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Abstract: Wildlife Research in the Western Forest Complex: A Review
Anak Pattanavibool
Wildlife Research in the Western Forest Complex Natural Resources Conservation
Office, Royal Forest Department, Pahonyothin Rd., Chatuchuk, Bangkok 10900

This review of wildlife research in the Western Forest Complex (WEFCOM) was based on
88 research studies. Mammals are the main target for researchers with 51 studies followed by birds
(26), fish (9) and herpeto-faunas (3), respectively. For mammals, large ungulates, including gaur
(Bos gaurus) and Banteng (Bos javanicus), are the major taxa receiving intensive study.
Monitoring systems with permanent transects for Sambar (Cervus unicolor) and Barking deer
(Muntiacus muntjak) have been established. Carnivores, especially tiger (Panthera tigris) and
leopard (Panthera pardus), have also been studied for home range, biology and ecology. The
remaining mammal species still receive little attention. For birds, hornbills are the group on which
intensive research studies have been conducted. Applied research studies, which are normally rare
among wildlife research, to look at impacts of resource management, can be found among the bird
studies. Very few research works have been done on the herpeto-fauna and fish. According to the
study area, Huai Kha Khaeng Wildlife Sanctuary is the site for almost all research studies on
wildlife in WEFCOM. More research to cover the whole scale of this large ecosystem should be
supported. Monitoring and applied research studies are really needed to keep track of wildlife
status and to promote the values of wildlife to those who use this prime ecosystem.
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thaziuen ldsunmiduasesliidutiuthoning Fedsznavdin HUhanenuuwannd 9 uns Lwainm
Wuidadth 6 uws LLa:‘ﬁuﬁm’%auﬁi:mmﬂuqﬂmuuﬁwﬁ%n 2 ud samﬂuﬁuﬁﬂmﬁnﬁ 17 LAY
ﬂiﬂﬁJﬂﬂqﬁJ‘ﬁ%ﬁ 18,730 nu.” (~ 11.7 §wl3) uenanit lenanswesiiudhde wainmwuisadimslnguisens
waziainmwuisaithwseuds Seldsumsdemealdiduusanlanlull wea. 2534 Wasandanulaawdn
UM uNIWeInsEInw uazsitawins (USa, 2544) A wenfiuy Landsat 5-TM 1 2543 wudignn
I@ﬁﬁ"’svl,ﬂmaaﬁuﬂwLLﬁaﬁﬁaﬁﬁuﬁﬂwﬂnmuﬂ'jw 80% aIRUANINUA wazlanunanuansveIInuFa i
L wué’migmgﬂﬁwuunfh 120 8@ wnni1 400 vHa (DANCED, 1998) LLazﬂﬂﬁ@ﬁuﬁ:ﬁm’j’ﬂﬁuq an
RAMNNALTUA Wad (2544) a;ﬂmmmmzamadﬁuﬂwmi’umn@iamwwmﬂﬂnﬁwm 29803113 3 dsens fe
1. @‘hLmu',aﬁmmzauma%’sgﬁmmi’ (Unique biogeography) AuthaziwaniduuSiimsesdavas 3
\waFaaliaaastas @a India, Indo-China Waz Sundiac %ﬁﬂﬁ%ﬁjﬁ?@]’iﬂ’m’mﬁgﬂ 3 120 §NNTAND
Ieludinihit
2. dnsnwassnnaduiuiivmalng (Large-are size) Fevhldvasiuriienuidaithldnainnans
Tasawzdafvwalng Sfaduanulaaduvasfiuvthaziuanda 419 nszfia uas Falass un
Hanafiaend g
3. fanuuanddunanraeuesszuuinaLasiuafu1e9Fii83a  (Habitat  heterogeneity)

Qﬁﬂizmﬂluﬁuﬂmﬁumﬂ ﬁ@mmmn@mlmzﬁummgaﬁaLL@i 100 - 2,152 a3 lagAiany
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Huhaziuaniudinduunasanuivisssund  Sidawnsnady  wasdunseuiuvesiniay

=)

HaWdTAsTasTuda Tt neau 88 (Gas Lﬂué'@lﬁfgmgzﬂﬁwuu (Mammal) 51 389 wn (Bird) 26 (384
Fafinunnu uazdasazifiuinazifiuun (Herpeto-fauna) 3 (389 uazian (Fish) 8 Bas (Mwit 1) azfiningas
L'f??mgﬂﬁ'muwﬁ;ﬁ%'ﬂmnﬁq@ (58%) un (30%) Uan (9%) sndataaiiionnau uazdasazfiuinazfinund
ARdpasun F9ldmdunguiden (Herpeto-fauna) FsfiRps 3% dmiumsanalanasasil fildavoungu

MNUAzLENAL89UITENT 88 (389 udAaiianiawznanuidudunuluudazoiia wIangudainan g i
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1. dadldz9gnaIgus (Mammals)

a o A A & o a A . e a &
muﬁnmawmnﬂqﬂ ‘INﬁﬂuﬁiﬂLLUdLﬂ%ﬂQNﬁ@]’fﬂuW“ﬁ (Herbivore) ﬂquamfﬂuma

b

nauidung

D¢

9
(Carnivore) uazn AR
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mgnéf’mummmﬁﬂ (Small mammals) azPUIANAIS (Medium mammal) S
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1.1 nguaninwuiy (Herbivore)
theaziuan Wulnthiduunasdsennststhilugfgaludszina laoinun (2540) Usziiin

v 9

o 2

Afitethnda 500 ¢ %ﬂﬁainﬂmmdaﬁuqmw (Gene pool) ﬁﬁmmﬂaamaﬂﬂuﬂizmﬁ Ty asfiunsstn
1hwéng vesdsunadug Alesumsdsafinliesil Huthanlwg-vivaw Juszanme 200 - 250 @9 thifianan
Wyl 400 @) thiflaniwnduny3T 140 @v wazthurinizaull 160 @7 (MW, 2540) WITBen
fnainouasdizmnaawzuisfidnngluaainsiuidadthdisruts  winasoniidodaidioweh
Taningniumd lastasnn (2536) 189m0 uazAmz (2543) dr9natathlasfaaulassths s uas
ﬂaagammﬁmmﬁ%ﬁw (Transect) g lgUss lmiuddhnaeysznn mnﬁanﬁyuﬁ%uagﬁ'u
fasunanyg e mawdsuulasvesisarms WITHNTARU G LLﬂszd\‘l‘li']@I’mf]ﬂﬂ']ﬁ nmIaaauluastn
wuiﬁﬁﬂaﬁﬂﬁﬂumﬂg}amﬁﬂ 5 ¢ Usmduamanmnuiuuasdszmnstrah3i 007 - 0.09 dnu’ e

' A ' 2
%%WLL%%“E@Gﬂ@GHﬂNﬂW?:%?WG 100 - 200 nav/ny.
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1.1.1 ﬁm{ﬁﬂ@' (Artiodactyla %38 Even-toed ungulates) Lﬂuﬂéuﬁ@fﬁuﬁ“ﬁﬁﬁmiﬁﬂu’l
mﬂﬁlﬁgﬂ laganiznszis (Bos gaurus) LRSI (Bos javanicus) fanmsanuninaunsagneninenng
mu’i%’yLﬁauﬁy'mmEfamagﬂwmw%’nmﬁ'uﬁ:ﬁ@fﬂwﬁaﬂmuﬁa msanwIssluszezusn g \umsAnunsssusa
el 38y (2530) anmlasn1sdanuysusziaszas wuiuaslERuitgess thusundaly wasth
11 saufusaalsd Tulsl LLasziTaﬂ‘I@ﬂVL@Ti’miawﬁuﬂﬁﬁLﬂuﬁ‘*ﬁmmii‘u,l,mvl‘fﬁa w1 22 oiie Wodugn 12
0a W 4 ofia  wazldBudu 21 va  uaz maamﬂ‘ﬂmnqama Nauwumm ananiNauaaenl $90QNaN
Wutdulngjeginivfenigmen - fusou mnanm‘aaw 1 67 awfas 95 - 10 1Hou AREHERRIEE Y
Uszanm 2 - 10 a1 muﬂam:mwﬂs:mm 8 @2 (Bhumpakphan, 1997) msansedszlindszrinsuas
nzfis uazued lasdifivainsasiusznasyaiunan Srikosamatara (1993) wuinlwwainsmwusaaith
WU WTITIUA 250 G UaznIzia 290 61 lasdanunuuiuadnsziia uagiaues Aa1uszanm 0.20 @/

0’ (890 uszem, 2543) mianwmslEAuivesnszfs waruas ldfimsfinmlasdeingdaaue
(Radio telemetry) (Prayulrasiddhi, 1997) Wuiﬂmm@]ﬁuﬁmﬁﬂ (Home range) madgamsﬁmas*ﬁ"sum i
Uszanme 3,900 uaz 2,000 tanua$ laufi Home range 224N 327968 uazIuad fia 4,500 waz 1,000 Lanuad
MUEIGL WU AWATInTAsuar Puasl i azag’lm:é’umwgamﬂﬂdw 200 — 600 LNAIIN
sEauimzLa Lwﬂwﬁam@LLﬁaﬂs:ﬁw:‘L‘ﬁﬁuﬁﬂﬁaulﬂ&méaﬁﬂﬁ;jjmmfﬁ 400 . %@maﬂmﬁuﬁLLmﬁqcﬂLLé’w:
ﬁumj’mﬁaLLa:mﬁuvlnamnLLwdaﬁﬁi:ﬁus‘iﬁﬂiﬂ 400 3. Bhumpakphan (1997) léssluiasfinendeaasnyzfia
Tuthwaspuds wuiﬁﬂﬂﬁ'ﬂﬁLﬂuﬁaﬁﬂwumﬁuﬁagaﬁwaaﬂizﬁdﬁa thiwganssmluiuie thauuasaath
wazthAuuasuwlnaian

§aTsman Bovid SnvRewilefilaSunisfinmnagiseiessluiieauts e anedh
(Bubalus bubalis) %Gﬂ’ﬂﬂﬂ’]ﬁ‘!dﬁjﬂﬁﬁﬂ“ﬂadﬂitLﬂﬂvl,‘Y]EI mﬁyagéﬁumaﬂﬁﬂuaaL%@%ﬂﬁﬁﬁuﬁﬁﬂfﬂwﬁmmuﬁa
msansluismsyssdivdssrnsuasnsanmfinaing Gawsanl, 2544) wudszmnsanothluiuis
Uszanm 40 1 Famawwuin 0.27 .’ Tasdnwoluonadhwsiuie wasthwyanssad Tl daq
odunasin Uan T Saudani (2544) WidadanainUszansanath iiaduwlugas 15 D wn lazgn
219MLIMNAUNANWIITNTNG

NEULAILAZNI (Cervid) Lﬂumjmﬁﬁmsﬁnmwaaumi J09810 uATAMAE (2542) o
aﬁ”ﬁﬂmﬂaﬁ'uﬁagjimﬁwmmwﬂw (Cervus unicolor) Waziiid (Muntiacus muntjak) @L‘%faamisiaﬁamwmnm
yaisuazniath ldfinsadng@eaududs duwn 18 @1 vTnusmiissdaihinwsi .evivmil
Usznaunuinaiian I infeaansnuA W (Camera trap) WuWeTasRuMAwadsasisie 227 tanuas
uam’mﬁﬁ'ﬂagﬂ'jwmwﬂwaﬂfﬂwLutyawsim waiisldAuitmannuaosia LLazwudWLﬁaﬁmiwauﬁuﬁﬁy’aﬂ
daué’mfﬁﬁi’nﬁaﬁumﬂﬁq@ﬁa \&8@12 (Panthera pardus)

Piyapan (2000) la@nmnmsudstiuamsluaainu 4 vfia da 1is naneth nsedis uay
Fauas Tuthviasanuds woihdsusddasiur 4 afiail wfuiot 74 TRAWUT ueifiiips 11 mﬁﬂﬁuﬁ:ﬁ'ﬁumn
ﬁﬂﬁ’ﬁﬁﬂﬂ’m’ﬁﬁﬂ?’mﬂﬂmﬁU?ﬁ%@j{i ﬁmgﬂdﬂumm@uﬁdﬁmms‘mmmau FaSthig 4 siediazussiuiuly
Sosunasamaniuagneb

1.1.2 dninua (Perissodactyla %38 Odd-toed ungulate) fgsasdinanunuluiiuga
AzIUAN AD ANLESA (Tapirus indicus) lasmsad (2531) ladnmluthdrewiuds nuiaueTalinmmisany
Wunwdszd wasniulaslifzduoy wiadumanuinen uazlddufinsfiafizamnnauedafiulind 37

e lasnonwihlunguisauadainldiuniudion uazdnrenuginlunguas
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1.1.3 daddmandouazars (Primate) lunguitidgaulafinmfe wzfifionny (Hylobates
far) lapfnwufmaiuduends  naden  (2544) ladnsuSpudipurziiiovnluiunihduuds  uazth
. a o Pt W_a v A & P =1 f a
LR anssth wuhawmeuasiwandevassziluhduusiawe 11 wanuad lusmeipeiluduoganssaiome
fuandy 16 1anual wanandinmvhindnederiedsevimmathavussuazdnuganssmlivinnit 50
e laowuililwisddasni (Annonaceae) \luiirimeiiiasnvoufiufiga du Primate 8w G9liny

NRITWNTIAEL

1.2 nzg’wﬁmfﬁucﬁ% (Carnivore)

Lﬂun§u§mfﬁﬁ;§au1aﬁﬂwwﬁammﬂﬁﬂ@m6] luwmnogtuuy leslawizdad 2 ofla da 1§e
1039 (Panthera tigris) wasidoann (Panthera pardus) gmiuidalaislddnuniania lavdianzhauuaznazan
ﬁmfﬁwuluﬂaaga (83277, 2543) WU IwanadFalassluiisuudsfia uas nneth 1A nsedia
waznyth LazanMIswNLTeswIsEiiae  1Felatsdanmeiladuiannnidnssliladuis @
nMsAnswaduadiTeddelag vlﬁﬁﬂ’]iﬂitthﬂ@ﬂﬁﬂﬂﬁﬂﬂaym@qfﬂﬁ’]f;l.ﬂ']‘wLﬁla%'ﬁi’m?m%a WALYWIAV DI
fiuadiy (Home range) (AnAans, 2544) wuidalassdivuiauasinardouanensiuauine [CHICCRTITRE
ffananwavesduadaie 100 nu.’ §rwieana fimifinslasnsfeingfanud (28w uazgmu, 2531)
wm%ﬁamaLWﬁ;ﬁLLa:LWﬁLﬁUﬁmmﬂmadﬁ'umﬁ'ﬂﬂ%d 23 sy 11.4 nu.” WL uasWUImME e EeeTay
ﬁqﬂﬁa LA

