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Abstract

UT s are the most common global public health problem, with recurrent UTIs (rUTIs) posing a major challenge due to their impact on quality of life, increased
healthcare costs, and the rising trend of antimicrobial resistance. Antibiotic prophylaxis is effective but leads to resistance; thus, new strategies are necessary.
Methenamine hippurate is a non-antibiotic urinary antiseptic that has emerged as an agent for prophylaxis in rUTIs. This review summarizes current evidence
in the chemical, pharmacological, and clinical aspects of methenamine hippurate to its role in preventing UTI. Methenamine hippurate consists of methenamine,
which breaks down in acidic urine to release formaldehyde, and hippuric acid, improving solubility and renal excretion. Its mechanism of action involves
releasing formaldehyde, a potent antimicrobial, under acidic conditions (pH < 6.0), which effectively reduced bacterial load. Pharmacokinetic studies reveal
rapid absorption, renal excretion, and optimal efficacy in an acidic urinary environment. When co-administered with urinary acidifiers, its potential therapeutic
value may be more pronounced in patients with a neutral or alkaline urine. Clinical trials and systematic reviews have shown that methenamine hippurate
prevents rUTIs, specifically in women and older adults. It is as effective as antibiotics but has a better safety profile and an almost negligible risk of developing
resistance. International health organizations suggest its use as a second line prophylactic agent where the patient is contraindicated for long-term antibiotics.
It has also emerged as useful in pediatric populations and immunocompromised hosts, thus further enhancing the clinical application of methenamine hippurate.
Some of the limitations related to methenamine hippurate include dependence on the pH of urine, impaired activity in renal impairment-related cases, and
absence of safety data over a more prolonged period. Challenges in patient adherence, particularly because of the necessity for urinary acidifiers, and lack of
robust large-scale randomized controlled trials point towards a future need for research. Formulations that can stabilize urinary pH, improving clinical efficacy,
and studying the potential combination therapy with probiotics to optimize results form future directions. Methenamine hippurate may appear to be a budget-
efficient, safe, and a sustainable alternative to prevent recurrent UTIs, overcoming these concerns for antimicrobial resistance within effective prophylaxis
measures.
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months. Such recurrences are particularly challenging to
manage due to the potential for antimicrobial resistance,
Urinary tract infections-UTIs are one of the most common patient discomfort, and the impact on quality of life.*"
bacterial infections occurring in the world. However, it Prophylactics include lifestyle changes, non-antibiotic
affects both gender groups, though much higher in females  methods, and pharmacological agents that also help to
due to certain anatomical reasons. A study of epidemiology  prevent the rising incidence of rUTIs. The rate of resistance
depicts that almost 50 % of women have suffered one episode  against the more commonly used antibiotics highlights a need
of UTI during life, and 20 to 30% will face recurrent  for gther agents as well, thus underlining the necessity of non-
infections.™* The healthcare burden is high, with UTIs  antipiotic prophylactics also.” Methenamine hippurate is an
accounting for millions of physician visits annually,  antiseptic used for urinary treatment. It has been quite
extensive antibiotic use, and substantial healthcare costs.® extensively used as a prophylactic for UTIs as well. It works
Recurrent UTIs (rUTIs) are defined as three or more UTI  through the release of formaldehyde in acidic urine, which
episodes within 12 months or two episodes within six  pas pacteriostatic and bactericidal properties.® This non-
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antibiotic agent has gained attention because of its novel
mechanism of action, minimal risk of resistance, and
favorable safety profile.® Methenamine hippurate is also
recommended in guidelines for the prevention of rUTIs,
especially in patients who wish to avoid or cannot tolerate
prolonged antibiotic prophylaxis.1®-! This review reviews the
chemical and pharmacological properties of Methenamine
Hippurate, the established role of this compound in the
prevention of urinary tract infections, and the significant
clinical implications.

2.  Methenamine  Hippurate  Chemical and

Pharmacological Profile

2.1. Chemical structure and properties

Figure 1: Chemical structure of methenamine hippurate.*®

Table 1: Chemical structure and properties of methenamine
hippurate.

