           

                   CHEMICAL STABILITY OF DRUGS

The capacity of a pharmaceutical molecule to maintain its chemical integrity and effectiveness over time under certain storage circumstances is referred to as chemical stability of pharmaceuticals. It is an essential attribute that guarantees the security, effectiveness, and caliber of medicines throughout the duration of their shelf life.
Numerous factors, including environmental factors like temperature, humidity, and light exposure, have an impact on a drug's chemical stability. Unfavorable environmental factors can cause chemical reactions in drugs that result in deterioration and the development of contaminants or breakdown products. These chemical alterations may affect the drug's structure, lessen its effectiveness, and perhaps produce dangerous or inactive molecules.
To evaluate and forecast the chemical stability of pharmaceuticals under various storage circumstances, stability studies are carried out. In order to ascertain the drug's rate of deterioration and pinpoint potential degradation routes, these studies involve tracking the drug's physical and chemical properties over time. Drugs are more effectively and safely utilized by patients when the proper storage conditions and expiration dates have been established using the information from stability studies.
To guarantee the chemical stability of medicines, pharmaceutical firms follow regulatory norms and regulations. These rules for packaging, labeling and storage conditions help keep drugs of the highest quality throughout their shelf lives. Additionally, stability testing is a crucial step in the creation of pharmaceuticals since it enables producers to improve formulations and packaging components to increase the chemical stability of pharmaceuticals.
Drugs' ability to preserve their chemical structure and integrity throughout time and under different storage settings is referred to as chemical stability. It is a crucial factor that affects the effectiveness and shelf life of pharmacological medicines.
Factors Affecting Chemical Stability:
1) Temperature: High temperatures have the potential to speed up chemical reactions that break down medication molecules. It is essential to store medications at the proper temperatures recommended by the manufacturer.
One of the most important elements affecting the chemical stability of pharmaceuticals is temperature. Elevated temperatures have the potential to speed up chemical reactions that break down medication molecules. The following are some crucial points regarding how temperature affects drug stability:
· Rate of Degradation: Chemical processes, particularly those that lead to degradation, happen more quickly at higher temperatures. The rate of a reaction doubles for every 10 degrees Celsius rise in temperature, according to the Arrhenius equation. As a result, even a slight rise in temperature can hasten the breakdown of drugs considerably.
· Types of Degradation: Different types of drug degradation, such as hydrolysis, oxidation, photodegradation, and racemization, can be impacted by temperature. Temperature dependence varies depending on the type of degradation.
· Hydrolysis: Drug molecules frequently degrade through a process called hydrolysis, in which they interact with water and break down. In particular, for medicines with labile functional groups vulnerable to hydrolytic cleavage, higher temperatures accelerate hydrolysis processes.
· Oxidation: Drug molecules undergo oxidation processes when they come into contact with oxygen, which produces breakdown products. Oxidation reactions are accelerated at higher temperatures, making oxygen-sensitive medications more susceptible to deterioration.
· Photo degradation: Some medications are photosensitive, particularly to ultraviolet (UV) light. The photo degradation process can be further accelerated by high temperatures, which will cause the medication molecule to break down and create potentially dangerous byproducts.
· Drug Stability Testing: Temperature is a key factor in determining a drug's stability. In studies on accelerated stability, medications are kept at temperatures that are greater than those advised for storage in order to determine how stable they are over a shorter time frame. These research offer important knowledge regarding how temperature affects drug breakdown.
· Storage Conditions: To maintain medicine stability, proper storage conditions are crucial. To ensure the quality and efficacy of their products, manufacturers offer specified storage temperature recommendations. Storage in excess of the recommended temperature range can result in rapid deterioration and shortened shelf life.
· Cold Chain Management: Certain medications, especially biologics or those that require careful temperature control throughout the supply chain, must be handled with extreme care. In order to maintain the stability of these medications, cold chain management makes sure that they are handled, transported, and kept within a certain temperature range.
· Regulations: Manufacturers are required to assess how temperature affects drug stability during the drug development process by regulatory organisations like the FDA. To guarantee the drug's quality and safety, stability data, including temperature studies, are presented as part of the regulatory approval procedure.
A significant component impacting the chemical stability of pharmaceuticals is temperature. To guarantee medicine efficacy, safety, and shelf life, optimum storage temperatures must be maintained, and temperature effects must be taken into account during the development and manufacturing procedures.
