


A1

@ c? ={ 1:?1’ tﬁ'l =y }4 ot
eamsatuiissuruiiolssneumIussiedn 114326 suazasnszfulumanm
. . o e o A& =Y d = = at L=}
(Drugs and Doping in Sports) dM3uiNANYMIINGIMERIMHN i Inendomalulad g3
= pf ' A e & o = ar
w3 lagdemhuwanazaslineaiuGes mamadumamsiwazmsinunings WADA
prohibit 2011 list, Explanatory 2011, Monitoring program 2011, Eﬂﬂéu beta agonist and
beta blockers, Stimulants drugs, m%’nﬁam‘az, Anabolic steroids, Growth hormone, GH
e
. . . ‘ . A o 9 o
antagonist, Gonadotropins, Steroids, Narcotics, cﬁﬁ@&ﬂlﬁlu\lﬂﬂgﬂ IIYTIU ﬂ?ﬂ?&j‘ﬂ‘ﬂuﬂ 1l
Tiuatly 910151 (Textbooks) s wivnuuaaszmwilszney sehaFailunniiae
2 o v < a ¢ A a ¢ &
gielflumsSevvoninaniinnmanimim  wazdnnmanigunmduy aaenaung
d s - pr o Voo = o oy =t @
asEdmilenazliduindddumaGmundrinanmamsiwignszdu,
n:a; @ z:?!' or 1 < 3.’1 :é ol dr kY [ %) c;
dawihuenansatiuiioadhiasuauysananie Jeaiidrunazdealulyaiy
a a4 o o 1 Y = a AV o Y o &
@ %I Fehunaanunnies dszmsla dieu uationiudemweuuzlumsdSurlaiom
3 s ot o 1 [T % =
uazvevaLRnvEN1 T Nuurasve enasdse lumsdlsuenmsdszneumsiSau

@AY 1

- - T
INFENFANG  1DDHINY

Tanau 2554



GRESILT

nih
FITHY ceotoiesseesaereesssssseesacs s sss s ses s st s s st s8Rt SRt s b 1
T et e, i
U‘Viﬁ 1 ﬂ'fill']ﬂL%UWNﬂ'ﬁﬁW'%LLﬁ%ﬂ'ﬁ%)ﬂ‘H'mN‘t’ﬂ ................................................................ 1
‘U‘V'I‘ﬁ 2 WADA prohibit 2010 LISt . .oir i e e e il
‘Ll‘ﬂ’ﬁ 3 Drugs used in sport: B-adrenoceptor agonists and antagonists, SHmuants drugs..cv v eoerieriernns 29
‘U‘Vl“ﬁ 4 Drugs used in sport: diurgtics ..........oooooeoiiiiene e 50

UnAN 5 Drugs used in sport: anabotic SEEroids ... i st T2

UNA 6 Drugs used in sport: Hormones and related sUbSIANCES .. .. vvv it ierieein s e e eeseen i &6
Uni 7 Drugs used in sport: NArCoties ... e 109
References ....cocovvvvvvvvveneen . AN RBOGRRRNT 121

II



Uil 1 M3guanIsnaduoInmIseantaane tazidunn

-
nazMIlvediosau

=] o Q( y
FFLAN.AT. INSENANRA 1Boufy
[ -] ° e v 1Y Yo o T 0w v ] [YEN o
muauime i ligieuldfunedunnaungen 9 1dud gifmeg nsvinaimi
g o o Y = o A g9 A s
aruinlalundanmsaungndes anulszum sndemainTny vieldusaiudids ms
o [ 3 1o = anj Y] ar % i
WA unNmiinee s2a dwmantos awdaluminun uaziniidnvazmwzuanaig
R o v e Y oy
9110 9 ImsARuna il einsuiadumail futludes 1dsumsdguweuia a1
3 ] F
tiiadnuumz/mie miuyigndos NeTasdinig menimiiia (physical therapy) 113
o
$ny7 @799 (medical treatment) MT 1FHANNNTATUING (nutrition) 4aY / HIaTUABUMT

3

o d e -’
Auyl Mannan1suadiy (rehabilitation)

L

¥
Tumsesnidenieny wineendidamelugnds Tumugay fuanmiuaevesdidy
prTy o o 9} P T < o G Y s =1 5) 3 " a
wiesonmdanieluanuedend limzas Aswilditansuaduld dudfans

g 2 4 Qo ¢ e
IR URONTUIT ﬂﬁmulﬂuﬂﬁ@lf]ﬂﬁ@ﬁﬂﬁ

2ty w o o as A oA o ey a ' At
ﬂ'l'jﬂl!ﬁﬁ%ulﬂ YUYWL INATITENNIRNINW UIBAUNWN %3u!@ﬁiﬁﬂ@@\iﬂi%?ﬂﬂﬂ]\i%ﬂ?'ﬁ

uazgnnal Taedudunisiisdvediegndas Uszaunizal uazersvanusmiiennnay

Ed it
the Wanrnuwnd glnasu Tnmenmiinia s fiaudig
wannslgunmmamsdueinnseans dame uazaui

5UIANTATI03 1N18 BT ZHIUANYME ANTUITIVEINALHE HE TR LR
3t 1
185u sauiadnaweimsnntinim @u 1y nienady Jomsnhevazindeu nieudy
1 & A v vy o Y G YA 3
dautiug wie il niwn ladeyamsmnaldund 1WSuhmslgunenua Tuszey 24-48
¥ Tuausn Tapdidanmdnysnimdangy Tudri "RICE” Taehi R 1¥unus1d1 Rest;
1 unudA1d Tee; C 1¥umusi131 Compression; E 1#umud171 Elevation 11eaz@av04

sl fiiAa iy RICE Ul

@ 34 [ T =Y Y o o A v A at as T
L Wn (Rest) N3 199 udauves wune 7 185 uaidusiud siude Tiwaainnisay
- 3 1 o 3 & A ’ T = o o =
A Tamawizlugie 6 $1Tuausn veamsinady Fefedt Wusaeiiddy aasiing
8 ar 1 o ¥ T o ' o
Tinns g ad1dlsfaw daulugud msvaduanmmauim nSeseniiga

o 1 o N = A
nedpanianainlszing 48 92119 nouRiszinmiiadou 1na (mobilization) BnRT



@ q d 2 = ' o e o
2. msl¥Fanubu dee) Taemsdszarniiv dllgaganeisaanisiifenssn uFn
3 ] = o ar
ilade anua tazemsia g szeznamisdseaudu deansziidonnzaniu
= 4 W of o o 3 f?j
ysradldsuuiady Taend llnmsdszaudy Bilseauuiuasas 10 8 20 1R
4 o T :;,‘!. a:‘l o ¥ o3 5 a8 e 3 n;:x:i
ngadsyau 5 1H Kuguil llGeeq sunsenahivw nieviuaz 2 543 afa 334
= o ]
el umstszawmdu 1aun
o . 5 o '
o s lHTunubu Gee pack) Favzaenrmibu ldszanm 45-60 unil uazdeelidhe 14
Til¥puiuduinTasaseduiimia

o E =

o I S Al ra d o
o maldgalaviwd Ahyuhtu Tunsdif bifigadu wisuinuvesmsuiaiu aha

q

IAuvuIAveguiy

o MIUdeatlsBiFu (cooling spray) 12 19amhamzd 1dd1a311 emnsalf 1Ay
Vnaiidiedelafmts B wu a1e funiia Jerfh

3. mMIAuta (Compression bandage) !“ﬁ’é}ﬂﬂVlﬂiﬁﬁlﬁﬂﬂﬂf}ﬂﬁmgﬂléﬁmm unld
Saufumsszanuidu el ldlsy Tomieaesdusniy msvuiBansiul
nsedy danfivnady uazaas 1fhdaiu lnaised 13w Tasseu devstudaedh
#a ansiuiianquimie tazlddedufivindy

4. 01590 (Elevation) danved 1umed WSumsnaiy Waandreduile e lviden
Iandugstala1dazain 1wy msuew niestuunuoy lunsdiiis T
vda Hudu Tupsdloiaduguuss ssenga Biszino 24-48 $2Tue nonatndi
msondIuvessnted ldsumady e dahelunsaansnaveniminmads

& ‘4 A a ¢ . g Y v
wisesnu griteeuTnaniu vldaansuivasld

¥ N o« ar A o a [ I a . gl &
agna lsAaw vrandni§iia erediunistlestumsiaduiin (Protection) A1e Feea9zHu
TaTunneda s lindnnsUfuamuein "RICE" 1fu "PRICE" Tag P = Protection 118
wandsmanaiuitzawansn Taglingamaufmiiui a4 crutches, spline Hudu
i Tunsdialugunse Aineded Tduasedsdons wienszqn a1sa1u (splint) A8
s o @ <& y P = = & ar
gunsalfude nazvinammnegauive doe aamidluvinafifiame Melszasiedoiz

o . W 19 o 4 1 4 A& 4 a
nazdleanu Protection) 1 1A INM TV IR LRIt BER AL

ﬂw d o F ng! n‘{ a’
TuszezfionlRerunemaui hilvmisread (NS4IDS) Falignidunsdnauna
-1 V) ) ar M v 7|
ane1n1stha 1 uafnsssTamadadeninade udan 48 FaTusluudn Sidaedal
3 ¢ A A s a 1 + :‘ g/
91m151l1a 89 ldmSealiomamenmiiiafinreaneinisithe i nszidlnidou TENS

[={ H ; ] - H s
wWhudu TunsdifldaudaudnmsiFanudusnediney vSnadi 185 uuiasueais



a [ ] pn = - eg w11 ¢ 1 i
tloedu lilfdlinmsnsenunsudiou nFaadmiuuniuTastleei bl ¥dr uiuasy

A Y o G d =
innay lﬂ?@nfjﬂ’li'ﬁlﬂ‘ﬂﬂ ﬂ']ﬂﬂ“ljﬂiﬂil?f?li

) o
YDA ITHANEGIEN

a el q ¥ & ' ) o
aruanmedns Isanudanlusuuse Tuszezusn @8 91709 veensuiasy

o . o - , [
miwzvh liduideavneda TifensenuuFnarfudiviu illgnmsumweatiode

= & 5
T@ﬂi@‘u nazarionisthamnndu T DEHIAS

A ot ar A . o - . .
ﬁ?)»ﬂLﬂﬂﬂﬂﬂﬂ]ﬂﬂ?i%&:ﬁﬂuﬁuﬁm Drugs and Doping in Sports

s { [y w = = 4 a7
- ll’ﬂu'llﬁﬁ!?ﬂllﬂﬁﬂﬂ1@1ﬂ'}iﬂ1ﬂm‘ﬂ (P19, INTHIANR)
- Introduction to Pharmacokinetics, Pharmacodynamics and Drug metabolism (A7, u?ﬂﬁaﬂ)
- 11523u1hAnaY NSAIDS (A9, uiatlos)

& o
~ PTHURWIEN (A7, WInUBY)
- Lifestyle drugs (R.07847NA)
- Drugs used in sport: Narcotics, diuretics, medicinal plants (ﬂi.&ﬂ?ﬂd‘ﬁﬂﬁ)
- Drugs used sport: Stimulante, anabohe agents (QG.!ﬂE Ei&éf’ﬂa}
- Drugs used in sport: Hormones and related substances, B-adrenoceptor agonists and
antagonisis, other drugs (ﬂi.lﬂ?ﬂ\i?nf ﬂﬁ)

a
- World anti-doping agency and regulation (@l‘i.iﬂ‘%’ﬂdﬂﬂﬂ)

=3 d— e o & dl! [ o T s o G Y
1 o Ins uaznsin Ianuduiusasdeefunduua Tuna Ussiaenaainisld
g1y g furdnim TuudnfaaiondnTusial Quints of Smyma 95118015 5AH 18115

[ 3 @  a o a Qe o . . . [ '
winterde msldindwiuaidmiuimia (topical medications) Uszinndra g 1wy o

ol o
U (ointments) UHUUT=ZAL (dressings) mmwm‘f&mu%ﬂ“l%’mgu‘lm wmsﬂfﬁﬂﬁmmu
o 4 g o 1 o a ot ?
wied IMiuFuda 9 vssylddmuuduiaiiugndssay e ledwuniedy uda
qQ o e ¥ A e d = = o w9
¥ dszaunusnudndt violl oxmismantdasen I3muvuil sadlunisiiadleaiy
I ¥ . o s a0 = :‘ as
Foudathuniudouiin (moist heat) Tag Idand vty gadszaviidhniuneusuwe

a
(volatile oils) F80anAYVFUITIMIMITIALIY Avug lldoe



o T ar = | i/ L =]
1. El1?{3;[14“!1’\1i‘ﬂ‘HEB‘jﬂE1?‘1‘56!ﬂﬂ’3“iﬁ)\1ﬂ‘]}ﬂ1‘§‘1}1ﬂﬁ]‘ﬂ

Ia

T
e

=) d
FRAINHUFAITAOT
Zingiber cassumunar Roxb.

98 ZINGIBERACEAE

Yoviosdn yasw yYma (Mawile)
' (manae)
ar Ay Y w & v e a =
dnwauriy Twa duldavi Tmdivg disfimies adumew luSersn dae
uvay asneenTIuduiute sfuudeneniiunennmi
o Y = = 3’:&
mslgn  ldmdnlgn veudumilertuniig szuain uawaavenis

drunlidua  miwnsa

o o’ = 1 Y
asswaaelng  udvln v nda ven Juay Moudu uazsietusey
d = 3’ as =
deyamainmmans i1 wa Tihiiunenszin (Essential oil) 0.5-0.9% taziios
o= oA T g
UszianTuTumestluesd uazutiaiiimuesed snnismaass wud Hgnian
o wd ﬂ = 1 |
gimsemay Yaawin sazlrad ve1run gl Hazsnns eyl Inadhy
EUREE) = as
ayuTws # iy Roundu
MINAEBUMUATY INTved lwadaa
Twadana awsoinwioimssnauludainaaesdldnalndifeaty 5 % phenylbutazone
o o
cream tazthiiu Twa 1inaduds msareens prostaglandins Tunnaanaaes
I~ Aty i 1 Ted & Q s as 5
asnageunImduiy deldnsvennud Tadan WlwuluszduBeundunaz i

.dilf a ' =] 1t ar = o1 . e
9973 1]1]33?’]']31?18%1!?%3 quﬂ@i’ﬁiﬂﬁ'ﬂ?ﬂ'ﬁ!!ﬂﬂ@ﬂ?'ﬂuﬂ



MNP YN NAANN
Tnafanaiidsz@nEnmagalumsinuanisuin Tasnarevlutinfmiuiadudont
yuwoa nudninfmagudl minalsa ensviwvesdent szanaunaninguimn

°

waonegNitedAynadd Tasmmizluae 2-3 Jusnveanisfnm
g = w ot gy A v =t s 2 g
uananl lnadanadirisansinisthe Tasdihedn lwadenassfudlsenusdoud
171 (paracetamol) Tinand1 filofimenasn

o

= el Ly A = m' amy 3’ Y
Twadana Tdszdninmlumsanseafeninnannnisdnsiiddne

2 9 I =
msanaun 1 uilufiveed v
nyaihy 2 dau
o = dll & ' A :‘ L2 [P s
1. msnaaavarduiyids ldnsuen wua wause wniulna luifys=du
F @ é AglJI o I3 W ro U a ot A ar
Beundu uaz nuEeTe lseaeded uaz lune lfifasinmsuiaefinils
2. mrnaasuanmiuiyis [Wiuanelu
= o g = a/ o BT & ar 1 =3
msfnu N Tzozduves walunyiudns TaolW InanTemsada luavinade o
anj =t T 1 5, =1 ar = 97 of =& T
afudy? wud hidsng ewnsiwReundulas Gudez 1 fvungada 10 ann. us
-9 é o=t b é v
psAnunIzezem Tunyna 11 dalSeuilevszoznat 18Uszuna aTenilsvearia
Ha 1 o S T w A g g a o -] = 1 g A &
Fianyun wuh lnadluiivdedy fovh dmaduuds vazifanisneunFaidunuun ¥
k% ar a s ) = A ‘:'?U 1 A o
WUANFUNT IR 3 53dU Srudunyun AadnAvzfiniusnuiavessn lwad 165y
o & w . o I . &
HREWUNLITINAY (hepatocellular carcinoma) Y94 HYVNINNIDN lwa viadt 162 ag
o 4 [
naneddl IAradoandeanunan1TRTaaL In 1y qUAMYBY HYUT AAMTATIITB LTS
NNFAAY NBFUZATFINNATNITATIVADUNNIAWETT IMe1vesaienz nalu dau
msAnufiyszezem vad lnalufaeuety 23 aifvudenszeznat 18108 1 Tu 5 veq
L] Ma & = g} V& A:i ool .; = = =y o =
¥ iedeuey fwdvznuifuaniiasylee vinedr SnseTaduladg uas 5w
diadeauasdaniu ganinguau uantad 185y lwavinage ifeemsfluivdeduedia
ar o S 1 o ] 3 5 1y
Aoundu nsnsaduladh gunmdudass dudvauna lumsadralysdu uasamed
ar ' ar ] . 3 T 4 ¥
madsuanmuily szer q waduosduuwnnsosenusuns oy in'ld edunanis
naaad 21 S linuarwhalng vInmsasianie anndine
g =] ] 1 =1 H = 1 st g dya =
snsan1zane1d weradldfdiudt Tusdlwaveslimsidl uRiudedy vieil 11diRaan
4 4 ; a ' ow T a o
mrdudleu auiiseninms usssundveaund Ina uagagdnds ifinnulasasshey
P waunlddiu ersulsenudadedu uem@snn 02T esaas il uRy e gy

r= ] 9 = =g (B 2 ey (R
E]?Jﬂi}"!ﬂFNVl’WﬂEﬁt’Jﬂ@u Uzl AMTINENUN IWﬂﬁ'ﬁﬂiﬂ‘}Ji‘Sm'lﬂ'iﬂ'l‘iﬂﬁlrﬁﬂﬂl!@ﬂ L!@’Ivl@



St

@t - Y g P4 at a r ‘:; 2
Yoynineenans ffsd0s inlanw szlfasziduduanudasadslunsieni

ayu s liduen duduilu dse Teniednawents duassaduiTnn

= ~
Ay lwadwia

[) E
aoudteinomaad uazma TuTaduradszmelng 1dWannasy Alduniniy

A 3 o ar TN Y a o o 3 o a,
Twa Mvssmeninnaa dagen Usingdt 1akad deesamsmdrnssyldiunta
2 P o =
Tudugaamnssu 1¥%ed1 "a3u Inadana"
¥

drudsznay Tu 1 adu mahdu'lva 14 nfu
asswan  ussmemsiaden thaway

9 dzl‘ a = :J
nndilsdniay inaa eon At

[ A
519 mwazgan 9 uSnailionns Juay 2-3 A34

YUIAUITY  Maeanaz 30 niu
v N )
2. 190N 159 IMFUINMAZE AT UNG N U] 71 1304 steroids Loz NSAIDS

Serratiopeptidase : 5 mg (Danzen@)

od
nalnN1509NgNE (Action) :

L.aaeInIsdnmEunazemIuIn 1 lin1s madeuvaq
o a A ad v ¥ b A
Tavaaswwinunsnauady Iae azaedmues humied

i & = )t 9 = =1 = 1 T )
A4 9 FaiaUnAuaznsyquIvifamigaTuyevaada1e 9 thunwvasaTadia uas

ar
nanat HHADY

I¥gndueenindieiu
3 dawaugnion§Taus Tasilfenl§uzeengnidnaluns a8y
{o1ia14n 1514 Endication) :
FIYARDINTIAAU HATDINITUIN NEHAINIHAR
$10aA0INITSNEY IAzeIMILIN Timueaa: Tafiada Tagldsauiy AT

wisunwzTsn TuTsdeio Uil

TSANNY AD UASIYN ..o Twsaayndniay,  Yesysniay

TIAMIUTII. oo o1ms Tafinfaluninsen
............................. aszedamazdnmy

............... soudus ey, Misndniay



3
etz luTiade 1ud
w = s q et as o ar
naeaaudny , wauhe uazinlsadea Tasldiudunsnurinisa
Fretuayny Haa91n 1dSueay
VIAN151481 (Dosage) :
- o 3 =1 G uaj s a c?iJI Wi o 1
Undfudszmunseay 1 dia Tung 3 59 ndwms sumonmudn 1§udusens
o d
VHIAVBIUTIZNUN (Packages) :
] =] o
ARD9AY 500 (e (LH9AZ 10 3R 50 U9

o
YIRAL 500 LA

y A
3. Aaenage

H
Tolperisone (Mydocalm ) KR \

g e
¥ i

Fouiald
o FA 8w 9 4w A & A w
O1R01ENATHE TIFAAANTUAIRIVTINATUUD aummmmﬂswuﬂszmwmamﬁmm
" o g A - a w o & 4 & o

HIDNTHANIVDINANUBIB ﬂ'ﬁﬂﬂﬂﬂﬁfl}ﬂﬂﬂﬁn‘mﬁﬂ‘!ﬂﬂtlUf!’EiEﬂﬁﬂu‘]ﬁ') 5ﬂuﬁu

=g 3
YU b
Flvg) afanz 1 ifia Junz 3 A9 1d00117 (Should be taken with food.)
Adult 150-450 mg daily. Childn 614 yr 2-4 mg/kg body wt daily in 3 divided doses, 3 mth-6
yr 5 mg/kg body wt daily in 3 divided doses.
Tovhuld (Contraindications)

o 1Y
Tsanduiiasounsatind 101153 (Myasthenia gravis), a95REIATIH
HRNUABVBIN (Adverse drug reaction) Muscular weakness, headache, hypotension, nausea,
vomiting and abdominal discomfort. The adverse reaction usually disappear upon dose
reduction
o

n@alnN1508ngN3 (Mechanism of action)
Pharmacology: Mydocalm is a centrally acting muscle relaxant. Its mode of action is
sophisticated. Mydocalm inhibits the conduction in primary afferent nerve fibres and
motoneurons whereby it inhibits spinal mono- and polysynaptic reflexes. On the other hand, as
a secondary mechanism, through inhibiting synaptic Ca”" influx the compound is assumed to

inhibit transmitter release. Mydocalm improves peripheral blood flow
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E;?}ﬁﬂj 30-75 mg/day max 100-120 mg/day 11911 Should be taken with food.

10 0.75-2 mg/kg/day 111414 Should be taken with food.
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NRANUASIUBIE (Adverse drug reaction) Frequent: Sedation, drowsiness, nausea, Occasional:

Resp depression, diminished CV functions. Rare: Urinary retention,
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a13032QUIUMTAWT (Doping in sports)

Marion Jones

Women's athletics

World Champidns_h’ip's ot N

1999 Seville Long Jump ;
Gold 1999 Seville 100 m
Gold 1997 Athens 100 m :
Gold 1997 Athens 4x100 m Relay

Marion Lois Jones, also known as Marion Jones-Thompson (born October 12,
1975 in Los Angeles, California), is a former world champion American track and
field athlete. She won five medals at the 2000 Symmer Olympics in Sydney.
Australia but has since been stripped of every Olympic medal dating back to
September 2000 after admitting that she took performance-enhancing dmgs.w‘gl

In October 2007, Jones admitted she doped, having taken steroids before the Sydney
2000 Summer Olympics and acknowledged that she had, in fact, lied when she



previously denied steroid use in statements to the press, to various sports agencies,
and—most significantly—to two grand juries,
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Chapter 2

g WORLD
ANTI-DOPING
i AGENCY

The World Anti-Doping Code

THE 2011
PROHIBITED LIST

INTERNATIONAL
STANDARD

The official text of the Prohibited List shall be maintained by WADA and shall be
published in English and French. In the event of any conflict between the English
and French versions, the English version shall prevail.

This List shall coms into effect on 4 January 2011

1



THE 2011 PROHIBITED LIST
WORLD ANTI-DOPING CODE

Yalid 1 January 2011

All Prohibited Substances shall be considered as “Specified
Substances” except Substances in classes S1, S2.1 to $2.5,
S.4.4 and S6.a, and Prohibited Methods M1, M2 and M3.

SUBSTANCES AND METHODS PROHIBITED AT ALL TIMES
(IN- AND OUT-OF-COMPETITION)

SO0. NON-APPROVED SUBSTANCES

Any pharmacological substance which is not addressed by any of the
subsequent sections of the List and with no current approval by any
governmental regulatory health authority for human therapeutic use (i.e.
drugs under pre-clinical or clinical development or discontinued) is
prohibited at all times.

