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nucleotides s g iage a3 Anti metabolites

purines and J! 4 Il

dnaJ 2 i pyrmidines| folic acid JL dsladl metabolic processes J/ gaaa (o JAuiy e

& pyrimidines J's purines JI gt

0 sS Aipna pathLNays A G Ly Sl 120 | . . .
| i b ol Ly W) ' |
J e A et FO |IC AC|d AﬂtagOnIStS
depend on the folic acid cofactors a¢xiat islall metabolic pathwaysJ! U< s ‘029% Wgkef N g\

dna synthesis Jly L oSl gail lua daga aialy

 Purine and pyrimidine synthesis p-Aminobenzoic acid (PABA)
requires folate-derived cofactors Dihydropteroate Sulfonamides
synthase S (compete with PABA)

* Folic acid is necessary for DNA

H H nok ackive : : : — ye Ila.l
replication and cellular growth ezt dug, Dihydrofolic acid PBIY o
. . gjn\-l‘\&S'JS I , . J‘C"
* Many bacteria are impermeable to Dinydrofolate ¢, Trimethoprim | patt
folate >rely on de novo synthesis Gt | | e
i : - dhive Tetrahydrofolic acid [, ¢ 25"
® Folic acid must be converted into ==+ SEMIEEEEEE Ao
IS oL ) :
tetrahydrofolate : """ Purines
gLt )
- beri gynthesis Q°| i ocid e puin Sz DNA
¥Seme e-bac e_f‘lO\"I”'é ) . - | ) DML )\&fl&uw, CP‘“"’U-’“@U‘L e L Jled™
AEukaryce — cow do this  ( ouoyfl & S R o, -

L o o] bl dhiu
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Sulfonamides
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LIl folic acid JI guiad olilae Js) go Jaaiy

denovo bacterial step 8 ¢l S u H:O n a m I d ES

. . N . H,N COOH
Mechanism of action: St i) @
. . Pteridine precursor + p-Aminobenzoic acid
* Sulfonamides are synthe;clc analogues Gy e
ul . -
Of PABA v 0v5353)/ bk 005 gy s U i ilss 5292 ) (o
* PABA is used to synthesize
dihydrofolate tarats
* Sulfonamides inhibit [ dihydropteroate < \
Suffamethoxazole Dihydro-
synthetasej—> Which block the folic acid synthesis and ind g;mes') """ >@ == pteroate
interfere with purines and pyramidine synthesis Synthete
e Bacteriostatic Which lead to the bacterial DNA synthesis

L3 g prolfuddier 31 L0~

Glutamate

Dihydrofolic acid
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Sulfonamides

Antibacterial spectrum 2" )

 Effective against Enterobacteriaceae
causing UTls

* Effective against H. influenza, R snnsgpensgpun stz seon szt

streptococcus, staphylococcus spp. Mafenide SULFAMYLON
Silver sulfadiazine SIIVADENE

Suffasalazine AZULFIDINE
* Altered dihydropteroate synthetase = ji.;bind Ji s i 5 e . -
drug J/ LY affinity JI f_).):‘: Ui_
> 2

!

Mechanisms of resistance

* Decreased cellular permeabilityT o d
o sulfa drugs

* Enhanced production of PABA

Jaxd 48y o0 7 £ 39 Gibo (085 T 5 (o9 a 93 323 3 92 low concentration to sulfonamides J Lgaye9 E.COli laag yaiad by cal y
PAPA 11555 0353 (s oa2a competition analogues g2 Lusa oo saggal PABA z L/ 09389 (el Lgal @ykall (sLa (4o 8uag resistant Lgas

OIS (s [3all JI udlin T




Pharmacokinetics
* Absorption

Sulfonamides

-oral: well-absorbed (except

sulfasalazine) pe=rly abserbes!
—_—————

o M
-how can you use sulfasalazine?

d:'-—.w‘
——
—

We use it to treat inflammatory not infection
but autoimmune diseases like ulcerative
colitis, rheumatoid arthritis

PP 03\‘
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toxoplasma gondii parasite Lo (s5ac
WY ) delill prasiio jalas¥l axiy

o ¢ TOXOPLASMOSIS RX

“oP S\ PPy
Itis not absorbed when d"“"“"

administered orally or as a
suppository and, therefore, is
reserved for treatment of chronic
inflammatory bowel diseases.