2) Humidity: High humidity can lead to medication hydrolysis, oxidation, or other degrading processes. Drugs that are sensitive to moisture must be packaged and stored correctly to prevent deterioration.
Another crucial component that has a big impact on the chemical stability of pharmaceuticals is humidity. The following are some crucial points regarding how humidity affects the stability of drugs:
· Hydrolysis: High humidity can encourage hydrolysis, a chemical deterioration process in which water molecules interact with medication molecules to cause the drug's structure to break down. Drugs with ester or amide linkages that are prone to moisture-induced cleavage are particularly prone to hydrolysis.
· Oxidation: Increased humidity can hasten drug oxidation reactions, especially in pharmaceuticals that are susceptible to oxidation. Drug molecules undergo oxidation processes when they come into contact with ambient oxygen, which produces breakdown products. Moisture can aid oxidation by creating the ideal environment for the reaction to take place.
· Degradation Pathways: Humidity can cause moisture-specific breakdown pathways. Drugs may, for instance, go through hydration, isomerization, or other particular processes in the presence of water that can change the chemical structure of the medication.
· Physical Changes: Drugs may undergo physical changes due to high humidity, including softening, melting, or changes in crystallinity. The stability, solubility, and dissolving characteristics of the medication may be impacted by these physical modifications.
· Packaging Integrity: To stop moisture intrusion, medications that are sensitive to moisture must be packaged properly. Drugs are protected from humidity-induced deterioration by packaging materials with low water vapour transmission rates, like blister packs or moisture barrier films.
· Deliquescence and Efflorescence: Drugs that exhibit deliquescence or efflorescence are able to take up moisture from their environment and turn it into a solution or liquid state. However, when exposed to lower humidity levels, efflorescent medications release moisture. The stability and physicochemical characteristics of medications may be impacted by these moisture-related processes.
· Storage Requirements: To maintain drug stability, storage needs to be done at a specified humidity level. Some medications are very sensitive to humidity and must be stored in a specific humidity range to prevent deterioration. Moisture-induced degradation can occur as a result of poor storage conditions, particularly high humidity.
· Testing for Stability: To assess the effect of moisture on drug stability, testing for stability protocols take humidity conditions into account. The drug's sensitivity to moisture-induced deterioration may be evaluated during accelerated stability experiments by exposing the samples to higher humidity conditions.
· Regulatory Compliance: To assure the stability of the drug over the course of its shelf life, regulatory requirements frequently call for producers to conduct stability studies under particular humidity conditions. Studies on humidity are among the stability data that are presented as part of the regulatory approval procedure.
Pharmaceutical producers must take into account how humidity affects medicine stability and devise effective packaging, storage, and handling procedures to reduce moisture-induced degradation. Drug quality and shelf life can be maintained by managing humidity levels, resulting in safe and effective pharmaceutical delivery to patients.
3) Light: Drugs may be photo degraded when exposed to light, particularly ultraviolet (UV) light. Many medications are light-sensitive and need to be stored under special circumstances or be shielded from the sun.
A key element that can impact a drug's chemical stability is light. UV light in particular can cause a variety of drug degradation events when exposed to it. The following are important points regarding how light affects drug stability:
· Photo degradation: Numerous medications are subject to photo degradation, which is the deterioration of the drug molecule brought on by exposure to light. Particularly UV light can trigger direct or indirect chemical processes that break down the drug's structure and result in the production of degradation products.
· Drug Light Sensitivity: Some medications are more sensitive to light than others. The chemical makeup and the presence of functional groups in the medicine can affect this sensitivity. For instance, medications with conjugated double bonds, aromatic compounds, or specific chromophores are typically more photodegradable.
· Photo degradation: can take place through a number of different mechanisms, such as photochemical reactions, free radical generation, oxidation, isomerization, and fragmentation. These interactions have the potential to change the chemical makeup of the medicine, decreasing both its efficacy and stability.
· Packaging and Light Protection: Proper packaging is essential to safeguarding medicines from light-induced deterioration. To reduce light exposure and shield drug formulations from the damaging effects of light, amber-colored containers, opaque materials, or specific light-blocking coatings are frequently utilised.
