Background on acne pathogenesis 
[bookmark: _Hlk173873870][bookmark: _GoBack]The development of the disease depends on several important factors (Fig. 1), which include an alteration in microbial flora, abnormal skin keratinization, and inflammation (Rusu et al., 2020). Acne involves a polymicrobial component, including Staphylococcus epidermidis (S. epidermidis), Staphylococcus aureus, and C. acnes. While C. acnes is considered the main pathogen in this process, Staphylococcus species may contribute to inflammatory exacerbation and significant antimicrobial resistance, resulting in treatment failure (Hassanzadeh, Bahmani and Mehrabani, 2008; Nakase et al., 2014; Nishijima et al., 2000). Even though acne is caused as a result of the imbalance among the various phylotypes of C. acnes, this bacterium does not participate in the formation of comedones. Also, the gut microbiome plays a role in the development of acne by its interaction with the skin microbiome. Loss of diversity of C. acnes phylotypes promotes the stimulation of the innate immune system and inflammation (Dréno et al., 2020). More specifically, the proteases, lipase, and hyaluronidase produced by C. acnes can cause inflammation (Firlej et al., 2022). The inflammatory materials like interleukin (IL)-1 and tumor necrosis factor (TNF)-α (Cosio et al., 2021), that cause hyperkeratinization (Del Rosso and Kircik, 2024), are released from keratinocytes by their stimulation with disruption of the epithelium induced by accumulation of sebum. As a result of overproduction and the stickiness of epithelial cells, there is intrafollicular accumulation (Cosio et al., 2021), and because of the excessive proliferation of keratinocytes, comedones are formed (Hazarika, 2021). The main regulators of sebocyte growth and lipid synthesis are androgens, specifically testosterone and dihydrotestosterone, which influence sebum production. High levels of androgens at puberty greatly increase sebum production and, subsequently, the formation of AV. The fatty acids in sebum have comedogenic effects that promote differentiation of keratinocytes and follicular keratinization, which ultimately produce the acne lesion. Sebum may promote C. acnes proliferation as its nutrients derive from sebum (Del Rosso and Kircik, 2024). In general, the number and/or quality of sebum can induce inflammation and subsequently stimulate the mechanisms of immune response (Zouboulis, 2020). The distribution of non-inflammatory lesions— open comedones (blackheads) and closed comedones (whiteheads)—finally presents a pathological state in the development of acne. These lesions are produced through the process of comedogenesis which includes:(1) Hyperproliferation of follicular keratinocytes, as well as abnormal desquamation, resulting in the accumulation of corneocytes (2) Hypersecretion of sebum, precipitated by androgens, that form obstructing plugs in the pilosebaceous ducts with keratinous debris (3) Occult follicular occlusion leading to the formation of microcomedones (subclinical precursors) and creating a hypoxic microenvironment suitable for C. acnes proliferation. Although microcomedones are clinically non-inflammatory, they exist with subclinical inflammation, where keratinocytes will release cellular IL-1α signal, which can activate the nuclear factor-κB (NF-κB) pathways and recruit immune cells. This history of subclinical inflammation takes microcomedones into the threshold of inflammatory lesions once those microcomedones have become colonized with C. acnes (Jeremy et al., 2003; Koreck et al., 2003). Therefore, non-inflammatory lesions should not solely be regarded as cosmetic, rather the initial step that initiates the pathogenic cascade of acne. Insulin-like growth factor 1 (IGF-1) may also be a contributor to the pathogenesis of acne. Evidence is present in the polymorphism of IGF-1 to facilitate the susceptibility to acne by influencing the androgen receptors, and thereby inducing the keratinocytes and sebaceous glands (Hazarika, 2021). The role of diet has also increasingly come to the forefront of the pathogenesis. There may be the potential to provide all necessary components for the formation of either pro-inflammatory or anti-inflammatory sebaceous lipids for acne lesion development through diet. Certain diets may increase IGF-1 (Zouboulis, 2020). The role of diet in acne pathogenesis involves more than modulation of IGF-1, with different diets acting on multiple modes depending on the food types. High-glycemic foods will rapidly increase blood glucose and insulin, which is considered to increase IGF-1 signalling. Increased IGF-1 will stimulate sebocyte proliferation, androgen (testosterone) formation, and also activate lipogenesis via the mTORC1 pathway in sebocytes, with added inflammation. Dairy foods will have the additional contribution of bovine IGF-1, insulinogenic whey proteins, and dietary hormones that are precursors to hormones that convert to dihydrotestosterone (DHT), which would all contribute to the production of testosterone and additionally sebum. Cheeses, particularly, are exposed to bacteria that can carry active DHT into the body, where it is cycled and contributes to new, oily brine. Foods that are spicy or fried contain saturated fats that can act on the TLR2 and TLR4 receptors on sebaceous glands, and can activate TLR2 and TLR4 receptors and allow for the release of IL-1α, TNF-α, and CXCL8. These same saturated fatty acids can also undergo peroxidation in sebum, allowing for the development of free radicals to enhance comedogenic activity and rupture of the follicle by the inflammatory response. Diets that are high in omega-6 fatty acids, such as the vegetable oils, can raise pro-inflammatory leukotriene B4 (LTB4) levels, which can recruit neutrophils and increase follicular rupture. Diets with high levels of all these food kinds exacerbate the pathological pillars of acne: sebaceous lipids production, hyperkeratinization, inflammation, and C. acnes overgrowth (Agak et al., 2014; Juhl et al., 2018; Jung et al., 2014; Melnik, 2015).
