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Abstract- Doxycycline is a semi-synthetic, broad-

spectrum bacteriostatic antibiotic of the tetracycline 

class, patented in 1957 and introduced commercially in 

1967. It is included on the World Health Organization's 

List of Essential Medicines and ranked among the most 

commonly prescribed antibiotics globally. This review 

provides a comprehensive analysis of doxycycline as a 

multi-drug therapy agent, encompassing its chemistry, 

structure–activity relationships (SAR), 

pharmacokinetics, pharmacodynamics, and diverse 

clinical applications. Structurally derived from 

oxytetracycline through removal of the C6 hydroxyl 

group, doxycycline exhibits superior lipophilicity, nearly 

100% oral bioavailability, and a prolonged half-life of 

16–22 hours. Its primary mechanism involves reversible 

binding to the 30S ribosomal subunit, inhibiting 

bacterial protein synthesis. Beyond antimicrobial action, 

doxycycline demonstrates significant non-antibiotic 

properties including inhibition of matrix 

metalloproteinases (MMPs), anti-inflammatory effects, 

and neuroprotective activity. Clinically, it serves as a 

first-line agent for malaria prophylaxis (92–96% efficacy 

against Plasmodium falciparum), Lyme disease, 

respiratory tract infections, sexually transmitted 

infections, and acne. Emerging investigational uses 

include its role in Alzheimer's disease management 

(inhibiting amyloid-β aggregation) and central nervous 

system tuberculosis (reducing neuroinflammation via 

MMP and NET inhibition). This review consolidates 

current evidence supporting doxycycline's expanding 

clinical relevance as a versatile pleiotropic drug in 

modern therapeutics. 
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I. INTRODUCTION 

Doxycycline is a second-generation, broad-spectrum 

antibiotic belonging to the tetracycline class, used in 

the treatment of infections caused by bacteria, 

parasites, and certain intracellular pathogens. It was 

patented in 1957 and entered commercial use in 1967, 

derived semi-synthetically from oxytetracycline. It is 

listed on the World Health Organization's (WHO) List 

of Essential Medicines, reflecting its indispensable 

role in global healthcare. In 2023, doxycycline ranked 

as the 77th most commonly prescribed medication in 

the United States, with over 8 million prescriptions 

issued annually. 

Tetracyclines, as a class, originate from the natural 

compound chlorotetracycline (Aureomycin), first 

isolated from Streptomyces aurofaciens in Missouri 

soil in 1945. Subsequent chemical refinements 

produced doxycycline, which offers pharmacokinetic 

advantages over earlier agents: superior oral 

absorption, extensive tissue distribution, and 

elimination largely independent of renal function, 

making it safer in renally impaired patients. 

The FDA has approved doxycycline for a wide range 

of indications, including rickettsial infections, 

sexually transmitted infections (STIs), respiratory 

tract infections, Lyme disease, anthrax, traveler's 

diarrhea, and severe acne. More recently, its 

pleiotropic properties—including anti-inflammatory, 

anti-amyloid, and neuroprotective effects—have 

stimulated investigation into novel applications such 

as Alzheimer's disease management and central 

nervous system (CNS) tuberculosis. This review 

systematically examines doxycycline's chemistry, 

pharmacology, pharmacokinetics, and current and 
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emerging clinical applications, underscoring its 

significance as a multi-drug therapy agent. 

II. CHEMISTRY OF DOXYCYCLINE 

2.1 Background and Structure 

Doxycycline is a semi-synthetic derivative of 

oxytetracycline, distinguished by the removal of the 

hydroxyl group at the C6 position of the tetracyclic 

scaffold. This modification enhances lipid solubility 

and chemical stability relative to its predecessors. The 

molecule possesses a complex fused four-ring (A, B, 

C, D) tetracyclic nucleus—chemically derived from 

polycyclic naphthalene carboxamide—containing six 

chiral centers that define its specific stereochemical 

configuration, essential for biological activity. 

The amphoteric nature of doxycycline allows it to 

form salts with both acids and bases. Importantly, 

tetracyclines including doxycycline are capable of 

chelating divalent and trivalent metal ions (Ca²⁺, Mg²⁺, 

Mn²⁺), a property with significant implications for 

absorption and drug interactions. 

