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Abstract: Throughout a product's shelf life, the stability of pharmaceuticals (drugs) is a crucial factor in 

determining drug safety, efficacy, and quality. In tropical areas, where high relative humidity and high 

temperatures speed up chemical, physical, and microbiological degradation processes, the problem is more 

prevalent. Several countries in Asia, Africa, and Latin America are located in climatic zones III and IV of the 

International Council for Harmonization, where traditional packaging systems and formulations designed for 

temperate climates frequently fall short of stability standards. This review offers a comprehensive discussion 

of how tropical weather affects pharmaceutical dosage forms, with a focus on formulation-related issues, drug 

degradation pathways, and workable mitigation techniques. This article will serve as a practical reference for 

formulation scientists, and quality professionals working in tropical markets. 

 

Introduction 

Pharmaceutical items are designed to maintain their identity, strength, quality, and purity during the shelf life. 

As a result, stability is an essential need for regulatory approval and medicine development. If a drug product's 

physical, chemical, microbiological, or therapeutic properties alter while it is being kept, patient safety and 

treatment outcomes might be at risk. Stability problems exist worldwide, but they are more severe in tropical 

and subtropical areas because of the extreme climatic conditions [1, 2]. High relative humidity (>65%) and 

high ambient temperatures (>30°C) are characteristics of tropical climates. Pharmaceutical product physical 

instability and degradation reactions can be greatly accelerated by these circumstances. Formulations that were 

developed and optimized in temperate regions may operate effectively under moderate settings but fail when 

exposed to tropical environments during shipment, storage, or use [3-5]. The expiration date of pharmaceutical 

dosage form is influenced by some environmental elements, including temperature, humidity, light, radiation, 

physical and chemical active ingredients in the formulation, and the kind of container employed and storage 

conditions. Adequate analytical techniques are available together with literature data on the degradability and 

breakdown process of active compounds [6]. Pharmaceutical analysis and stability studies, which are 

necessary to ascertain and guarantee the identity, potency, and purity of ingredients, and those of the 

manufactured products, are the crucial phases during the developing stages [7, 8]. Pharmaceutical products 

are marketed across several climate zones due to the growing globalization of drug production and distribution. 

This has led to an increasing need to comprehend and deal with stability issues. Drug stability in tropical 

regions is the main topic of this review, which highlights formulation difficulties, degradation mechanisms, 

regulatory issues, and mitigation techniques that can enhance product performance and patient safety. 
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Tropical climatic conditions: The International Council for Harmonization (ICH) has divided the world into 

various climate zones according to the average temperature and humidity levels to standardize stability testing 

regulations. Chiefly, accelerated and long-term (real-time) stability testing is performed in most cases (Figure 

1). Long-term and accelerated stability studies are designed using these zones as a reference.  

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Different methods used to examine drug stability  

 

Four climatic zones were defined: Zone I: Temperate climate, Zone II: Subtropical and Mediterranean climate, 

Zone III: Hot and dry climate, and Zone IV: Hot and humid climate. Later, Zone IV was split into Zone IVb 

(hot and extremely humid, 30°C/75% relative humidity) and Zone IVa (30°C/65%). Zone IVb includes the 

majority of tropical countries, such as Bangladesh, India, Sri Lanka, Thailand, Indonesia and several African 

countries. Pharmaceutical stability is hampered by the circumstances in Zones III and IV, for medications that 

are thermolabile and moisture-sensitive. High humidity encourages microbiological growth, hydrolytic 

breakdown, and physical alterations such as caking, swelling, and altered dissolving rate. Higher temperatures 

speed up chemical reactions and diffusion processes by increasing molecular mobility. 

Stability testing conditions: New revisions have been made to the ICH guideline Q1A (R2) for stability tests, 

which was finalized in 2003 and amended in 2005 (withdrawing chapter Q1F, which describes additional 

stress testing conditions in Zones III and IV). Following the removal of chapter Q1F, the Association of South 

East Asian Nations (ASEAN) members have presented their own technical dossier according to the ICH rules 

and modified the testing circumstances to accommodate their respective climates. The ASEAN ICH norms 

are being enforced throughout the ASEAN nations [9]. The ASEAN nations provide as a clear illustration of 

how the testing standards will grow progressively stricter and more detailed. There is talk of individual 

breakthroughs from different nations to investigate testing procedures under different climatic conditions or 

more stringent testing circumstances. The pharmaceutical sector establishes new benchmarks for the stability 

testing of medicinal products. Being ready for the needs of the future is a problem for pharmaceutical 

businesses and testing equipment vendors [10]. The real conditions are governed by chapter Q1A (R2) for 

climatic stability testing and chapter Q1B for light stability testing, following the most recent revision and 

implementation for ICH stability testing. New regional testing circumstances were established for the long-

term stability tests to be conducted in the ASEAN countries with the establishment of the ICH rules for 