* Pyrimethamine + Clindamycine

Special Uses

HOOC

HO N-N —@ ~ SO,NH @
\—

* Pyrimethamine (200mg-L/75C) +
Sulfadiazine(6-8g/d -4d/d) till improve

HOOC

HO NH,

Cra '?)33
i 5-Aminosalicylic Acid

Sulfasalazine Jds o« hydrolysis L/ uas
normal flora in gut J/

Colonic Bacteria
I ———

H,N —@—SOQNH— 7\
=

Sulfapyridine

(5-ASA)  Anti-inflammatory

antibiotic ;» Jg~
anti-inflammatoryJ

NDC67877-124-50

ASCEND

JI C‘C Y Jj}‘ ‘} r-x;l':w-:
colonization of

laboratories. LLC

bacteria at burn sites Siiver Sulfadiazine Cream, U

NetWe. 504
"0 Topical Use Only
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Sulfonamides

Pharmacokinetics DicHibmkind) 42w ols 1 ADN Cis U,

dAry iv\li'( & [ Heabolism I Cous

* Distribution
-highly-bound to serum albumin—*g%’"?‘f )

-distribute well through body fluids
including CSF

-cross placenta
-eliminated in breast milk

Itis a contraindicated treatment in lactating women

Sulfa drugs penetrate well into cerebrospinal fluid and cross the

placental barrier to enter fetal tissues.
12/11/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved
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Sulfonamides

Pharmacokinetics

 Metabolism

kidneyJl z 9,29 liver JI (o alias

-metabolized in the liver (acetylation
and conjugation)

-acetylated metabolites carycrystalize

in urine causing renal stones (acdic urive)
sk # ST ~
ollin 31 Cw3p 5 AW O &

n kid
m . djSI" Jline sh;

e Elimination

-eliminated by glomerular filtration
and secretion
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Sulfonamides

Adverse effects

. Crysta I I " ria Crystalluria
-nephrotoxicity bamage of the urinary tract system
-requires adequate hydration and urine
a | ka I iNni ZatiO N [Adequate hydration and alkalinization of urine can prevent the problem by
reducing the concentration of drug and promoting its ionization Hypersensitivity
=== * Hypersensitivity
8B a9 - - —
"S2572] -sulfa allergies |paramount to acqure a deseription of the reaction to direct
Ji:;vseonr; . .approp.riate therapy.
sniome ¢ Hematopoietic disturbances:
-hemolytic anemia in patients with G6PD —
deficiency ciress that lead to anemia
the break of red
blood cells

12/11/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved . Wolters Kluwer



Sulfonamides DL ilirubin

Y new borne J/
~ Adverse effects @

free

e

wm ',Ai""‘"
Kernicterus => i i
:; ° Ke rnicte rus Bilirubin-associated brain damage (kernicterus} may occur in o . "f‘ b”_m‘b'"
newborns, because sulfa drugs displace bilirubin from binding sites B|I|rub|n t n brams
) . on serum albumin. The bilirubin is then free to pass into the CNS, very L 24
: L -in newbo NS because the blood-brain barrier is not fully developed. < k,‘.oy.;,_., N
ey Sulfonamides oo

ay -sulfa displace protein-bound bilirubin in plasma
* Drug-drug interaction v
-increase anticoagulant effect of warfarin
* Contraindications

(’9,’73 Js) oo Jsl P “‘3’0’&“”(}",}2/ ' <&

-newborn, infants, breastfeeding women <+'¥> ¢ Contraindicated
WP s et SEmamits

Feanickns = Aethenamine
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Trimethoprim
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Mechanism of action

* Dihydrofolate is reduced to
tetrahydrofolate (active form of
folate) by dihydrofolate reductase