PROHIBITED SUBSTANCES

S51. ANABOLIC AGENTS

Anabolic agents are prohibited.

1. Anabolic Androgenic Steroids (AAS)

a. Exogenous+ AAS, including: 1-androstenediol (5a-androst-1-ene-3B,178-diol }; 1-
androstenedione (5a-androst-1-ene-3,17-dione); bolandiol (19-norandrostenediol);
bolasterone; boldenone; boldione (androsta-1,4-diene-3,17-dione); calusterone; clostebol;
danazol (17a-ethynyl-17p-hydroxyandrost-4-enof2,3-dlisoxazole);
dehydrochlormethyltestosterone (4-chloro-17p-hydroxy-17a-methylandrosta-1,4-dien-3-one);
desoxymethyltestosterone (17a-methyl-5a-androst-2-en-173-0l); drostanolone; ethylestrenol
{18-nor-17a-pregn-4-en-17-ol}; fluoxymesterone; formeholone; furazabol (17p-hydroxy-17a-
methyl-5a-



androstano[2,3-c]-furazan); gestrinone; 4-hydroxytestosterone (4,178-dihydroxyandrost-4-
en-3-one); mestanolone; mesterolone; metenolone; methandienone (17B-hydroxy-17a-
methylandrosta-1,4-dien-3-one); methandriol; methasterone (2a, 17a-dimethyl-5a-
androstane-3-one-178-ol); methyldiencione (173-hydroxy-17a-methylestra-4,9-dien-3-one);
methyl-1-testosterone (173-hydroxy-17a-methyl-5a-androst-1-en-3-one);
methyinortestosterone (173-hydroxy-17a-methylestr-4-en-3-one); methyltestosterone;
metribolone (methylirienolone, 17p-hydroxy-17a-methylestra-4,9, 11-trien-3-one);
mibolerone; nandrolone; 19-norandrostenedione (estr-4-ene-3,17-dione); norboletone;
norclostebol; norethandrolone; oxabolone; oxandrolone; oxymesterone; oxymetholone;
prostanozol {(173-hydroxy-50-androstano(3,2-¢] pyrazole); quinbolone; stanozolol;
stenbolone; 1-testosterone (173-hydroxy-5a-androst-1-en-3-one); tetrahydrogestrinone
(18a-homo-pregna-4,9,11-trien-173-ol-3-one); trenbolone; and other substances with a
similar chemical structure or similar biolegical effect(s).

b. Endogenous+ AAS when administered exogenously:

androstenediol (androst-5-ene-38,17B-diol}; androstenedione (androst-4-ene-
3,17-dione); dihydrotestosterone (17p3-hydroxy-5a-androstan-3-one);
prasterone (dehydroepiandrosterone, DHEA); testosterone

and the following metabolites and isomers:

S5a-androstane-3q,17a~diol; Sa-androstane-3a,178-diol; Sa-androstane-
3B,17a-diol; S5a-androstane-33,173-diol; androst-4-ene-3a,17a-diol; androst-
4-ene-3q,17B-diol; androst-4-ene-33,17a-diol; androst-5-ene-3a,17a-diol;
androst-5-ene-3q,173-diol; androst-5-ene-~3B,17a-diol; 4-androstenediol
(androst-4-ene-3B,178-diol}); 5-androstenedione (androst-5-ene-3,17-dione); epi-
dihydrotestosterone; epitestosterone; 3a-hydroxy-5a-androstan-17-one; 33-
hydroxy-5a-androstan-17-one; 19-norandrosterone; 19-noretiocholanolone.

2. Other Anabolic Agents, including but not limited to:

Clenbuterol, selective androgen receptor modulators (SARMs), tibolone,
zeranol, zilpaterol.

For purposes of this section:

= “exogenous” refers to a substance which is not ordinarily capable of being
produced by the body naturally.

= “endogenous” refers to a substance which is capable of being produced by the
body naturally.



$2. PEPTIDE HORMONES, GROWTH FACTORS AND RELATED
SUBSTANCES

The following substances and their releasing factors are prohibited:

1. Erythropoiesis-Stimulating Agents [e.g. erythropoietin (EPO),
darbepoetin (dEPO), hypoxia-inducible factor (HIF) stabilizers,
methoxy polyethylene glycol-epoetin beta (CERA), peginesatide
(Hematide)];

2. Chorionic Gonadotrophin {CG) and Luteinizing Hormone (LH) in
males;
3. Insulins;

4. Corticotrophins;

5. Growth Hormone (GH), Insulin-like Growth Factor-1 (IGF-1),
Fibroblast Growth Factors (FGFs), Hepatocyte Growth Factor (HGF),
Mechano Growth Factors (MGFs), Platelet-Derived Growth Factor
(PDGF), Vascular-Endothelial Growth Factor (VEGF) as well as any other
growth factor affecting muscle, tendon or ligament protein
synthesis/degradation, vascularisation, energy utilization, regenerative
capacity or fibre type switching;

and other substances with similar chemical structure or similar biological effect(s).

S$3. BETA-2 AGONISTS

All beta-2 agonists (including both optical isomers where relevant) are prohibited
except salbutamol (maximum 1600 micrograms over 24 hours) and salmeterof
when taken by inhalation in accordance with the manufacturers’ recommended
therapeutic regime.

The presence of salbutamol in urine in excess of 1000 ng/mL is presumed not to
be an intended therapeutic use of the substance and will be considered as an
Adverse Analytical Finding unless the Athlete proves, through a controlled
pharmacokinetic study, that the abnormal result was the consequence of the use
of a therapeutic dose (maximum 1600 micrograms over 24 hours) of inhaled
salbutamol.

14



S4. HORMONE ANTAGONISTS AND MODULATORS

The following classes are prohibited:

1. Aromatase inhibitors including, but not limited to: aminoglutethimide,
anastrozole, androsta-1,4,6-triene-3,17-dione (androstatrienedione),
4-androstene-3,6,17 trione (6-0x0), exemestane, formestane,
letrozole, testolactone.

2. Selective estrogen receptor modulators (SERMs) including, but not
limited to: raloxifene, tamoxifen, toremifene.

3. Other anti-estrogenic substances including, but not limited to:
clomiphene, cyclofenil, fulvestrant.

4. Agents modifying myostatin function(s) including, but not [imited, to:
myostatin inhibitors.

S5. DIURETICS AND OTHER MASKING AGENTS

Masking agents are prohibited. They include:

Diuretics, desmopressin, plasma expanders (e.g. glycerol; intravenous
administration of albumin, dextran, hydroxyethyl starch and mannitol),
probenecid; and other substances with similar biological effect(s).

Diuretics include:

Acetazolamide, amiloride, bumetanide, canrenone, chiorthalidone, etacrynic
acid, furosemide, indapamide, metolazone, spironolactone, thiazides (e.g.
bendroflumethiazide, chlorothiazide, hydrochlorothiazide), triamterene; and
other substances with a similar chemical structure or similar biological effect(s)
(except drosperinone, pamabrom and topical dorzolamide and brinzolamide, which are
not prohibited).

The use In- and Out-of-Competition, as applicable, of any quantity of a substance
subject to threshold limits (i.e. salbutamol, morphine, cathine, ephedrine,
methylephedrine and pseudoephedrine) in conjunction with a diuretic or other
masking agent reguires the deliverance of a specific Therapeutic Use Exemption
for that substance in addition to the one granted for the diuretic or other masking
agent.

15



PROHIBITED METHODS

M1. ENHANCEMENT OF OXYGEN TRANSFER

The following are prohibited:

1. Blood doping, including the use of autologous, homologous or heterologous
blood or red blood cell products of any origin.

2. Artificially enhancing the uptake, transport or delivery of oxygen, including,
but not limited to, perfluorochemicals, efaproxiral (RSR13) and modified
haemoglobin products {e.g. haemoglobin-based blood substitutes,
microencapsulated haemoglobin products), excluding supplemental oxygen.

M2. CHEMICAL AND PHYSICAL MANIPULATION

The following is prohibited:

1. Tampering, or attempting to tamper, in order to alter the integrity and
validity of Samples collected during Doping Control is prohibited. These
include but are not limited to catheterisation, urine substitution and/or
adulteration (e.g. proteases).

2. Intravenous infusions are prohibited except for those legitimately received in
the course of hospital admissions or clinica! investigations.

3. Sequential withdrawal, manipulation and reinfusion of whole blood into the
circulatory system is prohibited.

M3. GENE DOPING

The following, with the potential to enhance sport performance, are prohibited:
1. The transfer of nucleic acids or nucleic acid sequences;

2. The use of normal or genetically modified cells;

3. The use of agents that directly or indirectly affect functions known to
influence performance by altering gene expression. For example, Peroxisome

Proliferator Activated Receptor & (PPARS) agonists (e.g. GW 1516) and PPARS-
AMP-activated protein kinase (AMPK) axis agonists (e.g. AICAR) are prohibited.
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SUBSTANCES AND METHODS
PROHIBITED IN-COMPETITION

In addition to the categories SO to S5 and M1 to M3 defined above,
the following categories are prohibited In-Competition:

PROHIBITED SUBSTANCES

S6. STIMULANTS

All stimulants (inciuding both optical isomers where relevant) are prohibited,
except imidazole derivatives for topical use and those stimulants included in the
2011 Monitoring Programs-. -

Stimutlants include:
a: Non-Specified Stimulants:

Adrafinil; amfepramone; amiphenazole; amphetamine; amphetaminil;
benfluorex; benzphetamine; benzylpiperazine; bromantan; clobenzorex;
cocaine; cropropamide; crotetamide; dimethylamphetamine;
etilamphetamine; famprofazone; fencamine; fenetylline; fenfluramine;
fenproporex; furfenorex; mefenorex; mephentermine; mesocarb;
methamphetamine(d-); p-methylamphetamine;
methylenedioxyamphetamine; methylenedioxymethamphetamine; modafinil;
norfenfluramine; phendimetrazine; phenmetrazine; phentermine; 4-
phenylpiracetam (carphedon); prenylamine; prolintane.

A stimulant not expressly listed in this section is a Specified Substance.
b: Specified Stimulants (examples):

Adrenaline*+; cathine+++; ephedrine+++=; etamivan; etilefrine; fenbutrazate;
fencamfamin; heptaminol; isometheptene; levmetamfetamine;
meclofenoxate; methylephedrines+++; methylhexaneamine
(dimethylpentylamine); methylphenidate; nikethamide; norfenefrine;
octopamine; oxilofrine; parahydroxyamphetamine; pemoline; pentetrazol;
phenpromethamine; propylhexedrine; pseudoephedrine*«+*; selegiline;
sibutramine; strychnine; tuaminoheptane; and other substances with a similar
chemical structure or similar biological effect(s}.
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* The following substances included in the 2011 Monitoring Program (bupropion,
caffeine, phenylephrine, phenylpropanolamine, pipradol, synephrine) are not
considered as Prohibited Substances.

= Adrenaline associated with local anaesthetic agents or by local administration
(e.g. nasal, ophthalmologic) is not prohibited.

«+ Cathine is prohibited when its concentration in urine is greater than 5
micrograms per milliliter.

=== Fach of ephedrine and methylephedrine is prohibited when its
concentration in urine is greater than 10 micrograms per milliliter.

== Pseudoephedrine is prohibited when its concentration in urine is greater
than 150 micrograms per milliliter. :

S7. NARCOTICS

The following are prohibited:
Buprenorphine, dextromoramide, diamorphine (heroin), fentanyl and its

derivatives, hydromorphone, methadone, morphine, oxycodone,
oxymorphene, pentazocine, pethidine.

S8. CANNABINOIDS

Natural (e.g. cannabis, hashish, marijuana) or synthetic delta 9-
tetrahydrocannabinol (THC) and cannabimimetics [e.g. “Spice” (containing
JWHO018, JWH073), HU-210] are prohibited.

$9. GLUCOCORTICOSTERQIDS

All glucocorticosteroids are prohibited when administered by oral, intravenous,
intramuscular or rectal routes.



SUBSTANCES PROHIBITED IN PARTICULAR
SPORTS

P1. ALCOHOL

Alcohol (ethanol) is prohibited In-Competition only, in the following sports.
Detection will be conducted by analysis of breath and/or blood. The doping violation
threshold (haematological values) is 0.10 g/L.

e Aeronautic {FAI) ¢ Motorcycling (FIM)
e Archery (FITA) « Powerboating (UIM)
¢ Automobile (FIA} e Ninepin and Tenpin Bowling (FIQ)

» Karate (WKF)

P2. BETA-BLOCKERS

Unless otherwise specified, beta-blockers are prohibited In-Competition only, in the
following sports.

* Aergnautic (FAI) * Modern Pentathion (UIPM) for

e Archery (FITA) (also prohibited disciplines involving shooting
Out-of-Competition) e Ninepin and Tenpin Bowling (FIQ)
s Automobile (FIA) e Powerboating (UIM)

e Billiards and Snooker (WCBS) e Sailing (ISAF) for match race

» Bobsleigh and Skeleton (FIBT) heims only

* Boules (CMSB) e Shooting (ISSF, IPC) (also

» Bridge (FMB) prohibited Out-of-Competition)

s Curling (WCF) e Skiing/Snowboarding (FIS) in ski
e Darts (WDF) jumping, freestyle aerials/halfpipe
s Golf (IGF) and snowboard halfpipe/big air

¢ Motorcycling (FIM) » Wrestling (FILA)

Beta-blockers include, but are not limited to, the following:
Acebutolol, alprenolol, atenolol, betaxolal, bisoprolol, bunolol, carteolol,

carvedilol, celiprolol, esmolol, labetalol, levobunolol, metipranolol,
metoprolol, nadolol, oxprenolol, pindolol, propranolol, sotalol, timolol.
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18 September 2010

Bl ANTI-DOPING

el AcENCY

2011 Prohibited List

Summary of Major Modifications
INTRODUCTORY PARAGRAPH (SO Section)

* An introductory sentence emphasizing the status of drugs with no official
approval and not covered by other sections of the Prohibited List has been
added.

SUBSTANCES AND METHODS PROHIBITED AT ALL TIMES (IN- AND OUT-
OF-COMPETITION)

52. Peptide Hormones, Growth Factors and Related Substances

e To reflect the growing number of substances developed to stimulate
erythropoeisis, hypoxia-inducible factor (HIF)-stabilizers have been added as
an example,

* The non-proprietary name of Hematide has been added (peginesatide)

¢ Intra-muscular use of Platelet-Derived Preparations (PRP) has been
removed from the Prohibited List.

$3. BetaZ-agonists:

¢ All references to the Declaration of Use have been deleted.

S5. Diuretics and Other Masking Agents

» Desmopressin has been added as an example of masking agent.
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« The last paragraph of section S5 has been revised to more clearly explain
the consequences of detecting an exogenous threshold substance at a sub-
threshold concentration in the presence of a diuretic or other masking agent.

PROHIBITED METHODS

M2. Chemical and Physical Manipulation

» Methods that consist of sequentially withdrawing, manipulating and
reinfusing whole blood into the circulation have been added to this category.

M3. Gene Roping

¢ For clarification purposes the gene doping definition was reworded and spiit
into three points.
SUBSTANCES AND METHODS PROHIBITED IN-COMPETITION

S6, Stimulants

» The spelling of levmetamfetamine has been corrected as per its
International Non-proprietary Name.

o Methylhexaneamine has been transferred to the list of specified stimulants.
S8, Cannabinoids,
+ The definition was reworded to clarify that all cannabimimetics are included

in this section

9. Glucocorticosteroids

» Only the prohibited routes of administration are now listed in this section.



SUBSTANCES PROHIBITED IN PARTICULAR SPORTS

P1. Alcchol

¢ At the request of the Union Internationale de Pentathlon Moderne (UIPM)
and due to changes introduced in the format of the competition, alcohol is no
fonger prohibited in Modern Pentathlon for disciplines involving shooting.

P2. Beta-blockers

» It is clarified that, in addition to Bobsleigh, beta-blockers are also
prohibited in Skeleton, which are both governed by the Fédération
Internationale de Bobsleigh et de Tobogganing (FIBT).

» At the request of the Fedération Internationale de Gymnastique (FIG),
gymnastics has been removed from this category.

» At the request of the World Darts Federation (WDF), darts have been
added to this category.
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THE 2011 MONITORING PROGRAM*

The following substances are placed on the 2011 Monitoring Program:

1. Stimulants: In-Competition Only: Bupropion, caffeine, phenylephrine,
phenylpropanolamine, pipradrol, pseudoephedrine (< 150 micrograms per
milliliter), synephrine.

2. Narcotics: In-Competition Only: Morphine/codeine ratio.

* The World Anti-Doping Code (Article 4.5) states: "WADA, in consultation with
Signhatories and governments, shall establish a monitoring program regarding
substances which are not on the Prohibited List, but which WADA wishes to monitor
in order to detect patterns of misuse in sport.”
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2011 Prohibited List

Explanatory Notes on the 2011 Prohibited List:

Introduction

Members of the Anti-Doping Community should be aware that careful
consideration has been given to all of the thoughtful comments that have
been provided in response to the distribution of the draft 2011 List. It will
be recognized that not all suggestions have been accepted or incorporated
into the 2011 List but, as is explained below, modifications to the draft
have been made possible because of the contributions and submissions of
many of our colleagues.

SO NON-APPROVED SUBSTANCES AND METHODS
This section has been added in order to address the issue of the abuse of

substances that are currently in an experimental phase of development or that are
not or no longer permitted for human use.

S1 ANABOLIC AGENTS

This section has been modified in a minor way to standardize the spelling for
certain substances.

S2 PEPTIDE HORMONES, GROWTH FACTORS AND RELATED SUBSTANCES

S2.1: This section has been modified to include the international non-
proprietary name of Hematide ~ “peginesatide”. In order to reflect the growing



number of substances developed to stimulate erythropoiesis, hypoxia-inducible
factor (HIF)-stabilizers have been added as an example of this class of products.

$2.3: Questions relating to the use of insulins and other associated substances
will be the focus of further review by the List Expert Group in 2011.

$2.6: Platelet-derived preparations have been removed from the List after
consideration of the lack of any current evidence concerning the use of these
methods for purposes of performance enhancement notwithstanding that these
preparations contain growth factors Despite the presence of some growth
factors, current studies on PRP do not demonstrate any potential for
performance enhancement beyond a potential therapeutic effect. Note that
individual growth factors are still prohibited when given separately as purified
substances as described in $.2.5

S3 BETA-2-AGONISTS

The WADA List Expert Group made changes to S3 (beta-2-agonists) in response to
the concerns expressed by members of the Sport Community. References to the
“Declaration of Use” have been removed. Concerns continue to exist about the
performance-enhancing effects of beta-2-agonists when taken in large quantities.
The List prohibits the administration of all beta-2-agonists except salbutamol
(maximum 1600 micrograms over 24 hours) and salmeterol when taken by
inhalation in accordance with the recommended therapeutic regime. Urinary
thresholds continue to apply to the management of salbutamol; work is ongoing to
develop thresholds for other beta-2-agonists.

The issue of beta-2-agonists will continue to be the focus of WADA's research
activity in order to ensure that the administration of farge doses of these substances
is prevented and prohibited, but that the appropriate care and treatment of
asthmatic athletes is facilitated. Ongoing surveillance of the use of these
medications will continue as a priority; it is to be anticipated that there will be
further changes in the way in which these substances are addressed in the future.

S5 DIURETICS AND OTHER MASKING AGENTS.

« The prohibition of glycerol is not intended to prevent the ingestion of this
substance which is commonly found in a variety of foodstuffs and toiletries. Such
use wili not cause a competitor to test positive for this Prohibited Substance.



e "Desmopressin” has been added as an example of a masking agent.

» The last paragraph of section S5 has been revised to more clearly explain the
consequences of detecting an exogenous threshold substance at a sub-threshold
concentration in the presence of a diuretic or other masking agent. Even when a
Therapeutic Use Exemption (TUE) exists for the masking agent, the detection of
the exogenous threshold substance at any level will be reported as an Adverse
Analytical Finding by the laboratory and therefore a TUE is also required for the
threshold substance when applicable.

M1 ENHANCEMENT OF OXYGEN TRANSFER

Minor changes have been made to the wording of this section to ensure consistency
of style and structure,

M2 CHEMICAL AND PHYSICAL MANIPULATION

M2.2: Attention is drawn to the fact that medical information is provided on the
WADA Web site (http.//www . wada-

ama.org/Documents/Science Medicine/Medical info to support TUECS/WADA Medi
cal info IV infusions v.2.2 March2010 EN.pdf) to support the decisions of TUECs
regarding the use of intravenous infusions.

M2.3: The prohibition of “the sequential withdrawal, manipulation, and reinfusion of
whole blood” is not intended to prevent plasmapheresis, a specialized form of blood
donation, and similar processes which are often undertaken by civic-minded
Athletes and do not involve the re-administration of whole blood; rather it
specifically addresses the process in which an Athlete’s blood is removed, treated or
manipulated, and then re-injected. Those undergoing hemodialysis, as part of the
treatment of chronic kidney disease, will require a TUE for such procedures {and the
substances that are often used to treat such disorders).

M3 GENE DOPING

Significant changes have occurred to the wording, and ordering, of this section for
purposes of clarification.
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S6 STIMULANTS

¢ The stimulant "methylhexaneamine” (which may be described, like many other
substances, by other chemical names) is now included in the Prohibited List as a
Specified Substance. This substance is now often marketed as a nutritional
supplement and may frequently be referred to as “geranium oil” or “geranium root
extract”. .

e Minor changes have been made to the spelling of “fevmetamfetamine”.

S8 CANNABINOIDS

There have been changes to this section to clarify that marijuana-iike substances
(cannabimimetics) are included in the List.

59 GLUCOCORTICOSTEROIDS

The secticn remains unchanged from the 2010 List insofar as the prohibited routes
of administration of glucocorticosteroids are concerned. Surveillance of the use of
these substances continues and work is ongoing to develop threshold levels to
assist in the detection and management of these substances. It is to be anticipated
that there will be further changes in this section in the future. References to
“Declarations of Use” and “Therapeutic Use Exemptions” have been removed.

P1 ALCOHOL

Changes have been made in response to requests by the Union Internationale de
Pentathion Moderne (UIPM); due to changes introduced in the format of the
competition, alcohol is no longer prohibited in Modern Pentathlon for disciplines
involving shooting.

P2 BETA-BLOCKERS

» For clarification purposes, Skeleton has been added by name to the list of
Fédération Internationale de Bobsleigh et de Tobogganing (FIBT)-governed sports
where beta-blockers are prohibited.

e At the request of the federation [Fédération Internationale de Gymnastique (FIG)]
beta-blockers are no longer prohibited in gymnastics.

¢ At the request of the federation [World Darts Federation (WDF)] beta-blockers
are now prohibited in the sport of darts.
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YN 3 DRUGS IN SPORT

Asst. Prof Dr.Griangsak Eumkeb

The use of drugs to enhance sporting performance is evidently widespread aithough officially
prohibited. The World Anti-Doping Agency ( hitp.//www.wada-ama.org) publishes an annually updated
list of prohibited substances that may not be used by sportsmen or sporiswomen either in or out of
competition. Drug testing is based mainly on analysis of blood or urine samples according fo strictly
defined protocols. The chemical analyses, which rely mainly on gas chromatography/mass
spectrometry of immunoassay techniques, must be carried out by approved laboratories.
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83. Beta-2 agonist, S6. Stimulants, P2. Beta-blockers
STIMULANT DRUGS

The main drugs of this type used by athletes and officially prohibited are ephedrine and
methylephedrine; various amphetamines and similar drugs, such as fenfluramine and

methyiphenidate; cocaine; and a variety of other CNS stimulants such as nikethamide, amiphenazole
and strychnine Caffeine is also used.

In contrast to steroids, some trials have shown these drugs to improve performance in events such as
sprinting and weightlifting, and under experimentai conditions they increase muscle strength and
reduce muscle fatigue significantly. The psychological effect of stimuiants is probably more relevant
than their physiologica! effects. Surprisingly, caffeine appears {0 be more consistently effective in
improving muscle performance than other more powerfu! stimulants.

Several deaths have occurred among athietes taking amphetamines and ephedrine-like drugs in
endurance events. The main causes are coronary insufficiency, associated with hypertension;
hyperthermia, associated with cutaneous vasoconstriction; and dehydration.
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gﬂ'ﬁ" 3.2 Action of sympathetic and parasympathetic nervous systems on effector organs.