1.3 nzg’wﬁmﬁﬁzagné‘wuwwmmﬁn (Small mammals) uazaw1Ana1y (Medium mammals)

ﬂ@;uﬁlﬂuvlﬁﬁdﬁ@]’jﬁuﬁﬁ wazdasAwila Robinson et al. (1995) ﬂéjuﬁﬁﬂmmﬂﬁq@ﬁa
f19a17 Duangkhae (1990) AnwNAIAINEVBIAI9ANINAR (Craseonycteris thonglongyai) luu%l,’smg’lﬁugu
fuasiuanvasiinthasiuan woindeniaalsidunslszslumseenmin delilnanin 1 nw. a1ndn
wazdnaanwiuluaalnde wiawaudn &9 Duangkhae (1991) lédadnluilenziuandtuan 51 1 wu
fenfadsiwn 21 1 dsdudszonsle 2,000 67 Uszmnsiadpdainiszanm 100 62 §mnsanen
ﬁ”ﬂamﬂw’ﬁaﬂi:qﬂm"l%ﬁ'umsﬁnmﬁnmaﬁmﬁ'ﬂsl,ugwmml,mviaﬁﬂeﬂ Tng-wain Taofaenil (2542) dnwndn
29 £ Wud9em 19 1 udrsanafunalsl 4 ofia uasiludrsanAnuuss 15 180 aRNsaLLIFIATIAY
gﬁLLﬁJumiaanmﬁummi"l@ﬁﬂu 2 ngw fa mjumﬁuﬁidai:ﬂiwLLa:mﬁaﬁawaﬂvlﬁ LLa:mjuﬁnmaﬁmﬁu
leSeuvaalyy launasndh (2542) agﬂdﬁﬂﬁﬂﬁ'sumuﬁwmﬂuﬁv’lﬁ 4 i @8 n3d1 mafuyada M
e LLazmi’L%gwag;mﬁ'ﬁ HusnuilsznauRsnssumasnawn Robinson et al. (1995) ﬁ%’]i’sﬁ]é'm‘l,‘gm@ﬂ
@Taﬂumm@Lﬁrm:uﬁza@T’mm’ﬂuﬂwjalmy'miﬂm,mzﬁaﬂml,vﬁa WU 90 THa WIoUseNme 50% maaé’m'ﬁ‘gmgﬂ
sonumadnfinuludsena sludwon 90 wfiaid 24 viia usdedinulnaludszne

duldin (Cannomys badius) Smsensndasduisnfiainfiny Tasdsfil uasunial (2529)
Newdwhsilulh 3 wlie A thauuds druganssm Ju@ess wazensiiauuulaafien (Solitary)
uanmnmu’gmgﬂéau fINTTUUN Usznaueiy waauat RadszauaIns INBUT LL&:ELﬁU“MNL%U

WIANT (2534) Anssinlnaunsvedu (Hystrix hodgsoni) wuihlwsswindlanadunusiuss
Unaguinilalns wazdmsdhesadesnmwiageslivanzay W HamIzauaaueInT

2. %0 (Bird)
=2 ao 4 a =2 a = A a a a '
MNHNR/ITUNITIANBIYUN DINNIANET 3 EﬂLLUU e 1) ANWIVIINE LLE‘]$%L'§?|’]Y]E|7°U@\1‘H;T]1%LL@

A o & =< a & A =2 ao & A o a o . 9
ﬂz"ﬂu@]wuﬁq 2) ﬂﬂiﬂqﬂ"nﬂﬁa']ﬂ"ﬁ%@"ﬂa\‘iuﬂ‘luwu‘ﬂ NS 3) ﬂ'ﬁﬂﬂ'ﬂq"]"ﬂﬂﬂizﬂqﬂ@Lwaﬂqi"ﬂ(ﬂﬂ'ﬁﬂu'ﬂagaqﬁﬂ I@U

v
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2.1 msanwFIInguasiiiaing1zasun

ﬂﬁjuuﬂﬁvlﬁ%'umiﬁﬂmﬁa;ga‘[@mu%mﬁa nguunidan (Bucerotidae) Chimchome et al.
(1998) fAnwundanaauas (Aceros nipalensis) waznnFannTutetnizay (Rhyticeros subruficollis) W17
wnidanaauaizaurhistudunt (Syzygium spp.) Aidvwalng \Wwsgudna1iiedan (DBH) 70 - 121 @,
9 24 - 54 4. SwunFennuTwINGEY TaunTINUAUENN (Tetrameles nudifiora) DBH 130 - 135 .
g9 36 - 55u. nilsg1 (2543) wuhundenaauasiniieniunaliluied Lauraceae, Annonaceae uaz
Myristicaceae N1NNITUNNN (Buceros bicornis) ‘T%dl,ﬁaﬂﬁugﬂvl‘}’limnﬂiﬂ dﬁuwavlﬁﬁuﬂﬂﬂLLa:umﬁaﬂﬂaLL(ﬂd
maumnﬁqﬂﬁa e1alaw (Polyalthia simiarum) laorialduslifiunweusinditenauin Sfdu uwaslinsvmwalng)
udtwda lilwgiunnin lusmsdsanuunidanaauaiazifaninwtuasnnnniiwnnn wonanil Ala (2544) &3
Anwndnanwaaswniianwlumsnaliiialnsisivasuwnidan agﬂiwﬁu"lﬁﬁum’f‘ian’l‘*ﬁﬁﬂmamnﬁq@iuﬂﬂ
wyansnluiuianmda dusans waznudiwndennratrahnsouldnsunirrmansi 100% &
WAWAN (Anthracocerus albirostris) \F 71% gauunnnlildIwsefiunwavawans 1y

WNEN (Pavo muticus) L‘ﬂuunﬁnnfojwﬁaﬁﬁmiﬁﬂmﬁa%ﬁﬂm wazileIngn AnIwenenu
Umfiudwindszmnsluthiisauds Ponsena (1988) dszifiudszmnivasungaluthwrsnudilidszanm
300 - 400 67 UAFNAEND uazaniz (2538) Yszilinliuszanm 256 &a wngevouldihiugansin thauuds uaz
149 IﬂaﬂquNauﬁufaﬂ‘ﬁﬁuﬁm@mwU’%ua"ﬁﬁam Inguaniutanidaunneinmeon - Swew 14 2 - 5 Wag
(Ponsena, 1988)

uanmnﬁﬁaﬁmsﬁﬂm%ﬁwmmiﬁuﬁuﬁ?uawnmﬁuﬁ'ﬁﬁw (Oriolus  xanthornus) (B4,
2528) 'livh (Gallus gallus) (waﬁﬁné, 2531) wnwinningen&du (Serilophus lunatus) (U3e, 2539) uay
WA IIAUNLTIEITIA (Monarchidae) (A3, 2539) LHudn

mafinsiFasizanmsun Tasdnsnge (unngdfa) léansnlioufsufzarnsun u
ﬂ%mgﬁ]wssmizﬁuﬁ"] (400 — 600 ¥.) UALTNLLYINITUIZAVFS (600 - 850 3.) 1%@7} HNUUAITIRALDTIITE WU
twganssaszaudiifirermunuinnii 68 oda sauluszaugeiiiTannisun 47 ofia

wanNINATEIMNIUEY Jirawatkavi (2000) l@ANHNAMNRINRAIBLAZANTNTNVDITIUN LY
thwganssos wuh3iun 44% wunwia'lsl 40% Husilulnseld uaswuiunifay 50% vindiluduldfids
WNgy 1-5 .

2.2 N1IANMIANNNAINT A [BAWT
1nssast (2539) emaunluthduudsuSinahdsauds wounluthdouds 141 afia las

wmf']Lﬁauqumﬁ'uﬂﬂuﬁ’mﬁwuunmﬂﬁq@ 69 Tk

2.3 miﬁnyﬁﬁ’yﬂszqnm‘iﬁamsﬁ'ﬁmsﬁ'umﬁﬂ

ﬂ’]iﬁﬂ‘]&ﬁﬁbl%ﬁﬂﬁmtL%auiﬂdixﬂ’hdﬁnﬁ’?ﬂEJ’]LL&:%’J%‘YIUﬂmﬂd%ﬁ@ﬁuﬁ: ANURAINRANY
fumssansnerds  Gifewdsedandnsinalufinthasiuan Useitd uszeme (2544) ldasrasaums
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1. 51ﬂa'luwamﬁﬁ'ﬂ')'lauwufuﬁyazzﬁ'amﬁm%’uﬁuﬂamwﬂﬂﬁ uazn139an13t [8uSiam
finfithawwiaaasuas lassn1sidambainain 39ningsug)soi (Fu, 2527)
ladfiunmsdafuntduwinesoduagd  TTRINIMINERILOWTLIRAIU  MUITRINLGEU

NUAWUE 2527 - qaan 2527 dmatayaniduiineinoihld lasvudasgudiadiitiasuuuiinay
U190 0.1 LFINWA3 IUARN&NTIT1WI% 130 wUad wazAnswianssald msdnwfnainogaith vinnns
falawassfa ganmaAued 1FsTes Jasves Sauazlnsd uazmidmamsdenlasanmiseunin uaz
AuAIILaNENT i’mﬁaﬂmﬁmméaﬁagmﬁm LRZLARIDNMIIVBIRAIUN annsanen lasuuniNundsiveean
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duidanfudu Tideusas tudeulniy sunald wazausnanin
dafihidmanuddwn 197 oiia (Judadidusgndioun 33 ofia un 148 zila daiauifivi
azifiuun 3 18a dadiRosaau 13 siia daithnlndazgaius laud sxiiliorny uwimefudeu e nae
o A | ' A P a A& ' a a a &
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ladudgm damwihdnaguandiag vldmgenmamaiaaninasey uaznywdsuluiginsamsld
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P ] A o & o = ) & & A { o o
2. 3189910 15U I ABRABYILHE AN TN ANAN [BARADINUB NTDWTYINAIH  9IHIA

§31993557% (Fu, 2530)

9

lossminaaialssifwanhdawdsmwanu - dldiRedrafvihamalngluiuithgudiniia
P LA e o & wa L e e LA e . A o gq A o
L°uaumLﬂmmaawagmﬂwaaamm lainmsunlanansznudagaitwaih drunsTIumaasaInands
agauimMzend g ath ldddesuenadiaivih Sfaithnldiunstiowie 116 siia $1mau 1,364 6 lay
WwRanENyaanINME lWanduuuiun wans1aAuin Tudmuiisa TN NRe T asenInensTILRRe

1 41 @9 hasandasaaanwstmeNaaimelaznagnuaimeaniaudauazttonduluaanaisf

3. Behavioral comparision of dusky leaf monkey (Presbytis obscura) on is land habitat and
undisturbd habitat of Khlong Saeng Wildlife Sanctuary, Surat-Thani Province. (Wanghongsa,
1989)
ﬁ’m’]iﬁ%’]i’l‘ﬂﬁ’mLLiuﬁuIﬁlui:%’i’NLaaquﬂﬂﬁuﬁ - flwew 2531 luduiimelugrafuinden
Femanu lagvmsgsadu 2 55 de maivlasassluiuinefidamneadnnin 1 snsilawes uazms
HUN98auaNAT line transect method luﬁuﬁLﬂwxﬁI%tyﬂiﬂ 1 @5enlawas wuiid 39 tnzanndnwan 106
Lﬂ’]:ﬁﬁé’@ﬂuﬂajuﬁamﬁmag Ietun drowindinlg 227 67 daen 1 67 eiliiornn 18 67 wazwvens 1 62 uae
wuhamamwusuassawiniuldummelng 6 inz Tas3%ves Haynes 1w 251 daemanlawas 33
289 King 1% 45.5 §a/a1519nlaiuas waz3suas Webb {lu 42.6 da/assilawas wananiisonussiiionn
6 ¢s pwmzlng 3 1Mza1n 6 1ne
msansnganssnvesaswiuinladuiunisluszning 7.00 - 18.00 u. luideunguniay 2531
u’%nmmw:LLa:u'%nmﬁuﬁﬁmaﬂdwLﬁm{ﬂuwm%’nmﬁuﬁ:&mfﬂmamLLaa 1ae3% Focal sampling method
‘W‘LJ’J"]"H"NL’Jmlumiﬁ’nﬁquaﬂﬁuﬂla\‘lﬂ"h‘iLL’iuﬁluflﬁﬁgd 2 ﬂfejwf': Fanuuanananis mg'uﬁagjiumm:aﬂ%nm
lumsssuazyfinann saeinguiiagunurindulnaazlfioalunsinden wdaulm iz uazlsuuss wiad
WOANIINFIANNINATN mﬂ'ﬁagjumm:'«aﬂ%nmBhu’lmyuuﬂamvlﬁgwmniﬁmnﬁagjiuul,muaulmy' WeiTg 2

ﬂﬁimauﬁuwavlﬁmnﬂ'jﬂuvlﬁdau

4. ﬁ?&ﬁmﬁmzazwqﬁniwmaﬂszmswaazﬁ’amﬂgf (Muntiacus muntjak) (navaw3snsaeniill, 2534)
rm?mmﬁyuﬁmﬁuuazwqaﬂﬁumaﬂizmwauﬁatwm&’ (Muntiacus muntjiak) Taaeudegan
Mz 27 ha. udihldUsesuuwmzawa 110 ha. luiuisrafuindeusordszm LgNEYIR 19
TRNIAOWNOATNEL 2532 - Awian 2533 Lﬁammmﬂﬁuﬁmﬁuua:wqanﬁuﬁ"wagjﬁﬂ@ﬂa@mmﬂfﬁﬂq
aﬂE%'@fmﬁ@ddé'tymvﬁm@ﬂumimﬁau‘lﬂﬁ (motion-sensitive radio-collar) wazld Focal Sampling Technique AU
TaNANNEUNDANTIY wmfﬂLﬁa%ﬁamﬁﬂa%iuw,m:‘*?'iﬁwvlﬂﬂdaﬂvlﬁ4 o IR ufivAunmue (home range)
40 ha. Tagfiufinfiunan (core area) 15 ha. LﬁaLWﬂQLﬂé"auﬁm’é"y’s’ua: 246 + 70 wa3 Sszpziefandilng
g9 517 a3 wazilszuziadolunisusasfianssy (active behavior) 215 + 40 a3 wawagldiauaas
wnAnssufilingails (active behavior) $ouss 62.85 Ss1Aaduanniigalusas 07.00 - 10.00 uaz 15.00 - 19.00
. LL&:Lﬁﬂ“ﬁuﬁaﬂﬁqﬂlwﬁ’Nnm 01.00 - 02.00 %. Lﬁ”oLWﬂQ‘lﬂﬁnaﬂummaquaﬂﬁuﬁvlsiagﬁuﬁ@ifu’lumu
nansTunnniaeunansis lassasa: 57.40 iaduluaaunansiu