· Spectral Sensitivity: Drugs' sensitivity to particular light wavelengths can vary in intensity. This is known as their spectral sensitivity. Depending on the light spectrum, some medications may degrade more quickly when exposed to UV-A, UV-B, or visible light. Knowing the drug's spectral sensitivity can help determine the best packaging and storage options.
· Storage Conditions: Drugs should be stored in a way that minimises their exposure to light. To maintain drug stability, storage should be done in places that are dark or light-protected, away from sources of natural or artificial light. For the best storage conditions, controlling temperature and humidity should be taken into account in addition to light protection.
· Testing for Stability: Testing for stability is crucial for both medication development and quality assurance. The drug's sensitivity to photodegradation may be evaluated during accelerated stability experiments by exposing the samples to particular lighting conditions. These investigations help determine the proper conditions for storage and packing by providing important information on light sensitivity.
· Regulatory requirements: During the approval process, regulatory authorities often demand manufacturers to assess and show the drug's stability under advised light exposure settings. To guarantee the medication's quality, safety, and effectiveness, stability data, including light stability studies, are presented.
Drug makers may ensure that their products keep their chemical integrity and potency throughout their shelf lives by studying the potential effects of light on drug stability and putting the right light protection measures in place. Pharmaceutical items can be effectively and safely manufactured and stored by following the right packaging, storage, and handling procedures.
4) Oxygen: When combined with medications, oxygen can cause their oxidation and deterioration. Drugs that are oxygen-sensitive frequently need oxygen barrier packaging or storage in an inert environment.
The chemical stability of medications can be greatly impacted by oxygen. Drug molecules can break down and degradation products can arise as a result of oxidative degradation processes brought on by oxygen exposure. The following are important points regarding how oxygen affects the stability of drugs:
· Oxidation Reactions: Because oxygen is such a highly reactive chemical, it can take part in these processes. Aldehydes, alcohols, and aromatic moieties are examples of functional groups that are particularly vulnerable to oxidation in drugs. Drug potency and stability can be decreased by oxidation processes because they can produce reactive species and breakdown products.
· Autoxidation: A spontaneous interaction between some medications and ambient oxygen is known as autoxidation. Reactive oxygen species can develop and spread through free radical processes, which can lead to autoxidation. These processes might harm the drug's molecule through oxidation and cause it to degrade.
· Oxygen Sensitivity: Drug oxidation susceptibility varies depending on chemical structure and the presence of functional groups. Different medications are more or less responsive to oxygen. To ensure optimal formulation and stability, manufacturers must recognise and characterise any potential oxygen-sensitive moieties in medication compounds.
· Packaging and Storage: Proper packing and storage are essential for preventing the oxidative deterioration of medications. To reduce oxygen exposure, packaging materials with low oxygen permeability, including foil pouches or blister packs, are frequently employed. Additionally, maintaining the stability of medications can be aided by storing them in nitrogen-flushed surroundings or airtight containers.
· Light and Oxygen: Light and oxygen can work together to accelerate oxidation processes. Reactive oxygen species, which UV radiation can produce, can speed up oxidative destruction when they are combined with oxygen. Maintaining medication stability necessitates both light protection and oxygen regulation.
· Antioxidants: To counteract the harmful effects of oxygen, antioxidants are frequently employed in medicine compositions. These substances remove reactive oxygen species from the environment and guard against oxidative damage. Ascorbic acid, alpha-tocopherol, or substances containing sulphur are a few examples of antioxidants utilised in pharmaceutical formulations.
· Stability Testing: Oxygen control is taken into account during stability testing to assess the effect of oxygen on drug stability. To determine the drug's vulnerability to oxidative breakdown, tests on accelerated stability may involve exposure to higher oxygen concentrations. These investigations help define suitable storage and handling settings and offer useful information on the stability profile.
Regulatory Compliance: As part of the drug development process, manufacturers are required by regulations to assess how oxygen affects drug stability. To guarantee the drug's quality, safety, and effectiveness, regulatory bodies receive stability data, including oxygen stability tests.
It is essential to comprehend how oxygen affects drug stability in order to preserve the chemical purity and potency of pharmaceutical medicines. Antioxidants are used in conjunction with proper formulation, storage, and packaging practices to shield pharmaceuticals against oxygen-induced deterioration and maintain their efficacy and security.
5) pH: Some medications are pH sensitive, and exposure to extremely low or extremely high pH levels might result in hydrolysis or other chemical reactions.