Category Details

Chemical Methenamine hippurate is a compound of

Composition | methenamine (hexamethylenetetramine)
and hippuric acid.*

Mechanism | Methenamine hydrolyzes into

of Action formaldehyde in acidic urinary conditions,
exerting broad-spectrum antimicrobial
activity.*®

Chemical Methenamine: tetrahedral cyclic

Structure compound with formula C6H12N4.
Hippuric acid: CO9HINO3. Together form
methenamine hippurate.

Molecular 246.26 g/mol (hippurate salt).**

Weight

Stability Decomposes in acidic conditions to
release  formaldehyde, the  active
antimicrobial agent.

Pharmacoki | Rapid absorption with methenamine

netics peaking in plasma within 1-2 hours of oral
administration. Half-life: ~4 hours. ~80%
recovered in urine as active form.

Formulation | Commonly prepared in tablet form for

Consideratio | rapid absorption and prolonged urinary

ns activity. Stability depends on proper
storage and immediate post-manufacture
use.®

Optimal Formaldehyde generation is most effective

Conditions in acidic environments (urinary pH
dependent).

2.2. Physicochemical properties

Methenamine hippurate is an antibiotic-free drug whose
effectiveness in the prevention of recurrent urinary tract
infections (rUTIs) has lately been gaining acceptance. New
studies have emphasized its use, especially in women, and
promise to be a suitable substitute for the conventional
antibiotic prophylaxis.6

1. Solubility: Methenamine is soluble in urine, where it
breaks down to give formaldehyde, which is an
efficient antiseptic against bacteria.

2. pH Sensitivity: Its action is pH-sensitive, with the
highest activity at acidic urine that increases its
effectiveness as an antibacterial agent.'’

3. Stability: Methenamine is stable under physiological
conditions, allowing for the release over a period and
long-acting in the urinary tract.®

2.3. Pharmacological activities

1. Antiseptic Action: Methenamine acts as an antiseptic
in urine, which efficiently inhibits bacterial growth
without causing any resistance to antibiotics.

2. Clinical Efficacy: Studies have shown that
methenamine hippurate significantly prolongs the time
between episodes of UTI and reduces recurrence rates,
similar to antibiotic prophylaxis.

3. Safety Profile: It is normally well tolerated with fewer
side effects than prolonged antibiotics usage, making
it safe to patients who are prone to rUTIs, especially
the elderly. Conversely, though methenamine
hippurate may promise potential UTI prevention,
issues of its ineffectiveness on renal impairment
patients and the fact that more research must be
conducted in order to define long-term safety bear
importance.*®

2.4. Mechanism of action

Conversion to Formaldehyde: The methenamine in acidic
urine breaks down to formaldehyde that is a very potent
antibacterial agent. This occurs in a pH-dependent process,
with maximum activity noted at a urine pH below. 5.5

Role of Formaldehyde: Formaldehyde exerts its effect on
bacterial cells by cross-linking proteins and nucleic acids.
This results in cell death and reduces bacterial load in the
urinary tract, thereby preventing infections. While
methenamine hippurate has promise as an antibiotic-free
alternative for prevention of rUTI, concerns exist regarding
potential bacterial resistance and there is a clear need for
further research regarding long-term efficacy and safety in a
variety of patient populations.?
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2. Pharmacokinetics

Absorption, Distribution, Metabolism, and Excretion
(ADME): Methenamine hippurate is a salt combining
methenamine, a urinary antiseptic, with hippuric acid, which
enhances its solubility and facilitates renal excretion. Upon
oral administration, methenamine hippurate is rapidly
absorbed in the gastrointestinal tract, with peak plasma
concentrations typically occurring within 1-2 hours. Once
absorbed, methenamine remains intact in the bloodstream
until it is filtered by the kidneys. Within the renal system,
methenamine is hydrolyzed in acidic environments to release
formaldehyde, the active antimicrobial agent that exerts its
effects by denaturing bacterial proteins and nucleic acids.?*?®
Hippuric acid, as the accompanying salt, is metabolized in the
liver and kidneys, contributing to the acidification of urine,
which enhances the hydrolysis of methenamine into
formaldehyde. The compound is eliminated primarily
through renal excretion, with a half-life of approximately 3-4
hours, depending on renal function.?+25

