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Figure 31.1

Summary of antimicrobial agents aftecting cell wall syntnesis *Cilastatin is not an antibiotic but a peptidase
nhibitor that protects imipenem from degradation.
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O=C—N—CH—CO0H 0=C  N—CH—COOH
%) OH H
F—CH + 6-Aminopenicillanic Acid Penicilloic Acids

Sourca: Brunton LL, Lazo )8, Parker KL: Goodmeanr & Gilman's Tha Pharmacological
Basis of Therapavtics, 11th Edition: httpi//www. accessmedicine. corn

Copyright @ The McGraw-Hill Companies, Inc All rights resarved.

Fig 5_1 Structure of penicillins and products of their enzymatic hydrolysis.
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pneumonia) mauhnquu lun ampicillin #3331 uIaEe1RA UR  ampicillin ¥l Auil
e o 4y ' A . =2 1y g v o e a
AnaNAMIANATIaUManiNiAeend1 amoxicilin  vatedsznsia i ldussy Blultyoman

HHATIA

® < ' ey Y .

Co-amoxiclav (Augmentin ) HUgIHANTEHIN amoxicillin AV potassium clavulanate

. . 4 o a L) 1 9 v =4
(clavulanic acid) qmri]umsmwﬂmﬂuaﬂuﬂquumuaﬂmenﬂm‘zgﬂmmamaumuamm

@ ol T | et o ¥ Ay oawd o
UMD UFGUNHIAAVITOTINYUY ﬂ"l'iullf]ﬂﬁ’ﬂill!‘l_lﬂﬂliﬂiﬂﬂﬂﬁduﬂﬂlﬂﬂ Eﬂl’rlﬂ'lﬁﬂ‘h’?ﬁl]ﬁl‘b’ﬁ!ﬂﬂﬂ
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1 <o . p . : 4
v ludihendu T uTsawe1uin (hospital-acquired pneurmonia) Faunmdgs1ugyaisiiug

)
=
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Fal5e1l co-amoxiclav ¥linnudIgnIa Hludad (1) e ldunndns ldaszmina linirien
" s M A a kY &5 t o o

mainIFedaws wiam sz lflszanEnmusas10an1881359915 9 (@A15799 1)

-

M519%1 5_1 nansdegaany hueudeidwguanzyiansuilungu oral penicilllin

Dicloxaciliin Amoxycillin Co-amoxxiclav
S. aureus 70% - -
E. coli - 17% 66%
H. influenzae - 55% 96%

Dicloxacillin 1¥7ayan11u 111 oxacilllin, Amoxicillin 1¥¥oyana1uT1v84 ampicillin,

Source: NARST (National Antibacterial Resistance Surveillance Center, Thailand )

Available at: http://narst.dmsc.moph.go.th/ars/box/anti2005,pdf




indraaumandusteilungil (pharmacokinetics)
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gy @ amoxicillin  1wiidiAadeudn Atz s0% vaedthe nazms 1T ud
. e q s Ay o ., e 9w 9 a4 4 g
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2 c;clyd Tar o T J dyd o 2 U ad a oo .:'1
PBludidavalszns  wadswanalunguiiimuilasansmiandenl§Twmzyianiusu o

vz 1dna1ae0 1l
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@, Cloxacillin (1)
@ Ampicillin (N)
‘@' Co-amoxiclay (4)
. ® . Ampicillin + sulbactam (3)
@ Piperacillin + Tazobactam (3)
mﬂfjm‘f“!%’%’ﬂyﬁiﬂﬁm%aﬁﬁmm;u;m Faoums ldTunia ﬁqﬁﬁa‘lﬁ"ﬁszﬁumqa
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Penicillin G flusisedesnaudae DsW uss NS Aoudadindwusonasaidend
donauudaiulugiduldiou 7 fu edrldveatudy) sengnine Sweptococcus (FU Strep
Group A, B, C, G, S viridian, S. milleri, S. preumoniae {82 Enterococcus i“flué"fu inldiums
SAu115A subacute bacterial endocarditis (SBE) , bacteremia, syphilis HAY pneumonia YUIRYILBY
szapfiumiag iy wnidivzszydudofngy  Tulsaiinuien wu se HWorluwua 1020
Fumiasdeiu Tulsas'ly 19y msdadefifimienldoufion s Swmiedety s ldn
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afeldnat 12 Faluslumengantuding ludnenifinandes ndilld enfifllse Tonlung

o g ciw Al !g W
FnyuFenos hifseiaegl

| @ Streptococcus pneumoniae
! is 2 major cause of bacterial
pneumonia in all age groups.

& Infection often ocours Inan -~
who are ill from other causes.

@ Resistance to penifciiiin G has
greatly increased worldwide,
due to mutations in one or more
of the bacterial penicillin-

PNEUMOCOCCAL PNEUMONIA 1

Spirochetes
W 1 eponemn perientie (Yaws)

instltutional setting in Individuals | Treponema palidum{Syphin

binding protelns,

SYPHILIS

@ A contaglous venereal disease
that progressively affests many
tissues,

@ A single treatment with penfeilfin ¢

is curative for primary and

secondary syphills. No antibiotic L
as been reported. -

resistance b

GONORRHEA

® Siver nitrate drops In the eyes pr
gonococcal ophthalmia In newbo

@ Peniclilinase-producing strains al
treated with ceftrizxene with
speclinomycin as a backup.

T T T sy

Figure 31.4

Typical therapeutic applications of penicillin G.
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Benzathine penicillin G 1fumBadhndwsilades  Yantdess (epository form) 15z dno7
M 1 o at o [~ 3
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fdumideaeiu udddviuaz 12 ash w7103y (dludu
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amoxicillim  1¥U WNOUAU LA 10%  eosilnophilia 191 22% WU VYR W= 9]yeia Ty
a/ 3 dﬂ{ dyd ) a' ' Y ¥
Toeiumdynurenss el Tordlumasoulsaneuineavias  fygrhegisausy
y o i o w ' qy:g
sulbactam  Futlumsiilauonifadwiy clavulanic acid WAy grs1a1ma 10
® . . . = o r as . ’
Unasyn  (ampicillin + sutbactam)  ariinfialuvwin 6 niudaTuilsna 896 1 Jygnefisndsn
4 R = r o P I ) @ oA .
flo ampicillin $71A1uHB9 108 VA Ty erflorwfonldunuduld A co-amoxieryy yfindatnd

’ @t o oA 7
Tmeaaiulndifeany

b o ye - 4
piperacillin + tazobactam  (HugmauFaldinurTsadadasuusidiorniugy g efeiialy
gihemmzeawdunsniveumnifinngdmlsadate vy Mufsiiadenund
] - a [=1 . . 3 a a . Cenge k-
ifﬂmlullwg Lﬂuﬁu piperacillin lﬂ‘ﬂﬂﬂl&ﬂﬁllEllliTﬂn'lu%ﬂﬁu(ureldopamc:llm) ?)ﬁ]ﬂf}"b’]“ﬁ{ﬂijﬁu

W - k4 ¥
AWTOATOUAGUITE Pseudomonas 1A Hagiiuil ﬂmmx‘?ﬂﬁaaﬁaﬁmﬁmmﬁuﬁu tazobactam %9

k)

¥
1 e

. - &
ﬁﬂu beta-lactamase mhibitor ﬁﬂ‘nuﬂwm il 'ﬂ‘h’i]‘lEJ 2,100-2,800 UMaAeIu MUﬂU‘IJU'lﬂEJ']ﬂ]‘H

at

! 1 [
M9afl 5_2 namediedendn hyesudeidduyudassin aee1lunqu parentery penicillins

ampi+sulbac amox-+clavu Diper+tazobac
S. aureus 66% 65% -
E. coli 42% 65% -
H. influenzae 93% 97% -
K pnewmoniae 66% 74% -
Enterobacter sp. 21% 9% -




Acenetobacter spp. -

50%

P. aeruginosa -

80%

Source: NARST (National Antibacterial Resistance Surveillance Centar, Thailand )

Available at: http://narst.dmsc.moph.go.th/ars/box/anti2004.pdf
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U@ (cholangitis) HAZNIUIEG (cholecyst:s)]g)’ AU ampicillin

GE Tuvwagaliszauaaaiivanaiums

penicillin G
Snulsnandovasssyulsyamaiunay iy Temday
AUBISNIAU (meningitis) enyHalunguiidusannidlaly

ANYUZIREINY AL 810U

AMNE8I1AM 31T 1 UNgHH (contraindications,
precautions, adverse drug reactions lidzdrug interactions)
anudsaadienvelungqumiTadusiaiulag
= a ] FoS o
piperacillin + tazobactam Namdesdansnadadony
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#7 (neutropenia) 18u1nn11e18u Aoy lalszuam 6% Dy
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anuFgannmIacnilignis wu MWewidadsdmass
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lﬁU’JﬂU drug interactions UBIUIN

Does not penetrate
into the CNS unless
meninges are intlamed

Mostly unchanged .-
drug appears in i
the urine ,

Penicillin G

Figure 1.7

Arreinieion and fate of

[ Stable to acid, permitting
oral administration

Natural penicillins

—~—» Penicillin G
—>  Penicitlin V

Antistaphylococcal

=4 Cloxacillin

md Dicloxacillin
Methicillin
m=d Nafcillin

= Oxacillin

Extended spectrum

L Ampicillin
—> Amoxicillin

mxd Amoxicillin + clavulanic acid

Ampicillin + suibactam* .

*Avallable only as parenteral preparation.

Antipseudomonal

—> indanyl carbenicillin
Piperacilfin
Ticarcillin

Ticarcillin + clavulanic acid

Piperacillin + tazobactam

Stable to penicillinase

Figure 31.6

Stability of the penicillins to acid
or the action of penicillinase.



Figure 31.9
Summary of the adverse effects of

f penicillin.
Giycaopeptide Glycopepide
Falymer Polyrmar
bMur NAC Mur Nae
penicillins
cephalosporins
O D-Alanine @ L-Alanine
@ o-Guemate
Glycopepfide Glycopeaptide @ L-Lysine
Poiymer Polymear C Giyeine
| ] O o-Alsnine
Mur NAC Mur NAC Mur NAC =
N-Acatyl-
muramic acid

Source: Brunton LL, Lazo 18, Parker KL: Goodman & Gilmar's The Pharmaceological

Basis of Tharapeutics, 11th Edition: http

ffwnw, accessmedicina.com

Copyright @ The McGraw-HIll Carmpanies, Inc. All rights reserved,

Figure 5 2 Action of beta -lactam antibiotics

The bacterial cell wall consists of glycopeptide polymers linked via bridges between amino acid side

chains. In S. aureus, the bridge is (Gly)}5-D-Ala between lysines. The cross-linking is catalyzed by a

transpeptidase, the enzyme that penicillins and

in Staphylocaccus aureus.

cephalosporins inhibit.
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Table 5-3 Chemical Structures and Major Properties of Various Penicillins

L | K o

Penicillins are substituted 6-aminopenicillanic acids

R NONPROPRIETARY |Absorption after |Resistance to |Useful Antimicrobial Spectrum
NAME Oral Penicillinase

Aministration

Penicillin G Variable (poor) ) Streptococcus species, - Enterococci, "Listeria,

‘ Neisseria meningitidis, many anaerobes (not
Bacteroides fragilis),"”" spirochetes,
Actinomyces, Erysipelothrix spp., Pasteurella
multocida™™"

N —-OCH _ Picillin Vv Good No Indicated only for non-methicillin-resistant
? strains of Staphylococcus aureus and
M N T — i / ( I ¥ - _ Staphylococcus epiderrnidis. Compared to other
/ H, Methicillin Poor (not given orally) Yes penicillins, these penicillinase-resistant penicillins
//~\'\ lack activity against Listeria rmonocytogenes and
<L Y, )— Enterococcus spp.
OCH,

T TR

i Oxacillin

(@) il il

13-



| Nafcillin

oxacillin

(Ry = CI; Ry = H)

Dicloxacillin

(Ry=R; = CI)

fogt N TN P o

N o4 L Sad Scd et

Ampicitlin'
(R, = H)

(Ry = OH)

Ticarcillin

Carbenicillin

. S e

c
(Ry = 5-indanal)

Excellent

arbenicillin indanyi

R S T e L W B R R AT, L o 5

Good

Variable

Good

| oor (nt given orally)

Por {not given orally)

No

No

Yes

No

Extends spectrum of penicillin to include
sensitive strains of

Enterobacteriaceae’ " Escherichia coli,
Proteus mirabilis, Salmoneila, Shigelia,
Haemophilus influenzae,”” and
Helicobacter pylori.

Superior to penicillin for treatment of
Listeria monocytogenes and sensitive
enterococci. Amoxicillin most active of all
oral B-lactams against penicillin-resistant
Streptococcus pneumaoniae

Less active than ampicillin against Streptococcus
species, Enferococcus faecalis, Klebsiella, and
Listeria monocytogenes. Activity against
Pseudomonas aeruginosa is inferior to that of

mezlocillin and piperacillin

Extends spectrum of ampicillin to include
Psuedomonas aeruginosa,®
Enterobacteriaceae,”’” Bacteroides species”™ "

13- b



,/'?_-'\"~\ Mezlocilin Poor (nat given orally)
\\ )/ —{H-
W= NHED
1
N'\
\,/ -?,,-_O
—t
“S0,CH,
’,I’/' ‘C;-.,} on Piperacillin Poor (not given orally)
)
NH?O
N0
‘N ’;-,-0
|
CEHS

No

No

"Equivalent to R in Figure 45-1.

“*Many strains are resistant due to altered penicillin-binding proteins.
“**Many strains are resistant due to production of B-lactamases.
TThere are other congeners of ampicillin; see the text.

*Some strains are resistant due to decreased entry or active efflux.
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{TBE CEPHALOSPORINS AND OTHERS)
1 ;:?.Jd < ~ =i ar oo (¥ 1 o - od Y
olunguiliivaiowiia atiahida 1wy Femdnuvand we. 2547 3 13 wila
Usznouday
1. Cefalexin (Cephalexin) cap, dry syr ()
2. Cefazolin sodium sterile pwdr (1)
3. Cefuroxime axetil tab, dry syr (1)
4.  Cefuroxime sodium sterile pwdr (71)
5. Cefotaxime sodium sterile pwdr (A1)
6. Cetriaxone sodium sterile pwdr (A1)
7.  Ceftazidime sterile pwdr ()
8. Cefdinir cap, dry syr (1)
9. Cefixime cap, dry syr (3)
. N ﬁ:lv y é T
10. Cefoperazone sodium + sulbactam sodium 871 HauTl5 ndnyanilein
Sulperazone sodium sterile pwdr (3)
11. Cefoxitin sodium sterile pwdr (3)
12. Imipenem + cilastatin sodium sterile pwdr (3)
13. Meropenem sodium sterile pwdr (3)
= [={ d! s d o = of z é‘ ar ;{’
!‘]ﬂ’hiﬁﬁﬂ'ﬂiu L‘]J“L!El‘lﬂﬂﬂ\ilﬂi?ﬁﬁ‘ﬁuﬂﬂ@ﬂfﬂ’l‘ﬁﬂTN AT UAGUNIHINTNUINUASITD
o . [
nsuay uazluuansaiaTeUARMTe anacrobes UWTUANABGB (YU Bacteroides fragilis 1)
Bﬂﬂﬂﬂgﬁﬂ Enterococcus W8t L. monocytogenes mnfjuﬁmjaaamﬂu generation A1 94
. - U
generation ldun
st . - T B . ) ot o d¥ o a
1" generation r'f!ut‘nqumﬂ Iﬂl!ﬂ (1) cefalexin cl‘]fﬂ?ﬁ’a‘llmiﬂﬂl‘li@u‘lmmiElﬂ'ill‘lJ’Jﬂ
' ] k4
Tagmmzed e S awens TugthoiuimidFaduuoy luigunss uazasdaie lusuyuan
= - Y] < 1 . . ¥ e = 4’: o 1w o d'
HURATITINTUALLNYUA WU E. coli (2) cefazolin ]‘h’ﬁﬂﬂﬂuﬂ’liﬂﬂl‘b’ﬂﬂ’]ﬂ'ﬁ'ﬁ\iﬂ'ﬁﬂ']ﬂﬂ (MU
1Y cefadroxil, cephradrinc)
n . o VA ' . . - o .
2™ generation uﬂum;u‘nﬂm 1Auf (1) cefuroxime axetil iupAnldinun community-
acquired pneumonia nsdl Iimsine lunewdie i lsiez 1¥mduiieongnt Idfeend
t A:!c;. T e 3 «n( 3
19U amoxicillin (2) cefuroxime sodium sterile pwdr U914 igarnudasninfignings 9 na1a 4
d o s . @ . .. ° w o ¥ s
srneennidy 1T generation fiJ 3rd generation (3) cefoxitin cl‘ff‘ﬁ"l‘rfﬂjm‘iﬂm%ﬂ atypical

. - 94 5 s o = .e’{ roar t ) [ 3 n o+
mycobacterium 38813 M usumudwmiviisesunmsAadeninmsedaluseestouriniu 1

14



N 0w o a_ 4 4 ﬂ o ey 2 o v Sa
!luzuﬂm‘iﬂuﬂ’]ﬁ'iﬂﬂ']T‘J'ﬂﬂﬂl‘h’ﬂﬂu 9 W3l ‘L!GITh"Llﬂﬁll“U’ﬂTll‘iElﬁ'i’!\ili]ll‘]fﬂl]'"]Jﬂ'll!ﬁﬂ!ﬁ’]lllﬁ

{beta-lactamase inducer)

[}
o ot 1

4:; ol 1 v g = - 1 s r 5 It .
F13719% 5_4 HLOAIA1a8TA Y Tusarendinyaazyiia 'Flﬂll"l]'uﬂfjll 1" uaz 2 ! generation

o

cephalosporins
cephalothin cefuroxime
E. coli 29% 63%
| H. influenzae - 97%
K. neumoniae 55% 60%

Source: NARST (National Antibacterial Resistance Surveillance Center, Thailand )

Available at; http://narst.dmse.moph.go.th/ars/box/anti2005 pdf

r . < ' 3 . . <) a o o o 3 a a
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= = N 9/ s a C s a d;lldI = o @
seuymiaauneisluwan ) cefiime 1Samndesnanlumsinyi lsadadauuaiSoniuoy 3)
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cefotaxime 19dm5uTsnaaivelussuulsramaiunashifaninuuaideniuay Tasmnielu
g s A A A a R :lsu ' . Ao g w
BT Rafaninifean19ina kemicterus 910015 190 1UnqY sulfonamides  usnuNIlEN1Y
dmsumsaalie penicillin resistant S. pneumoniae (PRSP) niadmiunAFenuaiiSundy
auu1ans i g lavianunnses @) cefriaxone 19 usumuvas cefotaxime  vATUATS
K v
Gavalunisnusniia  (5) cetazidime 1¥GMINNTAAGTS P aeruginosa 1Az melioidosis (6)
[~ .. 3 @ A ¥ 1 " @ 1 =l
cefoperazone + sulbactam Téilu empiric therapy (1%“11Jﬂaummzqu%ﬁl%allnllﬁ) iieaadyinil
~ ¥ | o ¥ ¥ o
a1saairaunsndeululsane1tia (nosocomial Infectlon) az Iz vafudomnmizids gy

-

Acinetobacter spp. -

=l o

4" generation 1 Imisua1ga 1w cefepime 89 M 195Un 15055y Hutnfumdn

5}

YA

as

v o ]
M 5 5 uansdrednaaw husudeiidwyndazyia aonilundgu 3 generation

o

cephalosporins
cefotaxime ceftriaxone ceftazidime
E. coli 70% 70% 80%
H. influenzae 97% 96% 81%
| K. neumoniae 62% 61% 63%
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Enterobacter sp 48% 50% 51%
Acinetobacter spp 22% 21% 35%
P. aeruginosa - - 72%

Source: NARST (National Antibacterial Resistance Surveillance Ceater, Thailand )

Available at: http://narst.dmsc.moph. go.th/ars/box/anti2005 . pdf
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Figure 31.15

The in vitro growth of Escherichia
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with and without clavulanic acid.
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Table 5-6 Cephalosporin Generations

EXAMPLES _

|USEFUL SPECTRUM®

FEI’St Generation

T TR

Cefazolm (ANCEF Streptococci®; Staphylococcus aureus.®

PERLEE I T WP B

Cephradlne

Escherichia coli, Klebsiella, Proteus, Hasmophilus influenzae,
Moraxella catarriialis. Not as active against gram-positive

Cefuroxime axetil organisms as first-generation agents.
B et b i b e it |
Cefprozil (CEFZIL) Inferior activity against 5. aureus compared to cefurgxime but
z: e with added activity against Bactercides fragifis and ather
Cefmetazole Bactercides spp.

Enterobacteriaceae®; Pseudomonas aeruginosa®; Serratia; Neisseria
gonorrhoeae; activity for S, aureus, Streptococcus prieumoniae, and
Streptococcus pyogenes’ comparable to first-generation agents. Activity
*\ against Bacteroides spp. inferior to that of cefoxitin and cefotetan.

Ceftlbuten m
T T

Cefpodoxime

AEtive against Pseudomonas

Ce Ftamd ime
A TR WA e T e et
Fourth Generation

[ T AT i o e L S L R

Cefepine

“ihy L ot AR e S R

R T e e i S S

S drhr G R A s R T T i T R A AT e T R e s R a7 AR HEEL G A R L 3

Comparab!e to third- -generation but more resistant to some B-

*All cephalospoerins lack activity against enterococci, Listeria monocytogenes, Legionelia spp.,
methicillin-resistant S. aureus, Xanthomonas maltophma and Acinetobacter species.

"Except for penicillin-resistant strains.

“Except for methicillin-resistant strains.

YResistance to cephalosporins may be induced rapidly during therapy by de-repression of
bacterial chromosomal B-lactamases, which destroy the cephalosporins.

“Ceftazidime only.

Ceftazidime lacks significant gram-positive activity, Cefotaxime is most active in class against
5. aureus and 5. pyogenes,
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Therapeutic disadvantages
of selected cephalosporins

Therapeutic advantages
of selected cephalosporins

First Generation

This first-generaticn parenteral
cephalasporin has a longer duration of
action, and a similar spectrum of aclion,
compared to other first-generation drugs

It penetrates well into bone.

Cephalexin S

This is the prototype of first-generation,
oral cephalosporins. Oral administration
twice dally is effective against pharyingit,

Cephalothin

Second Generation

This drug is associated
with serum sickness.

Emmmmm— Cefactor ]

1 lllp Cefamandole

It shows goecd activity against anaerabes,
particularly Bacteroides fragilis. Tha drug
is useful in patients with intra-abdorninal
sepsis, and against gynecologic sepsis,
including pelvic imflammatory disease.

[RITT] |> Cefotetan

Cefoxitin 1

Ceafuroxime -_—

Cefuroxime
<

This prototype second-generation,
parenteral cephalosporin has a longer
half-life than similar agents. It crosses the
biood-brain barrier, and it ¢can be used for
comrunity-acquired bronchitis or
pneumaonia in the elderly and far

palients who are immunccompromised.

These cephalosporins contzin
the methylhictetrazcle side

It is administered twice daily. The drug is
well abserbed and is active against

- Third Generation

chain and can cause hypogro-
thrempineria angd bleeding

-lactarmase-producing organisms.

probiems as weil as a disulfiram-

X ; A . Cefdinir
like effeci—that is, an intclerance -

Cefiame

tife—————

They are administered orally ance daily.

to ingested ethanol.

e RN IO 0 n a0 s A NN R A IR PPN NIRRT N BN E DV RN IR N A

wna - Cefoperazone

It penetrates well into the CSF.

.- Cefotaxime 4—[

Ceftazidime

Itis active against Pseudomonas aeruginoss

Ceftbuten

Ceftizoxime

Ceftriaxone h—

: Fourth Generation

Cefepime

This drug has the longest half-life of any
cephalosporin (six 1o eight hours), which
permits once a day dosing. High levels cf
the drug can be achieved in blocd and
CSF. It is effective against genital, anal,
and pharyngeal penicillin-resistant
Neisseria gonorrhoeae. The drug is
excreted in bile and may be used in
patients with renal insufficiency. It has
good penetration into bone.

Figure 31.12

Characteristic of some clinically useful cephalosporins. [Note: Drugs that can be administered orally
are shown in EEREELISS . More useful drugs shown in bold.] CSF = cerebrospinal fluid.
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MNT199RAYU (THE TETRACYCLINES)
slunguiliivatesiia siafda 13 uinFemanudand w.a. 2547 dsznoudae
1. Doxycycline hyclate EE hydrochloride cap, tab (1)

2. Tetracycline hydrochloride cap, tab (1)

Table 5-7 Structural Formulas of the Tetracyclines

oB O OH

NN L I Y ¢ T WAL R e St R UL F S o -t o e T

Oxytetracycline -0OH,-H 5

400 S L e T i R A S ¢ Y A A £ ST T A a4 U WS

Demeclocycline |-OH,~H; -Cl 6; 7

Methacyc]me ~OH,—H; CHs 5,6

Minocycline —H -H; —N(CH3)2 67

erlunguil uilg i lFiialunts T Tsaanfauuafitvriianiuuinuas nfay
ﬁa‘lﬂaﬁadmﬂﬂmuwugaﬁam 37971 6) u@iaﬂummﬁmm%’iumﬁﬂyﬂiﬂﬁm‘ﬁaﬁ'u 2 Banaiy
i 19y Chlamydia (Tiﬂﬁuﬂﬂmﬁﬂn llﬂ‘”Ti’ﬁ’lﬁ’YJ\iﬁT) Rickettsia, Brucella, Mycoplasma
(saoauay),  Leprospira(lsniiny)  sazldlunisfnmafildosnunmeinda lildua
ananlsa aneATLAs NN G UYea lsAnaenansirudess udu cpC wes
ﬁﬂ%ﬁ’ﬂm?miL‘Ll::f.l"l'E!1%1%’81‘!{&'1481??153&%6Q ciprofloxacin 14n135nY1199 anthrax El‘lﬂfjuﬁv@’ﬂﬂ
gnivavaensadilusduTaensvauiemsviiaues 308 ribosome  nAmanTA
bacteriostatic antibacterial agents Qﬂé@ﬂﬂﬁ’ﬁaamsﬂaqﬁ’ullﬁclﬁm%’nﬁuﬁumﬁamiaaﬂqm‘fuﬂz

M3 adusuFeTI e
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A19130 5_8 uaradieduny hesuFeidwaudazyiiasen etracycline

Tetracycline
Streptococcuc pneumoniae 37%
S. aureus 37%
Vibrio parahaemolyticus 97%
Enterocuccus faecalis 14%

Source: NARST (National Antibacterial Resistance Surveillance Center, Thailand )

Available at: hitp://narst.dmsc.moph.go.th/ars/box/anti2004.pdf

P site A sile

hS

N
Aminoacyl

Nascent {BNA

@
polypeptide .
chain . .

(1] Translerase
site

- Trtracyeline
LA INA hine

template

Source: Brunton LL, Lazo IS, Parker KL: Geodman & Gilman's The Pharmacelogical
Basis of Tharapeutics, 11th Edition: htipi/fwww. accessmedidne.com

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

Figure 5_2 Inhibition of bacterial protein synthesis by tetracyclines.

Messenger RNA (mRNA) attaches to the 30S subunit of bacterial ribosomal RNA. The P (peptidyl)
site of the 508 ribosomal RNA subunit contains the nascent polypeptide chain; normally, the
aminoacyl tRNA charged with the next amino acid (aa) to be added to the chain moves into the A
(acceptor) site, with complementary base pairing between the anticodon sequence of tRNA and the
codon sequence of mRNA. Tetracyclines mhibit bactenial protein synthesis by binding to the 30S

subunit and blocking tRNA binding to the A site.

o d 3
N AFOBUMTASYDILIUNGNT (pharmacokinetics)
. = L) ¥ 9/=2 = ' o Y
Doxycycline 9AFNIIMNINAUD M IR0ovaz 93 Ifnue ld e ludasdiitansile
= B < vy - ) ' ' a
911113 Tuvnzd tetracycline gadu 14 favaz 75-77 nazarsiuumeRosig Tumsiu wracycline

'd ) T HI: -~ =)
wioua1s un sraansadiilezglition uunildon wieunadon (Tudiunay Tufi3aniiusu
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HRIT) B
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Sl LA .
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® Chiamvydia trachomatis is the major cause of sexually transmitied SPOTTED FEVER
disease in the United States. It causes nangonococeal urethritis N . .
s N ' @ This disease, caused by Rickettsia
pelvic inflammatory disease, and lymphegranulama venereum, rickettsil, is characterized by fever.

} CHLAMYDIAL INFECTIONS ( ROCKY MOUNTAIN
| |
chills, and aches in bones and joints. |

@ C. psittaci causes psiitacosis, which usually takes the farm of pneumonia. |
Other clinical tarms include hepatitis, myocarditis, and coma. . !
Response to tetracyclines is o

prompt If the drug Is started early i
in the disease process. 1

& Doxycycling ar azithromycin Is used to treat chiamydial infections,

S

contaminated food or water.

A Rickettsia rickettsi
MYCOPLASMA PNEUMONIA Chlamydia p ~, Gram {+) bacili
@ M. pneumoniae is a cormmon Chlamydia apecies - - /
cause of pneumonia in young P .
adults and in peopie who live M lasrna B
in close confines, such as in " asm n [
military camps. / A
@& Treatment leads lo a shorler Spircchetes ['!' “.‘ " B, Gram () rods :
duration ol lever, cough, and B lia buradorfi A 4 Bruucelta species* <
malaise. L.°"e lair:‘:g orferi  N§ \ Vibrio cholerae X
\ eplospira interrogans Yersinia pests \ i
® Treatment vith erythromycin *(a towacycling + gentamici ~
is also ettective. Anaerohic organisms o
2 “
Clostridium perfringens :
Clostridium tetand CHOLERA !
® Cholera is caused by Ylbrlo choleraz |
LYME DISEASE ingested as part of fecally ;|
|

@ This is a spirochetal infection caused by Borrelia burgdorferi.

Tha disease is transmitted by the bite of infected ticks. € The organism multiplies in the gastre~
- intastinal tract, whers It secretes an

® Infection results in skin lesions, headache, and fever, followed enterotoxin hat produces diarrhea.
i aphalitis and, eventually, arthritis, . N
by meningoarncep y. arthritis & Treatmentincludes doxyeycline,
@ A single, 200-mg dose of doxyeyciine, diven within 72 which reduces the number of intestirz:
hours after a tick bite, can prevent development of the disease. vibrios, and fluld replacement.

