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Anti-infective Overview

Anti-infective and
Bacterial Overview

= Normal flora

= Considerations for infection
= Barriers: skin and mucous membranes
= |mmune status
= Organism

= Viral, bacteria, fungi
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Normal Microbial Flora

= Can vary between individuals

= Can become pathogenic in the right circumstances, such as

= Debilitating disease

= |mmunosuppression

=/ Helps to prevent the colonization of pathogenic species

» Substances may be produced that inhibit the growth of other species
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Normal Ocular Flora

= Bacteria typically recovered from 80 to 90% of normal eyes
include:
» Coagulase-negative staphylococci
= Propionibacterium acnes
» Corynebacterium species

= Staph aureus, Strep pneumoniae & H. flu are pathogens
occasionally recovered from non-infected eyes

Bacteria

» Bacteria: single celled microorganisms

= Subdivided by shape and gram stain
» Gram Positive

= Staphylococcus (aureus, epidermidis)

= Streptococcus (pneumonia, pyogenes, faecalis)
= Gram Negative

= Rods: Haemophilus influenzae, Pseudomonas
aeruginosa, Serratia marcescens

= Cocci: Neisseria gonorrhoeae

= Unique structural morphology includes
= Chlamydia (frachoma, inclusion conjunctivitis)
= Mimic viruses
= Treponema palladium (syphilis)

Diane T. Adamczyk, OD © 2025

Peptidoglycan of Cell Wall -]

Cell Membrane

Anfti-infective
Overview

Cell Wall

Ribosomes

Figure 11-1 Morphology of a bacterial cell.
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Antibacterial Drugs
Antibacterial Drugs

= Bactericidal: kills bacteria

= Bactericidal: kills bacteria = Minimum bactericidal concentration (MBC) is the minimum concentration

= Bacteriostatic: inhibit bacteria growth of drug which can kill 99.99% of the organism population

= Bacteriostatic: inhibit bacteria growth

6 e = May do this for example by interfering with bacterial protein production or
T bacterial cellular metabolism
100 /
= Must work together with the immune system to remove the microorganisms
) from the body
% 107 . - = Minimum inhibitory concentration (MIC) is the minimum concentration of
g P drug which can inhibit the growth of the microorganism
% 10 T
_.‘é Driss Note: not always a precise distinction between static and cidal antibiotics
. added
Z 104 i = High concentrations of some bacteriostatic agents are also bactericidal
ﬁ:r"i"‘;":?‘ drug = For example: macrolides can be bactericidal in high doses
10° v : J ! ! Y ! = Certain antibiotics may be cidal to certain pathogens and static to others
Time ———p>
Bactericidal Antibiotics Bacteriostatic Antibiotics
Affect Intermediary Metabolism (Folic Acid) . .
Antibacterial Drugs
Penicillins Sulfonamides
Cephalosporins Trimethoprim (may be cidal from synergy when combo
drug)
Vancomycin Pyrimethamine = Selective foxicity (bacteria vs human)
Bacitracin = Bacteria: cell wall
Affect Cytoplasmic Membrane = Antibacterial drug: Inhibit synthesis of cell wall
Polymyxin = Cell membrane
Gramicidin = Similar
Affect Protein Synthesis Affect Protein Synthesis .
e - y. ff . i = Ribosomes
Aminoglycosides Tetracyclines ) ) »
= = Different size and composition
Macrolides Inhibit bacterial protein synthesi
. n — = |nhibit bacterial protein synthesis
Chloramphenicol (some cidal activity)
Affect DNA Synthesis
Fluoroquinolones

Note: Some antibiotics may have bactericidal and bacteriostatic activity
dependent on dose or specific bacteria
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Antibacterial Drugs

All Cells have: "

1.Genetic Material Prokaryotic Ribosome Eukaryotic Ribosome
2.Cytoplasm
3.Ril

bosomes Bacteria | 705 Animals/Plants/ q o g .
4.Cell Membrane S Fung =5 » Selective toxicity (bacteria vs human)
5.Cytosheleton subunit 58 BL"’A a g o B g
m» Biosynthetic pathways (intfermediary metabolism)
e lous gy e 23S RNA »Folic acid: bacterial cells synthesize
- DNA in cytoplasm e IR e »Fnzyme DNA gyrase
2. No MB lles
- till heve rootomes o mobe " i oot il 308 16S RNA Y gy

proteins subunit e = An essential bacterial enzyme involved in DNA replication

Mechanisms of Resistance Mechanisms of Resistance

» Bacterial production of enzymes that » Cross resistance

degrade/inactivate anfibiotics

= Pump mechanisms or decreased permeability
antibiotics

» Resisfance genes
= Alteration of bacterial ribosomes
» Chromosomal mutation

» Misuse and overuse of antibiotics
» During the systemic use of anfibiotics
= |nappropriate use
= Patient non-compliance

= With the use of antibiotics in animal feed
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Oral Antibacterial
Drugs

=» Clinical Indications
= Meibomianitis
|

Ocular Rosacea

ternal Hordeolum

Dacryocystitis
Preseptal Cellulitis
Chlamydial Conjunctivitis

Prophylaxis (orbital fractures,sinusitis)

Probiotics

= Things to look for:

= Colony Forming Units (CFU) - (range can vary 10 million to 1 billion
to 50 billion CFUs)

= Strain Diversity - e.g. 8-12 separate strains

= Strains - e.g. Lactobacillus acidophilus

= Prebiotics - fiber based to nourish good bacteria
= Enteric coated - survives stomach acid

= Manufacture/expiration date — decreased effectivity with time

» Use Examples:

= Diarrheal illness
= Antibiotic-associated diarrhea
= |nflammatory bowel disease

= |ritable bowel syndrome

= Allergic disease (atopic dermatitis, allergic asthma, allergic rhinitis,

food allergies)

= Atherosclerosis
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Probiotics

Probiotics are live nonpathogenic microorganisms
administered to improve microbial balance, particularly
in the Gl tract

= Defined: live microorganism thought to confer health
benefits

Broadly describes various strains of bacteria and yeast
= Consist of yeast or lactic acid bacteria
They are regulated as a dietary supplement and food

Used for a variety of conditions including up to 30% on antibiotics
experiencing antibiotic associated diarrhea

Food examples: yogurt, sauerkraut, kimchi

Timing: when fo take (do not take with antibiotic ie space at least
2 hours before/after antibiotic doses)

Generally safe, with flatulence and bloating most frequent side
effect

Used cautiously with patients taking immunosuppressants (e.g.
tacrolimus, chemotherapy, proton inhibitors) or who are
immunocompromised- can cause infection

Probiotics

Effects through:

e

Diane T. Adamczyk, OD © 2025

Lowering intestinal pH (suppress growth of pathogenic
bacteria, reestablishing gut flora balance)

Enhance mucin from gut epithelial cells (serve as
antibacterial barrier prevent binding of pathogens)

Promote secretory IgA (that binds to pathogens)

Interfere with quorum sensing (a mechanism by which
bacteria enhance their virulence)

Exert anti-inflammatory effect in gut

Decreasing colonization (by competitively blocking their
adhesion fo the epithelium)

Decreasing invasion by pathogenic organisms
(production of various substances that are toxic to
pathogenic microorganism)

Modifying host immune response

May activate opioid and cannabinoid receptors in gut
(ameliorate visceral pain)

T——

Clincal Gastrosterology and Hepatology 2011713

AGA Patient Education Section

Probiotics
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Oral
Conftraceptive
and Antibiotics

» Failure rate associated with OCs are
typically 1-3% *

» Various hypothesis:

» Decreased enterohepatic circulation,
increased liver degradation,
contraceptive displacement from
receptor site

» Antibiotic-induced diarrhea
» |[ncreased liver p450 enzyme induction

» However - Inconsistencies in study findings
over time if OC failure with oral antibiotics

*Oral contraceptive failure rates and oral
antibiotics. JAmAcadDermatol 1997;36:705-10

Anti-infective Overview

®» Drug considerations
» Selective toxicity

» Spectrum of activity

» Species which drug shows infrinsic activity

= Narrow vs broad

»Resistance

Diane T. Adamczyk, OD © 2025
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BMJ Evidence-Based Medicine; 2020-111363 Analysis of reports of unintended pregnancies
associated with the combined use of non-enzyme-

inducing antibiotics and hormonal contraceptives
Jeffrey K Aronson ©,* Robin E Ferner

Whati already known about this
subject?

Non-enzyme inducing antibacterial drugs
e.g.: cephalexin, ciprofloxacin, erythromycin,
trimethoprim

Enzyme-inducing drug e.g.: carbamazepine,
topiramate, rifampicin

» Anecdotal
that the use of non-enzyme-inducing

leading to contraceptive failure.

thatthere is an interaction of this

Risk of uninfended pregnancies:
e-inducing drugs: 13 fold increase

interaction.
» Mostpreviously negative or
inconclusive studies have been too
Smalto ule out an interaction ina

Small subse of women, and other
itcisms of previous studies leave
open.

the question o

ntibacterial drugs: 7 fold increase

any groups (WHO, US Center for Disease
Control and Prevention) do not advise any
additional precautions

This article however based on the
uncertainties advised precautions

B | Box 1 Your medicine and the pill

> Your doctor has prescribed an antibiotic medicine to
treat your infection.
> Ifyou are taking the pill or using some other type of
| contraceptive, the antibiotic may make it

less effective.
> This means that you may still get pregnant if
have sex, even though you are taking a
contracepive.
> itis best
avoid sexor to take extra precautions, such as using

acondom, while you are taking the antibiotics and
for 7 days after completing the course.

Guidelines:
Effective Antimicrobial Therapy

» Accurate diagnosis

» Microorganism sensitive to anfi-infective

» | east toxic drug

» Adequate drug levels

» Opfimum route of administration

» Appropriate dosage

» Appropriate freatment time

» Augment drug tx with physical procedures
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Anfibacterial: Affecting

Cell Wall Synthesis

Antimicrobial Failure

» |naccurate diagnosis

» Resisfance

» |nadequate drug dosage

» Noncompliance

» |nadequate supplemental physical procedures
» |nadequate immune system response

Diane T. Adamczyk, OD © 2025
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Mechanisms of
Antibiotic Action

= |nhibition of cell wall synthesis
= Penicillins
= Cephalosporins
= Bacifracin
= Vancomycin
= |ncreased bacterial cellmembrane permeability
= Polymyxin B
= Gramicidin
= |nhibition of bacterial protein synthesis
=  Aminoglycosides
= Macrolides
= Tetracyclines
= Chloramphenicol
= |nhibition of folic acid synthesis
= Sulfonamides
= Trimethoprim
= Damage fo bacterial DNA
= Flyoroquinolones

Cell wall synthesis

vancomycn, Cell wall
Bactracn

Peniciling

Cephalosporin

DNA Gyrase Quiniones
DNA-directed RNA polymerase

Rifampin

Folic acid Protein synthesis

metabolism (50S inhibitors)
Trmethoprm Erythromycin (Macroldes)

Sulfonamides

Protein synthesis

(30S Inhibitors)
Tetracycine

Gel Membrane' ‘Streptomycin

Gentamicin,Tobramycin

Polymyiins (aminogiycosides)

Amikacin

ntibacterial:

= Penicillins
= Amoxicillin and

= Dicloxacillin
= Cephalosporins

= Cephalexin
(Keflex=brand d/c)

d/c Us)
= Bacitracin
= Vancomycin

= |nhibition of cell wall synthesis

clavulanate (Augmentin)

= Cefaclor (Ceclor=brand \

Affecting Cefl Wall Synthesis

2. Interference with bacterial cell
) membrane integrity
1.Bacterial cell wall &
synthesis inhibition §

3. Protein synthesis
inhibition

LYA VLY W\\

4. DNA/RNA synthesis
— inhibition

5. Inhibition of
folic acid
synthesis

Extracellular folic acid
cannot cross cell wall in
bacteria as it can in
human cells
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| The PEP side chains are cross-
linked as the final step in the
synthesis of peptidoglycan.
This process is blocked by
penicillin.

Anfibacterial:
Affecting Cell Wall
Synthesis

Penicillins

Cytoplasmic membrane

Bacterial Cell Wall CYTOPLASM

Figure 31.3

Bacterial cell wall of gram-positive

bacteria. NAM = N-acetylmuramic

acid; NAG = N-acetylglucosamine;
Lippincott'slliustrated Reviews. Pharmacology. PEP = cross-linking peptide.