Influence of Urinary pH on Efficacy: The
pharmacological efficacy of methenamine hippurate is highly
dependent on urinary pH. Acidic urine (pH < 6.0) is critical
for the conversion of methenamine to formaldehyde. This
conversion does not occur in alkaline or neutral urine,
rendering the drug ineffective under such conditions. Thus,
co-administration of urinary acidifiers or dietary
modifications may be necessary to maintain an optimal pH
environment for the therapeutic activity of methenamine.?6-2
Patients with conditions leading to alkaline urine, such as
urinary tract infections caused by urea-splitting bacteria (e.g.,
Proteus species), may exhibit reduced responsiveness to
methenamine hippurate therapy. Regular monitoring of
urinary pH and adherence to prescribed acidification
regimens are essential for ensuring maximal antimicrobial
activity.2%-30

3. Clinical Applications in UTI Prevention
3.1. Role in recurrent UTI management

Methenamine hippurate has gained attention as a
nonantimicrobial agent for preventing recurrent urinary tract
infections (rUTIs), particularly in women. Evidence from
Clinical Trials and Studies systematic review of six
randomized controlled trials involving 322 patients on
methenamine and 419 on antibiotics demonstrated that
methenamine significantly extended the time between
symptomatic UTI episodes and reduced overall UTI
incidence. Comparison with Other Prophylactic Agents
Methenamine's effectiveness was found to be comparable to
that of antibiotics, making it a suitable nonantibiotic
prophylactic option for women with rUTlIs. Additionally, it
has been noted for its safety profile, particularly in older
adults and those with chronic conditions. Methenamine
hippurate has a promising potential when applied as a
prophylactic agent; however, these limits, including the lack

of long-term efficacy and safety data and the questionable
efficiency when applied to patients with impaired renal
function.3!

4. Indications and Guidelines
4.1. Authorized applications and dosage guidelines

Methenamine hippurate is primarily authorized for the
prophylaxis of recurrent urinary tract infections (UTIs). It
acts as a urinary antiseptic by being broken down into
formaldehyde in acidic urine, thus creating an environment
unfavorable for bacterial proliferation. For patients who have
recurrent UTIs despite non-pharmacological interventions
such as lifestyle modification and increased fluid intake,
methenamine hippurate should be given according to clinical
guidelines. Oral dosing at 1 gram given twice daily is usually
appropriate for adults; however, in pediatric populations,
dosing is adjusted according to body weight and the clinical
situation, typically approximately 30 mg/kg/day given in
divided doses. Methenamine is contraindicated in the
presence of significant renal or hepatic dysfunction because
of the risk of accumulation and toxicity.3233

4.2. Position in UTI prevention protocols

Methenamine hippurate occupies an important place in the
UTI prevention protocols primarily as a non-antibiotic
prophylactic agent. It is supported by the international
guidelines including Infectious Diseases Society of America
(IDSA) and European Association of Urology (EAU) as a
second-line option. It is very widely applied when
conventional antibiotic prophylaxis is inappropriate or carries
risks of antibiotic resistance. Indeed, most studies show
methenamine hippurate efficiency in decreasing the
frequency of episodes of urinary tract infections, especially
in women affected by uncomplicated recurrent UTIs. In
patients with indwelling catheters or those who receive
urological interventions, methenamine has been studied as a
part of a broader strategy for infection prevention; yet, the
evidence of its effectiveness in these populations is relatively
sparse.®*% Further studies emphasize its potential role in
combating the global challenge of AMR. Methenamine
hippurate is a potential alternative to extended antibiotic
treatment, decreasing the risk of the emergence of AMR
while providing prophylaxis that is not less effective for
vulnerable patients.%6-3"