Figure 32.3
Typical Inerapeutic applications af tetracyclines.
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1.  Neomycin sulfate tab (0)
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3.  Amikacin sulfate sterile sol (U)
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uar deavan Wudy  usnsnilvnnemtalinlylumsinuindsagndis enguilhisen
P ‘g = ¥ v dill o q ¥ &8 w o Uy a
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. ’ 3 ¥
duiinseuAgMIYOAINGTY 13U penicillins, cephalosporins 11Az/M3® metronidazole  8nguTDON
3 as o = e
gnEdaua19ns s TlsauTaen1siaua1an1sfiiauwes 30S  ribosome Tnaautiaiy
. . . ] Py 9 ¥ o ¥ o oy & o a
bactericidal antibacterial agents gﬂﬁ!ﬂﬂﬂﬂﬂ’lﬂm‘igﬂ%’nmﬂﬂ'sEILEJWIYUIH’]?TSN‘U‘u Tagiunilise
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killing Hineu eruTiRAUATU PAE (post antibiotic effect)
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Mature protein

Blocks initiation
of protein synthesis

0"
. Blocks further

3' translation and elicits
premature termination

Direction of
mBNA translation

Incorporation of
incorrect amino acid

Soutce: Brunton LL, Lazo IS, Parker KL: Goodman & Gilman's Tha Pharmacological
Basis of Tharapeutics, 11th Edition: httpi//www. accessmedicine.com

Copyright @ The McGraw-Hill Cornpanies, Inc All rights reserved,

Figure 5 3 Effects of aminoglycosides on protein synthesis.

A. Aminoglycoside (represented by closed circles) binds to the 30S ribosomal subunit and interferes
with initiation of protein synthesis by fixing the 305-50S ribosomal complex at the start codon
{AUG) of mRNA. As 305-50S complexes downstream complete translation of mRNA and detach,
the abnormal initiation complexes, so-called streptomyein monosomes, accumulate, blocking further
translation of the message. Aminoglycoside binding to the 30S subunit also causes misreading of
mRNA, leading to B. premature termination of translation with detachment of the ribosomal complex
and incompletely synthesized protein or C. incorporation of incorrect amino acids (indicated by the
X), resulting in the production of abnormal or nonfunctional proteins.
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Table 5-9 Typlcal Minimal. Inhlbltory Concentratlons of Ammoglycosndes That Will Inhibit 90% (MICg.) of Clinical
Isolates for Several Spemes

Enterobacter spp.

Escherichia coli

iebsfeﬂa pneumniae ' 32 ' ' “— - " - . =, 3
roteus mirabilis . . ] - g & :"?*'-' LD .~ S . T ——— _1. ’ .

Providencia stuarti 128 e T ey )
seudomonas aeruginosa >18 . ' Ve e 3 W WS AT : :

Serratia spp.

Enterococcus faecalis

Staphylococcus aureus 2 0.5 | 0.25 0.25 16

SOURCE: Adapted with permission from Wiedemann and Atkinson, 1991.
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Figure 32.9
Administration and fate of
aminogiycosides.

E

g Twssanes  Tag

SKIN RASH
{(Neomycin)

Figure 32.10

Some adverse effects of amino-
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1. Erythromycin susp/dry syr (as stearate, estolate, ethylsuccinate) (0)
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3, Midecamycin acetate dry syr (f)
4,  Azithromycin cap, dry syr (3)
5. Clarithromyein tab, dry syr (3)
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Figure 5_4 Inhibition of bacterial protein

synthesis by the macrolide antibiotics

Translarase

erythromycin, clarithromycin, and a0D s -t == stte
azithromycin. MmENA
tempiate

Macrolide antibiotics are bacteriostatic

agents that inhibit protein synthesis by
. Source) Brunton LL, Laroe 3§, Parker KL: Goodman & Giman's Tha Pharmacoles
bmdmg reversibly to the 508 rlbosomal 8ar5is of Therapautics, 11th Editien: http://vww. accessmedicine.com
Copyright @ The McGraw-Hill Cormpanies, Ine, All rights resarvad.

subunits of sensitive organisms. Erythromycin
appears to inhibit the translocation step wherein the nascent peptide chain temporarily residing at the
A site of the transferase reaction fails to move to the P, or donor, site. Alternatively, macrolides may

bind and cause a conformational change that terminates protein synthesis by indirectly interfering

with transpeptidation and translocation.
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M990 5_10 naasaleiea i husafeid Aoz yiia aee erythromycin

Erythromycin
Staphylococcus aurens 65%
Streptococcus pieumoniae 64%
Enterococcus faecalis . 10%

Source: NARST (National Antibacterial Resistance Surveillance Center, Thailand )

Auvailable at: http://narst.dmsc.moph.go.th/ars/box/anti2005.pdf

| CHLAMYDIAL INFECTIONS

® Azithromycin is an alternative to tefracycline in treating CORYNEBACTERIUM
uncomplicated urethral, endocervical, rectal, or DIPHTHERIAE
epididymal infections due to Chlamydia. Gram (+) caccl @ Erythromycin or penicillin is

Erythromycin is the drug af choice for urogenital Staphylococcus aureus used 1o eliminate the carrler state.
@ infections due to Chlamydia oceuring during pregnancy. Streptococcus pyogenes i

Streptococcus pneumoniae
Chlamydia =
Chlamydia pneumanlae
Chlamydia psittaci
Chlamydia trachomalis

~ Gram (+) bacilli
= Corynebaclerium diphtherfae

- LEGIONNAIRES' DISEASE |
1 Moraxella catarrhails {LEGIONELLOSIS)

S IRt | @ Leglonaliosls represents 0.5 to
2.0 percent of all pneumonia in
the United Stales. Undiagnosed
or asymptomatic infections

are common.

Mycoplasma -2
Mycoplasma prieumoniae
Ureaplasma urealyticum

Spircehotes Gram {—) rads

Traponema pallldum P 1 Bordetella pertussis
Campylobacter jejuni

Hasmophilus influenzae

3 : Azith I
MYCOPLASMAL PNEUMONIA Legionella preumophita [l diiiiideia iatatd
@ Called “atypical" pneumeonia because SYPHILIS i
causative mycoplasma escape isclation
by standard bacteriologic techniques. ® Erythromycinis used to treat
syphilis in patients who are
® Erythromycin or tetracycline is effective. allergic to penicillin G.
Figure 32.12
Tygical therapeutic applications of macrolides.
f Does not
o ¢ vl 5~ . penetrate
mawaumaﬁ]wmaﬂunqw (pharmacokinetics) into the GNS / ]
¥
q r = = - ' as [ )
o lunguilnnriagaduninniadusuns Widdn  fe = : ol
= L]:v I oA . .,/ - ?’JN
AATY IAT8WINTBUDS 18-50 v8duUIReIvIAuY erythromycin A
naviiamsiuvaeiesdn  eaduminletnts liainest Metabolties of |7 |
H a [ENRINF) Nﬁﬂ’]ﬂﬂﬂﬂa'ﬁ] eryfhromyc{nandf N I:.‘—'H |
- - azithromyein ~ © ' 0 7 )
I nuemmiauemsniounld ASAY  roxithromycin, | @PPearinthebile i i |
midecamycin U0% azithromycin capsule W%Bllm“miﬁﬁﬁﬂ'l‘iﬂﬂ _ - |
> . o - ; M A
Fuorannallizinm 21 %23 % uaz 50% WA TaThu | Seaweomyein
2 g 9 4 - v the urine
gunaTy YUSTNDITN PUUDUST i 1 “
; ) ! azithromycin FUANIUI l!flu é:;t?’:amycm
. Lo A o Y o/ VY rar o o« nnromycin
clarithromycin YAl auaze i 19y 14 Tas Tidoed1iladaile Erythromycin

a ] »
91115 1 1unguilnn metabolize N1AY erythromycin Hizozas Figure 32.13

Administration and fate of the
macrolide antibiotics.
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Figure 32.16
Inhibition of the cytochrome P450

system by erythromycin,clarithro-
Figure 32.15 myein and telithromycin.

Some adverse eifects of macrolide
antibiotics.
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1.  Norfloxacin tab (0)

2. Ofloxacin tab (U)

8]

Ciprofloxacin hydrochlorilde tab (3}

b

Ciprofloxacin lactate sterile sol (3)
5. Levofloxacin sterile sol (3)

b o
singuillliunumd g lunmsinunTsaamdelu

Hootiu ilesnnlinuani@nmsoangnifivainvay 19

3 kY ]
FauTsadmie lanansddteven uazdiheluniing
aprilaiuuse Tudmisldmadaaumene onlunqu
3

= ¥ A o ' :: 2 o
i]\iﬂ’J‘i‘g]ﬂ?f'i'iﬁ}dul’ﬂ‘]ﬂﬂ'W']“’llf?]ﬁ]’l!ﬂm“ﬂ'mu ety

=p

=h

b
=

y 1 = A
Ty aﬂam‘!umuuaam'smﬂ Tuaiadsemaiall

3

-~ FLUOROQUINOLONES

FIRST GENERATION

—  Nalidixic acid
SECOND GENERATION
. Ciprofloxacin

— Norfloxacin

—  QOfloxacin

THIRD GENERATION
— @Gatifloxacin

+ Levofloxacin

— Moxifloxacin
 Sparfloxacin
FOURTH GEMERATION
— Trovafloxacin

¥
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] =] =y o) L, . . . = wa
Y191HUDY DNA gyrase enzyme uﬂmﬁunmﬂu bactericidal antibacterial agents uﬂmﬂwmﬁ’m

PAE

Figure 5-5

Break

back segment

Reseal break
on front side

Stabilize
positive ncde
(-1

Source: Brunton LL, Lazo 35, Patker KL: Goodman & Gilman's The Pharmacolegical
Basis of Therapautics, 11th Edition: httpif/www. accessmedicine.com

Copuyright @ The McGraw-Hill Companies, Ina All rights reserved,

Model of the formation of negative DNA supercoils by DNA gyrase.

: The enzyme binds to two segments of DNA (1), ¢reating a node of positive (+) superhealix, The
enzyme then introduces a double-strand break in the DNA and passes the front segment through
the break (2). The break is then resealed (3), creating a negative (-) supercoil. Quinolenes inhibit
the nicking and closing activity of the gyrase and also block the decatenating activity of
topoisomerése V. (Reprinted from Cozzarelli, 1980, with permission.)
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First Generation

First-generation quinciones, which
are used less often today, have
moderate gram-negative activity.
They achieve minimal serum
concentrations and are rastricted
to the treatment of uncomplicated
urinary tract infections.

Second Generation

Chiamydia

Myccplasma

Third Generation

Gram {+) coccl

Third-generation fluaroguinolones
retain expanded gram-negative
activity and show improved

&activity against atyplcal arganisms
; and specific gram-positi fa.|
Grom (Jrods pecific gram-positive bacteriay,

Fourth Generation

Chiamydia
1)

Gram (+) cocci

Second-generation fluoroquinolones
have expanded gram-negative activity
and also have some activity against
gram-positive and atypical organisms,
> such as Myeoplasma pneumoniae
Nyl and Chlamydia pneumoniae.

tlycoplasma

This fourth-generation fluoroguinclone |,
shows improved gram-positive ‘
coverage, maintains gram-negative

activity, and gains anaerobic coverage. ||

Anaerobic organisms

igure 33.3

< _mmary of antimicrobial spectrum of quinclones. [Note: The antimicrobial spectrum of specific agents may

- i#er from the generalizations shown in this figure. ]
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Ofloxacin

Wued1584 (second line drug) Tumsiny,

Jaulsndndia
=~ .
Ciprofloxain it sequential therapy
’ A = = oy
goitiosnnman  uazlylunsaviEE Al

a o P :1 - d‘{
muu::uwmtwmﬂr;!lﬁlfm‘lﬂmumujiﬂﬂﬂl‘]m

Levofloxacin 1 dusumulunissay

. . .o
severe community-acquired pneumonia W

T IUNADIN drug resistant S preumoniae

(DRSP) 13® atypical pathogen 1Y

Chlamydia W30 Mycoplasma 5e@nEnvga
lesnn lFnyunuhgiansonsauagy

J o o w 3 3
Wediddyelsateayldumusiaiug
& o a
FaTpgm lldesidoaosruiusiuiuie

¥
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fiauaanny 52uA0 unIas 1aa Alema o
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2 - - W - 1 1 . l-
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* saenlungu quinoiones®

NOR OFL CIP
Acinetobacter spp 23% 35%
Citrobacier freundi 45% 75%
Enterobacter sp 42% 83%
E.coli 57% 83%
K.pneumoriae 57% 78%
Proteus mirabilis 83% 88%
F.aeruginosa 76%
Shigella sonnei 98%
V. parahaemolyticus 100%
NOR = norfloxacin, OFL = ofloxacin, CIF =

ciprofloxacin
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INFECTIONS

@ Ciproflfoxacin is often
effective in treating
infections unresponsive
to -lactam antibiotics,
such as ampicitlin,

@ Ciprofioxacin is not the
drug of first choice for
pneumonia or sinusitis,

have anly weak activity
against Streptococcus
pneumaoniae, a common
causalive agent.

RESISTANT RESPIRATORY |

because the fluoroquinolones

ANTHRAX

® Ciproflioxacin is the drug of cholce
for post exposure prophylaxis and
for treatment of anthrax. Alternate

agents inciude doxycyciine.

GONORRHEA

@ Ciprofloxaecinis equally active in
infections due to penicillinase-
producing and non-penicillinase-
producing strains.

Gram (+) bacilli
Bacillus anthracis

Gram (=) cocci

Gram {—) rods

Gram (-} rods Entercbacter

Escherichia coli
Klebsiella pneumonias
Proteus mirabilis
Serratia marcescens

Hzemophllus influenzae
Legionellx gneumophila
Pseudomonas aeruginocsa

L f

Shigella

URINARY TRACT INFECTIONS

@ Ciprofioxacin and norfloxacin are effective
in treating uncomplicated and complicated |
urinary tract infections.

® The clinical and bacteriologic response is
similar to that of sulfamethoxazole-
trimethoprim.

GASTROINTESTINAL
TRACT INFECTIONS

@ Ciprofloxacinis highly efilcaclous In
ireating acute dlarrheal illnesses

due to enteric pathogens.

@ Clinical resoluticn occurs in ave
ninety percent of patients.

r

Figure 33.4
Typical therapeutic applications of ciprofloxacin.

indranumeaniveastlunguil (pharmacokinetics)
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o = 3 Wh- i Levofloxacin ~_floxacin
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« ’ N Norfloxacin  Levofloxaccin
. < = ! N
ofloxacin Uaz levofloxacin aaau lddedeenzy. 98 Tuvmzd Offoxacin Ofloxacin
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A & [ . 4
ciprofloxacin g% 138602 60 1A norfloxacin QAN Ao Trovafloxacin Y, [
2, Lo
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antacids Y3® sucralfate ua:'h:maﬂmﬁauﬂﬂuumamaaqmm
= -t P . a gy 2 qe
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& a4 4 ' = gt s =2 '
Heauaviioitledn 9 1wu A0 taaaudiad GRR Y
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appear /il
inthe bile | /-

9
Metabolites & - |

appear in Vs

the urine T
Fluoroquinolones

Figure 33.5

Administration and fate
fluoroquinolones.
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Chlgrampheanics

P site A site

Figure 5-6 Inhibition of
bacterial protein synthesis by

chleramphenicol.

Nascent
polypeptide

. chain
ribosomal subunit at the ..

Chloramphenicol binds to the 508
Transferase
site

peptidyltransferasc site and inhibits
the  transpeptidation  reaction. v VAR— 1 NT

Chloramphenicol binds to the 508

ribosomal subunit near the site of

Source! Brunton LL, Laze 33, Parker KL: Goodman & Gilman’s The Pharmacological

action of Clmdamycm and the Basis of Therapeutics, 11th Edition: hitp://www. accessmedicine. cam

macrolide antibiotics. These agents Copyright @ The McGrau-Hill Companies, Inc All rights resarved,
interfere with the binding of chloramphenicol and thus may interfere with each other's actions if given

concurrently. See Figure 46—1 and its legend for additional information,

g Drug crosses
blood-brain Chlorpropamide
barrier Phenytoin Serum
yi .
Toilbutamide concentration
Warfarin increases
v
i Chioramphenicol
Metabolites * /- A
appearin | '\ “
the urine - |
Metabalites
Chloramphemco! '
Figure 32.18 Fig‘uga 32.19
Administration and fate of Inhibition of the cytochrome P450
chioramphenicol. system by chloramphenicol.
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Fig 5_7 Structural formulas of selected sulfonamides and para-aminobenzioc acid

Microarganisms
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Figure 33.9
Inhibition of tetrahydrofolate synthesis by sufonamides and trimethoprim.

—

Trimethoprim and sulfa-
methoxazole together
{co-trimoxazole) show
greater inhibition of ;
bacterial growth :
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alone
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,,f“smfamerh-
7 oxazole alone

o
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Number of bacteria {arbitrary units)

Both drugs
0 ] 1
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Figure 33.13

Synergism between trimethoprim
and suffamethoxazole on the
inhibition of growth of Escherichia coli.
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LISTERIOSIS

© Ampicillin ar co-trimoxazole is 3
effective in treating the septicemia |.
and meningitis caused by Listeria |~

monecytogenss.

o T

PNEUMOCYSTIS JIROVECI PNEUMORNIA

® This Is a comman opportunistic infection
complicating AIDS. Co-trimoxazole is the most
effective therapy.

® Prophylaxis with co-trimoxazaoie Is. .
recg‘m!:nended for HIV-infected patients with
{ewer than 200 CD4+ cells/ml..

" "Other organisms

[ PROSTATE AND URINARY
TRACT INFECTIONS

® Trimethoprim concentrates

inlections at these sites.

RESPIRATORY INFECTIONS | ® Chronic urinary tract

in prostatic and vaginal fluids,|
making it eHective in treating |

® Co-trimoxazoie Is effective ): Escherichia coli ggﬂf‘@fisg?a;aos}gond to
against Hagemoghilis influanzae. - —— Proteus mirabilis e
BN Hacmophilus influenzze ¥ Salmonelia typhi [
@ Co-trimoxazole is an allernative | Legionella preumophilia Shigelta
treatment for Legionetla ; )
gneumoghilia. A
- - | GASTREDINTESTINAL INFECTIONS
@ Co-trimoxazole is useful in the treatment
of shlgellosis and nentyphoid salmonella, :
@ The drug is also effective in the management|
of carriers of Salmonella typhi,
Figure 33.14

Typical therapeutic applications of co-trimoxazole (suifamethoxazole plus trimethosrim).
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Figure 33.12

Contraindication for sulfonamide
treatment.
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Figure 33.16 Figure 33.11
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UNH 6 Antimycobacterial drugs
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Cumulative percentage of strains
of Mycobacterium tuberculosis
showing resistance to streptomycin.

One of several recommended multi-
drug schedules for the treatment of
tuberculosis.
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Figure 6_1. Bacterial cell wall architecture. In Gram-positive bacteria (left), the cell wall is composed of a
thick layer of murein, through which nutrients, waste products, and antibiotics can diffuse. Lipoteichoic acids in
the outer leaflet of the cytoplasmic mermbrane intercalate through the cell wall to the outer surface of Gram-
positive bacteria (no! shown); the hydrophilic side chains of these molecules are involved in bacterial
adherence, feeding, and evasion of the host immune system. In Gram-negative bacteria {center), the murein
layer is thinner and is surrounded by a second, outer lipid bilayer membrane. Hydrophilic molecules cross this
outer membrane through channels, which are formed by a cylindrical arrangement of pore proteins (porins).
Gram-negative bacteria also have lipopclysaccharide (LFS) in the outer membrane; IPS is a major antigen for
the immune response to Gram-negative organisms. The cell wall of mycobacteria (right), which include the
causative ageats of tuberculosis (M. tuberculosis) and leprosy (M. leprae), is analogous to that of Gram-
negative bacteria. The main difference between the surface architecture of mycobacteria and that of Gram-
negative bacteria is that, in mycobacteria, the two leaflets of the outer membrane are asymmetric in size and
composition; the inner leaflet of the outer membrane is composed of arabinogalactan and mycolic acids,

whereas the outer leaflet is composed of extractable phospholipids.
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Administration and faie of
rifampin. [Note: Patient should
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Rifampin induces cytochrome
P450, which can decrease the
hali-lives of coadministered drugs
that are metabalized by this system.
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Pyrazinamide and ethambutol may
cause urate retention and gouty
attacks.

o]
o
f s
P : SCoA
i o NH, ’
Acetyl CoA
S Figure 6_3 Myecolic acid synthesis and
Fayrey > rqrmieier [l raat . . - : H
Fyraz narmidy U Rt antimycobacterial drug action. Mycolic acids are
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steps; the focus is on the fatty acid synthetases (FAS1 and

FAS2) because of their importance as drug targets.

Specifically, F.4.S1 is inhibited by pyrazinamide, and

6.24 Ethambutol

FAS2 is inhibited by isoniazid.
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The therapeutic margins for different
antitubercular drugs.

DRUG ADVERSE EFFECTS

COMMENTS

Ethambutol Optic nauritls with blurred vision,

red-green celor blindness

Establish baseline visual aguily and color vision;
test monthiy.

Isoniazid Hepatic enzyme elevation,

hepatitis, peripheral neuropathy

Take baseline hepatic enzyme measurements;

repeat If abnormal or patient is at risk or symptamatic.
Clinicaily significant Interation with phenyloin and
antifugal agents (azais).

Pyrazinamide Nausea, hepatitis, hypeturicemla, rash,

joint ache, gout {rare)

Take baseline hepatle anzymes and uric acid measurements;
repeat if abnormal or patient is at risk or symptomatic.

Hepatitis, Gi upset, rash, flu-ilke
syndrome, significant Interaction
with several drugs

Take basellne hepatic enzyme measurements and CBC count;
repeat if abnormai or patlent Is at risk or symptomatic. Warn
pationt that urine and tears may turn red-orange in color.

Streptomyein

~ Ototoxicity, nephrotox(ciity

Do baseline audicgraphy and renal functicn tests;
avald or reduce doses in patlents older than sixty years,

Figure 34.10

Some charactaristics of first-line drugs used in treating tuberculosis. CBC = complete bload cournt.
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6.2.5 Alternative second-line drugs
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Figure 34.12

Aminosalicylic acid and ethion-
amide can inhibit the acetylatior
of isoniazid.
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6.2.5.5 Fluoroquinolones
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6.2.5.6 Macrolides

ﬂunﬂdNﬁyﬁﬂ1n1§ﬂHW T.B. 19 azithromycin and clarithromycin (Hl1m il TugasnisnynTsa
S Tau #5207 ethambutol and rifabutin 198 MIVT NN ARISE M. avium-inracellulare
complex. Azithromycin mutzdminlgRuitaviiaaie Brv §1o 1o 401nT interaction fu

3 v A

) Y = o w
antiretroviral U8 ﬂEJEIZL’BU@]ﬁJ’ENEJ'I:IUﬂQJJuhlﬂl?JUﬂQUﬂ’]

Y &
6.3 #15ny1lsa5eu (leprosy)
o & P o ' ) ) - W Wy
178158 U (leprosy) 1389 USA 139071 Hansen’s disease vudesluaiusng HANIR AU ld1aTan
LV T VI~ | ' a ' 3 =
duhdauilymadeadlvagun (Fagy 34.13) sz 70% veafiheiamuaagfidszma
¥ i 3 T
Buhe WeuuaiizunnTesnkandmiwazihynanfihsannsofndegdaunieiimia
wiamaauniels wHo uuztivh ednuTsatinmgnasil 3 ¥1ia1dun dapsone, clofazimine

and rifampin 154001 6-24 1fav 514 34.14 taneravean1s MR II BT TR

-
g 6000
© 5000
3 4000 -
< 3000 763,000
@ 2000t
3 1000
o
i = » n B v Koaa a B F u x W
1985 1982 1993 1997 2001
{ Year
Figure 34.13
Reporied prevalence of leprosy
woridwide.

6.3.1 Dapsone
e o u . ﬂ . . e o o

1713 TATarr$19Ad18 sulfonamides 111 bacteriostatic #1513 5AYA Mycobacterium leprae
1l g s Pe ; v i 4 o 2 L oAaa

1ANNUN strains ¥ resist AU dapsone SITEREL R preumonia VINPON Preumocystis

] 5 o ¥
alr = = o s o
jiroveci Tuflaefioso HIV , dapsone 9angn5iiJu PABA antagonist tiazfufan 13 dams 1z

52



) o i 1 ot
folate 1Tuiuhgadn 1Ad9 0 GI tract nazasz e
W ¥ a s 4 = o & a a o
1WT]’JS'Nﬂ']EJ FIVZWUYTNTZAUTIVNUTIUHIN UL 81
LHIUAUNAIARNTLUIUNIT acetylation 8IAL
metabolite 92nUUBaNN1LTA1IY adverse
reactions Taun hemolysis, Tﬂﬁilﬂ’lﬂﬂ:@dld@ﬂﬂﬁﬂ?ﬂ
Rraeu Jad G-6-PD, methemoglobinemia,
peripheral neuropathy, 0% 13179 erythema nodosum

[~ ol B - a @
leprosum (11U T3ANNTAFBUNTUNTIUTIUATIHIA

v
A & a R .
Y4 TsmTou) Faa 11705 PY1 1A1e corticosteroids

or thalidomide

6.3.2 Clofazimine
. - < . & v oW

clofazimine (1} phenazine dye TI9UNY DNA uaz
[ n’l‘ 9/ B oy )
HUBINITOIT 19 DNA 'iﬂﬂﬂﬁ'ﬂ'l]ﬂﬂlﬁlmﬂ!ﬂu redox
] . = £ '
1% oxygen radical iutindomad e UG g
#78 clofazimine 1Y bactericidal A91¥o M. leprae
nazil activity against M. avium-intracellulare

complex 1Hugfiu vzazavegluilabe il

I~ # 1T
arusolfentluszoz 14 vail lishwdh ons,

e ] o o = [T NN
adverse effect WU 15U Fl??iquqﬂlﬂﬁﬂu!ﬁuﬁ

k-

¥ g
UIM18-1A4, eosinophillic enteritis 11l m'ﬁqwmﬂu

¥
anti-inflammatory drugs #at U3 nUoIS Figure 34.14

Leprosy patient. A. Before therapy
B. After six months of multidrug
therapy.

erythema nodosum leptosum

Table 6_1 Drugs Used in the Treatment of Tuberculosus,
Mycobacterium avium Complex, and Leprosy

TALTERNATIVE
AGENTS

Moxifloxacin ar
gatifloxacin;
cycloserine;

capreomycin;
| kanamycin,

MYCOBACTERIA FIRST-LINE THERAPY

L SPECIES

M. tuberculosis

Isonlaz:d + rlfampm* + pyrazmamude + ethambu
tol or streptomycin
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amikacin;
ethionamide;
clofazimine;
aminosalicylic

acid
= AR SR TS P LI ET AL D e AR I 53T ST 1 Hog A et Vo . =, . b veagig
M. avium complex (1 Clarithromycin or az;thromycm + ethambutol with | Rifabutin;
or without rifabutin rifarmpin;

M. marinum

M. leprae

E T —— Pl W NN R, B e
M. kansasii Isoniazid + rifampin™ +
M. fortuitum Amlkacm + doxycyclme
complex

ethambutol

I i s AR o S S

Rifampin + ethambutol

4TI TG R =

Dapsone + rlfampln :i: cIofaznmlne

Cefoxmn

ethionamide;
cycloserineg;
moxifloxacin or
gatifloxacin

e e Ay e
Trimethoprim-
sulfamethoxazole
; ethionamide;
cycloseringe;
clarithromvcin;
amikacin;
streptomycin;
moxifloxacin or

gatiﬂoxacin

rifampin; a
sulfcnamide;
moxifloxacin or
gatifloxacin;
clarithromycin;
trimathoprim-
sulfamethoxazole
; imipenem

Trumethop_)rlm-
sulfamethoxazole
; clarithromycin;
minocycline;
doxycycline

Minocycline;
maoxifloxacin or
gatifloxacin;

clarithromycin;
ethionamide

“In HIV-infected patients, the substitution of rifabutin for rifampin minimizes drug
interactions with the HIV protease inhibitors and nonnucleoside reverse transcriptase

inhibitors.
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All Plasmodium species except
chioroquine-resistant P. falciparum

Chioroquine

Chloroquine-resistant P. falciparum

Quinine plus
Pyrimethamine-sulfadoxine
or
Doxycyciine
or
Cilndamyein
Alternate:

Meﬂoqufne

Pravention of relapses: P. vivax
and P. ovale only

Primaquine

Prevention of malaria

{Chloroquine-sensitive geographic ares

Chloroquine

[Chioroguine-resistant geagraphic areas

Mefloguine

( In pregnancy

Chloroguine
or
Mefloquine

Figure 36.13

Some commonly used therapeut
options for the treatment and
prevention of malaria.
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Fig 7_3 Spectrum of clinically useful activity for antimafarial drugs.

For atovaguone and proguanil, reliable activity against the primary liver stage has been shown for
P, falciparum only; far the class I agents, activity against gametocytes does not include 2.
falciparum.
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.Table 7—-1. Drugs for the Prevention of Malaria in Travelers.!

Drug Use? Adult Dosage®

T —— - e T e e

Chloroguine Areas W|thout resnstant P falciparum 500 mg weekly

A AT e — T

Malarone Areas with multldrug resistant P 1 tablet (250 mg atovaq_ne/loo mg
falciparum proguanil) daily

ey - ez ey Ch A LAY AR P A A

[Meflogume Areas W|th hlorogum resnstant P 250 mg weekly

| falciparum

‘f- R ISR Ao A TIN5 A P e DA 7k A A A T P72 a2 jo A

1Doxycyc|ine Areas with multidrug-resistant P

} falciparum

‘- O AN R s e % 2T I v A vt T . ‘ /1 " o

iPrimaguine4 Termlnal prophylams ofP vivax and P | 26.3 mg (15 mg base) daily for 14 days

ovale infections after trave]

‘Recornmendations may change, as resistance to alf available drugs is increasing. See text for
additional information an toxicities and cautiens. For additional details and pediatric dosing,
see CDC guidelines (phone: 877-FYI-TRIP; http://www.cdc.gov}. Travelers to remcte areas
should consider carrying effective therapy (see text) for use if they develop a febrile illness
and cannct reach medical attention quickly.

tAreas without known chloroquine-resistant P falciparum are Central America west of the
Panama Canal, Haiti, Dominican Republic, Egypt, and most malarious countries of the Middle
East. Malarone or mefloquine are currently recommended for other malarious areas except for
border areas of Thailand, where doxycycline is Yécommended.

For drugs other than primaguine, begin 1-2 weeks before departure (except 2 days before
for dexycycline and Malarone) and continue for 4 weeks after leaving the endemic area
(except 1 week for Malarane). All dosages refer to saits.

“Screen for GEPD deficiency before using primaguine.
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Table 7-2. Treatiment of Malaria.