\

Anfibacterial: Affecting Cell Wall Synthesis
Penicillins: Use

= Penicillins Use:
= Hordeolum
» Preseptal cellulitis
= Dacryocystitis

= Dacryoadenitis

Diane T. Adamczyk, OD © 2025
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Penicillins

» Pharmacology:

= Contain common nucleus composed
of:

= Thiazolidine ring
» B-lactam ring
= Necessary for biological activity
= Side chain
= Determines antibacterial spectrum

= Susceptibility to bacterial degradative
enzymes (B-lactamase enzymes)

® Pharmacokinetic properties
=» Bactericidal
= Effective: Gram +, Gram —

Lippincott’s lllustrated Reviews. Pharmacology.

Antibacterial: Affecting Cell Wall Synthesis

Nature of the R group
determines the drug’s
stability to enzymatic or
acidic hydrolysis, and
affects its antibacterial
spectrum.

B-lactam Antibiotic
B-Lactam ring

y H H H-S~ CHs
e
c=—N —c_

6 > cooH

6-Aminopenicillanic acid

Site of cleavage by bacterial
penicillinase or by acid.

Figure 31.2
Structural features of B-lactam
antibiotics.

Antfibacterial: Affecting Cell Wall Synthesis

Penicillins

» Adverse Reactions

= Hypersensitivity response

» Gl irritation: Nausea, vomit, diarrhea

» Superinfection




NY State Oral Pharmaceuticals Course

The New Tork Crmes

Allergic to Penicillin?
You May Not Be

Nineteen out of 20 people who have been told they are allergic to
| penicillin are not truly allergic to the drug.

f v o= o [0
Millions of Americans who believe they are allergic to penicillin are not
actually allergic, But they are steered away from using some of the safest,
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JAMA, 2019 Jan 15;321(2):188-199. dpj 10.1001/jama. 201813283
Evaluation and Management of Penicillin Allergy: A Review.

Shenoy ES**%, Macy E¥, Rowe T, Blumenthal KG#7,

Abstract = ~10% report allergy to penicillin
IMPORTANCE: (higher in older and hospitalized
B-Lactam antibiotics are among the safest and most effective antibiotics. Many patients report allergies patients

1o these drugs that mit their use, resulting i the use of broadspectrum antibiotics thatnerease the ) h iivit

risk for antimicrobial resistance and adverse events. owever, nypersensitivity
OBSERVATIONS: uncommon (<5%)

Approximately 10% of the US population has reported allergies to the p-lactam agent penicillin, with = Cross-react penicillin and
higher rates reported by older and hospitalized patients. Although many patients report that they are o

allergic to penicillin, clinically significant IgE-mediated or T lymphocyte- CephObSpO”n 2% (vs 8%
mediated penicillin hypersensitivity is uncommon (<5%). Currently, the rate of IgE- previously reported)

mediated penicillin allergies is decreasing, potentially due to a decreased use of parenteral penicilins,

and because severe anaphylactic reactions to oral amoxicillin are rare. IgE-

mediated penicillin allergy wanes over time, with 80% of patients becoming tolerant after a decade.

Cross-reactivity between penicillin and cephalosporin drugs occurs in about 2% of cases, less than the

8% reported previously. Some patients have a medical history that suggests they are at a low risk for

developing an allergic reaction to penicillin. Low-risk histories include patients having isolated

nonallergic symptoms, such as gastrointestinal symptoms, or patients solely with a family history of

2 ranicillin dllarm: cumntame of ner

withnut rach ar ramnta 1510 vaarel inbnowm raactinne

JAMA. 2019 Jan 15;321(2):183-199. dpi; 10.1001/jama.2018.19283

Evaluation and Management of Penicillin Allergy: A Review.

» | ow risk history
=» Nonallergic symptoms (e.g. Gl symptoms)
» Direct amoxicillin challenge

» Moderate risk history

= Urticaria or other pruritic rashes

= Penicillin skin testing

» High risk history

» Anaphylaxis, + penicillin skin festing, recurrent penicillin
reactions, or hypersensitivities to multiple B-lactam
antibiofics

CONCLUSIONS AND RELEVANCE:

Many patients report they are allergic to penicillin but few have clinically significant
reactions. Evaluationof penicillin allergy before deciding not to use penicillin or other p-lactam
antibiotics is an important tool for antimicrobial stewardship.

Diane T. Adamczyk, OD © 2025

Antibacterial: Affecting Cell Wall Synthesis
Penicillins: Classification

» Penicillin Classification:
1. Penicillins effective Gram +
= Penicillin G (IV, IM), Penicillin V (PO)
2. Penicillins resistant to penicillinase
= Dicloxacillin: PO

3. Penicillins with extended spectra of activity, with
improved activity against Gram -

= Amoxicillin, Amoxicillin and clavulanate (Augmentin): PO
4. Penicillin with antfipseudomonal activity
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Drugs: Affecting Cell Wall Synthesis
Penicillins

» |nhibition of cell wall synthesis
» Penicillins
= Amoxicillin and clavulanate (Augmentin)
= Dicloxacillin

Drugs: Affecting Cell Wall Synthesis

Penicillins: : Amoxicillin/Clavulanate

»  Amoxicillin/Clavulanate (Augmentin)
= May be used during pregnancy and breastfeeding
= Clinical uses:
= Hordeolum
» Preseptal cellulitis
\ » Dacryocystitis
= Dacryoadenitis

Treatment Example:
Preseptal cellulitis:
Adult: Amoxicillin/clavulanate 875/125 mg g12h
(with or without meal, better with food to lessen stomach upset)
Children: Amoxicillin/clavulanate: 25-45mg/kg/day in 2 divided doses (q12h)

Diane T. Adamczyk, OD © 2025
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Drugs: Affecting Cell Wall Synthesis
Penicillins: Amoxicillin and Clavulanate

» Penicillins with extended spectra of activity
(Amoxicillin/clavulanate)

Modification of basic penicillin structure

» |nactivated by penicillinase

= Clavulanate:

= B-|lactamase inhibitor that protects penicillin component from
inactivation by penicillinase or B-lactamase

= Weak antimicrobial activity

= Amoxicillin and clavulanate (Augmentin)

Augmentin

amoxcillin/clavulanate

Adult Dosing ©

forms: TAS: 250 /125 5, 500 /125 mg. 875 /125 g SUSP 125 mor1 25
S o mate s ma s

Peds Dosing

Dosage forms: TAB: 250 mg/125 mg, 500 mg/125 mg, 875 mg/125 mg; SUSP: 125 mg31.25 mg
per 5 mL 250 mg'62.5 mg per Sl

infections, bacterial
1500 mg/125 mg-875 mo/125 mg PO 128
A 250 mg/125 mg-500 mg/125 mg PO gBh;nfo: give w food or milk

Dosage Forms Discontinued in US

[chewabie tab, . 400 mg/s7 mg per tavail. as brand;
00 generic]

amoxicillin/clavulanate
generic

Pregnancy/Lactation ®

Pregnancy
it sumary

3y use dutng o
oo ok of ko e ot o 1 368 MRID

Lactation
Clinical Summary

amoxncnllmlclavulanale

rash, uticaria, twush,
‘assess efects on mik production

= Peds Dosing ©
amoxicillin/clavulanate Dossge forma: TAG: 250 /1257, 500125 g 873 125 m: £ TAD 000 25
eneric Ing: CHEVIABLE 200 mg 78317, 100G G SUSP 139 /3138 5

o5 . 50 ot oS40 oS g S 08 AT moperS

Adult Dosing @
Dosageforms: TAB:250 /128 mg, 500.mg/12 mo, 875 /125 mayER TAB: 1000 825

G SUSP! 126 731 26 mg or ST, 2001285 g or 5. 250 625 mg per S 400
a7 g per 5

infections, bacterial
Imo, <t0kg)

Do -
ol componant e wl ood o k.

infections, bacterial
[500 mg/125 mg-875 mg/125 mg PO q12h]
A 250 mg/125 mg-500 mg/125 mg PO q8h: nfo: give w! food or milk

N

5 mo and older, <40 k]
Dose:

mo28.5 2040
25

amoxcin component g wi00d o Mk

3 mo and older>40 ko]
see At Dosng

Epocrates
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Drugs: Affecting Cell Wall Synthesis
Penicillins: Dicloxacillin

= Penicillins resistant to penicillinase: Dicloxacillin

= A penicillinase resistant penicillin that is NOT inactivated by bacterial
penicillinase enzyme (that would otherwise destroy the beta-lactam
ring of the antibioftic)

= May be used during pregnancy and breastfeeding
= Clinical uses:

= |nternal Hordeolum

= Preseptal cellulifis

» Treatment Example:

Internal Hordeolum

Dicloxacillin: 250mg géh (1-2wks)

(empty stomach)(1 hr before, 2 hr after meals)

®» Mechanism of action similar to
Penicillins

» Spectrum: Gram(+), Gram(-)

» Classified as first, second, third,
fourth generations drugs
» |5t fo 4th generation:

» Greater gram(-) activity with subsequent
generations

Cephalosporins

®» | ess efficacy against gram positive with
subsequent generations

» Greater efficacy against resistant
organisms with subsequent generations

Diane T. Adamczyk, OD © 2025
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Antibacterial: Affecting Cell Wall Synthesis

Cephalosporins

ntibacterial: Affecting
Cell Wall Synthesis
Cephalosporins

= Pharmacology
= B |lactamring

= Similar penicillin/similar
mechanism

= Addition of different side
chains modify and create
1,2,3 generations

Broad spectrum
Bactericidal
Resistance

= Drug inactivation by B
lactamases

(o] S H

rot g8
A:E".:;:’" Htle;;r-nl Dihyd ]::I:Inﬂm'

2 H

0,,(:— N\\ C/C\ R,

General Structure of Cephalosporins

Penicillin Cephalosporin
n S, R'\/n S

11
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nfibacterial: Affecting
Cell Wall Synthesis
Cephalosporins

= Adverse reactions

= Hypersensitivity reactions

= Cross sensitivity

thinking, but probably
much less — approximately
1%

= More likely see with 15
generation cephalosporins

= Vitamin K deficiency
= Nausea, vomit, diarrhea

. H
= 20% penicillin allergy with Y CHs AN
cross sensitivity was historic °© N\2<§H):'

Penicillin Cephalosporin

Antibacterial: Affecting Cell Wall Synthesis
Cephalosporins

Clinical Conditions:
» Preseptal cellulitis
» Dacryocystitis
cryoadenitis
Orbital fracture

» Other (forfified use)

Drugs: Affecting Cell Wall Synthesis
Cephalosporins: Cephalexin

= First Generation: Cephalexin (Keflex=brand d/c US)
= May be used during pregnancy and breastfeeding
= Clinical use:
= Preseptal cellulitis
» Dacryocystitis
= Dacryoadenitis

Treatment Example:

= Dacryoadenitis:
=Cephalexin 250-500 mg QID (or géh)
=With or without meals

= Preseptal
= Cephalexin 500 mg TID or 875 mg BID
=With or without meals

Diane T. Adamczyk, OD © 2025

Drugs: Affecting Cell Wall Synthesis

Cephalosporins: Cefazolin

» First Generation: Cefazolin
= Dosage form: injection
» May be used during pregnancy and breastfeeding
= Fortified:

= Sterile water and 500 mg of cefazolin dry powder to form 10 mL of
solution = strength of 50 mg/mL

»Treatment Example:
m»Bacterial keratitis: fortified cefazolin (50 mg/mL)

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs
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Vancomycin

Antibacterial: Affecting Cell Wall Synthesis

Drugs: Affecting Cell Wall Synthesis

Vancomycin

= Pharmacology
= Highly active gram positive
= Bactericidal
= Dosage considerations
= Solution for injection, capsule, dry powder (for fortified)
= Use during pregnancy:
= Drugs.com: use only if clearly needed
= Epocrates: Inj-avoid 1¢ and 2" trimesters; weigh risk/benefit 39 trimester
= Epocrates: Other formulations: may use during pregnancy and breastfeeding
» Highly foxic

= Anaphylaxis, vasculitis, nephrotoxicity, ototoxicity, neutropenia, others

Drugs: Affecting Cell Wall Synthesis

Vancomycin

= Use:
=» Bacterial endophthalmitis
» Methicillin/penicillin resistant infections
= Bacterial keratitis - vision threatening
» Ruptured globe
= Orbital cellulitis

Treatment example:

Bacterial keratitis (resistant/vision threatening): fortified vancomycin (25 mg/mL) q1h

Ototoxicity and Drug Therapy

» Oftotoxicity is typically associated with bilateral high-frequency

sensorineural hearing loss and tfinnitus.

