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Abstract: Terpenoid natural products have been extensively studied for their diverse biological 

activities, and their hybridization with isoxazole molecules has further enhanced their therapeutic 

potential. This book chapter reviews the biological properties of various steroidal-isoxazole hybrids, 

including derivatives of estradiol, estrone, mestranol, pregnenolone, dehydroepiandrosterone, 

chenodeoxycholic acid, obeticholic acid, caudatin, diosgenin, dipterocarpol, panaxatriol, and cholesterol. 

These semi-synthetic derivatives exhibit a broad spectrum of pharmacological activities, such as anti-

tumor, antibacterial, antiviral, lipid-lowering, and cardioprotective effects, with additional applications 

in agriculture. Among the studied compounds, compound 7 demonstrated significant selectivity in 

targeting tumor cells while sparing normal cells, indicating its potential for cancer therapy. Compound 3 

emerged as a promising candidate for the treatment of hyperlipidemia, while compound 19 exhibited 

enhanced cardioprotective effects compared to panaxatriol. A preliminary structure–activity relationship 
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(SAR) analysis suggested that incorporating an isoxazole moiety can significantly improve the 

bioactivity of the parent compounds. These findings highlight the potential of steroidal-isoxazole 

hybrids as promising candidates for further pharmaceutical and biomedical research.  

Keywords: Steroidal-isoxazole hybrids, Natural products, structure-activity relationships 

Introduction 

Terpenoids represent one of the largest and most structurally diverse classes of natural products, widely 

recognized for their broad spectrum of biological activities, including anti-cancer, anti-inflammatory, 

antibacterial, antiviral, cardiovascular protective, and neuroprotective effects. Their structural 

complexity and inherent pharmacological potential have made them valuable scaffolds in drug discovery 

[1]. In recent years, hybridizing terpenoids with heterocyclic moieties has emerged as an effective 

strategy to enhance their therapeutic properties. Among various heterocyclic modifications, the 

incorporation of isoxazole rings into steroidal frameworks has shown promising results, leading to the 

development of novel bioactive compounds with improved efficacy, selectivity, and pharmacokinetic 

profiles [2]. 

One promising approach to improving terpenoid-based drug candidates is hybridization with 

isoxazole rings. Isoxazole is a five-membered heterocyclic motif known for its bioisosteric properties, 

metabolic stability, and ability to modulate diverse biological targets. By integrating isoxazole moieties 

into steroidal structures, researchers have successfully developed hybrid molecules with enhanced 

pharmacological properties, leading to the discovery of novel drug candidates with improved efficacy, 

selectivity, and drug-like characteristics. Several commercially available drugs have successfully 

incorporated steroidal-isoxazole frameworks, demonstrating their clinical relevance. These hybrid 

molecules have been utilized in the treatment of various diseases, including cancer, metabolic disorders, 

inflammatory diseases, and microbial infections. For example, certain steroid-based isoxazole 

derivatives have been developed as potent hormone receptor modulators, while bile acid-isoxazole 

hybrids have shown efficacy as Farnesoid X receptor (FXR) agonists, playing a crucial role in liver 

disease treatment. Additionally, ginsenoside-derived isoxazole hybrids have exhibited promising anti-

tumor and cardioprotective properties, further expanding the therapeutic applications of these 

compounds [3-7]. 

This chapter explores the biological activities and structure-activity relationships (SARs) of 

steroidal-isoxazole hybrids, providing insights into their potential applications in cancer therapy, 

cardiovascular protection, infectious disease treatment, and metabolic disorders. Through a 

comprehensive review of recent advancements in this field, the chapter highlights the emerging role of 

steroidal-isoxazole hybrids in modern drug discovery and development. 

Therapeutic potential of Steroidal-Isoxazole derivatives 

Kovacs et al. synthesized a series of novel 17-exo-isoxazolyl derivatives using a "click" chemistry 

approach. These newly developed compounds were subsequently screened in vitro to evaluate their anti-



Biological Applications of Steroidal-Isoxazole Hybrids in Drug Development 

Sustainable Chemistry and Advanced Materials: Challenges and Opportunities (Vol. I) - Sharad K. Pasale, 

Arjun S. Chavan (Eds.) ISBN: 978-93-95369-47-3 (electronic) 978-93-95369-45-9 (paperback) | © 2025 

Advent Publishing. All rights reserved. 

19 

 

proliferative properties against three human cancer cell lines: HeLa (cervical cancer), MCF-7 (breast 

cancer), and A2780 (ovarian cancer). The screening process aimed to determine the potential of these 

derivatives as therapeutic agents for cancer treatment. 