Clinical Setting

Drug Therapy*

e ot T T

TR

7 hlorogum sens:twe P
falciparum and P

malariae infections

Chlorogum phosphate 1g,

followed by 500 mg at &,
24, and 48 hours

or—

Chloroguine phosphate, 1 g
at 0 and 24 hours, then 0.5
g at 48 hours

e e—— ey

P vivax and P ovale
infections

e = T o

Uncompllcated mfectmns

with chloroguine-
resistant P falciparum

Severe or compllcated
infections with P
falciparum?®

Chloroql.nne (as above),
then (if GGPD normal)
primaquine, 26.3 mg daily
for 14 days

T T T T

Quining sulfate, 650 mg 3
times daily for 3-7 days

plus one of the foilowing—

Doxycycline, 100 mg twice
daily for 7 days

or—

Clindamycin, 600 mg twice
daily for 7 days

or—

Fansidar, three tablets once

mg/kg IV over 1-2 hours,
then 0.02 mg/kg IV/min

ar—

15 ma/kg IV over 4 hours,
then 7.5 mg/kg IV over 4
hours every 8 hours

gzmmdm gluconate 23 10

Alternative Drugs

BT EH AR I S

Malarone, 4 tablets (total of 1 g
atovaguone, 400 mag proguanii) daily
for 3 days

or-

Mefloguine, 15 mg/kg once or 750
mag, then 500 mg in 6-8 hours

or-

Artesunate or artemether, single
daily doses of 4 mg/kg on day 0, 2
mg/kg on days 2 and 3, 1 mg/kg on
days 4-7

or—

Coartem {coartemether 20 mg,
lumefantrine 120 mg), 4 tablets
twice daily for 3 days

Artesunate 2 4 mg/kg IV or IM
then 1.2 mg/kg every 12 hours for 1
day, then every day

or—

Artemether,®
mg/kg/d IM

3.2 mg/kg IM, then 1.6

‘Al dosages are oral and refer to salts unless otherwise indicated. See text for additiona!
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information on all agents, including toxicities and cautions. See CDC guidelines (phone: 877-
FYI-TRIP; http://www.cdc.gov) for additional information and pediatric dosing.

Cardiac monitoring should be in place during intravenous administration of quinidine.

*Wwith all parenteral regimens, change to an oral regimen as soon as the patient can tolerate it.
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Chapter 8

Antiprotozoal Drugs

Asst.Prof.Dr. Griangsak Eumkeb

. Overview

Frotozoal infections are common among pecple in
underdeveioped tropical and subtropical countries,
where sanitary conditions, hygienic praciices, and
control of the vectors of transmissiaon are
inadequate. However, with increased world iravel,
protczoal diseases, such as malaria, amebiasis,
leishmaniasis, trypanoscmiasis, trichomaniasis,
and giardiasis, are no longer confined to specific
gecgraphic locales. Because they are eukaryotes,
the unicellular proiozoal cells have metabolic
processes closer to those of the human host than
to prokaryotic bacterial pathogens. Protozoal
diseases are thus less easily treated than bacterial
infections, and many of the antiprotozoal drugs
cause serious toxic effects in the host, particularly
on celis showing high metabalic activity, such as
neuronal, renal tubular, intestinal, and bene
marrow stem cells. Most antiprotozoal agents have
not proved to be safe for pregnant patients. Drugs

used to treat protezoal infections are summarized

in Figure 8 1.

Il. Chemotherapy For Amebiasis

Amebiasis {alsc called amebic dysentery) is an
infection of the intestinal tract caused by

Entamoeba histolytica. The disease can be acute

or chronic, with patients showing varying degrees
of iliness, frem no symptoms to mild diarrhea to

fulminating dysentery. The diagnosis is

Ficure 8.1 Summarv of antiprotozoal agents.

established by isolating E. histoiytica from

ANTIPROTOZOAL
DRUGS

AMEBIASIS

—

— Chloroquine

— Dehydroemetine
— Emetine

— lodequinol

— Metronidazole
Paramomycin

L~ Tinidazole

MALARIA

- Artemisinin

| Chloroguine

I— Mefloguine

L Primaquine
Pyrimethamine

L Quinine/Quinidine

-

TRYPANOSOMIASIS

L Benznidazole
L Melarsoprol
— Nifurtimox
i—- Pentamidine
‘— Suramin

LEISHMANIASIS

2

— Sodium stibegluconate

-

TOXOPLASMOSIS

— Pyrimethamine

-

GIARDIASIS

— Metronidazole
— Nitazoxanide

— Tinidazole

fresh feces. Therapy is aimed not only at the acutely ill patient but alsg at those

who are asymptomatic carriers, because dormant E. histolytica may cause future

infections in the carrier and be a potential source of infection for others.
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A. Life cycle of Entamoeba histolytica

Entamoeba histolytica exists in two forms: cysts that can survive outside the body,

and labile but invasive trophozoites that do not persist cutside the bady. Cysts,
ingested through feces-contaminated food cr water, pass into the lumen of the
intestine, where the trophozoites are liberated. The trophozoites multiply, and they
either invade and ulcerate the mucosa of-the large intestine or simply feed on
intestinal bacieria. (Ncte: One strategy for tréating luminal amebiasis is to add
antibictics, such as tetracycline, to the treatment regimen, resulting in a reduction
in intestinal flora—the ameba’'s majer food source.] The trophozoites within the
intestine are slowly carried toward the rectum, where they return to the cyst form

and are excreted in feces.

Large numbers of trophozoites within the colon wall can also lead to systemic

invasion. A summary of the life cycle of E,_histolytica is presented in Figure 8 2.

- \ ‘gl ® Chicroquine
: 1 Ingest P B @ Dehydroemetine
Bl of cyst o e | @& Emetine

) Muitiplication
of trophozoites
within colon wall

=)

\ ~ , stemic amebicides
ion
3

Penetration of
intestinal watl

Mixed amebicide
(luminal and

Cyst formation =0 systemic activity)

———
i ¥ ® Metronidazole
@ Tinidazole

Luminal
amebicides

® Paromomycin
® Jodoquinal

odoqui Expalled trophozaita
' (noninfective)

Cysts discarded e SR
with feces Expellad cyst

{Infactive}

Figure 8.2 Life cycle of Entamoeba histolytica, showing the sites of action of
amebicidal drugs.

B. Classification of amebicidal drugs

Therapeutic agents are classified as luminal, systemic, or mixed (luminal and
systemic) amebicides according toc the site where the drug is effective (see Figure

8.2). For example, luminal amebicides act on the parasite in the lumen of the bowel,

71



whereas systemic amebicides are effective against amebas in the intestinal wall and
liver. Mixed amebicides are effective against both the luminal and systemic forms of

the disease, aithough luminal concentrations are too low for single-drug treatment.

C. Mixed amebicides (metronidazole and tinidazole)

1. Metronidazole: Metfronidazole [me-trae-NYE-da-zole], a nitroimidazole, is
the mixed amebicide of choice for treating amebic infections; it kills the E.
histolytica tropheozoites. [Note: Metronidazole aiso finds extensive use in the

treatment of infections caused by Giardia lamblia, Trichcmonas vaainalis,

anaerobic cocei, and anaerobic gram-negative bacilli (for example,
Bacteroides species). Mefronidazole is the drug of choice for the treatment
of pseudomembranous colitis caused by the anaerobic, gram-positive

bacillus Clostridium difficile and is also effective in the treatment of brain

abscesses caused by these organisms.]

a. Mechanism of action: Some anaerobic protozcal parasites {including
amebas) possess ferrodoxin-like, low-redox-pctential, electron-transport
proteins that participate in metabalic electron removal reactions. The
nitrc group of mefronidazcole is able to serve as an electron acceptor,
forming reduced cytotoxic compounds that bind to proteins and DNA,

resulting in cell death.

)
b. Pharmacokinetics: Metronidazole is Drug crosses
_ the blood-brain
completely and rapidly absorbed after oral barrler L

administration (Figure 8.3). [Note: For the
treatment of amebiasis, itis u‘sUaIIy
administered with a luminal amekhkicide, such as
iodoguinol or paromomyein. This combination
provides cure rates of greater than 90 percent.]
Metronidazole distributes well throughout body

tissues and fluids. Therapeutic levels can be
The drug and J(
glucuronylated
metakalites .
appear in the urine

found in vaginal and seminal fluids, saliva,

breast milk, and cerebrospinal fluid (CSF).

Metabelism of the drug depends an hepatic .

. . . Metronidazale

oxidation of the metronidazole side chain by nidazal

mixed-function oxidase, followed by Figure 8.3 Administration and fate of
metronidazole.

glucuronylation. Therefore, concomitant treatment with inducers of this
enzymatic system, such as phenobarbital, enhances the rate of
metabolism. Conversely, those drugs that inhibit this system, such as
cimetidine, prolong the plasma half-life of metronidazofe. The drug
accumulates in patients with severe hepatic disease. The parent drug

and its metabolites are excreted in the urine.



c. Adverse effects: The most common adverse
effects are those associated with the
gastrointestinal tract, including nausea,
vomiting, epigastric distress, and abdominal S
cramps (Figure 8.4). An unpleasant, metallic Gl disturbange
taste is often experienced. Other effects
include oral moniliasis (yeast infection of the
mouth) and, rarely, neuraotoxicolcgic problems,
such as dizziness, vertigo, and numbness or

Mvletallic
taste

paresthesias in the peripheral nervous system.

[Mote: The latter are reasons for

Figure 8.4 Adverse effects of metronid;

discontinuing the drug.] If taken with alcohel, a disulfiram-like effect

occurs.

d. Resistance: Resistance to metronidazcie is not a therapeutic
problem, although strains of trichomonads resistant to the drug have

been reported.

2. Tinidazole: Tinidazole [tye-Nl-da-zole] is a second-gensgration nitrecimidazole
that is similar to metronidazole in spectrum of activity, absorption, adverse
effects and drug interactions. It was approved by the U.S. Food and Drug
Administration in 2004 for treatment of amebiasis, amebic liver abcess,
giardiasis, and trichomoniasis but was used cutside the United States for
decades prior to approval. Tinidazaole is as effective as mefronidazole, with a

shorier course of treatment, yet is more-expensive than generic metronidazole.

D. Luminal amebicides

After treatment of invasive intestinal or exiraintestinal amebic disease is camplete,
a luminal agent, sueh-as jodoquinol, diloxanide furocate, or paromomycin, should be

administered for treatment of asymptoematic colaonization state.

1. lodequinol: /odoquinel [eye-oh-doe-QUIN-cle], a halogenated 8-hydroxy
quinolone, is amebicidal against E. histolytica, and is effective against the
luminal trophozoite and cyst forms. Side effects from jodoguino/ include
rash, diarrhea, and dose-related peripheral neuropathy, including a rare
optic neuritis. Long-term use of this drug should be avoided.

2. Paromomycin: Paromomycin [par-ch-moe-MYE-sin], an aminoglycoside

‘ antibiotic, is only effective against the intestinal {luminal) forms of E.
histolytica and tapeworm, because it is not significantly absorbed from the
gastrointestinal tract. It is an alternative agent for cryptosporidiosis.
Although directly amebicidal, paromomycin also exerts its antiamebic acticns

by reducing the population of intestina! flora. Its direct amebicidal action is

73



probably due to the effects it has on cell membranes, causing leakage. Very
little of the drug is absorbed on oral ingestion, but that which is absorbed is
excreted in the urine. Gastrointestinal distress and diarrhea are the principal

adverse effects.

E. Systemic amebicides ’ Asymptomatic todoguinel
) cyst carriers or
These drugs are useful for treating liver abscesses Paromyein

or intestinal wall infections caused by amebas.

Diarrhea/dysentery | Metronidazole

1. Chloroquine: Chloroquine [KLOR-oh-kwin] plus
is used in combination with metronidazole Ex“ames‘inal ’°dgl‘_7”""°"
and diloxanide furoate to treat and prevent Paromycin
amebic liver abscesses. It eliminates ‘ J
trophozoeites in liver abscesses, but it is not Amebic liver Chioroquine l
useful in ireating luminal amebiasis. absess plus f
Chicroguine is also effective in the Mei::nr'dazo!e '
treatment of malaria. Emetine Jl
2. Emetine and dehydroemetine: Figure 8.5 Some commonly used therapeutic

options for the treatment of amebiasis,
Emetine [EM-e-teen] and dehydroemetine {de-hye-dro-EM-e-teen] are alternative

agents for the treatment of amebiasls. They inhibit protein synthesis by blecking
chain elongation.’ Intramuscular injecticn is the preferred route. Emetine is
concentrated in the liver, where it persists for a month after a single dose. It is
slowly metabolized and excreted, and it can accumulate. Its half-life in plasma is
5 days. The use of these ipecac alkaloids is |imited by their toxicities
(dehydroemetine is less toxic than emetine), and close clinical observation is
necessary when these drugs are administered. They should not be taken for
more than & days. Denydroemetine is only available under a compassionate
investigational new drug protocol through the Centars of Disease Control and
Prevention. Amang the untoward effects are pain at the site of injection,
transient nausea, cardiotoxicity (for example, arrhythmias or congestive heart
failure), neuromuscular weakness, dizziness, and rashes. A summary of the

treatment of amebtasis is shown in Figure 8.5,

I1l. Chemotherapy for Trypanosomiasis

Trypanosomiasis refers to two chronic and, eventually, fatal diseases caused by
species of Trypanosoma: African sleeping sickness, and American sleeping sickness

{Figure 8 13). In African sleeping sickness, the causative organisms, Trypanosocma
brucei gambiense and Trypanosoma brucei rhodiense, initially five and grew in the

blood. The parasite invades the CNS, causing an inflammation of the brain and
spinal cord thai produces the characteristic lethargy and, eventually, continuous
sleep. Chagas' disease (American sleeping sickness) is caused by Trypanosoma
cruzi and occurs in South America.



A. Melarsoprol

Melarsoprof [mel-AR-so-prol] is a derivative of
mersalyl oxide, a trivalent arsenical. I{s use is
limited to the treatment of trypanosomal

infections—usually in the late stage with CN&

involvement—and it is lethal tc these parasites.

1. Mechanism of action: The drug reacts with
sulfhydry! groups of various substances, inciuding

enzymes in both the arganism and host. The

P

—

TRYPANOSOMIASIS }

]

Trypanosoma cruzi

® Causes cardiomyopathy.
@ Comimon in infants.
® Transmitted by insect

feces contaminating the
eye or a break in the skin,

@ Treated with nifurtimeox.

AFRICAN: Caused by
Trypanascma brucei

OASTR V-]

T
AMERICAN: Caused by

>

@ Transmitted by the bite of the
tsetse fly,

parasite's enzymes may be more sensitive than
those of the host. There is evidence that
mammalian cells may be less permeable to the
drug and, thus, are protected from its toxic effects.
Trypanosomal resistance may also be due to
decreased permeability of the drug.
Melarsoprol

2. Pharmacokinetics: usually is

® Causes “sleeping sickness”

Trypanosoma brucei

gambiense

| | @ Slowto enterthe CNS.

@ Suramin and pentamidine are
used anly in the early stages
of disease,

T

slowly administered intravenously through z fine
though it the

gastreintestinal tract. Because it is very

needle, even is absorbed from

Trypanosoma brucei
rhodesiense

® Earlyinvasion of the CNS.
@ Usually fatal if not treated.

@ Melarsopro/ used when

there is CNS invelvement.

Flgure 8.13 Surnrnary of trypanosomk

irritating, c¢are should be taken not fo

trypanocidal concentrations appear in the CSF, in contrast

to nonpenetration of the CSF by pentamidine. Melarsoprol

is therefore the agent of choice in the treatment of T.

brucei rhodesiense, which rapidly invades the CNS, as

well for

gambiense.
relatively nontoxic,

as meningoencephalitis caused by T
The host readily oxidizes melarsopro/ to a
_pentavalent arsenic compound. The

drug has a very short half-life and is rapidly excreted into

the urine (Figure 8.14).

3. Adverse effects: CNS toxicities are the most sericus
side effects of melarsoprof treatment. Encephalopathy
may appear socn after the first course of treatment but
be fatal.

usually subsides. it may, however,

Hypersensitivity reactions may also occur, and

infiltrate surraunding

.__brucei

tissue. Adequate

-
Drug crosses

the blood- bram e
barrier

Metabal!tes
appearm i i i
the urme‘ L _/‘1 R

o

Melarsopral

Figure 8.14 Administration and fat

of melarsoprol.

fever may follow injection. Gastrointestinal disturbances, such as severe vomiting

and abdominal pain, can be minimized if the patient is in the fasting state during

drug administration and for several hours thereafter. Melarsoprol/ is contraindicated
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in patients with influenza. Hemolytic anemia has been seen in patients with glucose

g-phosphate dehydrogenase deficiency.

B. Pentamidine isethionate

Pentamidine [pen-TAM-i-deen] is active against a variety of protezoal infections,

including many trypancsomes, such as T. brucej gambiense, for which pentamidine
is used to treat and prevent the organism's hematologic stage. However, some
trypanosomes, including T. cruzi, are resistant. Pentamidine is alsc effective in the
treatment of systemic blastomycosis (caused by the fungus Biastomvces
dermatitidis} and in treating infections caused by Pneumocystis jiroveci (formerly

called Pneumocystis carinii—a name now used to refer to the organism in animals).

[Note: It is now considered to be a fungus, but it is not susceptible to antifungal
drugs. Trimethoprim-sulfamethoxazole is preferred in the treatment of P. jiroveci
infections. However, pentamidine is the drug of choice in treating patients with
pneumonia caused by P. jiroveci who have failed to respond to trimethoprim-
suifamethoxazole. The drug is also used in treating P. jiroveci-infected individuals
who are allergic to sulfonamides. Because of the increased incidence of pneumonia
caused by this organism in immunocompromised patients, such as those infected
with human immunodeficiency virus, pentamidine has assumed an important place in

chemotherapy.] Pentamidine is also an alternative drug to stibogluconate in the

treatment of leishmaniasis. T ~
Poor penetration into the CNS ),7-
‘ 7

£

1. Mechanism of action: Trypanosoma brucei

concentrates pentamidine by an energy-
dependent, high-affinity uptake system. [Note:
Resistance is associated with an inability of
the trypanosame tc concentrate the drug.]
Although its mechanism of action has not been
defined, evidence exists that the drug binds to
the parasite’s DNA and interferes with the
synthesis of RNA, DNA, phospholipid, and Drug /£

appearsslowly .

in the lirine \ : .-K, e

protein by the parasite.

2. Pharmacokinetics: Fresh solutions of

pentamidine are administered intramuscularly Pentamidine
or as an aerosol {Figure 8.15). Figure 8.15 Administration and fate of
pentamidine.

[Nate: The intravenous route is avoided because of severe adverse reactions,
such as a sharp fall in blood pressure and tachycardia.] The drug is
concentrated and stored in the liver and kidney for a long period of time.
Because it dces not enter the CSF, it is ineffective against the
meningocencephalitic stage of trypanosomiasis. The drug is net metabolized, and
it is excreted very slowly into the urine. Its half-life in the plasma is about 5

dayst
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3. Adverse effects: Serious renal dysfunction may occur, which reverses on

discontinuation of the drug. Other adverse reactions are hypotension,

dizziness, rash, and toxicity to B cells of the pancreas.

C. Nifurtimox

Nifurtimox [nye-FER-tim-oks] has found use only in
the treatment of acute T. cruzi infections (Chégas'
disease), although treatment of the chronic stage of
such infections has led to variable results. [Note:
Nifurtimox is suppressive, not curative.] Being a
nitroaromatic compound, nifurtimox undergoes
reduction and, eventually, generates intracellular
oxygen radicals, such as superoxide radicals and
hydrogen peroxide® (Figure 8 18). These highly
reactive radicals are toxic to T, cruzi, which lacks
catalase.” [Note: Mammalian cells are partially
protected from such substances by the presence cf
enzymes such as catalase, glutathione perexidase,
and superoxide dismutase.] Nifurfimox is administerad
orally, and itis rapidly absorbed and metabclized to
unidentified products that are excreted in the urine.
Adverse effects are common following chronic
administration, particularly amang the elderly. Major
toxicities include immediate hypersensitivity reactions
such as anaphylaxis, delayed hypersensitivity
rezctions such as dermatitis and icterus, and
gastrointestinal problems that may be severe enough
to cause weight loss. Peripheral neuropathy is
refatively commeoen, and disturbances in the CNS may
also occur. In addition, cell-mediated immune

reactions may be suppressed.

D. Suramin

Suramin [800-ra-min] is used primarily

in the early treatment and, especially,

the prophylaxis of African trypanosomiasis.
It is very reactive and inhibits many enzymes,

among them those involved in energy

T[g' pancsema eral

- T
3
i

Nifurtimox

22

07 H;0, ow

Reactive oxygen
intermediates

\

Cell death

In human ceils

Nifurtimox

22

Oy H;Q: o

Reactive oxygen
intermedlates

Superexide
dismutase

Catalase

Glutathlone
parnxidase

H,0

Figure 8.16 Generation of toxic

intermediates by nifurti

metabolism (for example, glycercl phosphate dehydrogenasee)' which appears to be

the mechanism most closely correlated with trypanccidal activity. The drug must be

injected intravenously. It binds to plasma proteins and remains in the plasma for a

long time, accumulating in the liver and in the proximal tubular cells of the kidney.

The severity of the adverse reactions demands that the patient be carefully
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followed, especially if he or she is debilitated. Although infrequent, adverse
reactions include nausea and voemiting (which cause further debilitation of the
patient), shock and loss of conscicusness, acute urticaria, and neurologic problems,
inciuding paresthesia, photophobia, palpebral edema (edema

of the eyelids), and hyperesthesia of the hands and feet. Albuminuria tends to be
common, but when cylindruria (the presence of renal casts in the urine) and

hematuria ecccur, treatment should cease.

E. Benznidazole

Benznidazole [benz-Nl-da-zole] is a nitroimidazole derivative that inhibits protein
synthesis and ribonucleic acid synthesis in the T. cruzi cells. It is an alternative
choice for treatment of acute and indeterminate phases of Chagas' disease, but
therapy with benznidazole does not offer any significant efficacy or toxicity
zdvantages over that with nifurtimox. However, benznidazole is recommended as
praphylaxis for preventing infections caused by T. cruzi among hematcpoietic stem
ceil transplant, recipients because treatment in potential doncrs is not always

effective.

IV. Chemotherapy for Leishmaniasis

There are three types of leishmaniasis: cutanecus, mucocutaneous, and visceral.
[Note: In the visceral fype (liver and spleen), the parasite is in the bloodstream and
can cause very serious problems.] Leishmaniasis is transmitted from animals to
humans (and between humans) by the bite ¢f infected sandflies. The diagnosis is
established by demonstrating the parasite in bicpsy material and skin lesions. The
treatments of leishmaniasis and trypanosomiasis are difficult, because the effective
drugs are [imited by their toxicities and failure rates. Pentavalent antimonials, such
as sodium stibogluconate, are the conventional therapy used in the treatment of
leishmaniasis, with pentamidine and amphofericin B as backup agents. Allopurinof
has also been reported to be eifective (it is converted to a toxic metabolite by the

amastigote form’ of the organism).

A. Life cycle of the causative organism: Leishmania

Species

The sandfly transfers the flagellated promastigote form of the protozoa, which is
rapidly phagocytized by macrophages. [n the macrophage, the promastigotes rapidly
change io nonflagellated amastigotes and multiply, killing the cell. The newly
released amastigotes are again phagocytized, and the cycle continues.
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B. Sodium stibogluconate

Scdium stibogluconate [stib-0-GLOO-koe-nate] is not
effective In vitro. Therefore, it has been proposed that

reduction to the trivalent antimanial compound is essential

for activity. The exact mechanism of action has not been . g’: R
determined. Evidence for inhibition of glycalysis in the . ; J)
parasite at the phosphofructokinase reaction® has been ﬁ";ﬂl&" {

o o , el R S T
found. Because it is not abserbed on oral administration, Orug is excreted ! i

socdium stibogluconate must be administered parenterally,
and it is distributed in the extravascular compartment.

Metabolism is minimal, and the drug is excreted in the

urine (Fiqure §.17). Adverse effects include pain at

in the urine

‘TStibqgluare_--;..--;,_- _

Figure 8.17 Administration and
fate of stiboglucon

the injection site, gastrointestinal upsets and cardiac

arrhythmias. Renal and hepatic function shouid he monitored periodicalty.

V. Chemotherapy for

Toxoplasmosis

One of the most cammon infections in humans is

caused by the protozoan Toxoplasma gondii, which

is transmitted to humans when they consume raw
or inadequately cooked, infected meat.® An
infected pregnant woman can transmif the
crganism fo her fetus. Cats are the only animals
that shed cocysts, which can infect cther animals
as well as humans. The treatment of choice for
this condition is the antifclate drug pyrfme‘thamine.
A combination of suifadiazine and pyrimethamine
is also efficacious. Leucovorin is often
administered to protect against folate deficiency.
Other inhibitors of fotate biosynthesis, such as
trimethoprim and sulfamethoxazole, are without
therapeutic efficacy in toxoplasmosis. [Ncte: At the
first appearance of a rash, pyrimethamine shaould
be discontinued, because hypersensitivity to this

drug can be severe.]

V1. Chemotherapy for Giardiasis

Giardia lamblia is the moest commonly diagnosed

intestinai parasite in the United States.'” It has

only two life-cycle stages: the binucleate trophozaite

Both cysts and trophozoites can
be found in the feces, Infection
occurs by the ingestion of cysts
in contaminated water or food, or
by the fecal-oral route (hands

or fomites).

In the small intestine, excystation
releases trophozoites. Trophozoites
multiply in the lumen of the proximal
smafl bowel, whare they can be free

or attached to the mucosa by a sucking
disk. Encystation occurs as the ‘
parasites transit toward the colon.

. =3

Figure 8.18 Life cycle of Giardia
lamblia.

with four flagellae, and the drug-resistant, four-nucleate cyst {(Figure 8 18}

Ingestion, usually from contaminated drinking water,
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trophozoites exist in the small intestine and divide by binary fission. Occasionally,
cysts are formed that pass out in the stool. Although some infections are
asymptomatic, severe diarrhea can occur, which can be very serious in immune-
suppressed patients. The treatment of choice is metronidazole for 5 days. One
alternative agent is tinidazole, which s equally effective as:nehvnidazo/ein.
treatment of giardiasis but with a much sherter course of treatment (2 g given once)
Nitazoxanide [nye-ta-ZOX-a-nide], a nitrothiazole derivative structurally similar to
aspirin, was recently approved for treatment of giardiasis. Nifazoxanide is also
equally efficacious as metronidazole and, in comparison, has a 2 day shorter course

of therapy.
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Table 8-1. Treatment of Amebiasis.! -

Clinical Setting

Asymptomahc
intestinal infection

Msld to maoderate
intestinal infection

P e T T T
Severe intestinal
infection

Hepatlc abscess
ameboma, and othes .
extraintestinal disease

M ST b e £7 2 ek T, Ay

Drugs of Choice and Aduilt Dosage | Alternative Drugs a:;?

Luminal agent: Dlloxanlde furoate,? 500
mg 3 times daily for 10 days

or-

Iodoquinol, 650 mg 3 times daily for 21
days

or-

Paromomycin, 10 mg/kg 3 tirnes daily for
7 days

24T B e R I 7D
Metromdazole 750 mg 3 times daily (or
500 mg IV every 6 hours) for 10 days

or-
Tinidazole, 2 g daily for 3 days
plus—

Luminal agent (see abaove)

A R Y P A LT P T -

Metromdazole 750 mg 3 tlmes dally (or
500 mg IV every 6 hours) for 10 days

or-
Tinidazole, 2 g daily for 3 days
plus—

Luminal agent {see above)

or-
Tinidazole, 2 g daily for 5 days
plus-

Luminal agent {see above)

Metronidazole, 750 mg 3 times daily (or
500 mg IV every 6 hours) for 10 days

S e AT ST NS R BTl

Luminal agent (see above)

plus either-

Tetracycline, 250 mg 3 time
10 days

ar—

Erythromycin, 500 mqg 4 tir
10 days

Lumlnal agent {see above)

plus either-

Tetracycline, 250 mg 3 tims
10 days

or—-

Dehydroemetine? or emetin:
SC or IM for 3-5 days

Dehydroemetine® or emetin:

SC or IM for 8-10 days, folt
(liver abscess only) chiorog.
mg twice daily for 2 davs, U
daily for 21 days

plus—

Luminal agent (see above)]

N

'Route is oral uniess otherwise indicated. See text for additional details and cautions.

2Not available in the USA,

3Available in the USA anly from the Drug Service, CDC, Atlanta (404-639-3670).
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Table 8-2. Treatment of Othel_“ Protozoal Irnfecti_qrisr. '

Organism or Clinical

Drugs of Choice!

Settir_lgr

YT

VMM CR TR I VAL

Es_a'besr’a species

T T T

Balantidium coli

Rptn i CF AR B R e DA AT, | i B ST KR
Tetracycline, 500 mg 4 timeas daily

Clindamyu 600 mg 3 tlrnes da:ly
for 7 days

plus—

Quinine, 650 mg for 7 days

for 10 days

It T ST Tr———— T

Cryptosporidiurm species

aromomym 500-750 mg 3 or 4
times daily for 10 days

v e A S AT LA LS

izt e s o

Cyclospora cayetanens;s

Trlmethopnm -sulfamethoxazole,
one double-strength tablet 4 times
daily for 7-14 days

D T A TIHES ST e TR N EERAIDDA R

FUIGA Y (2 L0 AT S VTN 4 T A Ao T LN b T

Dientamoeba fragilis

Iodoquingl, 650 mg 3 times daily for
20 days

1Y il Bom B M

e AL A

Giardia lamblia

Isospora belli

8BTS e s AL T L T T LR R TR A

Microsporidia

V|scerai (L donovam L
chagasi, L infantum)

oy i et R okl TN RIS T R

20-30 days

Metromdazole 250 mg 3 tlmes dally
for 5 days

or—

Tinidazole, 2 g once

Tr[methogrlm sulfamethoxazole
one double-strength tablet 4 times
daily for 10 days, then twica daily
for 21 days

Lt Bt b b T AR G iy

Albendazole 400 mg twice daily for

e TS T TR g e B

Sodlum stlbogluconate 20
mg/kg/d IV or IM for 28 days

Atovaguone or
azithromycin

T A g LI T LN IR T

or—

LT S SN R T, s

Meglumme antlmonate3

Alternative Drugs

Metronldazole 750 mg 3 |
times daily for 5 days

e AR

v AR T LT 2O S8 5 2 Y pln
Azithromycin, 500 mg
daily for 21 days

Tetracycline, SOGmg 4
times daily for 10 days

ar-

Paromomycin, 500 mg 3
times daily for 7 days

MM 100 m -'
times daily for 7 days

Aibendazole, 400 mg
daily for 5 days

Pyrimethamine, ‘
daily for 14 days
plus-

Folinic acid, 10 mg daily
for 14 days

or—




A 5 D L S T MRS VP

b B

BLiirn W Y e s A S

Cutaneous (L major, L
tropica, L mexicana, L
braziliensis)

Pneumeocystis jiroveci, P

L
carinit

Toxaoplasma gondii

Acute, congenital,
immunocompromised

Trichomonas vaginalis .

