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ABSTRACT 

[bookmark: _Hlk206956721]Background: The growing reliance on herbal medicine carries inherent  risks, as concerns over the safety and efficacy of these products persist. Therefore, the  objectives of this study  were to identify the factors that compromise  the safe and effective use of herbal medicinal products and to outline the multi-directional relationships among these variables, with a view to  highlighting critical areas for intervention in the interest of public health. Methodology: Following an extensive review of literature, this paper identifies and explores a spectrum of factors that compromise  the safe and effective use of herbal medicine. Free of mutual exclusivity clause, ten key factors were isolated, classified into seven primary (namely: environment ENV, herb misidentification HMI,  adulteration HAD, misrepresentation HMR, contamination CON, plant morphological confusion PMC, and nomenclatural ambiguity PNA) and three secondary (namely: misuse/abuse of herbal medicine HMM, unsafe practices USP, and false claims FCL) categories on the one hand, and then seven  solitary (namely: HMI, HAD, HMR, CON, HMM, PMC, and  PNA ) and three compound factors (i.e. ENV, USP, and FCL) on the other hand. Following  a heuristic analytical  approach, and with due cognizance  to their  relationships, the isolated factors were modeled to reflect their web of interdependence. Results: The study highlights HMR and HMM as core impediments, often linked to mislabeling, lack of standardization, and regulatory lapses. A visual model is proposed to illustrate how these factors interact in a multi-directional network of influence, drawing attention to critical nodes requiring intervention. Conclusion: The proposed model not only informs regulatory and quality assurance practices but also serves as a preventive and expository tool to mitigate health risks associated with use of herbal medicine. By addressing the multifactorial dynamics involved, this work contributes to safer, more effective herbal therapeutic practices and enhanced public health outcomes.
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1. INTRODUCTION 

[bookmark: _Hlk206300370]One of the key desires of humans is to maintain good health, as it enables them to engage in various economic and other activities, and contribute meaningfully to the development of their communities. A person who has good physical health is likely to have bodily functions and processes working at their peak. The World Health Organisation (2020) defines health as a state  of physical, mental and social well-being in which disease and infirmity are absent. Although, a healthy body guarantees absence of disease, the absence of disease should not be interpreted as good health. That is, health is holistic, all-encompassing state of the body and the mind, rather than mere absence of disease. Regular exercise, balanced nutrition, and adequate rest are key factors that contribute to good health of an individual. As such, what a person  chooses to eat, and the kind of their  lifestyle  have  profound effects on their overall health.  Aside these primary factors,  several other factors  that have been listed by World Health Organisation (2024)  as  having influence on whether people are healthy or unhealthy include social class (or income), education, social environments, physical environments, biology (or genetics), health care services, culture and so on.

Research has shown that dietary habits play a significant role in influencing disease risk. While some foods may contribute to the development of chronic health conditions, others possess medicinal and protective properties. In this context, many argue that food itself can be regarded as medicine. (Reddy et al., 2024). Yet, diet alone cannot and should not replace medicine in all circumstances. Although many illnesses can be prevented, treated, or even cured by dietary and lifestyle changes, many others cannot. In such circumstance, medications  are inevitable, and in certain cases, surgery (Aggarwal,2010). In disease prevention and control, considering the issue of safety and efficacy of medications is sacrosanct. Safety is the likelihood of a medication not causing harm under the proposed conditions of use, while efficacy is the capacity to induce a clinical benefit (Moreira et al., 2014; Altaei, 2016). Both safety and efficacy depend on a  drug's therapeutic indication, usually spelt on  the label by the manufacturer. In principle, a substance has no clinical usefulness if it is "safe" but lacks efficacy or if it is active on a relevant therapeutic target but its use is unsafe. Again, no drug or remedy is entirely safe. Although these are recognized as equally essential attributes of any medicine, safety often takes precedence over proof of efficacy in drug regulation history. In Nigeria, for instance, the National Food and Drugs Administration and Control (NAFDAC) Act Cap N1 LFN of 2004 requires that safety of new drugs has to be proven by pre-marketing testing, whereas similar requirements to demonstrate their  efficacy only comes up much later (Federal Republic of Nigeria, 2021). 