Among the tested compounds, Compound 1 (Figure 1) exhibited a significant inhibitory effect on all 

three cell lines at a concentration of 10 μM. Specifically, it demonstrated an inhibition rate of 68% 

against HeLa cells, 63% against MCF-7 cells, and 46% against A2780 cells. These results highlight the 

promising anti-cancer potential of Compound 1, suggesting its suitability for further investigation and 

development in medicinal chemistry [8]. 
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Fig. 1: Steroidal-isoxazole derivative 1 

Wang et al. designed and synthesized a series of caudatin derivatives to evaluate their anti-hepatitis 

B virus (HBV) activity in HepG-2.2.15 cells. Among these compounds, compound 2 (Figure 2), which 

contains an isoxazole moiety, exhibited notable inhibitory effects on HBV DNA replication. The 

compound demonstrated an IC₅₀ value of 16.97 μM, indicating its potential as an effective antiviral 

agent. 

In addition to its impact on HBV DNA replication, compound 2 also inhibited the secretion of 

hepatitis B surface antigen (HBsAg) to some extent, with an IC₅₀ value of 201.23 μM. These findings 

suggest that incorporating an isoxazole moiety into caudatin derivatives may enhance their antiviral 

properties, making them promising candidates for further research and development in the treatment of 

HBV infections [9]. 
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Fig. 2: Steroidal-isoxazole derivative 2 
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Qiu et al. synthesized isoxazole-chenodeoxycholic acid hybrids to study their lipid-lowering effects. 

The biological evaluation was conducted using a 3T3-L1 adipocyte model, where the compounds were 

tested for their ability to reduce fat accumulation. Among the synthesized hybrids, compound 3 (Figure 

3) exhibited a significant lipid-lowering effect, reducing fat accumulation by 30.5% at a concentration of 

10 µM. Further pharmacological studies revealed that compound 3 exerts its lipid-lowering activity by 

activating the FXR-SHP signaling pathway. This activation effectively downregulates the expression of 

SREBP-1c, a key regulator of lipogenesis. These findings suggest that compound 3 may serve as a 

promising candidate for developing new treatments targeting lipid metabolism disorders [10]. 
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Fig. 3: Steroidal-isoxazole derivative 3 

Smirnova et al. synthesized dipterocarpus alatus derivatives to assess their cholinesterase inhibition 

and cytotoxicity. The primary goal of this research was to explore the potential of these derivatives as 

therapeutic agents, particularly in neurodegenerative diseases and cancer treatment. Among the 

synthesized compounds, compound 4 (Figure 4), which contains an isoxazole moiety, demonstrated 

noteworthy biological activity. The compound was tested for its effects on acetylcholinesterase (AChE) 

inhibition as well as its cytotoxicity against cancer cells. 

The results revealed that compound 4 exhibited some cytotoxic effects on the MCF-7 breast cancer 

cell line, with an EC₅₀ value of 16.2 µM, indicating moderate potency in inhibiting cancer cell 

proliferation. Additionally, the compound showed a slight inhibitory effect on acetylcholinesterase, 

reducing its activity by 15.87%. However, it displayed no inhibitory effect on butyrylcholinesterase 

(BuChE), suggesting a degree of selectivity in its enzyme-targeting ability. These findings highlight the 

potential of compound 4 as a lead structure for further modifications aimed at enhancing its therapeutic 

efficacy while minimizing unwanted side effects [11].  
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Fig. 4: Steroidal-isoxazole derivative 4 
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Dalidovich et al. synthesized isoxazole derivatives of [17(20)E]-21-norpregnene to evaluate their 

anti-cancer potential. The primary objective of the study was to assess the ability of these novel 

compounds to inhibit the growth of prostate cancer cells. Through in vitro evaluations, the synthesized 

derivatives were tested against two well-established prostate cancer cell lines, LNCaP and PC-3, to 

determine their antiproliferative efficacy. Among the tested compounds, 5 and 6 (Figure 5) exhibited 

significant inhibitory effects, with IC₅₀ values ranging from 10 to 67 µM, indicating promising anti-

tumor potential. 
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Fig. 5: Steroidal-isoxazole derivatives 5-6 

Further analysis was conducted to investigate whether structural modifications could enhance the 

antiproliferative activity of these compounds. In particular, the researchers examined the effect of 

oxidizing the C3 hydroxyl group, hypothesizing that this modification might improve biological activity. 

However, the results demonstrated that this oxidation did not contribute to an increase in anti-

proliferative effects against prostate cancer cells. These findings suggest that while isoxazole derivatives 

of [17(20)E]-21-norpregnene show potential as prostate cancer inhibitors, further structural 

optimizations are necessary to enhance their therapeutic efficacy [12].  