5. N11ARaWNYBIELINUNAR (Capricornis sumatraensis) A1RAINIIARDWI 188NN
P & & A o o o ¢ A o cao &1
WWNBWINUKHNTaW YL 52N1 ININGT 187519 (Navawsndaniih, 2534)
MIAAAUNILANBUNVBIRBIN WAL (Capriconis sumatraensis) NaWaWLARBUELBANANINE
10 27 ha.  udvhldddesuuukudulnguinaniienanfulusasgneuuisn@ngn  .gnuegini
swhadaunneinou 2532 - guipn 2533 iNamvaduimfuuazdanduuesngdnisui ldagis
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las@aauaningdaaudaisfiadsdygrmaiuniaaienlnl (motion-sensitive radio-collar) uazld Focal
Sampling Technique LiuTayansdungdnisn wudndssrnldion 81 T lunmsimzmdunnisagendon
S ' X a @ o @ ' ' = A 'Y a o
wianzan Slutinmibissndanafeudeldagummzuientadunadszanm 1 deu uduafoudon
a & A o L& ) & @ r f A a \
um"umugu‘é‘nmmm unzenfyagiiuag 33 mﬂuuﬁavlﬂmﬂuaglummﬂuuuwmumu lugr9nan 5
A oA A a & af 4 a Y a a A A o
o AuArAunInue (home range) 136 ha. UNUNAINWARN (core area) 86 ha. LRLINILARDUNLARYIURE
445 + 139 was lasdunslnage 1,350 a3 uazlszozadsluniuaasfianisn (average activity radius)

613 £ 122 a3

Tugsszwiadeuunmay - figwiou 2533 LﬁmmLWﬂQ’L%L'JmLLaquaﬂﬁwﬁvl,&iayj’ﬁa (active
behavior) TanuAsasay 63.28 lasfidnungaluzisiaa 18.00 - 22.00 w. LLazﬁ@iw‘iﬁqmlu‘*ﬁmnm 07.00 - 11.00
W, wqﬁmwﬁhiag’ﬁuﬁm%umﬂﬁq@lmﬁauﬁmﬂu uwazfavangaludauiigwiou WONIINATINLINELINN
Lwﬁgﬂ‘*ﬁnaﬂumﬂmquanﬁuﬁ‘lﬂagjiﬁa’lwﬁamaunmaﬁummimaunmai’uimﬁ”ama: 53.76 LAniulunan
nangan uazlugaeszozam 6 Wan woanssui Wagfafeduluaeunasduunnniaeunansiuludan 2 : 1

U

6. mﬂil%'ﬂmﬁymlszmnsﬁmiﬁs;;mgnﬂ”’muwﬂmmﬁ'nﬁmﬁ'yagﬂua’mrﬁha6] Y29ARAD19
Wuingonsposenn FIUINFIIHY 19 (NavansnEaniLh, 2534)
miﬁﬂw’nﬁam%mﬁyuﬂizmﬂié’fﬂﬁgmgﬂ@‘hwmm@Lﬁn Tudufisnafusindousomyszn

LgNE) N Ewifeunnainon 2532 - Juiay 2533 TasiRanfiufidnsanimeAfiawenuiiannni 1
AN AT ﬁﬂizmyagm’mmu@mq yasiufenafivsin 199% Capture-Recapture uuy Grid  with
Assessment line LAUTaa13eTN3 wué’migmgﬂﬁaﬂuwﬂummﬁﬂfﬁﬂmu 9 7Hia Lﬂué'@]fﬁmﬁﬂagmuﬁuﬁu
(terrestrial) 7 wila ldun vy unies (Rattus surifer) WyWWLAN (Rattus whitehead) %Hmm'gw&ﬁmwm
(Rattus rapit) %k&ﬁad"ma (Rattus rattus) Wyfﬂwmﬂmy' (Rattus bowersi) NILUQATIINAN (Tupaia glis) Uae
n3zdau (Menetes berdmorei) Lﬂ%é’@fﬁﬂﬂﬁﬂ%ﬁﬁuagmuﬁuvlﬁ (arboreal) 2 wiia ldur wwliduusifiouun
(Hapalomys longicaudatus) uazn3zsaniUangwNen (Callosciurus caniceps) sasnwuluiuidunihenfiuiing
9w 8 viia Aa Ay wnGes %Hmm’éﬁu&ﬁwwm AWuAWAN niasrnd wuiluanlng nazdeu
nszuasTINe  wasnszsanUmennadn wulwiuisunansgrafivine swu 6 afla de ﬁkbwmmﬁm
%HW’]%Lgﬂ %ELVLNLg‘]JLL&iﬁaLLiJu NSEUATIINAN N3Eaan wazntzsanUmenidn uaswuluiuiidurinesnafiu
e $ruan 7 oila de wurunRDd MEmuLﬁyﬂu%Lﬁmmﬂmu wwan wyldifuwilauuu nszuasTIne
NI290% UWazNIzTanlaan1ean

Aufigrumihenafusing ﬁmwvxmmeamaaﬂszﬂmﬂﬁmi'gmgmﬁ’wuwmmﬁnmnﬁq@ (50.45
@7/ha.) MURIAL é’mﬁgm@nﬁwummmﬁnﬁLﬂuﬂnﬁm@iu (dominant) nanunmnuskluiuisumines
Ao ldun nszden (M. berdmorei) Tuiufisaunanssnsifiviing uazswesnafiusi leun wuHwan
(R. whiteheadi) N3z30% (M. bermorei) Lﬂué'@ﬁfgmgﬂ@i’:}ﬁuwm@LﬁﬂﬁL'ﬂumﬁ@L@iumﬂma%’;mwluﬁyuﬁa"m
AuinssudIs 9nAneuit  Shannon-Weiner Index wuinluwiufisaunanssnafivihe Samamannwany
(diversity) maaé’mi'gmaﬂ@haummmﬁﬂmﬂﬁq@ 5098911 1dun Aufisurnesnafuih wasiufisiuniiens
fiuving gy

lu'«iwmuﬁmigmgnﬁaﬂuwmmﬁnﬁwuﬁz\a 9 viia luiuienafiurig mmﬂﬁuﬁmﬁumﬁwaw%

muéw&ﬁmwwma@ uwaznurwRa ey fngigafa 0.56 uaz 1.13 ha. awuay wuiuslngiwagd
szozLafani luudas T LLa:ﬁsw:mﬁauﬁmﬁﬂluLwﬁa:?umnq@ 150 LAz 51.24 LWAT AURIAL
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7. ms@nwimsiaguuasans 9 vasanla lusaul (navawsneanith, 2534)

guliiuunsinanamislasaisuessaiin Taganisdasswinas nzsen uasunfissnsanens
a1dzagaumzlng g maauudasdne g vasduldazrhldifaamamywisuiuldlusent annsfnmn
dwliinwan 129 T 2,259 du wuirdmsuanlugouluudazidon Budsudidonunauiuduly s1umw 43,
13, 37, 35, 18, 1, 0, 46, 12, 12, 50 waz 53 80 AURIAU 8aNABNTIUWIL 52,36, 23,7,3,1,0,0, 2,6, 17
WaT 43 Tha ANEINL LATENHAIIWIN 40, 55, 61, 43, 37, 7, 6, 6, 6, 3, 4 LAz 18 THa W& ey Faithle
Urlominnludewvesirgilutinfoungaimentiounman  wsuiiwnenan  uasimian anaeaen
lutufeungadmeuniiawsnon uaznalugradensunauiisfiguion

8. nsdrsaalsinareluiniioriuindawsonlsean (navawsneaniih, 2534)
amwihasdumitad ensousznfidnsuellse wazwalulinuwusiuin Wlasaniufiiumai
lwnnmsshadan vilwanlal LLazﬁuﬂﬁﬁudwaﬁuagl'ﬁmméumﬂ INMIATALTAMMLTIWIINN LAz
IMEUTNUARBIE Lﬁuﬁuﬂﬁﬁumaﬁwuﬁy’mm‘[@mﬁamﬁuﬁhiff?ﬁu ildavndefivenssaeld uua
aamﬂumju‘lﬁé’aﬁ

1. Vlai’vjm?iym IiFon liddugn wulwisdidn (Rubiaceae) nawzfia iu gnlritnu (Hedyotis
capitice lata Wall) Lﬂuvlﬁvjuﬁlmmfﬁ'mm:vlsﬁu WlANAR (Psychotria rhinocerstis BI.) Wl
vg'm??wmmﬁﬂ 237 89w (Euphorbiaceae) 2461 Myrsinaceae Waz4¢ Lecaceae

2. VL;TETNQﬂ LLﬂ?:vliTLgaU wulwadeindany (Commeliaceae) 29¢  Maranthaceae 463421
(Zingiberaceae) LLatldﬁﬁﬁ (Leguminosae)

3. Liuswanastisumnalng wolwasdlisnawna (Ephorbiaceae) 11w uzisitANy (Antidesma
velutinosum Bl.) 8¢'lWih (Baceaurea ramifiora) 196 Sapindaceae LT azW3@ (Lepisanthus
vubignosa Leenth) 13fINT (Moraeceae) I UBHWUWN (Streblus taxoides Kurz)
2196 Apocynaceae LT Tunuas (Wrightia cambodiensis ) 294 Violaceae 19dL94 (Rubiaceae)
147 Rhannaceae 296181 (Annonaceae)

4. @jﬂvh’li wulwa9d Annonnaceae 196 Myrtaceae WINWI 29 Euphorbiaceae Lﬁafﬂ\‘i (Sapium
baccatum Roxb) 89U1IMI8LAN (Macearanga tanarius Meell. Arg.) 244 Lauraceae WInauLwe

REARGE! (Fagaceae) 1A NI (Moraceae) 29dda (Sterculiaceae) Wa9H Sapotaceae

9. NMIAAAINLIADA (Panthera pardus) ﬁﬂa’aynﬁﬂg'i'h (laa, 2534)

\§ad (Panthera pardus) LWﬂgﬁQﬂLgmﬁ,ﬁdLL@iﬁ’aLgﬂﬂ VL@TE}ﬂﬁ’lma@emalq (Radio telemetry) L&
Usesluudnmiudmiosnafiuing aussmsznm agnupinil nmaih@eaaldis  Focal  Sampling
Technique ﬁuﬁnﬁagaﬁmmmmﬂ%aﬁdﬁaﬂaQﬁﬂa anaans 24 $2lus lagluudazaaluouvadn 4 enu e a
15 Wl 124 10 WALSALALTBYA UFINN 5 W ﬁauﬁa:@wLﬁuﬂagalwﬁawiavlﬂ YasuiwTuinaaani i
vafn HanIAnswLIIFadmanIndsiineg ldluamwssinma una 11 T A ufivAnnamua
128 anyeilawas Solapadoinaeud ldiuszoznoiua: 471 was Lﬁavﬁﬂ“ﬁ’nmuaquaﬂiiuﬁ‘lﬂagﬁa
(active behavior) 113&% 36.60% %aﬁmmﬂﬁq@ﬂummm 23.00 - 24.00 . ﬁd’]ﬁayﬁqﬂiwﬁ'smm 06.00 -
07.00 . L%ﬂ@‘mmquammmwagﬁa lugrsnanarsduuinninnarsiwanias (50.70 ¢ 49.30%) InANT

infigadlunizimnzermsuszi ldlngaauss wodnadaanand du (Manis javanica) ldiua1mns 1 6
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10. msdrsedaithumnzlugrofuindonssisent ssnsagsugssii (sasamn uaslhwa

, 2538)
migTasaithummeluaafivind enszrdsen $1wan 104 1mz Suduiiumsdnenludon
WINEU - nuenew 2537 wuded 23 sfle  sniiudadin wy wazvyih Lﬂuﬁmﬁ'gmgﬂﬁwuu 15 o9
Fafifosaanu 7 7la ussmdn 1 wfla nmsudsnatsiuiesmzeanidu 5 Tu Yineg nuAa 9.77 -
193.45, 193.45 - 377.13, 377.13 - 560.81, 560.81 - 744.49 .8z 744.49 - 928.15 15 wuidrwusiievessa’
thilannlugasiudiimeamnadn ﬁmﬁfmawaaé’migmgﬂ@i’ammm:ﬁwﬁﬂﬁmavﬁmaaé’@ﬁgmgnﬁwuu v
snvuzanadatroiufimedumalvgdu udswansiiade 1 ims LLa:ﬁmﬁfﬂﬁwaaé’mﬁ’gmgﬂﬁaﬂuu@ia 1

Ao A & A & A = Vs
LnIe Naﬂ‘iﬂmzLW;J“II‘H,LNaﬁﬁdwuﬂﬂladm’ltuﬂlu’ml%mmu

11. Differential responses of small mammals to fragmentation in Thailand tropical forest

(Lynam, 1999)

Fragmentation of tropical forest has wide-ranging effects on wildlife communities, but the actual
mechanisms of species impoverishment remain poorly understood. Small mammal assemblages on recent
land-islands at Chiew Larn, Thailand, were compared with nearby continous forest from the fifth to seventh
years following island creation. Assemblages on islands rapidly developed a nested structure, converging in
composition and representing a subset of those in continuous forest. Among species that persisted on
islands, many had altered abundances, with some increasing and others declining. A "random placement
model" accounted for the observed distributions of species on mainland sites but not on islands, suggesting
that nested island assemblages were generated both by changes in species distributions and abundances
after fragmentation. Six species were prone extinction on islands, whereas three increased in abundance,
apparently because they were good over-water colonizers or favored habitats on islands. We conclude that
the development of nested mammal assemblages in the Chiew Larn archipelago was caused both by
differential vulnerabilities of species to local extinction and by abilities of species to colo-nize islands and to

thrive in disturbed island habitats. 1999 Elsevier Science Ltd. All rights reserved.