The "potential of hydrogen," or pH, scale, is a significant element that can impact a substance's chemical stability. The acidity or alkalinity of a solution is measured by its pH, and it can have a big impact on how stable a medicine is. The following are important points regarding how pH affects drug stability:
· Hydrolysis: The rate of hydrolysis, a major pathway for drug degradation in which the drug molecule interacts with water and undergoes chemical breakdown, can be influenced by pH. At certain pH levels, some medications are more sensitive to hydrolysis. For instance, under acidic or alkaline circumstances, ester or amide bonds in pharmaceuticals may be particularly vulnerable to hydrolysis.
· Ionisation: Drug molecules' states of ionisation can be affected by pH. Various ionisation forms of many medications occur depending on the pH of the surrounding medium. The drug's solubility, dissolution, stability, and bioavailability can be impacted by changes in ionisation.
· Salt Formation: pH is important for the development of medicinal salts. To improve their stability, solubility, and pharmacokinetic qualities, several medications are made as salts. The stability of the medicine can be affected by the counterion and pH settings used during salt production.
· Chemical processes: Chemical processes like oxidation, reduction, or complexation reactions that could take place in medication formulations might be influenced by pH. Depending on the medium's pH, various reactions can occur at different rates and to different degrees.
· Buffering Capacity: Buffer systems are employed to keep the pH of pharmaceutical formulations steady. Buffers help maintain pH stability and give medication molecules a stable environment, keeping their stability over time.
· pH-Dependent Drug solubility: Drug solubility may be pH-dependent. The drug's solubility can be altered by pH changes, which can have an impact on the drug's bioavailability and rate of dissolution. The stability of drugs and the efficacy of treatments may be impacted by pH variations during storage or administration.
· Compatibility with Excipients: Drug formulations frequently include excipients, such as preservatives, stabilisers, or pH adjusters, which can change the formulation's pH. To ensure stability and avoid potential deterioration, compatibility studies are carried out to evaluate how pharmaceuticals and excipients interact.
· Regulatory Considerations: During the drug development process, manufacturers are often required by regulatory bodies to assess the effect of pH on drug stability. To evaluate the stability profile of the medicine, stability studies are carried out under various pH settings, including expedited and long-term stability testing.
For the formulation of stable drug products, it is essential to comprehend how pH affects medication stability. Pharmaceutical formulations' chemical integrity, potency, and safety are all improved by taking pH into account during their production, storage, and administration. Drug stability is maintained by carefully choosing excipients, buffer systems, and pH levels.
6) Drug-Drug Interactions: In some circumstances, interactions between drugs might result in chemical breakdown or the creation of novel molecules. When medications are co-formulated or delivered together, compatibility tests are carried out to assess potential interactions.
Drug interactions can potentially have an impact on a substance's chemical stability. When two or more medications are combined in their formulation or administration, they may interact and undergo chemical alterations or degradation. The following are essential points about drug-drug interactions and how they affect the stability of medications:
· Chemical Interaction: Some medications have the potential to interact chemically, creating either new substances or breakdown products. Chemical processes including oxidation, reduction, hydrolysis, or complexation may result in these interactions. Products that come from this process could be less stable and have different chemical characteristics.
· Drug-Drug Interactions that Depend on pH: The pH of a drug formulation or the environment can affect drug-drug interactions. Drugs' ionisation states can change due to pH changes, which can also affect how chemically stable they are. Drug interactions between acidic and basic substances, for instance, might be pH-dependent.
· Physical Incompatibility: The stability of medications can also be impacted by their physical interactions. When incompatible medications are mixed, for instance, complexes or drug precipitation may result. Reduced drug solubility, changed dissolution rates, or lower bioavailability can result from these physicochemical changes.
· Excipient interactions: Preservatives, stabilisers, and solubilizing agents, among other excipients used in medication formulations, may interact with medicines and alter their stability. Incompatibilities between medications and excipients may lead to chemical deterioration, potency loss, or modifications in the properties of the drug formulation.
· Formulation Considerations: Drug-drug interactions must be taken into account when developing formulations, according to the FDA. Studies on compatibility are carried out to assess possible interactions between excipients and medicines. To reduce interactions and maintain drug stability, excipient concentration and choice can be altered.