The notion that safety must be paramount in therapeutic interventions is succinctly captured in the famous Latin maxim primum non nocere, meaning “above all, do no harm.” This expression—often referred to as the Hippocratic injunction—underscores the central principle of the Hippocratic Oath, in which physicians pledge to “keep their patients from harm.” (Smith, 2005). Taking a more critical perspective on the issue of drug efficacy, particularly in relation to the control of infectious diseases, Ogunkunle et al. (2019) observed that “ignorance of the public health implications of applying ineffective drugs could not have been better expressed than by trivializing their inefficacy… as ordinary as the ineffectiveness of an herbal drug may appear, it can be the genesis of an epidemic, particularly when the disease in question is infectious.” So, in order to ensure an effective control of infectious diseases, safe and efficacious use of medications are important precautionary measures.
Sometimes the terms ‘drugs’ and ‘medicines’ are used interchangeably, but  a careful examination of the two reveals that there is a difference between them. Drugs are such substances  as stimulants, narcotics, hallucinogens, etc., which have the properties  that enable them to  change a person’s mental or physical state, including  the way their   brain works, how they feel and behave, their  understanding and  senses (Australian Government, 2019). People take drugs for different reasons and in different ways, but drugs  become medicines when they are prescribed for use, or are being used to cure, mitigate, treat, or prevent disease. When a patient visits a doctor with a  complaint, the visit usually warrants  a prescription for medicine, these prescriptions are  variously known as drugs, prescription drugs or prescription medication.  Many people become addicted to drugs even when they started using them as medicines. Often times the genesis of addiction/misuse is when an individual continues to take the drugs even after the medicinal use of such drugs is no longer necessary, or the health condition for their use has been treated (Thomas et al.,2024). Medicines come from a variety of sources such as chemicals (organic, inorganic), natural sources  (plants, animals, minerals, bacteria, fungi, etc.), and hormones. In conventional Western medicine, 50–60% of pharmaceutical commodities contain natural products or are synthesized from them; while about 25% of all prescription drugs contain one or more ingredients derived from plants in form of herbs (Cameron et al., 2005). 
Medicinal herbs are plants or plant parts used for their scent, flavour, or therapeutic properties (Miranda, 2021) So,  parts of certain plants, such as stem and root bark, leaves, seed, fruit, flower, and even oil and juice are medicinal herbs. Apart from certain prescription drugs derived from herbs through extraction and purification processes in the pharmaceutical industry, there still exist age-long herbal medicines and remedies, which people commonly use either as dietary supplements or as medications for improving and sustaining their health (NCCIH, 2020). These are now packaged and sold as tablets, capsules, powders, teas, extracts, and fresh or dried plants., many of which do not necessarily go through the  testing that conventional  drugs do. In spite of the fact that these herbal  preparations and dietary  supplements  can have significant impact on health and wellness, their  manufacturers, especially  in many parts of  Africa rarely register with, nor obtain approval from appropriate regulating bodies prior to marketing; and there is no requirement for reporting  of adverse events (Bock, 2012).
In spite of  many  criticisms against  the use of herbal medicine, and despite increasingly sophisticated techniques to design medications in the laboratory, Mother Nature is still the best drug designer, and increasing proportions of human population  continues to directly or indirectly depend on herbal medicinal products. The World Health Organization (1998) survey indicated that 70-80% of the world population, particularly in the developing countries rely on non-conventional medicines, mainly of herbal origin for their primary health care, including 40,000 to 70,000 medicinal plants representing about 20 % of all higher-plant species (Verpoorte et al., 2006).  Most present-day western medicines are also based on the traditional medicinal plants of European, Mediterranean and Arabic origin, the variety of plants in use around the world may very well represent an enormous treasure for drug development (Verpoorte et al., 2006).  Considering 1,394 new drugs approved in the United States between 1981 and 2019, approximately 75% can be traced to natural products or were derived from them, including plants, bacteria, and fungi (Newman & Cragg, 2020). 