Chemical Class Tetracycline antibiotic 

Molecular 

Formula 

C₂₂H₂₄N₂O₈·HCl (hyclate) 

Molecular Weight 462.4 g/mol 

log P −0.72 

Melting Point 163°C 

Stability −20°C; 12 h at 25°C; 6 h in 

solution 

Table 1. Physicochemical properties of doxycycline. 

2.2 Synthesis 

Doxycycline synthesis employs a modified 

Polonovski reaction to achieve stable isotope-labelled 

preparations for pharmacokinetic analysis. In a two-

step process, the free base of doxycycline is first 

oxidized to its N-oxide using 3-chloroperoxybenzoic 

acid (m-CPBA). The N-oxide is subsequently 

converted to N-desmethyldoxycycline using iron 

(Fe/FeCl₃) in 79% yield. Re-methylation of the 

secondary amine using polymer-supported 

triphenylphosphine and diisopropyl azodicarboxylate 

(DIAD) in tetrahydrofuran (THF), with methyl iodide 

(CH₃I), provides the tertiary amine product with an 

isotopic purity of 99% after purification by reverse-

phase chromatography and crystallization. 

III. STRUCTURE–ACTIVITY RELATIONSHIP 

(SAR) 

The pharmacological activity of doxycycline is 

governed by its tetracyclic scaffold and specific 

functional group modifications. The following key 

SAR features determine its antibacterial potency, 

lipophilicity, and pleiotropic effects: 

• Core Tetracyclic Skeleton (Rings A–D): Essential 

for binding to the bacterial 30S ribosomal subunit, 

inhibiting aminoacyl-tRNA attachment and protein 

synthesis. 

• Dimethylamino Group (C4): Contributes to 

basicity, essential for ribosomal binding. 

• Hydroxyl Groups (C5, C6, C12a): Influence 

aqueous solubility, chelation capacity, and receptor 

binding. 

• Amide Group (C2): Critical for antibacterial 

activity. 

• C6 Modification: Removal of the C6-OH group 

(relative to oxytetracycline) increases lipophilicity 

and acid/base stability, enhancing oral 

bioavailability and tissue penetration. 

• MMP Inhibition: The tetracyclic scaffold also 

interacts with non-ribosomal targets, including 

zinc-dependent matrix metalloproteinases 

(MMPs), explaining anti-inflammatory and anti-

angiogenic properties relevant to acne, 

periodontitis, and cancer research. 

Combination products incorporating doxycycline with 

lactic acid bacillus (e.g., DEXCLIN 100, DOXT-SL, 

DOXIVENCH-LB) exploit these structural attributes 

to optimize gut tolerability and therapeutic efficacy. 

IV. DOSAGE FORMS 

Doxycycline is available in multiple dosage forms to 

accommodate diverse clinical needs: 

Capsule 50 mg, 75 mg, 100 mg, 150 mg 

(Monodox, Vibramycin) 

Capsule, Delayed-

Release 

40 mg (Oracea) 

IV Solution 

(Reconstituted) 

100 mg (Doxy) 

Syrup 50 mg/5 mL (Vibramycin) 

Oral Suspension 25 mg/5 mL (Vibramycin) 

Tablet 20 mg, 50 mg, 75 mg, 100 mg, 

150 mg (Adoxa, Acticlate) 

Tablet, Delayed-

Release 

50 mg, 75 mg, 100 mg, 150 mg, 

200 mg (Doryx) 

Table 2. Available dosage forms of doxycycline. 

V. PHARMACOLOGY 
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5.1 Mechanism of Action 

Doxycycline exerts its primary pharmacological effect 

as a bacteriostatic agent through reversible binding to 

the 30S ribosomal subunit of susceptible bacteria. This 

binding prevents the attachment of aminoacyl-transfer 

RNA (tRNA) to the ribosomal acceptor site, thereby 

inhibiting peptide chain elongation and arresting 

bacterial protein synthesis. At higher concentrations, 

doxycycline may also bind to the 70S ribosome in 

mitochondria, contributing to secondary inhibitory 

effects. 

Cell entry utilizes hydrophilic porin channels in the 

outer bacterial membrane and a pH-dependent active 

transport system in the cytoplasmic membrane.  