12. Molecular genetics and the conservation of Hornbills in fragmented landscapes. (David et

al., 1998)

Asian hornbill populations are rapidly becoming fragmented on remnant patches of formerly
continuous forest. The viability of these increasingly isolated populations is threatened by processes linked to
habitat patch size, reduced population size, edge effects and the distance between patches. Genetic erosion
of natural variability in small isolated populations also contributes to their demographic decline and eventual
extirpation. In the next century, wildlife managers may increasingly have to mitigate against the deleterious
effects of genetic erosion by the careful movement of selected individuals between isolated forest patches.
The nature of the problem will be illustrated using examples from studies of genetic erosion in small mammal
populations recently isolated on islands in Chiew Larn Reservior, Khlong Saeng, Thailand and in an
endangered loggerhead shrike on an island off the coast of California. Molecular genetic methods are

described that permit managers to establish the management purposes and monitor genetic erosion.
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13. AISUNINILD1VDINAYINIYY  (Limnoperma  siamensis) Tuarafusndawsonlsean

(mlﬁnﬁ“f Uagsadaln, 2538)

WOHLWIEN Limnoperma siamensis ﬁmmwim:mmmss’mmjuammmLmumﬂ meznﬂu’%nm
°uaai’mqﬁaglﬁﬁm‘%nmdwuﬁuﬁwv’fﬁau%’mmﬂnm 2§ I uaﬂmﬂfuﬁ'\awumwzag’umﬂﬁaﬂvxaamu
mwammLmumﬁﬁﬁwuuﬂﬁﬁﬁmagiuﬁwﬁm 6,056 + 1,031.4 daiuii 300 anaTndwas Uszmmuwluuay
ffuﬂaiﬂﬁ'udﬁﬂﬁﬁuﬂ@juLLazLﬁm‘hmuaai'mummamamaﬂLw‘%mﬁ?mﬁ@%wé'amﬂﬁmia%ﬁaL“T]'au WU
Lm:uwiau"lﬁﬁ'«magj’lm{ﬂmnﬂiﬁmq'é"uaﬂ'ﬂ&ﬁﬁmﬁﬂﬁty (p < 0.05) MIUWINIZIEY IINNGW WastRNEIWIN
°1Jaav\amé’ana’nﬁwé’dLﬂuﬂtym@iaqmmwm{w wazfeanssufifsadestuiludrafivi é@nsmsunsnazany
YOIMBLLNTES Limnoperma siamensis  aaifuiindansrmilsenn Tasifiusatmeniwdss Limnoperma
siamensis ugnaufusind sy mui’mq’lﬁﬁwﬁm ﬁmmm:ag} WUIAMIUWINIZNE TIWNGUBLLL

f@qiﬁﬁmﬁaunﬂmﬁ@

14. anavanzinzasdaithlwaasnsiusanitiaaauas (savain uazlnaa, 2538)
VL@Tﬁﬁﬂ’ﬁé'mﬁmmwa’mmﬁmaaé’mi'gm@ﬂﬁmuw wn dafiannnan uasdatazfininazfiuun
lwasnswuidaithasesuss sznivfauganan 2536 - aaaw 2538 wudaithadnsiay 397 afia a1n 96
19F Lﬂuﬁmﬁgmgnﬁwuu 69 1A 31N 27 2196 wN 234 Fila 9N 52 2 FATiRaLAI 67 Tia 91N 13 29
waedasSazfininazfiuun 27 afia 90 4 1d Sududafihfinuiuanmsansasinon 61 afia ludwnit
Lﬂuﬁmigmgnﬁmuu 8 uiia wn 41 wiia dafiaeunan 7 wiia wardasaiiniiaziivun 5 viia

15. Wadnguazszrnsyasnseielmaasnsnusdnilinaasuas (Bhumpakphan, 1997)

midnmduiinaineuszdizrnivasnziisluaainmwuidaithanasuas LgnE)ind
3213190 W.¢1. 2537 - 2538 Lﬁaﬁaaﬂ'ﬁmmamwﬁuﬁa%imﬁ'y gRaRToMNs MIlTunassin wazunasltls an
MINUARLADATILALAIANNAWILURY TN TVRINTZAINNMTENTINAMTNILUWUEUATS  WUIINTEie
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Abstract: Evolution of the Parathyroid Hormone Gene in Primates
Suchinda Malaivijitnond', Osamu Takanaka® and Kanya Anukulthanakorn®
'Primate Research Unit, Department of Biology, Faculty of Science, Chulalongkorn University,
Bangkok 10330, “Department of Cellular and Molecular Biology, Primate Research Institute,
Kyoto University, Japan, ‘Department of Biology, Faculty of Science and Technology,
Radchapat Institute, Muang District, Nakornsawan 60000

Nucleotide sequences of the parathyroid hormone gene (PTH gene) in 21 species of
primates were examined. The PTH gene contains one intron that separates two exons that code the
sequence of a 115-amino-acid polypeptide, prepro-PTH. Prepro-PTH consists of 25 amino-acids of
pre-sequence, 6 amino-acids of pro-sequence and 84 amino-acids of PTH. The intron of the PTH
gene in Cebus apella, Callithrix jacchus and Saguinus oedipus was 102 bp long, whereas a 103-bp
intron was observed in the remaining 18 species. Comparison of nucleotide sequences among 5
species of macaque monkeys found in Thailand, namely, Macaca fascicularis, M. nemestrina,
M. mulatta, M. assamensis and M. arctoides, showed a 100% homology. A further comparison of
the nucleotide sequences of the PTH gene in 5 groups of macaque monkeys, classified according
to the report of Hayasaka et al. (1996), namely Barbary (M. sylvanus), Silenus (M. silenus and
M. nemestrina), Sulawesi (M. muara and M. nigra), Fascicularis (M. fascicularis, M. fuscata and
M. mulatta) and Sinica (M. assamensis) also showed a 100% homology. High homology of the
nucleotide and amino acid sequences were also observed between investigated non-human
primates and humans (95.43-99.80% and 93.04-100.00%, respectively). The results indicated that
the PTH gene is very conserved and that 3 million years of evolution of macaque monkeys did not
cause any differences in the PTH gene. Comparison of the 115-amino-acid sequences of prepro-
PTH of humans and chimpanzees (Pan troglodytes and P. paniscus) showed no differences. This
result supports a closer relationship between humans and chimpanzees than between humans and
the other great apes. From phylogenetic trees based on nucleotide sequences using parsimony and
neighbor-joining methods, and in agreement with size polymorphism of introns, 21 primate
species could be classified into 2 phylogenetic groups. The first group, belonging to the infraorder
Platyrrhini or the new world monkeys, includes Cebus apella, Callithrix jacchus and Saguinus
oedipus. The second group, belonging to the infraorder Catarrhini or the old world monkeys,
includes the remaining 18 species of primates examined in the current study. Within the infraorder
Catarrhini, 18 species of primates could be further subdivided into 2 groups at superfamily levels,
i.c., Cercopithecoidea and Hominoidea. The superfamily Cercopithecoidea (old world monkeys)
includes 10 species of macaque monkeys, Cercopithecus aethiops, Papio hamadryas and
Presbytes obscura, while the superfamily Hominoidea (apes and humans) consists of Hylobates
lar, Pongo pygmaeus, Pan troglodytes, P. paniscus and Homo sapiens. This study illustrates that
fixed-length polymorphism of introns can be consistently used to differentiate the new world
monkeys from the old world monkeys. The PTH gene can be used to accurately classify primates
of the suborder Anthropoidea to superfamily level.

Key words: parathyroid hormone, nucleotide sequence, amino acid sequence, primates, phylogeny
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UNUI

wiinsendzeilun (parathyroid hormone; PTH) iiluszaslunidnfigiansiuaznannaindau
wnnsasd ﬁ’mﬁnﬁﬂ'suqmmaumms‘ﬁw wazWasanasime losdnainszauuaaifouuasanizay
Wasialuifan NIEAUNIRANLNIZAN mig}@ﬂﬁumeéﬁﬂmmzmﬁud’mwamwﬂﬁvlm LLazﬂiz@jumiéTamﬁzﬁ
1,25 dihydroxycholecalciferol (1,25(0H),D,) Ssiiluawiusvasinfindflashs a1ntiu 1,25(0H),D, 9ndu
mi@ﬂs’ﬁumeﬁ”ﬁymszamWWﬁﬁﬂ% (Smith et al., 1983; O’Riordan et al., 1988; Royer and Kemper, 1990)
FulmanfidnademIFiaNsiuaznas PTH fa anuidudurasunaidondoouluien deuwinlnsendas
w&9 PTH aszsuuaaidoameluusznonenioasansiag LLa:ﬁﬂmni:@‘i’mmaL%wLﬁugaﬁua:ﬁwaﬁuﬂz&mi
W83 PTH (Habener et al., 1977)

PTH ulnay Indiduidentsznoudis nsnaziilu 84 nihe nsaazilu 34 dausnaansnasngnan
auyInives PTH |¢ Tuanduillumssanmed PTH wolulaslulonunefi 11 dsznaudas exon 3 s uae
intron 2 &% TumsEaeTzH PTH 1in tuusnasiinsnaauasuyaswaues PTH mRNA 'léiilu prepro-PTH 7
dsznaudiontaaziily 115 @7 ﬁ“l'ua@a%iﬁ'uvliIUI‘ﬁ&l“nad rough endoplasmic reticulum (RER) wmusfiinng
\Rauilved prepro-PTH g cisterna 789 RER azfinsdaniaaziiluaindmoezllu (N-terminus) ¢an
awlsd clipase aan'ld 25 62 @I pro-PTH fidsznausonsaazilu 90 1 wasaniinsndaniives pro-
PTH 1" Golgi complex pro-PTH azpnaaniaaziiluanndaseziluaandn 6 o1 ldidu mature PTH (w3a
intact PTH) ﬁﬂi:ﬂauﬁwﬂiﬂa:mu 84 @7 (Royer and Kemper, 1990)

minsiAgnugefluudiiuiisulatuinnluneediin lasamzagnsbonmsansfisaiu bone
metabolism 1u;§§dﬁfﬂﬁaaﬂmﬁaanqw§ag LRENUTIBIUSIWIRINTAANB AL PTH gene 11w luau
(Hendy et al., 1981; Vasicek et al., 1983) M (Kronenberg et al., 1979; Weaver et al., 1984) Ej‘b?’ﬂ (Rosol et al.,
1995) #a (Schmelzer et al., 1987) Wazwuln (Heinrich et al., 1984) ’%”lﬂi’lild’]%ﬁ”l&l”liﬂﬁ?ﬂvlﬁ’j’] PTH gene
13znaude intron 2 &% UAZ exon 3 &% 1Ay Exon Il uag Il 9xgnlglunnIdaasnzi prepro-PTH Anumiisin
8nag19ve9 PTH gene Ao azliBwiies 1 ‘qm‘vi’lﬁ?ulu 1 haploid genome (Royer and Kemper, 1990) Wgating s
fiany SINMIBAMNAN AL ARA N TIBUABIAL PTH gene lud@ingw non-human primate Prman wui
Folaifsenuieany PTH gene lué'mfﬂa;uf: 19 ﬁmwmsﬁim'mmiLLf&’aé’mfmjuf:ﬁmmlnﬁ%ﬂﬁmumn
(Fiedler, 1972) d9azdiuldanlumsdnsnmedwdingmaasmsunngwanssia 7ldamansarnlaluaumwss
TadendnaTusssuuaciiasrnin Iddssnfnsmdoysiugiuludaingulnsum ww 59100 (Ferin ot al,
1982) 84%19812 (Malaivijitnond and Varavudhi, 1993; Malaivijitnond and Varavudhi, 1995; Malaivijitnond and
Varavudhi, 1998) UazBITUUNUT (Gold et al., 1979) Aaw tudn LLﬁﬁ?ﬁdﬁﬂTaQaﬁ"l,@‘i”l.ﬂﬂi:qﬂ@ﬂ“ﬁ’[uﬂu a91in
f:wm']ﬁLLuaIﬁuiuﬂWiﬁwé’@ﬂunajuﬁmlﬁﬂu&m’maaﬂumiﬁﬂrmﬁmﬁ'u bone metabolism LANIINTW
(Hotchkiss, 1999; Jerome et al., 1999; Krueger et al., 1999; Jerome et al., 2001) LWﬁzé’@lﬂuﬂﬁiuiﬁ“ﬁ’Nmﬂq
(life-span) Aawninluan uin amjl'!u (Japanese macaque; Macaca fuscata) ﬁ"ﬁ'mmqﬂizmm 26 1 (Nozaki
et al, 1993) FewhldmunTndamudnmmadasuudaslag ’Luﬁﬂfﬁﬂ@ﬁmﬁmaawmmq"l,@i” udaenalsf
a1 MIANHLABITL bone metabolism ludasmsniiaz liaansoudanauasyiranudilanalndnag leagna
Fatau dmndsnadaysiugmaasinduioaileindusznsnedlwasswninsesdseslun Sadusesluud
Junumanysa bone metabolism maoé’mﬂumﬁui{ Faiudaldrmsfinsmsrauianaleinduazninezilu
289 PTH gene ﬁmauﬂqumumao Exon Il uaz Il Uz intron B enuéay lusaiouaulwsiun (Order
Primates) suautasuaunlnlasiids (Suborder Anthropoidea)
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1. aaInAaay
AalRanaa’luauau lwsiun (Order Primates) susutasuaunlnsdasife (Suborder Anthropoidea)
w21 1la 9 8z 2-9 @1 lasFainihanlslunsfnunassftazsiuns captive animals uaz wild animals 910

Uzinalng BulafiBo aasln wazdu lapdaduunlnsumng 21 iia awmoIu89 Ankel-Simons (1983)
U Qs dQ/

LLas Lekagul and McNeely (1988) laasd:

Suborder Anthropoidea
Infraorder Platyrrhini (New world monkeys)
Superfamily Ceboidea
Family Cebidae
1. Black-capped capuchin (Cebus apella; Cape)
Family Callithricidae
2. Common marmoset (Callithrix jacchus; Cjac)
3. Cotton-top tamarin (Saguinus oedipus; Soed)
Infraorder Catarrhini (Old world monkeys)
Superfamily Cercopithecoidea (Old world monkeys)
Family Cercopithecidae
. Japanese macaque (Macaca fuscata; Mfus)

. Cynomolgus macaque 730 long-tailed macaque #30 crab-eating macaque (Macaca fascicularis; Mfas)

4
5
6. Barbary macaque (Macaca sylvanus; Msyl)
7. Lion-tailed macaque (Macaca silenus; Msil)
8. Stump-tailed macaque (Macaca arctoides; Marc)
9. Pig-tailed macaque (Macaca nemestrina; Mnem)
10. Moor macaque (Macaca maura; Mmau)
11. Celebes creasted macaque %38 black ape (Macaca nigra; Mnig)
12. Rhesus macaque (Macaca mulatta; Mmul)
13. Assamese macaque (Macaca assamensis; Mass)
14. Vervet monkey (Cercopithecus aethiops; Caet)
15. Hamadryas baboon (Papio hamadryas; Pham)
16. Dusky leaf monkey (Presbytes obscura; Pobs)
Superfamily Hominoidea (Apes and humans)
Family Hylobatidae (Lesser apes)
17. White-handed gibbon (Hylobates lar; Hlar)
Family Pongidae (Great apes)
18. Orang-utan (Pongo pygmaeus; Ppyg)
19. Gorilla (Goirilla gorilla; Ggor)
20. Common chimpanzee (Pan troglodytes; Ptro)
21. Pygmy chimpanzee %38 bonobo (Pan paniscus; Ppan)
Family Hominidae (Humans)