It is often believed that products labeled "natural" are always safe and good for  use (Alghadir et al., 2022). The widespread use of herbal medicines perhaps stems primarily from the belief that these products are safe (by virtue of their natural origin), affordable, and culturally trusted and acceptable (Suleiman, 2014; Khattak et al., 2017). This conception about safety of herbal medicine  is not necessarily true, as a number of  herbs have been confirmed with the potential to cause serious harm to humans (Moreira et al., 2014). Also, some herbs can sometimes  interact with prescription or over-the-counter medicines to produce undesirable effects (MedicinePlus, 2017; Konstandi, 2023), while certain external factors  in herbal preparations  can be a source of their toxicity (Wang et al., 2021; Jitareanu et al., 2023). Among the widely acknowledged factors that can militate against the safe and effective use of herbal medicinal products are lack of standardization and inadequate regulation or quality control (Barnes, 2003), insufficient scientific evidence and clinical trials (Gagnier et al., 2006), adulteration and interactions with conventional medicines (Izzo & Ernst, 2009; Ernst, 2002), herb misidentification and morphological similarity (Ekor, 2014), variability in plants’ phytochemical composition due to intrinsic and extrinsic influences (Tilburt & Kaptchuk, 2008), toxicity and contamination with attendant  adverse effects (World Health Organisation, 2007], mislabeling and false therapeutic claims (Barnes et al., 2007), as well as cultural and traditional practices, including self-medication and lack of disclosure (Konstandi, 2023).  In sum, the safety and effectiveness of herbal medicinal products can be undermined by biological, chemical, regulatory  and sociocultural factors. The interplay of these factors, which may result in adverse events, product recalls, and risks to public health—highlights the importance of caution, education, and regulation in their use.

Ensuring the safety and efficacy of herbal medicinal products remains a significant challenge due to the multiple variables outlined above. Addressing this challenge is vital for safeguarding public health, preventing adverse events, fostering consumer trust and confidence, and improving economic outcomes by reducing costs associated with adverse reactions and product recalls. To this end, the safe and effective use of herbal medicines has been examined through several, often intersecting, models and approaches. These include: (i) approaches focusing on individual behavior and perception, such as the theory of planned behavior (Saadi et al., 2023), the health belief model (Makombe et al., 2023; Njoku et al., 2025), the technology acceptance model (Jokar et al., 2017; Krsnik and Erjavec, 2024), and the diffusion of innovations theory (Essegbey, 2015); (ii) approaches emphasizing product quality and safety, including the risk assessment framework (Ekor, 2014; Krsnik & Erjavec, 2024), good manufacturing practices (Fu & Xia, 2014; He et al., 2015), and analytical techniques such as chemical fingerprinting, DNA barcoding, and metabolomics (Thakkar et al., 2013; Wang et al., 2023); and (iii) approaches addressing the broader context, such as systems thinking (Niemeyer et al., 2013; Alzahrani et al., 2023) and pragmatic trials (Firenzuoli & Gori, 2007). The present effort aligns most closely with the third category, being informed in part by systems thinking (Meadows, 2008).
[bookmark: _Hlk207048163]Despite the growing awareness of safety and efficacy challenges in herbal medicine practice, relatively few conceptual models have been developed to simplify and explain the complex interplay of interrelated causative factors, with the aim of identifying potential solutions. In contrast, the literature is comparatively richer in studies that examine determinants of herbal product use, focusing on the factors that encourage or sustain their adoption (e.g., Smith-Hall et al. (2012) conceptual framework for medicinal plant consumption dynamics; Aboufaras et al.’s (2022) model targeting  cancer patients; Wake & Fitie’s (2022) determinants among pregnant women). Notably, existing models addressing safety and efficacy concerns are relatively few, and limited in scope, often neglecting the broader contextual issues (e.g., Wang et al. (2023) on quality-control methods and consistency; Wasiullah et al.’s (2023) review of guidelines for safety and efficacy evaluations; Gatt et al., (2024) on EU evidence-based regulatory frameworks; Dubale et al. (2025) comparing African regulatory systems; Mssusa et al., (2024) on marketing-authorization parity with conventional drugs). Additionally,  some of the latter category of publications tended towards an interventional orientation by concentrating primarily on the treatment or management of existing health conditions. By contrast, the present study has not only adopted a systems thinking perspective, it seeks to propose a model that is both expository in nature and preventive in focus. Its objective is to identify the factors that militate against the safe and effective use of herbal medicinal products and to map the multi-directional relationships among these variables, thereby highlighting critical areas for intervention in the interest of public health.