In Plasmodium falciparum, doxycycline disrupts 

apicoplast ribosomal subunits, impairing fatty acid and 

heme biosynthesis during the late stages of the malaria 

parasite's cell cycle (delayed-death mechanism). 

Beyond its antimicrobial action, doxycycline inhibits 

zinc-dependent matrix metalloproteinases (MMPs)—

endopeptidases involved in tissue remodeling, 

inflammation, and oncological processes. This MMP-

inhibitory property underlies its clinical utility in acne, 

periodontitis, and anti-neoplastic research. Additional 

effects include anti-angiogenic activity, promotion of 

wound healing, gingival fibroblast attachment, and 

inhibition of pro-inflammatory cytokine release. 

5.2 Spectrum of Antimicrobial Activity 

Doxycycline is active against a broad range of 

microorganisms: 

• Gram-positive bacteria: Staphylococcus spp., 

Streptococcus spp. 

• Gram-negative bacteria: Haemophilus influenzae, 

Neisseria spp., Vibrio cholerae 

• Atypical/intracellular pathogens: Chlamydia 

trachomatis, Mycoplasma pneumoniae, Rickettsia 

spp., Coxiella burnetii 

• Spirochetes: Borrelia burgdorferi, Treponema 

pallidum 

• Parasites: Plasmodium falciparum (malaria) 

VI. PHARMACOKINETICS 

6.1 Absorption 

Doxycycline demonstrates near-complete (90–100%) 

oral bioavailability, a distinctive advantage over 

earlier tetracyclines. Peak serum concentrations 

(Tmax) are achieved within 1.5–4 hours after oral 

administration. Unlike older tetracyclines, co-

ingestion of food or dairy products reduces absorption 

only minimally (approximately 20% reduction). 

However, absorption is significantly impaired by 

divalent and trivalent cations—including aluminum, 

calcium, magnesium, and iron—present in antacids 

and supplements, due to chelation of the drug. 

6.2 Distribution 

Due to its high lipophilicity, doxycycline distributes 

extensively throughout body tissues and fluids, 

achieving high concentrations in the liver, spleen, 

lungs, kidneys, prostate, and female reproductive 

tissues, as well as eye fluids and bone marrow. It is 

80–90% bound to plasma proteins. The reported 

volume of distribution is approximately 0.75–1.3 L/kg 

in adults. CNS penetration is moderate (approximately 

14–26% of serum levels), improving in the presence 

of inflamed or disrupted blood-brain barrier (BBB), as 

demonstrated in experimental models of 

pneumococcal meningitis and cerebral malaria. 

6.3 Metabolism and Elimination 

Doxycycline undergoes minimal hepatic metabolism; 

the majority is excreted as the unchanged parent 

compound. The elimination half-life is approximately 

16–22 hours in healthy adults. Unlike most 

tetracyclines, its pharmacokinetics are largely 

independent of renal function, making it appropriate 

for use in patients with renal impairment. Elimination 

proceeds through both fecal (biliary) and renal routes; 

approximately 40% is excreted unchanged in urine in 

individuals with normal kidney function, falling to 1–

5% in severe renal disease. Urinary alkalinization can 

increase doxycycline excretion and shorten its half-

life. 

VII. FDA-APPROVED INDICATIONS AND 

CLINICAL USE 

7.1 Approved Indications 

The U.S. Food and Drug Administration (FDA) has 

approved doxycycline hyclate for the following 

indications: rickettsial infections (Rocky Mountain 

spotted fever, Q fever); lymphogranuloma venereum 

and inclusion conjunctivitis (Chlamydia trachomatis); 

uncomplicated urethral, endocervical, and rectal 

chlamydial infections; psittacosis; nongonococcal 
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urethritis (Ureaplasma urealyticum); relapsing fever 

(Borrelia recurrentis); respiratory tract infections 

(Mycoplasma pneumoniae); adjunct therapy for severe 

acne; and adjunctive treatment for acute intestinal 

amebiasis. 

7.2 Contraindications, Warnings, and Drug 

Interactions 

Contraindications: Hypersensitivity to any 

tetracycline; pregnancy and lactation; children under 8 

years of age (risk of permanent tooth discoloration and 

enamel hypoplasia, and inhibition of bone growth), 

except in life-threatening conditions. 