5. Efficacy in Specific Populations

5.1. Use in pediatric, elderly, and immunocompromised
patients

The data shows different efficacy rates of methenamine
hippurate depending on the population group. In pediatric
populations, limited studies suggest that methenamine may
serve as a viable alternative for long-term prophylaxis in
children prone to recurrent urinary tract infections (UTIs),
particularly when antibiotic resistance is a concern. A
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randomized controlled trial indicated significant reduction in
UTI recurrence among children using methenamine, with
minimal adverse effects noted® For elderly patients, the
prevention of UTIs is of heightened importance due to
increased  susceptibility stemming from age-related
anatomical and functional changes. Methenamine’s safety
profile and its ability to reduce antibiotic usage make it an
attractive prophylactic agent in this population. A study
analyzing geriatric populations in long-term care facilities
found that methenamine reduced UTI incidences by
approximately 40%, especially in those without severe renal
impairment. Immunocompromised individuals, such as those
undergoing chemotherapy or with conditions like diabetes,
also benefit from methenamine’s prophylactic properties. By
maintaining an acidic urinary environment unfavorable to
bacterial growth, methenamine reduces infection risk without
contributing to the development of antimicrobial resistance.
Preliminary observational studies support its usage in
immunocompromised patients, but further research is needed
to establish standardized guidelines.®

5.2. Gender-specific considerations

Gender differences play a significant role in the
epidemiology and management of UTIs. Methenamine’s
efficacy appears consistent between male and female
patients; however, its role may be more pronounced in
females due to their higher baseline risk of recurrent UTIs. A
meta-analysis noted that methenamine was particularly
effective in preventing UTIs in postmenopausal women,
likely due to its non-antibiotic mechanism that avoids
disruption of the vaginal microbiome. Conversely, evidence
for methenamine use in males is less robust, largely due to
lower study representation. Nonetheless, it has been used
effectively in preventing catheter-associated UTIs in male
patients.*

4. Other Pharmacological Activities

4.1. Potential secondary or off-label uses

Methenamine’s primary role in UTI prevention is well-
documented; however, emerging research suggests potential
secondary applications. Notably, its ability to produce
formaldehyde in acidic environments may extend its
antimicrobial activity to other bodily systems. Preliminary
studies have explored its use in chronic prostatitis, with
findings indicating symptomatic relief in some patients. Off-
label uses also include the management of asymptomatic
bacteriuria, particularly in populations where antibiotic use is
contraindicated. While not universally recommended, case
reports suggest methenamine’s potential in this context
warrants further investigation.*

4.2. Insights into non-UT] related applications

Outside the scope of urinary tract health, methenamine’s
formaldehyde-releasing properties have drawn interest for its
antimicrobial potential in treating superficial skin infections.

However, robust clinical evidence is lacking. Additionally,
there is ongoing investigation into its utility in controlling
ammonia levels in patients with hepatic encephalopathy,
though this remains speculative.*?

6. Safety Profile and Side Effects
6.1. Adverse reactions

Methenamine hippurate is an established drug for the
prevention of UTIs; the agent is usually well tolerated, but
not side effect free. The most common adverse reactions
include gastrointestinal disturbances: nausea, vomiting, and
discomfort in the abdomen.** The renal adverse effects,
though infrequent, are crystalluria and nephrotoxicity mostly
in those with impaired renal function.**

7. Chronically Administered Drugs and Their
Toxicities

Risks Related to Prolonged Exposure The chronic use of
methenamine hippurate must be cautiously considered
because of the possibility of related adverse effects. Chronic
exposure has been associated with rare cases of hepatic
damage and hypersensitivity, although the incidence is rare.*®
Patients with compromised renal function are more
susceptible to adverse effects, which underscores the need for
dose adjustment and close monitoring.*6. Concerns over
Formaldehyde Toxicity. Methenamine hydrolyzes in acidic
conditions and releases formaldehyde, its primary
antibacterial agent. Formaldehyde's toxicity has been a
concern with long-term use. However, the studies indicate
that the urinary therapeutic levels are mostly below the
systemic toxicity limits, thus greatly minimizing the risks.*’
However, clinical care is advised for patients when the
treatment is to be continued for a more extended period.*

7.1. Drug interactions
7.1.1. Drug interactions with other medications

This acts to acidify the urinary content, and hence should
present a potential interaction if such agents are administered
that otherwise change wurinary pH; administration
concurrently with alkalinising drugs such as ascorbic acid can
enhance action of methenamine and potentially diminish the
effect should drugs employed produce alkalinisation like
many antacids.*® Its co-administration with sulfonamide
products should be avoided due to dangers of crystalluria.>