(Ref: Harvey et al., 2008)

Table 54-2. Drugs used in sport

Drug class Example(s) Effects ' Detection Notes
[32» Salbutamol and Used by runners, cyclists, swimmers, Urine -
adrenoceptor  others etc. with the aim of increasing oxygen samples
agonists (Ch. uptake {by bronchodiiatation) and
11) cardiac function. Controllad studies
show no improvement in performance.
B-admnoceptor Propranolol efc. Used to reduce tremor and anxiety in Urine Not banned in most
antagonists (Ch. certain 'precision’ sports (shoofing, samples sports where they
1) gymnastics, diving,etc.) impair, rather than
improve performancs,
‘Stimulants' (Ch, Ephedrine and  Many trials show slight increasea in Urine The most widely used
42) derivatives muscle strength and performance in sampies group, along with
Amphetamines non-sndurance events (sprint, anabolic steroids.
Cocaine swimming, field events, etc.)
Caffeine
[
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gﬂﬁ 3.3 Summary of the neurotransmitters released and the types of receptors found within the

autonomic and somatic nervous systems. {Ref: Harvey et al., 2006)
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31 3.28 Major effects mediated by O and [ adrenoceptors.
(Ref: Harvey et al., 2006)
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EPINEPHRINE

£ What is the role of epinephrine?

Epinephrine stimulates the heart rate to increase the strength of contraction and the
cardiac oufput. Epinephrine use increases respiratory rate, tidal volume and minute
ventilation. It can be an effective bronchodilator with duration of between 60 and 90
minutes after inhalation or subcutaneous injection.

% How is epinephrine absorbed and excreted?
Absorption from subcutaneous tissues is slow because of local vasoconstriction.

Intramuscular injection produces a more rapid effect. Small amounts of epinephrine
appear in the urine of normal individuals.

% What are the side effects of epinephrine?

Epinephrine users may experience fear, anxiety, restlessness, throbbing headache,
tremor, weakness, dizziness, breathing difficulty, and heart irregularities.

t What are the medical uses of epinephrine?

Epinephrine is used to assist with some breathing problems and some heart
problems.
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3.2 Noncatecholamines (S6. Stimulants)
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» What are the various forms of amphetamine?

A variety of compounds contain amphetamine substances such as
dextroamphetamine (Dexedrine), methamphetamine (Desoxyn). Other similar drugs
are phenmetrazine (Preludin), methylphenidate (Ritalin). lllegal forms of
amphetamine appears as crystals, chunks, and fine to coarse powders, off-white to
yellow in color, and supplied loose (in plastic or foil bags) or in capsules or tablets of
various sizes and colors, The drug may be sniffed, smoked, injected, or taken orally
in tablet or capsule form. Common street names for amphetamines include:

« crystal

+ diet pills
« jolly bean
» copilots

+ hearts

« footballs

+ crosstops

» ice

+ speed
+« meth

« bennies

Amphetamines are sometimes used in combination with other drugs uch as
barbiturates, benzodiazepines, alcohol and heroin (Hall and Hando, 1993).
Amphetamine misuse has declined dramatically since the near epidemic between
1950 and 1970. However, there has been a marked increase in the use of such other
stimulants as cocaine and "designer” amphetamines that mimic the psychoactive
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effects of amphetamines - such as methcathinone (CAT), MDMA (Ecstasy),
Methylenedioxyamphetamine (MDA), Para methoxymeth- amphetamine, 4-
Methylaminorex.

» What is the history of amphetamine use?

1887 German pharmacologist L. Edleano synthesized the first amphetamines
1910 amphetamines were tested in laboratory animals

1927, Gordon Alles, a researcher self-administered amphetamine and found
that when it was inhaled or taken orally it reduced fatigue, increased
alertness, and caused a sense of euphoria

1932 benzedrine, an amphetamine inhaler became available as an over the
counter drug until 1949

Professional football players started using amphetamines in the 1940s
1938 amphetamines were classified as prescription drugs by the FDA

During the Second World War 1939-45, amphetamines were used by the
German military during WW II to reduce fatigue. Soldiers on amphetamines
were able to walk for longer distances. Soldiers were also able to run longer
to the point of exhaustion.

1957 the American Medical Association condemned the use of amphetamines
for performance enhancement

1967 about 31 million prescriptions were written for anorexiants (diet pills)

1969 over 13% of American college students had used amphetamines at least
once. Throughout the 1960s amphetamines were widely available and were
used for weight control.

1970 Controlied Substance Act changed the availability and production of
amphetamines

1971 all potent amphetamine nasal inhalers were taken off the market
(Wadler and Hainline, 1989; Mottram, 1996; Hanson and Venturelli, 1998).

» How do amphetamines work in the body?

Amphetamine has four mechanisms to produce its effects (Brookes, 1985: Goodman
and Gillman 1985). :

release of neurotransmitter dopamine (DA), serotonin (5HT) and noradrenalin
(NA) from their nerve terminals

the release of DA by amphetamine is associated with the reversing of the
neuronal membrane uptake transporter

inhibition of monoamine oxidase activity

inhibition of neurotransmitter re-uptake
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« direct action on neurotransmitter receptors

Amphetamines are absorbed from the small intestine. The peak plasma
concentration occurs in 1-2 hrs following use. Absorption is usually complete in 2.5-4

hours and is increased by food intake. Amphetamine metabolites are excreted in the
urine.

» What are the general effects of amphetamines?
The effects depend on:

» the amount taken at one time

the user's past drug experience

« the manner in which the drug is taken

« the circumstances under which the drug is taken
« the setting in which the drug is taken

« the user's psychological and emotional stability
» the simultaneous use of alcohol or other drugs

Amphetamine limits appetite, increases plasma free fatty acid levels and body
temperature, has sympathetic effects on the cardiovascular and respiratory
functions.

Amphetamines increase alertness and arousal; however, an extended level of
arousal may change to anxiety or panic. Amphetamines cause feelings of intense
pleasure when taken intravenously. Chronic use can lead to a condition generally
called "behavioral stereotypy", or getting hung up. The individual will get caught up in

the meaningless repetition of a single activity such as repeatedly cleaning the same
object, or taking objects apart.

» What is the approved medical use of amphetamines?
In 1970 the FDA restricted the use of amphetamines to treat narcolepsy. Narcolepsy
is a condition causing spontaneous sleep episodes, hyperkinetic behavior. Most
medical associations do not recommend amphetamines for weight loss. Today, less
than 1% of prescriptions are written for amphetamines compared with 8% in 1970.

b What are the effects of amphetamines on athletic performance?

Athletes have used amphetamines to increase alertness and increase excitement for
an upcoming event. A study by Goldberg (1981) showed no correlation between
subjective feelings of increased alertness in athletes taking amphetamine, or
lethargy in subjects who were randomly given a tranquilizer, with any change in
reaction time or manipulative skills. None of the athletes knew which drug they were
taking. Chandleer and Blair (1980) reported improved athletic performance in knee
extension strength, but reported no effect on overall sprint speed. Athletes taking
amphetamines may sweat less than normal and be unaware of fatigue, and this may
lead to heat stroke during an athletic event.
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» Why would student athletes want to use amphetamines?
Student athletes have taken amphetamines to improve mood states, improve
confidence, increase alertness and concentration, and increase endurance.

» What are some of the unwanted side effects of amphetamines on athletic
performance?

Amphetamine causes blood to flow away from the skin and increase the risk of heat
stroke. In 1967 British cyclist Tommy Simpson died from complications from using
amphetamine during the Tour de France (Beckett, 1879). The Danish cyclist Knut
Jensen died of heat stroke and cardiac arrest during the Olympic Games.

» What are some of the main effects of amphetamines on the body?
Amphetamines increase heart rate and blood pressure, decrease appetite and
increase weight loss, increased respiration, increase inability {o sleep, increase dry
mouth, headache and dizziness, heat intolerance, increase kidney damage, increase
the risk for cerebral hemorrhage and seizures. Regular
amphetamine use may lead to dependency, irritability,
fearfulness (in some cases paranoia) and
apprehension, hallucination, and even psychosis.
Heavy users of amphetamines may be prone {o
sudden, violent, and irrational acts, self-centeredness,
distortions of perception, and paranoid delusions.

Ephedrine (S6. stimulants)
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4. 1910 paroxysmal atria tachycardia ins i iiTandhldilududias uazuder 1dvunge

Amnunfiszi i luduiadaniy

Mephentermine (Wyamine®) (S6. Stimulants)
p

ﬂ#g q{ T
Mephentermine 08ANEIIN1NAT Az 180U TgnTen nadeauesineg
Qu‘ QF &
gnEmaadsing

G ved , . v & &2 . .
i1l laudau5e Cardiac output LAZAMUAURDANNIRRTUNA systolic 1A diastolic BT

o 1 1 :g o/ o y s VoA
asduveaiale litniueu Suiy vagal tone vingsarnaiale dealFsaiale iy
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Onset of bronchoditation

¢
ﬂsﬂwumaﬂﬁﬁﬂ B35 Duration of bronchodliation

1498 Tusrsnaruaudonnn

Salbutamol (albuterol; Ventolin®) (S3. Beta-2
Epinephiring E

agonist exception only inhalation dosage form) ssopreterenol g
SR

3 ar & = ot 3
Salbutamol, terbutaline, 11T metaproterenol HYNFNTTAU Albulerol @i -

a9t o ot LI -3
1NN bata, receptors NTSHAUNI Tatfoanin isoproterenol W11 3l Saimeterol %@mﬂﬁ“‘w’”w@“
Bt R e ey

o' s o o o H d
UszTegllunsinymeudia hlivaeaauvensTas hinszdu Metaproterenoilgggees

ale

Terbulaline

Salbutamol 19 Tagnisgaauniefuilszniu frgaauey e "

Tamalumisverenasmionluna 2-3 il uagnasguiu 3-5

F1 T4

Ys=Togdmandiin

3
19U bronchospasm Tuau ldmeuiiaiia

¥ = . _
{Reunfuimeiesaniolu bonchitis w30 obstructive | U 339 Onset and duration of bronchodilation
pulmonary disease é‘u effects of inhaled adrenergic agonists.

Terbutaline (Bricanyl®) (S3. (Ref: Harvey et al., 2006)

Beta-2 agonist exception only inhalation

dosage form)

NIEAURNE bata, receptors 010155 u1lszmunedaldfimiviogaan Srgaauasdnaly
2-3 U gnFBguIU 3-5 93 T3
9115 llfiatszaredt

5 '] )
8719WL Nervousness Uaziiodu ldtes uennniiszithatayy waloduds ladu 180 mte

3

4 1 1 ] 1 ‘;y
an aduld eudou sn1sane mal higuuss uagme T 18de 19ed0e

9

dszleavimienadin

lHweronasanuiiie] bronchospasm
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CATECHOLAMINES

Rapid onzet of action

3

o Brief duration of action
¢ Not administered orally
L]

Do not penetrate the biood- F
brain barrier

[ NONCATECHOL-
AMINES

Compared to catecholamineas:
o lLonger duration of action

# All can be administered
orally

g‘ﬂﬁ 3.41 Summary of the adrenergic agonists. (Ref: Harvey et al., 2006)

Drug Receptor Therapeutic uses
specificity

Eplnephrine o, 0z Acute asthma

Ps: B2
Treatment of open-
angle glaucoma
Anaphylactic shock
In local anasthetics to
Increase duration of action
Norepinephring gh 5] Treatment of shock
1
Isoproterenc! b, B2 As a sardiac stimutant
Doparmine Dopaminergic Treatment of shock
o B Treatment of congestive
LEL heart failure
Aalse blood pressure
Treatment of congestive

Dobutamine B heart fallure

Phenylephirine e As a nasal decongestant
Halse blood pressure
Treatment of paroxysmat
supraventricolar tachycardia

Methoxamine o) Treatment of supraventricular
tachycardla

Clonidine o2 Treatment of hypertension

> Treatment of bronchospasm

Metaproterenol B> P and asthma

Terbutaling s Treatment of bronchospasm

Albuterol - {short acting)

Salmeterol B Treatment of bronchospasm

Formotero! 2 {long acting)

Amphetamine @, B, CNS As a CNS stimutant in trestment
of children with attention
deficit syndrome, narcelepsy,
and appetite control

Ephedrine o, ONS Treatment of asthma
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. ) ADRENERGIC
4. Adrenergic Blocking Agents (P2, Beta-blockers) BLOCKERS
Adrenergic blocking agents MIwA A1TNTATIANITIIOIY
Y947z VUTUNUTAR 1191591970619 NeTEULFUNuTAnae o-BLOCKERS
o £ . Mo - I~ Doxazosin
UDUBRI Tﬂﬂﬂ'ﬁmzﬂi’]ﬂﬂﬂ‘ﬁﬂ adrenerglc receptors HIDVRAUVIWNITHES - Phengxybenzamine
. . P a - ¥ & — Pheniolamine
norepinephrine {858 UFUNNTAAQAnTEAY FeormTunaninmis - Prazosin
o 5 p & < = o \ Tamsulosin
YAUINRMITTN MITTE AN NINITHAIHITH FITVAIDI9E 00N L Terazosin
qmﬁf%ﬂmqaaﬂwsﬁﬂﬁwumaa norepinephrine T§ularemisfiinsndlu
, B-BLOCKERS
. o'
HD9 TI5WIN adrenergic blocking agents 1 19052 Towi lumsanau
N — Acebutolo!
fuidea uayluTsaiale dudiulug ubseendiungudreg deil — Atenolol
e - Carvedifol
4.1 Alpha-adrenergic block agents — Esmolot
— Labetalo]
4.2 Beta-adrenergic blocking agents -~ Metoprolol
— Nadolol
4.3 Adrenergic neuron blocking agents — Pindolof
-~ Propranoiof
4.4 Centrally adrenergic blocking agents — Timolo!
| DRUGS AFFECTING
, P NEUROTRANSMITTER
a s o o 5 gt [
dlomsinugadavanarudniegitgasunude  wuves UPTAKE OR RELEASE
. ' . — Cocaine
PINTVTWIN adrenergic neuron block agent 1% guanethidine - Guanethidine
‘~ Reserpine

4.2 Beta-adrenergic blocking agents (P2. Beta-blockers) §1jﬁ 3.42 Summary of blocking agents

@13R989274 beta receptors T IANLNTUNANY | and drugs affecting neurotransmitter

"l@fmuﬂm guiAnIufy beta receptors yiinla ‘lﬁ’!ﬂu uptake or release.

4.2.1 Nonselective beta-adrenergic blocking agents

4.2.2 Cardioselective (beta,) adrenergic blocking agent
4 ' H 1
Tuwannsna s ndayang 1ANS beta, receptors 219 1Az beta, receptors fioTarxdu ua

] QJ ot d‘. o = [ é '
({19991 NF 1UN15TAUI1 beta, receptors Anasaansiilfifaenisvaeaauiiud Fusligeenis

1
< o

esnyTsnveniale 5\1?3%‘9‘!Eﬂﬂmﬁ\‘liﬂ’i?z‘ﬁﬁﬁﬁuuﬂHﬁ1ﬁﬂ@ﬂi]“.’l%f%ﬂ‘v’ﬂdmv‘l'lxbetal receptors 7
1219 99819580 cardioselective adrenergic blocking agents uaneeg1aly TITND ﬂ‘fl?’ ﬁﬁd Adlinane beta,
receptors |ARBRVUIATI AI1THIA beta-adrenergic blocking 1915z Temiduminlunisfauilsanie
TEUUNYUBEUABA 19U ANWAUABATA angina pectoris, cardiac arrhythmias

qwémamé’ﬁnm

Hafiinen ez Auf recepltors ﬁai’mx‘lfm Heduazaniznuas Ao uasnent

e iwu Maleiegly anmunddnesinadeuielde beta block uad i lafisdwiarumin
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Esmolol N 10 min

nivelineTanwedosiinanuda 715WIN beta block nadafaiigniiy | Ao
partial agonist A 1y pindolol LN ’Jﬁi]‘ﬂg Tn8AT3A8 cell membrane

Tae81915Y membrane stabilizing, local anesthetic HA% °) quinidine-like

4.2.1 Nonselective beta-adrenergic blocking agents

(P2. Beta-blockers)

18un propranclol, pindolol, nadolol, timolol

Propranolol (P2. Beta-blockers)

Propranolol iWuermdnvean 014 nonsclective  beta- 3ﬂﬁ 3.46 Elimination half-lives for

adrenergic blocking agents ®101TDUBIVUND beta, receptors HAY some Bvblockcrs.

° 3 - .
beta, receptors mld activity 11 beta AN (Ref: Harvey et al., 2006)

o
gnEmaadyinn
TTUUNHURSWADA
W lududnas fudl8eung Ventricular systolic pressure f@Ddcardiac output AADY 1519
o 9f g as = L dw w
pendFlauresnamioniloanas fea lUidesna lvanas
ANRUIADAANAS
¢ 1
sruuigle propranolol BBNYNTUAYIN beta, receptors avasnauitlvvasaauiiug

suasigluaudulsavsuiia

. . w 3
Metabolic ilianglaaluiendt seaung Taalufionziud glycogenolysis MINNT1TNTZAYU

Y94 endogenous catecholamine

91013 WifeY sTaen
a_q ¥t . . ar Y < . a
81991 1l A-V dissociation nazialangaduluaunil partial block 910 digitalis 3o MY
dupgnoud W52 propranolol NA A-V conduction M8y digitalis
fIMgABU NI IIHLANUAWABANIINIINDUT I
o o A W L ' . 4 2
#3000IM7 nervousness (3990 Ha191AwT7 an2saDYY nYAE1 withdrawal syndrome naios Ty

H i ' T ' 4 4
AURNTIE IR beta block NI partial agonist activity 15U pindolol uan1s e inguilesfnmideluiSas
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1
= o

nseduiilududs Saiflddes o1 lusisarmduiengdicns
3 o Y] L & red . .
msduvaarileduin n1sld propranciol CARPHY partial agonist
activity 411 81991 191N 15 A0 UAUDIYDS beta receptors 1IAUYAA
= . . = Cqr . ¥
UNAUD VY anginal attacks BENTUNTI DEH myocardial infarction 14
2 . . & o =]
(WY amrway resistance %ﬁﬂﬂﬁi?ﬂjuﬂuiﬂuTiﬂﬂﬂnﬁﬂ
W hypoglycemic action Y84 insulin Tauan compensatory

effect ABAITAT zé’u sympatho adrenal system

¥ 3
Propranolol I¥UIABIAY beta antagonists BUNI selective

WAL
< ARAHYTHMIA ) a . L
nonselective 819UWY plasma triglycerides hazas HDL-

& [ ° = ° y

cholesterol Gao 1983131 197iAn atherogenesis firtiidea
[ k4

ABN1510A coronary artery disease UAMTIUAsunaail i

= BRONCHO. - .-
CONSTRICTION -

Wulu beta-blockers ¥ infrinsic sympathomimetic

activity unzfiuraulofionis14 betablocker S2uAY
alpha-blocker 19U prazosin T ldiRamsnlasulas
¥94 lipid 1uiion

o SEXUAL
. IYEFUNCTION

§ﬂﬁ 3.48 Adverse effects commonly observed in

individuals treated with propanolol. UszTavsinienddin

Propranolol

Afenolal

Propranlol

Propranolol o

Propranolol 4/

Acebutolol

Meloproiol

ﬁz Bronche-
. constriction

Reflex peripheral
vasoconstriction

Bz

[ -
!

vj
~——. Increased

f- sodium
" retentlon

- |

-
!
I

fate |
Force

22

e

Becreased
cardiac output

L ¥ nwnnudwieags Tasldswduonduilaaie

NToIUY 1NN AITDI91ATUTAVI beta receptors 39aA

o i o o a 4
Fidndair I lodwS S oy cardiac outpur 101481

gﬂﬁ 3.47 Actions of propanolol and

other B-biockers.

¥
Aty ia

o
o} o LY - . N
2. Tamalunissoymia supraventricular {1815 ventricular arrhythmias

3. angina pectoris

4. aR reinfarction UAZNITAWNHEINY myocardial infarction 16 1AOHAYIN A15AANITN I

yaeia lauaznis Feandiay

v 1 14
5. Hyperthyroidism 1aginWizo8198i18l thyroid crisis 8191149 1dmamann
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Pindolol (P2. Beta-blockers)

1511 nonselective beta-adrenergic antagonist Tagh partial agonist activity A 1l membrane-

stabilizing activity Turadna

91N 15714 partial agonist activity #28 W18 ton1dluaund cardiac reserve Yoo nieauni

Tommozfing s lodudnediaun

df‘ 4 o =8 ::J
gnEmundrinewazisz Teminendinadens propranolol half-life 3-4 $2Tu4

Nadolol (P2. Beta-blockers)

(Hu nonselective beta-adrenergic antagonist 141 partial agonistic
activity iRt membrane-stabilizing activity azawluluiulddesde i
fhauet qnilumsanrsuiiignifidatens bilFnaues bl life
Usznins 16-20 $2Tua 5e1 18 uazade
Ysloasinmendiin

Haannuduhen

Timolol (P2. Beta-blockers)

()1 nonselective beta-adrenergic antagonist 11 intrinsic
sympathomimetic activity @ntlos Tu3 local anesthetic activity
potent A7 propranolol Tun15:)4 beta-block 5-10 1311

o Ty ladeiadadlons aisdumiion propranolol
i half-life Yszanm 4 92 Tus uazgadusemailaaazetiuds
Uselawiniandiin

A8 propranolol tazfelFnrm lumssnudeiudoe
Tagananuaulugaao1ninannsad e aquecus humor AITIAY
Tugnaan 18we fu ifeld pilocarpine liaz hifimadegium

18z ciliary muscle An 192stiou 1ms 12 il miosis ey

ﬂ Agonists

(for example, epinephring)

By &nd H, raceptor

[y and B receplors aclivaled

\

CELLULAR EFFECTS

Antagonists
(for example, propranaloly

Epinephring

R TSRO,

Bg and 8, receptors blocked
ul not activated

Partial agonists

{for example, pindolol
and acebutolol)

4 and B, recepiors partialy activated
ut unable o respond to more polent

catecholamings %

DECREASED
l_ CELLULAR EFFECTS

accommodation

4.2.2 Cardioselective (beta,) adrenergic blocking agents

(P2. Beta-blockers)

a
gﬂ“ﬂ 3.4% Comparison of agonists,
antagonists, and partial agonists

of B-adrenoceptors.
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: A:&d‘ i w 9t 1
dlumsiieangniamie beta, receptors Nty 1o

metoprolol, atenclol

Metoprolol (P2. Beta-blockers)

1114 selective beta,-adrenergic antagonist Taifi agonist

activity finnan inotropic 1A% chronotropic effect ya4¥1le an

. L A a
renin activity THIROANAZAITHAN renin 1101 stress

213 iR szared

= o d g P "
HHana beta2 receptors NUDIRARVIARUDBLYDITNIIUND

propranolol 91 ana lAia 1fvuiags

T2 INFY insutin 1155 glucose tolerance 18411/ 18

= s = & w = a o W ow
Anuvesq 1 milosdt dafsye Tadou uoulunay
1ABIATT 1TSS

Avsseielunuid congestive heart failure n5eil

= =y . . 11 9/
AMNUAAYNAYDY cardiac conduction DHABUIAT

dselaviimanddn

=1
11U propranolol

Atenolol (P2. Beta-blockers)

i selective beta,~adrenergic antagonist 77
agonist activity Yioeyn § membrane-stabilizing property Yoy

i half-life d3zaes 6-8 2 T3 uAgNanamAuden
agu SelW1dTuazads

Taitima potentiate insulin-induced hypoglycemia
Uselysimanddin

$asanusuTatia

48

Hyperiension
Propranciol, metoprolol, timolof,
other B-biockers reduce cardiac |
output and renin sacretion. 5;

F{ Glaucoma :
Timolol and other f-blockers |

reduce secretion of agueous |
humor.

Migraine :
Propranolol provides |
a prophylactic eflect. |-

4 Thyrotoxicosis
Propranofol reduces
[ cardiac rate and

1 potential for
arrhythmias.

s

e Arrhythmia prophylaxis after

myocardial infarction
Propranasiol, metoprolol, and
timofol reduce cardiac output
and renin secretion.

o Supraveniricular tachycardias

Proprangiof, esmaoici, and
acebutolol slow AV conductlion
velocity,

@ Angina pectoris

Proprenclol, nadolol, end other
B-Blockers reduce cardiac

rate and force.

UM 3.50 Some clinical applications of

B-biockers. AV= atrioventricular.