-Human (Homo sapiens; Hsap)
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2. MneTsNA I VT IMSUNITARRAIS W

wiziaaiunas 10 ws. ‘lu'lwnwnn’nﬁﬂ oI Gorilla  susadmRaanie  (femoral
venepuncture) WIWWANAL  heparin 0.1 8.  Iwumeiiiz@oavnniaavdainesasday ketamine
hydrochioride ¥ua 10 yn./nn. sminga disealudussnifivdwendodann (30 buffy-coat ATiiia
Wwoaridued) Induuasdafeeuasriul Aeuse 2,500 sauuaf wn 10w simiwhduvenia
Lﬁaﬂm'l.ﬂaﬁﬂﬁl.ﬁumwia‘lﬂ unsdlugs Gorila 2y ﬁnmmaummmuaLuaﬂ'l.ﬂmnmﬂmml.mi.wmnmm:
Rgavianii Rehailitation Center Lzinanaaln Lm,mmama‘lﬂﬁmwan@mamanﬂ‘s.mﬁmﬂu malate
fivwaras CITES

3. amanafiswie
ar o a J L
FNaaLaula’an buffy coat Lm:mmﬁa lasld STE buffer (0.1 M NaCl, 10 mM Tris pH 8.0, 1 mM
Na;EDTA) Uaz 1% SDS 1035017189 Sambrook et al. (1989)

4. Iwsiwesilgdmsuntsiin PTH gene lunasanaassuas +&193U sequencing
‘1W‘siuam1’nmmun’mwu PTH gene lunaeanasasda wunoiay 446 uaz 448 uazlwswafild
i sequencing Al WANELAY 449452 sauaadlunin 1 WRTATIT 1 et lnsdaulasunaindeu
mﬂa'[a']mﬂ'u B4 human PTH sequence (Vasicek et al., 1983) Twset El‘m 446 1w biotinylated primer Iwiiua¥
n 449, 450, 451 Wa= 452 \Jlu FITC labeled primers (Japan Bioservice, Japan).

6 452 448
—> O =
% < M

| HEN

Exonl Intron A Exon II Intron B Exon II1

- a . % 3, ar -
AN @Uumiaey PTH gene uazlwsiuafilddmiunaiu PTH gene lumsosamanasuasdmsy sequencing
B uaz F uanadumisf@aaaindanss biotin (B) and FITC (F) e gnasugasfiennsan 5 1y 3

= 2 ' L o - S o .
MW 1. winoaussdumbaaslnaweinldd miunsiiy PTH gene lunaaenaassuasinniy sequencing

waBLAY AUAH* sevitaadlalng
446 (-109)-(-90) 5.GCTTCTCGTGAAAACCAACC-3'
448 (496)-(516) 5-TTAGCAGCATGTATTGTTGCC-3'
449 (473)-(492) 5-CACTGTCTAGAGCAGAACTC-3'
450 (157»(176) 5-AAACAGAGAGGGCCACTTCC-3'
451 (-104)-(-83) 5.TCGTGAAAACCAACCCAATTAG-3
452 (166)-(186) 5-CCTCTCTGTTTICTCTTCTTCC-3'

nanowe: *dwmuieuiitnileinduas human PTH gene 14 Vasicek et al. (1983)

BRT Research Reports 2002 @ Tenumsidplulatims BRT 2545
tad BERT



5. N1TANIIIN PTH gene unaaannaay
A& A o v o A o aa = Y . A o
fduanana ldihaiuiminlasdt PCR las thermal cycle G9Usznaudig denaturation 9 94 °C;
1 ¥, annealing 71 50 °C; 2 Wl LAz extension 1 72 °C, 3 w1 I1UIu 30 58U Tagranazisy thermal cycle
FMIUMIAANTIWIB PTH gene 2eduaIsazans PCR mixture 1 94 °C; 5 w1l naw waidu Tag DNA
polymerase BAINAWFANTZLIHANILNNTIWIU PTH gene lunaaanaaadid’ ¥innsaasay PCR product

@28 5% Polyacrylamide gel electrophoresis uazauTUALOWEAI87D Silver staining (Tegelstrom, 1987)

= a & [ =
6. NMIUATANALD LD LT BLALD

WRINNFUFAMTANTIWIU PTH gene luduaaunudr @dwiafldazidudiduwaidug (double
strand DNA; dsDNA) Tadastihanvinliidudiduiaiduiaen (single strand DNA; ssDNA) fau a1u35
Hashimoto et al. (1996) lawlt avidin-coated magnetic beads (Dyna beads) TN biotinylated primer 370
& s o a a o o & A & . A Ao o L o Lo
mu@aumm’ﬂu dsDNA 'Y]LWN'%']%']%VL@%'H %&l(ﬂLauLaa%lLau%m“nNmuﬂmULmauagﬂumi biotin LW?’W‘ILW?LN
asnanuaw 446 AT biotinylated primers ¥inlw dsDNA 449 ®1313509UMY avidin ﬁﬁ@a@]a%iﬁ'u magnetic
beads o (avidin-coated magnetic beads) ARINUBYN alkalinization dsDNA @28 0.1 N NaOH ialile

v té v IJ 1 Qs ] { v {
ssDNA 2 &% 03 ssDNA Lﬁuﬂu\‘lﬁ]zﬁ@]agﬂu avidin-coated magnetic bead LLamﬂmnauagﬁnuma@ Tuvueh
ﬁﬂLﬁu%ﬁd’«J:aaEJa%iL‘ﬂuﬁﬁiﬂudﬁumaammmuaail wean  ssDNA ‘YTGaadﬁl'luﬂﬂﬂﬂqﬂﬁ%LLﬂZﬁWVLUFL“E‘Luﬂ']i
a 6 o ¥ A a 6 1
AnTzdmmauineala nase i

7. mylarizimaavuiiaialalng

myenzimaauianalelndrilasld cycle sequencing kit findalauus¥n Applied Biosystems
Inc., Japan wazaTamaauiiailalndlagld Shimadzu fluorescent automatic sequencer DSQ-1 IﬂﬂL’%lsJﬁ]’m
MW IazaNy PCR mixture 71 94 °C; 3 wift lumafiwswudiimesmiumsliansimaauianaleing
1 Usznaudiey thermal cycle 3 70 il

7auIn Usznauein denaturation i 94 °C; 30 5w, annealing 7 53-55 °C; 50 37 waz
extension i 72 °C; 80 3wl 1w 20 J8U

q@ﬁaaa Usznaude denaturation 71 94 °C; 30 317l uaz extension 71 72 °C; 60 W17t $1wan 20 30U

gafiana incubation 71 72 °C; 10 wal

ihdeufianalengfiledeann Shimadzu fluorescent automatic sequencer DSQ-1 Vlﬂamgmuﬁwé’u
nsaazfiluuarduuilaslysunsay DNASIS (version 3.0, Hitachi Software Engineering, Japan) uazilasnzin
anuaseafslasldsunsy  Clustal X mnﬁ#uﬁﬁagaﬁ%’lﬂ‘imezﬁmmwué’uﬁufmaﬁ'uqﬂﬁuL%a
IWWINT (phylogenetic tree) %dﬂ'ﬁ%mi’lzﬁwﬁlzﬁ’l 2 uuy fa genetic distance data (Kimura’ s two
parameters) laeAs neighbor-joining (Saitou and Nei, 1987) %di“ﬁﬂauﬁ’smaﬂﬂmﬂiu Neighbor lu PHYLIP
(version 3.572c) WAz parsimony hinauaaslUsunsy PAUP (version 3.1.1) laglAdauiiiadlalnauas
nsnaziluvasan (human PTH sequence) 14 in-group reference (Vasicek et al., 1983) uazsauiinalalng

waznInezdluwadin (bovine PTH sequence) S} out-group reference (Weaver et al., 1984).

NAN13798

1. arauiinilalnduaznsnazdluiionnmlavinaiduiiailandvas PTH gene
PNAMIANIIWIUADUE289 PTH gene lunaaananadlaslsinsinasnanoiay 446 uaz 448 lu

Twswnns 21 o wuindauen laduwiadszaios 500 s wWarhaauiiaalalnanle wIsuisuny
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gaufiandlalnduas PTH genomic DNA ma3au (Vasicek et al., 1983) WUINU3znaudas intron 1 §9% AL
exon 2 § 4 Lo intron #118azuys exon aanidhu 2 &2 uszlivwie 102 dwa lulwsiun 3 viia fa Cebus apefia,
Callithrix jacchus Waz Saguinus oedipus Uazilzuia 103 gima’.u‘lw'nuﬂﬁmﬁaﬁn 18 Til@ 1uﬁ1lm1i\1#l intron
U9 exon aanilu 2 dluﬁ‘:ulﬂu‘lﬂmung “GT-AG rule at the splicing junction” (Breathnach and Chambon,
1981) fin FIUAUVBINARS intron WULLE “gt” UAzFIWUa18VEILARE intron LWLHLUA “ag” F9nm e 2 uaz 3

-30 1

ttttaaatacctccattetgettttctttttagTGAAG ATG ATA CCT GCA
Met Ile Pro Ala

50

AAA GAC ATG GCT AAA GTA ATG ATT GTC ATG TTG GCC ATT TGT TTT CTT ACA
Lys Asp Met Ala Lys Val Met Ile Val Met Leu Ala Ile Cys Phe Leu Thr

100

ARA TCG GAT GGG AAA TCT GTT AA gtaagtactgttttgcoctgggaattggattttaat
Lys Ser Asp Gly Lys Ser Val Ly

15¢

gttggctttatcatttagaagtggggagctaatgggaaatggeceocetetgtttotettcttecoccagG
s

200

AGG AGA TCT GTG AGT GAA ATA CAG CTT ATG CAC AAC CTG GCA AAA CAT CTG
Arg Arg Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Ala Lys His Leu

250
AAC TCG ATG GAG AGA GTA GAA TGG CTG CGT AAG AARA CTG CAG GAT GTG CAC
Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His

300

AAT TTT GTT GCC CTT GGA ACT CCT CTA GTT CCC AGA GAT GCT GGT TCT GAC
Asn Phe Val Ala Leu Gly Thr Pro Lru Val Pro Arg Asp Ala Gly Ser Asp

350

AGG CCC AGA AGA AAG GAA GAC AAT GTC CTG GCT GAG AGC CAT GAA AAA AGT
Arg Pro Arg Arg Lys Glu Asp Asn Val Leu Ala Glu Ser His Glu Lys Ser

400

CTT GGA GAG GCA GAC AAA GCT GAT GTG GAT GTA TTA ACT ARAR GCT AAA TCC
Leu Gly Glu Ala Asp Lys Ala Asp Val Asp Val Leu Thr Lys Ala Lys Ser

450 500

CAA TGA AAAGGAAAACAAATATGGTCAGAGTTCTGCTCTAGACAGTGTAGGGCAACAATACAT
Gln *hk

mwi 2, a"’t@'fuﬁ’mﬂa'lnﬁua:m'ﬂa:muﬁmgmuiﬁ'mnﬁwﬁuﬁaﬂﬂa'lﬂﬁmm PTH gene 1w Black-capped capuchin
(Cebus apella) dnwidiAuingnanaiy sravileilalnduss mRNA wazdnuTiRuiEnnaneis ey
findlalndves flanking Uar intervening DNA sequence &IWAUIEILARE exon ITWULLE “ag” WRZ&EIW
Uatuaiueas exon ILWLLUR “gt" L 4" LROIFUNHISHAUTBINIS U 8 TH A A prepro-PTH
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exon Ald¥a 2 #m alfiaufy PTH genomic DNA v83au (Vasicek et al., 1983) wuinfluaiu
w84 Exon 1l use 1l Tagdwuas Exon 1 Uaznausiy dauilanilalng 91 dus fsznaudan 5 flug n &
untranslated region, 75 ﬂmaﬁa'm'ﬁﬂmgmu'[ﬁl.ﬂu pre-sequence 84 prepro-PTH Uaz 11 siiuagayie fi
suvinayumlaifu 4 neaexlluues pro-sequence 189 prepro-PTH Exon I tsznauday fauftndtainag
287 §LUA fulsznaudiy 7 Q’maﬁmmmagmu‘lﬁtﬂu 2 nynaziilufwiAoua pro-sequence 189 prepro-PTH,

252 gjmaﬁmmmm&mu'l@ﬁﬂu 84 nynaziiluvad mature PTH uas 28 fluagerneuay 3-untranslated region

-90
ccaattagttagtattgcattctgtgtactatagttttga
-50 1

atattaaaagtattttaaaatacctcecattttgectttoottttagTGAAG ATG ATA CCT GCA
Met Ile Pro Ala

50

AAAM GAC ATG GCT AAR GTA ATG ATT GTC ATG TTG GCA ATT TGC TTT CTT ACA
Lys Asp Met Ala Lys Val Met Ile Val Met Leu Ala Ile Cys Phe Leu Thr

100

AAA TCA GAT GGG AAA TCT GTT AA gtaagtactgtttrtgcctgggaattggatttttaat
Lys Ser Asp Gly Lys Ser Val Ly

150

gttgactttatcattttgaagtggggagctaatgggaagtggecctctetgtttotettetteccaga
S

200

AAG AGA TCT GTG AGT GAA ATA CAG CTT ATG CAT AAC CTG GGA AAAR CAT CTG
Lys Arg Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Len

250

AAG TCG ATG GAG AGA GTA GAA TGG CTG CGT AAG AAG (TG CAG GAT GTG CAC
Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His

300
ART TTT ATT GCC CTT GGA GCT CCT CTA GCT CCC AGA GAT GCT GGT TCC CAG
Asn Phe Ile Ala Leu Gly Ala Pro Leu Ala Pro Arg Asp Ala Gly Ser Gln
350
AGG CCC CGA AAMA ARG GAA GAC AAT ATC TTG GTA GAG AGC CAT GAA AAA AGT
Arg Pro Arg Lys Lys Glu Asp Asn Ile Leu Val Glu Ser His Glu Lys Ser

400

CTT GGA GAG GCA GAC AAA GCT GAT GTG GAT GTA TTA ACT ARA GCT AAA TCC
Leu Gly Glu Ala Asp Lys Ala Asp Val Asp Val Leu Thr Lys Ala Lys Ser