» Hearing loss can be temporary but is usually irreversible with most

agents.

- Generally, antibiotic-induced ototoxicity is bilaterally symmetrical,

but it can be asymmetrical.

» The usual time of onset is often unpredictable, and marked hearing

loss can occur even after a single dose.

» Additionally, hearing loss may not manifest until several weeks or
months after completion of antibiotic or antineoplastic therapy.

Medscape

Diane T. Adamczyk, OD © 2025
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Antibacterial:
Affecting Protein
Synthesis

Drugs Affecting
i . 2. Interference with bacterial cell
PrOTe | n Syn Th 65|S 1.Bacterial cell wall membranitnfégrlty

synthesis inhibition

= |nhibition of bacterial protein synthesis ¢ k ,; '
= Aminoglycosides i
\/, ? \

= Neomycin

= Gentamicin 5. Inhibition of W\
i folic acid -
- To?romycm synthesis
= Macrolides o 3. Protein synthesis
= Erythromycin (%Q&g,'%@c inhibition

= Azithromycin
= Clarithromycin

= Tetracyclines *'V\
= Tefracycline Extracellufar foli i
annol

= Doxycycline

= Minocycline
= Chloramphenicol
= Clindamycin

4. DNA/RNA synthesis
inhibition

\ 7
/ LUV Y W\\

@n’rlmlcroblol Affecting Protein Synthesis
Tetracycline

Antimicrobials Affecting Protein Synthesis
Tetracycline Overview

Aminoacyl-tRNA

» Pharmacology
®» Block protein synthesis
= Bacteriostatic
Broad spectrum:
» Gram positive and negative %}n,‘.m
= Chlamydia ‘(;::-:_j—;m

» Resistance (S. aureus)

» Short, intermediate, long
acting

Fugure 322

Lippincott'slllustrated Reviews. Pharmacology.

Diane T. Adamczyk, OD © 2025
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Drugs Affecting Protein Synthesis
Tetracycline: Oral Overview

Oral Overview:
» Anfibiofic acfivity

» Affect on free fatty acids- decreases bacterial

lipase production
» Anti-inflammatory effect
» Anficollagenolytic activity

Antimicrobials Affecting Protein Synthesis
Tetracycline Oral Overview

» Absorption affected by:
» Food (not doxycycline)

®» [ron containing tonics or
antacids confaining
calcium, magnesium or
aluminum

= Sodium bicarbonate
» Restriction with use of:
= antacids,

= jron,

» zinc

= dairy products,

= vitamin-mineral

~

On empty stomach

With AlOH), antacid

With millkc =

a s 10
Hours after administration
of a tetracycline

Plasma concentration of tetracycline (jg/mL)

preparations Figure 32.5
Effect of antacids and milk on

Lippincott’s lllustrated Reviews. Pharmacology. the absorption of tetracyclines

Diane T. Adamczyk, OD © 2025
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Antimicrobials Affecting Protein Synthesis
Tetracycline: Overview

= Oral Use:
= Chlamydia (inclusion conjunctivitis or rachoma)
= Acne rosacea, meibomianitis
»Free fafty acids

m»Released from sebum by bacterial lipases
= |rritating and inflammatory
m»Tetracycline: decrease lipase production

= Nontuberculous phlyctenular keratoconjunctivitis

=» Noninfected corneal ulcers
= Related fo anticollagenolytic activity of systemic tetracycline

.
x

Antimicrobials Affecting Protein Synthesis
Tetracycline Oral Overview
= Adverse Reactions
= Hypersensitivity reactions
= Anaphylaxis, urticaria, rash, periorbital edema
= Photosensitivity/toxic reactions
= Gl jrritation

= With food improve, but affect drug’s
absorption (not doxycycline)

= Epigastric distress (sore throat, glossitis)

15
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Drugs and Photosensitivity Reactions
®» Drug induced photosensitivity may be result from:

» Phototoxic reaction: damage to tissues is direct

= Photoallergic reaction: damage to tissues is

immunologically mediated

» Jsually reaction results from UV-A and UV-B
» May result from various drugs for example:

» Phenothiazines, amiodarone, NSAIDs, antimicrobials

» e g. fetracyclines, NSAIDs, sulfonamides (UV-A primarily)

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Antimicrobials Affecting Protein Synthesis
Tetracycline: Oral Overview

» Adverse Reactions
» Changes during tfooth development
= Discoloration, dysgenesis, staining, caries

Anfimicrobials Affecting Protein Synthesis
| Tetracycline: Oral Overview
» Adverse Reactions

» Depress bone growth

= Drug atftracted to embryonic and growing bone
fissue > form tetracycline-calcium complex >
temporarily depressing bone growth
»|nfracranial hypertension (pseudotumor
cerebori)

» Mechanism: may be decrease cerebrospinal
fluid absorption, at arachnoid villi

| d Incid: of Pseudotumor Cerebri Synd
Among Users of Tetracycline Antibiotics

Tetracyclines and
Samuel F. Passi, MD, Ryan Butcher, MS, MBA, Daniel R. Orme, MD, Judith E.A.
‘I’?\;ar:i:i:ar:w géﬁ(sggg‘tnsg);drag g:zﬁ‘HMirirx:\‘/lsl:;nw\;trﬁ:er:'BMg;gre, MD, Bradiey J. P seu d Ot umor

Katz, MD, PhD
Journal of Neuro-Ophthalmology 2022;42:323-327

* Purpose: determine use of tetracycline class antibiotic
association with increased risk of developing pseudotumor
cerebri syndrome

* Results:
* 12-50 yo: incidence of tetracycline induced PTCS 63.9 per 100,000
person-years
« vs incidence of idiopathic intracranial hypertension (lIH) < 1 per
1000,000 person-years

* Conclusion:

* Causative link not firmly established, study suggests PTC among
tetracycline users significantly higher than incidence of IIH in general
population

Diane T. Adamczyk, OD © 2025
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Antimicrobials Affecting Protein Synthesis

Tetracycline: Oral Overview

= Adverse Reactions
= Blood dyscrasias

v
= Potentiate coumarin type

Al o
o 1
¢ | et

C—

Deposition of
drugin bones
andteeth

v

anticoagulant effect (affect

blood clotting)

= Vestibular toxicity (minocycline)

= Lightheadedness, loss of
balance, dizziness, nausea,

tinnitus

Liver failure: Photoxictiy
v
e ®
Vertigo Avoid in pregnancy
Figure 32.6

Some adverse effects of tetracycline.

Pharmacology Lippincott’s Illustrated Reviews 4th Ed 2009

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Anfimicrobials Affecting Protein Synthesis
Tetracycline: Oral Overview

» Confraindications
= Avoid during pregnancy (prior Pregnancy Category D)

= May use short-term while breastfeeding-theoretical risk of
permanent infant bone and teeth discoloration with prolonged
use

= Children under 8 years

Tetracycline Pregnancy Warnings

Tetracycline has been assigned to pregnancy category D by the FDA. Animal studies have revealed
evidence of embryotoxicity and teratogenicity, including toxic effects on skeletal formation. There
are no controlled data in human pregnancy, however, congenital defects and maternal
hepatotoxicity have been reported. When used during tooth development (second half of
pregnancy) tetracyclines may cause permanent yellow-gray-brown discoloration of the teeth and
enamel hypoplasia. The use of tetracycline during pregnancy is generally not recommended,
especially during the last half of pregnancy.

Drugs.com 1-29-23

Tetracycline Breastfeeding Warnings

Tetracycline is excreted into human milk in small amounts.
Theoretical risks of dental staining and inhibition of bone
growth exist, although are unlikely. In one study, tetracycline
levels were undetectable in nursing infants. Tetracycline is
considered compatible with breast-feeding by the American
Academy of Pediatrics. However, the manufacturer
recommends that because of the risk of serious potential

adverse reactions in nursing infants, a decision should be
made whether to continue breast-feeding or discontinue the
drug, taking into account the importance of the drug to the mother.

Tetracycline

tetracycline

generic

Pregnancy/Lactation @

Pregnancy
Glinical Summary

avoid use during pregnancy; qL data available, though spontaneous
abortion; risk of fetal hypoplasia

ata wi etracycine lass; possibe sk of emoryo-etlfoxiiy based on conficting animal data wi
{elracycline cass

Lactation

Clinical Summary

‘avoid breastfeeding If >3wk tx duration, otherwise may use short-term while breastfeeding; no
Known isk of infant harm w/ short-term use based on limited human data and drug propeties;
theoretical risk of permanent infant bone and teeth discoloration w/ projonged use based on drug's.
mechanism of action; no human data avalable to assess effects on milk production

Epocrates 1-29-23

tetracycline

generic

Contraindications / Cautions
hypersensitivity to drug or ingredient
pregnancy
pts <8 yo
avoid: breastfeeding (>3wk tx duration)
caution: renal impairment
caution: hepatic impairment
caution: SLE
caution: abx-associated colis hx, recent
caution: botulism

| Doxycycline

doxycycline

generic

Pregnancy/Lactation ®

Diane T. Adamczyk, OD © 2025

Pregnancy
Clinical Summary

may use during pregnancy for anthrax infection; weigh riskibenefit during pregnancy for malaria tx;
otherwise, avoid use during pregnancy; inadequate human data available, though possible risk of
spontaneous abortion; risk of fetal permanent bonefteeth discoloration and enamel hypoplasia
based on human data w/ tetracycline class; possible risk of embryo-fetal toxicity based on
conflicting animal data w! tetracycline class.

Lactation
Clinical Summary

Lyme Dz: avoid breastfeeding during tx and x5 days after D/C; no known risk of infant harm w/
short-term use based on limited human data and drug properties; theoretical risk of permanent
infant bone and teeth discoloration w prolonged use based on drug's mechanism of action; no
human data available to assess efects on milk production

Al Other Indications: avoid breastfeeding if >3wk tx duration, otherwise may use short-term while
breastfeeding; no known risk of infant harm w/ short-term use based on limited human data and
drug properties; theoretical risk of permanent infant bone and teeth discoloration w/ prolonged use
based on drug’s mechanism of action; no human data available to assess effects on milk production

Contraindications / Cautions @

hypersensitivity to drug or ingredient

pregnancy (except anthrax infection or malaria tx use)

pts <8 yo

avoid: breastfeeding during tx and x5 days after D/C (Lyme dz use)
avoid: breastfeeding (>3wk tx duration except in Lyme dz use)
caution: overweight female pts of childbearing age

caution: female pts of childbearing age w/ intracranial HTN hx
caution: abx-associated colitis hx, recent

caution: loiasis and onchocerciasis, concurrent

caution: botulism

Epocrates 1-29-23
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Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Tetracyclines:
The Drugs

= Tetracycline (Generic)

= Use:

DrUgS = Chlamydia

8 = Acne Rosacea
Aﬂ:eCTlng = Meibomianitis
PI’OTeIn = Resistant sebaceous blepharitis
Synthesis .