DHUG 'RECEPTOR USES

SPECIFICITY

Hypertension

Propranolol ;. 5

;s
BNH50 WY

1.

Glaucoma
Migraine
Hyperthyroad:sm
Angina pectoris
Myocardial
o infarctiqg
4 . Nadolo! By. B2 Glaucoma
gﬂ"{! 3.51 Summary of B-adrcncrgxc Timolol Hypertension
. 1 , Acebutolol! §, Hypertension
antagonists. Acebutolol and pindolol Aterolol
. . Esmolof
are partial agomsts. Metoproio!
Findolal I31 [3 Hypertension
Carvedifol N : o
Labetalol 81,8+ Hypertension

Congestive heart
failure

Katzung BG (2007) Basic & Clinical Pharmacology, 10" Edition
(International edition), USA : McGraw-Hill

Brunton LL, Laso IS and Parker KL (2006). Goodman and Gilman’s : The
Pharmacology Basis of Therapeutics, u™ Edition, USA : McGraw-Hill,
Rang HP, Dale MM, Ritter JM and Flower RJ (2007} Pharmacology 6"
Edition, London : Churchill Livingstone.

Harvey RA, Champe PC, Howland RD and Mycek MJ (2008)
Pharmacology 4" Edition, New York : Lippincott Williams & Wilkins.
Smith CM and Reynard AM (1995). Textbock of pharmacelogy.
Philadelphia: Saunders .

Golan DE, Tashjian AH, Armstrong EJ, Armstrong AW. (2008). Principles
of Pharmacology. The Pathophysiclogic Basis of Drug Therapy. v
Edition, New York: Lippincott Williams & Wilkins.
WNAINTHNUTINGTAD ARZHUNEIARS MAFTUNTFINGT. (2550).

[V [~SN.4 o o
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uni 4 envuilaeig iuretics)

T o4 4“ -4
Haemans19158 an.ag. inTeednd Boufy

S5. DIURETICS AND OTHER MASKING AGENTS

Masking agents are prohibited. They include:

*

Diuretics , epitestosterone, probenecid, alpha-reductase inhibitors (e.g.

finasteride, dutasteride), plasma expanders (e.g. albumin, dextran,

hydroxyethyl starch) and other substances with similar biological effect(s).

Diuretics include:

Acetazolamide, amiloride, bumetanide, canrenene, chlorthalidone,

etacrynic acid, furesemide, indapamide, metolazone, spironolactone,

thiazides (c.g. bendroflumethiazide, chlorothiazide, hydrochlorothiazide),

triamterene, and other substances with a similar chemical structure or similar

biological effect(s) (except for drosperinone, which is not prohibited).

* A Therapeutic Use Exemption is not valid if an Athlete’s urine contains a diuretic in association

with threshold or sub-threshold levels of a Prohibited Substance(s).

WlnunAw39l¥ diuretics?

Drug class Example(s) Effocts Datection Notes

Diuretics  Thiazides, Used mainly to achieve rapid weight loss befors weighing  Urine -
(Ch. 4} furosemide in. Also to mask presence of other agents in urine by samples
dilution.
Diuretics

b
msiheuved lafiawddgann lunsmiunutFineniuag eectrolytes Tus19m18
o
(] o ° 1 = v Aé = ¥ o
Tegluanizauga dffinatihung elecirolytes Tuswmoindn@ ludufaldeesg  szvinly
. P s 1 = o 3 i c\il o 3 T ¥
dailymmsndinldmnswiudunsisdedia deiunfiesngnine ladnadudanisvudai
= =% & = 7o) e 1 o =y = = .. +
uaz electrolytes M 1o Juilueiifisz Tewiseinyinnufiadnfninnisd positive Na” balance

& & e f =5
FeUUTH@TUN 3 pulmonary edema
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Aenal
inner jeyer of pyramid
sengl capaule
Aenai sinus Crnnection to
minor ealyx
Adipose tissue Winor calyx
in renal sinus Major calyx
Reona! pelvis
Rena labe

Fenal papifia

o= Ranal columng =~

Ot bayor of
renal capsule

nteriobtar
waln

tnterobutar

Fregate antery
Arcual vein

{t} Cortical elrouiation

Aetial vain Aennd eriary
Sogmenta! astertes

Arcuata velet Arcuate aritriea

{o} Frontzl sostion

FIGURE 26.4  Bleod Supply te the Kidneys

{n) Seetionu! view, showing major arteries and veins;, compure with
Fignres 26.3 andd 26.8. {b) Cirvnfatiens in the cartex (2} Flowelart of fenud
vivendntion. The lowclhart smamarizes tie pattern of roos! cirenlation, Venuks

Interlobtdar vaina Entedobular arteries

Alarent arlerioing
B

Farfutatar Glomarndus |

1

capillaries |
L... Flieranst J

artririndn L
P

V]couctert cueck

1. Fyour Liood presame is Tow. whist changes will you see i the Frlioys?

3 19 2 Blood supply to the kidney (Ref: Martind et al., 2006)
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* Distal conveluted tubuls

Secretion of lons, acids, drugs,
foxins

Proximal convoluted
tubule

! Varigble ‘reabsorption of water,
I sodium ions, and calclum ions
# {undar hormonal control)

Il
: Reabsorption of ’i
water, iong, and all &
organlc nutnems J

;{:
|
b
i Renal COLLECTING SYSTEM
NEPHRON Yy tubule
Connecting
tubules
Capsular
space Efferent

attericle

Afferant
artericle

Descending
. limb of
P loop bagins

4 Ascending
4 Bmb of
loop ends

Paristal (capsutar)
epithelium

Visceral (glomerular) o

Connecting tubules
and collecting duct

epithelium 1 Variable reabsorption i
_ of waler and i
Claplliangessof reabsorption or i
i ! glomeruiu secretion of sodium, E
l Renal corpuscle d potassium, hydmgen ;
! I Thin and b:carbonate ions ;
! Production of ! descanding ) !
filtrate i limb
S e
Descending
itrients, and jons. Unlike basal laminae else- | Loopor Henle Mi,}l'o,
. . !
na densa may encircle two or more capillar- | Further reabisorption calyx
al cells are situated between the endothelial i of water (descending
ial cells (1 ide physical t { limb) end both sodium |
Mesangial cells (1) provi le physical suppor , and chioride lons |
f organic materials that might otherwise clog {ascending limb) ;
. r -
‘gulate the diameters of the glomerular capil-
in the regulation of glomerufar blood flow. - - :
Papnlla:y duct 1
; Delivery of wrine |
The podocytes have long cellular processes e to minor calyx !
“surfaces of the basal lamina. These delicate U e

[N o FARPRRE, VI O 1 < o1

71 3 Taseafrauasniitlunrns d3uved nephron (Ref: Martini ef al, 2006)

suilrans (Diuretics) 1usifiusasinig Inaveatlaaioe ﬁgaﬂ%’mmumé'ﬂﬂ
1390818 Na' #301500 natriuretic action $3uAUMSIAUNIS TS anion Feinesflu o 194
ﬂﬁﬁnxﬁqunmaanqw?ﬁa membrane transport protein ﬁ@gimasé’l’m lumen mmwaﬁﬁmﬁa"lﬁ
sfuilaanizureriineengni 1ng osmotic effect i higaduinduduradie lnvos
nephron A34USNMATAEUTR water-permeable yiuilaazuriasengnisuniunieda
fuft hormone receptor UBY aldosterone ﬁwaﬁmﬁe% &mzfﬂﬁhf‘ﬂﬁﬁ'li:BN‘KﬁG\E}Sﬂ‘Zm‘Cﬁ{@J)‘}J8{3

carbonic anhydrase enzyme lazAlsRuauTAvesTuiaazhiiinalnoengnideiu o
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@mmislu single nephron a1y Teernudesnduilaanzesmiiu 6 ngu Fauaaa 31y

. 3 . .
A5 1 uaggas Inssad umaniivesiuilaanzuaasd i ulunmi 6

1 v
maedl 1 msuienduiaanizmadinmlaazniseengnsly single nephron

+ .
(K - Sparing diuretics)

{Canrenone, Eplerenone

Potassium canrenoate)

0 4 X o
AU Yonguen Foelungy dunrauaznisosngns
1 Carbonic anhydrase Acetazolamide* ® Proximal convoluted tubule
mhibitor Dichlophenamide @ inhibit the carbonic
2 Loop diuretic or High Furosemide (n) ® Thick ascending limb
ceiling diuretics Ethacrynic acid ® [nhibit the Na - k- cr
Torsemide symport
Bumetamide
{Axosemide, Piretanide, Tripamide)
3 Thiazide and thiazide-hke | Hydrochlorothiazide (1) ® Distal convoluted tubule
diuretics Chlorothiazide ® [nhibit the Na+- cr
Chlorthalidone Symport
Indapamide
Meitolazone
{Hydroflumethazide,
Bendroffumethiazide,
Methelothiazide, Polythiazide,
Trichlormethiazide, Quinethazone)
+ . . . . .
4 K - Sparing diuretics Triamterene ® Late distal tubule liny
Amiloride () ** Collecting duct
® Inhibit the renal epithelial
+
Na channels
5 Aldosterone antagonists Spironolactone(U)

® Late distal tubule liny
Collecting duct

® Competitively inhibit the
binding of aldosterone 1o the

mineralocorticoid receptor

(MR)
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nzjm‘ﬁ; Fonguen %"aﬂflumjsa 6'inm1ieuazm§aamm§
6 Osmotic diuretics Mannito]*** ® Loop of Henle il major
Isosorbide site of action
Glycerin
Urea

* ‘ﬁﬁg%ﬂ Mﬂﬂﬂ?ﬂq"ﬂ Mitotic and antiglaucoma agenis ; **  amilonide Lﬂus1qﬂimﬁuﬁu Hydrochlorothiazide; *+* 'ﬁi}ﬁ? fl ¥4

#1nq Solution for osmotic therapy

@ Inhibl reabsorption of Na* and GI” in the distal
convoiuted tubule, resuiling in retention of water,

 ACETAZOLAMIDE

® A carbonle anhydrase inhibitor that inhlbits the reabsorption
of HCO4 In the proximal convoluted tubule,

@ Weak dluretic proparties. @ Most commonly used dluretles.,

convoluted
i tubule
15

SPIRONOLACTONE, |
AMILORIDE,
TRIAMTERENE

4 @ Spironoiactons, an

rr,-, aldostarone antagonist,
47 Inhiblts the aldosterons-
il madiated reabsorption of
Na* and secretion of K*,

i

i As‘ceh:ding
3 toop of ;
3 Henle :

I

11| ®Amitoride and triamierene 1

BUMETANIDE, FUROSEMIDE, block Na* channels.

TORSEMIDE, ETHACRYNIC ACID

® The loop diuratics inhibit the
Na*/K+/2Cl” cotransport in the
ascending loop of Henle, resulting
in retention of Na*, CI™, and water
In the tubule.

1| ® These agents can prevent
1 loss of K* that occurs with |
thiazide or loop diuretics. |

I i

Descendiﬁg :
lbop of K
g Henle

NE

® These drugs are the most
sfficacious of the diuretics.

Figure 22.2
Major locations of ion and water exchange in the nephron, showing sites of action of the diuretic drugs.

1 T ﬂ( - .
5141 4 Taseerd1aved nephron ASAUMLINTBRANTVB diuretic drugs (Ref: Harvey ef al., 2006)
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Key: {mmrmmm Reabsorption
E== _Secretion

The organic acid and base
secretory system secretes
a variety of organic acids
{Incuding most diuretic
drugs}) from the bloodstream

1 into the lumen of the proximal
{ tubule,

Giucose
Aming Acids

Na*
K

Proximal
tubule

Ascendlng

loop of
Henle

Distal
.- convoluted
tubule

Collecting
- tubule

Antidiuretic
hormone

i
R

Figure 22.3

Sites of lransport of solutes and wat
along the nephron.
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(Ref: Harvey et al., 2006)
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1. fﬂﬂiji&i carbonic anhydrase
qnémamﬁ’ﬁmm

(RP9InHANTFUES carbonic anhydrase Ej’ug&ms@ﬂ%uﬂﬁn NaHCO, szt 35% wpgil
gnnyaevirld HCO, gné‘fndwaﬁn%u

HRDUY mmmndwﬁ 18un Lﬁm‘t"‘iﬁlguq 5 carbonic anhydrase enzyme (%4 a494, A1, H19

ATIWIZe1M1s, Ausou uazindeaund 1 1HIAAeIn17 paresthesia, somnolence, AANTT A1
aqueous humor, nﬂmmﬁuﬁlugﬂm (intraocular pressure), ©ifl gastric secretion, Of Co, Tu
aunielooen quEAie marivediae TUIssE Tevinan1sinunl 0 dichlorphenamide

ﬁﬂ?‘l;ﬂ!‘id@df@ﬁd 30 1M198481 acetazolamide

51l 7 mafAsunilasludulsznsuves

flaaae 1118991087 acetazolamide

(Ref: Harvey et al., 2006)

of uring

Figure 22.10
Relative changes in the composition

. , of urine induced by acetazolamide.
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vaautlFinvuagaiesing drowsiness 1AL paresthesia 8117 T lszmafduY ifgades
f1UN15N3 metabolic acidosis ﬂ?ﬂﬂﬁﬁﬂxlﬂu@hﬂ 19U calcium phosphate ANHBNDA calculus
e & odu o
formation WY ureteral colic NH, Hadduf landuiduden 4170 metabolic #5 respiratory
b a ' R

acidosis aguda Wildenguil wenvindidaaan1sdudie weak organic bases (317 7 Usznew)
daelnailunishw

Acetazolamide ﬁﬁfﬂﬁﬁﬂﬁ’ﬂi%‘? Y1 open-angle glaucoma T ﬂﬂﬂﬁ%&l‘]ﬂu glaucoma ¥ia

9
(5859 38 secondary glaucoma 1aEAANIINAUIUINMNBUNIAR glaucoma AIUUVLIB BUWA UL
k¢ or 1 = =
14 pilocarpine  Henenii 1§51 epilepsy 14119318 ums i metabolic acidosis tazgni
13
1 =y ¥ d ot G
Tasasevesenly ONS useI1nfan1sRBe18d 195357 01 ldtle e unSadny1 acute mountain
sickness (altitude sickness) Utae familial periodic paralysis 141193 Han 135y uRerdosfunisiia
. . . ) a" ¥ . . o a

metabolic acidosis tiaz 141/5e Tawtilun13ud lua 112 metabolic alkalosis Taamwizfifaginnis

Seavilagzim vl 5 senuniuilaany
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eREnaz ATy
Acetazolamide (Diamox®) Tumssau congestive heart failure 1981 250-375 mg Tun
afauaglums s glaucoma 1981 250 mg %09 4 %2 Tug
Oral : 125,250 mg tablet
Oral : sustained-release : 500 mg capsules
Parenteral : 500 mg powder for imjection
Dichlorphenamide (Daranide®)
Oral ; 50 mg tablets
Methazolamide (Nepmzane®, Glauctabs™) 9119 50-100 mg U8 2-3 ﬂig 3 Tumssown
open-angle glaucoma

Oral : 50 mg tablets
2 LOOP DIURETICS (HIGH- CEILING DIURETICS)

d
REMIAATYING
“ v o + - 0 LT w b + . =& =
finennan1sduieNa -K 21 symporter i l¥iiNn s TUm0 N oz €I 54 25% voadign
N39498n37 UAZA13A 1Y transmembrane potential difference ¥l ¥iiinAsVud e Ca¥liny Mg™
= Lo o ' [ ] 5
furosemide 3 -SO, NH, TugnsIasaas198algnFiude carbonic anhydrase 8d14saus I¥nariie

A5UUR18 HCO, 1Ay phosphate Loop diuretics NnUHAIZANA1T 40818 K iaz H %0 tiratable

acid

2117 e szaed

aaummidlunaua1nnafie flud uay electrolytes liauga 18uA  hyponatremia nag/
n3IfA extracellular volume depletion 334111 hypotension 8f GFR 1fi@ circulatory collapse 3}
thromboembolism HaE aluliiﬂaﬂs ARLIZING bepatic encephalopathy

loop diuretics ¥ 1IfiaRnABY (ototoxicity) D2iioIns
tinnitus, hearing impairment, deafness, vertigo c?aﬁauu1naxw1a
Binsinduveniioldlag3tdnsudmasaionduiauiuly o
ethacrynic acid ¥ 1 HifiafiwdsyInn 841 Loop diuretics
#r1iie hyperuricemia, hyperglycemia, lﬁiﬁ i1 Tusiy LDL 1531+

triglycerides UABATZAY HDL cholesterol
dazTavsilumsshm
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19517 acute pulmonary edema Eﬂuﬁﬁﬂ
#5711 chronic congestive heart failure
assaulsnanuduladings oz lilddiu brst choice
filae1sale (mephritic syndrome) fiflemsuauethemnn nie
Hheft lavhamuandesasionisuansinld Loop diuretics
wazsin I udthoff ascites 11nTsnduuda Giver cirrhosis)

FN¥IAAIE hypercalcemia INHINTIE hyperkalemia uazdelisady

~ 5 o
gUnSBNLAZ VALY
. ., ® o w = ¥
Furosemide (Lasix) Tunsinun Tsaanuaulafings 1o
3
20-40 mg Juazase lumssnuemsuiu s isawle du la et
mg/kg body weight 948# 20 mg/day 10835 IV. u3a IM.
Oral: 20, 40, 80 mg tablets
Parenferal : 10 mg/ml
Bumetanide (Burinex®, Bumex% Tdvum 1-4 mg AU Ui D
191 5 mg Tum3¥nyT edema AT lovharuunawses
Oral: 0.5, 1,2 mg tablets
Parenteral: 0.5 mg/ml

Ethacrynic acid (Edecrin’) (lufidmsing)

HYPOTENSION -

HYPOKALEMIA -

Figure 22.7

Summary of some adverse effects
sommenly observed with loop
diuretics.

3 THIAZIDE AND THIAZIDE-LIKE
DIURETICS

g1 8 o1msu iR wlsvaafund loop diuretios

(Ref: Harvey et al., 2006)
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] . 1 . . - . o g ¥ =5
A% affinity ged8 thiazide dinretics 919200NgNTEVHINITYUA NaCl T4 DCT Fuilu primary

. b i . & . . o 1
site of action @3UT proximal wbule 819U secondary site of action fa InMseBNgNFIE 193181

929UNY CI binding site
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ar 3 - o 9/ a' Y ¥ - . . =y o o
A9 EUEY Nz —Cl symport 11NN 90818 N 1ag C1 thiazides U1eraigniiuds

L] 1 el . a & w1 -
carbonic anhydrase 80148047 81951NTH proximal tubule Mlfiiun1dude HCO, Az
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phosphate Na_# ligngadunda

5UN 9 msA1eq Indsesnuduilan:

dialForngu thiazides "

(Ref: Harvey et al., 2006) I
Volume
of urine.

Figure 22.4
Relative changes in the composition of
amsliRalszaan urine induced by thizzide diurstics.
g N . . N ad l=; s s
PUAITYVINYT Thiazide diuretics NTUUTIVINVIUDINY
Msifeayaaved fluid 1A% electrolytes 1AUN  extracellular

volume depletion, hypotension, hypokalemia, hyponatremia,

hypochloremia, metabolic alkalosis, hypomagnesemia,
hypercalcemia D2 hyperuricemia mmﬂajﬁqﬂnmﬁ’ﬁwﬂﬁ
ey 18R ®1R1TNII CNS  I¥U vertigo, headache,
paresthesia, xanthopsia, weakness 81T NWNNISIWIZBIUITURL

a1'1d 1dun anorexia, nausea, vomiting, cramping, diarrhea,

constipation, cholecystitis, pancreatitis 91013 impotence A%
a9 1ibido @1n151N8ITVIHDA 1¥U photosensitivity, skin rashes

o J 4 )
Thiazide diuretics ¥11¥aalwfongsiu filaw

RO 3 A A
l'l)’l‘l’i?]liwquﬂ‘i'mgﬂ']ﬂ'ﬁﬂ%zﬂ@‘]ﬂ‘ﬁiu@

9 )
%9111 thiazide diuretics 8191ANTZAY LDL cholesterol, total

. HYPOTENSION .
cholesterol 8% total triglycerides Wz ldlufilefiuien o

sulfonamides

51U 10 emsdu bivalszasives

Thiazide diuretics

o HY_PQNA;_!'R'

(Ref: Harvey et al., 2006)

dsxlastlun1s5nen

15917 edema 910 15AVB4TLVUTII(CHE) s

{hepatic cirrhosis) Uf 2o (nephritic syndrome, chronic renal

HYPERGALCEMIA

failure, and acute glomerulonephritis) Hon4 thiazide diuretics Figure 22.5

4 o w T 2 & A Summary of some ad ff
wnigalunssmnlsaanudulatogs Taoldfen ry adverse effects
T 3§ IR commonly observed with
thiazide diuretics.
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2 o by

1¥5mfueannusu Tafariindy annsnas i systolic HRY diastolic pressure #1511907
HOWBYIUTUTIAGN wuiuazads ffensszSatos m3ugns lunsaammdufunviady
thiazide Futly diuretic of choice 14N1587 extracellutar volume Eﬁﬂ'g’ 1197 heart failure @(‘?‘u
pauniviunats 114 tiazide 15 18na Aa3fintsanld loop diuretics; 91914 thiazide diuretics

rNoud Ay bromide intoxication

sunSosasvnafily
Hydrochlorothiazide (Dichlortide”) TumsShunTsannudulafingalen 12,525 mede
Ju lun1ssny edema 1o 25-100 mgdotu Tuwdinlfuinm 2.5 mg/ke body weight dia i
Oral: 50 mg tablet ltne tablet Ainara Amiloride 5 mg %58 Triamterene 50 mg
Chlorthalidone (Hygroton") Tumsinulsannudulafinga 1961 25-200 mg dsin
Oral : 50 mg tablet
Bendroflumethiazide (Naturetin®)
Oral : 2.5 mg tablet ‘?;Nﬂll KCl 573 mg
Indapamide (Natrilix") 1‘i?)%'ﬂ%iﬁ'iﬂﬂ’a1N€?ﬂiﬁﬁﬂqﬂﬂﬂﬁlﬁm 2.5 mg Ao

Oral 2.5 mg tablet

4 INHIBITION OF RENAL EPITHELIAL NA® CHANNELS G€ —SPARING DIURETICS)

o
nalnniseengni 7
5t ]
#1 Triamterene 1R Amiloride 928089 Na  channel
luminal membrane YD principal cells

HunFTUEe Na iaz ¢l 1Reudntion

o s '_ = VD!UI:TIB of
VN NHAYINN o urine
871 Amiloride ¥A210454 10 191984 Triamterene Figure 22.8
v & . 2 o P Relative changas in the composition
N158U849 Na channel 8EIWUNITVLDI NaCl (Hguanioy of urine induced by potassium-

sparing diuretics.