· Drug Delivery Systems: Multiple medications may be included in drug delivery systems such nanoparticles, liposomes, or micelles. Drug interactions in these systems may affect the stability and release patterns of the medicines. To maintain medication stability and achieve desirable therapeutic results, it is essential to comprehend drug-drug interactions inside these delivery systems.
· Stability Testing: Drug combinations must undergo stability testing in order to determine their compatibility and stability. To assess the chemical stability of medications that are co-formulated or co-administered, accelerated stability tests and long-term stability testing are carried out.
· Regulatory Considerations: During the drug development process, manufacturers are required by regulatory agencies to assess potential drug-drug interactions and their impact on drug stability. To prove the stability and safety of medication combinations, compatibility tests and stability data are frequently needed.
Pharmaceutical development and formulation must take potential drug-drug interactions and their effects on stability into account. The chemical stability and therapeutic efficacy of drug products are preserved by conducting adequate stability tests, understanding the compatibility between pharmaceuticals and excipients, and assuring proper formulation design.
Techniques for Measuring Chemical Stability:
1) Forced breakdown Studies: In these studies, pharmaceuticals are exposed to extreme temperatures, high levels of humidity, or bright light in order to speed up the breakdown process and assess the stability of the drug molecule.
2) Stability Testing: Real-time and accelerated stability tests are carried out to evaluate a drug's stability during a predetermined time period while being stored according to recommendations. For these trials, the medication samples are routinely tested for degradation products and potency.
3) Testing for Container-Closure Integrity: The packaging materials and closure techniques used for pharmaceutical products should offer sufficient defence against outside influences that could weaken the medicine. Testing the integrity of the container closure ensures that the package remains intact for the duration of the product's shelf life.
Chemical stability is important:
1) Patient Safety: Chemical drug degradation can result in the creation of hazardous or inactive chemicals, decreasing the treatment's effectiveness and perhaps endangering patients.
Chemical stability is absolutely essential for patient safety. This is why:
· Therapeutic Effectiveness: Chemical stability makes sure that medicines have their intended chemical make-up and potency for the duration of their shelf lives. Drugs that are not stable may undergo structural changes due to chemical interactions or degradation, making them inefficient for treating the intended condition. Drugs that are stable can produce the intended therapeutic outcome, enhancing patient outcomes and safety.
· Consistent Dosage: Stable medications offer accurate and consistent dosing, ensuring that patients always receive the recommended dosage of the active pharmaceutical ingredient (API). It might be difficult to establish consistent dosage due to chemical instability, which can cause changes in medication concentration. Inadequate treatment or overdosing may result from inaccurate dosing, both of which pose dangers to patient safety.
· Reduced Toxicity: Chemical medication degradation can produce contaminants or degradation products that are toxic or may have unfavourable side effects. Unstable medications may go through chemical changes that result in hazardous intermediates or breakdown products, which could be harmful to patients. Assuring chemical stability reduces the possibility of toxicological problems brought on by medication deterioration.
· Allergic Reactions: Certain people may develop allergies or sensitivities to some medication breakdown products. Unstable medications may produce impurities or byproducts that have the potential to cause allergic reactions, which can lead to uncomfortable side effects ranging from minor skin rashes to serious systemic allergic reactions. Testing for chemical stability assists in identifying and reducing the possibility of such reactions.
· Compatibility with Excipients: When medications are manufactured with excipients, such as preservatives, solubilizers, or stabilisers, stability is crucial. The formulation may undergo chemical reactions, degradation, or physical changes as a result of the medication and excipients' compatibility. Assessments of stability guarantee compatibility, minimising detrimental effects on patient safety.
· Long-Term Storage: Chemical stability guarantees that pharmaceuticals stay stable during long-term storage, handling, and transportation. Drug efficacy and safety are maintained until the expiration date thanks to adequate stability under specific storage settings. It helps reduce hazards by preventing situations where patients are given outdated or deteriorated medications.
· Regulatory Compliance: Pharmaceutical companies are required by regulatory organisations to provide evidence of the products' chemical stability during the approval procedure. Stability information, including as stability tests and studies, is a crucial part of regulatory filings. Drugs must adhere to stability requirements in order to meet quality and safety standards.
2) Effectiveness: Drugs that are stable maintain their therapeutic potency and activity, ensuring that patients experience the desired therapeutic advantages.