. » Doxycycline

TeTrG CYC | ne . = Tefracycline of choice for:
Tetracycline = Chiamydia

= Acne rosacead
= Meibomianitis
= Ocular surface inflammatory disease

Drugs Affecting Protein Synthesis

Tetracycline : Tetracycline

» Tetracycline (Generic) Dosage:
» Specfrum: Gram(+), Gram(-); Chlamydia
» Accumulate in Sebaceous Glands
» Avoid pregnancy and lactation (prior Pregnancy category D)

» Resistance can be a problem

Drugs Affecting Protein Synthesis
Tetracycline : Tetracycline

= Tetracycline (Generic) Dosage Considerations:

= Should be taken on empty stomach (no food
or dairy products 1 hr before/2 hr after)

= 250 mg & 500 mg capsules
= Adults and children > 8 years old:

= Use: rosacea, meibomianitis, resistant
sebaceous blepharitis

= Use weeks to months, taper with
improvement

tetracycline (generic) 250 mg
»Treatment Example:
= Meibomian Gland Dysfunction:
m»tetracycline 250 mg gjid x 3-4 wks

Diane T. Adamczyk, OD © 2025
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Drugs Affecting Protein Synthesis
Tetracycline: Doxycycline

Ocular Rosacea:

= Doxycycline: 100 mg bid x 2 wks (then taper)
OR

= Doxycycline (ORACEA)

= 40 mg capsule (30mg immediate release
and 10 mg delayed release doxycycline)

= 40 mg gAM (empty stomach)

ORACEA" 40 mg" Capsules provide sustained anti-
inflammatory effect with low plasma variability OR

= Erythromycin: 250 mg qid or Azithromycin 500
mg/day for 3 cycles with 7-day intervals

Diane T. Adamczyk, OD © 2025

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Drugs
Affecting
Profein
Synthesis

Doxycycline

Tetracycline:

» Doxycycline (Vibramycin)

= Use
= Tetracycline of choice for:
= Chlamydia infections (inclusion conjunctivitis, rachoma, etc.)
= Acne rosacea
= Meibomianitis
= Ocular surface inflammatory disease

= May have anti-inflammatory properties by suppressing
interleukin activity

» Various cap, tab, susp, inj
» Depending on brand, may take with food

= Note: ORACEA -Take on an empty stomach (1 hr before/2 hr
after meal)

- Pre%ncncy: avoid and Lactation: avoid if >3 wk fx
(Category: D)

doxycycline
generic

Adult Dosing @

Dosage forms: CAP: 50 mg, 75 mg, 100 mg, 150 mg; DR CAP (75% IR/25% DR): 40 mg; TAB: 20
mg, 50 mg, 75 mg, 100 mg, 150 mg; DR TAB: 50 mg, 75 mg, 100 mg, 150 mg, 200 mg; SUSP: 25
mg per 5 mL; INJ: various

/(hﬂmicrobiols Affecting Protein Synthesis
Macrolides
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Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Antimicrobials Affecting Protein Synthesis
Macrolides

» Pharmacology

®» Bind to 50S ribosomal subunit > inhibit bacterial protein
synthesis

= | ow toxicity: do not bind to human ribosome
= Bacteriostatic
» Spectrum of activity can include:

= Various: Gram positive, gram negative

= Sfreptococci, Staphylococci, Chlamydia, Neisseria,
Hemophilus influenzae

Antimicrobials Affecting Protein Synthesis
Macrolides

= Clinical Use:
= Chlamydial Infections

= Sebaceous Gland
Dysfunction

Chlamydia

Drugs

Affecﬁng The Drugs

. » Erythromycin (Various)
PrOteIn » Azithromycin (Zithromax)
syntheSiS: = Clarithromycin
Macrolides

Drugs Affecting Protein Synthesis

Macrolides: Erythromycin

= Erythromycin

= Prototype macrolide, obtained from
Streptomyces erythreus

= Active against gram +, gram -, chlamydia
= Oral and ftopical
= Use:

= Lid infection 4 B
= Prophylaxis ophthalmia neonatorum L LN + 2 v
748 =

= Gonococeal conjunciivitis E——
) Gonococcal keratoconjunctivitis

= Chlamydial infection

= Safer for pregnant women, nursing mothers,
children < 8 years

= Prior Designation: Pregnancy Category B

Diane T. Adamczyk, OD © 2025
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Drugs Affecting Protein Synthesis
“‘ Macrolides: Erythromycin

»  Erythromycin Oral
= Forms:
= Erythromycin base - destroyed by stomach acid and administered with enteric coating
= Food interferes with absorption=take on empty stomach
= |f enteric coating and stomach upset may take with food
= Erythromycin stearates - fairly acid-resistant and better absorbed
= Take empty stomach
= Erythromycin ethylsuccinate
= ADR: Gl disturbances
= Pregnancy:
= Weigh risk/benefit (use only if clearly needed)
= possible risk of fetal harm based on conflicting human data;
= no known risk of fetal harm based on animal data at 1-3x max recommended human dose
= Historically: Pregnancy Category B

erythromycin ophthalmic

generic

Pregnancy/Lactation ©

Pregnancy

Clinical Summary

may use during pregnancy; no human data available, though risk of fetal harm not expected basec
on expected limited systemic absorption

Lactation

Clinical Summary

may use while breastfeeding; no human data available, though risk of infant harm and adverse
effects on milk production not expected based on limited matemnal systemic absorption

erythromycin base

generic

Pregnancy/Lactation @

Pregnancy
Clinical Summary
— weigh risklbenefit during pregnancy; possible risk of fetal harm based on conflicting human data; no
known risk of fetal harm based on animal data at 1-3x MRHD
Lactation MRHD=maximum recommended human dose

Clinical Summary

may use while breastfeeding; possible risk of infantile hypertrophic pyloric stenosis and diarrhea
based on limited human data; no human data available to assess effects on milk production

Diane T. Adamczyk, OD © 2025

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Drugs Affecting Protein Synthesis

Macrolides: Erythromycin

» Erythromycin Oral

»Treatment Example:
= Meibomitis:
= Erythromycin 200 mg BID
=With or without food

Drugs Affecting Protein
| Synthesis
| Macrolides: Azithromycin

Azithromycin (Zithromax)
Semisynthetic derivate of erythromycin

Use: chlamydia, gonococcal
conjunetivitis, ocular rosacea

Preghancy:
May use during pregnancy;
Prior pregnancy Category B

Drugs.com: lactation-distributed in
milk; use with caution

Side Effect: Gl upset, skin rash
May take with or without food

Pregnancy/Lactation ®

Pregnancy
Clinical Summary

may use during pregnancy; possible isk of spontaneous abartion based on conflcting human data;
10 known risk offetal harm for PO foute based on animal data at 1.6x and 3.2x recommended
human dose

Lactation
Clinical Summary
may use whil breastfeeding; possibl risk of nfant diarthea, vomiting, and rash based on imited

human data; possible isk of infanile hypertrophic pylori stenosis based on conflcting human data;
o human data avallable to assess effects on milk production

Dosage forms: TAB: 250 mg, 500 mg, 600 mg; PWDR: 1 g per pkt; SUSP: 100 mg per 5 mL, 200
mg per 5 mL; INJ: various
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Drugs Affecting Protein Synthesis
Macrolides: Azithromycin

azithromyci
generic

Adult Dosing @

Dosage forms: TAB: 250 mg, 500 mg, 600 mg; PWDR: 1 g per pkt; SUSP: 100 mg per 5 mL, 200
mg per 5 mL; INJ: various.

» Azithromycin (Zithromax)
= Dosage:
= Can take with/out food

= Note: food helps to tolerate
better

» Exception: Azithromycin Zmax
extended-release

Sigte Dase Packe

suspension/liquid should be taken eﬂm{:ﬂ!cm T !
1 hour before or 2 hours after a one gram* azithromycin
meal saghs doon gt fororal suspension
o 1g*
= 1000mg single dose (chlamydia) ot oo
. Beow
= Extended half life > QD R

azithromycin (generic) 1g

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Sexually Transmitted Infections Treatment Guidelines, 2021 —

cor
| Contio and Froventon

Sexually Transmitted Infections Treatment Guidelines, 2021 Home

Chlamydial Infections

Chlamydial Infection Among Adolescents and Adults

CDC: 2021 Guideline Chlamydial
Infections

Azithromycin vs doxycycline for urogenital
chlamydial infection had higher treatment
failure among men for azithromycin.

Doxycycline 100 mg orally 2 times/day for 7 days

Alternative Regimens

Azithromycin 1 g orally in a single dose
OR
Levofloxacin 500 mg orally once daily for 7 days

Recommended Regimens for Chlamydial Infection Among Adolescents and Adults

Doxycycline more efficacious for rectal
infection for men and women

Sex partners during 60 days preceding onset
of symptoms or dx should be tested (or last
contact if >60 days)

Doxycycline delayed release 200 mg QD is as
effective as doxycycline 100mg bid x 7days
for urogenital C trachomatis, with lower Gl

ADR, but more costly

Recommended Regimen for Chlamydial Infection During Pregnancy

Azithromycin 1 g orally in a single dose

Alternative Regimen

Amoxicillin 500 mg orally 3 times/day for 7 days

Azithromycin Drug Interaction
Considerations

= Anfiarrhythmics (e.g. amiodarone, quinidine, sotalol)
= May cause QT prolongation (dangerous, irregular, fast heartbeat)

= Azithromycin - carries risk of QT prolongation; higher in elderly and those with hx of heart
arrythmia

= Combination:increase risk of QT prolongation and cardiac arrhythmias

= Anfacids (those with aluminum, magnesium or calcium salts) (e.g. Rolaids, Mild of
Magnesia

= Bind to azithromycin, affecting absorption, resulting in less effectiveness
= Stafins (e.g. atorvastatin=Lipitor, simvastatin=Zocor)

» Statins may result in rhabdomyolysis

» With azithromycin may increase risk of rhabdomyolysis
»  Warfarin (Coumadin)

= With azithromycin potential risk of increased bleeding

Diane T. Adamczyk, OD © 2025

Oral azithromycin versus doxycycline in meibomian
gland dysfunction: a randomised double-masked
open-label dinical trial

Moksen Sahmani Kashkou,' Al ai Fazel,' Vicora Kaiash Mazih Nojomi”
Lila Ghiasian®

Received either
» 5-day azithromycin(200mg/day) Or
» 1 month doxycycline (200 mg/day)

Conclusion:

5 day course of oral azithromycin is
recommended for its better effect on
improving the signs, better overall
clinical response and shorter duration
of freatment.

» 5 day treatment course may need to
be repeated because MGD is chronic
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= Some antibiotics with anfi-inflammatory
effects may help:

= to control bacterial colonization and

q q = |id inflammation
Oral azithromycin vs

doxycycline in meibomian
gland dysfunction:

a randomised double
masked open label clinical

Tetracyclines decrease inflammation and
inhibit matric metalloproteinases

» Doxycycline treats MGD through its
antimicrobial, anti-inflammatory and
antimetalloproteinase properties

(BJO 2015;99:199-204/2014 e e Side effects than

» Azithromycin inhibits pro-inflammatory
cytokines
= Topical and oral azithromycin reported

to improve the sign and symptoms of
MGD and posterior blepharitis.

JAMA Ophthalmology | Original Investigation

Pulsed Oral Azithromycin vs 6-Week Oral Doxycycline
for Moderate to Severe Meibomian Gland Dysfunction
A Randomized Clinical Trial

Phit Upaphong, MD: Chuisluck Tangrmonkongvoragul, MOD: hichayut Phnyo, MO, PhD

IMPORTANCE The treatment of moderate to severe meibomian gland dysfunction (MGD)

Intervention:
Azithromycin (1g once per week) x 3 weeks OR
Doxycycline (200 mg daily) x 6 weeks

(AES), which may be associated with poor compliance.

OBJECTIVE To determine f the AES of a3-week course of ora azithromycin were equivalent to

the AES of a 6-week course of oral doxycyciine.

conducted at areferral center in Thailand from September 2018 lo May 2022, Participants.
were

included.

1
for 3 weeks) or oral doxycycline (200 mg daiy for 6 weeks).

he initial vist, 3t 6 weeks, and
a8 d d AE: 5 i B waek

Concl H

*Azithromycin equivalent effect compared to doxycycline
for MGD

*No more Gl adverse effects with azithromycin
*Reduced dosing with azithromycin supports its use as
alternative to doxycycline

for 2 and 49, respectivel

RESULTS Atotal of 137 eyes from 137 patients were randomized into groups, 68 eyes inthe
62,

[SD. 151] years).
6 and week 8 were ~0.33 (95% Cl, -1 70 to.03; Pfor equivalence = 01) and 013 (95% Cl.
-1.59t0184; Pfor equivalence = 02), respectively. The adjusted mean difference of OSDI
between groups score at week 6 and week 8 was -1.20 (95% C, -5.31 0 2.91; Pfor
equivalence < 001) and 159 (95% I, -5.73 to 2.55; Pfor equivalence < 00, respectively
Inaddit

15.99%; sk difference, 11.5%; 95% C116%-21.4%: P = 03).

The

po itsuseasan
alternative to doxycycline for at least 6 weeks

‘TRIAL REGISTRATION ThaiClinicalTrial org Identifier: TCTR20180810001

Key Points

Question Are the adverse effects of a 3-week course of weekly.
oral azithromycin equivalent to that of the 6-week course of oral

dysfunction (MGD)?