Trypanosoma brucef

Hemolymphatic

Advanced CNS disease

Sodium stibogluconate,® 20 mg/kg/d
IV or IM for 20 days

Trimethoprim-sulfamethoxazole,
15-20 mg trimethoprim
component/kg/d IV, or two double-
strength tablets every § hours for
21 days

R P T P e e

Pyrlmethamm p.fus
clindamycin p/us folinic acid

Sglramyu 3 g dally untll dellvery

Metromdazole 2 gonce or 250 mg

3 times daily for 7 days
or-

Tinidazole, 2 g once

Suramin?

Melarsoprol 2

Amphotericin B
or—

Miltefosine?

Meglumine antimonate?

or-
Ketaconazole
or-
Pentamiding
or-

Topical or intralesional
therapies

Pentamidine
or-

Trimethoprim-dapsone

or—

Clindamycin plus
primaquine

or—

Atovaquong

3T T A T T AN S T S A AN T

Pyn methamln plus

sulfadiazine pfus folinic
acid

Pentamidine
or—

Eflornithine

Eflornithine




Trypanosoma cruzi Nifurtimox?
or-

Benznidizole?

!Established, relatively simple dosing regimens are provided. Route is oral unless otherwise
indicated. See text for additional information, toxicities, cautions, and discussions of dosing
for the more rarely used drugs, many of which are highly toxic.

‘Avaitable in the USA only from the Drug Service, CDC, Atlanta (404-639-3670),
’Not available in the USA.

P jiroveci (carinii in animals) has traditionaily been considered a protozoan because of its
morphelegy and drug sensitivity, but recent molecular analyses have shown it to be most
closely related to fungi.
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“ONCHOCERCIASIS
(RIVER BLINDNESS)

' @ Csusative agent: Qnchocerca voivulus.

@ Common in areas of Mexico. Scuth America
and tropical Africa.

@ Characterized by subcutaneous'nodulfzs, a
pruritic skin rash and ocutar lesions often
resuiting In blindness.

@ Therapy: fvermectin,

ENTEROBIASIS
(PINWORM DISEASE)

. @ Causative agent: Enterohius vermicularis.

@ Most commmon helminthic Infection in the
United States.

' @ Pruritus ani occurs with white worms visible
in stools or perlanal region.

Therapy: Mebendazole or pyrantel pamoate,

Bl X

ASCARIASIS
(ROUNDWORM DISEASE)

" @ Causative agent: Ascaris lumbricoides.

. @ Second enly to pinworms as most prevalent
multicellular parasite in the United States;
approximately one third of world
population is infected with this worm.

@ Ingested larvae grow in the Intestine causing
abdominal symptems, including intestinal
ebstruction; roundworms may pass to blood
and infect the lungs.

. @ Therapy: Pyrantel pamoale or mebendazole.

FILARIASIS
® Causative agents: Wucherla bancrofil,
Brugia malayl. )

® Wormns cause blockage of lymph flow:
ultimately local inflammation and fibrosis of
lymphatics ocours. .

@ After years of infestation, the arms, legs, and
scrotum Ml with fluid causing elephantiasis.

; ® Therapy: Diethylcarbamazine.

TRICHURIASIS
(WHIPWORM DISEASE)

€ Causative agent: Trichuris trichiura.

© Infection is usuaily asymptematic: however
abdominal pain, diarrhea, and flatulence can
oceur,

O Therapy: Mebendazole,

HOOKWORM DISEASE

@& Causative agents: Angylestoma duodenale
(01d World hookwerm), Necator americanus
{New World hookworm).

& Worm attaches to intestinal mucasa causing
anorexia, ulcerlike symploms and chronic
intestinal blood loss that leads to anamia.

© Treatment unnecessarcy in asymptomatic
individuals who are not anemic.

& Therapy: Pyrante! pamoate or mebendazoie.

STRONGYLOIDIASIS
(THREADWORM DISEASE)

@ Causative agent: Strongyloides stercoralis.

L - | € Relatively uncommon comparad with cther
B intestinal nematodes; a refativaly benign
disease in normal individuals: can progress
Yo to fatal putcome in immunogompromised
E ’ patients.
!

@ Therapy: Thiabendazole.

BT o A TV S I T AL LR A R AR R 4

TRICHINOSIS

@ Causative agent: Trichinglla spiralis.

® Usually caused by consumption of insufficiently §
cpoked meat, especially pork. q

@ Therapy: Thiabendazole (only in early stages
of disease).

Figure 36.4

Characteristics and therapy for commanly encountered nernatode infections.
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TsaiAnainwenzlylsy (Flukes or Trematode Infection)
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Schistosomiasis (New World) ™

Paragonimiasis @ This disease is caused by Schistosomg’
mansani and Schistosoma japonicum,

The primary site of infection s the
gastrointestinal tract. Damage to the
intestinal wall is caused by the host's
inflammatory response to eggs
deposited at that site. The eggs also
secrete proteciytic enzymes that furthe,
damage the tissue. '

@ This disease Is caused by
Paragonimus westermani (lung
flukei. The organisms maove from the
gastrointestinal tract to the lung,
which is the primary site of damage.
Secandary bacterlal infectlons can
result in a cough that produces
bloody sputum.

) @ Clinlcal presentation Includes Gl

@ The disease |s transmitted by eating bleeding, diarrhea, and liver damage.

raw crab meat.

@ The disease s transmitied by diract

@ Paragonimiasis Is diagnosed by skin penetration.

identifying eggs in the sputum and

stool. @ This form of schistosomiasis is
diagnosed by identlilcation of
characteristic eggs in {he stool.

@ Therapy: Praziquantel,

@ Therapy: Praziquantel.

—

Clonorchiasis [ Schistosomiasis (Old World)

& This disease Is caused by Schistosomy
haematobium. The primary sites of
infection are veins ¢f the urtnary
Lladder, where the organism's eggs
can induce fibrosis, granulomas,
and hematuria,

@ This disease is caused by
Clonorchis sinensis (Oriental lver
fluke). The primary site of infection
i5 the biliary trac!, where the
resuiting inflammatory response can
cause flbrosis and hyperplasia.

|
@ The disease Is transmitted by direct ]

i ad by eatin
@ The disease |s transinittad by g skin penetration.

raw freshwater fish.

® This form of schistosomiasls is
dlagnosed by Identitying characteristic|
eggs in the urine ar bladder wall. I
|
i
J

@ Clonorchiasis is diagnosed by
identlfying eggs in the stool,

: I3
@ Therapy: Praziguante @ Therapy: Praziquantel,

Figure 37.5
Characteristics of and therapy for commonly encounterad trematode infections.

Tsnfifna1nwe1EAI0R (Tapeworm or Cestodes Infection )
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<] ¥ o g .
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Echinococcosis

@ This disease (also cailed hydatid
disease) is caused by Echinococcus
granulosis {dag tapeworm). Infection
produces large, hydatid cysts in
liver, lung, and braln. Anaphylactic
reaction to worm antigens can occur
if the cyst ruptures.

@ The disease follows ingestion of
eggs in dog feces. Sheep often serve
as an intermediate host.

@ Echinococcosls is diagnosed by CT
sean or biopsy of infected tissue and
is treated by surgical excision of
cysts.

@ Therapy: Albendazoie.

Taeniasis

@ This form of the disease Is caused
by the aduit Taenia solium (pork
tapewarm). intestines are the
primary site of infection, where the
organism can cause diarrhea. Most
of these infections, however, are
asymptomatic.

@ The disease Is transmitted by larvae
in undercoaked pork or by ingestion
of tapeworm eggs.

@ Taeniasis is diagnosed by detection
of proglottids in the stool.

@ Therapy: Niclosarnide.

Cysticercosis

@ This disease is caused by Taenla
sollum larvae, Infection produces
cysticercl in the brain {causing
seizures, headache, and vomiting) ;.
in the eyes.

@ The disease follows ingestion of eg,
from human feces, ’

® Cysticercosis Is diagnosed by CTg;
or biopsy. )

@ Therapy: Praziquantel, atbendazole
and/or surgery. '

Taeniasis

@ This disease is caused by the larva|
form of Taenia saginata (beef
tapeworm). The organism primarily
infects the intestines and does not
produce cysticerci. Most infected
indlviduals are asymptomatic.

@ The disease is transmitted by larva
undercooked or raw beef.

@ Taeniasis Is diagnosed by detection.
proglottids in the stool.

@ Therapy: Niclosamide.

Diphyllobothriasis

as fifteen meters,

eggs in the stool.

@ Therapy: Niclosamide.

@ This dicease is caused by Diphyllobothrium latum (tish
tapeworm). The adult worm in a host's intestine can be as lorg

@ The disease is transmitted by larvae in raw or undercooked fi

@ Diphyllohothriasis is diagnosed by detection of characteristic

Figure 37.6

Characteristics of and therapy for commonly encountered cestode infections.

-

Table S-1. Drugs for the Treatment of Helminthic Infections.

Roundworms (nematodes)

Ascaris lumbricoides
(roundworm)

Necator americanus
(hookworm}; Ancylostoma
duodenale (hookworm)

= NS G Y F R oy Sy LT S S el R A TR e L O M T e T M A S e DI oy

dad ¥ -l L LUl T

Pyrantel pamoate® or

m et ¥ L e ~

Albendazole® or pyrantel

|Alternative Drugs

LRI

n gy A e T

pamoate or mebendazole

Mebendazole or

albendazele?

mebendazole or

albendazole!

pamoate?
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T R T e¥ T NAREAT G Uesbhatresh 221 e M A T r
strongylotdes stercoralis Ivermectln Thlabendazole,
(threadworm) albendazole?

A W T e T S T ) e GRS, SIS G NG e VS AT
Enterobtus verm;culans Mebendazole or pyrante! |Albendazole!
(pinworm) pamecate

b T T e T T e R R LT 5 .98 5 o P TS AR AN A Y M e O = AT
Enterobtus vermicularis Mebendazole;* add Albendazole;! add
(pinworm) corticosteroids for severe |corticosteroids for

infection

severe infection

~ AN PP BTSSP ITR 4 e o Mt TS AR L 0 RGNS BT P T
Tnchostrongylus speaes Pyrantel pamoate! or Albendazole
mebendazole?
i T ————————T = n NP A N i A0 AL AL Vit MM ST Ky i - - s
Cutaneous larva migrans Albendazole or Thiabendazocle (topical)
(creeping eruption) ivermectin®

Angiostrongylus cantonens;s

Wuchereria bancrofti
(filariasis); Brugia malayi
(filariasis); tropical eosinophilia;
Loa loa (loiasis)

o L T TR T A iy MU = i R T P T S e AR A T

Onchocerca volvulus
(onchocerciasis)

Slierh

ol I A LS e

Dracunculus medmens:s {guinea
worm)

-

Cap:llana phlhpplnenSJS
(intestinal capillariasis)

Schistosoma haematobium
(bilharziasis)

Schistosoma mansoni

av (e S e A i e A

TR T o B T T o LA U b 2 i

Metromdazole

Albendazole

L O LR Yere

Schistosoma japonicum

VT an Mg,

Albendazole! or
mebendazole’

Ivermectin®

e AT TS A A R o N i

R R T T ot

Thiabendazole® or
mebendazole!

Mebendazole or
thiabendazole?

e e e e e T A R N

Praziquantel
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Clonorchis sinensis (liver fluke);
Opisthorchis species

Praziquante]

Albendazole®

e C ot Tl A S S

FERD MV EEAT

CEEETES

T ey

CLWACE I 16

Paragonimus westermani (lung
f!uke)

Praziquantel®

N T D AR
Bithionol 3

e —T—

Fasc.-ola hepatrca (sheep liver
fluke)

Bithionol ? or

triclabendazole?

T s ety R

TP A PG L 03

Fasciolopsis buski (large
intestinal fluke)

RRD T AR T AT PRIt c=

Praziquantel® or

niclosamide?

T T S T I Y

A NI LR

T

T

T ot i AP s

i Heteroph yes heteroph yes,

Praziquante

1! or

tapeworm)

——

Dfphyl.’obothnum Iatum (flsh
tapeworm)

s R Sl

Cystlcerc051s (pork tapeworm
larval stage)

Hymenolep.rs nana (dwarf
tapeworm)

= i 5 e SN L R e

Echmococcus granulosus
{hydatid disease); Echinococcus
multilocularis

niclosamide?

Praziquante
niclosamide?

i i EVELANY A o 15 A S BOE § WS WK, . T A

Il

Praziquante

Albendazole

Metagonimus yokogawai (small niclosamide?
intestinal flukes)
ey T ———— T I 3 T VA A B TG A Y DN Tt SN A S s LI P T
Tapeworms (cestodes)
ARG (A Ao T TR AT T AW T ) PR S AcTA AT 1 T M S A i T3 3o NN o A PO, W
Taenia sagmata {beef Praziquantel® or Mebendazole

il o d ELLAT L L5 Tk L Ve rnn o K oA b S A s i e

*or

Prazuguante[1 or

niclosamide?

S A o el S o Wbl U A b

Lk T AT O WD W e =g e e £ A T )

Pralzu_:lu:-mtcs:}JL

Niclosamide?

5T A T B T 1Y T A TE R

lavailable in the USA but not labeled for this indication.

2Not available in the USA but available in some other countries.

3pavailable in the USA only from the Parasitic Disease Drug Service, Parasitic Diseases
Branch, Centers for Disease Control and Prevention, Atlanta 30333. Telephone 404-639-

3670.
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(Antifungal drugs)
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Membrane function - - Celi wall synthesis
Amphotericin B : __% Cas_pofungin

" Ergosterol
Nucleic acld - - g :

o o A synthesis
synthesis " Fluconazole
5- Fluorocytosine ! itraconazole

' Voriconazol
Lanosterol synthesis ole
Naftifine
Tarhinafina

Source: Brunton LL, Lazo 18, Parker KL: Goedman & Gilman’s Tha Pharnacological
8asis of Therapeutics, 11th Edition: httpif/www. accessmedicine.com

Copyright @ The McGraw-Hill Companies, Inc All rights reserved,

Fig 10,1 Mechanism of action of amphotericin, imidasoles, triazoles, and albylamines in fingi.

Amphotericin 13 and other polvénes, such as nystatin. bind to ergosterol in fugal cell membranes and increase memibrane
peneability. The imidazeles and riazoles, such as iraconazele and Mueonazole, inhibit 14-G-sterol demethylase, provent
ergosterol synthesis, and lead 1o the accunnldation of 14-rf-methylsterols. The allvlamines, sucl as naltifine and
terbmatine, mhibit squalene epoxidase and prevent ergosterol synthesis. The echinocandins, such as caspolungin, inhibi

the formation ol glucans in the fungal cell wall.

I endneilaadadwenateludinie
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(Systemic Antifungal Agents)

Amphotericin
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AMPHOTERICIN B’

o . R A1 Y
111U polyene macrolide antibiotic 1901015831 streptomyces nodosus DZNWTDHNIN

o a4
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FURY ergosterol NAMvadueuFos nailureauy Amphotericin B interacts
hydrophobically with

ergosterol in the fungal cell}.
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/I— mphotericin B
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Amphotericin B 8angnininaaesimaisyiiag
netidamsaadenioly 1dun Candida spp., Cryptococcus

neoformans, Blastomyces dermatitidis, Histoplasma capsulatum,

FUNGAL CELL
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<+ K*and other
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braziliensis, Aspergillus spp. DY Penicillium marneffei laid
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Figure 35.2

Medel of a pore formed by
amphotericin 8in the lipid bilayer
membrane.
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Figure 9.2 Structural formulas of some antifungai azoles
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Topical Azoles

The two azoles most commonly used topically are clotrimazole and micona-ofe; s:veral others are
available. Both are available over-the-counter and are ofien used for vulvovagiD akcandidiasis. Oral
clotrimazole troches are available for trcaiment of oral thrush and arc a pleasan -iating alicrnative to
nystatin, In crcam form, both agents are usciul for dermatophytic infections, ipcluding tinca corporis, tinca
pedis, and tinea cruris. Absorption is negligible, and adverse effects are rare,

Topical and shampoo forms of ketoconazole are also available and useful in the teziment of sebortheic

dermatitis and pityriasis versicolor. Several other azoles are available for topica- U
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'Table 10-1 Treatment of Mycoses

'DEEP MYCOSES DRUGS SUPERFICIAL DRUGS
| MYCOSES

AL R T Ge ot iy e Ha e ATH. eSS AT | A

Candidiasis

| Im munosuppressed Vor |c0nazole Vulvovaginat Topical
\ amphaotericin B
|

: amphotericin B, miconazole, nystatin, tert
; itraconazole :tioconazoie
Blastomycosrs ‘Ora!

[ S—

169

Nonimmunosuppressed Voriconazole, Butoconazole, dotmmaif
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Rap[dly progressive or CNS [ Amphotericin B Fluconazole e
PRI S W DA ? Tl T A A S - 'TER:,
Indolent and non- CNS m QOropharyngeal Topical
| Candidiasis Clotrimazole, nystatiy
S R
Deeply invasive or Amphotericin B, Oral (systemic)
esophageal fluconazole,
caspofungin
Coccidioidomycosis Fluconazole, itracc &
Rapidly progressing Amphotencm B Cutaneous Top.'cal
. - I BTV TL TP T T R ERTNRND) T e
rlndolent Itraconazole, Amphotericin B, clolr
fluconazole ciclopirox, econazols,
ketoconazole, miconaz
nystatin
PiPe A i T T b AR 3 272 N e I RTINS [ =
Meningeal Fluconazole, Ringworm Toprca!
intrathecal
amphotericin B
PR L TR ANR R BT A Do B M3 LA L AN ghmiwn |- -3
Cryptococcosis Butenafine, CICIODH‘O:-
clotrimazole, ecenarolk
| haloprogin, ketoconaze:
miconazole, naftifinz,
oxiconazole, sertacona:
sulconazele, terbinafine
tolnaftate, undecylenat
Non- AIDS and Ir'lltlal AIDS Amphoterlcm B, Systemnic
flucytosine
A o RV TR~ 3
Griseofulvin, itracona
terbinafine
E
Amphotericin B
Pseudalleschenas:s Variconazole,
itraconazole
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sporo trichosis

PO E T AN T RN T LA S0 72 SRR L3 b
Cutaneous Ttraconazole

g T Ol

Extracutaneous Amphaotericin B,
itracenazole
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(Antiviral agents)
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1. 191U herpesviruses
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2. U1R7U hepatitis viruses
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4. 81U human immunodeficiency virus (HIV)

ACRONYMS & OTHER NAMES

3TC: Larmivudine

AZT: Zidovudine {previously azidothymiding)
CMV: Cytormnegalovirus -

CYP: Cytochreme P450

d4T: Stavudine

ddC: Zaicitabine

ddX: Didanosine

EBV: Epstein-Barr virus

FTC: Emtricitabine

HAART: Highly active antiretroviral therapy
HBV: Hepatitis B virus

HCV: Hepatitis C virus

HHV-6: Human herpesvirus-6

HIV: Human immunodeficiency virus
HPV: Human papillomavirus

HSV: Herpes simplex virus

IFN: Interferon

KSRHV: Kaposi's sarcoma-associated
herpesvirus

NNRTI: Nonnucleoside reverse transcriptase
inhibitor

NRTI: Nucleoside reverse transcriptase
inhibitor

PI: Protease inhibitor

RSV: Respiratory syncytial virus

SVR: Sustained antiviral response

VZV: Varicel|la-zoster virus
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Fig11_1 Replicative cycles of DNA (A) and RNA (B) viruses.

The repiicative cycles of herpesvirus (A) and influenza A virus (B) are exampies of DNA-encoded

and RNA-encoded viruses, respectively. Sites of action of antiviral agents also are shown. Key:
mRNA = messenger RNA; cDNA = complemeantary DNA; vRNA = viral RNA; RNAp = RNA
polymerase; cRNA = complementary RNA, An X on top of an arrow indicates a block to virus growth,
A, Replicative cycles of herpes simplex virus, a DNA virus, and the probable sites of action of
antiviral agents. Herpesvirus replication is a regulated multistep process. After infection, a small
number of immediate-early genes are transcribed; these genes encode proteins that regulate their
own synthesis and are responsible for synthesis of early genes involved in genome replication, such
as thymidine kinases, DNA polymerases, etc. After DNA replication, the bulk of the herpesvirus
genes {called late genes) are exprassed and encode proteins that either are incorporated into or aid
in the assembly of progeny virions. B. Replicative cycles of influenza, an RNA virus, and the loci for
effects of antiviral agents. The mammalian cell shown is an airway epithelial cell. The M2 protein of
influenza virus allows an influx of hydregen ions into the virion interior, which in turn promotes
dissociation of the RNP segments and release into the cytoplasm (unceating). Influenza virus mRNA
synthesis requires a primer from cellular mRNA and used by the viral RNAp complax. The
neuraminidase inhibitors zanamivir and oseltamivir specifically inhibit release of progeny virus. Small
capitals indicate virus proteins,
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Table 11-1. Agents fo Treat or Prevent Herpes Simplex Virus (HSV) and Varicella-Zoster Virus (VZV) Infections.

Route of Use Recommended Adult Dosage and
Administration Regimen
[ AN TE L A A b T LD TR b DR L IR T M T el ERY 2w 3 e sy ST 1 S A

Acyclowr. Oral

First episode genital herpes 400 mg tid or 200 mg & times daily x 7-

10 days

- R L i e b R R T R T e W Y A
Recurrent genital herpes 400 mg tid or 200 mg 5 times daily or
800 mg bid x 3-5 days

b g AL R K e R R S R AT L R T - s WO T e

ily until healecl

20 mgfkg (maximum 800 mg) gid x 5

days

800 mg & times daily x 7-10 d

Intravenous

Topical

WG LT AT

Severe H3V infection 5 mglkg q8h x 7-10 days

Mucocutaneous herpes in the
immunccompromised host

IS Foom Do e dondar e Fedar e

Herpes encephaiitis 10-15 mglkg q8h x 14-21 d

Neonatal HSV infection 10-20 mgikg qBh x 14-21 day

i A L b

Varicella or zoster in the 10 mgikg q8h x 7 days
immunosuppressed host,
F R o R ] . ERC B e

LA, Wer b eI

Herpes labialis Thin film covering leasion 5 times daily x

Famgciclovir | Oral

4 days

First episode genital herpas 250 mg tid x 7-10 days

Recurrent genitai herpes 125 mg bid x 3-5 days or 1000 mg bid x
2 doses

Genital herpes suppression 250 mq bid

Crelabial herpes 500 mg bid x 7 days

Crolabial or genital herpes in the
immunosuppressed host

500 o tid x 7 days

500 mg bid x 7-10 days

Vaiacyc[ov_f Oral

First episode genital herpes 1 g bid x 7-10 days
Recurrent genital herpes 500 mg bid x 3 days i
Genital herpes suppression 500-1000 mg daily

Orolabial herpes 2 g bid x 2 doses

Orolabial or genital herpes in the 1 g bid x 7-10 days
immunosuppressed host

m - [ . G G e

Zoster ______________‘glidx7days

47 ey

Foscarnet I Intravencus

40 mgikg q8h until healed
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infections
EarY e Vard . y I~ . AR - ik gyt ke i el B4
~054n0! Topical Herpes labialis Thin film covering lesion 5 times daily
Dogosanc! .
until healed
D R AT bt S A U YN ol o S LM RO TN VAT TN ST FLNSUCL Y P06 o8, PG AT ALY T LG W T 7 RO e I
penciclovir | Topical Recurrent herpes labialis Thin film covering lesion every 2 hours x
Pengiciovil
4 days
NS B AT N3 D P A 0V A CHIE i o T TV 00330 L T D NU o R |
Tallridine | Topical Herpes ettt AR 1o 2 AL S—
Acyclovir-resistant HSV infection Thin film covering lesion 5 times daily
until healed
Dosage must be reduced in patients with renal insulficiency.
Table 11-2. Agents to Treat Cytomegalovirus (CMV) Infection.
Agent Route of Use Recommended Adult Do:-:rage1
Administration
Valganciclovir | Oral CMV retinitis treatment Induction: 800 mg bid
Maintenance: 900 mg daily
CMV prophylaxis {iransplant 3900 mg daily
| patients)
Gangiclovir Infravenous CMV retinitis treatment Induction: 5 mgskg q12h
Maintenance:; 5 mglkg/d or 8 mg/kg five times
per week
Oral CMV prophylaxis 1 g tid
CMV relinttis freatment 1qtd
Intraocular implant CMV retinitis treatment 4.5 mg every 5-8 months
Foscarnel Intravenous CMV refinitis treatment Induction: B0 mg/kg a8h or 90 morkg q12h
Maintenance: 90-120 maikg/d
Cidofovir Intravenous CMV relinilis treatment Induction: 5 mg/kg every 7 days
Maintenance: 5 mgikg every 14 days

‘Dosage must be reduced in patients with renal insufficiency.

Hepatitis B [l

v Hepatitis C |
I1 #1¢11% Hepatitis viruses
] ¥ .
dusRlFTayIns@a¥o91n hepatitis B virus Miltions of people
(HBV) 1t hepatitis C virus (HCV) e llE fa interferon Figure 38.7
L . o The prevalence of chronic hepatitis
alpha, lamivudine, adefovir 11812 ribavirin B and C in the United States.

Interferon alpha (IFN-C)
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¥ Tsalhdadudmay  diulvaifly human IEN-02a a2 IEN-02b #AndaTaveide

MALH DNA recombination
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Table 11-3. Drugs Used to Treat Viral
Hepatitis.

Agent - Indication F{ecommendad Adult Dosage Route of
Admlmstration

I R T T T T T T e TR

Chronic T
healltls B

Chromp 5 million units once dall or 10|Ilon umts three llme weekly | Subcufanus :
hepatitis B or H

intramuscular
Hepatitis C

' !merferon a]fa 2b

Pegylated interferan Chronic 18 meq once weely with riayir_ip or 180 mcqg once weekly as ' Subcutaneous i
alfa-2a hegatitis C monotherapy

Pegylate nterfemr ) hronic 1.5 meglkg once weekly with ribavirin or 1.0 _qfkg once becutnel.
alfa-2b hepatitis C weekly as monotherapy

- T pma R - IR 2 Ve ey oy e P T 13}
Ribavirin Chronic 800—1200 mg daily accordlng to we|gh1 Oral -
hepatitis C |

- hﬂerferon alfa 2b Actite hepatitis |5 m\IIJon units once da|ly for 344 weeks lhen million uits B Suucos
C three times weekly or
| |r1tramuscul'1|

Jnlerieron alfa 2a | Chronic 3 million units three times weeiy T T Slbtaneous
hepatitis C or
mlramuscular

i o At Y T WA L IER 4 e amy b e s 1T PR
Subeltaneous

ar e

e T L T T e R A v nTE, g e L L e T
Interferon alfa-2i Chronic 3 million units three thS weekly
hepatitis C
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| inframuscular
- i A ka1 LAY -‘E._J_.z--' LT AT = U I > LT 4 1 e TR W L A b A3 L SR SR I Rl R, A
Interferon alfacon-1 Chronic 9-15 meg three times weekly as monotherapy Subcutaneous
hepatitis C

I

‘Dose musl be reduced in patisnts with renal insufficiency.
‘Not recommended as monotherapy.
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3 . . Some approved indications
N Lamivudine for interferons.
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ITL. g6 Influenza viruses
Huﬂ synthetic amines (amantadine, rimantadine} 1181% neuraminidase inhibitors (zanamivir

(1A% oseltamivir)

Amantadine & Rimantadine
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Administration and metabalism of
amantadine and rimantadine.
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Zanamivir & Oseltamivir
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Uyl neuraminidase N hsalFlunisesniinmaiaands Oseltamivic | Zanamivir
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Oseltamivir phosphate T prodrug Qmﬂﬂa‘u]mnma

g . i - i
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1A% oral suspension

Zanamivir 1 oral bioavailability #1 flcl‘]ﬂi.lg 1) aerosol #1
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Figure 38.2

Administration and metabolism of
oseltamivir and 2anamivir.

Table 11-3 Pharmacological Characteristics of Antivirals for Influenza

AMANTADINE RIMANTADINE ZANAMIVIR OSELTAMIVIR

22 2 R L e T TR M e s T T T

Spectrum (types of
Oral Oral Inhaled (powder)
tab eu’capsuleisyrup (tableh’syrup Intravenous

|nﬂuenza)
Oral bioevalabilly

T T e e

Effect of meals en AUC Ne|||ble Not app[lcable

RIS Ty A

e bt e b o r e

Broton Briimes 5

P R R T

Violzbolsm. % <10 m_

Renal excretlon >90% ~25% 100% 95%
parent dru

W Evai - re P A Al Tareped Bee e e AT U R,

B R Tt s b3 a Wi b (A AR

Routelformuiatxons

Aqe ‘-‘69 yrs Age 260 years

nvestigational. -

Syslemic absorption 4-17% after inhalation.

For antivirally active oseltamivir carboxylate (GS4071).
Cl = creatinine clearance.

