The Unseen Failure: A Scientific Analysis of Ointment
Degradation by Heat Stress

Introduction: The Fragility of a Precisely Engineered Medicine

Witnessing an over-the-counter ointment, which was instructed to be stored below
25°C, melt into a liquid-like state under the hot sun is a profoundly insightful
observation. This is because it signifies more than a simple physical change; it
represents a catastrophic failure of a complex and precisely engineered Drug Delivery
System. Your question delves into the scientific basis of the storage instructions on
drug labels, moving beyond a mere warning to a deeper intellectual curiosity about
the consequences of non-compliance.

The purpose of this report is to dissect the cascade of events that occurs at a
molecular level inside an ointment exposed to high temperatures and to establish a
clear scientific rationale for why the product must be discarded. This report will
systematically guide you from the basic structure of an ointment, through the chain
reaction of heat-induced degradation, the three key risks of lost efficacy, toxicity, and
infection, and finally, to environmentally responsible disposal methods. Through this,
consumers will be equipped with the in-depth knowledge necessary to manage their
medications more safely and responsibly.

Chapter 1: The Anatomy of a Topical Ointment: A State of
Controlled Instability

To understand how an ointment fails, one must first have a fundamental scientific
understanding of what an ointment is. An ointment is not simply a mixture of an active
ingredient and oil; it is a highly engineered product designed for a specific purpose.



1.1. Core Components: Active Pharmaceutical Ingredient (API) and Excipients

An ointment is broadly composed of two parts: the active ingredient that produces
the therapeutic effect, and the base that carries it.

e Active Pharmaceutical Ingredient (API): This is the molecule that performs the
actual therapeutic action, such as an antibiotic, steroid, or antifungal agent. It is
the "cargo" responsible for the core medicinal effect of the ointment.’

e Excipient Matrix (Base): The base is not merely a passive container for the API.
Its role is highly complex and active. The base is a system composed of various
excipients, designed to perform the following key functions:

o To stably protect the API from chemical decomposition.

o To precisely control the rate and amount of the API released onto the skin.

o To provide desirable physical properties, such as a pleasant texture and
spreadability for the user.

o In multi-use products, to include preservatives to prevent microbial growth.*

While the user's interest is primarily in the effect of the API, the failure of an ointment
most often begins in this excipient matrix. The structural and chemical integrity of the
base is an essential prerequisite for ensuring the safety and efficacy of the API.

1.2. The Science of Emulsion: The Forced Cooperation of Oil and Water

Most ointments and creams are in the form of an 'emulsion." An emulsion is a state
where two immiscible liquids, like oil and water, are forcibly mixed to create a stable
mixture. This is achieved through the use of a special substance called an emulsifying
agent and a high-energy manufacturing process.®

An emulsion is inherently in a thermodynamically unstable state.® According to the
laws of nature, oil and water tend to separate to minimize their contact area.
Therefore, an ointment formulation is like a sophisticated barrier built to resist this
natural tendency for separation.

More specifically, emulsions are classified as oil-in-water (O/W), where oil droplets are
dispersed in water, and water-in-oil (W/O), where water droplets are dispersed in oil.



The solubility of the API (whether it dissolves better in oil or water) determines in
which of these two phases it will be located. This detail is crucial for understanding
why uniform dosage becomes impossible when an ointment separates.

With this background, we can understand ointments through the paradigm of
‘controlled instability. Emulsions are inherently unstable and tend to revert to a stable,
separated state.® Manufacturers use high-energy processes to artificially create this
unstable state.® This means an ointment is not a static substance like a rock, but a
delicate system in a state of continuous, controlled tension. The storage temperature
specified on the product label is the key parameter that maintains this control.
Exceeding the prescribed temperature is like removing a key support from a bridge.
The inherent instability is unleashed, leading to system collapse—that is, separation.
This perspective redefines an ointment not as a simple mixture but as a delicate
engineered system, clarifying why its failure is so critical.

Chapter 2: The Cascade of Failure: What Happens Under the Hot
Sun

This chapter directly answers your first question, providing a detailed analysis of the
physical and chemical degradation mechanisms that occur in an ointment exposed to
high temperatures.

2.1. Physical Degradation: The Reality of "Melting," Irreversible Emulsion Breaking

The phenomenon you observed as "melted like a liquid" is not simple melting. It is a
phenomenon called phase separation, or emulsion breaking.’

The mechanism is as follows: The intense heat energy from the sun rapidly increases
the kinetic energy of the oil and water molecules. When this energy overwhelms the
stabilizing force provided by the emulsifier, the emulsion structure begins to collapse.

e Coalescence: The dispersed fine liquid droplets (e.g., oil droplets in water) merge
to form larger droplets.®
e Creaming and Breaking: The larger liquid droplets, due to density differences,



either rise to the top (creaming) or sink to the bottom. If this process continues,
the oil and water eventually separate into two distinct layers (breaking).®

The most important point here is that this process is irreversible. Simply cooling the
ointment tube will never return it to its original, finely and uniformly dispersed
emulsion state. The precisely engineered structure is permanently lost. The
phenomenon of water coming out before the ointment when squeezing a tube that
was stored in the refrigerator is also a clear sign that phase separation and
degradation have occurred.® This is the first reason, from a physical perspective, why
a melted ointment cannot be reused.