Findings In this randomized clinicaltria that included 137 eyes, at

scores between azithromycin and doxycycine were ~0.33 and
o A

the prespecified equivalence margin of 2

Meaning A3-week course of weekly oral azithromycin was

moderate to severe MGD.

Meta Analysis/Systematic Review: Azithromycin vs
Doxycycline for Meibomian Gland Dysfunction

— . &Jé%ose: review efficacy and safety of oral doxycycline vs azithromycin for

E dc treatment for meibomian fon—A
systematic review and meta-analysis

Background:

* Tetracyclines (esp minocycline and doxycycline): downregulate inflammatory
response (including matrix metalloproteinase and cytokines), leucocyte
proliferation, granuloma formation and angiogenesis

Macrolides: immunomodulatory impact, decrease leucocyte concentration,
downregulate cytokine and MMP production

Both affect oc immune response and meibum quality, but via slightly different
pathways
Findings:
* Azithromycin better: TBUT, staining, MG secretion, other signs/symptoms, adr
« Dosage of doxy varied among studies (vs azithromycin same)
Conclusion:
« Both macrolides and tetracyclines are effective for tx MGD
* Macrolides have better efficacy and safety profile vs tetracyclines

- 1 gt s

r r 102, e1-e10.

Diane T. Adamczyk, OD © 2025

Antibacterials Affecting
Intermediary Metabolism
(Folic Acid)

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

23



NY State Oral Pharmaceuticals Course

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Drugs Aff(_echng 2. Interference with bacterial cell
Intermediary 1 Bactshoal wall o TDrane integrty

. H H .pacterial cell wa C N
Metabolism (Folic Acid) synthesis inhibition ¢ Mione

-Sulfonamides ><\A/ f\

-Pyrimethamine 5. Inhibition of / .
i . folic acid
-Trimethoprim synthesis

3. Protein synihesis
inhibition

"%«:@‘?}é‘g

s U7DEUDNTR

\

4. DNA/RNA synthesis

Extracellfar folic acid inhibition
cannot cross cell wall in

bacteria as it can in

human cells

Bacteria

Bacteria
and
humans

Purines

DNA
RNA

Pteridine + PABA

Dihydropteroate _4' Sulfonamides W’
synthase e )

Dihydropteroic acid

Glutamate \

Dihydrofolate

]"’I’rim;ihb;ri’r;ﬂ‘ :

Dihydrofolate |
reductase | —————1 Methotrexate |

(DHFR)

| Pyrimethamine

—_—

Methionine
Glycine
fMet-tRNA

|

Proteins

| Flucytosine

Thymidine

|

DNA

Principles of
Pharmacology.
Golan et al. 2012

Drugs
Affecting = [nhibition of nucleic acid synthesis
ediary = Sulfonamides

Metabolism » Trimethoprim

(Folic Acid)

Antibacterials Affecting Intermediary Metabolism

Sulfonamides and Trimethoprim

+  Sulfonamide Pharmacology
* Inhibit synthesis of folic acid (chemical
required for synthesis of nucleic acid and
protein)
* Humans: absorb preformed folic acid
= Minimal effect on host cells
* Bacteriostatic

= Trimethoprim Pharmacology
= |nhibit folic acid synthesis

= Block a sequential step in
pathway
Effectivity MRSA

p-Aminobenzoic acid

Sulfonamides

Dihydropteroate
<«—(=—|(compete
synthase Emm g:BA)

Dihydrofolic acid

Dihydrofolate
reductase (_9_ meToprm

Tetrahydrofolic acid

.

Purines

'

DNA

Source: Bertram G. Katzung, Anthony J. Trev
www.accesspharmacy.com
Copyright © McGraw-Hill Education. All rights

Diane T. Adamczyk, OD © 2025
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/@ﬁbocferiols Affecting Infermediary Metabolism
Sulfonamides

Antibacterial Affecting Intermediary Metabolism A
Su\fonomides Pp-Aminobenzoic acid
Sulfonamides Oinyoropteroate | o) | (Sc\g:vo‘g:lrre\ides “
» Broad spectrum ol with PABA) |
= Gram positive and gram negative
- Also: Dihydrofolic acid
= Chlamydia .
=Toxoplasma Teduciss | <~ {metop) ‘
= Sulfadiazine/pyrimethamine or /D{UQS Affecting Intermediary Metabolism
= Sulfamethoxazole/trimethoprim  (Bactrim) WLICELEL P . .I.h . d
» Resistance to Staphylococcus, Pseudomonas a. l yrl I I Ie O I I “ n e G ﬂ

- .
DI’UQS OrSGII']‘ th |
AffeChng U OI’Y‘.Ie . oxazole
. » Sulfadiazine
Intermediary o
. = Topical:
Metabolism

» Sulfacetamide

lfonamides » Combination with steroids

Purines

N Trimethoprim

Source: Bertram G. Katzung, Anthony J. Trevor:
www.accesspharmacy.com
Copyright © McGraw-Hill Education. All rights re

Diane T. Adamczyk, OD © 2025 25
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sulfamethoxazole/trimethoprim e A
B e
generic

t
Adult Dosing ®

Dosage forms: TAB: 400 mg/80 mg, 800 mg/160 mg; SUSP: 200 mgi40 mg per s mi; N various  Pre@gnancy/Lactation ©
Pregnancy
Clinical Summary
weigh riskibenefit during pregnancy, esp. in 3rd trimester; sk of kernicterus
= Treatment option for MRSA near-tefm based on human data
trimethoprim: weigh risk/benefit during pregnancy, esp. in 1st trimester; possible risk of
" . Py Py spontaneous abortion based on limited human data; possible risk of congenital neural tube and
= Dacryoadenitis, canaliculitis, dacryocystitis defects based 2
Lactation
Clinical Summary
Treatment Example ‘sulfamethoxazole: avoid use while breastfeeding infant w/ GGPD deficiency, otherwise weigh
risk/benefit while breastfeeding; possible risk of poor infant feeding based on limited human data;
. theoretical risk of in high-risk infants based on drug's h of action; no
= Dacryocystitis (MRSA) human data available to assess effects on milk production
trimethoprim: may use while breastfeeding; no known risk of infant harm based on limited human
-» Trimefho prim/su ‘ fc‘meihoxozo|e 1 60/800 data; no human data available to assess effects on milk production
mg BID
Bactrim DS Bactrim _
sulfamethoxazole/trimethoprim sulfamethoxazole/trimethoprim
Adult Dosing ® Adult Dosing @

Dosage forms: TAB: 800 mg/160 mg Dosage forms: TAB: 400 mg/80 mg

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Anfibacterials
Affecting
Bacterial DNA
Synthesis
Fluorogquinolones

Systemic
Fluoroquinolones

Diane T. Adamczyk, OD © 2025

Drugs Affecting Bacterial DNA Synthesis
Fluoroquinolones

= Flyoroquinolones (systemic drugs):
= Adverse reactions:
=»Common:
» Gastrointestinal tract (nausea and diarrhea)
= CNS (HA and dizziness)
= ncommon
®» |ncreased risk of tendon rupture
= Prolongation of QT interval
= Arthroplasty
= |diosyncratic reactions (hepatitis)

= May be related to chemical moiety of the molecular
structure of the FQ
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REViEW What tendon pathology is seen on imaging
. . ARTICLE
Fluoroquinolones and Tendinopathy in people who have taken
fluoroquinolones? A systematic review
- inol h hish affinity / T TS W T IS O TS TC T ICW TV Ty ST P TS TICT T CITEITA Ty T ITCTT
systematic evew [ uoroqé:“not.ones ave a 1!% a 'nléybor The Achilles tendon was most commonly affecied, and ciprofloxacin and levolloxa-
COMMEEINE HREE,; CEP CEIRIEED EInel [2emsE cin were the most commonly implicated FQs. Mean lime Lo onset of symploms was
i and i A Guide for i i - &
Athletes and Sports Clinicians and a Systematic * gauunsceleo;:endmolaathy effects of fluoroquinolones 16 days following lirst PQ dose. Imaging modalities used included magnetic reso-
Review of the Literature ‘.,"“ -.]f., - .,,... .,' ——— I, . ._.'.. . - =
Trevor Lewis, MSc, MCSP*; Jill Cook, PhDY * Proposed mechanisms:
e e e Ischemia
oy o oy Degradation of tendon matrix Keywords ABSTRACT
. 2 Alteration of tenocyte activity | en (FQs) ellevuve .
E 2 Matrix metalloproteinases have degrading properties A — s people who have koo 0L B
. that are importantin homeostasis and response to P——— . : .
i injury of tendon tissue i iy
: S Fluoroquinolones facilitate expression of matrix e ticles were s for thi e o p
o metalloproteinases in tendon tissue = The Achilles kendon was mast common
T - o ’ « Ciprofloxacin in particular increases the expression of i ¢ B oo . oo
Key Poits matric metalloproteinase-3in human Achilles tendon . " e
* gogahe o - e derived cells . wul = n ¥
. gt e e B Reduces collagen synthesis via inhibition of tenocyte ported in r. Pe [e— iy

iesip reaae B vzt proliferation
L e St s s v o rd 0 clr

Fluoroguinolone (Oral) and
Tendon Pathology

» Mean fime following FQ use to symptoms: 2 weeks fo 1 1
LRl grausetosymp Antibacterial

» Risk factors . o

Considerations

= Concomitant steroid therapy

= Renal disease

= Males

= Magnesium deficiency

= Hyperthyroidism

» Gout

= Systemic disease eg. DM, RA

» Most common: levofloxacin and ciprofloxacin use
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Trends Ocular 2009102018 Original Investigation Research
-
= Figure 4. Antibiotic Resistance Among Isolates Over Time
T mms;apnym:musaumus [B] Methicitlin-resistant S aureus o
. Py " . . . \zithromycin iprofloxacin @cillin
Trends in Antibiotic Resistance Among Ocular Microorganisms © gml"m‘?!mm "'?"%" wl - “saitwomycin
in the United States From 2009 to 2018 . - reyne - . . = pClbieacy
5 % 5 0
= Resistance was observed to ciprofloxacin in 33.5% and to N R N . ) obramycin
azithromycin in (59.7%) of S aureus isolates 202 = et 0 //\\_//\/¥—7<‘ _Temgme
= although all were susceptible to vancomycin. e — poicEmphenicl
S o W0 0u 05 s 05 W6 HU mis s w0 0 00 00 201 w5 0 .0 mis
» Resistance greater than 70% for fluoroquinolones (not Studyyear Studyyear
applicable for besifloxacin) and 92.9%for azithromycin. -
. . . ) €] Coagulase-negative staphylococci Methicilin-resistant coagulase-negative staphylococci
= The lafer-generation fluoroquinolones (besifloxacin, 10
gatifloxacin, and moxifloxacin) had lower MIC90s overall N N
. . . . M
= Compared with the earlier ones (ciprofloxacin, . W )
levofloxacin, and ofloxacin). Besifloxacin showed the o) H H e s
lowest MIC?0s, and ciprofloxacin showed the highest. 2w BN N
| = -, o )
20 - 20 -
s v
Sos 0 0 m 05 W 05 W6 MU Ws % w0 0 00 00 201 w5 06 w0 0
= \J ~ / Study year Study year

Anti-infective Drugs

AntiViral Drugs Viral Overview
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Virus: Overview

= Virus:

= Obligate parasites -
cannot multiply outside
the living cells

= | ack cell wall and cell
membrane

= Consists of proteins and
nucleic acids
= Are either double or single
stranded DNA or RNA
(nucleic acids) encased in
protein coat (capsid)

VIRUS STRU

Genetic Material Membrane Envelope and Capsid
|\Viiruses can have ane a layer of fatty acids coats many
‘of two kinds of genstic viruses, It is usually derived from
material, DNA or RNA. the . |
The latter are named

ratroviruses.

Ligands
proteins that stick out

of the surface of the
virus. They act as a key

to recognize the cell to
be infected and invade it.

Viral
Replication

= 1-Virus binds fo host cell

= 2-Viral particle Step 1
penetrates host cells Cell death

(or apoptosis)

= 3-Duplication of viral %
Cell survival /

DNA or RNA

(latency may develop)

L.
@
l Step3

Stepd

= 4-New viral particle
released

= 5-Cell death or survival
(latency)

Figure 11-2 Steps in viral replication. Step 1:Attachment of
virus to host cell using specialized receptors on the virus
and host cell. Step 2: Penetration of virus into host cell and
uncoating of virus. Step 3: Duplication of viral DNA or RNA
using host DNA/RNA. Step 4: Assembly of viral genome and
capsid within host cell and then release of progeny. (The
host cell can then either die or survive, depending on the

virus and host cell type.)