ASEAN, which are classified as Zone IVb [9, 11]. Pharmaceutical product stability testing under ambient, 

refrigerated, and frozen storage settings is governed by Chapter Q1A (R2), Table 1. The ICH rules mandate 

accelerated testing settings for all storage conditions (frozen, refrigerated, and ambient) in addition to long-

term stability testing of various storage conditions. If the rapid testing reveals unacceptable degradation, 

intermediate testing is required (Table 2). 
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Table 1: Long-term testing conditions 

Climate zone Temperature Humidity (r=Relative) Minimum duration 

Zone I 21°C±2°C 45% rH±5% rH 12 months 

Zone II 25°C±2°C 60% rH±5% rH 12 months 

Zone III 30°C±2°C 35% rH±5% rH 12 months 

Zone Iva; 

Zone IVb 

30°C±2°C; 

30°C±2°C 

65%rH±5% rH; 

75% rH±5% rH 
12 months 

Refrigerated 5°C±3°C No humidity 12 months 

Frozen - 15°C±5°C No humidity 12 months 

 

Table 2: Accelerated testing conditions 

Climate zone Temperature Humidity (r=Relative) Minimum duration 

Accelerated ambient 40°C±2°C 75% rH±5% rH 6 months 

Accelerated refrigerated 25°C±2°C 60% rH±5% rH 6 months 

Accelerated frozen 5°C±3°C No humidity 6 months 

Intermediate 30°C±2°C 65% rH±5% rH 6 months 

 

Climatic zones: Northern Europe, Canada, and the Northern areas of the United States are examples of regions 

with temperate (Zone I) climates. Products kept in cold environments are subjected to stability testing under 

Zone I conditions. The temperatures and humidity in these regions are moderate. Zone II includes countries 

in Southern Europe, portions of Japan, and the central United States. Products evaluated in these regions 

should be stable in environments that are fairly warm and humid (Figure 2). High temperatures and low 

humidity can have an impact on pharmaceutical items' volatile components, coatings, and packaging materials. 

Stability studies under Zone III ensure product robustness against heat stress. This climatic group includes 

sections of Africa, the Middle East, and some areas of India.  Climate Zone IVa includes nations including 

southern India, Thailand, and Indonesia (Table 3). Because of the high humidity in these places, the product 

may absorb moisture and develop microorganisms. These parameters are met by testing at 30°C and 65% 

humidity. Later, Zone IVb was added to represent tropical areas like Singapore, Malaysia, and the Philippines. 

The most difficult stability conditions are found in this zone. Many studies assured that the product is stable 

in high humidity at 75% RH.  

Table 3: List of countries with tropical climatic zones 

Country Climatic zone Assigned to zone 
Bangladesh IVa IVa 
Barbados IVb IVb 

Belize IVa IVa 
Bolivia II, IVb IVb 

Zimbabwe IVb IVb 
Tonga II, IVa IVa 

United Arab Emirates IVa IVa 
Tanzania II, IVb IVb 
Thailand IVb IVb 
Uganda IVa IVa 

Saudi Arabia II, III, IVa IVa 
Qatar IVa IVa 

Nicaragua IVa IVa 
Gabon IVa IVa 

Columbia IVb IVb 
Congo II, IVa IVa 

Fiji IVa IVa 
Hong Kong IVa IVa 

India III, IVa IVa 
Indonesia IVb IVb 

Kenya II, IVa IVa 
Malaysia II, IVb IVb 

Maldives Islands IVa IVa 
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Myanmar IVb IVb 
Niger II, IVa IVa 

Pakistan II, III, IVa IVa 
Philippines IVb IVb 

Senegal IVa IVa 
Somalia IVa IVa 

Singapore IVb IVb 
Sri Lanka IVa IVa 
Vietnam IVb IVb 
Yemen II, IVa IVa 

Venezuela II, IVb IVb 
Peru IVb IVb 

Paraguay IVa IVa 
Oman IVa IVa 
Nigeria IVb IVb 
Kuwait IVa IVa 
Jamaica IVa IVa 
Ghana IVb IVb 