2.2. Chemical Degradation: The Silent Destruction of Molecules

Behind the visible physical changes, invisible chemical reactions are accelerated by
heat (thermolysis) and sunlight (photolysis).

e Hydrolysis: The now-free and abundant water molecules from phase separation
can attack and break down the chemical structure of the API or excipients. This is
a particularly significant problem for moisture-sensitive drugs like certain
antibiotics (e.g., amoxicillin), drastically reducing their efficacy.’

e Oxidation: Heat and light can trigger reactions with oxygen, destroying the API
and causing the oils or fats in the base to go rancid. This process can produce
foul odors and new byproducts that may irritate the skin.®

e Photolysis: The ultraviolet (UV) radiation in direct sunlight can directly break
chemical bonds, inactivating the API. This is precisely why many ointments are
packaged in opaque containers or boxes and require 'storage protected from
light'®

Here, we must recognize the important fact of ‘'unseen danger.' While you witnessed
the physical melting, research points to invisible efficacy loss and chemical
decomposition.” This implies a very important public health message: even if an
ointment has been exposed to high temperatures but has not

visibly separated, serious chemical degradation may have already occurred. The
absence of a visible change does not guarantee safety or efficacy. Visible failure is a
clear warning, but unseen failure is a hidden trap.



2.3. The Regulatory Context: Why "Store Below 25°C" is a Command, Not a
Suggestion

Temperature guidelines like "Store below 25°C" on a product label are not mere
recommendations. They are legal and scientific commands derived from rigorous
stability testing mandated by regulatory agencies such as the Korean Ministry of
Food and Drug Safety.”

Manufacturers must scientifically prove that their product remains safe and effective
throughout its shelf life under the specified storage conditions. The accelerated
testing conditions specified in stability testing regulations (e.g., 40+2°C / 75+5%
relative humidity) are used to simulate short-term temperature fluctuations that may
occur during long-term storage and distribution.” However, exposing a product to
extreme environments that far exceed these testing conditions, such as inside a car
parked in the summer sun (where temperatures can exceed 70°C '), completely
invalidates all of the manufacturer's safety and efficacy guarantees.

Research materials may mention 'room temperature' and ‘ambient temperature' with
slightly different definitions, which can be confusing. It is important to clarify the
official temperature definitions based on the Korean Pharmacopoeia.

Table 1: Official Definitions for Drug Storage Temperatures (Korean
Pharmacopoeia Standard)

Term (Korean/English) Temperature Range (°C) Source/Note

Standard Temperature 20 16

Ambient/Normal Temperature 15 ~ 25 10

Room Temperature 1~30 10

Tepid/Luke-warm 30~40 16

Cool Place 1~15 ' (Unless otherwise specified)




Refrigerated 2~8 ? (For typical refrigerated
drugs)

Frozen -20+5 '3 (For frozen drugs)

While this table shows general term definitions, the most important thing is the
specific temperature stated on the individual product label (e.g., "Store below 25°C").
This is the final, legally binding instruction for that product.

Chapter 3: The Three Core Risks: Why Reuse is Medically
Unacceptable

This chapter answers your second question by comprehensively analyzing why the
reuse of a degraded ointment must be absolutely prohibited, focusing on the three
core risks: 'efficacy,’ 'safety,' and 'infection.’

3.1. The Efficacy Risk: A Medicine That No Longer Treats

e Non-uniform Dosing: Due to irreversible phase separation, the composition of
the contents squeezed out of the tube will vary each time. Sometimes, you might
get only an oily base with almost no API, and other times, you might get a highly
concentrated clump of API that could potentially cause irritation. This makes it
impossible to deliver the intended, precise dose to the skin.’

e Loss of Potency: The chemical decomposition of the APl means the active
ingredient itself no longer exists in an effective form. Simply put, the drug no
longer works.* A study showing that nitroglycerin, a treatment for angina, lost
almost all its effect after being kept in a pocket during the summer for 15 days is a
powerful real-world example of how severe the loss of potency can be for drugs
left in high temperatures.’

3.2. The Safety Risk: When a Treatment Turns into a Toxin



3.3.

Formation of Irritants: The substances created from the breakdown of the API or
excipients are new chemicals not present in the original product. These are
unverified and can cause severe skin irritation or allergic reactions, leading to new
conditions like contact dermatitis.”” A real case of a patient diagnosed with
contact dermatitis after using an old, degraded ointment serves as a clear
warning of the dangers of using such products.? In other words, using a
heat-damaged ointment can create a new medical problem more severe than the
one it was intended to treat.

Increased Systemic Absorption: When the precisely engineered base matrix is
destroyed, the permeability of the skin can change. This could result in excessive
absorption of the API or its toxic degradation products into the bloodstream,
which is a risk for serious systemic side effects, especially with potent drugs like
steroids.’