Quick Review of the Basics....

Structure of ATP nucleotide Bases

Base N, Purines Pyrimidines

w0

XX

Phosphate groups

E

oH

Ribose  (Base +Rbose)

Nucleotide

N Bod A oq

OH  Nucleoside

Uit

* Nucleoside:

* Nucleotide:

+ Purine (adenosine or guanosine) OR Pyrimidine (cytosine, thymine, uracil) base PLUS
« Sugar (ribose or deoxyribose)

+ Nucleoside + phosphate group

* Nucleic acid: bonded together nucleotides (e.g. DNA)

* Function nucleotide: structural unit for DNA/RNA and part of cell function.

+ Function nucleic acid: storage and expression of genetic information (e.g. DNA,
RNA)

Viral Life Cycle (DNA/Herpes)

= Nucleoside friphosphates are incorporated into
new viral genomes by viral or cellular polymerase

»HS:

= Generation of deoxyribonucleoside
friphosphates involves phosphorylation of
nucleosides by viral thymidine kinase;

= Viral DNA polymerase then adds
deoxyribonucleoside friphosphates to the
growing DNA genome

Nucleoside

oo ——— 1

[ Viral Specified Enzymes
| (thymidine kinase)

Monophosphate

Viral DNA

Diane T. Adamczyk, OD © 2025

29



NY State Oral Pharmaceuticals Course Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Anti-Herpes Simplex Viral Drugs: Principal Mechanisms of Action*

—
{ Produgs >

AntiViral Overview

| ‘Acyclovir monophosphate | ‘ Penciclovir monophosphate
m ]

edical Phur\&@ogy Chapter 36: Antiviral
000, ;

X

Oral Antiviral Agents

AntiVirals (Herpes) -

Famciclovir

= Use:
= Herpes Zoster
= Herpes Simplex

= Bell's Palsy
= Acute Retinal Necrosis

Diane T. Adamczyk, OD © 2025 30
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Antiviral Drugs
Acyclovir

Activity: HSV, VIV
Selective against herpes (low toxicity)
Guanosine (nucleoside) analog

Only partially absorbed by human Gl tract

= The bioavailability at therapeutic doses is

limited at 20%

= Therefore needs to be administered in high

doses and at higher frequency

P T —

Antiviral Drugs
Acyclovir

2 mechanisms that results in viral DNA chain
termination:

- Competitively inhibits and inactivates viral DNA
polymerase

- Incorporates into and termination of growing
viral DNA chain

Pharmacology
=  ACV (guanosine analog) >>>

- Is selectively phosphorylated by herpes specific
(HSV/HZV) thymidine kinase to ACV
monophosphate >>>

=  Subsequent formation of ACV triphosphate by
cellular enzymes>>>

=  ACV triphosphate inactivates/Inhibits (herpes)
viral DNA polymerase and

= |ncorporates into causing chain termination

—

ACV-triphosphate

Viral DNA polymerase

VDN b e

Antiviral Drugs
Acyclovir

= Clinical Use:
= Primary and recurrent episodes of genital
herpes
= Primary varicella (chickenpox)
= Herpes zoster
= Off label:
= HSV keratifis
= Acute refinal necrosis
= Herpes zoster ophthalmicus
= Bell palsy
= HZ ophthalmicus
= HSV prophylaxis

Antiviral Drugs
Acyclovir

= Adverse Reactions
= Safe
= Nausea, vomit, diarrhea
= HA
= Skin rash
= Caution in renal impairment and dehydration

= ACV resistance: 1% prevalence, but
immunocompromised ~5%

acyclovir
generic

Pregnancy/Lactation ®

Pregnancy
Clinical Summary
may use during pregnancy; no known risk of teratogenicity based on human data

Lactation

Clinical Summary

may use while breastfeeding; no known risk of infant harm based on limited human data and drug
properties; no human data available to assess effects on milk production

Diane T. Adamczyk, OD © 2025

31



NY State Oral Pharmaceuticals Course Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

= Purpose: To describe the clinical and virological profiles of

Acyclovir Treatment in patients with herpes

ACﬁVe HSV Kera“ﬁs simplex keratitis (HSK) caused by acyclovir-resistant (ACVR) strains
of herpes
simplex virus 1 (HSV-1).
= Oral acyclovir 400 mg 5 times daily Acyclovir-resistant = Background:
for treatment of HSV epithelial
keratitis

=Does not prevent stromal disease

HS V-1 keratitis.' a = ACV 400 mg BID causes 2 fold decrease in recurrences

. = Valacyclovir (prodrug of ACV) 500 mg QD can replace ACV
concerning and

= ACV resistance may be due to mutations in thymidine kinase

3 ; . emerging clinical or viral DNA polymerase
RR L cilve keratifis challenge. Am J = Conclusions:
Ophthal 2022 = Suspect resistance in cases with highly frequent

patients receiving fopical Viroptic recurrences despite ACV prophylaxis

and steroids = Resistance is more likely in patients with long-
standing disease and multiple recurrences

= Does not benefit stromal keratitis in ‘

= Resistance develops more rapidly in
immunocompromised

Acyclovir Treatment
in Herpes Zoster

Acyclovir Treatment For Herpes

=Should be started
within 72 hours of skin
lesions, maximum
efficacy 48 hours

=800 mg 5 x/ daily for *800 mg 5 x/day * 400 mg 5x/day
7 days for HZO (7 days) (7 days)
* Prophylactic:
* 400 mg BID

Diane T. Adamczyk, OD © 2025 32
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Clinical Practice Guideline: Bell's Palsy

Bell Palsy

= Prescribe oral steroids within 72 hours of symptom onset

= New onset: steroids and oral antiviral (not antiviral alone)

= |nitiate within 72 hours (benefit after 72 hours less clear)

= Etiology: viral etiology suspected; exact mechanism unknown
= |nflammation and edema causing compression

= Oral steroid
= Prednisolone 50 mg for 10 days OR
= Prednisolone 60 mg for 5 days with 5 day taper

= Acyclovir: 400 mg 5x/day for 10 days

Otolaryngology-Head and Neck Surgery143(35) 51-527 American Academy of
Otolaryngology—Head and Necksurgery Foundation 2013

Aciclovir Valacyclovir
Antiviral Drugs A J
'Valacyclovir (Valtrex) j6e Ve
= Pharmacology a b 1

= Prodrug of acyclovir

= |-valyl (valine) ester of acyclovir

B
generic
Higher bioavailability than acyclovir by 3-5 fold compared

v i .
fo oral AC Pregnancy/Lactation © b

= Rapidly converted to ACV after oral consumption

Pregnancy
= Higher plasma ACV concentrations than oral ACV, Clinical Summary
comparable to IV ACV
Gata at 4x and 7X MRHD
= Unlike ACV bioavailabiity of 10-20% because of low Lactation

absorption, valacyclovir's (ACV) bioavailabiity >50%

= This resulfs in 9. VAL BID vs ACV Sx/ciay e e et et s e e
w=E.g. Treatment effect for HZ:
= 800mg ACV 5x/day=VAL 500mg BID (or 250mg QID)

= Caution: renal disease and dehydration

Diane T. Adamczyk, OD © 2025
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Acyclovir Treatment
Summary

= HSV keratitis (off label)
= 400 mg 5x/day
= Prophylactic: 400 mg BID

= Herpes zoster ophthalmicus (off label)
= 800 mg 5x/dy x 7 days

= Bell palsy (new onset) (off-label)

= 400 mg 5x/day for 10 days in combination
with corticosteroids (not alone)

= Begin within 3 days of symptom onset

Absorption of Valacyclovir
Liver
Val-ACV ~ Val-ACv
' Hepatic
. esterase
Gut
s . luminal
/ esterase
ACV
ACv
Val-ACV
Dipeptide transporter
ACV 5
ACV ACV
Systemic Circulation Portal Circulation I;ales!inal w;ll

ACV Faecal excretion

Figure 8. The pharmacokinetics of acyclovir
(ACV) and valacyclovir (Val-ACV). Oral administra-
tion of valacyclovir yields systemic ACV through
uptake by dipeptide transporters in the gut lu-
men and hydrolysis by esterases present in the
gut lumen, intestinal wall and liver.

* Reported that more than 95% of Valacycloviris converted to ACV
+ The high bioavailability of Valacycloviris similar to IV ACV
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Antiviral Drugs

: Antiviral Drugs
Valacyclovir (Valirex)

Valacyclovir (Valtrex)

= Dosage:

= HS keratitis: 500 mg TID

= Caution: renal disease and dehydration

[ = HZ: 1000mg TIDs (within 72 hours, max
" / effi i
valacyclovir ¢ efficacy w/in 48 hours)
L i = HS prophylactic: 500mg QD
£ ¥
Pregnancy/Lactation @ J
Pregnancy ’ = Bell Palsy (new onset) (off label)
Clinical Summary 4 = Adjunctive with corticosteroid
‘may use during pregnancy; no known risk of teratogenicity based on limited human data and on animal
Gata at dx and 7% MRHD i = 500 mg TID x 7 days (within 72 hours of onset)
Lactation
Clinical Summary
may use while breastfeeding; no known risk of infant harm based on limited human data and drug
properties; no human data available to assess effects on milk production
Antiviral Drug:
Famciclovir
= Pharmacology = Dosage:
= Prodrug of penciclovir R =HS keratitis: 250 mg TID x 7-10 days
= PCV= leosid I , simil hani; f acti 2esd .
i ACnuceosw e analogue, similar mechanism of action AanVIfd| =HZ: 500 mg el 52 7 doys (72 hrs
= Effective against some ACV-resistant HSV sirains rua: onset, max efficacy w/in 48h)
= Selectively inhibits herpes DNA synthesis g' . .
= Inferferes with action of viral DNA polymerase e . Famci CIOV"

= Bell's Palsy: 500mg fid x 7 days

= Rapidly absorbed and converted (within 3 days of onset) with oral

= Bioavailability 77% vs ACV 20% famciclovir

b generic steroid
= | onger half life compared to ACV = less PregnancyiLactation @
frequent dosages gnancy !
) N . i Pregnancy
= Unlike ACV does not cause chain termination Glinical Summary

o known isk of fetal harm
based on animal data at 1.4-10.8x systemic exposure and 1.1-6x MRHD

Lactation
Clinical Summary

effects on milk production
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Oral AntiViral
Treatment
Summary

= Acyclovir
= HSV keratitis: 400mg 5x/day
= Prophylactic: 400 mg BID
= HZ7: 800 mg 5x/day X 7 days
= Valacyclovir (Valtrex)
= Prodrug of acyclovir
= HS Keratitis: 500 mg TID x 7 days
= Prophylactic: 500mg QD
= HZ: 1000mg TID x 7 days
= Famciclovir
= Prodrug of penciclovir
= HS Keratitis: 250 mg TID x 7 days
= Prophylactic consider: 250mg BID
= H7: 500 mg TID x 7 days

Note for all HZ:
» Start within 72 hours of skin lesions,
» Max effect w/in 48 hours

Oral Antiviral
Agents and
Caution

Acyclovir (Zovirax)
Valacyclovir (Valtrex)

Famciclovir

Caution in those with renal impairment
Those at risk of renal disease: check BUN and creatinine before high dose

Herpes Simplex
Studies

= HSV epithelial keratitis:

= No benefit to add oral ACV to frifluridine to prevent
development of herpes stromal keratitis or iritis

= HSV stromal keratitis:

= No benefit to add oral ACV with topical steroids

and trifluridine

Diane T. Adamczyk, OD © 2025

Herpes Simplex
Studies

= HSV recurrent eye disease

= Prophylactic oral ACV decreases

= | ong term oral ACV effective in decreasing recurrence
= HSV epithelial keratitis

= Oral ACV may be effective tx
= HSV iridocyclitis

= Add oral ACV with topical steroid and trifluridine, may be

beneficial
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Herpes Zoster Studies

= HZO
= Oral ACV (800mg 5x) best within 72 hours of rash onset
~ = Post herpetic neuralgia (HZO)
= Contradictory evidence oral ACV decreases
= Oral valacyclovir may be more effective in decreases

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Zoster Eye Disease Study: Rationale and Design
Elisabeth J. Cohen, MD,* Judith S. Hochman, MD. Andrea B. Troxel, ScD. H
s Study

* ZEDS aims to provide scientific
evidence on whether
suppressive valacyclovir
S e o et T treatment improves outcomes in
o i HZO and should become the
standard of care.