U52110 2% V2999NNTBY N150A lumen negative

. 1 1 msnfevinasdandseney vostlaas
transepithelial voltage 111901500 £, H, Ca™ 1z 4 v

A qw
i 14 otassiam sparin
Me”" anaq P pame

(Ref: Harvey et al., 2006)
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panirfiluduasefigafio n131fa hyperkalemia ¥ulde1ludileffian1iz hyperkalemia
3o Athefifinamufvsfiezing hyperkalemia 1508128 Taa1e fil60 1850w K -sparing diuretics
P vow 1 o . = ! . " .
U BYLRT ’f}’lﬂ'l‘i"l&i%iﬂ‘ixﬂ\‘lﬂ%m& amiloride NWUUBBUINAD nausea, vomiting, diarrhea,

headache @Y triamterene 1SWY nausea, vomiting, leg cramps UaY dizziness

dselgrilunisdnm

L)

gariunldilsz TenliNeannsgane K onmduilaaivsiiady (9u thiazide 150 1oop

diuretics nazfiugnituilamaz uazqninanuiuvsssudazifi 19 uiude
e Teuazuinaiy
Amiloride (Dyrenium®) ¥ luwum 5 mg 33UABE hydrochlorothiazide 1un135muilsn
mmé'fuiaﬁmg& WY congestive heart failure
Oral :tablet5 mg AT Aue hydrochlorothiazide 50 mg
Triamterene (Miclamor®) 18 1u9um 50 mg SAUAVE hydrochlorothiazide ‘?ﬂﬁﬁ‘i FIE1Y
sulafingains edema AifnnnTsaiale du Tn tazeinmslfen NSAIDs

Oral: tablet 50 mg WA hydrochlorothiazide 25 mg

5 ALDOSTERONE ANTAGONISTS (15- SPARING DIURETICS)

QNEMALAFYINe
= \J + . . . <4 & . - s g Qs o
IMUBUYINAY Na channel inhibitors D K sparing diuretics HONTIAHTVUAUTYAY

9r 2 o @ 4 a & = . o/ ,3’
aldosterone mmmzmuqaﬂﬁ)xm"lﬂqwﬁmmm spironolactone Tumsuilaaizanniy

21013 19 fladlszaad

IUREIRUET K -sparing diuretics 51| ABIRATATIY hyperkalemia THIUSUAT 19550 B
F 1 Iufthefiian1z hyperkalemia W5olandefiozifn hyperkalemia Aifaen Tsansenn
%‘Ll“‘{ Eﬂ‘ﬁﬁiﬂﬂﬁ%’ 1 steroid 3981991 1% 1Aa gynecomastia, impotence, 09 lidibo, hirsutism, 18 e
unay, Uszdudoun biminaue unzifndensenlunssmzermsuazdr1d Hldludihe
Tsaunalunszinzeinsuazd1ld eimsnieszundssamaiunatsiiny 1848 drowsiness,

lethargy, ataxia, confusion 8% headache 919100 skin rashes #3415 blood dyscrasia nu'liivey
wunzd udunludihen1fnszezen

Ty lunissnuen
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Spironolactone Wn195mA e thiazide 150 loop diuretics TUATSAYN edema tazTsn
(Y] - . < . v . J . . . '
mmmﬂawmq« spironolactone 1114 diuretic of choice “lurﬁ'ﬂm hepatic cirrhosis ; spironolactone
faldfusnnasgiulunisann1sa1v91n ventricular arthythmias 1ufihe heart failure
[~ w AT g/ o =4 ) 9t
Eplerenone {{uaannuauinsudslasansuaziilszaniniw Tugilie acute myocardial
infarction N1l 13AUMInSoUTAY left ventricular systolic dysfunction MF@TUMISAY1 Taue

o o

eplerenone AMTDAABATINIAIBVBITY IRa 19 TTed 18y

B SHNUAZ YU IAN Y

Spirenolactone (Aldactone’) 19 1UaU1A 50-100 mg Ao ANVUIAGIIUTA 200 mg @B
Oral: 25 mg tablet (0 50 mg tablet HAN 1 furosemide 20 mg

¢ OSMOTIC DIURETICS
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Mannitol 19803/ ums1fa acute renal failure (ARF) fUfiannaumageaise fianinduiveg
Aeuealaza1eluI 1010 U acute toxic ingestion H38A15IAN trauma ¥os 1A Tasmmized19b
an1EfiAR acute tubular necrosis (ATN) wilur e dAyveen1TiAn ARF 87 mamnitol 93578
HloafiuTagsile whular casts fiaadumngasen lunfe Tagvirlfwan nephrotoxin &4ldud o1 199
fnmdeln fanududuly wbular fluid aeas aaeasyliduiweniazann s UINVES mbular
elements

mannitol 1§e1is1 urea flow lugfilsferfumsrhdinwaenifienuazinle

Osmotic diuretics #1119 osmotic pressure 14 plasma dudussiahesnanm uazaxes 19
a9 intraocular pressure ITM315M3101015993 glaucoma ¥ide Aeuviendaridam uazlfaams
VINVBITUBIADUUATHEINISH AT NS uaninﬂ1‘3’1%’%’%1@mmﬁaamqamﬂm‘sm dialysis

swusuputy

a o
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Mannitol (Osmitrol™) 1% 100 - 500 ml Y84 20% injection 108 infuse I %avn@ond

injection 20% YU 500 ml
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Hypothalamus
Masking agents

]

JCW—M(CfCH;i; R
1. Ol-reductase mmhibitors

CH,

"lgl’tlf‘i finasteride %’ﬂagi“lu

/f\\/ -
: : ' .
P, /H\\/ QY Antiandrogens
Finasteritia 1—@——— GnRRH antagonists (1)
ANTIANDROGENS —i+ GnRH agenists {2)

The potential usefulness of antiandrogens in the

treatment of patients producing excessive
Pituitary

amounts of testosterone has led ic the search for gonadotrophs

effective drugs that can be used for this purpose.

Conversion of Steroid Precursors to Androgens

Since dihydrotestosterone—not testosterone—

appears to be the essential androgen in the prostate,

androgen effects in this and similar Testis
dihydrotestosterone-dependent fissues can be

reduced by an inhibitor of S&-reductase (Figure 40— 4—{2—}— Ketouonazals,

A 3
spironotactone (3

8). Finasteride, a steroid-like inhibitor of this

enzyme, is orally active and causes a reduction Testoslerone

in dihydrotestosterone levels that begins See- —t—{f}-—— Finaslerids
Hedyctasa {4y

within 8 hours after adminisiration and lasts for about

24 hours. The haif-life is about 8 hours (longer in :

Ditydrotestosieraone
elderly individuals). Forty to 50 percent of the dose is

Fiuntarmide,

metabolized; more than half is excreted in the -’”’"’_? cyproiatone, (5)
feces, Finasteride has been reported to be /Q/ /(—’ spironclactona
moderately effective in reducing prostate size in men Andeogen-receptor compiex
with benign prostatic hyperplasia and is approved

for this use in the USA. The dosage is 5 mg/d. Its

use in advanced prostatic carcinoma is under Andragen “ -
. . response
siudy. The drug is not approved for use in women or element hv4

children, although it has besn used successiully in

the treatment of hirsufism in women and early male

pattern baldness in men (1 mg/d).

Exprassion of appropriaie
genes in androgen-responsive cells

Source: Katzung BG: Basic & Clinical Fharmacology . 10th Edition:
bttp://wwe. accessmedicine, com

Copyright ® The McGraw-Hill Companies, Inc All rights reserved.

Fig 40_8 Control of androgen secretion and activity and some sites of action of antiandrogens. (1),
competitive inhibition of GnRIM recepiors; {2}, stimulation (+, pulsatife administration} or inhibition via
desensitization of GrRH receptors {-, continucus edministration); {3), decraased synthesis of

testosterone in the testis; (4}, decreased synthesis of dihydrotestostarsre by inhibition of 5%~

reductase; (5), competition for binding to cytosol androgen receptors
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Finasteride

Formulation Details Proscar® [Merck and Co Ine] Tablet (5 mg)
L. 8. Brand Names

Propecia®; Proscar®

Pharmacologic Category

5 _Alpha-Reductase Inhibitor

Indications & Usage

Use Propecia®: Treaiment of male pattern hair loss in men only. Safety and efficacy were demonstrated in men between
18-41 years of age.

Proscar®: Treatment of symptomatic benign prostatic hyperplasia (BPH). can be used in combination with an alpha-
blocker, doxazosin

Use: Unlabeled/investigational

Adjuvant monotherapy after radical prostatectomy in the treatment of prostatic cancer; female hirsutism
Contraindications

Hypersensitivity 1o finasteride or any component of the formulation; pregnancy; net for use in chitdren

Dosing
Dosing: Adults

Benign prostatic hyperplasia {Proscar®): Oral: 5 mgfday as a single dose; clinical responses ocour within 12 weeks to 6
months of iniiation of therapy; long-term administration is recommended for maximat response

Male pattern baldness (Propecia®): Oral: 1 mg daily
Female hirsutism (unlabeled use): Oral: & mg/day

Pregnancy Implications

Abnormaiities of external male genitalia were reported in animal studies. Pregnant women are advised to avoid contact
with crushed or broken tabiets.

Clinical Pharmacology

Mechanism of Action

Finasteride is a competitive inhibitor of hoth fissue and hepatic 5-alpha reductase. This resulis in inhibition of the
conversion of testosterone to dihydrotestosterone and markedly suppresses serum dihydrofestosterone levels

Pharmacokinetics
Onget of action: 3-8 monihs of ongoing therapy
Duration:
After a single oral dose as small as 0.5 mg: 656% depression of plasma dihydrotestosterone levels persists 5-7 days
After 6 months of treatment with 5 mg/day: Circulating dihydrotestosierone levels are reduced to castrate levels without
significant effects on circulating teslosterone, levels return to normal within 14 days of discontinuation of treatment
Excretion: Feces (57%) and wrine {39%) as metabolites
Monitoring
Monitoring Parameters
Objective and subjective signs of relief of benign prostatic hyperpiasia, including improvement in urinary flow, reduction
in symptoms of urgency, and relief of difficulty in micturition

Patient Education

Do not take any new medication during therapy unless approved by prescriber. Results of therapy may take several
months. Take with or without meals. May cause decreased libido or impotence during therapy. Report any changes in
urinary pattern (significant increase or decrease in volume or voiding patferns). Report changes in breast condition
{pain, lumps, or nippie discharge) in male and female patienis. Pregnancy precautions: This drug will cause fetal
abnormaiilies - use barrier confraceptives and do not allow women of childbearing age to touch or handle broken or
crushed tabiets.
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Plasma expanders {(Volume Expanders)

Lactated Ringer's solution or buffered saline solution administered in amounts two to three times the estimated blood loss
is effective and associated with fewer complications. Dexfran or a combination of lactated Ringer's solution and normal
serum aibumin are preferred for rapid volume expansion. Commercially available dexiran probably should not be
administered in amounts exceeding 1 Ud because prolongation of the bleeding time and consequent hemorrhage can

oceur. Low molscular weigit dextran (30-40,000 Da) possesses a higher colloidal pressure than plasma and effscls some
reversal of erythrocyte agghutination,

Dextran

Formulation Deidails {Abbott Laboratories] Infusion, premixed in NS (6% Dextran 70)
11.5. Brand Names

Gentran®; LMD®

Pharmacologic Category

Plasma Volume Expander

Volume (Plasma) Expander

Indications & Usage
Use
Blood volume expander used in treatrment of shock or impending shock when blood or blood products are not availeble;
dexiran 40 is also used as a priming fiuid in cardiopulmonary bypass and for prophylaxis of venous thrombosis and
pulmonary ernbolism in surgical procedures associated with a high risk of thromboembolic complications
Contraindications
Hypersensitivity to dextran or any component of the formulation; marked hemostatic defects (thrombocytopenia,
hypofibrinogenemia) of al types including those caused by drugs; marked cardiac decompensation: renal disease with
severe oliguria or anuria
Warnings/Precautions

Concetns refated fo adverse effects:

+ Decreased hematocrit. Exercise care 10 prevent a depression of hematocrit <30% (can cause hemodilution); observe for
signs of bleeding.

» Fluid overload: Administration can cause fluid overload; use with caution in patients with hypovolemia.

+ Hypersensitivity reactions: Have been reporied (dextran 40 rarely causes a reaction), usually early in the infusion. Monitor

closely during infusion initiation for signs or symploms of a hypersensitivity reaction. Dextran 1 is indicated for prophylaxis
of serious anaphylactic reactions 1o dexfran infusions,

+ Renal failure: Has been reported: fluid status including urine output should be monitored slosely.

Dosing
Dosing: Adulis

Volume expansion/shock:

Dextran 40: 500-1000 mlL at a rate of 20-40 mi/iminute (maximum: 20 miJkg/day for first 24 hours); 10 mbU/kglday thereafter;
therapy should not be continued beyond 5 days

Dextran 70: 500-1000 mL at a rate of 20-40 mL/minute {maximurm: 20 mlL/kg/day for first 24 hours)

Prophylaxis of venous thrombosis/pulmonary embolism: Dextran 40: Begin during surgical procedure and give 50-100 g on
the day of surgery; an additional 50 g (800 mL) should be administered every 2.3 days during the period of risk {upto 2
weeks postoperatively); usual maximum infusion rate for nonemergency use: 4 mbiminute
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Available Products

Excipient information presented when available (limiled, particularly for generics); consult specific product labeling.
infusion {premixed in D-W; low molecular weight]:
L.MD®: 10% Dextran 40 (500 mL}
Infusion {premixed in NS; high molecular weight]:

Gentran®: 6% Dextran 70 {500 mL)
Infusion {premixed in NS; fow molecular weight]:
LMD®: 10% Dextran (500 mL)
Administration
Administration, LV.
For V. infusion only (use an infusion pump). infuse inifial 500 mL at a rate of 20-40 mL/minute if hypervolemic. Reduce
rate for additional infusion o 4 mb/minute. Observe patients closely for anaphylactic reaction.

Clinical Pharmacology
Mechanism of Action
Produces plasma volume expansion by virtue of its highly colioidal starch structure, similar fo albumin

Pharmacokinetics
Cnset of action: Minutes to 1 hour (depending upon the molecular weight polysaccharide administered)

Excretion: Urine (>75%} within 24 hours

Albumin

Formulation Details Plasbumin®-25 {Bayer Corp Pharmaceutical Div] Injection, solution (25%)

.S, Brand Names
Albumarc®; Albuminar®; AlbuRx™; Albutein®; Buminate®; Flexbumin; Plasbumin®

Pharmacologic Category
Blood Product Derivative, Plasma VYolume Expander, Colloid
Collcid Plasma Volume Expander; Volume (Plasma) Expander, Colloid

indications & Usage

Use

Plasma volume expansion and maintenance of cardiac oulput in the treatment of certain types of shock or impending
shock; may be useful for bum patients, ARDS, and cardiopulmonary bypass; other uses considered by some investigators
(but not proven) are retroperitoneal surgery, peritonitis, and ascites; uniess the condition responsible for hypoproteinemia
can be corrected, albumin can provide only symptomatic relief or supportive treatment

Use: Unlabeled/Investigational

In cirrhotics, administered with diuretics to help facilitate diuresis; large volume paracentesis; volume expansion in
dehydrated, mildiy-hypotensive cirrhotics

Contraindications
Hypersensitivity to albumin or any compenent of the formulaffory; patients with severe anemia or cardiac failure

Warnings/Precautions
Concerns related fo adverse effects:

+ Hypervolemia: All patients should be observed for signs of hypervolemia such as pulmonary edema; monitor ciosely with
rapid infusions.

Dosing
Dosing: Adults

Note: Use 5% solution in hypovolemic patients or intravascularly-depleted patients. Use 25% solution in patients in whom fluid
and sodium inlake is restricted.
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Usual dose: 25 g; initial dose may be repeated in 15-30 minutes if response is inadequate; no more than 250 g should be
administered within 48 hours.

Hypoproteinemia: 1.V.: 0.5-1 g/kg/dose; repeat every 1-2 days as caloulated 1o replace ongoing losses.

Hypovolemia: 5% albumin: 0.5-1 g/kgfdose: repeat as neaded. Note: May be considered after inadequate response o
erystalioid therapy and when nonprotein colloids are contraindicated. The volume administered and the speed of infusion
should be adapted fo individual response.,

Available Products
Excipient information presented when available (fimited, particularly for generics); consult specific product labeling.

injection, solution {preservative free; human};

Albuminar®: 5% (50 mL, 250 mL, 500 mL) [50 mg/mL; contains sodium 130-160 mEqg/L and potassium <1 mEgfL;

packaging contains dry natural rubber]; 25% (20 mL, 50 mt, 100 mL) [250 mg/mL; contains sodium 130-160 mEg/L and
polassium S 1 mEq/L; packaging contains dry natural rubber]

AlbuRx™: 5% (250 mi, 500 mL) [50 mg/mL; contzins sodium 130-160 mEqg/L and potassium <2 mEg/L]; 25% (50 mL, 100
ml) {250 mg/ml; contains sodium 130-160 mEg/L and potassium <2 mEgfLy

Albulein®: 5% (250 mL, 500 ml.) [50 mg/mL; contains sodium 130-160 mEq/L and potassium <2 mEq/L]

Buminale®: 5% (250 mL, 500 mL) [50 mg/mL; contains sodium 130-160 mEg/L and potassium =2 mEqg/L; packaging
contains dry natural rubber]; 25% (20 mL, 5G mL, 100 mL) [25C mgfmL; contains sodium 130-160 mEqg/L and potassium
< 2 mEqiL; packaging contains dry nalural rubber]

Flexburmir, 25% (50 mL, 100 mL) [250 mgfml; contains sodium 130-160 and polassium 52 mEg/L]
Human Albumin Grifols®; 25% (50 ml, 100 mL) [250 mg/mL; contains sodium 130-160 mEg/l. and polassium <2 mEqiL]

Plasbumin®: 5% {50 mL, 250 mL) [50 mg/mL; contains sodium ~145 mEg/L and potassium <2 mEg/L]; 25% (20 mi, 50 mL,
100 mk) £26C mg/ml; contains sodium ~145 mEq/L and potassium <=2 mEg/L]

Administration

Administration, V.

For 1.V. administration only. Use within 4 hours after opening vial; discard unused portion. in emergencies, may administer
as rapidly as necessary to improve clinical condition. After initial volume replacement;

8%: Do not exceed 2-4 ml/minute in patients with normal plasma volume; 5-10 mL/minute in patients with hypoproteinemia

25%: Do not exceed 1 mL/minute in palients with normal plasma volume; 2-3 mL/minute in patients with hypoproteinemia

Clinical Pharmacology
Mechanism of Action

Provides increase in intravascular oncolic pressure and causes mobilization of fluids from interstitial into intravascular
space

Monitoring
Monitoring Parameters
Blood pressure, pulmonary edema, hematoorit

Patient Education
Education is provided as appropriate for patient condition. This medication can only be administered intravenously, You
will be monifored closely during the infusion. Report immediately any pein or bruising at infusion site, acute headache,

difficully breathing, chills, chest pain or fightness, palpitations, or sudden pain. Pregnancy precaution: Inform prescriber if
you are pregnant.
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ACRONYMS

wﬁ 5 Anabolic steroids

CBG: Corticosteroid-binding globulin (transcortin)

DHEA: Dehydroepiandrosterone

DHEAS: Dehydroepiandrosterone sulfate

FSH: Follicle-stimulating hormone

GnRH: Gonadolropmn-releasing hormone

HDL: High-density lipoprotein

HRT: Hormone replacement therapy (also called HT)

LDL: Low-density lipoprotein

LH: Lutemizing hormone

SERM: Selective estrogen recepior modulator

S1. ANABOLIC AGENTS

Anabolic agents are prohibited.

1. Anabolic Androgenic Steroids (AAS)

*

a. Exogenous AAS, including:

b. Endogenous AAS:

o 3/
RELAN.AT. IATENFNA 1DDMA Y

2. Other Anabolic Agents, including but not {imited to:

Clenbuterol, selective androgen receptor modulators (SARMs), tibolone,

zeranol, zilpaterol.

Brug Example{s} .- -
class T
Anabolic Androgenic
agents  sterolds
(testosterone,

nandrolone and
many others;}

Clenbuterol

Effects

Mainly increased
muscle development.
Increases aggression.
Serious long-term side
effects {see text).

Combined anabolic and
agonist action on Bz
adrenoceptors, which
may increase muscle
strength.

72

Urine or
blood
samples

Many are endogenous
compotnds, so results
significantly outside the
physiological range are
required.

Human chorionic
gonadotrophin
sometimes used by
athletes to increase
androgen secretion.



THE TESTIS (ANDROGENS & ANABOLIC STEROIDS, ANTIANDROGENS)

The 1estis, like the ovary, has both gametogenic and endocrine functions. The onset of
gametogenic fanction of the testes is controlled largely by the secretion of FSH by the pituitary.
High concentrations of lestosterone locally are also required for continuing sperm production in
the seminiferous wbules. The Sertoli cells in the seminiferous tubules may be the source of the
estradiol produced in the testes via aromatization of locally produced testosterone, With LH
stimulation, testosterone is produced by the interstitial or Leydig cells found in the spaces

between the seminiferous tubules.

Cholesterol 7= — — — — ~» - Qestriol

~ v -;"Aromatase -
Androstenedione

A
(Frsieior)

> Oestrone

Anastrazole

Dihydrotestosterone s———————r=r"—-——- Testosterone - —

o Sﬁ-RedaJcﬁas'é;;; : * Aromatase
*c, et

> _Qestradiol'

£ Elsevier. Rang et al: Pharmacology 6e - www.studentconsuit.com

Figure 30.3 The biosynthetic pathway for the androgens and oestrogens, with sites of drug

action. Finasteride is used in benign prostatic hyperplasia, and anastrazole to treat breast cancer in

postmenopausal women.

Androgens & Anabolic Steroids

In humans, the most important androgen secreted by the testis is lestosterone. The pathways of
synthesis of testosterone in the lestes are similar o those previously described for the adrenal and
ovary.

In men, approximately 8 mg of festosterone is produced daily. About 95% is produced by the
Leydig cells and only 5% by the adrenal. The testis also secretes small amounts of another
potent androgen, diliydrotestosterone, as well as androstenedione and dehydroepiandrosterone,

which are weak androgens. Pregnenolone and progesterone and their 17-hydroxylated derivatives

are also released in small amounts. Plasma levels of testosterone in males are about 0.6 meg/dL
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after puberty and appear to decline after age 50. Testosterone is also present in the plasma of

women in

{ ]

| Hypothalamus J -

L N
GE;H ©

,{ Anterior pituitarw\l * -

L s / \

Serto;i
cell ™.

Gametogenesis - Testosterong ———"
seminiferous .
tubuies Dihydrotestosterone

Secondary sex organs
O Elsevier. Rang et al: Pharmacology 6e - wwﬁ.v.studentcunsult.com

Figure 30-4 Hormonal control of the male reproductive system. FSH, follicle-stimulating

hormone; GnRH, gonadotrophin-releasing hormone; ICSH, interstitial cell-stimulating hormone.

concenirations of approximately 0.03 mcg/dL and is derived in approximately equal parts from
the ovaries and adrenals and by the peripheral conversion of other hormones,

About 65% of circulating (estosierone s bound to sex honnone-binding globulin. SHBG is
increased in plasma by estrogen, by thyroid hormone, and in patients with cirrhosis of the liver. It
ts decreased by androgen and growth hormone and is lower in obese individuals, Most of the
remaining (estosterone is bound to albumin. Approximately 2% remains free and available o

enter cells and bind (o intracellular receplors.
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Actions of androgen (Rang and Dale et. al.,)

In general, the effects of exogenous androgens are the same as those of testosterone, and
depend on the age and sex of the recipient. If administered to boys at the age of puberty,
there is rapid development of secondary sexual characteristics, maturation of the reproductive
organs and a marked increase in muscular strength. Height increases more gradually.
The anabolic effects can be accompanied by retention of salt and water. The skin thickens
and may darken, and sebaceous glands become more active (which can result in acne).
There is growth of hair on the face and on pubic and axillary regions. The vocal cords
hypertrophy, resulting in a lower pitch to the voice. Androgens cause a feeling of well-being
and an increase in physical vigour, and may increase libido. Whether they are responsible for
sexual behaviour as such is controversial, as is their contribution to aggressive behaviour,

If given to prepubertal males, the individuals concerned do not reach their full predicted
height because of premature closure of the epiphyses of the long bones.

Administration of ‘male’ doses to women results in masculinisation, but lower doses (e.g.
300ug/day testosierone patches) restore plasma testosterone t0 normal female
concentrations and improve sexua!l dysfunction in women following ovariectomy, without
adverse effects (Shifren et al., ¥, Braunstein et al,, *).

Mechanism of action

In most target cells, testosterone works through an active metabolite, dihydrotestosterone,
to which it is converted locally by a 5a-reductase enzyme. In contrast, testosterone itself
causes virilisation of the genital fract in the male embryo and regulates LH/ICSH production in
anterior pituitary cells. Testosterone and dihydrotestosterone modify gene transcription by
interacting with intracellular receptors.

Preparations

Testosterone itself can be given by subcutaneous implantation or by transdermal patches.

Various esters (e.g. enanthate and proprionate) are given by intramuscular depot injection.
Testosterone undecanoate and mesterolone can be given orally.

Unwanted effects

Unwanted effects of androgens include eventual decrease of gonadotrophin reiease, with
resultant infertility, and salt and water retention leading to cedema. Adenocarcinoma of the
liver has been reported. Androgens impair growth in children (via premature fusion of
epiphyses), cause acne, and lead to masculinisation in girls.

ANABOLIC STEROIDS

Androgens can be modified chemically {o alter the balance of anabolic and other effects,
Such 'anabolic steroids’ (e.g. nandrolone) increase protein synthesis and muscie
development, but clinical use (e.g. in debilitating disease) has been disappointing. They are
used in the therapy of aplastic anaentia, and (notoriously) abused by some athletes.
Unwanted effects are described above, under Androgens. In addition, cholestatic jaundice,

liver tumours and increased risk of coronary heart disease are recognised adverse effects
of high-dose anabolic steroids.