Ivory Coast IVa IVa 
Laos IVb IVb 

Liberia IVa IVa 
Madagascar II, IVa IVa 

Mali III, IVa IVa 
Panama IVb IVb 

Togo IVb IVb 
Benin IVa IVa 

Bahrain III, IVa IVa 
Brazil II, IVb IVb 
Cuba IVb IVb 

Central African Republic IVb IVb 
Cameron IVb IVb 
Ethiopia II, IVa IVa 
Ecuador I, II, IVa IVa 

El Salvador IVa IVa 
Guyana IVb IVb 

 

 

 

 

 

 

 

 

 
 

Figure 2: Different stability zones (ICH) across the world [12]  

 

Environmental factors affecting stability in tropical regions: Temperature is one of the most significant factors 

influencing the stability of medications. According to the Arrhenius equation, the rate of chemical reactions 

increases exponentially with temperature. If excipients and active pharmaceutical ingredients (APIs) are 

exposed to temperatures above the recommended storage, temperature may quickly deteriorate in tropical 

regions [13, 14]. Thermolabile medications that are particularly vulnerable include hormones, antibiotics, and 

some biological products. Even solid dosage forms, which are usually more stable than liquids, may undergo 

polymorphic changes, excipient melting, or gelatin capsule softening at high temperatures [15]. 
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Figure 3: Environmental factors possibly affecting drug stability in a tropical climate 

 

Tropical climates are characterized by high relative humidity, which plays an integral part in pharmaceutical 

instability (Figure 3). APIs and excipients can be chemically degraded by moisture acting as a reactant or 

catalyst in hydrolytic reactions. Materials that are hygroscopic easily absorb moisture from their surroundings, 

changing their hardness, friability, and disintegration time [16, 17, 18]. Moisture absorption can result in tablet 

swelling, cracking, or sticking in solid dosage forms and shell deformation or brittleness in capsules. Liquid 

and semi-solid formulations are also affected since increased water activity might promote microbial 

development [19]. Tropical areas frequently have high levels of sunlight exposure, which raises the possibility 

of photodegradation. Photosensitive medications may undergo chemical changes brought on by ultraviolet 

and visible light, which could lead to a potency reduction or the formation of hazardous products. This problem 

is made worse by inadequate packaging and unsuitable storage conditions [20, 21]. Drug molecules may react 

with oxygen, resulting in oxidation and deterioration. Drug instability is frequently caused by oxidation, which 

is frequently increased by temperature, light, and the presence of metal ions [22, 23, 24, 25]. Drug stability can 

be impacted by the environment or the pH in the drug formulation. Certain medications are sensitive to pH 

shifts and can break down quickly in acidic or alkaline environments. 

Drug degradation pathways under tropical conditions: Pharmaceutical items are especially susceptible to 

deterioration in tropical environments, which are characterized by high temperatures, high humidity, and 

excessive sun exposure (Figure 4). Hydrolysis, oxidation, photo-degradation, and thermal degradation are 

common processes that result in potency loss and the creation of degradation products (Table 4). 

Hydrolysis: One of the most prevalent degradation processes in tropical regions is hydrolysis. Functional 

groups such as esters, amides, lactams, and imides are especially vulnerable to hydrolytic cleavage. Because 

hydrolysis is greatly accelerated by high temperatures and humidity, moisture control is an essential step for 

formulation and packaging design [26, 27]. 

Oxidation: Drug molecules react with oxygen or reactive oxygen species during oxidative degradation. Light, 

heat, or trace metal contaminants can start or speed up this process. Discoloration, potency loss, and the 

formation of dangerous contaminants are all possible consequences of oxidation [22, 28]. 

Photo-degradation: A chemical process called photo-degradation occurs when drug molecules absorb light 

energy. One well-known adverse effect of drugs like riboflavin, nifedipine, and several corticosteroids is 

photosensitivity. In tropical regions, degradation can happen fast if there is not enough protection from the 

sun [29]. 
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Physical instability: Tropical climates can lead to physical instability in addition to chemical deterioration. 

These include variations in viscosity in suspensions and gels, phase separation in emulsions, crystallization in 

amorphous systems, and polymorphic transitions. Drug release, bioavailability, and patient acceptability may 

all be affected by such modifications [3, 30]. 