127



IV. 818U human immunodeficiency virus (HIV)
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et Brunton L1, Lazo JS, Parker KL: Goodman & Gidman's The Pharmacological
“3of Fherspautics, 11th Edition: http://www. accessmeadicine. com

right @ The McGraw-Hill Cornpanies, Inc. All rights resarved,

Fig11_2 Replicative cycie of HIV-1 showing the sites of action of available antiretroviral agents.
Available anfirstroviral agents are shown in blue. Key: RT, reverse transcriptase; ¢cONA, complementary DNA; mRNA,
messenger RNA: RNase H, ribonuclease H; gp120 + gp41, extracellular and intracellular demains, respectively, of

envelope glycoprotein. (Adepted from Hirsch and O'Aguila, 1993)
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B Currently available drugs i

Cl‘uﬂi]i]ﬁ‘uﬂ131%&1§3Mﬁuﬁﬁﬂujﬁumi§ﬂy‘I

Nucleoside/-tide reverse

Ailudid arfe HIv utad 2 qa3 fin transcriptase infibitars:

® Abacavir & Stavudine
. . 3/ g ® Didanosine ¢ Tenofovir
-NNRTI-based regimen : fig 113 19 NRTI 2 17 . Emivicitabine & Zaiotabine
' o a s L amivudine e Zidovudi
S2UALU NNRTI 1 69 il e
» Y . Nonnuclecside reverse
-PI-based regimen : 8 11514 NRTI 2 69 Mufiu PI transcriptase inhibitors:
. & Delavirdine e Neviraping
1 a2 ® Ffavirenz

Protease inhibitors:

) b ® Amprenavir.

a a X | |
dhwanalumsSnengilehidaie HIV ¢ Amprenau ¢ ot
® Indinavir Honavir

] oY 1] [ ] 5 7] H
sreaaliuim Tsalusenme i ldszduves ® Lopinavir * Saquinavir
s & . ' o & . a N .
CD4T cell iuTu hlvdihelipidunuaiu ifalsada Fusion inhibitor: e Enfuvirtide

HAULURARIGANDT ATTHFUHTIVBIDINTHNARAL M3 BCombmatlontherapy

Two nucleoside/-tide reverse
transcriptase inhibitors

plus
[ One protease Inhibitor )

a_ & Y = Ao «:h:?tJ
AU 15ﬂ‘§1ﬂdllﬁ:hﬂﬂ! MWFIGRUL

—

transcriptase inhibitors
plus
i A non-nucleoside reverse J
transcriptase inhibitor

[ Two nucleoside/-tide reverse

Figure 38.17

Highly active antiretroviral therapy
(HAART)

Table 11—4 Antiretroviral Agents Approved for Use in the United States

~

GENERIC NAME [U S TRADE NAME] ABEBREVIATION; CHEMICAL NAMES

e e L Fu - e e e WY - I sy St ety el e A Y TR

ZDV aadolh |dme ’ > B
dl dldeox ingsine 7 ‘
pETey Sy e Rty

mtablne [HIVID] DDC; dldeox yE! [\dlne
3TC; dideox 1h|ac 1|d|ne
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R TR e LA ST
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Nelfinavir [VIRACEPT]

Lopinavir [KALETRA]

i

| s
Atazanawr [REYATAZ]

Fosamr&wawr [LEXIVA]

O 2ognpery
Fusron mhrbrtor

G E A T Y TR A F R 00 T WA A e T et A L T LN TS AT AP P 0Ny T £ AR YU M PGB
Enfuiriide [FUZEON] | T-20

A fixed-dose cofermulation of zidovudine + Jamivudine is available as COMBIVIR: a fixed-dose coformulation of zidovidine

+ lamivudine + abacavir is available as TRIZIVIR; a fixed-dose coformulation of abacavir with lamivudine is available ag
pPZICOM: a fixed-dose coformulation of tenofovir with emtricitabine is available as TRUVADA.

Lopinavir is only available as part of a fixed-dose coformulation with ritonavir (KALETRA).

Table 11-5 U.5. Department of Health and Human Services Guidelines for Initiating Therapy in Treatment-Naive ‘i
HIV-Infected Patients, 2004

A Patuent Characterlstlcs

N - o q il

Chnlcal Category CD4 Count Plasma HIV RNA Recommendation
e g e A LN s SN AT LIt ) T 3 = Bers SN = -
AiDS-defining illness* Any value Any value Treat.
or severe symptoms
Asymptomatlc <200 calls/mm Any value Treat.
Asymptomanc >2C0 cells/mm’, but <350 Any value Offer treatment, following full
cells/mm’ discussion of pros and cons with each
patient,
Asymplomatic >350 cells/mm >100,000 copies/ml [ Most physicians recommend deferring
therapy, but some wil! treat.
Asymptomatic >350 cellsfimm’ <100,000 copiesiml | Defer therapy.

B. Preferred and Alternative Regimens

Preferred Reglmens Number of Pills per Day

NNRTI-based EFV + (3TC or FTG) + (AZT or TDF) (not for use in first | 2-3
trimester of pregnancy or in woemen with high
pregnancy potential)

Pl-hased LPV/r + (3TC or FTC) + AZT 8-9
Alternative Regimens Number of Pills per Day
NNRTI-based EFV + (37C or FTC) + (ABC or ddl or d4T) 2—4
NVP + (3TC or FTC) + (AZT or d4T or ddl or ABC or 3-6
TDF)
Fl-based ATV + (3TC or FTC) + (AZT or d4T or ABC orddl) or |36
{TDF + RTV 100 mg/d)

T A TR o L Tl PR W A U e Sk 3 ¥ 7 LR DLW g Y LRy 2 T S Bt S R N T
FosAPY + (3TC or FTC) + (AZT or d4T or ABC or TDF 5-8
or dd!)

FOSAPVIRTV. + (3TC or FTC) + (AZT or 94T or ABC 5.8
or TDE or ddl}

DVIRTY + (3TC or FTC) (Q_Zj_’ or ﬂ o ABC or 712
TOF or ddl)

SQUIRTV' + (3TC or FTC) + (AZT of 04T of ABG or  [13.15
TOF or ddl)
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3 NETI-based’ ABC + AZT + 3TC, only when a preferred or an 2
alternative NNRTI- or a Pl-based regimen cannot ar
should not be used

Reglmens That Should Not Be Used Rationale
AZT d4T
P A AR WP
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d4T + DDC Addltlve peripheral neuropathy

ABBREVIATIONS: EFV, efavirenz; 3TC. lamivuding; AZT, zidovudine; TOF, tencfovir disoproxil fumarate; d4T, stavudine:
LPV/r, lopinaviriritonavir coformuiation; FTC, emtricitabine; NVP, nevirapine; dd!, didanosine; ATV, atazanavir; fosAPV,
fosamprenavir; RTV, ritonavir; 1DV, indinavir; NFV, nelfinavir; SQV, saquinavir.
Higher incidence af lipoatrophy, hyperlipidernia, and mitochondrial toxicities reported with d4T than with other NRTIs.
*AIDS-defining illness per Centers for Disease Control, 1993. Severe symptoms include unexplained fever or diarrhea > 2-
weeks, oral candiciasis, or »10% unexplained weight loss.
Low dose (100-400 mgq) ritenavir per day.
The triple-NRTI regimen had reduced efficacy compared with NMRTI-based regimens in one large controlled clinical trial
and sheuld be used only when an NNRTI- or Pi-based regimen cannot or should not be used as first-line therapy.
SCOURCE: Adapted from Panel on Clinical Practices for Treatment of HIV Infection, 2004,
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Fig11_3 Struciures and mechanism of nucleoside and nucleotide reverse transcriptase inhibitors.
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Nonnucleoside Reverse
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Fig11_4 Structures and mechanism of nonnucieoside reverse transcriptase inhibitors.
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Fig11_5 Mechanism of action of an HIV protease inhibitor.
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DRUG CLASS EXAMPLE
ANTIARRHYTHMICS Quinidine
ERGOT DERIVATIVES Ergotamine
ANTIMYCOBACTERIAL Rlfampin
DRUGS
BENZORIAZEPINES Midazolam

BARBITURATES

ANTICOAGULANTS

HERBAL SUPPLEMENTS

Phencharbital

Warfarin

St John's wart]

[
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1 u:wcamoﬁ

Figure 38.27

Drugs that should not be
coadministered with any
protease inhibitor,

Figure 38.25

Some adverse effects of the Hiv
protease inhibitors.

Amprenavir

Atazanavir i

Indinavir
Lopinavir:

Nelfinavir

Ritonavir

Saquinavir

'’ Gastrointestinal adverse effects are the most common

Nausea, diarrhea, vomiting, oral and
perioral paresthesia, and rash

Nausea, abdominai discomfort, headache, Skin rash

Benign hyperbiiirublnemia, nephrolithiasts;
Take one hour hefore or two hours after food;
may take with skim mitk or a low-fat meal;
drink >1.5 L of liquid daily

Diarrhea, nausea, flatuience, rash

Diarrhea, nauses, taste perversion, vomiting,
anemla, Increased hepatic enzymes, increased
trigiycerides ~ - .

Requires refrigeration; take with meals; chocolate
milk improves the taste

Diarrhea, nausea, abdominal discomfort,
elevated transaminase levels

Take with high-fat meal or within 2 hours
of a full meal

Figure 38.28
Summary of protease inhibitors. [Note: Lopinaviris
co-formutated with ritonavir, ritonavir inhibits the metabolism
of lopinavir, thereby increasing its level in the plasma.]
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Figi13_1 The cell cycle and the refationship of antitumor drug action to the cycle.
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Tumor cell burden
[log scale}
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Fig13_3 Mechanism of action of alkylating agents
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Fig13_4 Nitrogen mustards employed in therapy.
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Fig13_9 Schematic overview of proposed mechanisms of antimyeloma activity of thafidomide and its
derivatives.

Some biological halimarks of the malignant phenotype are indicated in light gray boxes. The proposed sites of action?
for thalidomnide (dark biue letters within circles) are hypotheasized to be operative for thalidomide derivatives also. A:
Direct anti-MM effect on turnor cells including G1 growth arrest andfor apoptasis, even against MM cells resistant to
conventional therapy. This is due to the disruption of the anti-apoptotic effect of Bei-2 family members, blocking MNES i{f
B signaling, and inhibition of the production of IL-6. 8. Inhibition of MM call adhesion to bone marrow stromal cells ™
due partiaily to the reduction in IL-6 release. . Dacreased angiogenesis due to the inhibitian of cytokine and growth'
factor production and reiease, D. Enhanced T-cell production of cytokines, such as IL-2 and IFN-¥, that increase the’
number and cytotoxic functionality of natural killer (NK) cells.
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Selective estrogen receptor downregulators
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ZAndrogen Receptor Blockers
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Monoclonal Antibodies

Monoclonal antibodies (mAb) Iy m:a%"&fhuelmijhlﬁmmﬂmi WAL mouse mAb

'Iﬂt’lmﬂﬁﬂ DNA recombination A8

- chimeric mAb : Tmaqam@a antibody 131I%Fc region 113 heavy chain ;f}ummﬂu U

- 24 3 ar o
ﬂiﬁﬁ?}ﬂﬁﬂnﬂmﬂﬂﬂnﬁﬂﬂ Ab UBiNY

- bumanized mAb : Tatann Ab fesdtlsznoudiuvesaufeuunsniuyFian  hyper

variable regions 138 CDRs ﬁagﬁu’%‘nm variable region Y83 heavy 102 light chain

Tﬂﬂﬁi‘ﬁﬂiﬂ naked mAb UGT conjugated mAb ATONAY toxin M50 radicisotope

: ®
1. Rituximab (Rituxan )

ﬁfh-!. chimeric monoclonal antibody (mAb) @8 CD20 fAWLUINUUNL pre-B cell HazyH

E_ﬁatcﬁﬁﬁmu%‘\z B lymphocyte Ay mab W lumssom relayed indolent lymphoma mantle cell

k gl r ow as 2 oo S i et v o g/ &
lymphomal #az CLL Tagl¥udveninymeziaibdu Wunill ¢4 deudwndhe 32-153 41lug

5.(?1'1&'@38 76 %1 1309)

: ®
2. Alemtuzamab (Campath )

186



do o - ¢ . A
11h humanized mAb N3UAY CD52 antigen ANUUUELAR neutrophil 4102 lymphocyte ﬂﬂ_gs;
o o .
HASTULY B- 1A% T-cell lymphoma s IdimaduzSsasTaana’ln antibody-dependent cellular -
eytotoxicity (ADCC) 1182 complement activation iTughiian ¢4 e 12 T 1¥lunsinu low-grads

lymphoma a2 CLL

®
3. Trastuzumab (Herceptin )} |
. ' 1o . = =
(51U humanized mAb #8 HER2/neu (ErbB-2) Adlu epidermal growth factor FURY U “?IW“,IJE
- . o ot 1 o
f1S10110 (over-exprossion) UwanuzFud iy vlhwad lineuauede gsnumes e fly

mAb s a1 un1sSan solid tumor A® breast cancer

®
4, Cetuximab (Erbitux )

iflu chimeric mAb @@ epidermal growth factor (EGFR, ErbB-1 158 HER1) ﬁwn:im"
d5uannuumasuzsalu colon cancer 84 60-70% vaafilay, NSCLC, pancreatic, breast & 19iunay:
@2 lunsTAE BGFR-positive colorectal cancer TNABUAUBIABEITNYINZEY vipldTauf

irinotecan TWA155NY1 refractory colorcectal cancer

5. Bevacizumab (Avastin®)

rﬂu humanized mAb 98 vascular-endothelial growth factor (VEGF) gﬁgﬁqﬂiﬁﬁﬁﬁ'ﬂ
receptor (VEGFR1 11z VEGFR2) VEGF vhldiianisafuduifoalni (angiogenesis) wuiiilinig
af1e VEGE dunnduluizierianie i’igmﬁugamm%’wﬁ’mﬁaﬂimj H1¥lumsinul

metastasis colorectal cancer

. . ®
6. Gemtuzumab ozagamicin (Mylotarg }
o v g 4 4 3 _ L. A ) .
114 humanized mAb @8 CD33 N¥oWYNU  calicheamicin Ui enediyne anticancer

' a4
antibiotic ﬁ@ﬂﬂf}“ﬂ"ﬁll‘i 1 (potent) WU CD33 UU hematopoetic cells Lmzuuwﬁﬁuzﬁﬂuﬁﬂm acute:

b » o iy
myeloid leukemia (AML) e1HT145781 CD33-positive AML denduuuiludr Taverezgmindg

o

i

lAd e CD33 UL endocytosis 48281 calucheamicin 3511qA9IA Ab U lysosome taziin lileengni

L Y

o 4 o) =1 9/ =3 Iy T s d' =) et 1
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Table 51-3 IiTfAY Monocional Antibodies Approved for Hematopaoietic and Solid Tumors
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';fab!e 43-2 Moneclonal Antibodies Approved for l_-_te_niq_tgﬁdiéﬁc and Solid Tl'u_n_o.rs‘ L
-ANTiGEN AND TUMOR | ANTIGEN FUNCTION NAKED RADIOISOTOPE-BASED | TOXIN-BASED
' ANTIBODIES ANTIBODIES ANTIBODIES
Proliferation/differentiation | Rituximab 1'BiI—ta:"e;iturnomab; “y. None
{chimeric) ibritumemab tiuxetan
Fantigen: CD52 | Unknown Alemtuzumab None None
Tumor type: B-cell CLL {humanized)
arid T-cell lymphoma
5 (subunit | Activation antigen Daclizumab None Denileukin diftitox
hurmanized i i i
Tumor type: T-oel (hu ) {diphtheria toxin)
is fungoides
Unknown Gemtuzumab None Gemiuzumab
4 (humanized) ozogaricin
Antigen: HERZ/meu Tyrosine kinase Trastuzumab Nene None
{ErbB-2 {humanized)
" Tyrosine kinass Cetuximab None MNong
(chimeric)
Tumor type: colorectal,
'NSCLC; pancreatic,
Angiogenesis Bevacizumab None None
(humanized)
cancer
'3'Abbreviatf0ns.‘ CLL, chronic lymphoeytic leukemia; EGFR, epidermal growth factor receptor, NSCLC, non-small cell lung cancer,
VEGF, vascular-endotheliai growth factor.
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Imatinib mesylate (Gleevee ,Glivec ) Ul lunssnuilsadfinshauves pDGE
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(GIST) 1Ay ABL (CML) iniain@ yuinenild Ae 400-600 mg/Iu

8 1
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AusFutlsemu 3 oral bioavailability 60% gﬂaﬂﬁauuﬂmﬁqu?mﬁﬂa CYP3A4 At
40 %1104

pnstaRssnnns Idfinuios fe aduld a1dou feads Aamtauts Audauiiiu.
Au uaz liemnems - |

Gefitinib (Iressa®) 1%114‘6111‘?]1%"; 01 non~small cell lung cancer (NSCL) Enlligl)ﬂﬁaﬁleﬁ’mﬁ _
fianwAniln@ues EGFR Avnle receptor AR hyperactivity Y 1ae i 19 fie 250 mg/ U

/
®
3. Erlotinib (Tarceva )

e}
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0 /
g ““@
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= . . o 4 ' ' =1 ERLOTIN
1 oral bioavailability 60% galasuuilasdutvgTas cyp3a4 e ws "
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Tahle 131 Chemotherapeutic Agents Useful in Neop!a'stic_; E_)is__eas_e_ S

CLASS

TYPE OF AGENT

NONPROPRIETARY NAMES
OTHER NARES

Alkviating
agents

Nitrogen mustards

Mechlorethamine

DISEASE

Hodgkin's disease; non-Hodgkin's lymphsi

Acute and chronic lymphooytic leukemia:.

[ lfosfamide

Melphalan (L-sarcolysin

Chlorambugil

Ethylensimines and
methylmelamines

e!hylhydzme
derivative

Alkyt sulfonate

Thictepe ]

Procarbazine (N«methylhydrazme,
MIH)

Nitrosoureas

Triazenes

Platinum coordination
complexes

Carmustine (BCNU}

Streptozocin (strepiozotocin)

Dacarbazine (DTIC;
dimethyltriazenoimidazole
carboxamide), temozolomide

Cisplatin, carboplatin,oxalinlatin

Antimetabolites

Folic acid analogs

Methotrexate (ameihopterin)

Pyrimidine anzlogs

Fluorouracil (S-fluorcuracil; 5-FU),
capeciiabine

Cytarabine (cytosine arabinoside)

Purine analogs and
related inhibitors

Mercaptepurine (6-

Penfostatin (2-deoxycoformygin),
cladribine, fludarabine

Natural producis

Vinca alkaloids

Taxanes

Epipodophyllotoxins

Vinblastine, vinorelbing

Vincristine

Paclitaxel, docetaxe!

Etoposide

Hodgkin's disease; non-Hodgkin's Iymphém_a;
multiple myeloma; neuroblastema; breast:
ovary, lung cancer; Wilms' fumor; cervix,™
testi 7 soft-ti

Multiple myeloma; breast, ovarian cancer

Chronig Iymphocytiekela; primary -
macroglobulinemia; Hodgkin's diseass; ror
Hodgkin's lymphoma :

Bladder, breast, ovarian cancer

Hodgkm' disease

Chronic myelogenous leukemia

Hodgkin's disease; non-Hodgkin's Iymhom_
primary brain tumor; melanoma

Malignant pancreatic insulinoma; matignant
carcinoid

Malignant melanome; Hedgkin's dissase;
soft-tissue sarcomas; glioma; melanoma

Testicular, ovarian, bladder, esophageal,
I

Acule lymphocytic leukemia; .
choriocarcinoma; breast, head, nack, and
iung cancer; osteogenic sarcoma; bladder
canger

Mesothelioma, lung cancer

Breast, colon, esophageal, stomach,
pancreas, head and neck; premalignant skin'
| lesicn {topical :

Acute myelegenous and acute lymphooytic -
feukemia; non-Hodgki

Agcute lympheoytic and myelogenous
kemia

Hairy celt leukemia; chronic lymphocytic :
leukemia; small cell non-Hodgkin's lymphoma'{:

Hodgkin's disease; non-Hodgkir's lymphoma: |
breast, lung, and tesiis cancer

Acute lymphooylic leukemia; neuroblastoma;
Wilms' tumor; rhabdemyosarcoma; Hodgkin's
disease; non-Hodgkin's lymphoma

Ovarian, breast, Ig, ldder, head and
neck cancer

Testis, small-cell iung, and other lung cancer;
breast cancer; Hodghkin's disease; non-
Hodgkin's lymphomas; acute myelogencus
leukemia; Kaposi's sarcoma
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Camptthecms

Antibiotics

Anthracenedione

Miscellaneous
Fagernts

Sﬂbstltute ure

Teniposide

Topotacan, irinotecan

Dactinomyein (actinomycin B

Daunorubicin {daunomycin,
rubidomycin

Doxorubicin

Mitcxantrone

Bleomycin

' Hydroxyurea

Differentiating agents

Tretinoin, arsenic trioxide

Protein fyrosing kinase

inhibitor

modifiers

51-3 and 51-4)
SRR i

Biclogical response

Antibodies (see Tables

Interferon-alfa, interleukin 2

Adrenocortical
suppressants

| Hormones and
| antagonists

Progestins -

Estrogens

Androgens

| Anti-endrogen

. Gonadotropin-releasing

hormone analog

Adrenocorticosteroids

nh-srcgens '

Aromatase inhibilors

Prednisone (several other

see Chapler 58

Same as eloposide; also acute lymphoblastic
leukemia in children

3 S5 R,
Ovarian cancer; small-cell lung cancer; colon
and lung cancer

Choriocarcinoma; Wilms' tumor;
rhabdomyosarcoma; testis;

Acute myelogenous and acute lymphocytic
leukemia

Soft-tissue, osteogenic, and other sarcoma
Hedgkin's disease; non-Hodgkin's lymphoma;
acute leukemia; breast, genitourinary, thyroid,
lung, stomach cancer; neurcbiastoma and

other chitdhood sarcoma

Acute myelogenous leukemia; breast and
prostate cancer

Testis, and cervical cancer; Hodgkin's
disease; non-Hodgkin's lymphoma

Imatinib Chronic myelocytic leukemia; gastrointestinal
stromal tumors; hypereosinophilia syndrome

Miiolans (0.0-D0D
Aminoqliethimics

equivalent preparations available;

Hydroxyprogesterone capreate,
medroxyprogesterone acetate,

megestrol acelate

see Chapter 87

Anastrozole, letrezole,
exemeslane

Testostercne propionate,

fluoxymesterone (other
preparations available;

Fluiamide

Lteuprolide

Diethylstilbestrol, ethinyl gstradicl
(other preparations available;

Tamoxifen, toremifene Breest cancer

Non-smali-cell lung cancer

Hairy cell leukemia; Kaposi's sarcoma;
melanoma; carcineid; renal cel; ovary,
bladder; non-Hodgkin's lymphoma; mycosis
fungoides; multiple myeloma; chronic
myelogencus leukemia; malignant melanoma

Acute and chronic lymphooytic leukemia; non-
Hodgkin's lymphoma; Hodgkin's disease;
breast cancer

i, breast cancer

Endometria

Breast, prostate cancer

Breast cancer

Breast cancer

Prostate cancer

Prostate cancer

Neoplasms are carcinemas unless otherwise indicated.
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2. Very low density lipoprotein (VLDL) 130 pre- 3 lipoprotsin

3. Intermediate density lipoprotein (IDL)

4, Low density lipoprotein (IL.DL) %50 [3 - lipoprotein

5. Lp(a) lipoprotein

6. High density lipoprotein (HDL) 3o Q- lipoprotein

516a2198AU94 lipoprotein tanzyia Iduans1d Tugtuazaised 35-1
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remnant %4 a}xmumﬂﬂq @Y 1147 remnant H9237UAY LDL receptor 138 LDL receptor-related
4 [l o o 1

protein (LRP) fioringizadvesdy Tasnszuaun1sf5 o1 receptor - mediated endocytosis A5
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gause 1§ free cholesterol 91fin Miiwaduesiulugiuns cholesterol ester aauiit % unns
adrvmiayad vorunnduasizd  endogenous lipoprotein 611/

117979 functional lipoprotem lipase enzyme functional ApoC-II W lvin1sdesmras.
triglyceride chylomicron Afa3 dunalfifan1ig severe hypertriglyceridemia 116y AU8aUd Al
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Effect of circuiating LDL and HOL on
195 the risk of coronary heartdissase
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Source! Brunton LL, Lazo I8, Parker KLt Goodman & Gilman's Tha Pharmacoloqical
Basis of Therapeutics, 11th Edition: http/fwww, accessrmedicne, com

Capyright @ The McoGraw-Hill Companies, Inc All rights reservad,

Fig14_1 The major pathways invoived in the mefabolism of chylomicrons synthesized by the intestine and VLDL
synthesized by the liver.

Chylomicrons are cunverted to chylomicron remnanits by the hydrolysis of their triglycerides by LPL. Chylomicron remnants
are rapidly cleared from the plasma by the liver. "Remnant receptors” include the LDL receptor-related protein (LRP), LDL,-
and perhaps other recepiors. FFA released by LPL is used by muscle fissue as an energy source or taken up and stored
by adipose tissue. FFA, free fatty acid; HL, hepatic lipase; IDL, intermadiate-density lipoproteins; LDL, low-density

lipoproteins; LPL, lipoprotein lipase; VLDL, very-low-density lipoproteins.

Figure 21.4 G
Goal lipoprotein levels achieved with dietary or drug therapy for the prevention of coronary heart disease. [Note™?
Lower geals for total and LDL cholesterol are recommended for patients with a history of heart disease. | '
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Table 14-1 Characteristics of Plasma Lipopr:c_rteins_;.:

LIPOPROTEIN |DENSITY OF {MAJORLIPID  [TG:CHOL |SIGNIFICANT |stTE OF MECHANISM(S) OF

‘CLASS FLOTATION, |CONSTITUENT |RATIO APOPROTEINS {SYNTHESIS {CATABOLISM
o g/ml

?Chyiomicrons <<1,006 Dietary 1G:1 B-48, E, A-l, A- |Intestine Triglyceride

15’hd remnants triglycerides and IV, C-l, C-Ii, C-llI hydrolysis by LPi,
cholesterol -

ApoE-mediated
remnant uptake by

i

VLDL <1.006 "Endcgenous” or {51 B-100, £, G-I, C- jLiver Triglyceride

: hepatic i, C-iit hydrolysis by LPL
friglycerides

fibL 1.006-1.019 | Cholesteryl esters {1:1 B-100, E, C-il, C-[Product of  {50% converted to

and "endogenous” il VLDL LDL mediated by HL,
triglycerides catabolism 50% apoE-mediated

Lptake b

50% apoE-mediated
uptake by Tiv

NS B-100 Product of ApoB-100-mediated
VLOL upiake by LDL
catabolism receptor (.75% in

{EDL 1.019-1.063 | Cholesteryl esters

HOL 1.083-1.21 Phospholipids, NS A AL E, G4, lntesting,

C-it, G-Il i
cholesteryl esters , G-l liver, plasma Transfer of

cholesteryl ester o
VLDL LD

Uptake of HDL
cholesterct by
hepatocytes

1.05-1.08 Cholesteryi eslers B-100, apo(a)

Unknown

:Abbreviations: apo, apolipoprotein; CHOL, cholesterol; HOL, high-density lipcproteins; IDL, intermediate-density lipoproteins;
‘Lp(a), lipoprotein(a); LDL, low-density lipoproteins; NS, not significant (triglyceride is fess than 5% of LDL and HDL), TG,
triglyceride; VLDL, very-low-density lipoproteins; HL, hepatic lipass; LPL, lipoprotein lipase.
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‘Table 14-2. National Cholesterol Education Program:.Adt_ﬂt. Tréaﬁnen_t Guidelines (2001).

Desirable Bordetline to l-!igh1

High

Total cholesterol

R

LDL cholesterol

< 130 (3.4)" 130-159 (3.4-4.1) _ > 160 (4.1)

Trigiycerides <120 (1.4) 120-199 (1.4-2.3) > 200 (2.3}

Consider as high if coronary disease or more than 2 risk factors are present,
mg/dL {mmol/L.).
Optimal leve! is < 100 {2.6).

3. Azhy triglyceride °lmﬁem;m (TG) 1han TG 1u very low density lipoprotein-TG
Twidengs (VLDL-TG 1) 1% TG 1w chylomicron Juifiengs wwizdiedis vLDL-TG Tuiden
4 = o 1 T =
g azne lfidan g naamfennads 94U chylomicron-TG Twidsags Tins IfiAan1izvaes
=) [=4 3 o U oo ' ar = s
Meauawdy udaziidinadudoudniay Reunay
= s o at =) 3 =5 as "
aruAndnfvesszdy luifulwien fenslszdn LDL-cholesterol ge (LDL- ¢ 1Y
triglyceride qs(TGT) 1z HDL-cholesterol &1 (HDL- C 1) dauduiledordossoniniialsnnasa
= o
aearale
o o 24 P = gt 1 o s =) o dy
sz Tutiuludeavesdllanmitaadesasminina lsara lawnaidan aasidusad
1. TC <200 mg/dl
2. LDL-C < 130 mg/dl
3. HDL-CZ 40 mg/dl
4. TG <150 mg/dl
UazAITNBATIEIUYBY TC/HDL-C <4.5 and LDL-C/HDL-C <3
g =y 9/ i c:lci @ s -
msdunviaveadiheniszanluivlubeags
msswungiheiiiszau lviuludeags dvaeds 1Aud msswunamiszduTuiuluden
N1/9107 (phenotypic characteristic of blood lipid level) 15U Ms$wUn deaasluasian 21-2
ot
Hegiiuideuswunanuiadndvoslviulwien andnyazvenivialninig

WUFNTIN (genotypically based classification) Aanaadlun13 14 352
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ype 1 [FAMILIAL HYPERCHYLOMICRONEMIA]
assive fasting hyperchylomicronemia, even following normai dietary fat intake,
sulting in greatly elevated serum TG levels. :

eficiency of lipopratein lipase or deficiency of normal apolipoprotein Cll {rare).
‘Typel is nol assoclated with an increase in coronary heart disease,

reatment: Low-fat diet. No drug therapy is eifective for Type | hyperlipidemia.

& Elevated LDL with normal VLD levels due to a block in L.DL degradation.
This resuits in increased serum cholesterol but normal TG levels.

@ Ischemic heart disease is greatly accelerated,

g;}"rea:ment: Diet. Heterozygotes: Cholestyramine and niacin, or a statin,

Similar to ILA except that VLDL is also increased, resulting in elevated serum
TG as well as cholesterod levels,

Caused by overproduction of VLIOL by the liver.

_helatively common.
fffreatment: Diet. Drug therapy is similar to that for Type HA .

i R e

f:pe HI [FAMILIAL DYSBETALIPOPROTEINEMIA]

Q'Serum concentrations of 104 are increased, resuiting in increased TG
and cholesterol levels.

ma e ——
R N T A S T

s e e

pe IV [FAMILIAL HYPERTRIGLYCERIDEMIA]

VLD levels are increased, whereas LOL levels are normal or decreased, resulting in
ormal to elevated cholesterol, and greatly elevated circulating TG levels.

Cause is overproduction and/or decreased removal of VLDL TG in serum.

his is a relatively common disease. it has few clinical manifestations other
han accelerated ischemic heart disease, Patients with this disorder are frequentiy
bese, diabetic, and hyperuricemic.

Freatment: Diet, If necessary, drug therapy includes niacin andfor fenofibrate,

pe V [FAMILIAL MIXED HYPERTRIGLYCERIDEMIA]

Seg‘um VLDE and chylomicrons are elevated. LDL is normal or decreased,
hig resuits in elevated cholesterol and greatly elevated TG levels.

‘Cause is either increased production or decreased clearance
1 VLDL and chylomicrons. Usually, it is a genetic defect.

