of leucine-enkephalin. Although some
enkephalin immunoreactive bulbospinal axons
project to the spinal cord, the vast majority of
spinal enkephalin derives from intrinsic neurons
of the dorsal horn’**

Enkephalin terminals are concentrated in
laminae 1 and 2, and relatively dense in lamina
5, in lamina 7 and just lateral to the central canal.

In early studies, two major modes of action
of the spinal dorsal horn enkephalin neurous have
been proposed.

(1) The distribution of the opiate binding sites
has demonstrated as high concentrations asso-
ciated with primary afferents*® Other studies
reported a loss of opiate receptor binding in rats
which treated neonatally with capsaicin.®® Since
capsaicin selectively destroys relatively small
diameter of primary afferent axons, these data
provided indirect evidence that the opiate binding
site is located on unmyelinated, C, and possibly
A-¢ afferents.
renders analgesia in rat, it is likely that afferent
nociceptors are opiate-receptor-laden, some of
which contain substance P (SP)?” More important,
these studies directed attention to a possible
presynaptic control of opioid peptide for primary
afferent nociceptors.®®

Jessel and Iversen,* demonstrated that opiate
and opioid peptides blocks the potassium-evoked
release of SP from slices of trigeminal nucleus,
i. e., the medullary dorsal horn. Later, Mudge
et al.'” reported that enkephalins blocks the
calcium spike and concomitantly release of SP
from cultured dorsal root ganglion cells.

Taken together, these studies suggested that
the release of the putative neurotransmitter SP
from small-diameter, possibly nociceptive affer-
ents, could be presynaptically controlled by opiate

Furthermore, since capsaicin also

interactions with opiate receptors located on the
primary afferents.

(2) A postsynaptic hypothesis is supported by
following anatomical and physiological studies.
First, some spinothalamic tract neurons of laminae
1 and 5 (some of which are likely to be nociceptive)
are directly contacted by (i. e., are postsynaptic
to) enkephalin terminals.’” Some of these neurons
probaly recieve a convergent enkephalin and SP
input.*? Later, electrophysiological studies have
been demonstrated that dorsal horn neurons were
hyperpolarized by enkephalin via an increased
potassium conductance.*® In figure 2, some of
circuits through which enkephalin neurons may
control the out put neuron, both direct and indirect
postsynaptic inhibitory controls are illustrated.

The third hypothesis is that other opioid
peptides located in the dorsal horn provides the
presynaptic input to the opiate receptor. With
the discovery of the dynorphin family of opioid
peptides and the report of profound analgetic
effects of intrathecal administration of dynor-
phin, the possible relationship of spinal dynorphin
systems to anti-nociceptive mechanisms has been
presumed in the spinal column.'®

Basbaum et al'® demonstrated several striking
differences in the anatomical distributions of
immunoreactive enkephalin and dynorphin that the
dynorphin staining pattern was consistent with
it having a particularly significant contribution
to nociceptive mechanisms. In contrast to the
dense enkephalin terminal distribution in laminae
1 and 2, there is extremely limited dynorphin
terminal staining, moreover, it is restricted to the
region of lamina 5, and only a few scattered fibers
were located in the outer part of substantia
gelatinosa. In neither the TNC (trigeminal nucleus
ganglion) nor the spinal dorsal horn was there
terminal staining in the inner part of the substantia
gelatinosa, where enkephalin terminals are most
heavily concentrated. The analysis of the sacral
cord suggested a much denser terminal staining
pattern than observed in the TNC, rather than
deriving from local interneurons, so that it might
be concluded that most of the dynorphin terminals
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in the sacral cord originate in primary afferent
fibers. These proposal was based on the
remakable similarity of the dynorphin staining in
the sacral cord to that revealed with antisera
directed against vasoactive intestinal polypeptide,
4647 3 peptide that clearly originates in primary
afferents, and to the spinal cord terminal
arborization of pelvic visceral afferents demon-
strated by the transganglionic transport of
horseradish peroxidase.*®

Splendid analgetic effects in clinical appli-
cation of a small amount of morphine or other
synthesized morphinomimetic substances for
subarachnoidal or extradural space*® is supported
the above evidences and the proposed mechanism
which speculated by Bowsher previously.