 

Table 4: Drug degradation pathways and their impact 

Degradation pathway 
Tropical stress 

factor 
Chemical mechanism 

Susceptible drug 

moieties 
Impact on drug quality 

Hydrolysis  High humidity, 

elevated 

temperature 

Cleavage of labile bonds by 

water (acid- or base-

catalyzed) 

Esters, amides, 

lactams, carbamates 

Loss of potency, 

formation of inactive or 

toxic degradants 

Oxidation  Heat, oxygen, 

light, trace metals 

Electron loss via free radical 

or peroxide formation 

Phenols, thiols, 

amines, unsaturated 

bonds 

Reduced efficacy, 

discoloration 

Photo-degradation  Intense sunlight, 

UV exposure 

Photon-induced bond 

cleavage or rearrangement 

Aromatic rings, 

conjugated systems 

Rapid potency loss 

Thermal degradation Sustained high 

temperatures 

Heat-induced bond breakage 

or rearrangement 

Thermolabile 

functional groups 

Denaturation, reduced 

bioactivity 

Humidity-induced 

solid-state degradation 

High relative 

humidity (>65%) 

Increased molecular mobility 

and phase transformation 

Hygroscopic solids, 

amorphous powder 

Reduced stability, altered 

dissolution 

Polymerization/ 

Aggregation 

Heat, light, 

oxidative stress 

Molecular cross-linking or 

aggregation 

Peptides, proteins Loss of biological 

activity, immunogenicity 

 

 

 

 

 

 

 

 

 
 

Figure 4: Causes of drug degradation with potential consequences 

 

Solid dosage form: The most stable pharmacological formulations are typically thought to be solid dosage 

forms, such as tablets and capsules. However, high humidity can cause moisture absorption in tropical areas. 

This may alter dissolving profiles, enhance friability, and decrease hardness. Because gelatin capsules are 

susceptible to moisture, the environment can cause the shell to become either soft or brittle [15, 31]. 

Liquid dosage form: In tropical regions, liquid formulations-such as syrups, solutions, and suspensions-are 

more likely to have stability issues. Chemical structure breakdown is accelerated by high temperatures. High 

humidity promotes the growth of microorganisms. Preservatives may become less effective, increasing the 

possibility of contamination [32, 33]. 

Semi-solid dosage form: Under tropical circumstances, creams, ointments, and gels may experience 

contamination by microbes, phase separation, or viscosity changes. The dispersed phase may become unstable 

because emulsions are especially sensitive to temperature changes [34]. 

Challenges in stability-focused formulation: It is extremely challenging to develop formulations that need 

higher stability when they are subjected to oxidative, light, wet, or temperature stress. In addition to meeting 
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bioavailability, acceptability, and regulatory requirements, formulations must be stable in terms of both API 

chemical stability and dosage form physical stability. Apart from the incompatibility of the excipient, the 

formulation may be negatively impacted by changes in solid state and the contact between the closure system 

and container during storage, particularly in tropical or rapid storage circumstances [5, 35-38]. APIs that are 

prone to hydrolysis, like β-lactam antibiotics, necessitate strict moisture control by incorporating less water in 

formulations, packaging based on desiccants, and careful pH optimization. Rapid potency loss and the creation 

of inactive degradation products might result from improper management of residual moisture [39, 40]. Due 

to their vulnerability to heat-induced denaturation and aggregation, thermolabile biologics, such as proteins 

and vaccines, cause formulation problems. To maintain structural integrity and therapeutic efficacy, 

stabilization techniques such as buffer tuning, the use of cryoprotectants or cytoprotectants, and cold-chain 

storage maintenance are crucial [41].  

Packaging and storage challenges: The pharmaceutical product's packaging acts as a primary barrier against 

the external environment. Standard packaging technology might not be an effective barrier against light, 

oxygen, and moisture in tropical regions. Despite its lack of good moisture protection, PVC blister packing 

has been used. Aluminum-Aluminum blister packaging has been considered superior and recommended 

increasingly in the tropics [42-44]. Containers made of high-density polyethylene, desiccants, or light-

sensitive packaging may improve this issue. However, costs associated with packaging may play an important 

role, especially when considering generic drug manufacturers operating in developing nations [42, 45]. 