450

CAA TGA ARATGAAAATAGATATGGTCAGAGT
Gln LA &l

o o L e - a o w e W - -
mwit 3. dwiviaedlaInduszninesfilufisuuwldnnarduiiaailalndaas PTH gene 1w Cynomolgus macaque

(Macaca fascicularis)
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¢atuanana12léd1 Exon I uaz 1l 289 PTH gene sanInauuwldidu 115 ninaziluvas prepro-PTH 7
Usznaudiy 25 nsaasliluwes pre-sequence, 6 NIABALUVDY pro-sequence WA 84 NIABH lUVaI mature
PTH anui1au ninexdilu 2 @agarouas pro-sequence (n1nasiluseuf 30 uaz 31 vay prepro-PTH) i
Cebus apella 1T Argenine-argenine Iummzﬁvlwnwﬁmﬁaﬁﬂ 20 wha  wuidn Lysine-argenine
(Malaivijitnond et al., 2002a) @3n Wil 3 uaz 4 densnesdluludunisihzliunumadndensda pro-
sequence 8anaN mature PTH udasdlsianu maduuan Argenine LI Lysine 13 ldfinansenuanniin
WIS Argenine a8z Lysine @mLﬂuﬂma:ﬁiuﬁﬁqw'ﬁiﬂumaﬁ”’dﬂ'

§upe9 Exon Il finaaussulasialaiiudinuas pre-sequence LAY pro-sequence Uad prepro-
PTH i wuitnsneziludmlnaluusimiiiu hydrophobic amino acid @sdnwazdms szwululusin
aaﬂuunnmﬁaﬁﬁnwwé"aaaﬂuamsﬁaﬁ (Royer and Kamper, 1990) §%3U& %89 Exon Il finaauazulasns
¢l mature PTH Aisznaudronsaasiilu 84 ¢a Lﬁaa%ﬂunimmﬁa@maa:gnﬁﬂmﬂa:muaaﬂvlﬂLLaxmﬁa
e 34 62 Tunseengndaes PTH wuiiniaezilu 34 dausnanaulaoaziluzasluiana (N-fragment)

dusunnaldifanasuiiinsuazdadud unltauaasusw It (receptor) @28 (Greenspan, 1991)

2. ANAaIgAavTavaIaUitInalaInduas PTH gene

anminesadluasiibidavdduiianalolndues PTH gene #ldanninsanudazdafidusiia
(species) L@8IN® (2-9 67 luudazsfia) Nve1ANNATBARS (homology) WuiNdlauAaEARI 100% WAz
Wavhseufinnalalndues PTH gene ludsana Macaca 5 wiaiwuludszindlng fa Macaca fascicularis,
M. nemestrina, M. mulatta, M. assamensis W8 M. arctoides NNHIAIANMNARILARI WUINTAN 100% LTwNH
(Malaivijitiond and Takenaka, 1998) tiladadnuunasana Macaca fivnmsanmlunsiivianua 9 sfia soniiu
5 NgY AINITLIUVBY Hayasaka et al. (1996) fia Barbary Usznaueas M. sylvanus, Silenus Usznauais
M. silenus W M. nemestrina, Sulawesi dsznaveisy M. muara Waz M. nigra, Fascicularis dyznavany
M. fascicularis, M. fuscata W8s M. mulatta Las Sinica U3znauea8 M. assamensis lag Hayasaka et al. (1996)
TLNWINGINGW Barabary #3IwwnIUENE8NINIINES macaque findedn 4 ngw e 3 S uilfiudr uazded
wiadn 4 ngu FTawimiuonaniuluginadszanm 2.1-2.5 filfudr anmsdnenil wuindeu
hadlalnduas PTH gene mulunguuasfisana Macaca fvsznoudsdsnnit 1 Tfia de ngu Silenus,
Sulawesi Waz Fascicularis IANUARIBARITH 100% wssifiawSouifisuseuiinilolndues PTH gene
FTAIWRINGUA9 ¥ 5 nay WUIEANNASIARINK 100% LTunn (MWF 4) (Fuen uazAmiz, 2545) G91i
lunsaneidanuadsaisessiuiiailalnduesdsens Macaca fulwnanaiiadng lusuaeudely
azlgdauianilalnduas M. fascicularis iudUNUIaIRIANA Macaca anaa

WaBsuifisuieuiaeslalnduas PTH gene sznindlnsiunns 21 ofia fuaasiuazan Wi
fidnanuadoaRigeily 86.50 - 88.09 Waz 9543 - 99.80% ANWFIGL GINMNA 5 uaza139N 2 uazWuInA
anuampaasvasseuinalendsewinglwawnlu infraorder Platyrrhini #616nan infraorder Catarrhini
(97.02 - 98.80 uar 98.41 - 100.00% muéﬂﬁu) wazmely infraorder Catarrhini @8R % WUINAIANW
auafseimauiiaala indszninglwsiunly  superfamily  Carcopithecoidea  fautnslnalfssnuny
superfamily Hominoidea (98.41 - 100.00 L8z 99.20 - 100.00% m&lﬁﬂﬁu) (Malaivijitnond et al., 2002a)
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1 80
Cape ttttgctttt cttttt-agT GAAGATGATA CCTGCAAAAG ACATGGCTAA AGTAATGATT GTCATGTTGG CCATTIGTTT
Cjac v e e e e e e e e e e et e e e e Al
Soed ..........
Mfas ...... C...
Caet ...... C...
Pham ...... C...
Pobs
Hlar
Ppyg
Ptro
Ppan
Ggor
Hsap
Bovi

Cape
Cjac
Soed
Mfas .. ..
Caet .......... T U it e e
Pham .......... e B i et ce i erese asesaes e T TTT T 4 seseaae——— ———————— e e e
Pobs .......... e it N
Hlar ittt et e e it et e e e e T T T T L e e t,—m ————— e e e
POV g i e e T TTTT T .. t.—— e e
S S iU te— ———— e e
2o T o e, t.—— ——————— N
[ {5 < PN t.— e e
2 =TT e, t.—— ——————- N
Bovi ...G G A.....o. G e ca tagcc....c ...a...tga ggtcaggg.. ..........

* kk Kkhkk K Kk kkkkkkk Kk kkkkkk Kk Khkkkkkkk * Kk K *kk Kk ok kk  kkkkkkokkkk

161 240
Cape -—aatgttggc tttatcattt agaagtgggg agctaatggg aaatggcccc ctctgtttct cttcttccca gGAGGAGATC
[ = [
S Lo Y LAl
Mfas t....a..a. ..o, e e e B L L WAL
Caet t....... = L e L WAL
Pham t....... Q. i et e e L L WAL
Pobs a....... Q. i i e e L L WAL
Hlar t....... Q. i Cutt i iiee tie e L.gC..... L L WAL
Ppyg t....... = I Cottetiiee teie i e S t o WAL
Ptro t....... = I Cittetiiee teie e e S t o WAL
Ppan t....... = I Cittetiiee teieie e e B t o WALl
Ggor t....... = I 2= P B t o WAL
Hsap t....... = I Cuttitiiee teieee e P S t o WAL
Bovi t..g...... ..... g.... g. a = - —-.g..at..t ..... a.c.. g...cct.. A G

241 320
Cape TGTGAGTGAA ATACAGCTTA TGCACAACCT GGCAAAACAT CTGAACTCGA TGGAGAGAGT AGAATGGCTG CGTAAGAAAC
Cjac S G.
Soed .. - T IR G.
Mfas e R G.
Caet A G.
Pham e € G.
Pobs e e G.
Hlar e R G.
Ppyg P e e e s s e G.
Ptro e B G.
Ppan P e e e e e e e G.
Ggor P e e e e e e e G.
Hsap P e e s e e G.
Bovi

Cape GATGCTGGTT CTGACAGGCC CAGAAGAAAG
Cjac . .CC. Coviinn
Soed . . ALLALL Coal
Mfas
Caet
Pham
Pobs
Hlar
Ppyg
Ptro
Ppan
Ggor
Hsap
Bovi

bbb bbb bbb

* KKK

i 5. maSsuisudeuiinadlalnduas PTH gene sewinalwsiunns 21 ofla au (Vasicek et al., 1983) uazid

Ao o v o

(Weaver et al., 1984) MUSAL FYANHOL * LFAIFILAINNTSAULUFATLNY, - LFAS gap
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401 480
Cape GAAGACAATG TCCTGGCTGA GAGCCATGAA AAAAGTCTTG GAGAGGCAGA CAAAGCTGAT GTGGATGTAT TAACTAAAGC

*k ok Kk ok Kk k KKk *k Kok k kk kkkkkkk K kkkkhkkhkkhkk kkhkk kkkkk hkhkkkkkkkk kkk khkkkkk kK * Kk ok k K

481 527
Cape TAAATCCCAA TGAAAAGGAA AACAAATATG GTCAGAGTTC TGCTCTA
[ = R
Soed  L.i.iiiiiiee i CTo et iiiiiiiie eieeann
Mfas ....oiiiiie o T. T.Guovvih viiiiinem— —mm
Caet ... ... oL T. T.G C.o o Cov viviit
Pham .......... ...... T ToGu it it iie e
Pobs ...... .. ool T Gt er i e e e
Hlar ... oo, T -G e
Ppyg ... G ...... T LG s e
Ptro ......... G ..... =T -..G....T .- ———————
Ppan ......... G ...... T e
Ggor ... G ...... T R € I I,
Hsap ......... G ...... T e
Bovi C....G .= -...G..... A..... TCA T.——

Kk k Kk kK ok k * Kk k Kk k *

NN 5. (68)

aN397 2. Wesioudanuasuafasdauiinilelng (FuuneIanTe) uardaunseazilu (Mua19UIANTIN)
TR wTnng 21 38l au wazdd ANEaY

2 » 0

o Q

£ v > ] s a

@ 2 3 ] % 3 I\ @ ? i @
) o E: 3 £ 5 ? 3 3 3 2 2 $
Species 3 g 5 o 2 £ g 2 N 5 5 g s e
& g 8 & a2 8 2 s 8 2 g g 3 H
S S o s s 9] Q o z N o N z @

C. apella - 97.42 97.02 94.64 94.64 95.23 94.84 95.43 95.83 95.43 95.43 95.43 95.43 86.50
C. jacchus 95.65 - 98.80 95.43 95.43 95.63 96.03 96.23 96.62 96.23 96.23 96.23 96.23 86.90
S. oedipus 94.78 97.39 - 95.03 95.03 95.23 95.23 95.83 96.23 95.83 95.83 95.83 95.83 87.10
M. fascicularis 92.17 94.78 93.91 - 100.00 99.00 99.00 98.41 97.81 97.42 97.42 97.42 97.42 87.30
M. fuscata 92.17 94.78 93.91 100.00 - 99.00 99.00 98.41 97.81 97.42 97.42 97.42 97.42 87.30
C. aethiops 92.17 94.78 93.91 100.00 100.00 - 99.20 98.61 98.01 97.61 97.61 97.61 97.61 87.50
P. hamadryas 92.17 94.78 93.91 100.00 100.00 100.00 - 98.61 98.21 97.81 97.81 97.81 97.81 87.89
P. obscura 91.30 93.91 93.04 99.13 99.13 99.13 99.13 - 98.01 97.60 97.61 97.61 97.61 87.50
H. lar 93.91 96.52 95.65 98.26 98.26 98.26 98.26 97.39 - 99.20 99.20 99.20 99.20 88.09
P. pygmeus 92.17 94.78 93.91 96.52 96.52 96.52 96.52 95.65 98.26 - 99.60 99.60 99.40 88.09
P. troglodytes 93.04 95.65 94.78 97.39 97.39 97.39 97.39 95.62 99.13 99.13 - 100.00 99.80 88.09
P. paniscus 93.04 95.65 94.78 97.39 97.39 97.39 97.39 96.52 99.13 99.13 100.00 - 99.80 88.09
H. sapiens 93.04 95.65 94.78 97.39 97.39 97.39 97.39 96.52 99.13 99.13 100.00 100.00 - 88.09
Bovine 80.00 82.60 81.73 84.34 84.34 84.34 85.21 83.47 86.08 84.34 85.21 85.21 85.21 -

3. ANNAR1YAAIYaIAIAUNTAaLdlwYay PTH gene
Lﬁam%ﬂmﬁwﬁwﬁum@a:ﬁiuﬁmgmumﬂﬁwﬁuﬁaﬂﬁia%ﬁ 289 PTH gene 3w lnsiuni 21
sfanuzasiuazan wuhlidianuadeadsgautudsnuiudiauiindlaing lasdd1 80.00 - 86.08 uaz
93.04 - 100.00% GWEGU GINNT 6 uazaNTN 2 wazwudidANAREARITasEUNIRez R luTEning
Iwsiunlu infraorder Platyrrhini ﬁm@;ﬂﬂiﬂ infraorder Catarrhini (94.78 - 97.39 a8z 97.39 - 100.00%
auday) uazngl infraorder Catarrhini 1@8210% WUIAANNAEARIIIAUNTARz A luTznINe InTLan

T superfamily Cercopithecoidea dautslnaldseanuny superfamily Hominoidea (97.39 - 100.00 .8z 98.26 -
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100.00% MWEGL) (Malaivijitnond et al., 2002a) 34a71/1691 PTH gene LﬂuﬁuﬁﬁmsamﬁﬂﬁgdmnLL&TLL@]’@%’M
ﬁagﬂuﬁﬁﬁumgﬂw%muﬁmdﬁu fallanuamsaianusasiauiindlainduaznineziilugs uwdatnilsfian
wud’m&jué’mfﬁag’luéﬁuagﬂw%muﬁ'gan'j"mﬁmmﬂﬁ'}ﬂﬂ'éaﬁumaa PTH gene malun&iugan’hé’m’?ﬁag
luﬁwﬁuamgmﬁmuﬁ@‘i”mfh (infraorder Catarrhini > infraorder Platyrrhini > superfamily Hominoidea >
superfamily Cercopithecoidea)

WawSeuifisusduniaezfilu 84 niaeziluves mature PTH vasauivlwswmafiadug wo
S98N8 Macaca ¥ 10 wa Cercopithecus aethiops Was Papio hamadryas Ansaazfilulies 3 LU
uaneslannvesan (1ue‘hlmmﬁ 35, 58 WAy 76 U89 mature PTH) (Malaivijitnond and Takenaka, 1998)
lwamie?i Gorilla gorilla finsaozdluies 1 sawiniuiuandely (udumisfi 46 vos mature PTH)
(Anukulthanakorn, 2000) waz liwUANULANGNIVES mature PTH La8is=wing Pongo pygmaeus, Pan paniscus,
P. troglodytes wazat (Malaivijitnond et al., 2002a) uaﬂmﬂf:Lﬁmﬂ%amﬁﬂuﬁﬁﬁumﬂazmu 115 n3nazilu
Uad prepro-PTH Uad Pan paniscus waz P. troglodytes (ﬁ%amju%mmu%) AUr89A% MNUAMULANGIILA Y
Wy SeBuduidunnudiiTawnnmlnsidsenuauannitnsamsfiadug (Zimonjic et al., 1997; Chen and
Li,  2001) mﬁmai"n"L@T’jw‘ﬁaLawLﬂué'm’ﬁmmzauﬁqmﬁaﬂﬁﬂué’m’j’maaalumsﬁﬂmﬁmﬁu bone
metabolism I@alLawwzaﬂwaﬁalumn’iﬁﬁaamﬁagaﬁmmmﬁ']vlﬂﬂizqﬂ@ﬂ%’[umammww 5 lanui