2. methodology 

Following an extensive search in  the literature on  healthful use and misuse of herbal medicinal products, a range of factors that can hinder their safe and effective use were identified. Each factor was individually examined using a heuristic approach, exploring both its overt (explicit) and covert (implied) definitions to uncover its extrinsic and intrinsic meanings. This process enabled a clearer understanding of the relationships between pairs of factors/variables  and led to the isolation of eleven distinct factors, thereby avoiding duplication and conceptual overlap. Based on their degree of influence and position in the causal chain related to the issue being studied, these factors were first classified into two broad categories: eight primary and three secondary factors (Leischow  & Milstein, 2006). They were also grouped into six solitary and five compound factors, based on their structural characteristics. Finally, the selected factors and their interrelationships were visually represented in a diagrammatic model. Multi-directional connections among the factors were illustrated using arrows to highlight their possible dynamic interactions.
In line  with standard conceptual modeling principles used in public health, systems thinking, and behavioral science (Leischow  & Milstein, 2006),  primary factors were considered as  those that have a direct, foundational influence on the safe and effective use of herbal medicinal products. They are often the root causes or central drivers of the problem and tend to affect multiple other factors. In contrast, secondary factors were taken as  those that arise from, depend on, or are shaped by the primary factors. They usually have an indirect impact and may function as consequences, reinforcers, or amplifiers of the primary factors (McLeroy et al., 1988; World Health Organisation, 2009). Solitary factors were regarded as stand-alone variables, each exerting influence independently. In contrast, compound factors were understood as aggregated variables, representing more complex constructs whose influence arises from the combined interaction of their constituent elements, though these influences are not necessarily additive in nature (Babbie, 2020).
3. results and discussion

The results of the study are encapsulated in the visual model shown in Figure 1, with the  bulk of  the factors identified   bothering  on  lack of standardization of  certain herbal medicinal products. This avoidable gap in herbalism has been the basis of the arguments by most critics  of many herbal medicinal products, such as unknown  active ingredients, scant scientific validation, cultural secrecy, spiritual associations,  and attachment to idol worship .(Sofowora, 2008). A total of ten factors/variables were isolated, of which two categories are discernible in the proposed model, namely the primary/initiating  and the secondary/exacerbating factors, respectively depicted by circles and squares, both categories being largely non-exclusive from the practical point of view. The  primary factors, seven in number  are namely: environment ENV, herb misidentification HMI,  adulteration HAD, misrepresentation HMR, contamination CON, plant morphological confusion PMC, and nomenclatural ambiguity PNA); while the three secondary factors are misuse/abuse of herbal medicine HMM, unsafe practices USP, and false claims FCL.  Also recognizable, without mutual exclusivity clause are seven  solitary (namely: HMI, HAD, HMR, CON, HMM, PMC, and  PNA) and three compound factors (i.e. ENV, USP, and FCL). 
Theoretically, while a solitary (or single) factor exists and can be recognized independently, for example, herb misidentification, plant morphological similarity/confusion, and medicinal herb misuse or abuse, a compound factor, such as environment (including culture, knowledge, and related elements) or cultural practices (including unsafe practices), involves the interaction or combination of multiple factors. This framework enables a more subtle understanding of the complex relationships among various variables  as modeled. In this context, a factor may be classified as both primary and secondary, depending on perspective, and these categories can overlap, interact, or influence each other. Similarly, a situation can be shaped simultaneously by both solitary and compound factors, with the latter potentially incorporating solitary factors as components of their structure. 
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Figure 1: Model Showing  the Factors  Compromising the  Safe and Effective Use of Herbal Medicinal Products. Circles represent  the primary  determining factors; squares represent  the secondary factors.