Formulation and packaging strategies for tropical climates: To overcome stability issues in tropical climatic 

conditions, several formulation and packaging strategies might be adopted (Table 5, Figure 5). These 

approaches involve using coatings that protect from moisture, using antioxidants and stabilizers, choosing less 

hygroscopic excipients, and using high-barrier packaging materials [46]. Reformulation of products to 

improve intrinsic stability may be necessary for particularly sensitive drugs. A combination of rational 

composition, suitable packaging, and regulated storage conditions can improve drug stability [47, 48]. 

pH adjustment: Changes in pH can affect the stability of a drug solution. Raising the pH can improve stability 

in some situations, while reducing the pH could be necessary in other situations. 

Antioxidant: Antioxidants can help to stop the deterioration of drugs by scavenging free radicals and reactive 

oxygen species that could cause oxidation. 

Suitable packaging: Appropriate packaging can improve the stability of a medication. For example, storing a 

medication in a sealed container with a desiccant inside can help prevent moisture from entering and causing 

degradation. 

Chemical changes: In certain circumstances, altering a drug's chemical makeup can improve its stability. This 

could mean adding functional groups that can prevent deterioration or changing the formulation to a more 

stable one. 

Using stabilizers: Stabilizers can be added to pharmaceutical formulations to help prevent degradation. These 

could include components like proteins, carbohydrates, or amino acids that help stabilize the drug molecule. 

Freeze-drying: During the freeze-drying process, a pharmaceutical solution is frozen and then vacuum-dried. 

Eliminating water can help to stabilize the medication by lowering the chance of deterioration. 

 

Conclusion: Pharmaceutical product stability studies are a crucial step in the development of new drugs and 

formulations. Departure from the defined stability profile may have an impact on its efficacy, safety, and 

quality. Pharmaceutical stability in tropical climates presents substantial challenges that require careful 

consideration during formulation, packaging, and regulatory submission. All dosage forms' physical stability 

and degradation mechanisms are greatly impacted by high temperatures and humidity. Pharmaceutical 
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scientists can increase product robustness, improve patient safety, and boost therapeutic effects in tropical 

settings by comprehending these difficulties and putting suitable mitigation techniques into practice. 

 

 
 

Figure 5: Drug degradation and mitigation strategies 

 

Table 5: Formulation and packaging strategies to improve stability in tropical climates 

Stability issue Mitigation strategy Examples 

Moisture sensitivity Use of desiccants, moisture-resistant blisters Alu-Alu blister packs 

Oxidative degradation Antioxidants, inert excipients Ascorbic acid, nitrogen flushing 

Photo-degradation Light-resistant packaging Amber vials 

Thermal instability Cold-chain optimization and using stabilizers Buffers, cryoprotectants 

Excipient incompatibility Compatibility screening is needed 
Appropriate container–closure 

systems to minimize interactions 

Physical instability 
Optimization of particle size, surfactants, and 

stabilizing agents 

Protection from temperature and 

humidity fluctuations, during storage 

 

High temperature 

Selection of thermally stable APIs, 

incorporation of stabilizers, optimization of 

formulation pH 

Proper regulation of drug depot and 

cold storage 

 

References 

 

1. Yu LX, Amidon G, Khan MA, Hoag SW, Polli J, Raju GK, Woodcock J. Understanding pharmaceutical quality 

by design. The American Association of Pharmaceutical Scientists Journal. 2014; 16(4): 771-783. doi: 10.1208/ 

s12248-014-9598-3  

2. Aashigari S, Ramya GG, Sneha S, Vykuntam U, Naga RP. Stability studies of pharmaceutical products. World 

Journal of Pharmaceutical Research. 2019; 8(1): 479-492. doi: 10.20959/wjpr20191-13872  

3. Leela-Amornsin S, Mankong Y, Jiso A, Ittisan T, Chunnguleum K, Atiksawedparit P. The effects of tropical 

climate on the stability of emergency drugs used in ambulances under real EMS situations. Prehospital 

Emergency Care. 2025: 1-7. doi: 10.1080/10903127.2025.2587176  

4. Richter B, Bongaerts B, Metzendorf MI. Thermal stability and storage of human insulin. Cochrane Database 

Systematic Review. 2023; 11(11): CD015385. doi: 10.1002/14651858.CD015385.pub2  

5. González-González O, Ramirez IO, Ramirez BI, O'Connell P, Ballesteros MP, Torrado JJ, Serrano DR. Drug 

Stability: ICH versus accelerated predictive stability studies. Pharmaceutics. 2022; 14(11): 2324. doi: 10.3390/ 

pharmaceutics14112324  

6. Abozaid DM, Saleh WM. Evaluation of some metformin hydrochloride brands available in the Libyan market. 

Mediterranean Journal of Pharmacy and Pharmaceutical Sciences. 2022; 2(4): 6-12. doi: 10.5281/zenodo. 