¥ Trimethoprim inhibits dihydrofolate
reductase

* Decreases purine and pyrimidine
synthesis

More selectivity

* Bacterial vs mammalian selectivity
4 2= o Mostly combined with sulfa drugs

*+ Less selectivity

(tbonanits) o e =i vz < Trimethoprim

Inhibition of this enzyme prevents the
ormation of the metabolically active form
of folic acid, tetrahydrofolic acid, and thus,

interferes with normal bacterial cell
unctions

Trimethoprim binds
to bacterial
dihydrofolate
reductase more
readily than it does
to human
dihydrofolate

reductase

Humans and
microorganisms

Tn‘methoprimnm.>Q

0583 (Saa (Finy
selective 4l
toxicity of
the drug

w’\’.",

J/f’“

12/11/2023

JdI (e nb&yelml Juads Liaf g3l Lgae (oSan 1is odf aclBlf 9,35
combination saddica g3l gujliscadl a2a (o8 93l Liasa s, antibiotics
lasag multi resistant drugs JI <39 o3 (55 useful

A4
Dihydrofolic acid

2NADPH
+2H

Dihydro-
folate

reductase

. 2

Tetrahydro-

folic acid

2NADP

Z N

Purine
synthesis

Amino acid
synthesis

Thymidine
synthesis

le
b3

[ Similar but not identical|

o’d«f/«f J
gku&ﬁ"‘-)\ J UJ)
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Trimethoprim

Antibacterial spectrum

* Similar to sulfa drugs e.g., sulfamethoxazole
o Hhe sulforamides

* More potent as a single agent — #== ro=*
* Can be used alone. For what? ... but not very often...

Trimethoprim may be used alone in the treatment of urinary tract
infections (UTis) and in the treatment of bacterial prostatitis

Mechanisms of resistance

It has a lower affinity for trimethoprim so it will Lose
its function to target its target

 Altered dihydrofolate reductase

¢ EfﬂUX PUMPS decrease permeability

12/11/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved c) Wolters Kluwer



e ¢ll adverse JI (s sulfanilamide J/ use Lisdg b yaiss o8 4Syicie step J inhibition Jasxy
Creua b yisull ode 3l 9 pharmakinatic !
N T

Trimethoprim

Adverse effects

In the mammalian cells of humans s DG AT
. . . Py 3] W e
 can produce the effects of folic acid deficiency. et
. . The b_one marrow will not be able to pn_'oduce
-megaloblastic anemia e e e e s ot

-|euk0 penia Decrease in leukocytes in the blood

Psrimidim, Pv\rl'V‘Q-

-granu IOcytO pen | d, [Decrease of peripheral blood granulocytes below lower limit of normal range|

***Reversed by administration of folinic acid, which does not enter

. R . ) . Ve _ . . X +
bacteria. bancbion =gt ol VAT s anbibiohe 0> p il
. QD,"C- ﬂ.Cl4 e’ W o\ eﬂ{d- _” pavrs
* Hyperkalemia Denedlart N Lol eFes <
especially at higher doses and when administered Leaalob] L' oot s P
with other medication that causes hyperkalemia ej “ ”6. < \ - .
di 5 oSan ol EM(a O P O (‘. Wis! .:..,.’)
cardiac e ) n - . o
cardiac s toxicity deor 01”‘3’}\’- - e"l"c‘\ &
12/11/2023 arrhythmia Copyright © 2018 Wolters Kluwer « All Rights Reserved ‘_';@ Woje_ri I&}l;l\x%lr\
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= (Cotrimoxazole)
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The combination shows greater antimicrobial activity
than equivalent quantities of either drug used alone and
because they work on the same pathway

“ ¢ The combination has a
synergistic effect

~L * inhibition of two sequential steps
in the synthesis of tetrahydrofolic

acid.
Sulfamethoxazole inhibits the incorporation of PABA
into dihydrofolic acid precursors, and trimethoprim
prevents reduction of dihydrofolate to tetrahydrofolate
12/11/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved

e Trimethoprim7SuIfamethoxazole

8

Number of bacteria (arbitrary units)
un
< =1

Trimethoprim and suffa-
methoxazole together
{(cotrimoxazofe) show
greater inhibition of
bacterial growth.

Trimethoprim
alone

Suffameth-
oxazole alone

Both drugs

(=]
v
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o
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Trimethoprim/Sulfamethoxazole
(Cotrimoxazole)

Antibacterial spectrum

Cotrimoxazole has a broader spectrum of
antibacterial action than the sulfa drugs alone

* Effective in treating UTIs and RTls o, o0 st
e Effective against Pneumocystis jirovecii pneumonia
 Skin and soft tissue MRSA infections

* Drug of choice for infections caused by Nocardia spp.