Warnings: Clostridium difficile-associated diarrhea 

(CDAD); photosensitivity (exaggerated sunburn 

response); skeletal toxicity in the fetus. 

Drug Interactions: Antacids containing aluminum, 

calcium, or magnesium reduce absorption via 

chelation; iron supplements impair absorption; 

barbiturates, carbamazepine, and phenytoin reduce 

doxycycline half-life; concurrent use with bactericidal 

penicillins is generally avoided; may reduce efficacy 

of oral contraceptives and require downward 

adjustment of anticoagulant dosage. 

VIII. CLINICAL APPLICATIONS 

8.1 Malaria 

Malaria is caused by Plasmodium parasites 

transmitted via female Anopheles mosquitoes. 

Doxycycline is a first-line prophylactic agent, 

particularly valuable in areas with chloroquine-

resistant or multidrug-resistant Plasmodium 

falciparum. The U.S. Department of Defense 

designates it as a primary prophylactic agent, and it 

was used during Operations Enduring Freedom and 

Iraqi Freedom, simultaneously protecting against 

anthrax. 

Mechanism of antimalarial action includes: (1) 

apicoplast inhibition causing delayed death of the 

parasite in the second replication cycle; (2) 

impairment of fatty acid and heme biosynthesis; and 

(3) at higher concentrations, disruption of 

mitochondrial function. Additional host-directed 

effects include reduction of pro-inflammatory 

cytokines (TNF-α, IFN-γ) and stabilization of the 

blood-brain barrier. 

Indication Adult Dose Duration 

Prophylaxis 100 mg once 

daily 

Begin 1–2 days 

before travel; 

continue 4 

weeks after 

Pediatric 

Prophylaxis (>8 

yrs) 

2 mg/kg/day 

(max 100 mg) 

Same as adult 

Uncomplicated 

Malaria 

(combination) 

100 mg twice 

daily + 

quinine 

7 days 

Table 3. Doxycycline dosing for malaria. 

Efficacy against P. falciparum is 92–96% and against 

primary P. vivax is approximately 98%. Adherence 

rates for malaria prophylaxis range from 70–84%, 

with challenges noted during post-travel continuation 

periods. 

8.2 Lyme Disease 

Lyme disease (Lyme borreliosis) is caused by Borrelia 

burgdorferi, transmitted by Ixodes ticks. It is the most 

common tick-borne illness in the Northern 

Hemisphere. Early manifestations include erythema 

migrans rash (in 70–80% of cases), fever, and fatigue. 

Untreated disease may progress to arthritis, carditis, 

facial palsy, and meningitis. Prophylaxis is 

recommended within 72 hours of tick removal if 

specific exposure criteria are met. 

Indication Age Dose Duration 

Erythema 

migrans 

Adults 100 mg twice 

daily 

10–14 

days 

Facial palsy Adults 100 mg twice 

daily 

10–14 

days 

Lyme 

meningitis 

Adults 200 mg/day 

(1–2 doses) 

14 days 

Lyme 

arthritis 

Adults 100 mg twice 

daily 

28 days 

Erythema 

migrans 

Children 

(>8 yrs) 

4.4 

mg/kg/day 

divided 

10–14 

days 

Table 4. Doxycycline dosing for Lyme disease 

manifestations. 

8.3 Respiratory Tract Infections 

Doxycycline is effective against community-acquired 

pneumonia (CAP), acute exacerbations of chronic 

bronchitis (AECB), sinusitis, and atypical pneumonia 

caused by Mycoplasma pneumoniae, Chlamydia 

pneumoniae, and Legionella spp. It is a preferred 

alternative for penicillin-allergic patients. The typical 
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regimen begins with a 200 mg loading dose, followed 

by 100 mg once or twice daily for 5–10 days.  

Its MMP-inhibitory properties additionally reduce 

airway inflammation in COPD, with potential long-

term anti-inflammatory benefit. For sinusitis, it is 

dosed at 100 mg twice daily or 200 mg once daily for 

5–7 days. 