7479690 

7. Singh S, Monika B. Guidance on conduct of stress tests to determine inherent stability of drugs. Pharmaceutical 

Technology online. 2000; 24: 1-14. Corpus ID: 54644738. 

8. Rockhold FW. Industry perspectives on ICH guidelines. Statistics in Medicine. 2002; 21(19): 2949-2957. doi: 

10.1002/sim.1299  

http://www.medjpps.com/


Mediterranean Journal of                                           ISSN: 2789-1895 online                                doi: 10.5281/zenodo.18928651  

Pharmacy & Pharmaceutical Sciences                          www.medjpps.com                                                  ISSN: 2958-3101  

 

Yasmin et al. Mediterr J Pharm Pharm Sci. 2026; 3(1): 83-92. doi: 10.5281/zenodo.18928651                                                           91 

9. Connors KA, Amidon GL, Kennon L. Chemical stability of pharmaceuticals: A handbook for pharmacists. John 

Wiley and Sons, New York: 1986; 8-119. ISBN: 978-0-471-87955-8. 

10. Chauhan YS, Nex R, Sevak G, Rathore MS. Stability testing of pharmaceutical products. Research Journal of 

Pharmaceutical Dosage Forms and Technology. 2021; 13(4): 317-328. doi: 10.52711/0975-4377.2021.00052  

11. Lachman L, Lieberman H. Kinetic principles and stability testing. In: The theory and practice of industrial 

pharmacy. CBS Publishers and Distributors Pvt Ltd, New Delhi, 4th Ed., 2017. ISBN: 9788123922898 

12. Zothanpuii F, Ravindran R, Kanthiah S.A review on stability testing guidelines of pharmaceutical products 

Asian Journal of Pharmaceutical and Clinical Research. 2020; 13(10):3-9. doi: 10.22159/ajpcr.2020.v13i10 

.38848 

13. Bott RF, Oliveira WP. Storage conditions for stability testing of pharmaceuticals in hot and humid regions. 

Drug Development and Industrial Pharmacy. 2007; 33(4): 393-401. doi: 10.1080/03639040600975022  

14. Waterman KC. The application of the Accelerated Stability Assessment Program (ASAP) to quality by design 

(QbD) for drug product stability. The AAPS PharmSciTech. 2011; 12(3): 932-937. doi: 10.1208/s12249-011-

9657-3  

15. Ng LH, Ling JKU, Hadinoto K. Formulation strategies to improve the stability and handling of oral solid dosage 

forms of highly hygroscopic pharmaceuticals and nutraceuticals. Pharmaceutics. 2022; 14(10): 2015. doi: 

10.339/pharmaceutics14102015  

16. Chen WL, Guo DW, Shen YY, Guo SR, Ruan KP. Effects of highly hygroscopic excipients on the hydrolysis 

of simvastatin in tablet at high relative humidity. Indian Journal of Pharmaceutical Sciences. 2012; 74(6): 527-

534. doi: 10.4103/0250-474X.110587  

17. Majeed SA. Effect of beverages on the disintegration time of drugs in the tablet dosage form. Mediterranean 

Journal of Pharmacy and Pharmaceutical Sciences. 2024; 4(2): 69-74. doi: 10.5281/zenodo.12571620 

18. Teraoka B, Matsushima Y, Sugimoto I, Inoue K, Morita S, Kitagawa S. Effect of pharmaceutical excipients on 

the stability of trichlormethiazide tablets under humid conditions. 2009; 57(12): 1343-1347. doi: 10.1248/cpb. 

57.1343  

19. Crouter A, Briens L. The effect of moisture on the flowability of pharmaceutical excipients. The AAPS 

PharmSciTech. 2014; 15: 65-74. doi: 10.1208/s12249-013-0036-0  

20. Kowalska J, Rok J, Rzepka Z, Wrześniok D. drug-induced photosensitivity-from light and chemistry to 

biological reactions and clinical symptoms. Pharmaceuticals (Basel). 2021; 14(8): 723. doi: 10.3390/ph14080 

723  

21. Zaheer MR, Gupta A, Iqbal J, Zia Q, Ahmad A, Roohi, Owais M, et al. Molecular mechanisms of drug 

photodegradation and photosensitization. Current Pharmaceutical Design. 2016; 22(7): 768-782. doi: 10.2174/ 