Foremost among the factors for concern  are herb misrepresentation and herbal drug  misuse, which emerge as the epicenters of a web of interrelated problems (Figure 1). These two have been identified as the strongest factors working against general acceptability of  herbal medicines. Misrepresentation is when one or more medicinal herbs which are the starting materials of a formulation has been selected, supplied or recommended  for use  in error, having earlier been mislabeled/misidentified, thereby possibly substituting a poisonous, spurious or ineffective herb for the authentic (Ramanujam, 2017). Drug misuse  is the use  of a substance  for a purpose  not consistent  with legal or medical guidelines (World Health Organisation, 1994). It also means to use  a medication or substance for a purpose in a manner, or in a dose other than as intended by the manufacturer, healthcare provider, or prescribed instructions. In regard to herbal materials, misuse is either using  the substitute of  a medicinal  herb as raw material (by an unsuspecting manufacturer) of a  medicinal  product, or  inadvertent consumption  of  the wrong herb or its  finished product by the end user, often  resulting in overdosing (abuse)  or under dosing of  medicines and the attendant consequences. Overall, the recognized factors collectively exert negative influences—functioning within a semi-closed system—that contribute to the unsafe and ineffective use of herbal medicinal products: health complications, poisoning, epidemics of infection, legal issues, social vices, and so on. 
Misuse of  medicinal herbs is caused  or exacerbated  by a number of factors including  herb mislabeling/misidentification and misrepresentation, as well as economic factors and  availability of the material. Misuse also often stems from inadequate knowledge,  and lack of standardized dosing, leading to under-dosing, overdosing, or inappropriate application of herbal medicines. Plant misidentification, often resulting  from nomenclatural and morphological confusions, is a significant factor contributing to errors in herbal medicine(Lankasena et al., 2022). Drug abuse often follows  drug misuse. Abuse means taking medications without prescriptions,  especially for the mere purpose  of getting better, or to “feel high”, not  for the purpose of treating any particular ailment (NIDA, 2011). Drug abuse can lead to serious adverse physical consequences including  drug addiction, social vices and death. All the   “mis-es”, indicated in the proposed model shall continue to plague users of herbal medicines  until quality standards  for herbal products  are established and enforced. From this study, it is evident that accurate identification and rigorous quality assurance of starting materials are fundamental prerequisites for ensuring the reproducible quality of herbal medicines. Such measures are critical in safeguarding their safety and efficacy (Li et al., 2020; World Health Organisation, 2013).
The visual model developed in this work provides a framework for understanding how the primary issues are triggered  and perpetuated by other systemic weaknesses, such as poor regulation, lack of scientific validation, and limited public awareness. For example, inadequate standardization acts as a systemic driver of both misinformation (false claims) and poor quality control (unsafe practices). It also explains how the primary factors in turn influence each other and trigger the secondary factors such as unsafe practices, false claims, product misuse and health complications.  Unlike previous models in the literature that focus predominantly on treatment and management of health conditions, the current model offers a preventive perspective, emphasizing the necessity of preemptive measures, including quality control, education, and policy reform. Moreover, the categorization of factors into primary and secondary allows for targeted intervention strategies. Addressing primary factors, such as standardization, identity verification, and toxicity screening, could have a ripple effect in mitigating secondary issues like drug abuse, dependency, and adverse health outcomes. In essence, the interdependence of these factors demonstrates the complexity of ensuring herbal medicine safety and efficacy. It also underscores the need for a multi-stakeholder approach involving regulators, manufacturers, researchers, healthcare professionals, and consumers.
4. Conclusion
The visual model presented in this paper elucidates the multi-directional interactions among various factors, notably herb misrepresentation and misuse, which hinder the realization of safe and effective use of herbal medicine. Addressing these issues requires a comprehensive approach that begins with the correct identification and quality assurance of raw materials, standardization of products, stringent regulatory frameworks, and public education. Adoption of this model by stakeholders in herbal medicine development, regulation, and promotion can contribute significantly to enhancing product integrity, user safety, and therapeutic effectiveness. Future research should explore empirical validation of this model and its applicability in various sociocultural and regulatory contexts.
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