The Infection Risk: A Product Turned into a Petri Dish

Collapse of the Preservative System: Multi-use topical products are legally
required to contain preservatives to prevent microbial contamination. High
temperatures can break down these preservatives, rendering them ineffective.
Optimal Environment for Bacterial Growth: The separated aqueous phase,
now lacking effective preservation and rich in nutrients from degraded excipients,
becomes an ideal environment—a petri dish—for bacteria and fungi to grow."
Inducing Secondary Infections: Applying such a contaminated product to
broken or inflamed skin (the very reason for using an ointment) can cause a
dangerous secondary infection.® This creates a paradoxical situation where the
treatment designed to heal a wound actually infects it.

These risks are closely intertwined. The initial physical failure (phase separation)
directly enables the subsequent biological failure (microbial growth). Heat doesn't just
'spoil' the medicine; it dismantles its defense system (preservatives) and creates the
perfect conditions for contamination (free water). This demonstrates a ‘cascade
failure model,' where one problem sequentially causes another, more dangerous one.
Thus, physical, chemical, and microbiological perspectives all converge to
comprehensively explain why a degraded product is absolutely unsuitable for reuse.



Chapter 4: From Vigilance to Disposal: A Practical Guide for
Consumers

This chapter provides practical, actionable steps for you to manage medications
safely.

4.1. Identifying a Degraded Product: Obvious and Hidden Signs

There are several visual and olfactory clues that can suggest degradation:

e Phase Separation: An oily liquid or water separates from the solid base.’

e Discoloration: Any change from the original color.”

e Texture Change: Becoming gritty like sand, hardening, or becoming excessively
runny.

e Odor Change: A rancid smell or any other unusual odor.”

However, the most critical warning here is that the absence of these obvious signs
does not mean the product is safe. As discussed in section 2.2, serious chemical
decomposition and loss of efficacy can occur even before any noticeable changes
appear.

4.2. The Absolute Rule: When in Doubt, Throw It Out

The conclusion is clear and non-negotiable. Any medication that has been exposed to
conditions outside its prescribed storage requirements, such as being left in a hot car
or in direct sunlight, should be considered degraded and unsafe. The monetary cost
of replacing the product is negligible compared to the potential health risks of using a
degraded one.



4.3. The Final Step: Responsible Drug Disposal (Waste Medicine Management)

Degraded ointments should not be thrown in the regular trash or down the drain. This
is because components like antibiotics can contaminate soil and water, causing
environmental problems and threatening public health.”” Waste medicines are
classified as 'household hazardous waste' and require special handling.

The following guidelines are provided for you to dispose of degraded medicines safely
and correctly.

Table 2: Guide to Safe Segregated Disposal of Household Waste Medicines
(South Korea Standard)

Medicine Type Preparation Disposal Method Disposal Location
Ointment/Cream Remove only the Do not squeeze out Waste medicine
outer paper box. the contents. Dispose | collection boxes at
of the tube as is with pharmacies, public
the cap tightly health centers, and
closed.3° community service
centers.
Pills (PTP Pack) Remove only the No need to separate Collection boxes at
outer paper box. pills from the pharmacies, public
packaging. Dispose health centers,
of the PTP sheet as community centers.
is.3? Mailbox disposal

available in some
areas (e.g., Seoul).”’

Pills (Bottle) Remove only the Collect only the pills Collection boxes at
outer paper box. in a plastic bag and pharmacies, public
dispose.*° health centers,

community centers.
Mailbox disposal
available in some

areas (e.g., Seoul).”

Powdered Medicine Separate and discard To prevent powder Collection boxes at
the paper pouch with from scattering, pharmacies, public
personal information dispose of the health centers,




as general waste.

packets unopened.*°

community centers.
Mailbox disposal
available in some

areas (e.g., Seoul).”’

Liquid/Syrup

Remove only the
outer paper box.

Collect the remaining
liquids into one
bottle, seal the cap
tightly to prevent

leaks, and dispose.*°

Collection boxes at
pharmacies, public
health centers,
community centers.
Mailbox disposal is

not permitted.”’

The mailbox collection system recently implemented by some local governments is
very convenient, but it's important to check your local guidelines before disposal, as
liguids and ointments are often excluded due to the risk of breakage and leakage.*'

Conclusion: The Path to Respecting Science and Ensuring Safety

Through this analysis, it has become clear that an over-the-counter ointment is not a
simple mixture but a complex, precisely controlled emulsion system. High
temperatures and direct sunlight shatter this delicate balance, simultaneously causing
irreversible physical collapse (phase separation) and silent chemical decomposition.

Consequently, reusing a degraded ointment is an act of exposing oneself to the 'three
core risks' of lost efficacy, skin damage from unpredictable toxic substances, and
serious secondary infections. The storage instructions on a medication label are an
absolute command, reflecting the scientifically determined limits of the product's
stability and safety.

Your critical thinking and careful attitude in raising a question fundamental to patient
safety are essential for all medication management. Respecting the scientific
principles of pharmaceuticals and following the correct storage and disposal
guidelines is the surest way to protect our own health and that of our community.
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