1381612822666151209151408  

22. Gabrič A, Hodnik Ž, Pajk S. Oxidation of drugs during drug product development: Problems and solutions. 

Pharmaceutics. 2022; 14(2): 325. doi: 10.3390/pharmaceutics14020325  

23. Darokar SY, Bordae B, Thorat SR, Khade RV, Faizan S. Validation of forced degradation and stability-

indicating studies of a nanoformulation using Spectroscopic technique. Mediterranean Journal of Medical 

Research. 2026; 3(1): 67-78. doi: 10.5281/zenodo.18790410 

24. Oulad Ali H, Belboukhari N, Sekkoum K, Study of the diastereoisotopic protons effects on the stability of 

dorzolamide stereochemistry by spectroscopic methods. Mediterranean Journal of Pharmacy and 

Pharmaceutical Sciences. 2024; 4(4): 15-21. doi. 10.5281/zenodo.14049067 

25. Patra BR, Mohan S, Gowda N. International conference on harmonization recommended forced degradation 

studies and development of a new validated isocratic reverse-phase Ultra-High Performance Liquid 

Chromatography method for the simultaneous estimation of Telmisartan and Amlodipine I. Asian Journal of 

Pharmaceutical and Clinical Research. 2019; 12(6): 250-258. doi: 10.22159/ajpcr.2019.v12i6.32629  

26. Yasmeen A, Sofi G, khan K. Factors affecting drug stability: A major concern to the pharmaceutical industry 

in the drug development and its commercialization. International Journal of Research in Pharmacology and 

Pharmacotherapeutics. 2021; 10(3): 205-218. doi: 10.61096/ijrpp.v10iss3.2021.205-218 

27. Arigo A, Jawahar N, Nikhitha S, Arun R. Effect of hygroscopicity on pharmaceutical ingredients, methods to 

determine and overcome: An overview. Journal of Chemical and Pharmaceutical Research. 2018; 10: 61-67. 

doi: Nil. 

28. Hartauer KJ, Arbuthnot GN, Baertschi SW, Johnson RA, Luke WD, Pearson NG, et al. Influence of peroxide 

impurities in povidone and crospovidone on the stability of raloxifene hydrochloride in tablets: Identification 

and control of an oxidative degradation product. Pharmaceutical Development and Technology. 2000; 5(3): 

303-310. doi: 10.1081/pdt-100100545  

29. Klelemen H, Hancu G, Kacsó E, Papp LA. Photosensitivity reactions induced by photochemical degradation of 

drugs. Advanced Pharmaceutical Bulletin. 2022; 12(1): 77-85. doi: 10.34172/apb.2022.010  

30. Gill MA, Kislik AZ, Gore L, Chandna A. Stability of advanced life support drugs in the field. American Journal 

of Health-System Pharmacy. 2004; 61(6): 597-602. doi: 10.1093/ajhp/61.6.597  

http://www.medjpps.com/


Mediterranean Journal of                                           ISSN: 2789-1895 online                                doi: 10.5281/zenodo.18928651  

Pharmacy & Pharmaceutical Sciences                          www.medjpps.com                                                  ISSN: 2958-3101  

 

Yasmin et al. Mediterr J Pharm Pharm Sci. 2026; 3(1): 83-92. doi: 10.5281/zenodo.18928651                                                           92 

31. Airaksinen S, Karjalainen M, Shevchenko A, Westermarck S, Leppänen E, Rantanen J, Yliruusi J. Role of water 

in the physical stability of solid dosage formulations. Journal of Pharmaceutical Sciences. 2005; 94(10) :2147-

2165. doi: 10.1002/jps.20411  

32. Himanshu, Sameeksha, Kumar M. A comprehensive review on pharmaceutical liquid dosage form. Acta 

Scientific Pharmaceutical Sciences. 2022; 6(4): 12-24. doi: 10.31080/ASPS.2022.06.0867  

33. Narayan S, Choudhary M. A review on stability studies of pharmaceutical products. International Journal of 

Applied Pharmacology and Biological Research. 2017; 2(3): 67-75. doi: Nil. 