12/11/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved ‘,:) Wolters Kluwer



Trimethoprim/Sulfamethoxazole

(Cotrimoxazole)

MRSA

1 @ Cotrimoxazole is effective for

community-acquired MRSA skin
and soft tissue infections.

LISTERIOSIS

@ Ampicillin or cotrimoxazole is
effective in treating the septicemia
and meningitis caused by Listeria
monocytogenes.

RESPIRATORY INFECTIONS

@ Cotrimoxazole is effective
against H. influenzae.

@ Cotrimoxazole is an alternative
treatment for Legionella

pneumophila.

Gram (+) bacilli

aria monocytogenes

E.coli
H. influenzae

Legionalla pneumophila

Proteus mirabilis
S.typhi

PNEUMOCYSTIS JIROVECII PNEUMONIA

@® This isacommon opportunistic infection
complicating AIDS. Cotrimoxazole is the

most effective therapy.

® Prophylaxis with cotrimoxazoleis
recommended for HIV -infected patients
with fewer than 200 CD4+ cells/mL.

Shigella species

P. jirovexii
Toxoplasmosis gondii

12/11/

PROSTATE AND URINARY
TRACT INFECTIONS

® Trimethoprim concentrates
in prostatic and vaginal fluids,
making it effective in treating
infections at these sites.

@ Chronic urinary tract infections
respond to cotrimoxazole.

GASTROINTESTINAL INFECTIONS

® Cotrimoxazofe is useful in the treatment
of shigellosis and nontyphoid salmonella.

® Thedrug is also effective in the
management of carriers of S. typhi

-
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Trimethoprim/Sulfamethoxazole

(Cotrimoxazole)

Pharmacokinetics

* Administered orally (IV reserved for
severe cases Of PCP) severe pneumonia caused by Pneumocystis jirovecii

* Crosses BBB
e Excreted in the urine

12/11/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved

rDrut_:; crosses blood-brain
barrier very slowly

Unchanged
drug ag%“'
metabolites
appearin
urine

Cotrimoxazole
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Trimethoprim/Sulfamethoxazole
(Cotrimoxazole)

9 Adverse effects

* N/V/D

 Skin reactions Y
* Glossitis/stomatitis ',_;
* Hyperkalemia =

* Megaloblastic anemia trimethoprim sy s s s o s Y qo
* Hemolytic anemia in patients with s W

adisorder in which red blood cells are destroyed
G 6 P D d Ef faster than they can be made due to sulfa drugs

* Drug-drug interaction with warfarin

12/11/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved
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Urinary Tract Antiseptics/Antimicrobials

e UTls are more prevalent in women and elderly

* Most common cause: E. coli (80% of uncomplicated UTIs)

* Second most common cause: Staphylococcus saprophyticus

Most frequently used agents:

1.

2,
3.
4

Cotrimoxazole

Nitrofurantoin o
. lo

Fluoroquinolones  severe ¢ ¢

Methenamine

12/11/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved ;} Wolters Kluwer



Methenamine is combined with a weak acid to maintain urine
acidity and promote production of formaldehyde

Methenamine
* MOA: decomposes at an acidic pH
of 5.5 or less in the urine - NN
produces formaldehyde = toxic to CH, CH, CH, LIRS AL
most bacteria Zids ﬂ
,CHy CHy
*/Antibacterial spectrum: used for S i e HCHO
chronic suppressive therapy to -
reduce UTls Methenamine 2 6 Formaldehyde
* Some activity against Pseudomonas ANH;
or PrOtEUS Spp but urine pH must be kept acidic to
achieve bactericidal activity —
Decomposition to
formaldehyde occurs
at low pH of urine.
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Nitrofurantoin

* Nitrofurantoin is now first-line for uncomplicated cystitis
* MOA: Major inhibitor of DNA and RNA synthesis

e Useful against E.coli

e Can also cause hemolytic anemia in patients with G6PD

* Should not be used in patients with renal impairment or term
pregnant women

12/11/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved ‘;} Wolters Kluwer
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nonpregnant women are provided in Table 2, below. (V})