 Occurs most commonly in adults who are ocbese andfar diabetic,

Treatment: Diet. If necessary, drug therapy includes nisein, andiar fenofibrate, or
statin,

dure 21.2 (continued)
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Fabis 14-3. The Primary Hyperlipoproteinemias and Their Drug Treatment. -

Disorder Manifestations Single Drug' Drug Combination

Primary chylormicranemia (familial Chylomigrons, VLDL Distary management | Niagin plus fibrate
ipoprotein lipase or cofactor deficiency) |increased {niacin, fibrate}

VLDBL, chyfomicrons Niagin, fibrate Niacin plus fibrate
i d

ok i

Moderate VLDL increased Niggin, fibrate
chylomicrons may be
increased
Familial combined hyperlipoproteinemia | VLDL increased Niagin, fibrate

LOL increased Niagin, reductase Two or three of the
inhibitor, ezefimib individual d

VLDL, LDL increased Niacin, reductase Niacin or fibrate plus
inhibitor reductase inhibitor or
ezelimibe

Famifiai dysbetalipoproteinemia VLDOL remnants, Fibrate, niacin Fibrate plus niacin, or
chylomicren remnants niagin plus reductase

increased inhibitor

Heterozygous LDL increased Reductase inhibitor, Two or three of the

LD increased

Homozygous

Niacin, atorvasiatin, Niacin plus reductase

Familial ligand-defective apo B LDL increased Niggin, reductase Niacin plis reductase
b . - .
Lp(a) hyperlipoproteinemia Lp{a) increased Nigcin

_‘Single-drug therapy should be evaluated before drug combinations are used,
“Select pharmacologically compatible redustase inhibitor {see text).

aunguesnsitamagluduludtenfindnd
1. anesza lniulufenfdnUn@Ugunil (primary dystipidemia) ifunmfindnfonauva
VlNﬁu’ijﬂi TR AT, polygenic hypercholesterolemia, familial combined hyperlipidemia, familial

hypercholesterolemia

2. nzsean luduluwdearanlndndogll (secondary dyslipidemia) faa1nTsafe 195unse

L1

=) a ad o Ed o = =4 . . ' a =
mslgmunrianiaamivnszoiunsasia wie nsnldsundas lipoprotein JusWMERAUNG

'
= o

ity g1 triglyceride galuidon sxwuludilroTsammau Tsadau nsavgs g9

9

thiazide ﬂ?ﬂﬁﬁ?lﬁﬁ §MIUTZAY cholesterol Gﬁmﬁﬂﬁq\i vevuldluny hypothyroidism, nephrotic

]
=1 o

syndrome e dauaunaivld HDL-cholesterol A1 AU ﬂ'lii;flfiﬁl‘}'ﬁ Tsndau ms'lieen

9
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Avdanie mslduerdia wu B-blocker 1Hudu
3. e luiuludeafialnde1ne M s (distary dyslipidemia) 01351 sz mem 13 luify
SudINANT N cholesterol g4 uaumg szdy lufuluden g9
msshifheifsdulatdwdeafinnd
ﬂ%gﬁu NCEP (National Cholesterol Education Program)} guideline L’ﬁiﬁ 1)} “iéfﬁa aﬁﬁmm
fntlndvesszan luduluben Usznoudae 2 dau fis
1. 14¥wdnn13ves population-based approach dioanilasaivveddsanasadaaiale Tne
aATZAY cholesterol THIRBARIENIIAILANBINIS Wsudssmuemsai luffukona Widudes
Az 30 vemAsi 185y Sutlssmuemsiiinse luiududatesnitfesns 10 veandanus

aow T ol

Y1@F0 uaz§udszmu cholesterol 1IN T1B9A71 300 adnsude iy surlszmuiiotan uas
oI RIS o -1inolenic acid pgiN sauﬁy'amsmnamﬁ?mﬂniﬁsﬂu”lﬂmmﬂmﬁmmgm
2. 1¥finn13v84 patien based approach Tasfithwunelumsanszduves LbL-¢ 1Tuddu

150 (National Cholesterol Education Program Expert Panel 2002) TaaWe1TMI0INTLAY total
cholesterol, LDL-C, triglyceride 1n% HDL san%&ﬂ%%’m?}w{nq (risk factors) vaaftle ol

21 flhenane wldfudmusiifsdunslfidaufioonsedu luiuludon
(therapeutic Life style change) e misarnsmalsua ludulusins uaz mssendidane

22 aunuileferfesdug wu TsaanuduTatiage Tsmumau msmmmﬁmﬁh
MSqUUNS

23 pslfmanszayluiuludeatinnusuiudeszanszdu lutuludea i

t:la:h ] % ar = 2 =] ] ar \ o)
rﬂmma Tunsaif lmmmmamzm}‘hmc{umaﬁ AIWITTATI] NA1IVULG S

mﬁﬂﬁzsﬁumma‘éﬂ& {risk assessment) YN I50a
Tsavinondentilolnald Framingham risk scores

NCEP guideline [1‘ff’ﬁ}'l‘i‘lx‘tﬂ‘i::&ﬁuﬂ’;!m!?}ﬁl\i(risk assessment table) Y94 Framingham 52y
TemafinTsanaeadientiala (coronary heart disease, CHD) Tneftleflunguiiinnuiieags
(high risk) Y158 “CHD equivalent” vanans lamaiin Isanasaioata lalufuldrandfannah
20% ifhuedmsumsaauguazsy luiuludea uazinalumsGudulinmnutay

therapeutic life-style change 11303 I eudlulalany ang19di 35-7
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’Table 14— Secondary Causes of Dysllp:demta

MAJOR LIPID EFFECT

DISQRDER

Triglycerides > cholesterol; low HDL-C

Triglycerides > cholesterol

Triglycerides > cholesterct

Hypothyroidism

Cholesterol = triglycerides

Obstructive liver disease Cholesterol > trigiycerides

Abbreviation: HOL-C, high-density-lipoprotein cholesterol,

Table 14-5 Risk Factors for Coronary Heart ljis_ease"_ e

Age

Male =45 years or female >55 years

Family history of premature CHD

A first-degree relative (male below 56 years or female below 65 years when the first CHD clinical event occurs)

Blood pressure 2140/90 or use of anfihypertensive medication, irrespective of blood

Low HDL-C

<40 mg/d! {consider <50 mg/d} as "low" for women)

Body mass index >25 kglrn: and waist circumierence above 40 inches (men) or 35 inches (women)

Abbreviations: CHD, coronary heart disease; HDL-C, high-density-lipoprotein cholesterol,
Diabetes melitus is considered {o be a CHD-equivalent disorder; therefore, the lipid management of diabetes patients is the
ame as that for patients with established vascular disease (American Diabetes Association, 1999).
Obesity was returned to the list of CHD risk factors in 1998, although it was not included as a risk factor in the 2001 NGEP

guidelines (Pi-Sunyer ef al,, 1848).

Table 14-6 Guidelines Based on LDL-C and Yotal Cholesteroi:H_DL'—C Ratié for Treatment of Low HDL-C Patients

Lifestyle Change Initiated for Drug Therapy Initiatad for

Abbreviations: CHD, coronary heart disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density-lipaprotein
chelesterol; TC, total cholesterot.
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gastuiulu@en

(Antihyperlipidaemic drugs, hypolipidemic drugs)

' = 1 el ey = s o 4 ' a

san lwiulufeaiioguaterila uaazyiallanaulfuasgnimandyinniuandtaiu
Taun

1. nicotinic acid 1A niacin (vitamin B,)

2. fibric acid derivative 170 fibrate 117 bezafibrate, gemfibrozil, fenofibrate

3. bile acid sequestrants 1Aun cholestyramine 1A% cholestipol

4. statin (hydroxy-methylglutaryl-coenzyme A (HMG-CoA)) reductase inhibitor

5. inhibitor of intestinal sterol absorptionllgfliﬁ ezetimibe

6. miscellaneous_hlﬁlufi probucol

o ‘
NICOTINIC ACID (NIACIN) T 7
- o o i , o7 '.T—C-~OH T T NH,
dhiatiufiazaehnilusumesshoueglugvedta [ f [}\ b
. e N
o . N - . N . <=2 = |
U 1w NAD {niacinamide adenine dinucleotide) g lilimase NICOTINIC ACID NICOTINAMIDE

msaaszauluiuludon Tuvuinge (2-6 nfudeTY) nicotinic acid

$AATEAUUBY mriglyceride JuaTzheden ld Tasnisviald vipL

¥
anaInIgly 1-4 U maximum effect xARvUIY 4-7 Ju USuw

Y8y triglyceride dzafaslasingy 35-45% uar 114 LDL-

\ ol 4{ o ¥
e cholesterol 8AAIIUAAY 5-7 JU gNFTIAA(maximal effect) dzifniy
© Manths (LT

malu 3-5 dlani Tagsinls LDL-cholesterol anadtlszana 10-15 %

— uagsir1¥UTua HDL-cholesterol (HINAY (30-40%) Uazan Lp(a) 1u

a levels of cholesterol in [Hon 1A849 40%
lipidemic patients during
ient with niacin.
ﬂﬁ"lﬂﬂ]ﬁﬂ@ﬂt}ﬂéllﬁ&i]ﬂéﬂm!ﬂ?qfl‘ﬁﬂ‘c’ﬂ

1. 1w adipose tissue nicofinic acid ﬁﬂgﬂ lipolysis #8¢ TG ImaoadTuinues free fatty
acid (FFA) fozandedy i1 lffnsa e TG fduannd

2. § nicotinic acid 1AM TG TgAITLEMIMITAR ALY esterified fatty
acid 1138AM158$19 TG 11y Tnaaamsadhs VLDL uas LDL #idy

3. nicotinic acid !.TT;EJ clearance ¥84 TG 114 VLDL uag chylomicron Tﬂﬂ&ﬁu activity Ua4

B Tasad lipoprotein lipase (LPL)
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‘http 1/ www, accessmedidne. com

‘Copyright @ The Me@raw-Hill Companies, Inc. All rights reserved.

Fig15_1 Absorption, transpost, and storage of iron. Intestinal epithelial cells actively absorb inorganic iron and heme iren (H).
Ferrous iren that is absorbed or released from absorbed heme iron in the intestine (1) s actively transported into the blood or
complexed with apaferritin (AF) and stared as ferritin. in the bload, iron is transported by fransferein {T1) to erytheoid precursars in the
bone marrow for synthesis of hemagtobin (Hgb) (2) or to hepatocytes for storage as ferritin {3). The transferrin-iron complexes bind to
transferrin receptars {TiR} in erythroid precursors and hepatocytes and are internalized. After release of the iran, the TAR-Tf complex
is recycled to the plesma membrane and Tf is released. Macrophages that phagocylize senescent erythrocytes (RBC) reclaim the

iran from the RBC hemoglobin anrd sither expart it or store it as ferritin {4}. Hepatocytes use several mechanisms to take up iron and

store the iron as ferritin. See text.
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Table 15-1. Some Commonly Used Oral Iron Preparations
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Fondu B, (Cyanocobalamin)

Jaiiu B, Ngaslassadeadie Taedi porphyrin Tnedi cobalt atom Anagiuilanilelng:
. . o . . o = 3

deoxyadenosyl cobalamin 118% methylcobalamin (1144 active form ¥as3siy useme lusssvmd

n o 4 o M & o n’ul r 3 d? nw 1 o a
lAnnnmsdunsizdvesuuafiGe frwiadadlimunozahuesd imawedmiiu g,
=R ot =4 o, dgi' o [ uyor a 3 o
TuemseldmnnmsanweawaiGsludiedad lnsmmzavuaylu 1o wy e deiuuywd:
M k4 .
wlasuimiuriafionmssvdssmuemnsdi ldvinie Jndiu B, luemsuazlugivess
%4181l cyanocobalamin 4% hydroxocobalamin tHarings1amanda vzgafeulteglugives

active from f® deoxyadenosylcobalamin URE methylcobalamin

1
\
( )
N
! - N:©[
5 { e F GHg
O"? \G H
o
\ CHCH
Vitamin B;, Congeners
Permissiva Name B Group
Cyanocobalamin - —CN
(Vitamin Bya)
Hydroxocobalamin ~OH
Methylcobalamin ~LCHa
5-Deoxyadenosyicobalamin - ~5'-Deoxyadenosyl

Source: Brunkon LL, Laza 1S, Parker KL: Goodman & Gitman's The Pharmacological
Basis of Therspevtics, L1th Bdition hitpi//www, actessmadidne, com
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Fig 15_2 The structures and nomenclature of vitamin B,. congeners.
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Copyright ® The McGraw-Hill Cempanies, Inc All rights reserved,

Fig 15_3 Interrelationships and metabolic roles of vitamin B,- and folic acid.

See text for explanation and Figure §3-9 for structures of the various fotate coenzymes. FIGLU, formimineglutamic

acid, which arises from the catabolism of histidine; Tcll, franscobalamin Il; CH.H,PteGlu;, methyltetrahydrofotate.
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Fig 15_4 Enzymatic reactions that use folates. Section 1 shows the vitarmin B, .-dependent reaction that allows most

dietary folates to enter the tetrahydrofalate cofactor popl and becomes the "folate frap™ in vitamin By, deficiency. Section 2

shows the dTMP cycle. Section 3 shows the pathway by which folic acid enters the tefrahydrofalate cofactor pool. Double

arrows indicate pathways with more than one infermediate step.
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Fig 15_5 Enzymatic reactions thal use vitamin 8,-. See text for details
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Fig 15_6 The absorption and distribution of vifamin B, -,
Deficiency of vitamin B,. can resuit from a congenilal or acquired defect in any one of the following: (1) inadequate dietery -
supply; (2) inadequate secration of intrinsic factor {classical pernicious angmia); (3) ileal disease; {4) congenital absence

of franscobalamin |1 (Tell); or (5) rapid depletion of hepatic stores by interference wiih reabsorpiion of vitamin B . excreted

in bile. The uiility of measurements of the concentration of vitamin B,- in plasma to estimate supply available to tissues
can be compromised by liver disease and (6) the appearance of abnormal amounts of ranscobalaming ! and Il (Tel and
Iit) in ptasma. Finally, the formetion of methyleobalamin requires {7) normal transport into cells and an adequate supply of

folic acid as CH+H,PteGlu,.
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Source: Katzung BS; Basic & Chnical Pharmacology, 10th Edition:
hitpi/fwww. accessmedicine. com
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Fig 15_7 The structure and numbering of atoms of folic acid,
(Reproduced, with permission, from Murray RK et al: Harper's Biochemistiy, 24th ed
MeGraw-Hill, 1996.)
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Source: Brunton LL, Lazo 1S, Parker KLi Goodman & Gilman's The Pharmacological
Baxis of Therapeutics, 1ith Edition: hitpi//www, accessmedicine.com

Copyright & The Mc@raw-Hill Companies, Ine Al rights reserved.

Fig 15_8 Sites of action of hematopoietic growth factors in the differentiation and maturation of marrow ceff Jines.
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), inferleukin-3 (IL-3), and
granulocyte-macrophage colony-stimulating factor (GM-CSF), together with cell—cell interactions in the marrow, stmulate
stern cetis o form a series of burst-forming units (BFU} and colony-forming units {CFU): CFU-GEMM {granulccyte,
erythrocyte, monocyts and megakaryocyte), CFU-GM (granulocyte and macrophage), CFU-Meg (megakaryocyte), BFU-E
(erythrocyte), and CFU-E (erythrocyte). After considerable proliferation, further differentiation is stimutated by synergistic
interactions with growth factors for each of the major cell lines—granulocyte colony-stimulating factor (G-CSsF),
monocyte/macrophage-stimulating factor (M-CSF), thrombaopeietin, and srythropoietin, Each of these factors also

influences the proliferation, maturation, and in some cases the function of the derivative cell line (see Table 53-1).
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nlaasamuyy Taghitutuaedineaundihemaiian wuh mowdeans1y erythropoictin
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Myeloid growth factors

Téun granulocyte colony-stimulating factor (G-CSF) 1ag granulocyte-macrophage colony-
- . - C§ . T 3 1 o’
stimulating factor (GM-CSF) el ueiswan glycoprotein ﬁ'l‘ﬁl?iﬂ"lﬁilzﬂ‘i‘?.:%uﬂ'i‘ialil\!ﬁ’a uagms
@ o . =g @ . ' o
Aauuaeulasues pro-genitors 71 19 neutrophil, macrophage tagiina Jasassaamaiauue

o 1 tz:’ o = .
madwan lunszumion agiiundaTasld recombinant DNA technology

Recombinat human G-CSF (fHuG-CSF, filgrastim) !‘Id_h.! non-glycosylated polypeptide STEY
175 amino acid uazﬁﬂmﬁ'ﬂ?nmqa 18 kDa 74 recombinant human GM-CSF HuGM-CSF,

sargramosting) i partial glycosylated polypeptide Pl 127 amino acid ua:ﬁﬂmﬁfﬂhmna 3
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G-CSF %:ﬂia‘:ﬁumsuﬁqﬁaua:mﬁﬁ@mmaﬂﬁ: suslasue s progenitor Tuasusy
neutrophil Tﬂiﬂﬂ?i@@ﬂﬂw%«ﬁm membrane receptor YUBY  cytokine receptor super family ‘ﬁ%
activate JAK/STAT signal transduction pathway 1% 3(%"!4 phagocylic activity ¥8¢ mature neutrophil
ioeBan18ves neutrophil Tunsziaden uazdaiia hematopoietic stem cell TunszimEDn g
GMCSF  asfignimandsinenfewaenin  G-CSF Tagaenizqumaniaduazaswann
aldpulagts granulocyte, erythroid n% megakaryocyte progenitors GM-CSF a2 11us a0y

. . 1w = a W o e o
interleukin-2 1un15n3 $§§1!ﬂ'li!iﬁ\3ﬂ’}aﬂi?)\3 T cell “ﬁ\iﬂﬁﬁ'ﬂ?lﬂﬁ"lﬂiyﬂﬁl?mi’l!ﬂﬂﬂﬁ@ﬂ!ﬁﬂ

iL-4

/\ B cell

1L-2
S
Antibody
IL~1

Wacrophage -CSF

2oneg Marrow
Source; Brunton LL, Lazo J§, Parker KL: Goodman & Gilman's The Pharmacelogicsl

Basis of Tharapeutics, 11th Edition: hitp:/fwww, accaszmadicine.com

Copyright & The McGraw-Hill Companies, Inc All rights reserved,

Fig 156_8 Cylokine-cell interactions.
Macrophages, T celis, B ceils, and marrow stem cells interact via several cytokines (IL-1, IL-2, IL-3, L4, IFN [interferon]-
Y. GM-CSF, and G-CSF) in response 1o a bacierial or a foreign antigen chalienge. See Table 53-1 for the functicnal

activities of these varicus cytokines.
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(subcutaneous) ¥i3 oRAMTIABAIRBAR 30.0 v

dawe o " 4 2504 |

~ — Y |

YA IFdmi G-CSF Ao 5 % 200 , A |

Leg/kg ABTu 158 GM-CSF 250 Ug/m’ sim X 15.0- ' ; \,\ !

o 2 o @ Y P S oo oo {ZJ 100“ . \\/’\ t’z;

u ansulimevdanni diumiitiia < 5g1 % ﬂ

gt s =] [ \J } " 3 E

1d3 23 W wiemendwwinmilgnae X - s 12 15 o o

é & G'J o

Tynszaandeiuasli i sunsenady Study day

vy
absolute neutrophll lﬂ 2,000-5,000/ }']"L Source; Katzung RG: Basic & Clinical Pharmacelegy, 1.0%h Edition:
httptffwew, accessmedicine. com

Copyright @ The McGraw-Hill Companies, Inc. All rights resarved.

Fig 15_10 Effects of G-CSF (color) or placebo (black line) on absolute neutrophil count (ANC) after cytotoxic

chemotherapy for lung cancer. Doses of chemotherapeutic drugs were adminisiered on days 1 ard 3. G-CSF or placebe
injections were started on day 4 and continued daily through day 12 or 16. The first peak in ANC refiects the recruitment
of mature celis by G-CSF. The second peak refiects a marked increase in new neutrophii production by the bone marrow
under stimulation by G-CSF. (Normat ANC is 22-8.6 x 10911,.) (Modified and reproduced, with permission, from Crawford
et al; Reduction by granulocyte colomy-stimulating factor of fever and neutropenia induced by chemotherapy in patients
with small-cefl jung cancer. N Engl J Med 1881;325:164.)

Pazlomilunisshmn
G-CSF  uar  GM-CSF  thanldugdihed lunszgaganainms lA5umiitnie
(chemotherapy) uaz fitlasfivhin1sdgnaielunizgn (bone marrow transplantation) ¥i11¥igTl el
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1y protein ATvivminTumna 65-85 kDa ad199uTa fibroblast 1AL stromal cell Tyl
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Oprelvekin (IL-11) HuenaTondmiuimadrigsrmalasnsSadh 1 vuna 3
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Haansu

§
217 iflalszaenan -1
= ' - A o a -
1. fiwuleeiiaefesewmis taadsyey fu

2. eMINNIEUUvAeaifieaYale Fe1ufann IL-11 finmsganauveunis Txfoy

Table 15-1. Clinical Uses of Hematopoistic Growth Fa'ctc_:ré; :

Hematopoietic Growth Factor Clinical Condition Being Recipients
Treated or Prevented

Ervthrepoietin, darbepoetin alfa Anemia Patients with chronic renal failure

Cancer patients treated with myelosuppressive

cancer chemotherapy

Patients scheduled to undergo elective,
nonecardiac, nonvascular surgery

Granulocyte colony-stimulating factor | Neutropenia Cancer pafients freated with myslosuppressive

{G-C8E; fiigrtim) cancer chemotherapy

Granulocyte-macrophage colony- Patients with severe chronic neutropenia

stimulating .s’actor (GM-CSF, Patients with nonmyelcid malignancies with
sargramostim) .
stem cell transplantation

Mobilization of perigheral bleod progenitor
cells (PBPC)

Stem cell franspizntation Patients with nonmyelcid malignancies

Mobilization of peripheral blood | Donors of stem cells for allogeneic or

progenitor cells (PBPC) autologous tfransplantation

Je

Interieukin-11 (IL-11, opreivekin) Thrombaocytopenia Patients with nonmyelsid malignancies who
receive myelosuppressive cancer
chemotherapy

¥ o
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Source: Katzung BG: Basic & Clinical Pharmacology, 10th Edition:

1. Prostacyclin (PGL) Fhaum http:/fwww, accessredidne, com

& R . ! Copyright @ The McGraw-Hill Companies, Inc All rights reserved.
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6. Antithrombin (AT) dluauiFaued serine protease ] inactivated by
. oy * heparin-anti-
inhibitor family ¥1141119 inactivate serine proteases Ila, [Xa, | hrombin

§ complex

XIa unz Xlla
I. ANTCOAGULANT DRUGS
T qy o 3 [~ -
s lunguil exdudansutedauoudea (clot) uag
r 3l g 9 a égi' mf:i o
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34

. q VoAag Y .
coagulation &1 Tu gyl 1900 heparin @ oral

anticoagulants

Heparin
. o) . -~ :’ a
Heparin umswan glycoaminoglycan ¥ H1HUN
Tuiana 750 841000 kDa uagiiquantadunsa wuly
granule Y34 mast cell (13io U histamine HAL serotonin
wuunfleauazAl heparin Tusteniedavaseanunan

2 1 o at 3 g v
9gnTawed1e a5 a8 macrophage Astiude vy

heparin Tuidon -
Figure 2010

Formation of fibrin clot .

Fig16_3 Subunit structure of heparin.
The small polymer section

shown illustrates the CHy-0-50 ik A N LHy-0-50,
repeating disaccharide unifs 3 g R CU‘U 0 »
typical of heparin, The K =0 g 0H e 0503 0 on’? it OH -t
sequence shows the critical !
pentasaccharide portion NH503 OH NR303 Us0; NHS0;
required for binding fo Blehs GleuA - 16UA G
antithrombin. In addition to sulfate sulfate sulfate sulfate

those shown, other

saceharides ocecur. Meparin is Source: Kateung BG: Basic & Clinical Pharmacelogy, 10th Edition:
. http i/ wew, accessmedicine, com
a strongly acidic molecuie

because of its high content of
anionic sulfate and carboxylic acid groups. (GlcN, glucosamine; [dUA, iduronic acid; GlcUA, glucuronic acid. The same
five residues with the terminal groups shown in parentheses, constitute fondaparinux.)

Copyright ® The McGraw-Hill Companles, Inc All rights reseryad.
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Heparin- and low-molecular-weight heparin (LMWH)-mediated inactivation of thrombin or Factor Xa.
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LMW heparin 154 enoxaparin fnuavinalfifiuiiafinsy (1414 standardize 15y unit) e
& B = <& o P e
fraxiparine B4 LMW heparin Snaiiawils sefimiadu 1CU Axa (1 1CU Axa Hemify 0.41
U AXa)
o , & o . g wa A o
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A19AIUANVIAYBIET (Control of Dosage)
9% activated partial thromboplastin time (2PTT) fudIa1uqunU5 UL aYe4 heparin
Tael apTT dlu 1.8-2.5 shwesdundsdnd d1M50 LMW heparin liigufludas monitor
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Y Y =) 7] o w oA o o oA . .
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[ & ean ol 9/ = . - | . . . . .
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) . - =t neid] llﬁl PV 4 o e & .
22359081 heparin FafignTiunsa 14 complex #1 lulignidudmisndediveuion (anticoagulant
i R 1g of . . =5 [l '

activity) YH1AYE4 protamine sulfate 7115789 100 unit V84 heparin Aaundasgluiieanie

fl289z1% protamine sulfate 1 iafinfumanasaitend

Table 16-1. Blood Clofting Factors and Drugs that Affect Them

Component or Commion Synonym Target for the Action of:
Factor

Fibrinogen ]

Heparin {ila); warfezin (s ntheSIS}

Plasminogen

Thrombolytic enzymes, aminocaproic
acid

LSee Figure 16-2 and text for additional detaits.
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Figure 20.18
Adminigtration ot fepirudin.
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Fig16_4 Structural formulas of several oral anticoagulant drugs and of vitamin K. The carben atom of wadfarin shown at

the asterisk is an asymmeiric center.
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Warfarin 92#19910 heparin 91 10HaNTOLHIN15109A1W04ADA (anticoagulant effect)

Meuens1eme Und vitamin K 92134 (catalyse) n1368Ja8U precursors U84 vitamin K-dependent

clotting factor (factor II, VII, IX, X} § 2N protein C 1A% protein S (anticoagulant protein) Wil

n:i’ a g/ o
active form 1MA1THISIAYIVDIN Y-carboxylation Y94 glutamic acid residue

o o . . q o ot d o
115 clotting factors THMITUAL Ca™ hwvumsuisdiwsuben

o zg - o
AAAAUI LU

2 - : o .
Warfann Fuflu vitamin K antagonist 9L 8UYY Y-carboyxlation U84 glutamate residue #HA

ia ¥ . 4 ] 4 1 u 3 as
fiRnduez1d clotting factor i Iauysel liamnsovhmii luvusumsndedve ufien 14

a1nfn@ 317 protein carboxylation 3zAUE Ilfunsifa oxidative deactivation 494 vitamin K
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Source: Katzung BG: Basic & Clinical Pharmacolegy, 10th Edition:
http 1/ waw. accassrmeadicneg, com

Capyright @ The McGrav-Hill Companias, Ine All rights rasemad,
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Snwiszezenar ¥ Tulsymy warfarin Fig16_5 Vitamin K cycle—metabolic interconversions af

vitamin K associated with the synthesis of vitamin K-
dependent clofting factors. Vitamin K. or K; is activated
by reduction to the hydroquinone form (KH,). Stepwise
oxidation to vitamin K epoxide (KO) is coupled to
Warfarin gn@‘ﬂcﬁnﬁﬁmﬂiuwmﬁu prothrombin carboxylation by the enzyme carboxylase,
. o , The reactivation of vitamin K epoxide is the warfarin-
BTH1T HA1 bioavailability 30882 100 LasunnN sensitive step {warfarin}. The R on the vitamin K
" o o " molecule represents a 20-carbon phytyl side chain in
Fouay 99 o4 warfarin 9z52unu TlsAu Tuhen vitamin K, and a 3C- to 65-carbon polypreny! side chain

S v
IHTTIAUATENT

Ve & = & Wor in vitarnin K,
Ma5eiia IunssumADaeID 36 1 Tue o1y

H1Y blood-brain barrier /g anas A NIAmUsnh IliAaa NI sIazdeacon luman ga

asunlasiiauTag microsomal enzyme NAUIZYPTUBBNMTTA1Z

MIAIUNHVHIA UL (control of Dosage)
U51911AU0 988 prothrombin time 19 18114 20% o4 prothrombin activity (A11)af =
& = v U oS el

100% ) FedAadiunarns Tadszanm 2 mhuesrnind (GFuee Quick’s one-stage prothrombin

time HA11aA 12 3u1ﬁ)

o A YVar =
NI UL Iasue A WIIe {Treatment of over dosage)
. . . ﬂ e . 9 o Yo 9/
Vitamin K, (phytonadione) it e MAWHUDY warfarin 91N BABDA 13&;“&;5&@@4?‘!@@}31
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Vitamin K, dependent clotting factors 13D fresh frozen plasma sﬁa‘lﬁsﬁwmm"!ﬁ’ﬁuﬁ wiouduld
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3. f!ﬁ‘ﬁﬂﬂﬂﬂﬂ activity U84 protein C o1 iAn cutaneous necrosis Taludanius HTGR

a5 18 110991718 venous thrombosis

v b
davmaly

t =1 o . [T 1 2 =t -4
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S Eaa ARy

Recemic warfarin sodium () aglugtlvessudin 2, 2.5, 5, 7.5, uaz 10 Gadniy

waveen i 15 udu 1 5-10 faan$u @z prothrombin time Tuna 1 dulasd
waenamaldsuen duinesdold 57 Tadnfudeu msldmszezna M1 prothrombin time 73
$u¥aenz 25 484 normal prothrombin activity A 1 activity Hesnhioeaz 20 AITARUUS
VB4 warfarin Wiengaleraun activity szuinaniifesns 20

#1 therapeutio range 11131 oral anticoagulant oM s§nut 2z Tumumves
Intemaltional Normalized Ratio (INR) 490805189104 prothrombin time vosfilaedadunis
prothrombin time 1n@ lufofiAns maysuvuiave so oral anticoagulant 9x3ne 1 INR
PgITHNe 2.5-3.5 wud1 M3 lFa Uy INR 1wz 1 19usnaves oral anticoagulant aRad Az
Temafisznadonsontiosasday

INR = Prothrombin time Y8451 28 IST

Prothrombin time 84 control
. e [ . . =Sy o af
ISI (Intemational Sensitivity Index) A9AAIM 13U84 prothrombin time (PT) 91 1013 1§

thrombinplastin Tustesfian13Tun1san vitamin K depeadent clotting factor af3vuiisufuns

14 WHO human thromboplastin standard
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1. manfsumlaaSnavedimilu K uazmsviuluewis sasawTsaveeafiue s
ma@iaﬂwﬁfﬁugamm%ﬂﬁ’waqsﬁaﬂ

2. 15861 (hepatic disease)%iﬁmm%egﬂgﬁ msufsdveudon Mewinfimsaii clotting
factor Youns

3. 1M hyperthyroidism mms‘l%’%:!ﬁquﬁfﬁm’j”qﬂﬁu%qﬁwaasﬁ@mwswﬁmﬁ‘ﬁamEJ clotting
factors Aﬁumaﬁu

4. wdjafingan, nephrotic syndrome sz fanidusemsniadrvesenanna SIERFATETN
Aansa ﬁ}zﬁﬂmﬁmqw%m clotling factor VII, VIIL, IX 8z X @3u1U nephrotic syndrome Vi

priiduegiu Tihb@ulunaimnezgndueenin Tuilaaiaziae

ﬂﬁﬁ?ﬂ]ﬁﬂﬁ%fﬁﬁﬂié‘ﬂ (Drug interaction)
qm%{é’ug\im'suﬁcf&ﬁwmaﬁangﬁm']gumﬂ AUNGHA 1) fail

1. MIaAnTIAAFUUBIIAIU K 91nMUAua I

2. Msunud anticoagulants 970 binding site Tumatan Talsau

3. msdavnemsnfinunlasnfiay (hepatic biotransformation) Y8481
4. mavaunemamzaauveniaion (platelet ageregation)

5. PIAAMIATN clotting factors
?f’m?ﬂ1?1?!17;%5111?5}1’1?51]gﬁﬂ’lﬁ!ﬁﬁﬂﬁ?%@\iiﬁﬂﬂﬂé‘mﬁ 1duen

1. M9 induce drug metabolizing microsomal enzyme 91AAL

a o .
2. DITMNMIEIY clotting factors
Table 16-2. Pharmacokinetic and Pharmacodynamlc Drug and Body lnteractiuns with Oral Antlcuagu!ants

Hypothyroidism

Sulfinpyrazone Hyperthyroidism — o

Trimethoprim-sulfamethoxazole
Stereoselectively inhibits the oxidative metabolism of the {S)-warfarin enantiomorph of racemic warfarin.