34. Cekić N, Savić S, Savić S. Stability evaluation of emulsion-based topical preparations: A valuable potential of 

dynamic mechanical thermoanalysis (DMTA) test as a rapid rheological alternative to conventional freeze-thaw 

test. Arhiv za farmaciju. 2023; 73(5): 358-389. doi: 10.5937/arhfarm73-46319  

35. Bajaj S, Singla D, Sakhuja N. Stability testing of pharmaceutical products. Journal of Applied Pharmaceutical 

Science. 2012; 2(3): 129-138. doi: Nil. 

36. Damian F, Harati M, Schwartzenhauer J, Van Cauwenberghe O, Wettig SD. Challenges of dissolution methods 

development for soft gelatin capsules. Pharmaceutics. 2021; 13(2): 214. doi: 10.3390/pharmaceutics13020214 

37. Nizamuddin SFS, Ikramuddin M, Dhore NS. Artificial Intelligence in pharmaceutical sciences: Transforming 

drug discovery, formulation, and manufacturing. Mediterranean Journal of Medical Research. 2025; 2(4): 269-

275. doi: 10.5281/zenodo.17945149 

38. Hall W. The Impact of formulation strategies on drug stability and bioavailability. Journal of Chemical and 

Pharmaceutical Research. 2024; 16: 092. doi: 10.37532/0975-7384.2024.16(1).092  

39. Brahms A, Peifer C. Targeted hydrolysis of β-lactam antibiotics in dry suspension residue: A proposed method 

to reduce ecological toxicity and bacterial resistance. Water. 2021; 13(16): 2225. doi: 10.3390/w13162225  

40. Bhangare D, Rajput N, Jadav T, Sahu Ak, Tekade RK, Sengupta P. Systematic strategies for degradation kinetic 

study of pharmaceuticals: an issue of utmost importance concerning current stability analysis practices. Journal 

of Analytical Science and Technology. 2022; 13: 7. doi: 10.1186/s40543-022-00317-6  

41. Marco-Dufort B, Janczy JR, Hu T, Lütolf M, Gatti F, Wolf M, et al. Thermal stabilization of diverse biologics 

using reversible hydrogels. Science Advances. 2022; 8(31): eabo0502. doi: 0.1126/sciadv.abo0502  

42. Lv Y, Liu N, Chen C, Cai Z, Li J. Pharmaceutical packaging materials and medication safety: A mini-review. 

Safety. 2025; 11(3): 69. doi: 10.3390/safety11030069  

43. Pal R, Pandey P, Thakur SK, Khadam V, Dutta P, Sharma A, et al. The significance of pharmaceutical packaging 

and materials in addressing challenges related to unpacking pharmaceutical products. International Journal of 

Pharmaceutical and Healthcare Innovation. 2024; 1(3):149-173. doi: Nil. 

44. Nasa P, Mahila BPS. A review on pharmaceutical packaging material. World Journal of Pharmaceutical 

Research. 2014; 3(5): 344-368. Corpus ID: 138951150. 

45. Das PS, Saha P, Krishan, Das R. Pharmaceutical packaging technology: A brief outline. Research Journal of 

Pharmaceutical Dosage Forms and Technology. 2018; 10(1): 23. doi: 10.5958/0975-4377.2018.00005.8  

46. Pharma Excipients AG. Moisture protection strategies and challenges for solid oral dosages. Available from: 

https://www.pharmaexcipients.com/coating/moisture-protection-oral-solids/#:~:text=Coating%20the%20table 

t%20core%20with%20a%20suitable,the%20active%20ingredients%20and%20increases%20shelf%20life 

47. Kulshreshtha AK, Singh ON, Wall GM. Pharmaceutical suspensions : From formulation development to 

manufacturing. New York: Springer, 2009. ISBN: 9781441910875. 

48. Yadav AK, Yadav A, Yadav M, Akhlak M, Mishra S,  Rai JK. A review on drug stability. International Journal 

of Science and Research Archive. 2023; 9(1): 474-485. doi: 10.30574/ijsra.2023.9.1.0424  

Author's contribution: MFY & MH contributed to data analysis and all authors contributed equally, and approved the final 

version of the manuscript and agreed to be accountable for its contents. 

Conflict of interest: The authors declare the absence of any commercial or financial relationships that could be construed as a 

potential conflict of interest. 

Ethical issues: The authors completely observed ethical issues, including plagiarism, informed consent, data fabrication or 

falsification, and double publication or submission. 

Data availability statement: The raw data that support the findings of this article are available from the corresponding author 

upon reasonable request. 

Generative AI disclosure: No Generative AI was used in the preparation of this manuscript. 

 

 

 

 

http://www.medjpps.com/