8.4 Gonorrhea and Sexually Transmitted Infections 

Doxycycline is indicated for uncomplicated 

chlamydial infections (100 mg twice daily for 7 days) 

and as an adjunct in gonorrhea treatment, addressing 

co-infection with Chlamydia trachomatis. It achieves 

therapeutic concentrations in the genitourinary tract, 

rectum, and pharynx. Monotherapy for Neisseria 

gonorrhoeae is not recommended due to widespread 

resistance; doxycycline is combined with ceftriaxone 

per current STI guidelines. For uncomplicated 

gonococcal infections in adults, alternative regimens 

include 300 mg stat followed by a second 300 mg dose 

one hour later. 

8.5 Acne 

Doxycycline is a mainstay of moderate-to-severe 

inflammatory acne (acne vulgaris) treatment. It 

reduces Cutibacterium acnes colonization and 

decreases inflammatory cytokine production via MMP 

inhibition. Typical dosing ranges from 40 mg (sub-

antimicrobial, anti-inflammatory, e.g., Oracea) to 100 

mg once or twice daily. Treatment duration ranges 

from 3–4 months, emphasizing completion of the full 

course to minimize resistance development. Sub-

antimicrobial doses reduce the risk of antibiotic 

resistance while retaining anti-inflammatory efficacy. 

8.6 Alzheimer's Disease (Investigational) 

Doxycycline exhibits pleiotropic properties relevant to 

Alzheimer's disease (AD) pathogenesis. As a 

pleiotropic drug, it demonstrates: (1) inhibition of 

amyloid-β aggregation and fibril formation; (2) 

suppression of microglial activation and reduction of 

pro-inflammatory cytokines (IL-1β, TNF-α); (3) 

inhibition of MMPs involved in blood-brain barrier 

disruption; and (4) neuroprotective effects against 

oxidative stress and apoptosis in preclinical models. 

Given its ability to cross the blood-brain barrier and its 

established safety profile, doxycycline is being 

investigated as an adjunct therapy in AD. Preclinical 

studies demonstrate improvements in cognitive 

function in animal models. Clinical translation 

remains under active investigation. 

8.7 Brain Tuberculosis (CNS-TB) 

Brain tuberculosis (tuberculous meningitis) is a severe 

CNS infection caused by Mycobacterium tuberculosis, 

typically arising from hematogenous spread from 

pulmonary foci. Morbidity arises primarily from host 

inflammatory responses, including MMP activation 

and neutrophil extracellular trap (NET) formation, 

causing neuronal damage and BBB disruption. 

A landmark study from Singapore demonstrated that 

doxycycline, combined with standard anti-TB therapy, 

improved survival outcomes and neurological 

prognosis in CNS-TB preclinical models by inhibiting 

MMPs and NETs. This led to successful completion of 

Phase I clinical trials, with Phase II trials initiated in 

November 2025. Doxycycline's dual mechanism—

direct antimicrobial activity and host-directed 

immunomodulation—positions it as a promising 

adjunct in CNS-TB management. 

IX. CONCLUSION 

Doxycycline stands as a highly versatile second-

generation tetracycline antibiotic that has maintained 

its position as a cornerstone of clinical practice since 

1967. Its unique structural modification—removal of 

the C6 hydroxyl group from oxytetracycline—confers 

superior oral bioavailability (nearly 100%), extensive 

tissue penetration due to high lipophilicity, and 

pharmacokinetics largely independent of renal 

function. 

This review consolidates evidence for doxycycline's 

broad therapeutic spectrum, encompassing well-

established indications such as malaria prophylaxis, 

Lyme disease, respiratory and sexually transmitted 

infections, and acne, alongside emerging 

investigational roles in Alzheimer's disease and CNS 

tuberculosis. The drug's non-antibiotic properties—

particularly MMP inhibition and anti-inflammatory 

effects—substantially expand its therapeutic utility 

beyond traditional antimicrobial use, qualifying it as a 

true multi-drug therapy agent in the contemporary 

pharmacopeia. 

Careful attention to contraindications—particularly in 

pregnant women, lactating mothers, and children 

under 8 years—and awareness of significant drug 

interactions remain essential for safe clinical use. As 

Phase II clinical trials for CNS-TB and ongoing 
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investigations into neurodegenerative disease proceed, 

doxycycline's status as an essential medicine with 

evolving applications is poised to strengthen further. 
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