252



Ao o o o . o 4 3 o o ar ey of Al
URATNTUNUTUDY oral anticoagulants AUANUUTIANINT aaunzdluilgmlunis ldauite
. ) i I 2 . . . ‘
$arn gy eI amileni (nduce) Im sy activity Y94 liver microsomal enzyme system

a o ~ g . m“w g 2 w
229119 oral anticoagulants gAImeNIATY iWumg IWanifudimndime ufenanns
v v oo W a . A o . o
aaiuduiludoaunuunInve oral anticoagulant HASWBNYATY induce metabolizing enzyme 1R

o Lo 3 G oo = g o oW
sz v fudamsudsdrvsudoamuinniu susiunaduas1y

P 3/
1nmMIidsanan 14

II. ANTIPLATELET DRUGS (Antithrombotic drugs)
as v w o oA o ;
MIUAGUAHYDUNDALRDA LAZNIIING thrombus clu'ﬁf!ﬂﬂ
lﬁ@ﬂ!!ﬂﬁ!ﬂuﬁ’liﬂﬁmﬂﬁﬂﬁ@ﬂ%ﬁﬂﬂ“ﬂ\‘@@lﬁﬂ“ﬁﬁi“ﬂﬂﬁ?i’ﬂ@ﬁlﬂ\iﬂ’li

et o o o e & w T g A
ﬁ'lflci’lﬁ'lﬂiyjuﬂ%ﬁlﬂu NNHENTIUHINTFIUNQUAUUBUNAATDA

(platelet aggregation inhibitors) 95 %eiloaMUNITIAA arterial

Figure 20.4
Activation and aggregation of
platelets. GP = glycoprotein.
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Figure 20.8

Mechanism ot action of glycoprotein
(GP} ib/ila—receptor blockers.

1301 FDA Fusesinhn ¥y percutanecs coronary intervention waz 1y acute coronary
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Eptifibatide 1% tirofiban Hdatia1d1su@aan
.. = -2 o = vd
abciximab Hn1sAay luihgtiumnnmenuaasiimunms
1% glycoprotein {Ib/I11a inhibitor JUAY aspitin ANII0AA
9, _
PATINIIIAAT (restenosis), myocardial infarction HATAIS
aglugihe diemeudungu placebo
JoreR n':‘l o & = A
21m3 iflalseasandiagfenslifonssn lneny

15z 10% i sufion placebo w14 9% uag

throrabocytopenia nu'ld 1-2%

IIL THROMBOLYTIC AGENTS

Thrombolytic agents {1z ¥ 1eaan8 thrombus

[ k4 4:;
funayn Taglis liinsahe plasminfibrinolysin) 1

WAy plasmin T proteolytic activity 9% hydrolysed fibrin 7

Figure 20.9
Effects of glycoprotein (GP} lib/l
receptor antagonists on the
incidence of death or nontatal
myocardial infarction following
percutaneous transiuminal
coronary angioplasty. [Note: Dat:
are from several studies; thus,:
reported incidence of comphca s
with standard therapy, such as a
heparin, is not the same for each
drug.]
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urokinase, anistreplase, t-PA (alteplase, ACTIVASE)

Figure 20.25
Mechanism of action of
sireptokinase.

Streptokinase

G Tls8ud 18910 group-C
beta-hemolytic Streptococci #7
streptokinase  93ViURATENAY
proactivator U84 plasminogen 18
complex GAN??E protease activity DETER!

M31asUnA plasminogen Tty
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Figure 20.26

Streptokinase degrades both
and fibrinogen.
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1% uaz allergic reaction, anaphylaxis

pum3auaz Ay

Streptokinase 88 1U3UUBIEA Smsumhinazaiod udwImadigsamelagmsia i
LA 250,000, 600,000, 750,000, 1,500,000 TU A0 vial vInissngvanaidand Tasld loading
dose 250,000 unit WA 100,000 unit ApdaTua unm 2472 FaTue
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Tag urokinase 18 plasmin

£ '

Urokinase gaas19uudi la Senvegluilaeng Tumensdiilogiu msonldnin calture

d o
YBUFBADIN |AVD YT

Ly oA ei 4 y A ¥ . . .
NFUIURGINWLINNTT LY urokinase ]ﬂi&ﬂ BINg letl 17U serious allergic reaction Wil

o - N Aoy .
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Urokinase HUa1H4 250,000 U 18 vial d1nsuihinazaisni 1du5ms Taemsiadh
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300,000 unit aoF2 T34 dunnt 12 ¥ lus
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L4 »
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8613 B URZU MG 1

239



g 30 unit 9o vial 1¥Ramhiadivasadond 30 unit T 3-5 113 Weeada

AH3

Recombinant human tissue-type plasminogen activator (t-PA, alteplase(ACTIVASE))
Tissue-type plasminogen activator (1-PA) iiiu Thfulunsziadonifatua s aumna

ﬁﬂﬁ’zﬁnizﬁunmﬂﬁﬂu plasminogen L4 plasmin ¥ 1¥iRan1snza10v89 clot (fibrinolvsis)

19 1 tiHan 1A10 recombinant DNA technology 39538091 recombinant human tissue-type

plasminogen activator (t-PA,-PA) ¥1U T ﬁﬂmﬁuﬁﬁﬁﬂzﬁuﬁn plasminogen 8832 TUNFLLatAaA

8oun1 plasminogen “71‘3 auag:f?u fbrin (fibrin-bound plasminogen) ﬁﬁ‘tfu%ﬁﬁ ¥018 clot IARsag

0 q W~ 2 3, Y oo ' . ,
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3 Patient treated with
-plasminagen activator. |
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71114 ﬁfréb)aéé[‘ - 5r3 Emnhs&

%3 T mudasvtie 40 Nadndy 1udas) 20 Tadaiuae

gﬂ;;uuﬁuq recombinant mufant varianis of 1-PA 18 reteplase 'p,ace,m E_ T — ;

(RETAVASE) and tenecteplase (TNKase) e F‘ﬁ‘memage ot Paﬂeﬂts

Figure 20,24

Cutcome at 12 morths of stroke
patients treated with alteplase within
3 hours of the onsat of symiptoms
compared to those treated with
placebo.

Table 16-3 Contraindlcations to Thrombalytic Therapy . | -

1. Surgery within 10 gays, including organ biopsy, punctire of noncompressible vesse!s, serious trauma,
Ldrdlopulmonary resuscitation

7 Acuta pericarditis

IV FIBRINOLYTIC INHIBITORS

i . L. . , ® | ) ®
1&un C-aminocaproic acid (EACA, Amicar )18 wanexamic acid (Cyxlokapren )

&-Aminocaproic Acid US.P (EACA, Amiear®)

E-aminocaproic acid ﬁqm At el amino acid lysine (1aifi o-amino group) '@Eﬂi}‘iﬁj Tae
fudamsadi plasmin Lmzﬁ’ﬂ‘B’iumu1ﬂqwm‘i’ma1mw§%m plasin §76 gady laRe 1M afiy
ans Wsvdungegalden ndannidsznnniazng 2 $ 7w vand hifudsemudie 6
a1 Tuoz 4851 ¥ TnemsSatmanadend ¥ loading dose 5 753 TRaRNAAY 30 W

g1n1s WifleulseaaAved aminocaproic acid Hwufl ¥ 19dugh postural hypotension
wannniieiidiiatess e suifnni

sigadueanniala da ainas W ius1of lashann Taidnd

foutlHueq aminocaproic acid fiz Mlumssnundm {adjunt therapy) 111§ihﬁl

hemophilia 191 TusisfAdarida neuiu uenainaz 1 facior concentrate uazas 14 aminocaproic
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Y v . ] et 3 o o ) '
acid #81az ¥ aminocaproic acid TusieNihionasn11nms 1% engu fibrinolytic agents 19

streptokinase, urokinase

Tranexamic acid (Cyklokapron®)

Tranexamic acid iy ﬂqﬁ’ufﬂlﬂﬂ aminocaproic acid @aﬁamﬁnﬁﬁ fludad g\i (inhibitor)
484 plasminogen activation ¥9AUBL ranexamic acid Aw YATIUNFE (potency) Fanh HazTioins
Tifialseaedtoun aminocaproic acid ULIAYDETH 1948 loading dose 15 HaAnTudes Tandu
Tagnr3urlsemy maintenance dose A1 30 fadniudafiTansu yn 6 52 Tuedorield wudeniy.

aminocaproic acid

Uszlemimendinvesefifinadeszuun1sudan1vea@en (therapeutic use of anticoagnlants,

antiplatelet and thrombolytic agents)

1. Anticoagulant 48% antiplatelet drugs
1.1 n151e4AUN 1SR A thrombosis {prevention of thrombosis)

A3tleefunisiia venous thrombosis 93128AA8AT1A130 1891 AUNAVES pulmonary
emboli 92 1% heparin ¥11Ad1 (ow dose) Sah1dinmisdlusze: ieflosiumsinanasaidon
@19AAU (venous thrombosis) 1199174 low molecular weight heparin 1% enoxaparin §nle
1Y heparin HiiBsneangmd Merauunfuas 1ide monitor & dauen lungy antiplatelet
arugs Y 1dansasn1ifn stoke ndamiesialoniaiden unzmsmelugilefinedalsa
wasmiRaanilenneu

1.2 01330 thrombosis (treatment of thrombosis)

mi'%"ﬂmwa@mﬁ@ﬂﬁmﬂﬁu (venous thrombosis) ‘{)ﬂ'ffr‘ﬁ\‘i heparin 112 warfarin 1nad
heparin T3z 7-10 Tuuan teanin heparin 11130 seAgN3 IAvuT uazduldiilae
St 5 ¥ warfarin 190119 heparin 2-3 Ju uaz¥laoinl sen v warfarin Aetilasdn 6
FilmimendennnsesnninTssmmuadwmiugiled e mafunfasn daudihefinduidu
Foxdp T TN Y wararin 4 6 1Fou Gl heparin 48% warfarin z@a95uvinn

YBIYIAN activated partial thromboplastin time #8% prothrombin time AU 1AL
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L M9l Fibrinolytic drugs

Idianzans clot 19U 1310989 massive pulmonary emboli, acute myocardial infarction
1 ¥ 5 v i t o L 1
fudu wasmnnlfmaguiindr02A0e]% heparin 1as wartarin a1y saguil i 19¥dudile

- 1w & 9l 1 < . 9/ 1 21 oo
atimsidanie ludileuzs @na1u (metastatic cancer) #1178 stroke aziieRtany

= = o oo
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Uil 17 sufhaas [uazad1unisonay
(Analgesics-antipyretics and anti-inflammatory drugs)

= o & dy =
AR ANAT INTENFNR  BBUAY

Fueriiamsldmofigaaianis Wevsnmanuduthauazaansdamy Julsafiinmssaey
madﬂé’mn‘fﬁmazﬁa (musculoskeletal pain}) ﬁﬂl%lﬂﬂéiﬁluﬂfimﬁ’ji Nonsteroidal anti-inflammatory drugs
(NSATDS) (AU paracetamol Faiignivsimemssnmuioouin 5a uimeglungy NSAIDs)
fummﬁafaﬁ'uEﬂ“luﬂduﬁqu%ﬁﬂﬂ1uwiﬁxﬁaxﬂumuﬁﬂammzaﬂ“l%' (analgesic and antipyretic drugs) Y119
Smstfntunguiledenenafumusuily wasdummgueimaineims ifisszaedaeg

mstumnnaguiivn e s sy madeguaiinend vieoratwguau

ar o 1 ] ¥ é = 2 -=§"
mandyaauaaad 1un Mamumaiadia (t,,) Feezusndeszazialumsesangniven

Chemical Classification of Non-Narcotic Analgesies
Nonselective COX inhibitors
1. The salicylate
® Aspirin
@ Diflunisal
© Salgalate
2. Para-aminophenol
® **3cetaminophen(paracetamol) (+* ﬁqw%‘fmsmmﬁé' Arrutesntn hithanldhdun
UITMIDINTANAY
@ Phenacetin
3. Propionic acid derivative
® TIbuprofen
@ Naproxen
@ Fenoprofen
@® Tiaprofenic acid
® Ketoprofen
@ Flwbiprofen
@ Caprofen

@  Suprofen
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4, Acetic acid derivative
@ [ndomethacin
® Sulindac
@ Diclofenac
@ Alcofenac
@ Tolmetin
® Etodolac

5. Fenamic acid derivative
® Flufenamic
® Mefenamic
® Meclofenamic

6. Pyrazolone derivative
® Oxyphenbutazone
® Phenylbutazone
@ Azapropazone

7. Oxicam
® Piroxicam
® Tenoxicam
@® Sudoxicam
® Jsoxicam
® Meloxicam

8. Alkanones

® Nabumetone

Selective COX~2 inhibitors
1. Diaryl substituted pyrazone (sulfonamide derivative)
@ (Celecoxib
2. Bipyridine derivative
® Etoricoxib
3. Phenyl acetic acid

® Lumiracoxib
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PROPIONIC ACID BERIVATIVE
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Source: Katzung B Basic & Clinical Pharmacology, 10th Edition:

nttp if/ www.accessmedicing com

Copyright @ The MeGraw-Hilt Companies, Inc Al rights reserved,

PHENYLALKANQIC ACID DERIVATIVE

CO0H
I
EH
. |
- CHy

Flurkiprofen

PHENYLACETIC ACID DERIVATIVE

EH,COOH ¢
NH

i

Diclofenac

NAPHTHYLACETIC ACID PRODRUG

0
Il

CHyCH,CCH,
HiC 0

Nabumetone

U 17_1 gasTasserdamualiveqeingy NSAIDs unwiin

T :faa ¥ = = & o 2 ¢ g =2 o d‘y
nlunquiliinalnmseengns guEmundying uazeims Wiadszasdndiondenunsid

o
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nguiliimseangniadiedunuafa

s

ot ~ s 3 L é A el
1. nalnudn pannmsfudamsdunsiey prostaglandins Fufumsiemssniay (chemical

. A o = % ' 2o o -1 | o P
mediators) fidfnriantalumsie I¥inaanudvie msvw ems e Tandumisdens

é’mawﬁﬂﬁm ' ldun kinin, histamine, lymphokines, neuropeptide, leukotrienes, platelet

. ;s e o o 1 N
activating factor (PAF) HORAWNIINAT fmessad 1wy oxygen free radical superoxide anion

. s o [
dludu nlunguil (NSAIDs) sxdudiamsiffey arachidonic acid 1iHlu cyelic endoperoxides

or o
(PGG, uaz PGH,) lnsnisduawgmivesueaeylani cyclooxygenase Hunaldinsain
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prostaglandins }N¥iANERY 411 PGE,, prostacyclin, thromboxans 4, 111380 wey
lipoxygenase 11151138819 leukotrienes éﬂxﬁmﬁﬁamﬁnmuﬁﬁﬁﬂﬁﬂ‘sﬁﬁﬁﬁqfﬁ
Wi aveas Rl S mn lnmmmﬂuﬂat}wmm lipoxygenase mmmf‘ammmmuﬂ
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L,cichlcme
¥ ¥
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Mucous plugging

Sourees Ratzung BG) Bssic & Clinlcat Pharmacelogy, 10th Edition:
attp ot ww . accessmeadicine.com

Copyright @ The McGraw-Hill Companies, Ing All rights reserved.
Figt7_2 Scheme for mediators derived from aracmdcnlc acid and sites of drug action (dashed arrows). (LTB,, LTC,, leukotienes B, Ca)
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Table 17-1 Gommon and Shared Side Effects of NSAIDs

ISYSTEM

MANIFESTATIONS

GI (side effects decreased with COX-2—selective drugs) Abdominal pain

Nausea

Anorexia

Gasfric erosions/ulcers
Anemia

Gl hemorri‘nage
Perforation

Diarrhea

Renal

Salt and water retention

Edema, worsening of renal function in renalfcardiac and cirrholic patients
Decreased effectiveness of antihypertensive medications

Decreased sffectiveness of diurstic medications

Decreased urate excretion {especially with aspirin)

Hyperkalernia

‘oS

Headachs

Vertigo

Dizziness

Confusion

Depression

Lowering of seizure threshold

Hyperventilation (salicylates)

| Platelets (side effects absent with COX-2-selective drugs) | Inhibited platelet activation

FPrapensity for bruising . -
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Table 17-2 Classification and Comparison of Nonsteroidal Analgesics

DoSING®

PHARMACOKINETICS

CLASSDRUG
{substitution)

Salicylates

Aspirin (acetyl ester) Antiplatelet 75-100 mg/d

80%--90% Pain/fever 325-650 myg every 4-6

hotirs

Protein
hinding

Metabolites = | Salieyluric acid Rheumalic fever

Children

.| Therapoutio

Highltoxic | 156-30 hours

Diflunisal {(defluorophenyl)

eabolic
Half-life

COMMENTS COMPARED TO ASPIRIN

Permanent platelet COX-1

ms reaction

Jiliness

inhibition {due to acetyl group)
Main side effects: Gl, increased
bleeding time, hypersensitivity

Avoid in children with acute febrile

Analgesic and antiinflammatory
effects 4~5 times more potent
Antipyrelic effect weaker

Fewer platelet and Gl side effects

Not metabolized to salicylic acid
Competitive COX inhibitor
Excreted into breast milk

¥ e it
10--15 mgikg every 4 hours {maximum of §
| doses!24 hours)

Para-aminophenol derivative

Acetaminophien

20-50%

Protein
 binding

Metabolites

Glucuronide conjugates

(60%). sulfuric acid
conjugates (36%)

Weak nonspeeific inhibitor at
cornmon doses

Potency may be modutated by
peroxides

Analgesic and antipyretic effects
equivalent fo aspitin
Antiinflammatory, G, and p.iatelet
effects less than agpirin at 1000
Overdose leads to production of mglday
toxic metabolite and fiver necrosis
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Acslic acid derivalives

Half-life

Indomethacin (methylated
indole)

Peak C,

Frotein

bindin

Metabolites

Half-life

Sulindas (sulfoxide
prodrug)

Peak G,

Metabolites

Half-life

Etodolec (pyranocarboxylic
acid)

Femanates (N-
phenylanthranilates)

e

Mefenamic acid

42 hours

90%

O-demethyiation (50%);
changed (20%

2'.’3 hours

1-2 hours; 8 hours for
sulfide metabotite;
extensive enterohepatic
circulation

Sulfone and conjugates

(30%); sulindac and
conjugates (25%)

7 hours; 18 hours for
metabolite

Metabholites | Hepatic metabolites
Half-life

25 mg 2-3 times/day; 75-100 mg at night

| 200-400 mg 3-4 times/day

Side effects (3%-50% of petients):
frontal headache, neutropenia,
thrombocytopenia; 20%
discontinue therapy

4040 times more potent;
intolerance limits dose

150-200 mg twice/day

20% suffer Gl side effects, 10%
get CNS side effects

e

Efficacy comparabie fo aspirin

Some COX-2 selectivity in vifre

reported

Isolated cases of hemolytic anemia

100 mg etedolae, similar efficacy
to aspirin 680 mg, but may be
betler toterated

Efficacy similar to aspirin; Gl side
effects (256%)

500-mg load, then 250 my every 6 hours

May have some central astion




Metabolites | Conjugates of 3-hydroxy
and 3-carboxyl
metabolites (20%
racovered in feces)

Meclofenamate Peak C, . 0.5-2 hours 50-100 mg 4-6/day {maximum of 400 mg/day) Efficacy similar to aspirin; 256%
experience Gl side effects

Protein 99%
binding

Metabolites

Hepatic metabolism;
fecal and renal excretion

Not available in United Stales

Flufenamic acid

Food defays and decreases peak | Efficacy similar
absorplion 25%-40% develop side effects;
1May persist longer in synovial fluid |5%-10% discontinue drug
to give a biclogical efficacy longer
1 than its plasma f,

20-80 minutes 400-600 mg 3 fimesfday

Tolmetin (heteroaryl
acetate derivative)

20 mgfkg per day in 3-4
divided doses

Protein 99% Children
binding {anfinflammatory)

Oxidized fo carboxylic
acid/other derivatives,
then conjugated

Metabolites

Half-life

Kelorolag (pyrrolizine Peak C, 30-60 mins after 1M <65 years: 20 mg (orally), then 10 mg every 4-6 Commonly given parenterally (60 | Potent analgesic, poor
carboxylate) fouts hours {not lo exceed 40 mg/i24 hours);, =65 years: Img IM followed by 30 mg every 8 | anfiinflammatory

10 mg every 4-5 hours {riot o exceed 40 mg/24 hours, or 30 mg IV every § hours}
hours) Also available as ocular
preparation 0.25%, 1 drop every 6

Pretein 99%

binding

Metabolites | Glucuronide conjugate hours
(90%)

o]

4.8 hours

Half-life
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Diclefenac (phenylacelate

derivatives)

Froprionic acid derivatives

Glusuronide and suifide
metabolites (renal 65%,
bile: 35%)

[buprofen

16-30 minutes

Protein
binding

Conjugates of Fydroxyl
and carboxy! metabolites

Maproxen

B-demethyl and cther
rrefubolites

Fanoprofon

50 mg 3 times/day or 75 mg 2 times/day

Analgosia

200-400 mg eve
hours

K

ty 46

360 mg every 6-8 hours
or 4G0-800 myg 3-4 7
timesfday

Alsc available as topical get,
cphthalmic solufion, and orai
tablets combinad withs misoprostol
First-pass offect, ural
hioavaiiability, 50%

R 5

Inlelerance of cne does not
preclude use of ather proprionate

derivative

More polent, 20% devslop side
effects, 2% discontinue uss, 15%
devslop elevaled ver enzymes

Usually better folerated

10%~15% discontinue due fo
adverse offccts
Childrer's dosing

Ardipyetic: 5-10 mgky every B
hotrs (maximuem 40 mgikg per
day)

Antiinflammatory: 2040 mglkg

per day in 3-4 divided doses

Equipotent

Peak antinflammatory effects may

riot be sgen until 2—4 weeks ot usa

4 Devreased protein binding and

delaysd excretion increase risk of

2% toxicity in clderly

Mare polent in vitro, usuaily better
tolerated; variebly prolonged &,
may afford cardiaprotestion s
some individuals

200 mg 4-6 timesiday; 300-600 iy 3-4 tmesiday

153% experfence side oifacls; faw

discontine wse




Glacuronide, 4-OH
metahciile

Metabolites

Half-life

Peek G,

1-2 hours 25 mg 3-4 times/day; 30% develop side effects {usually

Gl, usually mild)

Ketoprofen

Antinflammatory 5075 mg 3-4 times/day

Halt-fo

Flurbiprofen 200-300 mygfday in 24 divided doses Available as a 0.03% ophthalmic
solution
Metabolites | Hydroxylates and
conjugates
Oxaprozin Peak C, 34 hours 6001800 mg/day Long ty allows for daily

adminislration; siow onset of

action; inappropriate for

Protein 99%
binding

feverfacute analgesia

Major Oxidates and glucuronide
metabolites | conjugates

40-60 hours

Enolic acid derivatives

Piroxicam Peak [drug] 20 mglday May inhibit activation of Equipotent, perhaps better
A neutrophils, activity of twlerated
Protein .
binding protecglycanase, coliagenases 20% develop side effects; 5%
T % e discontinue drug
Metabolites | Hydroxylates and then

conjugated
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Half-life

45-80 hours

feloxicam Paak [drug] 7515 mglday

e s

Prodeirt

Hel-lite 16=20 hours

Some COX-2 sslectivity,
especially at lower doses

Mabumetene (naphthy!
alkanone)

S00-1000 mg 1-2 times/day

e st

COX-2 selectiva inhibitors .

A pradrug, rapidly metabclized to
Gerrethoxy-2-nephithylacetic acshd,
rharmacokinetics reflact active
sompound

Evidencs for cardiovascular
advarse evants

Shows some COX-2 sedeclivily
{=otive motabolite does not)
Fower Gl side effects than many
MSAIDs

Decresse in gaskointesinal side
sffzcts and In plateist effects

Cefecoxib {diaryl
substituted pyrazone;
{suifonamide derivative))]

Frolein 97%
binding

; il
Carbaxylic acid arut
e conjigeles

ketabolites

gluctwren

FRRce
Analgesia

Vildecoxin (BEXTRA) | Peak [drug)

food

Primary dysmenorrthea

A S TN AR RO

20 g fwie

e Caily

10 mg once daily

2 R PR

Substrate for CYP2CE; inhibitor of
CYF206

Co-administration with inhibiters of
CYF2C9 or subsirates of CYPZDE
should be done with caution

Sas text for ovarview of COX-7
infibiturs

Substrate for CYP2C8 and
CYPIAY, weak inhibitor of

B CYHICY and CYPICS

y longer in efdedy or with hepatic

g itpairment

Ingreased incidence of heart
allack and slroke in patients
undergeing bypass grafting

NGE approved for uise i the Uridtdd Stafos.” 700

i st s e,

Parecoxit”




Etoricoxib

Lumiracoxib

_‘E_Tima to peak plasma drug congentration (G,) after a single dose. In genera!, food delays absorption but dees not decrease peak concentration
The majority of NSAIDs undergo hepatic metabolism, and the metabolites are excreted in the urine. Major metakolites or disposal pathways are isted.
4"I'ypicaf half-life is listed for therapeutic doses; if much different with toxic dose, this is given also.