Nussbaum et al. (1980) MewiNNIaaziluddufi 25-34 189 mature PTH anfludiudanlunsls
JufudsuRaMues PTH snmewisuifisuiSnadmsnszninen waanis 21 ofia et ldwuany
uandslag ndayadsnaenaagylddn PTH vasiuss Iwsnanansnaangnsinusfianwld aetudnuing
awldATeeu PTH ¢h wiaw1a PTH snaasvmssnenlaglw PTH veswsumofiedu vSevasimaunule

pro-sequence

“« pre-sequence ¢ S mature PTH
-30 -20 -10 1 10 20

C. apella MIPAKDMAKV MIVMLAICFL TKSDGKSVKR RSVSEIQLMH NLAKHLNSME RVEWLRKKLQ
C. JACChUS ittt ittt it e K .oooooooa. G e
S. oedipus = i e S. e, EK ... G e
M. fasCICULArIS . .uuviuiine tiiuennene vevueenes K oo, B
C. aethiopsS @ .ttt it et e K oo, G e
P. hamadryas = ettt e i K oo A
P. 0DSULa = i iieit it et e K oo B
H. 1ar i it e e e e K .ooooooo. T
P. pygmeus = ..... Gttt e i i c e K oo R
P. troglodytes ...ttt it e K .oooooooo. B
P. panisSCuUS = ittt teii it e K .o B
H. SAPI€NsS = ittt i e K oo, G s e
Bovine S AR....... K .A..... Foo .GoooSeve oo
* KKk kK kK AKXk KAKAKAKAKAK Kk KKK KKK * kkhkkkk kk kk kkhkk khkk Kkhkkhkkkkkkkhkk

-

30 40 50 60 70 80

C. apella DVHNEFVALGT PLVPRDAGSD RPRRKEDNVL AESHEKSLGE ADKADVDVLT KAKSQ¥*

C. jacchus ....... Po. i, Q i Vo et e et e e e *

S. 0edipus = i e Q i Vo et e et e e e *

M. fascicularis ..... I...A Ao, QO L Ko o T Vi e e *

C. aethiops ..... I...A A...... QO L Koo T Vi i e *

P. hamadryas = ..... I...A A...... L *

P. obsura = ...ece... A ..A...... [ N..A ..... *

H. lar L ii0ooe.. A ..A...... Q ...K...... Vo e i i e e e *

P. pygmeus = ..o A Ao, Q Keoooo Veeeoiiiie o, N.oo.o oo *

P. troglodytes  ......... A Ao, Q Koeooo Veeeooiiie o, N.o.o.o o.o.. *

P. paniscus = ..ieeea.n A Ao..... o] Koooo.. Voo it e N... ..... *

H. sapiens ... ..., A L.A...... O ...K...... 2 N... ..... *

Bovine ...l A S.A...GS.Q ...K...... VeeoQuwiie viiinn. I ...P.*

KXk kKK Kk Kk * Kk k ok * *kk kkkk Kk *hkk kkkkk kkkkkk kK *k Kk Kk

mwh 6. madSsufisuseauniaeziluvas PTH gene seninglwaiunni 21 ofla aw (Vasicek et al., 1983) Uazid

(Weaver et al., 1984) ausaL sanwal * ugaddunusndsauniaaziluasnoni
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4. Fianzdmanudunus neWngnIINdIimmwin1senaauitiailalndvas PTH gene

dlathaauiianslalnedldvaslnsiamn 21 wialUdansinanusuRuimMasusnITng
S5awimslagds parsimony uas neighbor-joining Wuinlednaimwidsaiude mutsaudslnsanns 21 wie
aantu 2 ngw fo ﬂﬁju‘ﬁl 1 Usenauals Cebus apella, Callithrix jacchus W8 Saguinus oedipus S’fm%'@ayﬂu
infraorder Platyrrhini M%aﬂﬁjuaﬂaﬂlmj (new world monkeys) Lmtﬂﬁju“ﬁ 2 dsznaudin Twsanindadn 18
BUA %aﬁﬂagiu infraorder Catarrhini M‘%ﬂﬂﬁjmﬁdlﬂﬂLﬂ"l (old world monkeys) lasutissialaiiln 2 ngugay fo
2.1) Usznauae Macaca spp. ﬁg\‘i 10 3@, Cercopithecus aethiops, Papio hamadryas \\.8< Presbytes obscura
%dﬁlﬂagjlu superfamily Cercopithecoidea ‘ﬂ%amjuﬁﬂamﬁﬂ (old world monkeys) uaz 2.2) Usznaueiw
Hylobates lar, Pongo pygmeus, Pan troglodytes, P. paniscus W8 Homo sapiens ﬁl“ﬁ 1w in-group reference ‘T%d
dnaglu  superfamily Hominoidea WianguAsawuszauuse (apes and humans) (MWA 7a usz b)
(Malaivijitnond et al., 2002a) Gsmsudsaaniu 2 NEUAINEND ITHAANNBINUNLANULANGNVBITUIA intron
o infraorder Platyrrhini § intron aW1@ 102 @;L‘Llﬁ Waz infraorder Catarrhini & intron 2@ 103 gjl,‘i_lﬁ ﬁd‘lfu?id
099z lduu1004 intron N9RUVEY PTH gene Tumsdadruundaingalwsiunluszdy infraorder 6 uazn1s

(%

asuunlnsunlaslidrauiinadlalnauas PTH gene anansnduunlaiiesudszay superfamily 1yinsi

M.fuscata
95
95 = M.fuscata
M fascicularis
— M. fascicularis
88
93 }— C.aethiops C.aethiops
93
P.hamadryas
95 .
— P.hamadryas P.obscura
79 — P.troglodytes
P.obscura
62
H.sapiens
86
H.sapiens P.paniscus
73
88 | P.pygmaeus
P.troglodytes
86 troglodytes Hlar
— C.jacchus
82| ! P.paniscus 90
98 — S.oedipus
%6 P.pygmaeus C.apella
Bovine
H.lar
N 7. ¢ phylogenetic tree andaufiandlalnddman 500 ¢
Sooedipus Wwaued PTH gene ulwsiunnis 21 vfla laslddeufiiadlalng
67] waznInazdluvasamdn in-group reference (Vasicek et al., 1983)
00 Capella wazdauiinalalnauaznsnasiluresindu out-group reference
(Weaver et al., 1984). laeA% neighbor-joining (a) Las parsimony (b)
C.jacchus Laz¥iN bootstrapping 31%3% 1,000 1
Bovine
0.1
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u‘nﬁ@;ﬂ

mn‘*ﬁ"agaﬁamaﬁ"lﬁmnmﬁ%ﬁagﬂh PTH gene 283838Ma Macaca Lﬂuﬁuﬁﬁmsmﬁnﬁg\mm fa
linnanuuandrila g vasdrauiianilalnduas PTH gene lufsana Macaca wnlutisszoziom 3 SQWSIHY
Fawinsuonantu aarmlumsAnelag Aeaiy bone metabolism laol#Rsana Macaca whalanfanis
uluiea mminﬁ'rﬁagaﬁvlmﬂﬂizﬂqn@ﬂ"ﬁﬁuaaaqa Macaca tiiadu laviud (§3uan, 2544; Malaivijitnond
et al., 2002b) udasndlsfany 1uﬂﬁlﬁgﬁuwu’hﬁ§mqa Macaca Y lanilseans 14 wia (Burton, 1995; Groves,
2001) Lﬁﬂlﬁlﬁﬁaa;ﬂﬁ“ﬁ'ﬂmmmzaugmﬁw PTH gene 3zWiN98987a Macaca lifanuuanedsnuag 39073
msfins PTH gene luﬁaaqa Macaca '5%6] ﬁmﬁaagj VW M. cyclopis, M. radiata, M. sinica Waz
M. thibetana \Jua LLa:mﬂﬁWUiﬁﬁﬁﬁumﬂa:mu‘nm prepro-PTH 83 vervet monkey (Cercopithecus
aethiops) \WilounLaIRIaNA Macaca 'ﬁ‘iaﬁﬂﬁmuﬁnﬁﬁagaﬁvﬁmﬂ C. aethiops Aateanunnounsinil
(Usami et al., 1995) wlEAURIaNA Macaca ¢ v n1sasviamszau PTH lunizumfanuadfs Macaca
fascicularis \\a¢ M. fuscata (Malaivijitnond et al., 2002b) 81315014 RIA commercial kit ﬁiﬁ%’umsmmaamwﬁ
HlEnuldiu ¢ aethiops wldivasmsassiiasinanld uszanfinuirdreunsaasiluves mature PTH
maavlwnwflumju great apes %dﬂizﬂauﬁ'sﬂ Q%GQ@TG (Pongo pygmaeus), Fuuwnd (Pan troglodytes) Lae
Tululy (P. paniscus) lduandranuvainn a"ﬁmaifnvlﬁfhﬁdLawLﬂué'm‘ﬁmmmwﬁq@ﬁﬁ]ﬂﬁﬂuﬁm‘maaalu
MIANEWABINY  bone metabolism I@]ULawwzaﬂ"mﬁﬂumﬂﬁﬁaamﬁa;&aﬁmmmﬁw"lﬂﬂswqmﬂﬂuma
MIUNNE LN d1ulunsdiuasnaian (Gorilla gorilla) ﬁﬁ'ﬂagﬂumju great apes LTuA% LawuInAnsaaziily 1
frfienslUanuasan (Anukulthanakorn, 2001) mm:f'?lﬁﬁﬁmsmaaasgfﬁnﬂ%uﬁaﬁa:ﬁuﬁwﬁagaﬁlw

luﬂaﬁ;ﬁuﬁwmwmiﬁﬂmLﬁmﬁ'i_lé’mfmju"lwsmﬂ’luﬂs:mﬁvlﬂﬂ falgansidoiudasann uazaailu
mjuﬁﬁLLmIﬁfuﬁa:gtyﬁuﬁ:LLa:Lﬁﬂmim?iﬂuu,ﬂmmaﬁ'ugnaaﬂﬁgﬂuam@m ilasnansuandszannsd
NANILAZLNA inbreeding (Malaivijitnond and Varavudhi, 2002c) ﬂ'm_qm;nﬁwmmmdammmazﬁag’mﬁwaa
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Establishing and Verifying a New Anti-inflammatory Screening Assay
Utilizing Immortalized PGHS Deficient Cell Lines
Kanyawim Kirtikara and Sirichai Swangkul

National Center for Genetic Engineering and Biotechnology
73/1 Rama VI Road, Rajathevee, Bangkok 10400, Thailand

Screening for anti-inflammatory compounds was initiated as a part of the Bioresource
Research Program at BIOTEC which aims to utilize biological resources of Thailand. To evaluate
the usefulness of a murine PGHS-null cell system, derived from lung tissues of PGHS-2"" and
PGHS-17" mice, for analyzing PGHS-2 selective inhibitors, we tested PGHS-2 non-selective
NSAIDs and two PGHS-2 specific compounds using either endogenous or exogenous sources of
substrate, arachidonic acid. PGHS-1 and PGHS-2 null cell lines were exposed to three widely
used NSAIDs, ibuprofen, indomethacin and aspirin, and two PGHS-2 specific inhibitors, MK-966
and NS-398. PGHS-1 and PGHS-2 activity were determined by measuring prostaglandin E,
production using radioimmuno assays. ICs, values of each compound were determined from the
reduction of PGE, levels as a measure of inhibition of existing PGHS isozyme in the PGHS-null
cells. In our murine PGHS-null cell systems, both NS-398 and MK-966 were potent inhibitors and
demonstrated strong selectivity for PGHS-2. Among the non-selective NSAIDs, based on the
PGHS-2 ICso/ PGHS-1 ICs, ratio ranking, ibuprofen is more selective for PGHS-2 than
indomethacin while aspirin is the least selective inhibitor regardless of the arachidonic acid source.
Indomethacin and MK-966 ICs, values for PGHS-2 were in the range of 10°-10"® M while the 1Cs,
values for aspirin were in the range of 10° M. In conclusion, this system, using cells that express
either PGHS-1 or PGHS-2, offers a convenient and reliable method to determine ICs, values of the
two PGHS isoforms, entirely independent of each other, in the same cell type. The results of our
evaluation using a panel of NSAIDs, both PGHS-2 selective and non-selective inhibitors, correlate
well with previously published clinical and laboratory data, demonstrating the usefulness of the
whole-cell assay system described here.

Key words: PGHS, NSAIDs, prostaglandins, anti-inflammatory

Introduction

Prostaglandins play a crucial role in maintaining homeostasis such as controlling water
resorption by the kidney and mucous production in the stomach. In addition, they also act as
mediators of inflammation, pain and fever during disease
(Goetzl et al., 1995; Herschman, 1996; Herschman et al.,
1995).  Prostaglandin production is tightly regulated in Membrane phospholipid

several successive steps. First, membrane phospholopid is Phospholipases
converted to arachidonic acid by phospholipase enzymes
followed by the conversion of AA to PGH, by prostaglandin Arachidonic acid (AA)

al., 1996). Subsequently, an isomerase converts PGH, to a

H/synthase cyclooxygenase (PGHS-1 and PGHS-2) (Smith et
y yclooxyg ( ) ( @ PGHS
specific type of prostaglandin. Various types of tissues

contain different types of isomerases which determine the PGH,
final product in different types of cells (Figure 1). PGHS-1 is Isomerases
constitutively expressed in most types of cells and is believed

to perform ‘housekeeping’ functions such as gastrointestinal
tract cytoprotection, regulation of platelet aggregation, and  Figure 1. The biosynthesis pathway of
regulation of kidney function (Herschman, 1996; Hla and prostaglandins.