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Fig. 1 Pathogenesis of acne vulgaris

Optimizing treatment selection based on chemical classification and structures
A firm understanding of the chemical class and structure of acne therapeutics can significantly enhance treatment selection, offering a promising pathway toward personalized medicine. Classifying acne medications based on their molecular structure enables clinicians to predict better therapeutic efficacy, potential side effects, and drug interactions. Furthermore, deeper insights into mechanisms of action at the molecular level allow for the rational design of new targeted therapies and more refined treatment algorithms based on acne subtype and patient profile (Fouladi, 2012; Rahimi-Madiseh et al., 2017).
Retinoids, such as tretinoin, adapalene (ADP), isotretinoin, tazarotene, alitretinoin, acitretin, bexarotene, and trifarotene, regulate keratinocyte differentiation and proliferation, reduce sebum production, and exhibit anti-inflammatory properties (Kim and Kim, 2024; Rusu et al., 2020). Their detailed chemical structures have been presented earlier in Figures 2 and 3, along with a discussion of their receptor selectivity and generation-based classification. Topical formulations may cause irritation and photosensitivity, while systemic isotretinoin, though highly effective, requires strict monitoring due to its teratogenicity (Bagatin et al., 2020; Vallerand et al., 2017).
Antibacterial agents include several structurally distinct groups. Lincosamides such as Clindamycin and macrolides like erythromycin and Azithromycin inhibit bacterial protein synthesis by binding to the 50S ribosomal subunit (Abdel-Karim et al., 2025; Schwarz et al., 2016). Tetracyclines, including doxycycline, minocycline, and sarecycline, inhibit protein translation by targeting the 30S ribosomal subunit and are widely used systemically for moderate-to-severe acne. Their structures and analogs are illustrated in Figures 4–6 (Armstrong, Hekmatjah and Kircik, 2020; Grada, Ghannoum and Bunick, 2022; Swallow et al., 2022). Dapsone, a sulfone compound effective in inflammatory acne, has a unique structure and mode of action that was previously shown in Figure 7 (Geyfman et al., 2019; Wozel and Blasum, 2014). Sulfur and sodium sulfacetamide are topical sulfonamides with keratolytic and bacteriostatic activity; sulfacetamide’s structure also appears in Figure 7 (G. Alani et al., 2024; Hashem et al., 2021).
BPO, a topical oxidizing agent, destroys C. acnes through the production of free radicals and has mild comedolytic effects. Its chemical structure is provided in Figure 7 (Kim and Kim, 2024; Zhou et al., 2022). Salicylic acid, a β-hydroxy acid, exhibits keratolytic, comedolytic, and anti-inflammatory properties, especially in non-inflammatory lesions. AZA, a saturated dicarboxylic acid, inhibits tyrosinase and 5α-reductase, providing comedolytic and sebostatic effects. Both salicylic acid and AZA structures are also found in Figure 7 (Sauer et al., 2023).
Hormonal therapies have gained importance in the treatment of female patients with acne. Clascoterone, a topical androgen receptor inhibitor, represents a novel non-systemic antiandrogen with a favorable safety profile, and its structure is shown in Figure 8 (Hebert et al., 2020; Sanchez and Keri, 2022). Oral hormonal agents, such as spironolactone and combined oral contraceptives (COCs), are also widely used but are not shown structurally due to their established usage outside the scope of dermatological chemistry. Their mechanisms and therapeutic roles are discussed in the hormonal acne section (Smith et al., 2025; Trivedi, Shinkai and Murase, 2017).
Emerging therapies include a broad array of chemically diverse compounds. CBD, a phytocannabinoid with anti-inflammatory and sebostatic activity, is illustrated in Figure 10 (Oláh et al., 2014). Zileuton and acebilustat, leukotriene-modulating agents, are structurally presented in Figures 11 and 12, respectively (Gollnick, 2015; Zouboulis, 2009). Lupeol, a pentacyclic triterpene with anti-inflammatory and lipogenesis-reducing effects, is also illustrated in Figure 12 (Saleem, 2009). Olumacostat glasaretil, a topical sebum-suppressing agent that inhibits acetyl-CoA carboxylase, and Talarozole, a selective CYP26 inhibitor that increases endogenous retinoic acid, are both included in Figure 12 (Melnik, 2017). Epigallocatechin-3-gallate (EGCG), a green tea-derived polyphenol, acts on multiple acne-related pathways, and its structure is also available in Figure 12 (Collins et al., 2007; Saric, Notay and Sivamani, 2016). Finally, botulinum toxin A (BTX-A), which suppresses sebum production by inhibiting acetylcholine release, is discussed in detail with its three-dimensional structure illustrated in Figure 13 (Birkett et al., 2022).
By consolidating therapeutic options according to their chemical nature and mechanistic profile and by maintaining consistent reference to their chemical structures, this revised chapter ensures greater clarity and coherence. Such an approach supports individualized acne management strategies, enhances clinical outcomes, and minimizes adverse effects and resistance, ultimately aligning with the principles of precision dermatology.
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