Terminology : The term “opiate” was once
used to designate drugs derived from opium-
morphine, codeine, and the many semisynthetic
congeners of morphine. Soon after the devel-
opment of totally synthetic entities with morphine-
like actions, the word “opioid” was introduced
to refer in a generic sense to all drugs, natural
and synthetic, with morphine-like action. More
recently, opioid has also been used to refer to
antagonists of morphine-like drugs as well as to
receptors or binding sites that combine with such
agents.’®

C. Anticonvulsants

Anticonvulsants has been naturally used for
the relief of or the prevention against the
epileptoid seizure and expectantly applied for the
relief of the pain of tic douloureux by Blom®"
who treated with carbamazepine and reported
them in 1963.

The effectiveness of carbamazepine in
trigeminal neuralgia has been attributed to a
diphenylhydantoin-like effect on synaptic trans-
mission in the spinal trigeminal nucleus, but an
effect not presents in the comparison agents
phenobarbital as well known as one of the
anticonvulsant.

Therefore, detailed mechanism of carbama-

#

zepine for the relief of the pain of tic douloureux
is still uncertain, however it may certainly be
suppresses spasm like transfer on subcortical site,
because tic douloureux is quite resemble to
epileptoid seizure in the arising mode.

The focus of trigeminal neuralgia has been
also discussed for over the years, since intractable
pain is often ceased temporarily by nerve block
even detective focus or anything else of ab-
normalities cannot find out within corresponding
area.’® The above evidences suggested that the
anticonvulsant mainly inhibits either presynaptic
or postsynaptic potentiation, or elevates excitatory
synaptic threshold, and nerve block suppresses
original afferent impuls which sensitizes focus or
may be magnified at focus.

The etiological concept of tic douloureux has
been reported in 1976 by Jannetta®® through of
success, but essential
machanism of anticonvulsants for the relief of
the pain has not been clarified.

His work is based on a number of
microsurgical decompression applied to the
trigeminal nerve stem where compressed by
pulsation of the small cranial artery in the
posterior fossa.  Currently, the microsurgical
approach to the intracranial nerve is worth for
a . diagnostic determination of the focus of
inexplicable cranial nerve disturbance and for
permanent cure of intractable suffering such as
tic douloureux, glossopharyngeal neuralgia includ-
ing Bell's spasm those which any other proper
managemant has not been established without side
effects.

his work of surgical

D. Other Miscellaneous

Ketamine belongs to the cyclohexylamine so
called dissociative anesthetics because, when so
used intravenously or intramuscularly, during
induction, fall into dissociated feeling from
environment including my own extremities of the
recipient, ultimately amnesia with conspicuous
analgesia has happen.

The mechanism of those evidences to be
thought that one of the form of transmission or
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communication -disturbance of afferent impulses
held on certain level of cerebral cortex, because
a common categorical disagreeable dreams
occasionally occur in spite of nothig else of
remembers throughout the amnestic period.

E. Inhalational General Anesthetics

The state of general anesthesia is a drug-
induced absence of perception of all sensations.
While the intravenous agents, e. g. the barbiturates
also induces similar state except analgetic effect,
the nitrous oxide shows an analgetic stage before
fall into amnesia. This is a principal reason of
the inhalational sedation applied during dental
procedure. In out-patient practice, the inhalational
sedation is not only sedative aim, but also it is
of greate practically use in the field of analgesia,
because from 30 to 50 % of nitrous oxide with
oxygen well maintain both of helpful analgetic
effect and suitable consciousness.

The mechanism of inhalational analgetics
including diethylether and halothane is also still
uncertain. We attempted to make clear the
mechanism of general anesthesia in the field of
biochemical phamacology under a speculation that
one of the transmission disturbance of subcortical
site.  Certain inhibitory effects of enzymatic
activity which induced mambrane potential of
excitable cell were observed in vitro.!¥ However,
it does not exceed experimantal state and our
concept has not been accepted for all general
anesthetics.

V. General Considerations for Management of
Pain

Barbiturates is one of the intravenous anes-
thtics, seems an analgetic agent but frequently
no helpful for excessive surgical procedure, since
barbiturates is a hypnotic or sedative agent and
has no analgetic effects. Aspirin quite no effective
for the glossopharyngeal neuralgia, since glos-
sopharyngeal disturbances belong to the identical
category of the tic douloureux. So that, these
ineffectiveness are attributed to the incorrect
selection of agents for attempted procedure or

the diagnostic failure. Narcotics has an excellent
effect for the relief of the pain at any stage in
any category of disorder, however, quite insuff-
icient for complete elimination of the pain dur-
ing surgical procedure in same dose of the
postoperative analgesia, why? It might be
attributed to the component of the afferent
impulses which either has been modified at the
nociception by own control mechanism or not yet
been arrainged on the afferent path way by
enkephalinergic interneuron pre or/and post-
synaptically.
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