The chemical stability of medications is crucial to their efficacy:
· Active pharmaceutical ingredients (APIs) preservation: Chemical stability guarantees the integrity and maintenance of the chemical structure of the active pharmaceutical ingredient(s) (APIs) in a medication formulation. For the medicine to have the intended therapeutic impact in the body, stable APIs are required. Any deterioration or chemical alterations to the API may lessen its potency or change its pharmacological characteristics.
· Maintaining Potency: Chemical stability is essential for maintaining a drug's effectiveness. A stable medicine keeps its active ingredient concentration constant throughout time, enabling precise dosing and continuous therapeutic impact. By examining the preservation of a medicine's potency under particular storage conditions, stability testing assists in determining the shelf life of a drug.
· Consistency in Dosage: Chemical stability guarantees that the drug maintains a constant dose strength over the course of its shelf life. It might be difficult to establish exact and consistent dosing when using unstable medications because of variations in concentration brought on by chemical changes or degradation. Dosing irregularities may lead to subpar treatment results or even therapeutic failure.
· Formulation Integrity: Chemical stability is essential for preserving the integrity of pharmaceutical formulations. Excipients like binders, fillers, or coating agents must maintain compatibility and refrain from chemical interactions that can reduce a drug's efficacy in order for stability to be achieved. Drug release patterns and bioavailability are influenced by formulation stability, which maximises therapeutic effectiveness.
· Regulatory Compliance: Pharmaceutical companies are required by regulatory organisations to provide evidence of the products' chemical stability during the approval procedure. To make sure the drug is still effective at the end of its shelf life, stability tests and statistics are provided. To meet regulatory criteria and provide consistent therapeutic results, compliance with stability requirements is crucial.
3) Shelf Life Determination: Understanding the chemical stability of medications is essential for determining their expiration dates and making sure that they are effective for the duration of their shelf lives.
To maintain the quality, safety, and efficacy of the product, it is crucial to calculate the shelf life of pharmaceutical items based on their chemical stability. Establishing accurate expiration dates and storage suggestions requires thorough stability testing that monitors potency, degradation products, and formulation stability. Manufacturers may make sure that the product maintains its quality and functions as intended for the duration of its planned shelf life by taking chemical stability into account.

4) Regulatory Compliance: As part of the drug approval process, regulatory authorities demand that producers provide evidence of the chemical stability of pharmaceuticals.
In general, maintaining the chemical stability of medications is essential to preserving their quality, safety, and efficacy throughout their shelf life and offering patients trustworthy pharmaceuticals.
Manufacturers can guarantee compliance, obtain regulatory approval, and put patient safety first by following regulatory requirements and proving the chemical stability of drug products. In terms of chemical stability, rigorous stability testing, appropriate storage conditions, precise shelf life determination, and robust data reporting are crucial components of regulatory compliance.
Good Manufacturing Practises compliance is a crucial need for regulatory approval. GMP regulations place a strong emphasis on the necessity of preserving product stability and quality all throughout the production process. Following GMP guidelines guarantees that the drug product is produced, packaged, labelled, and stored in a way that maintains its chemical stability and complies with regulatory requirements.
 In regulatory submissions for drug approval, stability data, including study protocols, findings, and conclusions, must be submitted. This information shows that the drug product meets quality requirements, is chemically stable, and maintains its efficacy and safety over the course of its shelf life. Regulatory bodies examine this data to make sure stability standards are being met.
Specific guidelines for stability testing are provided by regulations. The design, timeframe, and storage requirements for stability investigations are described in these guidelines. Manufacturers are required to carry out accelerated stability testing (under elevated stress settings), intermediate stability testing, and long-term stability testing. For regulatory approval, compliance with these testing standards is crucial.
 Manufacturers are required by regulatory organizations to set a specific shelf life for their pharmaceutical items. The product is expected to be stable and retain its quality, potency, and efficacy for the duration of this shelf life. By evaluating the chemical stability of the drug substance and the drug product under certain storage conditions, stability studies play a critical role in defining the ideal shelf life.
A crucial component of product quality is chemical stability. Pharmaceutical companies must prove the chemical stability of their drug products to regulatory agencies including the European Medicines Agency (EMA) and the U.S. Food and Drug Administration (FDA). In order to guarantee that the product retains its quality characteristics over the course of its shelf life, stability studies and data are included with regulatory submissions.
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