TABLE 3. (Continued) Participating Clinical Centers Approved to Screen and Enroll Partcipants in the United States, Canada, and
New Zealnd

Ued St

New ey

U
SUNY - Siony w
New York Well Comel e Asocites

GLAUCOMA MEDICATIONS

Diane T. Adamczyk, OD © 2025
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. Carbonic Anhydrase Inhibitors
Carbonic Anhydrase . .
Mechanism

Carbonic anhydrase: m Bicarbonate production in ciliary epithelium plays role in aqueous
= Important in many physiological processes, including: formation

pH and bicarbonate homeostasis . .

Respiration m CAlIs inhibit enzyme carbonic anhydrase

Bone metabolism Decrease bicarbonate formation

Tumorigenesis

m There are 16 CA isoforms in humans
Isoform 1II is the most relevant for ocular hypertension
CA I, IV and XII are expressed in many tissues/organs NET result: decease aqueous formation
+ This explains why systemic administration of CAls has numerous side effects
¢ Isoforms II, IV and XII isoforms expressed in ciliary body

Alters intracellular pH and ATPase activity
Sodium and water affected

Carbonic Anhydrase Inhibitors

Mechanism Carbonic Anhydrase Inhibitors

m Systemic

= (II) H* + HCO; (Bicarbonate) Acetazolamide (Diamox=brand d/c)

Methazolamide (Neptazane=brand d/c)
m Topical

Dorzolamide (Trusopt)

Brinzolamide (Azopt)

Cosopt

Simbrinza

STROMAL SIDE NON-PIGMENTED PosTERIOR
CILIARY EPITHELIUM CHAMBER

Hedpn

Reaction II:

courip B meogertuesy

¢ Dehydration of carbonic acid to bicarbonate
(HCOy) o <1

+Ionic dissociation, no enzyme
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Carbonic Anhydrase Inhibitors
Systemic: Acetazolamide

m Use
Open angle glaucoma
Angle closure glaucoma
Secondary glaucomas
Macular edema

Carbonic Anhydrase Inhibitors: Systemic

Pseudotumor cerebri

Altitudinal sickness

Seizure disorder
m Decrease aqueous production: 27%
m Decrease IOP: 20-30%
m 95% bound to plasma proteins

Carbonic Anhydrase Inhibitors
Systemic: Acetazolamide Carbonic Anhydrase Inhibitors

Use: Systemic: Acetazolamide

m Altitudinal sickness

. . . . o m Side effects:
Prevents altitudinal sickness by increasing ventilation

¢ Increases alkali (bicarbonate) excreted in urine, making Intolerable effects: 30-80% (max doses)
blood more acidic>drives ventilation 26% tolerate (tablets) > 6 weeks
= Epilepsy 58% tolerate timed release
Appears to retard abnormal, excessive discharge from CNS
neurons

Not sure if related to CAI effect on CNS or acidosis
m Pseudotumor cerebri
Decreases intracranial pressure

Diane T. Adamczyk, OD © 2025 38
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Carbonic Anhydrase Inhibitors
Systemic: Acetazolamide

m Common Side Effects:
Numbness/tingling/paresthesias (up to 20%): extremities, perioral
Metallic taste/taste changes
Fatigue, malaise
Transient myopia

+ Probable result of ciliary body edema producing forward displacement of
lens-iris diaphragm

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Carbonic Anhydrase Inhibitors
Systemic: Acetazolamide
m Common Side Effects:
GI irritation:

+ Abdominal cramps, nausea, diarrhea

+Help:
* Food
« Sustained release
* Sodium bicarbonate

Carbonic Anhydrase Inhibitors
Systemic: Acetazolamide

m Side Effects
Metabolic acidosis
¢ Results from bicarbonate loss
Hypokalemia
Renal Calculi
Blood dyscrasias
Dermatitis
Depression
Reduced libido

Diane T. Adamczyk, OD © 2025

Carbonic Anhydrase Inhibitors 5

Pregnancy/Lactation ®

Systemic: Acetazolamide S

Clinical Summary

may use during pregnancy: risk of teratogeniciy not expected based on limited human data, though
possible isk of ransient neonatal metabolic acidosis based on fimited or conflicting human data

and drug's mechanism of action

= Contraindications/Cautions:

Lactation
Hypersensitivity to sulfonamides (e.g. Clinical Summary

Weigh skbeneft whi brasteaing; 1o knownris of fan harm based o e human data I
Stevens-Johnson Syndrome, blood PO form and drug propertie; nio human cata available o assess eflects on mik production
dyscrasias)

Drugs.com (4-23-24)
. . Acetazolamide Breastfeeding Warnings
Liver disease Benefit should outweigh risk.
Severe COPD Excreted into human milk: Yes
; Some authorities believe this drug is compatible with
Sickle cell breastfeeding when used to treat glaucoma. However,
+ And hyphema in sickle cell patient product manufacturers advise against, or advise use
with extreme caution while breastfeeding due to the
potential for serious adverse effects in nursing infants.

Impaired renal function, kidney stones

US FDA pregnancy category C: Animal reproduction studies have shown an adverse effect on the fetus
and there are no adequate and well-controlled studies in humans, but potential benefits may warrant
use of the drug in pregnant women despite potential isks.
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Carbonic Anhydrase Inhibitors
Systemic: Acetazolamide

m Acetazolamide
+Tab: 125,250 mg
¢ Onset: 1-1.5 hr
+ Duration: 8-12 hours
+ER: 500 mg
¢ Onset: 2hr
¢ Duration: 18-24 hours

acetazolamide (generic) 125 mg

+ 500 mg vial (injection)

+ Onset: 2-10 min
+ OAG: 125-250mg BID-QID or 500mg ER BID
+ ACG: 125-250 mg Q4H (start 500 mg)

acetazolamide (generic) 250 mg

acetazolamide (generic) 500 mg

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

Carbonic Anhydrase Inhibitors
Systemic: Methazolamide

m Clinical Uses

+ Consider as 1st CAI for systemic glaucoma treatment

m Better tolerated than acetazolamide

m > Lipid and water solubilities than acetazolamide

m 55% binds to plasma proteins
(vs 90-95% acetazolamide)
m JOP effect slightly less than acetazolamide

Carbonic Anhydrase Inhibitors
Systemic: Methazolamide

m Side effects (similar but less than acetazolamide):

+ Paresthesia

+ Kidney stones

+ Aplastic anemia (rare)
+ Skin rash

+ Drowsiness

+ Metabolic acidosis

Diane T. Adamczyk, OD © 2025

Carbonic Anhydrase Inhibitors
Systemic: Methazolamide

m Caution:
+COPD
+ Pulmonary impairment

Neptazane

methazolamide

Pregnancy/Lactation ®

Pregnancy
Clinical Summary

weigh risk/benefit during pregnancy; no human data available; risk of teratogenicity based on
animal data at 40x recommended human dose

Lactation

Clinical Summary

consider alterative while breastfeeding; no human data available to assess risk of infant narm or
effects on milk production

Methazolamide Pregnancy Warnings

+ Diabetes s

teatogenily. There

+ Sulfa allergies ok oy g s

Methazolamide Breastfeeding

Warnings
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Carbonic Anhydrase Inhibitors
Systemic: Methazolamide

m Methazolamide (Neptazane=brand d/c)
25 or 50 mg tablets

m Dosage: 50-100 mg BID,TID
Onset: 2-4 hour
Duration: 10-18 hours

HYPEROSMOTICS:
SYSTEMIC
Hyperosmotics Hyperosmotics
Systemic Systemic
m Oral: m Indications:
Glycerin* Acute angle closure glaucoma
Isosorbide*

Intraocular surgery
m Intravenous ® Mechanism:
Mannitol

~ serum osmolality
Urea **

+Osmotic gradient between ocular fluids (aqueous and vitreous) and plasma

¢Result: fluid movement from eye to hyperosmotic plasma via retinal and

uveal blood vessels
*Not available?

**Not available ocular use
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Hyperosmotics: Systemic-Orals Angle Closure Treatment
m Glycerin (Osmoglyn) (?available?) ) Wapitel iweziimsii
+Onset: 10-30 min + Beta Blocker (e.g. timolol), alpha 2 agonist (e.g. brimonidine or apraclonidine),

+ Lime flavored + CAI (e.g. dorzolamide),

+ Serve chilled = Decreases nausea and vomit + cholinergic agonist (note pilocarpine does not work when IOP >60)
«+ Caution/contraindication: Diabetics + 3 rounds separated by 15 minutes
m Oral acetazolamide: 2x 250 mg (NOT extended release) (not in sulfonamide induced angle
m [sosorbide (Ismotic) (?available?) closure or sickle cell)

+ Onset: 30-60 min

+ Vanilla mint flavored
+ Serve chilled

+ Can use in diabetics

Repeat topical if needed 1 hour
Oral isosorbide over ice
Indentation gonioscopy

Topical hyperosmotic to reduce corneal edema
+ Steroid-may help reduce corneal edema

Antiallergy:
Antihistamines

Antihistamines: Oral

» General uses
» Allergy (sinusitis, rhinitis)

» Moderate to severe lid edema
(angioedema), chemosis

» Lid myokymia

» Drug to structures not reached by
topicals

» Sedation (vs Not)

» Anticholinergic effect

Diane T. Adamczyk, OD © 2025 42



NY State Oral Pharmaceuticals Course

Potential Adverse Effects of H,-Antihistamines

Blocking Receplor

effect on &

receptors

and

effect on

cardiac Decreased newrovansmission  Increased diy mouth, Hypotension, diziness, Inc reased appetite Prolonged QT intenvaks,

channels inthe central nervous system,  urinary mtention and  and reflex tachycardia sometimes resulting in
incraased sadation, decreased sinus tachycardia wentricular ahythmias

cognitive and psychometor
performance, and increased
appetite

Figure 13- 3: Potential Adverse Effects of H1-Antihistamines throl
central nervous system and effect on various receptors and thro
channels. N Engl J Med 351:2204, 2004.

2nd Generation Antihistamines:
Non-Sedating Oral

» Considerations:
» Cetirizine (Zyrtec) = potential for drowsiness

» Loratadine (Claritin) = potential for torsades de pointes when used with
amiodarone

» Food and Drug Interactions:
» Absorption delayed with food:
» cetirizine and loratadine

> Absor[ation and concentration decreased with grapefruit, orange/apple juice,
antacids:

» fexofenadine
» Increase concentration with erythromycin or ketoconazole:
» fexofenadine

Diane T. Adamczyk, OD © 2025
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-, groups

S lipophilic elements

\Tl\,a | . 3 /

Brain
Barrier

Central nervous system
side effects

Comparison of chemical structures of 1% and 2" generation antihistamines.

*  The high li ilicity of 1st i ihis i results in facile ion across the blood
brain barrier and CNS (green line represents lipophilic elements).

+ 2nd generation antihistamines are less lipophilic and poorly pass through the blood brain barrier
(hydrophilic groups are marked in purple).