Androgens and the hormonal control of the male reproductive
system

» Gonadotrophin-releasing hormone from the hypothalamus acts on
the anterior pituitary to release both follicle-stimulating hormone,
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which stimulates gametogenesis, and luteinising hormone (also
called interstitial cell-stimulating hormone), which stimulates
androgen secretion.

+ The endogenous hormone is testosterone; intramuscular depot
injections of testosterone esters are used for replacement therapy.
» Mechanism of action is via intracellular receptors.

« Effects depend on age/sex, and include development of male
secondary sexual characteristics in prepubertal boys and
mascuiinisation in women.

Clinical use of androgens

s Androgens (festosterone preparations) as hormone replacement
in:

o male hypogonadism due to pituitary or testicular disease
(e.g. 2.5 mg/day patches)

o hyposexuality following ovariectomy (e.g. 300ug/day
patches).

« Sa-Reductase inhibitors (e.g. finasteride) are used in benign
prostatic hypertrophy. (85. masking agents)

Rang Dale Ending

Physiologic Effects

In the normal male, estosterone or its active metabolite Sa-diltydrotestosterone is responsible for
the many changes that occur in puberty. In addition to the general growth-promoting properties of
androgens on body tissues, these hormones are résponsible for penile and scrotal growth,
Changes in the skin include the appearance of pubic, axillary, and beard hair. The sebaceous
glands become more active, and the skin tends to become thicker and oilier. The larynx grows
and the vocal cords become thicker, leading to a lower-pitched voice. Skeletal growth is
stimulated and epiphysial closure accelerated. Other effects include growth of the prostate and
seminal vesicles, darkening of the skin, and increased skin circulation. Androgens play an
important role m stimulating and maintaining sexual function in men. Androgens increase
lean body mass and stimulate body hair growth and sebum secretion. Metabolic effects include
the reduction of hormone binding and other carner proteins and increased liver synthesis of
clotting factors, triglyceride lipase, @ -antitrypsin, haptoglobin, and sialic acid. They also

stimulate renal ervthropoietin secretion and decrease HDL levels,
Synthetic Steroids with Androgenic & Anabolic Action

Testosterone, when administered by mouth, is rapidly absorbed. However, it is largely converted

1o inactive metabolites, and only about one sixth of the dose administered is available in active
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form. Testosterone can be administered parenterally, but it has a more prolonged absorption time
and grealer activity in the propionate, enanthate, undecanoate, or cypionate cster forms. These
derivatives are hydrolyzed to release free testosterone at the site of injection. Testosterone

derivatives alkylated at the 17 position, eg, methyltestosterone and fluoxymesterone, are aclive

when given by mouth.

Testostergne and ils derivatives have been used for their anabolic effects as well as in the
treatment of testosterone deficiency. Although testosterone and other known active steroids can
be isolated in pure form and measured by weight, biologic assays are stifl used in the
mvestigation of new compounds. In some of these studies in animals, the anabolic effects of the
compound as measured by trophic effects on museles or the reduction of nitrogen excretion may
be dissociated from the other androgenic effects. This has led to the marketing of compounds
claimed to have anabolic activity associated with only weak androgenic effects. Unfortunately,
this dissociation is less marked in humans than in the animals used for testing (Table 40-3), and

all are polent androgens.

Table 405, Androgens: Preparations Available and Relative Androgenic: Anabolic Activity in Animals.

Testostercne

_Testoslerone enanthate

| Methyliestosterone ... RN |
| Flugrymesterone . ]| A 3
 Qometnolone T I ‘:
s Oxandrolone P13443 o -'J
I:Na-ndrolone decanoate - i

Pharmacologic Effects
Mechanisms of Action
Like other steroids, testosterone acts mtracellularly in target cells. In skin, prostate, seminal
vesicles, and epididymis, it 1s converted to Sa~dilipdrotestosterone by 5z-reductase. In these

tissues, dihydrotestosterone is the dominant androgen. The distribution of this enzvme in the fetus

is different and has important developmental implications.
Testosterone and dihydrotestosterone bind to the intracellular androgen receptor, initiating a
series of events similar to those described above for estradiol and progesterone, leading to growth,

differentiation, and synthesis of a variety of enzymes and other functional proteins.
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Lffects

In the male af puberty, androgens cause development of the secondary sex characteristics (see
above). In the adult male. large doses of testosterone——when given alone—or its derivatives
suppress the secretion of gonadotropins and result in some atrophy of the imterstitial tissue and
the tiubules of the testes. In women, androgens are capable of producing changes similar to those
observed in the prepubertal male. These include growth of facial and body hair, decpening of
the voice, enlargement of the clitoris, frontal baldness, and prominent musculature. The natural
androgens stimulate erythrocyte production.

The administration of androgens reduces the excretion of nitrogen into the urine, mndicating an
increase in protein synthesis or a decrease in protein breakdown within the body. This effect is

much more pronounced in women and clildren than in nornial men.

Clinical Uses

Androgen Replacement Therapy in Men

Androgens are used to replace or augment endogenous androgen secretion in hypogonadal men
(Table 40-6). Even in the presence of pituitary deficiency, androgens are used rather than

gonadotropin except when normal spermatogenesis is to be achieved,

Teslosterone 2.5-10 m!

Topical gel {1%) 5-10 g gell

Gynecologic Disorders

Androgens are used occasionally in the treatment of certain gynecologic disorders, but the
undesirable effects in women are such that they must be used with great caution. Androgens have
been used (o reduce breast engorgement during the postpartum period, usually in conjunction

with estrogens. The weak androgen danazol is used in the treatment of endometriosis
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They have been used for chemotherapy of breast tumors in premenopausal women.

Use as Protein Anabolic Agents
Androgens and anabolic sieroids have been used in conjunction with dietary measures and
exercises in an atlempt 10 reverse protein loss after trauma, surgery, or prolonged

immobilization and in patients with debilitating diseases.

Use as Growth Stimulators

These agents have been used to stimulate growth in boys with delayed puberty. 1f the drugs are
used carelully, these children will probably achigve their expecied adult height. If treatment is too
vigorous, the patient may grow rapidly at first but will not achieve full predicted {inal stature

because ol the accelerated epiphysial closure that oceurs..

Anabolic Steroid and Androgen Abuse in Sports

The use of anabolic steroids by athletes has received worldwide attention. Many athletes and their
coaches believe that anabolic steroids—in doses 10-200 times lavger than the daily normal
production—-increase strength and aggressiveness, thereby improving competitive
performance, Such effects have been unequivocally demonstrated ondy inn wonten. Furthermore,

the adverse effects of these drugs clearly make their use inadvisable.

Aging

Androgen production falls with age in men and may contribute to the decline in muscle mass,
strength, and libido, Preliminary studies of androgen replacement in aging males with low
androgen levels show an increase in lean body mass and hematocrit and a decrease in bone

turnover. Longer studies will be required to assess the usefulness ol this therapy.

Adverse Effects

The adverse effects of these compounds are due largely to their masculinizing actions and are
most noticeable in women and prepubertal children. In women, the administration of more than

200-300 mg of lestosterong per month is usually associated with hirsutism, acne, amenorrhea,
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clitoral enlargement, and deepening of the
voice. These effects may occur with even
smaller doses in some women.

Sodium retention and edema are not common
but must be carefully watched for in patients
with heart and kidney disease.

Most of the synthetic androgens and anabolic
agents are [ 7-alkyl-substituted steroids.
Administration of drugs with this structure 1s
oflen associated with evidence of hepatie
dysfunction.

Replacement therapy in men may cause acne,
sleep apnea, erythrocytosis, gynecomastia, and
azoospermia, They lower plasma HDL, and may
increase LDL. Hepatic adenomas and
carcinomas have also been reported. Behavioral
eflzcts mclude psychologic dependence,
mereased aggressiveness, and psychotic

Symploms.

Contraindications & Cautions
The use of androgenic steroids is
contraindicated in pregnant women or women

who may become pregnant during the course of

gonadotrophs
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therapy.
Androgens should not be
adminisfered (0 male

paticnts with carcinoma

of the prostate or

Figd0_6 Control of androgen secretion and acfivity and some sites of action of antiandrogens.
(1), compedtitive inhibifion of GnRM receptors; (2), stimulation {+, pulsatile administration) or
inhibition via desensitization of GhRH receptors (-, confinuous administration); (3), decreased
synthesis of lestosterone in the testis; {4), decreased synthesis of dihydrotestosterone by

inhibition of SGi-reductase; (5), compefition for binding to cytoscl androgen raceptors.

breast.
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Caution: Several cases of hepatocellular carcinoma have been reported in patients with aplastic
anemia treated with androgen anabolic therapy. Colony-stimulating factors should be used

instead,

54. HORMONE ANTAGONISTS AND MODULATORS
The following classes are prohibited:

1. Aromatase inhibitors including, but not limited to: anastrozole,
letrozole, aminoglutethimide, exemestane, formestane, testolactone.

2. Selective estrogen receptor modulators (SERMs) including, but not
limited to: raloxifene, tamoxifen, toremifene,

3. Other anti-estrogenic substances inciuding, but not limited to:
clomiphene, cyclofenil, fulvestrant.

4. Agents modifying myostatin function(s) including but not limited to:
myostatin inhibitors.

DCH;CH;N'.:CHz
CHy
Estrogen & Antagonists Q Q
L=cC
TAMOXIFEN & RELATED PARTIAL AGONIST ESTROGENS \%m]
Tamoxifen, a competitive partial agonist inhibitor of estradiol at the estrogen
Tomaxien

receplor (Figure 40-5}, was the first selective estrogen receptor modulator

(SERM) to be introduced. It is extensively used in the palliative treatment of hreast cancer in

postmenopausal women and is approved for chemoprevention of breast cancer in high-risk
women. 11 is a nonsteroidal agent (see structure) that is given orally. It is used in doses of 10-20
mg twice daily. Hot flushes and nausea and vomiting occur in 25% of patients, and many other
minor adverse effects are observed. Studies of patients treated with tamoxifen as adjuvant therapy
{or carly breast cancer have shown a 35% decrease in contralateral breast cancer. However,
adjuvant therapy extended beyond 5 years in patients with breast cancer has shown no further
improvement in ouicome.

Toremifene is a structuraily similar compound with very similar properties, indications, and
toxicities.

Prevention of the expected loss of lumbar spine bone density and plasma lipid changes

consistent with a reduction in the risk for atheroscleresis have also been reported in tamoxifon-
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Figure 40_5 Conirol of ovarian secretion and the actions of its hormones. In the follicular phase the ovary

produces mainly estrogens; in the luteal phase i produces estrogens and progesierone. (SERMs, selective
esfrogen receptor modulators. See text.)
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Raloxifene is another partial estrogen agonist-antagonist {SERM) at some but not all target
tissues. It has similar effects on lipids and bone but appears not to stimulate the endemefrium
or breast. Although subject to a high first-pass effect, raloxifene has a very large volume of
distribution and a long half-life (> 24 hours), so it can be taken once a day. Raloxifene has been

approved in the USA for the prevention of postmenopausal osteoporosis.

DANAZOL (S1 ANABOLIC AGENTS: 1 AAS A, EXOGENOUS AAS)

Daunazol, an isoxazole derivative of ethisterone (1 7iz-ethinyltestosterone) with weak
progestational, androgenic, and glucocorticoid activities, is used to suppress ovarian function,
Danazol inhibits the midcycle surge of LH and FSH and can prevent the compensatory increase in
LH and FSH following castration in animals, but it does not significantly lower or suppress basal
LH or FSH levels in normal women (Figure 40-5). Danazol binds to androgen, progesterong, and
glucocorticoid receptors and can translocate the androgen receptor into the nucleus to initiate
androgen-specific RNA synthesis. It does not bind to intracellular estrogen receplors, but it does
bind 1o sex hormone-binding and corticosteroid-binding globulins,

Danazol is slowly metabolized in humans, having a hali-life of over 15 hours. This results in
stable circulating levels when the drug is administered twice daily. 1t is highly concentrated in the
liver, adrenals, and kidneys and is exereted in both feces and urine,

Danazol has been employed as an inhibitor of gonadal function and has found its major use in the
treatment of endometriosis. For this purpose, it can be given in a dosage of 600 mg/d. The
dosage 1s reduced to 400 mg/d after 1 month and to 200 mg/d in 2 months. About 85% of patients
show marked improvement in 3—12 months.

Danazol has also been used in the treatment of fibrocystic disease of the breast and hematologic
or allergic disorders, mcluding hemophilia, Christmas disease, idiopathic thrombocytopenic
purptira, and angioneurotic edema.

The major adverse effects are weight gain, edemna, decreased breast size, acne and oily skin,

increased hair growth, deepening of the voice, headache, hot flushes, changes in libido, and

muscle cranps.

Danazol should be used with great caution in patients with hepatic dysfimction, since it has been
reported to produce mild to moderate hepatocellnlar damage in some patients, as evidenced by
cuzyme changes. [t is also contraindicated during pregnancy and breast feeding, as it may

produce urogenital abnormalities in the offspring.
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OTHER INHIBITORS

Anastrozole, a selective nonsteroidal inhibitor of aromatase (the enzyme required for estrogen
synthesis, Figures 40-5), is effective in some women whose breast tumors have become

resistant to tamoxifen. Letrozole is similar. Exemestang, a steroid molecule, is an irreversible

inhibitor of aromatase. Like anastrazole and letrozole, 1t 1s approved for use in women with

advanced breast cancer

Several other aromatase inhibitors are undergoing clinical trials in patients with breast cancer.

Fulvestrant is a pure estrogen receptor iantagonist that has been somewhat more effective than
those with partial agonist effects in some patients who have become resistant to tamoxifen. ICI
164,384 is a newer antagonist; it inhibits dimerization of the occupied estrogen receptor and
interferes with its binding to DN.. 1t has also been used experimentally in breast cancer patients

who have become resistant to tamoxifen.

Ovulation-Inducing Agents

CLOMIPHENE

Clomiphene citrate, a partial estrogen agonist, is closely related 1o the estrogen chlorotrianisene.
This compound is active when taken orally. Very lLittle is known about its metabolism, but about
half of the compound is excreted in the feces within 5 days after administration. It has been
suggested that clomiphene is slowly excreted from an enterohepatic pool.

Pharmacelogic Effects

MECHANISMS OF ACTION

Clomiphene 18 a partiol agonist ar estrogen recepiors. In lmans it leads to an increase in the
secrefion of gonadotropins and estrogens by inhibiting estradiol's negative feedback effect on the
gonadotropius (Figure 40-5).

EFFECTS

The pharmacologic imporiance of this compound rests on its ability to stimulate ovilation in
women with oligomenorrhea or amenorvhea and ovulatory dvsfunction. .

Clinical Use
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Clomiphene is used in the treatment of disorders of ovulation in patients who wish to become
preguanl.

Adverse Effects

The most common adverse effects in patients treated with this drug are hor flushes, which
resemble those experienced by menopausal patients. They tend to be mild, and disappear wiien
the drug is discontinued. Headache, constipation, allergic skin reactions, and reversible hair loss

have been reported occasionally.

Contraindications & Cautions

Special precautions should be observed in patients with enlarged ovaries. These women are
thought 10 be more sensitive to this drug and should receive small doses. Special precautions must
also be taken in patients who have visual symptoms associated with clomiphene therapy, since

these symptoms may make activities such as driving more hazardous.
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Chap 6. S2. Hormones and related substances and 89. Glucocorticosteroids

S2. HORMONES AND RELATED SUBSTANCES

Asst. Prof Dr. Griangsak Eumkeb

The following substances and their releasing factors, are prohibited:

1. Erythropoietin (EPO);
2. Growth Hormone (hGH), Insulin-like Growth Factors (c.g. IGF-1),

Mechano Growth Factors (MGFs);
3. Gonadotrophins (e.g. LH, hCG), prohibited in males only;

4, Insulins;

5. Corticotrophins,

Drug class

Hormones
and related
substances

Example(s)

Erythropoietin

(Ch. 6)

Effects

Increased erythrocyte
formation, leading to
increased oxygen
transport. Increased
blood viscosity, causing
hypertension and risk of
strokes and coronary
attacks. Used mainly for
endurance sports.

Human growth Increases lean body

hormone (Ch.
6)

Insulin (Ch. 8)

mass and reduces
body fat. May
accelerate recovery
from tissue injury.
Adverse effects include
cardiac hypertrophy,
acromedgaly, liver
damage, increased
cancer risk,

Sometimes used (with
glucose so as fo avoid
hypoglycaemia) fo
promofe glucose
uptake and energy
production in muscle.
Probably ineffective in
improving performance.
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Detection

Plasma haif-life is

short, so
detection is
difficult

Blood testing.
Distinguishing
endogenous
{highly variable)
from exogenous
human growth
factor is difficult

Plasma samples

Notes

Use of other plasma
markers indicating
erythropoietin
administration may be
possible. 'Blood doping'
{removal of 1-2 | of
blood in advance,
followed by
retransfusion before
competition) has similar
effect, even more
difficult to detect,



HYPOTHALAMIC & PITUITARY HORMONES: INTRODUCTION

ACRONYMS

ACTH: Adrenocorticolromc hormone

CRH: Corticotropin-releasing hormone
FSH: Folhele-stimulating hormone
GH: Growth hormone

GHRH: Growth hormone-releasing hormone

GnRH: Gonadotropin-releasing hormone
IGF; Ingulin-like growth factor

LH: Luteinizing hormone

PRL: Prolactin

rhGH: Recombinant human growth hormone
SST: Somatostatin

TRH: Thyrotropin-releasing hormone

TSH: Thyroid-stimulating hormone (thyrotropin)

HYPOTHALAMIC & PITUITARY HORMONES: INTRODUCTION

The control of metabolism, growth, and reproduction is mediated by a combination of newral and
endocrine systems located in the hvporhalams and pituitary glond. The pituitary consists of an anterior
lobe (adenohypophysis) and a posterior lobe (neurohypophysis) (Figure 37-1). The portal venous system

carries small regulatory hormones (Figure 37-1, Table 37-1) from the hypothalamus to the anterior

pituitary.

87



Hypothalamus

Portal venous
sysiem

Anterior

Posterior
pituitary

TSH
AGTH p ;
L RL Cuytocin
FSH
ADH

Endocrine
glands, fiver

Target tlssues

Source: Katzung BG: Basic & Clinical Pharmacology, 10th Edition:
http i/ /wwie, accessmedicine. com

Copyright ® The McGraw-Hill Companies, Inc. All rights reserved.

Figure 37-1.

The hypothalamic-pituitary endocrine system. Except for profactin, hermones released from the anterior pituitary
stimulate the production of hormones by a peripheral endocrine gland or the liver, Prolactin and the hormaones
released from the posterior pituitary (vasopressin and oxytocin) act directly on targst tissues. Hypothalamic
factors regulate the release of anterior pituitary hormones. (ACTH, adrenocorticotropin; ADH, anfidiuretic
hormone [vasopressin], CRH, corticolropin-releasing hormeone; DA, dopamine; FSH, follicle-stimulating hormone;
GH, growth hormone; GHRH, growih hormone-releasing hormaone; GnRH, gonadotropin-refeasing hormone; L,
luteinizing hormone; PRL, profacting 5T, somatostaiin; TRH, thyrotropin-releasing hormone; TSH, thyroid-
stimulating hormone.}
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Table 37-1. Links between Hypothalamic, Anterior Pituitary, and Target Organ Hormone or Mediator.”

Anterior Pituitary Hypothalamic Hormone Target Organ Primary Target Organ
Hormone Hormone or Niediator
Growtn hormone (GH, Growth hormone-releasing | Liver, muscle, bone, {insulin-like growth factor-1
somatotropin} hormone (GHRH) (+) |kidney, and others | (IGF-1)

Somatostatin {-) .

Thyroid-stimulating Thyrotropin-releasing Thyroid Thyroxine, triicdothyronine
Adrenocorticotropin Corticotropin-releasing Adrenal coriex Glucocorticoids,

(ACTH) hormone (CRH) (+}

mineralocorticoids, androge

Follicle-stimulating Gonadotrogin-reieasigg Gonads ' - Estg,grog esterone,
hormone (FSH} hormane (GnRH) (+) testosterone

hormone (L.H
Prolactin (PRL)

Luteinizing

Dopamine (-) . Breast

$+)’ stimulant; (), inhibitor.

All of these hormones act through G protein-coupled receptors except growth hormone and profactin, which
gct through JAK/STAT receptors.

Endogenous GnRH, which is released in pulses, stimulates LH and FSH release. When administered
continuously as a drug, GnRH and its analegs inhibit LM and FSH release.

Drugs that mimic or block the effects of hypothalamic and pituitary hormones have pharmacologic
applications in three primary areas: (1) as replacement therapy for hormone deficiency states: (2) as
antagonists for diseases that result from excess production of pituitary hormones; and (3) as diagnostic

tools for identifying several endocrine abnormalities.

Anterior Pituitary & Hypothalamic Hormone Receptors

The anterior pituitary hormones can be classified according to hormone structure and the types of
recoptors that they activate. Growth hormone and prolactin, single-chain protein hormones with
significant homology, form one group. Both hormones activate receptors of the JAK/STAT superfamily.
Finally, adrenocorticotropic hormone (ACTH), a single peptide that is cleaved from a larger precursor
that also contains the peptide B-endorphin, represents a third category. It does, however, like TSH, LH,
and FSH, act through a G protein-coupled receptor.

The hypothalamic hormonal control of GH and prolactin differs from the regulatory system for TSH,
FSH, LH, and ACTH. The hypothalamus secretes two hormones that regulate GH; growth hermone-
releasing hormeone (GHRH) stunulates growth hormone production, whereas the peptide somatostatin

(SST) inhibits growth hormone production. Growth hormone (GH) and its primary peripheral mediator,

insulin-like growth factor-1 (IGF-1), also provide feedback to inhibit GH release.
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GROWTH HORMONE (SOMATOTROPIN)

Growth hormone, one of the peptide hormones produced by the anterior pituitary, is required during
childhood and adolescence for attainment of normal adult size and has important effects throughout
postnatal life on lipid and carbohydrate metabolism, and on lean body mass. Its effects are primarily
mediated via insulin-like growth factor 1 (IGF-1, somatomedin C) and to a lesser extent both directly
and through insulin-fike growth factor 2 (EGF-2). Individuals with congenital or acquired deficiency in
GH during childhood or adolescence fail to reach their predicted adult height and have disproportionately

increased body fat and decreased muscle mass. Adults with GH deficiency also have disproportionately

small lean body mass.
Chemistry & Pharmacokinetics

STRUCTURE

Two types of recombinant human growth hormone (rhGH) are approved for clinical use. Somatropin has

a 191-amino-acid scquence that is identical with the predominant native form of human growth hormone.
Somatrem has 192 amino acids consisting of the 191 amino acids of GH plus an extra methionine residue
at the amino terminal end. The two preparations appear 1o be equipotent.

ABSORPTION, METABOLISM, AND EXCRETION

Circulating endogenous GH has a half-life of 20-25 minutes and is predominantly cleared by the liver.
Recombinant man GH 1s admmistered subculancously 3-6 times per week. Peak levels occur in 2—4
hours and active blood levels persist for approximately 36 hours.

Somatropin injectable suspension is a long-acting preparation of rhGH enclosed within microspheres.
These microspheres degrade slowly afler subcutancous injection such that the thGH is released over about
| month.,

Pharmacodynamics

Growth hormone has complex cffects on growth, body composition, and carbohydrate, protein, aud lipid
metabolism. The growth-promoting effects are mediated through an increase in the production of IGF-1.
Growth hormone stinndates longitudinal bone growth until the epiphyses close—near the end of puberty.
In both children and adults, GH has anabolic effects in muscle and catabolic effects in lipid cells that shift
the balance of body mass to an increase in muscle mass and a reduction in central adiposity, The effects
of GH on carbohydrate metabolism are mixed, in part because GH and IGF-1 have opposite effects on
insulin sensitivity. Growth hormone reduces insulin sensitivity, which results in mild hyperinsulinemia, In
contrast, in paticnts who are unable to respond to endogenous GH because of mutated GH receptors, 1GF-

| acting through its own IGF-1 receptors and through insulin receplors lowers serum glucose and reduces
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circulating insulin.
Clinical Pharmacology

GROWTH HORMONE DEFICIENCY

Growih hormone deficiency can have a genetic basis or can be acquired as a result of damage 1o the

pituitary or hypolhalamus by a tumor, infection, surgery, or radiation therapy. In childhood, GH

deficiency presents as short stature and adiposity. (Neonates with isolated GH deficiency are of normal

size at birth, presumably because fetal GH is not required for normal prenatal growth.). Therapy with

thGH permits many children with short stature due

to GH deficiency to achieve normal adult height.