Mohareb et al. explored the modification of the pregnenolone skeleton by introducing various 

heterocycles at the C-17 position to develop a series of novel derivatives. These newly synthesized 

compounds were then evaluated for their cytotoxic effects against specific cancer cell lines. Among 

them, compound 7 (Figure 6), which incorporated an isoxazole moiety, demonstrated the most potent 

anticancer activity. It exhibited strong cytotoxic effects against NUGC (gastric cancer) and DLD1 

(colorectal cancer) cell lines, with IC₅₀ values of 44 nM and 60 nM, respectively. Notably, compound 7 

showed no toxicity against normal fibroblast cells, suggesting a high level of selectivity in targeting 

cancer cells while sparing healthy tissue. This selectivity enhances its potential as a promising candidate 

for further development in cancer therapeutics. 
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Fig. 6: Steroidal-isoxazole derivative 7 
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Initially, pregnenolone was reacted with 3-oxo-3-phenylpropanenitrile in the presence of ammonium 

acetate, leading to the formation of a Knoevenagel condensation intermediate. This intermediate was 

then subjected to a reaction with elemental sulfur and a catalytic amount of triethylamine, resulting in 

the formation of a thiophene derivative. Finally, the isoxazole-containing compound 7 was synthesized 

by treating the thiophene derivative with hydroxylamine hydrochloride in 1,4-dioxane with sodium 

acetate. The efficient stepwise synthesis and the promising biological activity of compound 7 highlight 

the potential of pregnenolone-based isoxazole derivatives in anticancer drug development [13]. 

Tsai et al. conducted a study focused on the design and synthesis of a series of steroid derivatives 

featuring hydrophilic substituents at the C-21 position. The objective was to explore the potential 

biological activities of these modified steroid compounds, particularly their cytotoxic effects against 

cancer cells. By introducing various functional groups at C-21, the researchers aimed to enhance the 

pharmacological properties of the steroids while assessing their potential as therapeutic agents. Among 

the synthesized derivatives, special attention was given to those incorporating an isoxazole moiety, as 

this structural modification has been known to influence biological activity. 

Among the evaluated compounds, derivative 8 (Figure 7), which contained an isoxazole ring, 

exhibited a weak inhibitory effect on PC-3 prostate cancer cells. The compound demonstrated an IC₅₀ 

value of 369 µM, indicating that while it possessed some level of cytotoxicity, its potency was relatively 

low. This result suggests that additional structural modifications or combination therapies may be 

required to improve its anticancer efficacy. Despite its limited activity, the study contributes valuable 

insights into the structure-activity relationship (SAR) of steroid derivatives and lays the groundwork for 

further research into optimizing their therapeutic potential [14].  
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Fig. 7: Steroidal-isoxazole derivative 8 

Al-Masoudi et al. conducted a study to synthesize a series of pregnenolone analogues featuring aryl-

imino groups at the C-20 position. The primary objective of this research was to evaluate the potential of 

these derivatives as inhibitors of human CYP17 hydroxylase, an enzyme crucial in steroid biosynthesis 

and a key target in prostate cancer treatment. The inhibitory activity of the synthesized compounds was 

tested using CYP17 hydroxylase expressed in E. coli, allowing for a precise assessment of their 

effectiveness. Among the series, compound 9 (Figure 8) emerged as the most potent derivative, 

demonstrating a significant inhibitory effect on CYP17 hydroxylase. 
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Specifically, compound 9 exhibited an IC₅₀ value of 0.072 µM, indicating strong enzyme inhibition. 

However, despite its potency, the compound’s activity was inferior to that of abiraterone acetate, a 

clinically approved CYP17 inhibitor, which had a superior IC₅₀ value of 0.00211 µM. These findings 

suggest that while compound 9 shows promise, further modifications and structural optimizations are 

necessary to enhance its efficacy to match or surpass existing therapeutic agents. The study provides 

valuable insights into the structure-activity relationship (SAR) of pregnenolone-based CYP17 inhibitors, 

contributing to the ongoing search for improved treatments for hormone-dependent cancers, particularly 

prostate cancer [15]. 

9

N

HO

S
O

O N
H

ON

 

Fig. 8: Steroidal-isoxazole derivative 9 

Ajduković et al. conducted a study to evaluate the anti-tumor potential of various α-modified 17α-

picolyl and 17(E)-picolinylidene androstane derivatives. These modifications were introduced to 

enhance the biological activity of the androstane framework, particularly in targeting cancer cells. The 

synthesized derivatives were tested for their ability to inhibit the growth of prostate cancer (PC-3) cells 

in an in vitro experiment lasting 48 hours. The goal of this study was to determine which structural 

modifications contributed to the most effective cytotoxic activity, thereby identifying potential lead 

compounds for further development. 