SLimited dosing information given. For additional infermation, refer to text and product information literature. Additional references can be found in earlier editions of this textbook.
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(Drugs for the treatment of rheumatoid arthritis)

= as ﬁa{ d-'v =
ARLANAL. IATENFANA (BBUIAL

Rheumatiod arthritis (RA) WuTsagiiduauias (autoimmune disease) Tnefitavazdl

4
anssnmuvssderdiaigesy Tagliniwauwe anuguiswweslsavzuanaady gl
= ) T ﬁ'. o 3 = @ 3 = 3
YuTeaziimss e linguLTweied ldinansimedeiionnsdianmde

¥ o § PP A g o o o fd &
sunsziien lfdefimauasywann oildlumsinudihavaitivziioguaislszinnde

Immunosuppressants; l Glucoeorticoids ]
methotrexzate

TR

T
CD4

Anti-iL1 E
agerits

==y THO =

| Anti-TNF
| agenls

Retease of other
inflammatory
cytokines and

chemckinges

Influx of

inflammatory cells

DMARDS: Meckanism of
Suliasalazine, penicillamine, gold compounds, acaon;
chiprequine nol claacly known

© Elsevier. Rang &t al: Phamacolegy 6e - www,studentconsult.com

Fig13_1 A schematic diagram of the cells and mediators involved in the pathogenesis of rheumatoid joint
damage, indicating the sites of action of antirheumatoid drugs. The anti-tumour necrosis factor (TNF) agents are
stanercept, adalimumab and inflixdimab, and the antiHnterleukin (IL)}-1 drug is anakinra. BMARD, disease-modifying
antirheumatic drug.
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¥ T Q( LY
1. NSAIDs uag corticosteroid @aulugjazeengniseivanudvthe  uazannis
a k7 T “’11 =Y ﬂﬂ' 1[ G o T o 1) = -5’ []
fnlauueste avy linadsumdasnsduiiuveslsas msihmedesziniusdig
4
NRIGR
2. disease modifying antitheumatic drugs (DMARD) %38 slow acting antitheumatic
= . . . . ¥ dy ar 3 5 =Y ) ¥
drugs (SAARDSs) 1178 remission inducing agents g3nauiiannsafuginisduiulsa 19 lsa'ly
3
gnatsie lunieervihldidignnzasy aneasversngadsnisinnieuvesda’ld
: v Sy A 2 &
iipsanengudl i ldeengnidudasuln cyclooxygenase T4 lnlignustiananld
87
#11ungu SAARDs Hagil
3.1 immunosuppressive agents 1dug
Methotrexate, azathioprine
3.2 chelators 1@iiA D-penicillamine
3.3 antimalarial drugs Teug hydroxychloroquine 1182 chloroquine
3.4 N84 (gold)
3.5 sulfasalazine
3.6 leflunomide
3.7 biologic response modifiers (BRM) 21aFenauty biological DMARD jE
Antitumor  necrosis factor-alpha (anti-TNF-(!) 194 infliximab, etanercept,
abatacept
AuEnYMyYeanTluNgN SAARDs 38 DMARD  iifadl
. 1 o Lo [y o
1. ¥ onset of action $1 ATIZMURATBINITTNM doldnamaedlainionaiy
=
1RO
] E :
2. Ysufasumsduiiulsa niedudinisanuiiulse il Tsamey (remission) Hazyi
1% rheumatiod factor aARY 1A
P v L Y a ¢ A a4 o
3. IHAAD immune response 188 1UTUNIUMITHIUVBUFAE HIDA1INHAIVINIYAE
Cluﬂﬁﬁ%’m immune 8% mflammation
g ¥ r:!y glasr 4y . . 3 LA P Y
ms gl 150 udie rheumatoid arthritis Wy fogiufidoyafieriuayuns
; 3 T LY [] ¥ s 3 -
dnnldduidszesnsnvesmsitidsldduiiudilae ra TaenTenansngadanisduiulsn

ApuneziianIiInletensieany
Glueocorticoid drugs
1,_-_'1 as g ¥ =% o 3 1 N . e o 3
Hlusaamsdnmuilinadlumsny1§ile rheumatoid arthritis 209 NF Tasiuda

a v Cd . 0 - e = w ]
A13IIUYa DU 193] phospholipase A, WlHmsadems Aneldifantsenauanas sy
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< ' 4:? o A1 1A 1 ) a 9 3 9 T
fn nlunguilizaamissniay Tagh hilmadendwiulsauazmsioneds nsldongu
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fannfude Ty LazanuulRvuedsadiazioy

Nonstersidal anti-inflammatory Drugs (NSAIDs)
&uA aspirin, fbuprofen naze1luNGy COX-2 ishibitor iffevssimeInsiauazan
msenruvesdelulsadesnmuginaend ua:mm%%ﬂ%’imﬁ’umhn'q'm disease
modifying antitheumatic drugs (OMARDSs) Tagdienly gy NSAIDs ulinadents

USulpeunisautiulsa
Disease modifying antirheumatic drugs (DMARD)

1. Methotrexate
5 antimetabolite 98AYNETUFNITHNIVBUILY 3] dihydrofolate reductase A3
qm%‘jﬂumnﬂgﬁﬁmmmméwma (immunosuppressive drugs) A8 methotrexate 1@3UANY
gaufuoIneIRmTe IMIsHazsvelszmaanTgeming (FpA) T ldsauadiae

rheumatoid arthritis Tnenfluedruusniidonld (first choice) Tugilesand

0; Qd Ly
na lnn1seangniuazgnEMaadainm
= =, o : R o 3
f1l¥evniags azlignivhanesan (cytotoxic) 1n88UTIN1TT319 DNA, RNA uaz
protein 91 1¥wad Wianns adinsaulduazary Tuvia1¥5au rheumatiod arthritis 199
sf i
71 methotrexate T1113DELEHN cytokines (%Y interleukin-1, interleukin-6 UAZHUTINITONIEY
Taglinnannisiiauwss polymorphonuclear leukocyte
ot d
WAvIaAUADNT
2 yey a o S & 9 Vot ae
angadu laaoinmedue s sduduTlsauludeasafosas 50 AnTaFiavesm

Tuidion Uszua 6-0 F1Tue gadudeeannladludiulnguazdussnnisgenszd
aimlaifiatlssaad

- 1 = at 1 d'l s/ = d'l. =
1. IEaAsaad I NIeUDINAT ulﬂliﬂ ﬂ’ﬂu‘lﬂ' BUITY UATHBYMNERAUDINTT

as - Y '
DRULE (mucolitis) N9IT M
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k4 1
2. FiuABL (hepatotoxicity) TufulT e 185y nazlideuuziily leucovorin
T T o o - o 1 7] Ed J
unfilae 24 2109 Mendannf 1870 methotrexate  Tundazdila iean
=y = as . . w oy 9f
91T R nTon135UlTEMIUe T folic acid NATUN I
3. szuuden nanavhemved lunszgnihlfiinnzideatauas lencopenia
Immunosuppressive drugs ﬁ'uq finnldihe 1dun cyclophosphamide, chlorambuecil,
A . 4 v e a v o & LT = &
azathioprine (s nglunguilliiings dAuniunmsifenldertearniiuunnd

AiBeargy lasmme

s Sanazna ity

Husulsgmulugihiia 2.5 Tadndu msualsznu methotrexate Tugihe
theumatoid arthritis 9¥501ls zmusﬁmﬁ’ﬂmﬁawﬁdﬂg 1 (Jow-dose pulse therapy) Tay
18e9u7a 7.5-20 Haandudeit T4 maintenance dose WonnARIImW 1 U
Fnuls ﬂé‘uﬂ U psoriasis, ankylosing spondylitis, systemic lupus erythrematosus R

.. =
vasculitis lﬂuc?fu

2. Cyclosperin

Qd

Q(u 3 . 3 1 °
28N qNTIUHY cytokine TL-141a% IL-2 receptor 7MWY TNF-OL gnFMinly
<, 8
FaunluTsnsndn 9200ngnEMUNG T cellHay B cell
Cyclosporin  gagaduntendensfullszmivuenis 1d 1uddn e
¥ & o ) ar 1 fw
bioavailability 152310 30 % A1A39%30 24 1 Tus gridfouutlashdulae cYpias
17
nzgadueenmahadudiuing
v da A
2imslsifalszaannnune
Iy T os 3 = gl . . ' a8
Lifludindela AeTuTedaensa9 serum creatinine Huszazszninmslden
2.1 I men Tafagaiafiufindedy
YUY 1% U rtheumatoid arthritis fie 3-5 HadnTw/A Tandu/iu
fael¥ uon91n1¥14 rheumatoid arthritis ndadelfietleaduns sy

8307 (graft versus host reaction) lums ﬂ’g} no1eetene {organ transplantation)

3. Antimalarial drugs

(chloroquine, hydroxychloroquine)
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o a [y U
714 chloroquine, hydroxychloroquie §0U 1 1$11uA155nu 8198 rheumatoid
. = 1 . )
arthritis UAZ systemic lupus erythematosus durannunieda wud rheumatoid factor Fushu

marker N9 LBNNATNTUNFTBITTARATY N1BNEIDINNT 1Y chloroquine 282812

na‘lnﬂ15aaﬂqﬂ’f§zmxqm%dmaméfﬁﬂm

ANFAANITENIALUBY chloroquine 14a% hydroxychloroquine JUASTNY115A rheumatoid
arthritis 54 limsnuita ledufineinmsnanisnouauesyes T lymphocyte A9 mitogen
ARNITAIN interleukin-] AANT Lﬂﬁauﬁmwﬁmﬁa@m stabilize lysosomal membrane 112291
R free radicals Wavadn1siny19zTng et 12-24 Flasd m‘lumiui‘fﬁﬂ%z“lﬁs'mﬁn

NSAIDs

at 4
(aFIaUMIENS
Ea
714 chloroquine 1182 hydroxychloroquine pagadu 14 lumuAue s sewulFun
. =1 4 a W Lh & A A . 3
48481 chloroquine g4 luiaiasanas ay 119 1 toa uazitio@ahl melanin 3719797y
leukocyte t19zganlAsunilaslanevyiunts dealkylation Fea1fetay larel mixed function
oxidase uazgaduesnn1iladIL chloroquine oM TIdIg Iz UL sEmIMdIURA 1AL

1 ] o'l o &3 1 & s o
shusadhgmsnluassn 1§ Uaniedde 45 U

o s hifiad szeradt

1. 91017 lifladlszaedfiguuse Ao m131AA imeversible retinopathy 910 chloroquine
(VHIRYIFRNINAT 250 HAANTUADTY) 1AZ hydroxychloroquine (¥UIREIFINI1 6.4 HaAnFu
W m ol 1w 2 9/ 91-3 o aa o 0 s
aanlansudetu) o1avihIdemueald Audurwavessndilfiarszoznawesnisldn

&
2. ialallFad (hyperpigmentation)
3. 91ns hiftadlszaanous finy 18U leukopenia, newropathy WMI34 iAN3

asuutaswes EKG ifiudu

SRS HNLASUIION 1T
aa 9 ol . ‘]cj o Y-, o
g1Ntien19A® hydroxychloroquine sulfate 1Hugulia 200 Tadniy vuafulsenu
] Ed [ o
Sudu 400 Tadndu Juaxade deemsfTusLaavuiaves Ui Tuas 200 Hadnu uaz

mirvz il lfasisamn 6 Heu
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1. 1¥lumsSnuidihe theumatoid arthrits enguiiewannsimedaunzasygn
way o1vszhivemsas’ld

2. 1HlumsSnuidihevuase vinde Plasmodium falciparum Taaslu blood
schizonticide

CH,OH
4. M89A1 (Gold) OH Sau

1@us aurothiomalate, aurothioglucose UAY auranofin OH O

Aurothioglucese

d d
nalnniseengniazgnEmuadsINe

o
s 2 . 1| i
INQUUILNAMNIINY phagocytic activity Y99 macrophage CHON,
3 . 2 N AUSCH £
1Y polymorphonuclear leukocyte cmmmmiuggﬂ?a rheumatoid
o o E
arthritis HAHVLY lysosomal activity UBNVINU auranofin 98U Gold sodium thiomalate
A1THAY PGE, 970 synovial cell UAZNTINAY leukotriene B,
o}
leukotrine C, 9101 polymorphonuclear leukocyte UaZAANITNITY , ¢ :
¥aq T cell ailpanagliaumu aﬂmawﬂwmumsamﬁum S"“““P‘C=”s’~
fudaray Tralignawde 1t

Auranofin C‘ﬁCH‘
o

(7] d
INFYAIAURA TR

\

1 2!
aurpthiomalate UA% aurothioglucose sﬂug Yfazaetila (water-soluble salt) ¥4

=

e £ 9t 35 ﬂ?{ kls! L & * ot o ar
usns TeemsRarindwiiiees laszdungegaluifion 24 FaTuenendansusnis ad
fuTstiuludenldgededosas o5 wulSuimengeitla du uazdha lunszan gndueen

1 é o 1
vinsemelan lunamiufsussgadusennns19niesiesas 75-80 TaseanuInig
farnzinnimigiase
= o 5 = 1
Auranofin 1Hlusniulszniu Ngngaduladesninmaiuenis (Fevas 25 veesd
u o = = 7 o 4 [ LY
Fudlyzmu) szaue luifienazda steady state Tum1 8-12 a1 mendaninnisyamn
arilfeunladiusanieda hinsmsisa
o7 hifetsvaad
1. filedesaz 1520 RlATunisfruidivasdszneunes szifneinis lidie
Uszasdnnudeslfun nsdnmuvesfiamis (dermatitis) #58 mucous membrane RGN
4" ~ ar d' I=) ﬂ‘l or - ~ at 1 g 24
Tutha wufuvudmunwzanTenuiad vieewdamnasniauluresuhn fu nie

=)
Mian
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2. o e la nudii TusGussnumailan g (proteinuria) 1182 nephrosis 1d308
ny 5-8
3. A1uARlnAvessLULIAER 13U cosinophilia, thrombocytopenia, leucopenia,
. W vy & A a ’
pancytopenia Wl ld¥auazniiadafu
3 1
Aoty gl lasumsinudisasdizneunesnzdedinizasiuien Jaans
3 r 1 v
syeRmtanaz@eiianluseshnaduaue uazwuiddihediuauhidesidsangans

i1 wisgn1n Wiawnsonudesinis nifsdssasfuase

Havhuld

1 Awldfudinelsala Tsadu Trafifimufinlnfvesszuuden aaiiassfnde
szozIfunyas

2. Wil wfunfihlfifanufndndvesszuuden 18un oiidhldifa blood

dyscrasia 1Y antimalarials, immunosuppressants, phenylbutazone, oxyphenbutazone

unSEaas Ay
Aurothiomalate [Huedn 25,50 Hafnfudsiindans
Aurothioglucose 1TUIBALIINAENBY 50 fTaaniudelindfas
Auranofin (Husumlya dminfudszniu vwe 3 fadniy
Tugtlveaniadhndm wifwnn 50 fadnsuseddani sunszivldFuvuaves
Tauuafs 1000 fadnsy dauesudszmuez e 6 Tadniude s frda i idua

]
=

2
susarinruaveseulsznmuily o Hafnsudetu TamnialdTua: 3 asq
dselawulunisTnn

ar 1 . o st 3 wr 3 o
1¥fudilan rheumatoid arthritis A15FnYIzfunaldth Aulufededddmssau

pdAnItioIdedey 3-4 Heu naze1ovih v sameuignawaely (remission)

5. B-Penicillamine

(D- B, B-dimethylcysteine)
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. P o o . . .
{14 metabolite Y09 penicillin asazlfluwwuﬂm amino acid cysteine uenanily
] a
asnaansedusy Tanzniin 1§ (heavy metal chelator) tda Sammnsadudinisiaiedauny

ATzgAly rheumatoid arthritis Rag

& o
nalnn1seengniuazgqnEmasdYIne
3/
Faldnmuudsa 1Whlead immunoregulatory actions ifluie immunosuppressive
HA2 immunostimulating agents W9 rheumatoid factor AARY (aze19lKaTUNIUAITAIS

DNA, collagen, mucopolysaccharide uazﬁﬂmﬁ I 1LY heavy metal chelators fy

ISrIRUmanS »
gadu Idanmendsmsiudsemy egadussamsilaaizuazgeniszluglved free

form HAY metabolite

215 il szass

1 [ L
auvgfdiediunie deanganisldelungduiinnnineins lifialszasduos

of T
1&un
« v A&
1. proteinuria, immune complex nephritis 8 1amatisznie il IAilanyae
. . . .o a o =
2, leukopenia, thrombocytopenia, aplastic anemia HuemsnuszuuTafiadneiny
at ) o ) or 3 = A = ] o
168 waziuduasieda¥in Aniuleaisimsfaeiueinis il szaadvee
1 [IN 9 2 — a =
a1 lndda 1dun miasaudeaunzmainuuedladiuszesy
3, BIMTHHHINIY
4, msgfiomasusa
Fornuly

> o

1. fASAIATIA

-1

2. dniimsimauves ledailngd

u

o
3. hildswAvede il fa nesd (gold), eytotoxic drugs 1A% phenylbutazone
= M v
BURIENEaz VALY

duuntam 125, 250 Tadafy aassudlseniu 1% Faluamendannisfudlszniu

¥ o
a1s Sududisvunn 125- 250 dadasudedy Mune 1-3 188y S1emsadurazlyny
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szlaailunisshn

113 umssnudihg theumatoid arthritis §i WiensaniuaudassuLid Undez
I¥fufiaei hinsvausedenislfmslszaounesdt mamsiamezlnnglunm 412
alad

2. 185wl T umsivwanTane win 18ud tiem azds naznewuns

(Wilson’s disease)

6. Sulfasalazine
1lszneudiae salicylic acid 919AY  sulfapyridine @28 azo bond tANNA1F uns
$n11 ulceralative colitis tazasuIwyINYseanTamIlun1sinu1Tsa rheumatoid arthritis
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7. Leflunomide

i Immunosuppressive drugs ﬁﬁﬂszﬁw%mwiu
155 1EThe rheumatoid arthritis g3 19ma
leflunomide %xsﬂ?;ﬂm‘flu active metabolite A77-1726 ‘ﬁﬂﬁd
i lduazlunszumaen

A77-1726 szdufamula dihydroorotate
dehydrogenase (DHODH) 111¥n13a81 ribonucleotide
neawedn hlilgmevganiaeindnTaveuradlu G
phase 45T leflunomide szfufamsuiusaduas
autormmune T cell uazé’u%msa%’w autoimmune 192 B
cell

Leflunomide 19910 etanercept HAY mfliximab 17‘15113{
Tasmssudszmuld TreawnsageduldTesaz 100 110
MufueIms 1A szinm 15 5u 520D albumin 1u
ifenlagidonas 99.5 andueenndrememaing

winafi191uTsa A rheumatoid arthritis §o 20
fadnsuned

113 hiftelszasAnnulRug Feuduuaziinmsii
seduvouou fadondy Sadudedidalumsldn
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SAARDs lusdvesnimlszmu fivhunldly

fogifumn 18U antimalarial drugs, methotrexate 1A

i Dihydrocrotate
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Figure 41.14
Site of action of Jeflunomide.
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Biologic response modifiers (BRM)
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uJuﬂqumﬁmﬂmwmﬁmwnﬂm (biological effect) Y84 cytokine NIRRT

Sty 1810 antibody fie TNF 19U infliximab , @8 soluble receptors 13U etanercept (1A%

antibody #19 IL 1 1% anakinra

Anti-TNF-&L drugs
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Tumor npecrosis factor-alpha (TNF-CL) 1‘ﬂu cytokines %Hﬂ‘l’i‘lﬂ'&']ﬁ'lﬂmcl‘uﬂqg
aaldinanisomaululsn rheumatoid arthritis TNFOLﬂﬂmNammﬂ macrophage lay
activated T cells 1az9znszdulfin15 681 inflammatory cytokines B4 15U interleukin-
1,6,8 1A% protease {collagenase 10% metalloproteinase) é&%ﬁﬂﬁ’iﬁﬂﬂﬁé’ﬂlﬂu HfEng
iadendanaries

o
gty ﬂfj’.u ildun infliximab, etanercept

1. infliximab
Infliximab (311 chimeric monoclonal IgGl antibody (25% mouse U0 75% human) 9%

1

Fufiu TNF-0, adredumizinizas vl TNF-O Tia s o §ufy receptor 16 v¥uimidhg
1 = o =5 1 r-!? o o 3 = M &S w 1

Fumenanasaiieant Ua1ase¥aa 8-12 Ju Taslderluvuin 3 wie 10 dadniude
= o e as 4 o o £ 2 as 4 1 v o
ATansu 9 0, 2 uaz 6 dilavt uazvns itz 1deyn 4 nie 8 ddain wu1 unsaduls
nrsAuiiulsa Tufdilag rheumatoid arthritis ldpgelifodivynieadd deafiouduevasn

unstiie 1 #5238y methotrexate 92 1malunsSan1An1101514 methotrexate BE19IRY7

o laiflatlseaadifing 1dun
1. M3 214 human antichimeric antibody (HACA) #9A1U chimeric antibody c?&wu
Tdgafefouny 50 79uTalin15 0314 antinuclear antibody
2. #11939ufY methotrexate 9zwuems MiRwlszasd MlHiAansAnideves
sepmadumeledanuyidies tazernsdus wu theadsus fu e
usnmiionnmsiunldlunmsinuilse  rheumatoid arthritis 147 infliximab 84

dunldlunsiaelsa ankylosing spondylitis, Crobn’s disease, psoriasis Lf]ué’u

2. Etanercept
o3 . . . < o ] A
15U recombinant fusion protein Wlszneuday soluble TNF p75 teceptor 2 My {HOU
8flff1l Fc portion U84 human IgG,; etanercept 3x3UAY TNF-0L2 111aAa 4a2 block N1
U receptor ¥83 TNF-OL yiiad 19 1un1s§ne fe 25 fiadniy fadnladimidlanias 2
S A <t - o o a o o . .
Ay oS sumeniy methotrexate WU UUszANTAMIUNITINY 1 theumatoid arthritis
tow [ . =] ' 4 Pt s oA [
M1 11 omset of action 153071 Uaziilo1F5INAY methotrexate UszANTnwargIndIng

1% methotrexate DH19UAY?
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Tumor necrosis factor-alpha (TNF-() Fu cytokines ﬁﬁnmmﬂﬁﬁfﬂums
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Waedosdudaiiies

9
B m‘juﬁ‘lﬁuﬂ infliximab, etanercept

1. infliximab
Infliximab ($lu chimeric monoctonal IgG1 antibody (25% mouse 1R% 75% human) 9

fufy TNF-0, edndunizinizes i TNE-O llamnsoafudu receptor 16 uFvisidhg
1 =) o £ é =l ey s af - o & e I
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iaziin1999uRY methotrexate 3% 17 Ha UM AY RN 1H methotrexate BENNRYD

y
o1n9lalfsdszaadnny Taun
A \ L 2
1. M3 74414 human antichimeric antibody (HACA) ABAU chimeric antibody 94wl
g =2 2 = 2 q -
1gefedoray 50 39uTN15A514 antinuclear antibody
[ 5
2. 811959081 methotrexate 3xWUBINS WLz asd A ldiRanmsiaFeves
szuumafumaledivunldten uazenisdue iwu edsve fiv le
yanmiianan1siw ¥ iunssny1lsn  theumatoid arthritis A2 infliximab §4

o [ . - - - . =
i lFlunssourlsa ankylosing spondylitis, Crohn’s disease, psoriasis Fudu

2. Etanercept
& . . .o 3 14
1111 recombinant fusion protein NUIZNDUAIY soluble TNF p75 receptor 2 WY 1¥2U

g1l Fc portion ¥84 human IgG,; etanercept 929UAU TNF-0.2 Tuiaf)a itag block A3y

o g @ o | - - | 9/ Gl o A 4
U receptor Y84 TNF-OL ¥11a#i 15 un13§nm1 fie 25 Hadndy dadhldfiamlsdilaniaz 2

4 ]
o

afe iWlonlSouRouniu metbotrexate WU Wsz@NTmulun195nu 1 rheumatoid arthritis
1 o ¥ . o ' H T e & A 1
iU 16 onset of action 159091 izl 145U Y methotrexate UszfAnTnmezganinig

cl"ff methotrexate @ g1919 87
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21ms bifieilszaed

] af
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Tufthef 185un133n81&8 etanercept
2. Tiwpmsdiueiamsaiuesnaia solid
malignancies LAA237210A¢3RTANTYE4N1510@ Iymphoma
3. s iamlainafitasmuieray 20-40

4. A15E3 antietanercept antibodies

Patlents in remission

The incidence of remission :
in patients receiving entanercep;:
plus methoirexate was greater tha
that found in pafients taking -

1entanercept or methotrexa
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NiEtanercept plus methaotraxa;
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40% :
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Figure 41.15 o
Incldence of remission from the
symptoms of rheumnatoid arthritis
after one year of therapy.

Anti-TNF-0L drugs 819 #11n1¥10n195587 rheumatoid arthritis 1AUA adalimumab

! .
F4i% humanized monoclonal IgG1 antibody

=
19 UY

Abatacept

] F4
Abatacept (flu costimulation modulator ﬁﬂ:aumminiz@fu T cell 1A8 abatacept

wwlsznavdie endogenons ligand CTLA-4 cytotoxic-T-lymphocyte-associated protein RELL

o [~ ar o o ¥
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ﬂiﬂﬁ\iﬁﬁﬂﬁllﬁliﬂ ﬂmwummmﬂwaamiﬂﬂvﬁaiumamuwm“ltnmmm
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({11 chimeric monoclonal antibody M miee g4 CD20 B lymphocyte 1 u11%

' 3
5nu11he rheumatoid arthritis ARRABETUNGY anti TNF
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Anakinra
nﬂ‘w :‘J’ Qu‘
i recombinant, non glycosolated human IL-1 receptor antagonist 98ATNTILIINND
yoe IL-1 Feilanuddelunszurumssay dioesin 1L-1 9wnszdulfina bone

resorption 110% cartilage degradation

1

-

a 1
41115 bioavailability 95% iAATaHn 4-6 ¥1Tua

st

1) 3§
o3 lufladszaed Iun aauld owlsu @%) msdawemadumelsdiuny
(13%)

d' of s o 11 =} 97 glan, o o s o a
%Eu']ﬂﬂ'l‘l’ﬂ‘lm'iﬂﬁ‘c’l’lﬂi1ﬁ51~3ﬂ18%1~3ﬂ3‘5ﬂ@5ﬂfﬂGIW'E‘HHQ‘U‘M'I@] 100 Uannsy U

g

o

ase dunauty 24-48 dlasd

msldmlungy DMARDs Fafulun135neEe rheumatoid arthritis
winnsueen s 19; lungu DMARDs $7uAY (combine therapy) A finalnnisenn
S 3

o o o o 3 - i 1o f Y] ]
GNTEY ﬁuﬁﬁguﬂmﬂuuaxﬂu INTYIUATRTUDINY 2 ‘nuﬂﬁ”lmﬂﬂmwﬁﬂuﬂmmzulu

o
2

Y - L dy L) 2 o} ol Y] 1 9t [ ad o og o
Aaa1as RS2 e d NI U IR UNT D FdeuUiy Alaausams idaTaunudllvea
ot dé’ 1 af = a6 \1w 1 k2 ] Y
lupssasTUn T IFo U sy R@Re? A N151%80 methotrexate  T3URU
cyclosporine %59 chloroquine #38 leflunomide %30 etanercept M3® infliximab 350
adalimumab Sludy tazez 14 DMARDs saufumndildfifaeins lifadszaennidly
o -} af 1 ar 2 1 oy o s A [ ﬁid 1 k% =1 = =
Fuasie  nIemTlFerdanid Wil sean amilunissarhiandims e ufsertiamen

WY A91% methotrexate 3UAL azathioprine %38 auranofin ¥39 sulfasalazine 1‘fluf5fu

~

Tabie 18-1. Compariscon of some common 'disease-modifying' and immunosuppressive drugs

Indications \
Drug Type RA JRA SLE Severity Comments
Sodium Gold complex . e - -

aurothiomalate

Auranofin Gold complex . . -
Penicillamine Penicillin . Severe -
metabolite
Chloroquine Antimalarial = - <« Moderate -
Hydroxychloroquine Antimatarial =+« = Moderate Useful for some skin disorders
sulfate
Mepacrine Antimalarial »  Modsrate -
Methotrexate immunomedulator « Moderate Also used in Crehr's disease,
* to severe psoriasis and cancer freatment
Azathioprine Immunomodulator « - Also used in fransplant rejection
Ciclosporin Immunomodulator - Severe Used when other therapies fail; some
skin diseasss; transplant rejection
Cyciophosphamide Immunomodulator Severe -
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Leflunamide Immunomoduiator « Moderate Also used in psoriatic arthrifis

o severs
Adalimumab Cytokine inhibitor Moderate Used when other drugs inadequaté;
to severe often combined with methotrexate
Analinra Cyiokine inhibitor « Moderate Used when other drugs inadequate;
fo severe often combined with methotrexate
Etanercept Cytokine inhibitor - - Used when other drugs inadequate;
often combined with methotrexate
infliximab Cytokine inhibitor - - Used when other drugs inadequate;
often combined with methotrexate:
used in psoriasis
Suifasalazine NSAID . - Also used in ulcerative colitis

JRA, juvenile rheumatoid arthritis; NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis:
SLE, systemic lupus erythematosus.

(From British Medical Association and Royal Pharmaceutical Society of Great Britain 2005 British National
Formulary. BMA and RPSGB, London.)
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TAELE 18-1 Natural History of Gout

PHARMACOLOGIC
STAGE FEATURES INTERVENTION
1. Asymptomatic Plasma urate >6.0 mg/dL. in women, >7.0 mg/dL None
hypeturicemia in men
2. Acule gout Acute arthritis NSAIDs
Typically first metatarsephalangeal joint Colchicine
Excruciating pain Glucocorticoids
3. intercritical phase Asymptomatic hyperuricemia 10% may never Nene
have ancther acute attack
4, Chronic gout Hyperuricemia Allopurinol
Development of tophi Probenecid
Recurrent attacks of acute gout Sulfinpyrazone

Note that the degree of hyperuricemia correlates with the likefihood of developing gout, however, developing gout
without hyperuricemia is possible. No pharmacologic intervention is indicated for asymptomatic hyperuricemis, but
the cause should be investigated.
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Drug Summary Table: Chapter 19 Integrative Inflammation Pharmacology: Gout

Drug Clinical Applications Serfous and Common Adverse Effects Contraindications Therapeutic Considerations

SUPPRESSORS OF LEUKOCYTE RECRUITMENT AND ACTIVATION

Mechanism—interrupt inflammatory pathways that cause inflammation In a gouty joint; see specific drug

Colchicine Acute gout Myelosuppression, neuromyopathy Severe cardiac, Colchicine Inhibits microtubule formation
Prevention of Diarrhea, nausea, abdominal pain gastrointestinal, or by binding to tubulin heterodimers;
recurrent gout renal disease inhibition of microtubule assembly
attacks Hepatic failure interrupts cellular motility and other

Blood dyscraslas processes necessary for neutrophil-

medlated Inflammatory reactlon
Concomitant adminlstratlon of
cyciosporine, tacrolimus, or verapamil
may Increase plasma levels of

colehicine

Ibuprofen See Drug Summiary Table: Chapter....Pharmacology of Eicosanolds

Indomethacin
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Prednisone See Drug Summary Table: Chapter....Pharmacology of the Adrenal Coriex

Methylprednisolone

iNHIBITORS OF URIC ACID SYNTHESIS

Methylprednisolone may be injected into
an inflamed joint for treatment of acute

gout

Mechanism—Inhibit xanthine oxidase, the enzyme that converts hypoxanthine and xanthine fo uric acid; decreased uric acid levels lead to less

urate crystal formation

Alfopurinol Prevention of
Oxypurinol recurrent gout
attacks

Cancer-related
hyperuricemia
Calcium and

uric acid renal

caleulus

Agranufocytosis, aplastic anemia, Idiopathic

renal failure, fgepaﬁc hecrosfs, hemochromatosis
Stevens-Johnson syndrome, toxic

epidermal necrolysis

Pruritus, rash, gastrointestinal

disturbance

Allopurinol is an inhibitor and substrate
for xanthine oxidase; the product of
allopurino! oxidation {oxypurinol} also
inhibits xanthine oxidése .

Oxypurinol is available on a
compassionate use basis

Both drugs increase levels of
azathioprine, 6-MP

Armaoxicillin, ampicillin, and thiazide
diuretics may increase risk of severe

rash
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Febuxostat Investigational

et i T et 3 T P et S . AT k4 ok P S R 85

AGENTS THAT INCREASE URIC ACID EXCRETION

Mechaniém—See specific drug

Sulfinpyrazone Pravention of

Probenecid recurrent gout

attacks

Leukopenia, thrombocylopenia,
bronchoconstriction in patients with
asthma, aplastic anemia
{probenecid), hepatic necrosfs
(probenecid), anaphylaxis
{probenecid)

Gastrointestinal disturbance

Acute gout attack
Blood dyscrasias
Children under 2
years of age
Coadministration of
salicylates

Uric acid kidney

stones

Non-purine small-molecule inhibitor of

xanthine oxidase

Sulfinpyrazone and probenecid Inhibit
renal tubule basolateral anion
exchanger, leading o increased
excretion of uric acid

Sulfinpyrazone and probenecid increase
tevels of penicillin and other anionic
compounds; may also increase levels of
nitrofurantoin

Benzbromarone is a more potent
uricosuric available in Europe
Probenecid increases the serum level of

methotrexate
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Losartan Hypertension Angioedema, rhabdomyolysis, Pregnancy { osartan is an angfotensin Il receptor

Prevention of thrombocytfopenia antagonist with a modest uricosuric
recurrent gout Anemia, fatigue, back pain, effect
attacks hypoglycemia

AGENTS THAT ENHANCE URIC ACID METABOLISM

Mechanism—Enzyme that converls sparingly soluble urate to the more soluble affantoin

Rasburicase Tumor lysis Hemolysis, methemoglobinemia, Glucose-6-phosphate Rasburicase [s a recombinant form of
syndrome neutropenia, respiratory distress, dehydrogenase Aspergilius uricase that converts
sepsis . (GBPD) deficiency sparingly soluble urate to the more
Rash, gastrointestinal disturbance, Known Aspergilfus soluble allantoin
fever sensitivity Pegylated formulations with a longer

half-life are under investigation
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