6. Comparative Analysis with Alternative Therapies

Comparison with antibiotics and non-antibiotic prophylactic
agents. Methenamine hippurate is a urinary antiseptic that in
acid urine produces formaldehyde possessed bactericidal
properties, making it a drug of a different type to traditional
antibiotics. Unlike antibiotics, it does not promote
antimicrobial resistance, making it a viable long-term
prophylactic agent.51 Comparatively, antibiotics such as
trimethoprim-sulfamethoxazole and nitrofurantoin are
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effective but contribute to resistance and other adverse effects
over prolonged use.52-53

Non-antibiotic agents, including cranberry extracts and
probiotics, focus on preventing bacterial adherence or
restoring microbiota balance, respectively, but lack
consistent efficacy in controlled studies compared to
methenamine,*® Methenamine’s reliance on urinary pH as
a critical determinant of efficacy differentiates it further from
antibiotics and other prophylactic approaches.>®

6.1. Cost-effectiveness and patient compliance
considerations

Methenamine hippurate is generally more cost-effective than
long-term antibiotic regimens, especially when considering
the healthcare burden of treating antibiotic-resistant
infections.5” Furthermore, its low side-effect profile improves
patient compliance, particularly among populations
susceptible to adverse effects from antibiotics, such as the
elderly and those with recurrent urinary tract infections
(UTIs).%8 However, adherence may still be impacted by the
need for concurrent urinary acidifiers in patients with
naturally higher urinary pH levels.%

8. Challenges and Future Perspectives

8.1. Limitations in current studies

Although the medication is very commonly used, the current
research on methenamine hippurate is limited since most of
the studies done are small-scale randomized controlled trials.
Most available studies are unstandardized, especially with
regard to recurrence rates and do not account for confounders
like patient comorbidities and concomitant administration of
other drugs.t%-6! The long-term safety profiles, especially for
high-risk patients, are also quite insufficient.?

8.2. Personalized therapies based on urinary ph and patient
profiles

An acidic pH in the urine is known to have a strong effect on
the effectiveness of methenamine hippurate. This can be
accomplished by employing patient-specific strategies such
as monitoring urinary pH and appropriate use of acidifying
agents. Furthermore, therapeutic interventions should be
directed according to patient-specific characteristics,
including the nature of baseline microbiota and
comorbidities.®

8.3. Future directions to enhance efficiency and reduce
toxicities

Future studies should focus on the formulation optimization
of methenamine hippurate for stability and effectiveness in
varying urinary pH conditions. Future development could
come from blending methenamine with pH-stabilizing
agents or novel drug delivery systems to further maximize
its therapeutic benefit.®* It may also be studied in
combination therapy with probiotics or other non-antibiotic

agents for a synergistic effect but with less adverse
outcomes.

9. Conclusion

Methenamine hippurate was identified as a potential non-
antibiotic prophylactic agent because its mechanism of action
causes formaldehyde to be present in acidic urine, this being
a potent disinfectant within the urinary tract. One of the
pivotal advantages of this process is that it limits the possible
opportunity for resistance yet ensures effectiveness that is
equivalent to that observed with conventional antibiotics.
This drug has a good safety profile, so it can be prescribed to
a wide range of patients, including the elderly, children, and
chronically ill patients. It has been proved to be a cost-
effective and patient-friendly option for treatment in practice,
especially in an increasingly antibiotic-resistant world.
However, the pharmacological efficacy of methenamine
hippurate is highly pH-dependent and is best achieved with
acidifiers or through dietary alterations. New studies should
seek to address current failures: there are currently no
adequate large-scale, randomized controlled trials available,
and nor are data on long-term safety. Future advancements
will be made in personalized treatment, with urinary pH
monitoring and tailored regimens being used to increase
levels of therapeutic effect. Formulation and combination
therapy innovations may further increase its clinical utility,
and its use may solve some of the unresolved issues like its
efficacy in renal impairment patients. Methenamine
hippurate is an important milestone toward reducing the
burden of rUTIs in healthcare settings. It provides a
sustainable and effective solution in the ever-changing
environment of infection prevention and antimicrobial
stewardship.
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