In the past, it was believed that adulis with GH deficiency did not exhibit a significant syndrome.

However, more detailed studies suggest that adults with GH deliciency often have generalized obesity,

reduced muscle mass, asthenia, and reduced cardiac output. GH-deficient adults who have been treated

with GH have been shown fo experience a reversal of many of these manifestations.

| Table 37-4. Clinical Uses of Recombinant Human

Growth Hormone. '

Primary Therapeutic Objective

Growth

Improved metabolic state, increased lean body
ll-bei

Increased lean body mass, weight, and physical
endurance

improved gastrointestinal function

CEiEICnition

2

Idiopathic short stature in pediatric patients

Growth failure in pediatric patients associated with:
Growth hormone deficiency
Chronic renal failure

Prader-Willi syndrome .

Turner syndrome

Small for gestational age with failure to catc up by age

Growth hormene deficiency in adults
Wasting in patients with AIDS

Short bowel syndrome in patients who are also
receiving specialized nutritional support

Growth hormone treatment has also been shown to

have a strong beneficial effect on final height of girls

with Turner syndrome, the syndrome associated with a 45, XO karyotype. In clinical trials, GH

treatment has been shown to mcrease final height in girls with Turner syndrome by 10-15 cm (4-6

inches). Somatropin mjectable suspension is a long
subcutanecously in doses of 1.5 mg/kg monthly or 0

Other Uses of Growth Hormaone

-acting preparation of thGH that is administered

.75 mg/kg twice monthly.
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Growth hormone affects many organ systems and also has a net anabolic ¢ffect. [t is approved for the

treatment ol wasting in patients with 41DS. In 2004, GH was approved for treatment of patients with shorr
boveel syndrome who are dependent on total parenteral nutriion (TPN). Afier intestinal resection or
bypass, the remaining functional intestine in many patients undergoes extensive adaptation that allows it
1o adequately absorb nutrients. Growth hormone is administered with glutamine, which also has trophic
effects on the intestinal mucosa.

Growth hormone is a popular component of anti-aging programs. Serum levels of GH normally decline

with aging; anti-aging programs claim that mjection of GH or administration of drugs purported 1o
increase GH release are effective anti-aging remedies. Another use of GH is by athletes for a purported
increase in muscle mass and athletic performance. Growth hormone 1s one of the drugs banned by the
Olympic Commitfec.

Toxicity & Contraindications

Children generally tolerate GH treatment well. A rarely reported side effect is intracranial hvpertension,
which may manifest as vision changes, headache, nausea, or vomiting, Some children develop scoliosis
during rapid growth. Patients with Turmer syndrome have an increased risk of ofifis media while taking
GH. Hypothyroidism is commonly discovered during GH treatment, so periodic assessment of thyroid
function is indicated. Pancreatitis, gynecomastia, and nevus growth have occurred in patients receiving
GH. Adults tend to have more adverse effects from GH therapy. Peripheral edema, myalgias, and
arthralgias (especially in the hands and wrists) occur commonly but remit with dosage reduction. GH
treatiment is contraindicated in a patient with a known malignancy. Proliferative retinopathy may rarcly
oceur. Growth hormone treatment of critically 1l patients appears to increase mortality.

Side effects of the long-acting somatropin tnjectable suspension have included injection-site nodules that
persist [or 5-7 days (96%), edema, arthralgias, transient fatigue (24%), mild-moderaie nausca (24%), and

headache (36%).

MECASERMIN

A small mumber of children with growth failure have severe IGF-1 deficiency that is not responsive (o
exogenous GH. In 2005, the FDA approved mecasermin for treatment of severe IGF-1 deficiency that is
not responsive to GH. Mecasermin is a complex of recombinant nmman IGF-1 (thIGF-]) and recombinant
human insulin-like growth factor-binding protein-3 (riIGFBP-3). Mecasermin is administered
subcutaneously twice daily at a recommended starting dosage of 0.04-0.08 mg/kg and increased weekly

up o a maximum twice-daily dosage of 0.12 mg/kg. The most important adverse effect observed with
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mccasermin s fivpoglveemia. To avoid hypoglycemia, the prescribing instructions require consumption of
a meal or snack 20 minutes before or after mecasermin administration. Several patients have experienced

intracranial hypertension and asymptomatic elevation of liver enzvmes.

THE GONADOTROPINS— FOLLICLE-STIMULATING HORMONE & LUTEINIZING
HORMONE-—& HUMAN CHORIONIC GONADOTROPIN

The gonadotropins are produced by a single type of pitnitaiy cell, the gonadotroph. These hormones serve
complementary functions in the reproductive process. In wonen, the principal function of FSH is to direct
ovarian follicle development. In the ovary, LH stimulates androgen production by theca cells in the
follicular stage of the menstrual cycle, whereas FSH stimulates the conversion by gramulosa cells of
androgens to estrogens. In the luteal phase of the menstrual cycle, estrogen and progesterone production
is primarily under the control first of LH and then, if pregnancy occurs, under the control of human

chorionic gonadofropin (hCG). Human chorionic gonadotropin is a placental protein nearly identical to

LH; its actions are mediaied through LH receptors.

In men, FSH is the primary regulator of spermatogenesis, whereas LH is the main stimulus for the
production of testosterone by Levdig cells. FSH helps to maintain high local androgen concentrations in
the vicinity of developing sperm by stimulating the production of androgen-binding protein by Sertoli
cells. FSH also stimulates the conversion by Sertoli cells of resfosterone to estrogen.

FSH, LH, and hCG are commercially available in several different forms. They are used in states of

infertility to stimulate spermatogenesis in men and to induce ovulation in women. Their most common
clinical use is for the controlled ovulation hyperstimulation that is the cornerstone of assisted reproductive
technologies such as in vitro fertilization (IVF).

Pharmacokinetics

All of the gonadotropin preparations are administered by subcutaneous or intramuscular injection, usually

on a daily basis. Half-lives vary by preparation and route of injection from 10 to 40 hours.

MENOTROPINS
The first commercial gonadotropin product was extracted from the urine of postmenopausal women,
which contains a substance with FSH-like properties (but with 4% of the potency of FSH) and an LH-like

substance. This purified extract of FSH and LH 15 known as prenotropins, or human menopausal

gonadotroping (hMG).
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FOLLICLE-STIMULATING HORMONE
Three forms of purified FSH are available. Urofollitropin, also known as #FSH, is a purified preparation
of human FSH that is extractied from the urine of postmenopausal women. Two recombinant forms of

FSH (rFSH) are also available: follitropin alfa and follitropin beta.

LUTEINIZING HORMONE

Lutropin, recombinant human LH (rLH), was ntroduced in the USA in 2004, When given by
subcutaneous injection, it has a half-life of about 10 hours. Lusropin has only been approved for use in

combipation with follitropin affa for stimulation of follicular development in infertile women with

profound LH deficiency.

HUMAN CHORIONIC GONADOTROPIN

Human chorionic gonadotropin (hCG) is produced by the fumian placenta and excreted into the urine,

whenee it can be extracted and purified. Choriogonadotropin alfa (fhCG) is a recombinant form of hCG.

The preparation of 1CG that is purified from human urine is administered by inframuscular injection,

whereas +I1CG 1s administered by subcutaneous injection.

Clinical Pharmacology

OVULATION INDUCTION

The gdnadmropins are used o indrce ovulation in women with anovulation due to hypogonadotropic
hypogonadism, polycystic ovary syndrome, obesity, and other causes. Because of the high cost of
gonadotroping and the need for close monitoring during their administration, gonadotropins are generally
reserved for anovulatory women who [ail to respond to other less complicated forms of treatment (eg,
clomipheng, aromatase inhibitors, metformin) Gonadotropins are also used Tor controlled ovarian

hvperstimulation in assisted reproductive technology procedures.

MALE INFERTILITY
Most of the signs and symptoms of lnypogonadism in males (eg, delayed puberty, maintenance of
secondary sex characteristics after puberty) can be adequately treated with exogenous androgen; however,

treatment of infertilite in hvpogonadal men tequires the activity of both LH and FSH. In men with
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hypogonadal hypogonadism, it takes an average of 4-6 months of such treatment for sperm to appear in

the cjaculatc.

Toxicity & Contraindications
In women treated with gonadotropins and hCG, the two most serious complications are the ovarian
hyperstimulation syndrome and muitiple pregnancies.

Other reported adverse effects of gonadotropin treatment are headache, depression, edema, precocious

puberty, and (rarely) production of antibodies to 1CG. Tn men treated with gonadotropins, the risk of
gynecomastia is directly correlated with the level of fesfosterone produced in response (o treatment. An
association between ovarian cancer and fertility drigs has been reported. However, it is not known which,

if any, fertlity drugs are causally related to cancer.

59, GLUCOCORTICOSTERCIDS

All glucocorticosteroids are prohibited when administered orally, rectally, intravenously or intramuscularly.
Their use requires a Therapeutic Use Exemption approval,

Other routes of administration (intraarticular /periarticular/ peritendinousf epidural/ intradermal injections
and inhalation) require an Abbreviated Therapeutic Use Exemption except as noted below,

Topical preparations when used for dermatological (including lontophoresis/phonophoresis), auricular,
nasal, ophthalmic, buccal, gingival and perianal disorders are not prohibited and do not require any form
of Therapeutic Use Exemption.

ADRENAL STEROIDS

Adrenocorticotrophic hormone (corticotrophin) and the adrenal steroids

» Adrenocorticotrophic hormone (ACTH) stimulates synthesis and release

of glucocorticoids (e.g. hydrocortisone), and also some androgens, from
the adrenal cortex.

o Corticotrophin-releasing factor from the hypothalamus regulates ACTH

release, and is regulated in turn by neural factors and negative feedback
effects of plasma giucocorticoids.
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Fig28_4 Regulation of synthesis and secretion of adrenal corticosteroids. The long negative
fesdback loop is more important than the short loop (dashed lines). Adrenocorticotrophic hormone
(ACTH, corticotrophin)} has only a minimal effect on mineralocorticold production. Drugs are shown in
yellow boxes. ADH, antidiuretic hormone (vasopressin); CRF, corticotrophin-releasing factor.

THE ADRENAL CORTEX: ADRENAL STEROIDS

the zona glomerulosa (the outermost layer) that elaborates mineralocorticoids, the zona fasciculata that
elaborates glucocorticoids, and the innermost zona reticularis. The adrenal secretes a mixtare of
glucocorticoids, but the main hormone in humans is Aydrocortisone (also, confusingly, called cortisol)
glucocorticoids are most commonly employed for their anti-inflammatory and immunosuppressive

properties. Under these circumstances, all their metabolic and other actions are seen as unwanted side
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effects. Synthetic steroids have been developed in which it has been possible to separate, to some degree,
the glucocorticoid from the mineralocorticoid actions (see Table 28.2), but it has not been possible to
separate the anti-inflammatory actions from the other actions of the glucocorticoids

The adrenal gland is essential to }ife, and animals deprived of these glands are able to survive only under
rigorously controlled conditions. In humans, a deficiency in corticosteroid production, termed Addison's
disease, is characterised by muscular weakness, low blood pressure, depression, anorexisa, loss of weight
and hypoglycaemia. Addison's disease may have an autoinumune aetiology, or it may result from
destruction of the gland by chronic inflammatory conditions such as tuberculosis, Because of the negative
feedback effects that glucocorticoids exert on ACTH release, a decreased production of endogenous
corticoids also occurs when glucocorticoids are given therapeutically for prolonged periods. This can
result in deficiency when treatment is discontinued, and is the reason why glucocorticoid therapy is
usually tapered off to allow recovery of anterior pitnitary function

When corticosteroids are produced in excess, the clinical picture depends on which of the steroids
predominates. Excessive glucocorticoid activity results in Cushing’s syndrome, the manifestations of

which are outlined in Figure 28.7. This can be caused by hypersecretion from the adrenal glands or by

prolonged therapeutic glucocorticoid regimens

GLUCOCORTICOIDS : Synthesis and release
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Fig28_5 Biosynthesis of corticosteroids and adrenal androgens. Drugs are shown in yellow
boxes adjacent to their sites of action; note that they have selective actions on different cortical csll
types. Glucocorticoids are produced by cells of the zona fasciculata, and their synthesis is stimulated
by adrenocorticotrophic hormone (ACTH);, aldosterone is preduced by cells of the zona glomerulosa,
and its synthesis is stimulated by anglotensin li. Mefyrapone inhibits glucocorticoid synthesis,
aminoglutethimide inhibits both glucocorticold and sex hormone synthesis, and trilostane blocks
synthesis of all three types of adrenal steroid. Further details of sex steroid biosynthesis are given in
Figure 30.3.11-E-hydrox.. 11-B-hydroxylase; 17-B-hydrox., 17-B-hydroxylase; 21-B-hydrox., 21-53-
hydroxviase; 3-3-dhv.. 3-B-dehvdronenass.

ACTION OF GLUCOCORTICOIDS

Glucocorticeids
Common drugs used inciude hydrocortisone, prednisolone and dexamethasone.

Metabolic actions
» Carbohydrates: decreased uptake and utilisation of glucose
accompanied by increased gluconeogenesis; this causes a tendency to
hyperglycaemia.
s Profeins: increased catabolism, reduced anabolism.

» [Lipids: a permissive effect on lipoiytic hormones and a redistribution of 7
fat, as observed in Cushing's syndrome.

Regulatory actions

¢ Hypothalamus and anterior pifuitary gland. a negative feedback action
resulting in reduced release of endogenous glucocorticoids.

» Cardiovascular system: reduced vasodilatation, decreased fluid
exudation.

e Musculoskeletal: decreasing osteoblast and increasing osteoclast
activity.

e Inflarnmation and immunity:
o acute inflammatiorn. decreased influx and activity of leucocytes

o chronic inflammafion. decreased activity of mononuciear cells,
decreased angiogenesis, less fibrosis

o lymphoid fissues. decreased clonal expansion of T and B celis,
and decreased action of cytokine-secreting T cells.

o Mediators:

» decreased production and action of cytokines, including intereukins,
tumour necrosis factor-a and granuiocyie macrophage colony-
stimulating factor

+ reduced generation of eicosanoids
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» decreased generation of IgG
s decrease in complement components in the biood

s increased release of anti-inflammatory factors such as interleukin-10 and
annexin 1,

« Overall effects: reduction in the activity of the innate and acquired
immune systems, but also decreased healing and diminution in the
protective aspects of the inflammatory response.

Mechanism of action of the glucocorticoids

s  Glucocorticoids bind intraceliular receptors that then dimerise, migrate to
the nucleus, and interact with DNA to modify gene transcription, inducing
synthesis of some proteins and inhibiting synthesis of others.

»  Metabolic actions: most mediator proteins are enzymes, for example
cAMP-dependent kinase, but not all actions on genes are known.

+ Anti-inflammatory and immunosuppressive actions: known actions
include:

o inhibition of transcription of the genes for cyclo-oxygenase-2,
cytokines and interleukins, cell adhesion molecules, and the
inducible form of nitric oxide synthase

o block of vitamin Ds-mediated induction of the osteocalcin gene in
osteoblasis, and modification of transcription of the collagenase
genes

o increased synthesis and release of annexin-1, which has potent
anti-inflammmatory effects on cells and mediator release, and may

also mediate negative feedback at the level of the hypothalamus
and anterior pituitary gland.

+ Some rapid non-genomic effects of glucocorticeids have also been
observed,

CLINICAL USE OF GLUCOCORTICOIDS

Table 28-2. Comparison of the main corticosteroid agents used for systemic therapy
(using hydroc_ort_isone as a standard)

Compound Relative affinity for Approxima_ta relative potency Duration of Comments
glucocorticoid in clinical use . .- ~ action after oral
wc:eptorsin T deseb
Anti- Sodium
inflammatory  retaining
Hydrocortisone 1 1 1 Short Drug of choice for
{cortisal)

replacemant therapy
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Compound Relative affinity for  Approximate Duration of action after oral Comments

- . b
glucocoriicoid relative potency dose
raceptors’ inclinical ise o
Cortisone 0.01 08 08 Short Cheap; inactive until converted to hydrocortisone;

not used as anfi-inflammatory becayse of
mineralocorticoid effacts

Corficosterone 085 03 15 Short -

Prednisolone 22 4 08 Intermediate Drug of choice for systemic anti-inflammatory and
immunosuppressive effects

Prednisons 005 4 08 Intermediate Inactive until converied to prednisolone

Methylprednisolone 14.9 &  Minimal intermediate Anti-inflammatory and immunosuppressive

Triameinolone 19 5 None Intermediate Relatively more toxic than others

Dexamethasone 7.4 30 Minimal Lang Anti-inflammatory and immunosuppressive, used
especially where water retention is undesirable
(e.g. cercbral oedema); drug of choice for
suppression of adrenocorticotrophic hormone
production

Betamethasone 54 30 Negligble tong Anfi-inflammatory and immunosuppressive, used

*Human fetal lung celis.

especially when water retenfion is undesirable

bDuration of action (half-lives in hours): short, 8-12; intermediate, 12-36; long, 36-72.
(Data For Relative Affinity Obtained From Baxter J D, Rousseau G G (Eds) 1978 Glucocorticoid Hormone Action,
Monographs On Endocrinology, Vel 12. Springer-Verlag, Berfin.)

Clinical use of glucocorticoids

» Replacement therapy for patients with adrenal failure (Addison's
disease).

+ Anti-inflammatory/immunosuppressive therapy:

o

]

in asthma

topically in various inflammatory conditions of skin, eye, ear or
nose (e.g. eczema, allergic conjunctivitis or rhinitis)

hypersensitivity states (e.g. severe allergic reactions)

in miscellaneous diseases with autoimmune and inflammatory
components (e.9. rheumatoid arthritis and other 'connective
tissue' diseases, inflammatory bowel diseases, some forms of
haemolytic anaemia, idiopathic thrombocytopenic purpura)

to prevent graff-versus-host disease following organ or bone
marrow transplantation.

« In neoplastic disease:

o

in combination with cytotoxic drugs in treatment of specific
malignancies (e.g. Hodgkin's disease, acute lymphocytic
leukaemia)

to reduce cerebral oedema in patients with metastatic or primary
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brain tumours (dexamethasone)

Unwanted effects

Unwanted effects are likely to occur with large doses or prolonged administration rather than
repiacement therapy. Possible unwanted effects include suppression of the response to infection or
injury; an opportunistic infection can be potentially very serious unless quickly treated with
antimicrobial agents along with an increase in the dose of steroid. Wound healing may be impaired,
and peptic ulceration may also occur.

Sudden withdrawal of the drugs after prolonged therapy may result in acute adrenal insufficiency
through suppression of the patient's capacity {0 synthesise corticosteroids.® Careful procedures for
phased withdrawal should be followed, Recovery of full adrenal function usually takes about 2
months, although it can take 18 months or more,

When the drugs are used in anti-inflammatory and immunosuppressive therapy, the metabolic actions
and the effects on water and electrolyle balance and on organ systems are considered unwanted side
effects, and Cushing's syndrome may occur (see Fig. 28.7). Osteoporosis, with the attendant hazard
of fractures, is probably one of the main limitations to iong-term glucocorticoid therapy. These drugs
influence bone density by regulation of calcium and phosphate metabolism and through effects on
collagen tumover. Given over a long term, glucocorticoids reduce the function of osteoblasts (which
lay down bone matrix) and increase the activify of osteoclasts (which digest bone matrix). An effect on
the blood supply to bone can result in avascular necrosis of the head of the femur.

The tendency to hyperglycaemia that occurs with exogenous glucocorticoids may develop into actual
diabetes. Another limitation is the development of muscle wasfing and weakness. In children, the
inhibitory metabolic (parficularly those on protein metabolism) and hormonal effects may result in
inhibition of growth if drug treatment is continued for more than 6 months or so, even if fairly low
doses are used.

Reports of central effects are quite common; some patients experience euphoria, but others may
become depressed or develop psychotic symptoms. Other toxic effects that have been reported
include glaucoma, raised intracranial pressure, hypercoagulability of the blood, fever and disorders of
menstruation, and an increased incidence of cataracts. Oral thrush (candidiasis, a fungal infection)
frequently occurs when glucocorticoids are taken by inhalation, because of suppression of local anti-
infective mechanisms.

Pharmacokinetics and unwanted actions of the glucocorticoids

* Administration can be oral, topical or parenteral. The drugs are
transported in the blood by corticosteroid-binding giobulin and enter cells
by diffusion. They are metabolised in the liver.

« Unwanted effects are seen mainly after prolonged systemic use as anti-
inflammatory or immunosuppressive agents but not usually with
replacement therapy. The most important are:

o suppression of response to infection

o suppression of endogenous glucocorticoid synthesis
o metabolic actions (see above)

o osteoporosis

o iatrogenic Cushing's syndrome (see Fig. 28.7).
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Fig28_7 Cushing’s syndrome. This is caused by excessive exposure to glucocorticoids, and may be caused by
disease (e.g. an adrenocorticotrophic hormone-secreting tumour) or by prolonged administration of glucocerticoid
drugs (iatrogenic Cushing's). talicised effects are particularly common. Less frequent effects, related to dose and
duration of therapy, are shown in parentheses. (Adapted from Baxter JD, Rousseau GG (eds) 1979 Glucocorticoid
hormene action. Monographs on endocrinology, vol 12. Springer-Verlag, Berlin.)
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INSULIN

Insulin was the first protein for which an amino acid sequence was determined (by Sanger's group in
Cambnidge in 1955). It consists of two peptide chains (A and B, of 21 and 30 amino acid residues,

respectively)

SYNTHESIS AND SECRETION

/ INTESTINE

\\ Digested food

A Parasympathetic

D cell - nerves
ey, e R - ' (on muscarinic
Somatostatin =) ) ‘Boell . receptors)

. A @
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PANCREATIC
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Sympathstic nerves and
adrenaline
{on uy-adrencceptors)

© Elsevier, Rang et al: Pharmacology be - www.studentconsult. com

Figure 26-1 Factors regulating insulin secretion. Blood glucose is the most important factor, Drugs used to
stimulate insulin secretion are shown in yellow boxes. Glucagon potentiates insulin release but opposes some
of its peripheral actions and increases blood glucose. GIT, gastrointestinal tract
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Endocrine pancreas and blood glucose

» Islets of Langerhans secrete insulin from B (or B) cells, glucagon from A
cells and somatostatin from D cells.

+ Many factors stimulate insulin secretion, but the main one is blood
glucose.

¢ Insulin has essential metabolic actions as a fuel storage hormone and
also affects cell growth and differentiation. It decreases blood glucose
by:
o increasing glucose uptake into muscle and fat via Glut-4
o increasing glycogen synthesis
o decreasing gluconeogenesis

o decreasing glycogen breakdown.

e Glucagon is a fuel-mobilising hommone, stimulating gluconeogenesis and
glycogenolysis, also lipolysis and proteolysis. It increases blood sugar
and also increases the force of contraction of the heart.

+ Diabetes mellitus is a chronic metabolic disorder in which there is
hyperglycaemia. There are two main types:

o type 1 (insulin-dependent) diabetes, with an absolute deficiency
of insulin

o type 2 (non-insulin-dependent) diabetes, with a relative

deficiency of insulin associated with reduced sensitivity fo its
action {insulin resistance).

Table 26-1. Effects of insulin on carbohydrate, fat and protein metabolism

Type of metabolism . Liver cells . - EAS Fatcells -7 . . ‘Muscle
Carbohydrate metabolism J,GIuconeogenesis TGIucose uptake TGIucose uptake
lGlycogenolysis TGlyceroE synthesis TGlyconsis
T Glycolysis / 1 Glycogenesis
TGiycogenesis
Fat metabolism TLipogenesia TSynthesis of triglycerides -
lLipolysis TFatty acid synthesis
J,i_ipoiysis
Protein metabolism lProtein breakdown - TAmino acid uptake

TProtein synthesis
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Table 26-2. The effect of hormones on blood glucose
Hormone Main actions . Main stimulus for secretion - Main effect

Main regulatory hormone

Insulin 1 Glucose uptake Acute rise in blood glucose glucose | Blood
TGiycogert synthesis glucose
lGchogenolysis

| Gluconeogenesis !