.
Table 2. Treatment Regimens for Complicated Cystitis in Nonpregnant Women ['7] (Open Table in a . s'\- J\ 0,\-’-)
new window) ( r -
OV (' .
See 2 \Wwe

¢ yplie SPs

First-line therapy

Oral:

Patients with complicated cystitis who can tolerate oral therapy may be treated with the following - \ o (’ . N
options: "”\A’ ) o ‘“‘ S

« Ciprofloxacin (Cipro) 500 mg PO BID for 7-14d or
« Ciprofloxacin extended release (Cipro XR) 1 g PO daily for 7-14d or éL’"’ &) \
« Levofloxacin (Levaquin) 750 mg PO daily for 5d

Parenteral:

.
Patients who cannot tolerate oral therapy as outlined above or patients with infection that is o-’ /}‘P-)\ cﬁ L¢ @

suspected to be due to resistant organisms should be treated with parenteral therapy, as follows:

« Ciprofloxacin (Cipro) 400 mg IV q12h for 7-14d or ¢
Exlernad Q.ca@(»"n

medscape. 101 13
. é :‘ ) ‘ o-\.J-
12/13/23, 10:26 AM Urinary Tract Infection (UTI) and Cystitis (Bladder Infection) in Females Treatment & Management: Approach Considerations, U... -
« Levofloxacin (Levaquin) 750 mg IV daily for 5d or

* Ampicillin 1-2 g IV g6h plus gentamicin 2 mg/kg/dose q8h for 7-14d or
* Piperacillin-tazobactam (Zosyn) 3.375 g IV q6h or

« Doripenem 500 mg (Doribax) IV q8h for 10d or

« Imipenem-cilastatin (Primaxin) 500 mg IV q6h for 7-14d or

* Meropenem (Merrem) 1 g IV gq8h for 7-14d

Duration of therapy: Shorter courses (7d) are reasonable if patient improves rapidly; longer
courses (10-14d) are reasonable if patient has a delayed response or is hospitalized.

Parenteral therapy can be switched to oral therapy once clinical improvement is observed.

Second-line therapy

« Cefepime (Maxipime) 2 g IV q12h for 10d or
« Ceftazidime (Fortaz, Tazicef) 500 mg IV or IM q8-12h for 7-14d

Duration of therapy: Shorter courses (7d) are reasonable if patient improves rapidly; longer
courses (10-14d) are reasonable if patient has a delayed response or is hospitalized.

Parenteral therapy can be switched to oral therapy once clinical improvement is observed.

women are provided in Table 1, below.

Table 1. Treatment Regimens for Uncomplicated Cystitis in Nonpregnant Women 2 (Open Table in a new window)

First-line therapy

« Trimethoprim/sulfamethoxazole” 160 mg/800 mg (Bactrim DS, Septra DS) 1 tablet PO BID for 3d (use when bacterial resistance is < 20%
and patient has no allergy) or

« Nitrofurantoin monohydrate/macrocrystals (Macrobid) 100 mg PO BID for 5-7d or
« Nitrofurantoin macrocrystals (Macrodantin) 50-100 mg PO QID for 7d or

+ Fosfomycin (Monurol) 3 g PO as a single dose with 3-4 oz of water

Second-line therapy

« Ciprofloxacin (Cipro) 250 mg PO BID for 3d or
« Ciprofloxacin extended release (Cipro XR) 500 mg PO daily for 3d or
« Levofloxacin (Levaquin) 250 mg PO q24h for 3d or

« Ofloxacin 200 mg PO q12h for 3

Alternative therapy

« Amoxicilln-clavulanate (Augmentin) 500 mg/125 mg PO BID for 3-7d or
« Amoxicilln-clavulanate (Augmentin) 250 mg/125 mg PO TID for 3-7d or
* Cefdinir 300 mg PO BID for 7d or

+ Cefaclor 500 mg PO TID for 7d or

+ Cefpodoxime 100 mg PO BID for 7d or

« Cefuroxime 250 mg PO BID for 7-10d

*Should generally be avoided in elderly patients because of the risk of affecting renal function