Neilson, 1992). PGHS-2 is shown to increase in response to

many stimuli associated with an inflammation process.
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Prostaglandins

To relieve an inflammatory response, nonsteroidal inflammatory drugs (NSAIDs) such as
aspirin and ibuprofen have been widely used to target PGHS function, and therefore inhibit the
production of prostaglandin (Smith and Willis, 1971; Vane, 1971). Prolonged usage of NSAIDs is
known to generate serious and sometimes fatal side effects such as stomach bleeding and kidney
failure. These untoward side effects stem from the indiscriminate inhibition of both isoforms of PGHS
(Masferrer et al., 1994; Smith and De Witt, 1995). Therefore, in order to efficiently alleviate
inflammatory symptoms without generating undesirable side effects selective PGHS-2 inhibitors are
required. Not until a recent release of two new PGHS-2 selective inhibitors, Celebrex® and Vioxx®,
all previously released NSAIDs cannot discriminate between PGHS-1 and PGHS-2. However, new
PGHS-2 inhibitors are still relatively expensive and inaccessible to many.

The National Center for Genetic Engineering and Biotechnology (BIOTEC) has established
the Bioresource Research Program in order to evaluate the natural resources of Thailand, such as
plants and microbes, for their potential as a source of new drug-like compounds. In our research
program, plant and microbial extracts have been subjected to various tests to determine their anti-
cancer, anti-viral, anti-fungal, anti-malarial and anti-tuberculosis properties. Positive samples are
further investigated by bioassay guided fractionation to elucidate structures of any active compound.
Over the years new types of assays have been incorporated into the screening scheme in order to
maximize the potential of finding active compounds from each extract. Recently, anti-inflammatory
compound screening has been initiated due to the increasing demand for better drugs without side
effects.

Many methods for determining PGHS-1 and PGHS-2 selectivity of inhibitors have been
developed (Grossman et al., 1995; Laneuville et al., 1994; Meade et al., 1993; Mitchell et al., 1993;
Simmons et al., 1993; Yamazaki et al., 1997). These methods use either pure enzymes, cell fractions,
or whole-cell preparations. In cell fraction or whole-cell systems, different types of cells (platelets for
PGHS-1 and synovial cells or mononuclear cells for PGHS-2) were used as PGHS-1 and PGHS-2
sources making direct comparisons difficult (Grossman et al., 1995; Kawai et al., 1998). In some
whole-cell systems, PGHS-1 and PGHS-2 gene transfectants have been generated in order to study
each isozyme independently in an attempt to make comparisons more meaningful (Berg et al., 1997;
Chulada and Langenbach, 1997).

With these limitations in mind, we have developed a method to test PGHS-1 and PGHS-2
specific inhibitors in order to incorporate this new assay into our screening scheme in the Bioresource
Research Program. This new method uses a whole-cell assay system employing murine fibroblast cell
lines derived from lung tissues from PGHS-1 or PGHS-2 deficient mice. These immortalized cell
lines have been characterized previously and shown to contain no alternate PGHS isozymes so that
each isoform can be studied independently in the same cell type, thus eliminating the possibility of
differences in cell penetration or drug sequestration in different cell types (Kirtikara et al., 1998).
These characteristics therefore make this system particularly convenient and useful for direct
comparisons of ICsy values for each potential inhibitor. In order to verify our system, a series of
experiments have been performed to examine the pharmacological profiles of different NSAIDs and
compared with previously published data.

Methodology

Briefly, immortalized mouse PGHS-1 (PGHS—I'/') and PGHS-2 (PGHS—2'/’) null cells were
grown in suitable media (Kirtikara et al., 2001). Different types of NSAIDs were incubated with these
cells in the presence of excess arachidonic acid or A23187, a calcium ionophore to mobilize
endogenous AA from various internal lipid pools by increasing PLA, activity (Smith, 1992). Medium
samples were then collected and analyzed for prostaglandin E, by radioimmuno assay. Inhibition was
calculated as percent PGHS activity of drug-treated cells relative to vehicle-treated cells.
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Results

Inhibition of PGHS-1 and PGHS-2 enzyme activity by NSAIDs

Five different types of NSAIDs including non-selective and selective PGHS-2 inhibitors were
used in an inhibition study. Aspirin, ibuprofen and indomethacin represent non-selective inhibitors
while NS-398 and MK-966 (Vioxx®) are selective PGHS-2 inhibitors. An example of a non-selective
inhibitor, aspirin, response curve using either exogenous AA or A23187-mobilized endogenous AA as
sources of substrate is shown in Figure 2. Aspirin was almost equally effective against both PGH-1
and PGHS-2 as indicated by the nearly identical response curves for PGHS-1 and PGHS-2 regardless
of the AA sources. This is a typical curve expected for a non-selective inhibitor.

NS-398 and MK-966 were selected to represent a group of drugs that selectively inhibit
PGHS-2 over PGHS-1, and the MK-966 response curves are shown in Figure 3. Again, regardless of
the sources of AA, these two drugs showed a clear preference for PGHS-2 inhibition.
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Figure 2. Dose response curves for the inhibition of PGE, production by aspirin in mouse PGHS-1 or
PGHS-2-null cell lines containing only PGHS-2 or PGHS-1, respectively. Cells were incubated
with different concentrations of aspirin for 30 minutes before replacing with new medium
containing aspirin and 20 pM AA (A) or 2 uM A23187 (B) and incubated for an additional 30
minutes. The PGE, concentration of the medium was then measured. Each point shows the
mean percent control (+ SD) of three different experiments with two replicates in each
experiment. (From Kirtikara et al. Inflammation Research 50 (2001) 327-332)
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Figure 3. Dose response curves for the inhibition of PGE, production by MK-966 in mouse PGHS-1 or
PGHS-2-null cell lines containing only PGHS-2 or PGHS-1, respectively. Cells were incubated
with different concentrations of ibuprofen for 30 minutes before replacing with new medium
containing ibuprofen and 20 uM AA (A) or 2 uM A23187 (B) and incubated for an additional 30
minutes. The PGE, concentration of the medium was then measured. Each point shows the
mean percent control (+ SD) of three different experiments with two replicates in each
experiment. (From Kirtikara et al. Inflammation Research 50 (2001) 327-332)
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Ranking of PGHS-2/PGHS-1 ICs ratios to determine selectivity

The potency of PGHS-2 selective inhibition is determined by their preference in inhibiting
PGHS-2 over PGHS-1. Details of ICsy values of each drug are indicated in Table 1. Based on these
ratios, each drug is ranked from more selective (low PGHS-2/PGHS-1 ratio) to less selective (high
PGHS-2/PGHS-1 ratio) for PGHS-2. Regardless of the AA source, NS-398 and MK-966 ranked the
highest for its selective inhibition for PGHS-2 followed by ibuprofen, indomethacin and then aspirin.

Table 1. ICs, values of NSAIDs for PGHS-1 or PGHS-2 enzymes. (Adapted from Kirtikara et al. Inflammation
Research 50, 2001: 327-332)

PGHS-1 PGHS-2 ICsy
ICsp ICsp PGHS-2 /-1

[uM] £ SE (n) [uM]+ SE (n) (rank)
Exogenous AA
Aspirin 234+ 2.67(3) 75.8£31.0 (3) 324)
Ibuprofen 7.62+£3.55(4) 0.40+0.17 (3) 0.05 (2)
Indomethacin 0.007 £ 0.003 (4) 0.018 = 0.006 (3) 2.6 (3)
NS-398 >32.0 0.17+£0.01 4) nd. (1=)
MK-966 >3.2 0.028 £ 0.001 (4) n.d. (1=)
A23187
Aspirin 11.41 £ 3.71 (6) 19.8 +11.2 (4) 1.7 (4)
Ibuprofen 0.53+ 0.26 (4) 0.31+£0.23 (5) 0.6 (2)
Indomethacin 0.005 £0.003 (7) 0.006 £ 0.002 (9) 1.2(3)
NS-398 >32.0 0.01 £0.01 4 n.d. (1=)
MK-966 >3.2 0.005 £ 0.003 (4) nd. (1=)

Remark: Enzyme activities were measured and ICsys of each enzyme were determined. Rank of each NSAID
was calculated from the ratio of ICsy of PGHS-2/IC5, of PGHS-1 to represent the selectivity for
PGHS-2. The highest concentrations of NS-398 and MK-966 used were 32 uM and 3.2 pM,
respectively. Smaller ranking numbers correlate with PGHS-2 selectivity. (1=) indicates that both
NS-398 and MK-966 are PGHS-2 selective inhibitors. n.d.= not determined.

Discussion

In this study, we have shown that PGHS-1 and PGHS-2 null cell lines provide a convenient
and reliable whole cell assay system useful for testing compounds to determine their isozyme
selectivity based on ICsy values of PGHS-1 and PGHS-2. These cell lines have been thoroughly
studied and were shown to express inherently higher levels of both PGHS-1 or PGHS-2 than levels
expressed in control (wild-type) cells. Therefore, the levels of PGE, can be measured easily without
the need of any treatment to induce PGHS-2 expression/activity. As reported previously, these cell
lines are also very responsive to agonists including interleukin-1f, tumor necrosis factor o, fibroblast
growth factor, and phorbol esters (PMA).

In order to verify the potential value of the PGHS-null cell lines as a test system for screening
PGHS-2 selective inhibitors, we used them to determine the I1Csos for three widely used NSAIDs and
two new PGHS-2 selective inhibitors, and then compared their ICsy ratios of PGHS-2/PGHS-1 with
previous reports. The PGHS-null cell system offers the advantage of being able to compare effects of
drugs on PGHS isozymes in intact cells of the same lineage rather than comparing data gathered from
among purified enzyme assays, cell-free extracts, cell fractions or different cell types. Of course,
variables such as length of incubation with NSAIDs, sources and concentrations of substrate, type of
drug vehicle used, and preincubation times with drugs, each contributes to discrepancies in PGHS-
2/PGHS-1 ICs ratios among individual reports. As an example, aspirin PGHS-2/PGHS-1 1Cs ratios
vary from 166 to 3.8 in different reports while those of indomethacin vary from 60 to 0.25 in others
(Chulada and Langenbach, 1997; Kawai et al., 1998; Vane and Botting, 1995; Warner et al., 1999).
Therefore, it seems that the validity of the comparison may only be as good as the PGHS 'system' in
which the drugs are compared. Clearly, the relative efficacy of a particular drug using the same
system can be compared directly and ranked accordingly to help predict the effects of drugs in patients
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based on the assumption that the more selective the PGHS-2 inhibitor the less side effects it should
generate.

In our PGHS-null, whole cell system, with exogenous AA added, indomethacin is the most
potent PGHS-1 and PGHS-2 inhibitor among the three drugs and belonged to the group exhibiting
almost no preference between PGHS-1 and PGHS-2, with ICs, values in the range of 10°-10°* M
whereas aspirin is the least potent inhibitor with the ICs, values in the range of 10° M. For drugs in
this non-selective group, ibuprofen is the most selective for PGHS-2, while indomethacin is less
selective, and aspirin is the least selective in the presence of exogenous AA. This ranking of the 1Cs
ratio correlates well with the studies reported by Cryer and Feldman (1998) using ex vivo whole blood
assay and by Vane and Botting (1995) also using a whole cell system. The study by Chulada and
Langenbach (1997) also indicated that with exogenous AA, indomethacin is more selective to PGHS-2
than aspirin. In addition, Meade et al. (1993) reported that ibuprofen is more selective to PGHS-2 than
indomethacin. Thus, the findings obtained using our system yielded similar results to earlier studies
on PGHS-2 selectivity in various test systems: ibuprofen > indomethacin >aspirin.

Our results from the experiments with A23187-derived endogenous AA showed that
indomethacin is the most potent inhibitor for both PGHS-1 and PGHS-2 with the ICs, values in the
range of 10° M while aspirin is the least potent inhibitor with the ICs ratio of approximately 10° M.
PGHS-2/PGHS-1 ICs, ratios ranked ibuprofen as a better PGHS-2 selective inhibitor than
indomethacin, and again aspirin as the least selective. These results agree with the data obtained from
cells incubated with exogenous AA. This ranking is also in agreement with the studies of NSAID-
induced GI toxicity in humans showing that ibuprofen generated fewer side effects than either
indomethacin or aspirin (Blechman et al., 1975). Our data also indicate that in order to efficiently
predict the potential side effects of any NSAIDs in patients, we could employ either external or
internal source of AA in our test system. In addition, when we examined the results of MK-966 and
NS-398, we found that regardless of the AA sources, these two PGHS-2 selective inhibitors clearly
preferentially inhibited PGHS-2 activity. However, when we compared the PGHS-2 ICs, values of
these two inhibitors obtained using our PGHS null cell system with the values derived from the human
whole blood assay (WBA) and William Harvey human modified whole blood assay (WHMA), which
utilizes an internal arachidonic acid source (Warner et al., 1999), we found that in our system, MK-
966 was more potent than NS-398 in inhibiting PGHS-2 activity, while the opposite was observed in
the human systems.

Other limitations in using different types of cells as sources of PGHS-1 and PGHS-2 enzymes
could include differential abilities of potential inhibitors to enter the cells. Moreover, different types
of cells might utilize different pathways in eliminating or sequestering foreign compounds, and when
cells with transfected PGHS-1 or PGHS-2 are used, the possibility that alternate PGHS isozymes are
present cannot be completely ignored. Discrepancies such as these could easily account for the
variability in calculating ICs, values using different assay systems. Although results obtained from
pure enzyme screening is fast, it may not represent the real physiological conditions under which drug
molecules interact with the target enzyme in the cytosolic milieu.

Conclusions

In summary, we have presented a comparison of pharmacological profiles for three different
widely used NSAIDs and two new PGHS-2 selective inhibitors utilizing a PGHS-null, whole-cell
assay system. Regardless of the AA sources, the pharmacological profile obtained from our system
was similar to the previously reported data from other whole cell assay systems. While it is possible
that PGE, synthase levels may be altered in both PGHS-deficient cell types, the five NSAIDs that we
used in these experiments are known PGHS inhibitors. Therefore, results showing a correlation with
data from our system with other experimental assay systems would seem to indicate that the PGHS-
null cell system can be used to test efficacy of PGHS isozyme-specific inhibitors regardless of PGE,
synthase levels. In conclusion, our whole cell assay system offers the following advantages: 1) cells
used as sources of PGHS-1 and PGHS-2 are the same type of cell (lung fibroblasts) and each
completely lacks the alternate form of PGHS allowing for direct comparison of PGHS-1 and -2
activity in cells exhibiting similar physiological properties, 2) PGE, is by far the predominant
eicosanoid produced by these two cell lines so that only one type of eicosanoid measuring system is
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required, and 3) each respective PGHS isozyme is expressed at high levels eliminating the need to
stimulate cells in order to induce the expression of PGHS-2. Currently, this new assay system is
routinely used to screen anti-inflammatory compounds from natural resources at BIOTEC.
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