Main counter-regulatory hormones

Glucagon 1 Glycogenolysis Hypoglycaemia (i.e. blood giucose < 3 mmolfl), (e.g. T Blood
Adrenaline 1 Glyconeogenesis Y with exerciss, stress, high protein meals}, etc. l glucose
(epinephrine) TGEchgenCﬂysis

j_
Glucocorticoids lG!ucose uptake 31
Growth hormone 1 Gluconengenesis
| Blucose uptake and "
utilisation

1 Glucose uptake

Clinical uses of insulin

o Patients with type T diabetes require long-term insulin:

o an intermediate-acting preparation (e.g. isephane insulin) is
often combined with soluble insulin taken before meals.

+ Soluble insulin is used (intravenously) in emergency treatment of
hyperglycaemic emergencies (e.g. diabetic kefoacidosis).

« Many patients with fype 2 diabefes ullimately need insulin.

+ Short-term treatment of patients with type 2 diabetes or impaired glucose
tolerance during intercurrent events (e.g. operafions, infections,
myocardial infarction).

» During pregnancy, for gestational diabetes not controlied by diet alone.

+ Emergency treatmeqt of hyperkalaemia: insulin is given with glucose to
lower extracellular K™ via redistribution into cells.
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Drugs in diabetes
Insulin

« Human insulin is made by recombinant DNA technology. For routine use,
it is given subcutaneously (by intravenous infusion in emergencies).

o Different formulations of insulin differ in their duration of action;

o fast- and short-acting soluble insulin: peak action after
subcutaneous dose 2-4 hours and duration 6-8 hours; it is the
only formulation that can be given intravenously

o Iintermediate-acting insulin (e.g. isophane insulin)

o long-acting forms (e.g. insulin zinc suspension).

+ The main unwanted effectis hypoglycaemia.

« Altering the amino acid sequence (designer' insulins, e.g. lispro and
glargine) can usefully alter insulin kinetics.
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Fig53_1 Sites of action of hematopoietic growth factors in the differentiation and maturation of marrow ceil
lines.

A self-sustaining pool of marrow stem cells differentiates under the influence of specific hematopoietic growth factors to
form a variety of hematopoietic and lymphopoietic cells. Stem cell factor (SCF), ligand (FL), interleukin-3 (IL-3), and
granulocyte-macrophage colony-stimulating factor (GM-CSF), together with cell-cell interactions in the marrow,
stimulate stem cells to form a series of burst-forming units (BFU) and colony-forming units (CFU): CFU-GEMM
{(granuiocyte, erythrocyte, monocyte and megakaryocyte), CFU-GM (granulocyte and macrophage), CFU-Meg
(megakaryocyte}, BFU-E (erythrocyte), and CFU-E (erythrocyte). After considerable proliferation, further differentiation is
stimulated by synergistic interactions with growth factors for each of the major cell lines—granulocyte colony-stimuiating
factor {(G-CSF). monoeyte/macrophage-stimulating factor {M-CSF), thrombopoietin, and erythropaielin. Each of these
factors also influences the proliferation, maturation, and in some cases the function of the derivative cell fine.
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2. Thromboembolic complication
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Chap 7. §7. NARCOTICS and $8. CANNABINOIDS
Asst. Prof Dr. Griangsak Eunikeb
S7. NARCOTICS
The following narcolics are prohibited:
Buprenorphine, dextromoramide, diamorphine (heroin), fentany! and its derivatives, hydromorphone,

methadone, morphine, oxycodone, oxymorphone, pentazocine, pethidine,

38. CANNABINOCIDS

Cannabinoids (¢.g. hashish, marijuana) are prohibited.

Opoid anaigesics (§7. Narcotics)

The main groups of drugs that are discussed in this section are as follow.

s Morphine analogues. These are compounds closely related in structure to morphine and often
synthesised from it. They may be agonists (e.g. morphine, diamorphine [heroin] and codeine .

partial agonists (e.g. nalorphine and levallorphan) or antagonists (e.g. naloxone).

¢ Synthetic derivatives with structures unrelated to morphine:
o phenylpiperidine series {(¢.g. pethidine and fentanyl)
o  methadone series (¢.g. methadone and dextropropoxyphene)
o benzomorphan series (e.g. pentazocine and cyclazocine)

o  semisynthetic thebaine derivatives (c.g. etorphine and buprenorphine).

Opioid analgesics

+  Opioid drugs include:
o phenanthrene derivatives structurally related to morphine

o synthetic compounds with a variety of dissimilar structures but
similar pharmacological effects,

o Important morphine-like agonists include diamorphine and codeine; other
structurally related compounds are partial agonists (e.g. nalorphine and
tevallorphan) or antagonists (e.g. naloxone).

o The main groups of synthetic analogues are the piperidines (&.g.
pethidine and fentanyl), the methadone-like drugs, the benzomorphans
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{e.qg. pentazocine} and the thebaine derivatives (e.g. buprenorphine).

Opioid analgesics may be given orally, by injection, or intrathecally to
produce anaigesia.

Opioid receptors

@

u-Receptors are thought to be responsible for most of the anaigesic
effects of opioids, and for some major unwanted effects (e.g. respiratory
depression, euphoria, sedation and dependence). Most of the anaigesic
opioids are p-receptor agonists.

8-Receptors are probably more important in the periphery but may also
contribute to analgesia.

k-Receptors contribute to analgesia at the spinal level and may elicit
sedation and dysphoria, but produce relatively few unwanted effects and
do not contribute fo dependence. Some analgesics are relatively k-
selective,

o-Receptors are not true opioid receptors but are the site of action of
certain psychotomimetic drugs, with which some opioids interact.

All opivid receptors are linked through G-proteins {o inhibition of
adenylate cyclase. They also facilitate opening of potassium channels
{causing hyperpolarisation) and inhibit opening of calcium ¢hannels
{inhibiting transmitier release). These membrane effects are not linked to
the decrease in cAMP formation.

Functional heterodimers, formed by combination of different types of
opioid receptor, may occur and give rise to further pharmacological
diversity.

Actions of morphine

=)

The main pharmacological effects are:
o analgesia
o euphoria and sedation
o respiratory depression and suppression of cough
o nausea and vomiting
o pupillary constriction
o reduced gastroirdestinal motility, causing constipation
o histamine release, causing bronchoconstriction and hypotension.

The most troublesome unwanted effects are constipation and respiratory
depression,

Morphine may be given by injection (intravenous or intramuscular) or by
mouth, often as slow-release tablets.

Acute overdosage with morphine produces coma and respiratory
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depression.

¢« Morphine is metabolised to morphine-6-glucuronide, which is more
potent as an analgesic.

o Morphine and morphine-6-glucuronide are the active metabolites of
diamorphine and codeine.

Tolerance and dependence

s Tolerance develops rapidly, accompanied by physical withdrawal
syndrome.

¢ The mechanism of tolerance may involve adaptive up-regulation of

adenylyl cyclase. It is not pharmacokinetic in origin, and receptor down-
regulation is not a major factor.

« Dependence is satisfled by y-receptor agonists, and the withdrawal
syndrome is precipitated by p-receptor antagonists.

« Dependence comprises two components: (i) physical dependence,
associated with the withdrawal syndrome and lasting for a few days; and
(if) psychological dependence, associated with craving and lasting for
manths or years. Psychological dependence rarely ocours in patients
being given opioids as analgesics.

« \Weak, long-acting p-receptor agonists such as methadone may be used
to relieve withdrawal symptoms.

o Certain opioid analgesics, such as codeine, pentazocine, buprenorphine
and framadol, are much less likely to cause physical or psychological
dependence.

[Tabie 31-4. Adverse Effects.of the Opioid; Anatgesms AN j

tNausea and vomltm
AR .

’ Increased |ntracran|a!

Ny R O R I CER TG,
ltchmg around nase, urticaria {more freguent with parenteral and spinal

tadministration)
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Tahle 41-3. Characteristics of the main opioid analgesic drugs

Drug Use(s} Routa{s) of Pharmacokinetic Main adverse effects Notes
administration aspects
forphine Widely used  Oral, including  Half-life 3-4 h Sedation Respiratory ~ Tolerance and
for acute and  sustained- Converted fo active  depression withdrawal effects
chronic pain  release form metabolite (morphine Constipation Nausea  not commen
Ir;jec;tiona G-glucuronide) and vomiting Hching when used for
Intrathecal {histamine release) analgesia

Tolerance and
dependence Euphoria

Diamorphine  Acute and Cral Injection Acts more rapidly As morphins Not available in
chronic pain than morphine all countries
hecause of rapid Considered
brain penetration {irrationally) to be
Metabolised to anaigesic of last
morphine resort.
Alsc known as
heroin
Hydromeiphone Acute and Oral Half-life 2-4 h As morphine but Levorphanct is
chronic pain  Injection No active metaboliles allegedly less sedative  similar, with
longer duration of
action
Methadone Chronic pain  Oral Long half-life As morphine but Slow recovery
Maintenance  Injection {> 24 h) Slow onset litte euphoric effect results
of addicts Accumulation may in attenuated
occur because of long  withdrawal
half-life syndrome
Pethiding Acute pain Oral Half-fife 2-4 h As morphine, Known as
Intramuscular ~ Active metabolite anticholinergic effects  meperidine in
injection (norpethidine} may  Risk of excitement and USA Interacts
account for stimulant convulsions with moneamine
effects oxidase inhibitors
(Ch. 39)
Buprenorphine  Acute and Sublingual Half-life about 12 h  As morphine but fess  Useful in chronic
chronic pain  Injection Slow onset pronounced pain with patient-
Intrathecal inactive orally Respiratary depression controlled
because of first-pass not reversed hy iniection systems
metaholism naloxone (therefore not
suitable for obstetric
use)
Peniazocing Mainly acute  Oral Haif-life 2-4 h Psychotomimetic Nalkuphine is
pain Injecticn effects {dysphoria) similar
Irritation at injection
site.

May precipitate
morphine withdrawal
syndrome (|-
antagonist effect)
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Brug

Fentanyl

Codeine

Dextropropoxyphens Mild pain

Tramadol

Rouie(s) of  Pharmacokinetic Main adverse Notes
administration aspecls effects
Intravenous  Half-life 1-2 h As morphine High potency
Epidermal allows
Transdermal {fransdermal
patch adminisiration
Sufentanit is
similar
Remifentanit is
similar with more
rapid onset and
racovery
Oral Acts as prodrug Mainty constipation Effective only in
Metabolised to No dependence mild pain
morphine and other lHabiiity Also used fo
active opioids suppress cough
Dihydrocodeine iz
similar
Mainly oral Haif-life = 4 h Respiratory Similar to codeine
Acfive metabolite depression No longer

(norpropoxyphene)  May cause

with half-life ~ 24 h convulsions
{possibly by action
of norpropoxyphene)

recommended

Acule (mainly  Oral Weil absorbed Dizzinsss Metabolite of
postoperative} Intravenous  Half-life 4-6 h May cause trazodone (Ch,
and chronic convulsions 39) Mechanism o
pain Ne respiratory action uncertain
depression Weak agonist al

opicid receptors
Also inhibits
noradrenaline
upiake

a!njecticms may by given intravenously, inframuscularly or subcufaneously for most drugs.

ETHANOL

Effects of ethanoi

-]

Ethanol consumption is generally expressed in units of 10 mi (8 g) of
pure ethanol. Per capita consumption in Europe is about 10 I/year.

Ethanol acts as a general central nervous system depressant, similar to
volatile anaesthetic agents, producing the familiar effects of acute
intoxication.

Several cellular mechanisms are postulated: inhibition of calcium
channel opening, enhancement of GABA action, and inhibitory action at
NMDA-type glutamate receptors.

Effective plasma concentrations:



o threshold effects: about 40 mg/100 ml (5 mmol/l)
o severe intoxication: about 150 mg/100 m!
o death from respiratory failure: about 500 mg/100 ml.

Main peripheral effects are seif-limiting diuresis (reduced antidiuretic
hormoene secretion), cutaneous vasodilatation, and delayed iabour
(reduced oxytocin secretion).

Neurological degeneration occurs in heavy drinkers, causing dementia
and peripheral neuropathies.

Long-term ethanol consumption causes liver disease, progressing to
cirrhosis and liver failure,

Maoderate ethanol consumption has a protective effect against ischaemic
heart disease.

Excessive consumption in pregnancy causes impaired fetal
development, associated with small size, abnommal facial development
and other physical abnormalities, and mental retardation.

Tolerance, physical dependence and psychological dependence all
occur with ethanol.

Drugs used to treat alcohol dependence includs disulfiram (aldehyde
dehydrogenase inhibitor), naltrexone {opiate antagonist) and
acamprosate (NMDA receptor antagonist).

Metabolism of ethanol

@

Ethanol is metabolised mainly by the liver, first by alcohol
dehydrogenase to acetaldehyde, then by aldehyde dehydrogenase to
acetate. About 25% of the acetaldehyde is metabolised extrahepatically.

Small amounts of ethanol are excreted in urine and expired air. Hepatic
metabolism shows saturation kinetics, mainly because of limited
availability of nicotinamide adenine dinucleotide (NAD"). Maximal rate of
ethanol metabolism is about 10 mithour. Thus plasma concentration falis
linearly rather than exponentially.

Acetaldehyde may produce toxic effects. Inhibition of aldehyde
dehydrogenase by disulfiram accentuates nauseas, etc., caused by
acetaldehyde, and can be used in aversion therapy.

Methanol is similarly metabolised to formic acid, which is toxic, especially
o retina,

Asian people show a high rate of genetic polymorphism of alcohol and

aldehyde dehydrogenase, associated with alcoholism and aleohol
intolerance, respectively.
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Figd3_6 Netabolism of ethanol. NAD, nicotinamide adenine dinucleotide.

CANNABIS

Extracts of the hemp plant, Cannabfs sativa, which grows freely in temperate and tropicai regions,
contain the active substance A® -tetrahydrocannabinol (THC). Marijuana is the name given to the drie:|
leaves and flower heads, prepared as a smoking mixture; hashish is the extracted resin. For
centuries, these substances have been used for various medicinal purposes and as intoxicant
preparations. Marijuana was brought to North America by immigrants, mainly in the 19 th century, &
began to be regarded as a social problem in the early years of the 20 th century; it was banned ciur gy

the 1930s. lis use increased dramatically in the 1960s,

PHARMACOLOGICAL EFFECTS

The main subjective effects in humans consist of:
a feeling of relaxation and well-being, similar to the effect of ethanol but without the

accompanying aggression
a feeling of sharpened sensory awareness, with sounds and sights seeming more intense

fantastic.

Central effects that can be directly measured in human and animal studies include

¢ impairment of short-term memory and simple learning tasks-subjective feelings of confide
and heightened creativity are not reflected in actual performance

impairment of motor coordination (e.g. driving performance)
catalepsy-the retention of fixed unnatural postures, seen with large doses of cannabis in

animals
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s analgesia
«  antiemetic action

¢ increased appetite.
‘e main peripheral effects of cannabis are:

« tachycardia, which can be prevented by drugs that block sympathetic transmission

« vasodilatation, which is particularly marked on the scleral and conjunctivai vessels, producing
a bloodshot appearance characteristic of cannabis smokers

o  reduction of infragcular pressure

bronchodilatation.

SDVERSE EFFECTS

a1 overdose, THC is relatively safe, producing drowsiness and confusion but not respiratory or
cardiovascular effects that threaten life. [n this respect, it is safer than most abused substances,

particularly opiates and ethanol. Even in low doses, THC and synthetic derivatives such as nabilone
}zOdUCe euphoria and drowsiness, sometimes accompanied by sensory distortion and hallucmat:ons.
The risk of road accidents is srgmfcantiy increased by recent use of cannabis.

a1 rodents, THC produces teratogenic and mutagenic effects, and an increased incidence of
chromosome breaks in circulating white cells has been reported in humans. Such breaks are,
nowever, by no means unique to cannabis, and epidemiological studies have not shown any
wnoreased risk of fetal malformation or cancer among cannabis users.

C.ertain endocrine effects oceur in humans, notably a decrease in plasma testosterone and a
aduction of sperm count. One study showed a reduction of more than 50% in both plasma
westosterone and sperm count in subjects smoking 10 or more marijuana cigarettes per week.

recently, major concern has arisen about the risk of long-term neurological and psychological
disturbances resulting from cannabis use. Epidemiological studies have suggested an association
netween heavy cannabis use and poor cognitive function (see Kalant, *m) but this does not
necessarily imply causation, and there is little direct evidence that cannabis can cause
-1:‘.-urodegeneration or irreversible cognitive impairment (see iversen, M).

Cannabis

s Main active consiituent is Agntetrahydrocannabinot (THC), although
pharmacologically active metabolites may be important,

s Actions on central nervous system (CNS) include both depressant and
psychotomimetic effects.

s Subjectively, subjects experience euphoria and a feeling of relaxation,
with sharpened sensory awareness.,

o  Objective tests show impairment of learning, memory and motor
performance.

= THC also shows analgesic and antiemetic activity, as well as causing
catalepsy and hypothermia in animal tests.
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s Peripheral actions include vasodilatation, reduction of intraocular
pressure, and bronchodilatation.

s  Cannabinoid receptors belong to the G-protein-coupled receptor family,
linked to inhibition of adenylyl cyclase and effects on calcium and
potassium channel function, causing inhibition of synaptic transmission.
The brain receptor (CB4) differs from the peripheral receptor (CB,), which
is expressed mainly in cells of the immune system, Selective agonists
and antagonists have been developed.

e Anandamide, an arachidonic acid derivative, is an endogenous ligand for
the CNS cannabinoid receptor; its function has not yet been ascertained.

« Cannabinoids are less liable than oplates, nicotine or alcohol to cause
dependence but may have long-term psychological effects.

o Nabilone, a THC analogue, has been developed for its antiemetic
property.

¢ Although cannabinoids are not available for clinical use, trials are in
progress for symptomatic treatment of multiple sclerosis and AIDS

$6. Stimulants

Table 42-1. Central nervous system stimulants and psychotomimetic drugs

Category Example(s) Mode(s) of action Clinical significance

Psychomotor Amphetamine and related Release of catecholamines  Methylphenidate and

stimulants compounds Inhibitiory of catecholamine  dexamphetamine used to treat
(e.g.dexamphetamine, uptake ADHD in children; otherwise very
methylamphetamine, limited clinical use
methylphenidate, fenfiuramine) Some agents used occasionally

as appetite suppressants

Risk of dependence,
sympathoemimetic side effects and
pulmonary hyperiension

Mainly important as drugs of

abuse
Cocaine Inhikiticn of catecholamine Important as drug of abuse
uptake Local anaesthetic Rigk of fetal damage

Occasionally used for
nasopharyngeai and ophthalmic

anaesthesia
Methylxanthines {e.g. caffeine, Inhibition of Clinical uses unrejated to
theaphyliine} phosphodiesterase stimulant activity, although

Antagonism of adenosine A, caffeine is included in various
receptors (relevance of these ‘tonics’ Theophylline used for
actions to central effects is action on cardiac and bronchial

not clear) muscle Constituents of beverages

8.HT, 5-hydroxytryplamine; ADHD, altention deficit hyperactivity disorder; LSD, lysergic acid diethylamide; MDMA,
methylenedioxymethamphetamine.

Amphetamine

Pharmacological effects
The main central effects of amphetamine-like drugs are:
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« locometor stimulation
« euphoria and excitement
«  stereotyped behaviour

anorexia.

Amphetamines

e The main effects are:
o increased motor activity
o euphoria and excitement
o anorexia

o with prolonged administration, stereotyped and psychotic
behaviour.

¢ Effects are due mainly to release of catecholamines, especially
noradrenaline and dopamine.

o Stimulant effect lasts for a few hours and is followed by depression and
anxiety.

»  Tolerance to the stimulant effects develops rapidly, although peripheral
sympathomimetic effects may persist.

« Amphetamines may be useful in treating narcolepsy, and also
{paradoxically) to control hyperkinetic children. They are no longer used
as appetite suppressants because of the risk of pulmonary hypertension.

= Amphetamine psychosis, which closely resembles schizophrenia, can
develop after prolonged use.

s  Their main importance is in drug abuse.

dmwanted eflects

I'me limited clinical usefulness of amphetamine is offset by its many unwanted effects, including
fiypertension, insomnia, anorexia, tremors, risk of exacerbating schizophrenia, and risk of
dependence,

Sudden deaths have occurred in ecstasy users, even after a single, moderate dose. The drug can
induce a condition resembiing heatstroke, associated with muscle damage and renal failure, and also
causes inappropriate secrefion of antidiuretic hormene, leading to fhirst, over-hydration and
nyponatraemia (‘water intoxication’). Cerebral haemorrhage has also been reported after
amphetamine use, possibly the resuit of acutely raised blood pressure. There is evidence that
frabitual use of amphetamines is associated with long-term psychological effects of many kinds,
mcluding psychotic symptoms, anxiety, depression and cognifive impairment,

TOCAINE
Cocaine is found in the feaves of a South American shrub, coca. These leaves are used for their

stimuiant properties by natives of South America, particularly those in mountainous areas, who use it
{0 reduce fatigue during work at high altitude. Publishing an influential monograph in 1884 advocating
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its use as a psychosfimulanf.z Freud's ophthalmologist colleague, Kéller, obtained supplies of the dru;
and discovered its local anaesthefic action, but the psychostimulant effects of cocaine have not
proved to be clinically useful. On the other hand, they led to it becoming a widespread drug of abuse
in western countries.

Adverse effects

Toxic effects occur commonly in cocaine abusers. The main acute dangers are serious cardiovascuis
events (cardiac dysrhythmias, aortic dissection, and myocardial or cerebral infarction or
haemorrhage). Progressive myocardial damage ¢an lead to heart failure, even in the absence of a
history of acute cardiac effects.

Cocaine can severely impair brain development in utero. The brain size is significantly reduced i
babies exposed to cocaine in pregnancy, and neurological and imb malformations are increased. Tho
incidence of ischaemic and haemorrhagic brain lesions, and of sudden infant death, is also higher in
cocaine-exposed babies.

Dependence, the main psychological adverse effect of amphetamines and cocaine, has potentiaily
severe effects on quality of life.

Cocaine

» Cocaine acts by inhibiting catecholamine uptake (especially dopamine)
by nerve terminals.

« Behavioural effects of cocaine are very similar {o those of
amphetamines, although psychotomimetic effects are rarer. Duration of
action is shorter.

» Cocaine used in pregnancy impairs fetal development and may produce
fetal malformations.

= Asdrugs of abuse, amphetamines and cocaine produce strong

psychological dependence and carry a high risk of severe adverse
reactions.

METHYLXANTHINES

Various beverages, particularly tea, coffee and cocoa, contain methylxanthines, to which they ow.
their mild central stimulant effects. The main compounds responsible are caffeine and theophyiiine
The nuts of the cola plant also contain caffeine, which is present in cola-flavoured soft drinks.
However, the most important sources, by far, are coffee and tea, which account for more than 0% o
caffeine consumption. A cup of instant coffee or strong tea contains 50-70 mg of caffeine,

Pharmacological effects
Methylxanthines have the following major pharmacoclogical actions:

o CNS stimulation
e diuresis
e stimulation of cardiac muscle

e relaxation of smooth muscle, especially bronchial muscle.
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Cifnical use and unwanted effects

There are few clinical uses for caffeine. Itis included with aspirin in some preparations for treating
headaches and other aches and pains, and with ergotamine in some antimigraine preparations, the
ubject being to produce a mildly agreeable sense of alertness. Theophylline is used mainly as a
hronchodilator in treating severe asthmatic atfacks. Caffeine has few unwanted side effects and is
safe even in very large doses. In vitro tests show that it has mutagenic activity, and large doses are
reratogenic in animals. However, epidemiclogical studies have shown no evidence of
sarcinogenic or teratogenic effects of tea or coffee drinking in humans.

Methyixanthines

o  Caffeine and theophylline produce psychomotor stimulant effects.

¢ Average caffeine consumption from beverages is about 200 mg/day.

o  Main psychological effects are reduced fatigue and improved mental
perfoermance, without euphoria. Even large doses do notf cause
stereotyped behaviour or psychotomimetic effects.

» Methylxanthines act mainly by antagonism at A; purine receptors, and
partly by inhibiting phosphodiesterase, thus producing effects similar to
those of B-adrenoceptor agonists.

e Peripheral actions are exerted mainly on hearf, smooth muscle and
kidney.

e  Theophyliine is used clinically as a bronchodilator; caffeine is not used
clinically.
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