Biomedicine & Pharmacotherapy 93 (2017) 27-39

Grapefruit Juice

» Grapefruit juice decreases cytochrome P450 activity and metabolism of the drug is
decreased

» Blood levels of drug may rise
» Side effects vary and depend on drug involved and may include:

» abnormal heart rhythms, stomach bleeding, kidney damage, difficulty breathing,
sedation, dizziness

» Effect of grapefruit juice on medications can last for over 24 hours

» Usually other juices do not have this type of interaction, but orange or apple juice
can interact with fexofenadine (Allegra)

» Blood levels with fexofenadine go DOWN and the effectiveness is reduced

» This interaction occurs by a different mechanism than CYP450 3A4 === but still
recommend take with water and not fruit juice
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How Grapefruit Juice Affects Some Drugs

When drugs are swallowed, they may be broken down [metabolized) by enzymes and/or absorbed using
transporters in cells found in the small intestine. Grapefruit juice can cause problems with these enzymes
and transporters, causing too much or oo litle drug in the body.

proper dose
enzyme

‘ " blocked toomuch
| drugin
o | the body

=

Some drugs, like statins used to lower cholesteral, are broken down by enzymes. Grapefruit juice
can block the action of these enzymes, increasing the amount of drug in the body and may cause

more side effects. i i
— too little ﬁ

transporter >
drugin

proper dose
blocked
the body

e ==Y
TS 4 [

Q

Other drugs, like Allegra (fexofenadine) used o treat allergies, are moved by transporters into the

body's cells. Grapefruit juice can block the action of transporters, decreasing the amount of drug
in the body and may cause the drug to not work as well.

www.{da.gov/forconsumers/consumerupdates/ucm292276.htm

Increasing drug in blood

* Enzyme’s ability to
metabolize drug is
decreased===not
mechanism for
Fexofenadine

Decreasing drug in blood ===
Fexofenadine

 Grapefruit juice affects
proteins in body (drug
transporters) that help move
drug to cells for absorption

* Less drug enters the blood

* Orange or Apple juice has
similar interaction as
grapefruit juice with
fexofenadine (not always true
for other drugs)

Analgesic Treatment Ocular Pain

NonOpioid Analgesics
Opioid Analgesics
Opioid Crisis

‘ Pain Assessment and
Management

Pain Mechanism

History
PAIN ASSESSMENT TOOL Clinical Presentation
0 1 2 3 4 5 6 7 8 91 .
e | e e S vy e g Level of Pain

felo} el

The Drugs

> Narcotic vs Non Narcotic

0 1-3 4-6 79 10
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World Health Organization (WHO) Analgesic Ladder

St i . .
o » then strong opioids (e.
Rt hydromorphone) until
Strong opioid pain
Analgesics
Moderate pain Morphine; 5 H
STEP2: Fentany! * Along any step in the ladder adjuvants
e—— Dol may include:
Analgesics i:gﬁm‘:ﬂs . Ant]deprelssants((e.g.amltrlptyllne),
Wild pain anticonvulsants (e.g.
STEP1: e corticosteroids (e. g.
: oot S
+ Non Opioids anxiolytics (e.g. diazepam).
Non opioid + Adjuvants Yt ( g p )
Analgesics
Aspirin:
Paracetamol;
NSAIDs;
+ Adjuvants

Principles of analgesic ladder:
* By c)Iock: drugs given around clock (NOT
prn

* By mouth: preferred route

* By ladder: prompt administration of
drugs in the following order:
* non-opioids (e. g. acetaminophen, NSAID)
* as necessary, mild opioids (e. g. codeine)

examethasone), and
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Analgesic Drugs

Peripherally acting agents

° Act on peripheral pain receptors

° Prevent sensitization and discharge of nociceptors
> NSAIDs

Anesthetic agents
> Nociceptive signal interrupted between peripheral source and brain or spinal cord
° Limited long term use

Centrally acting agents
° Act on CNS
° Opioid (narcotic) analgesics

Non-steroidal Anti-inflammatory Drugs - Mechanism of Action

Arachidonic acid (compment of the phapholipid
of the odl membrane)

N~ e
“.‘5\0 5- Lipoxygenase Cydooxygenases < e >
e = cofs X
Leukotrienes -1 wxz
/7 ~
Prostaglandin: F

rostaglandins

, W, 200meuUt gh tarm
o \

) %/ }% /-

Topical irritation of

inhibit gastrtic acid secretion maintainrenal  enhances platelet nflammation e gastyic eplthelinm
stimulate synthesis of Gl mucus blood flow aggregation (pain, fever, & edema)
Epigastric distress Na & water Anti ) Anti-infl Y
Ulceration Edema & Hyperkalemia Analgesic ’
Hemorrhage Antipyretic
Rt st
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Nonopioid (NonNarcotic) Analgesics

Treat mild to moderate pain

NSAIDs

Short term use

Nonopioid (NonNarcotic) Analgesics

Salicylates
o Relatively safe and non-addicting
° Are a subclass of NSAIDs

° E.g. Aspirin

o Ceiling effect: dosage beyond which no further analgesia occurs
° l.e.. Increasing doses have progressively smaller incremental effect
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Nonopioid (NonNarcotic)
Analgesics

NSAIDs
> Analgesic doses are small and have a ceiling
Anti-inflammatory doses are higher
Note: inflammation does not equal pain

Analgesic ceiling of ibuprofen: 400mg/dose (max 1200/day)

STUDY IBUPROFEN  MEAN PAIN SCORE MEAN PAIN SCORE  DIFFERENCE
ARMS DOSE BEFORE MEDS AFTER 60 MIN (95% C1)
Group 1 400 mg 6.48 4.36 212(1t07)
Group 2 600 mg 6.35 4.50 1.85(2t07)
Group 3 800 mg 6.46 4.50 1.973t07)

Table 1: Results showing the difference in pain score before and after administration of Ibuprofen at three different doses.

Nonopioid (NonNarcotic) Analgesics

Nonsalicylate NSAIDs

Naproxen
© 500mg, then 250 q6-8h or 500 q12h

Ibuprofen
> Lower Gl complications (bleeding) compared to other NSAIDs when < 1200 mg/day
> However odds double when > 1800 mg/day

> Anti-inflammatory ceiling dose (2400-3200 mg/day) is higher than analgesic ceiling
dose

< 200-400 mg q4-6h
> lbuprofen 400mg QID=acetaminophen 300mg/codeine 30 mg (formerly Tylenol 3)
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Nonopioid (NonNarcotic) Analgesics

Nonsalicylate NSAIDs
° Mechanism
° Inhibit cyclooxygenase
° Reduce production of sensitizers for peripheral nociceptors
> Metabolized by liver and eliminated through kidney

> Superior to aspirin in analgesic efficacy, lower incidence
and severity of side effects

° Propionic acid derivatives: ibuprofen and naproxen

Nonopioid (NonNarcotic)
Analgesics

Nonsalicylate NSAIDs
> Side Effects:

° Gl effects

° Inhibit platelet function (reversible vs. aspirin which is irreversible)
> Contraindications

° Peptic ulcer, renal insufficiency

e
A

==
PAVSIZONG Ny

250
. €Ny
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Nonopioid (NonNarcotic)
Analgesics

Acetaminophen

° Site and mechanism of analgesic
actionis unclear

1 keAo e Lases 1 17 ° Weak inhibitor of prostaglandin
s T synthesis

o Little or no inflammatory effect
> Does not:

inhibit platelet aggregation,
affect prothrombin time,
produce Gl irritation

Handout 3-Pharm Principles for Clinical Applications of Oral Drugs

FDA Drug Safety Communication:
Prescription Acetaminophen Products to
be Limited to 325 mg Per Dosage Unit;
Boxed Warning Will Highlight Potential for i .
Severe Liver Failure : AcetammOphen'

* Maximum: 4 g/day

* Maximum: 325 mg per dose when in

combination with opioids

acetaminophen
generic

Adult Dosing ©

Dosage forms: CAP: 325 mg, 500 mg; TAB: 325 mg, 500 mg, 650 mg; ER TAB: 650 mg;
CHEWABLE: 80 mg, 160 mg; SUSP: 100 mg per mL, 120 mg per 5 mL, 160 mg per 5 mL; SOL:
160 mg per 5 mL, 500 mg per 15 mL; INJ: various

pain

[PO route, immediate-release form]

Dose: 326-1000 mg PO q4-6h pm; Max: 1 g/ah and 4 g/day from all sources

[PO route, extended-release form]

Dose: 650-1300 mg ER PO g8h prn; Max: 4 g/day from all sources

Nonopioid (NonNarcotic)
Analgesics

Acetaminophen
> Dosage: 325-1000mg Q4-6H
Max: 1g/4h and 4g/day
Junior Strength, 48 o Side effects:
;{,‘ng,mlof HE}.\{ Liver toxicity
Zaks o Contraindications
> Chronic alcoholism
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FDA Mandate on Acetaminophen-
Opioid Combinations Appeared

Effective Mandate: limited amount of acetaminophen in
combination products to 325mg (from prior
750mg), with boxed warning of liver injury risk

Prior mandate: acetaminophen/opioid
toxicity increased by 7% per year

Post mandate: acetaminophen/opioid toxicity
decreased by 16% per year

— Hospitalizations for liver toxicity declined after FDA
limited acetaminophen dose

by Jeff Minerd, Contributing Writer, MedPage Today
March7,2023

Prior mandate: acetaminophen/opioid
hospitalization increased by 11% per year

Post mandate: acetaminophen/opioid
hospitalization decreased by 11% per year

Safe dose of acetaminophen not established,
but product label advises 4g/24 hours

* Age, genetics, nutritional status, use of alcohol
can be factors that influence drug safety
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Acetaminophen Dosing

Acetaminophen AMOUNT  DOSE & FREQUENCY DAILY LIMIT

Acetaminophen egular SUSTE 325 mg | 2y dtoGhows | O3gctiskemorethan

Tianof Roguiar Strength oA WhloMBIOMSIast | pios drocted by adoctor

=0 Do o take moro than e

s e e il n 24 ot 4,000 mg

Tianot Extra Strangth pep i unles dected by doctor Foryour sty dorot sk more

s a2t ho

Acetaminophen extended ekase | gz A .

e Arteia P per il 8 fom ' pll in 24 hours

ACETAMINOPHEN DOSING CONSIDERATIONS

patients whose pain o fever persists.

+ The OTC maximum daily dose of acetaminophen remaine Iii iI

200-400 mg orally every 4-6 hours 1200 mg per day (OTC) 3200 mg per day
as needed prescription strength

As aheattncare s0your Y period for |

Pain relief

200-400 mg orally every 4-6 hours
as needed

Fever 1200 mg per day

Dysmenorrhea (menstrual 200-400 mg orally every 4-6 hours 1200 mg per day (OTC) 3200 mg per day
cramps. as needed prescription strength)

Arthritis (osteoarthritis and 1200-3200 mg orally per day in

rheumatoid arthritis) several doses 3200 mg per day

The ibuprofen Rx daily dose is 3,200 mg, while the OTC

daily dose is 1,200 mg.

Opioid Analgesics: Codeine

Codeine
° Potential for addiction is low
° Prodrug

> Metabolized by cytochrome P-450 to active
compound = morphine

> When administered to patient carrying CYP2D6 gene
duplication, ~50% more morphine is produced

° Ceiling effect (further increase in dosage has no
additional effect)

> Schedule Il (Codeine) or
> Schedule Il (products with less than 90mg Codeine)
° 30mg+acetaminophen(300mg) (Tylenol 3-brand d/c)
> Q4H
° Use in ocular pain
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Opioid (Narcotic) Analgesics

Side Effects

> CNS
© Drowsiness, dizziness, euphoria

° Eye
= Blurred vision, diplopia

° Gl
° Nausea, vomit, constipation

< Respiratory

= Respiratory depression, shortness of breath, cough
suppressant

° Cardiovascular
° Palpitations

Contraindications
< Bronchial asthma, COPD

Opioid Analgesic: Tramadol
Tramadol (Ultram=brand d/c)
Schedule IV

Exact mechanism of action unknown

Pharmacology:
* Analgesia from both: parent drug tramadol AND its M1 metabolite
° Tramadol:
- Weakly inhibits norepinephrine/serotonin reuptake (>>>increasing serotonin)
> Metabolism depends on cytochrome P-450 isoenzyme
° ML
= Binds to mu opioid receptors
© Production depends on cytochrome P-450 isoenzyme

Pain, moderate-mod. Severe [50-100 mg PO q4-6h prn]
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Important Considerations for Use of:
Tramadol and Oral Medications

Important Considerations:
° “Poor metabolizers”: 7% of the population has reduced activity of CYP2D6 isoenzyme of cytochrome P-450
Concentrations of tramadol are 20% higher,
While M1 concentrations were 40% lower
° Drug Interactions

Concomitant use of serotonin reuptake inhibitors and MAQ inhibitors with tramadol >>>enhance risk of adverse events including seizures and
serotonin syndrome

Concomitant use erythromycin (a CYP3A4 inhibitor) may reduce metabolic clearance of tramadol >>>increased risk for seizures and serotonin
syndrome

Liver/Kidney disease
Liver/kidney disease affects clearance and metabolism of tramadol
Age

Tramadol in those 75 and older: adjust daily dose because serum concentrations are elevated and elimination prolonged

Best wishes...
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