Among the tested derivatives, compound 10 (Figure 9) exhibited the strongest inhibitory effect on 

PC-3 cells, with an IC₅₀ value of 6.6 µM. This result indicates that compound 10 has significant 

cytotoxic potential against prostate cancer cells, suggesting its viability for further preclinical research. 

The findings highlight the importance of picolyl and picolinylidene modifications in enhancing 

anticancer activity. However, additional studies, including mechanism-of-action investigations and in 

vivo evaluations, are necessary to determine the compound’s selectivity, metabolic stability, and 

potential as a therapeutic agent for prostate cancer treatment [16]. 

Jiang et al. conducted a study focusing on the design and synthesis of 17β-estradiol derivatives, 

introducing a large side chain at the C-7α position to investigate their potential as endoplasmic reticulum 

(ER) antagonists. The structural modifications aimed to alter the binding interactions of these derivatives 

with estrogen receptor subtypes (ERα and ERβ) and assess their functional effects through in vitro 

bioassays. The primary objective was to evaluate their ability to disrupt estrogen receptor activation, 

which plays a crucial role in hormone-dependent cancers, particularly breast cancer. Through these 

bioassays, the researchers identified key compounds that exhibited antagonistic activity by interfering 

with ER-mediated gene transcription and protein interactions.  
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Fig. 9: Steroidal-isoxazole derivatives 10-11 

Among the synthesized derivatives, isoxazole-containing compound 11 (Figure 9) demonstrated 

notable inhibition of ER signaling. In luciferase reporter assays, it showed IC₅₀ values of 481.8 nM for 

ERα (RBA = 1.2%) and 331.1 nM for ERβ (RBA = 2.6%), indicating a moderate yet selective inhibitory 

effect on estrogen receptor activation. Furthermore, compound 11 effectively blocked the interaction 

between estrogen receptors and their co-activators, thereby disrupting estrogen-mediated transcriptional 

activity. Additionally, it exhibited significant growth-inhibitory effects on ER-positive human breast 

cancer cells, reinforcing its potential as a therapeutic candidate for estrogen-dependent cancers. These 

findings suggest that C-7α-modified estradiol derivatives incorporating isoxazole could serve as 

promising leads for the development of selective estrogen receptor modulators (SERMs) aimed at 

treating hormone-driven malignancies [17]. 

Baranovsky et al. conducted a study on the design and synthesis of steroid derivatives containing an 

isoxazole moiety at the C-14 position to explore their potential biological activities. Among the 

synthesized compounds, compound 12 (Figure 10) demonstrated a notable inhibitory effect on T-47D 

breast cancer cells. When tested at a concentration of 50 µM, it significantly reduced cell survival to 

49%, suggesting its potential as a cytotoxic agent against hormone-dependent breast cancer. This finding 

indicates that modification at the C-14 position with an isoxazole group may play a crucial role in 

enhancing the anticancer properties of steroid derivatives. Further studies on structure-activity 

relationships (SAR) could provide deeper insights into optimizing these compounds for improved 

therapeutic efficacy [18]. 
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Fig. 10: Steroidal-isoxazole derivative 12 

In a subsequent study, Baranovsky et al. (2021) expanded their research by synthesizing a series of 

isoxazolyl steroid derivatives and evaluating their binding affinity to human CYP51, a key enzyme 

involved in sterol biosynthesis. The binding strength of compounds 13–15 (Figure 11) to CYP51 was 
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assessed, and they were identified as strong ligands, exhibiting micromolar-range dissociation constants 

(Kdapp values of 1.50, 1.06, and 1.98 µM, respectively). These results suggest that isoxazole-containing 

steroid derivatives have the potential to act as inhibitors of CYP51, which could have implications for 

antifungal drug development or cholesterol metabolism regulation. This research highlights the 

importance of targeting CYP51 in drug discovery and suggests that further modifications and 

optimizations of these steroidal scaffolds could lead to more effective therapeutic agents [19]. 
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Fig. 11: Steroidal-isoxazole derivatives 13-15 

Figueroa-Valverde et al. conducted a study on the synthesis and biological evaluation of a 

pregnenolone-danazol-ethylenediamine conjugate, aiming to explore its potential as an antibacterial 

agent. The introduction of ethylenediamine and danazol moieties into the pregnenolone scaffold was 

designed to enhance the biological activity and pharmacokinetic properties of the compound. The 

antibacterial efficacy of the synthesized derivative was assessed against two clinically relevant bacterial 

strains: Staphylococcus aureus (S. aureus) and Vibrio cholerae (V. cholerae). These bacteria are 

associated with significant infections, making the search for novel antimicrobial agents a priority. 

The bioactivity assays demonstrated that compound 16 (Figure 12) exhibited a dose-dependent 

inhibitory effect on the growth of both S. aureus and V. cholerae. The compound showed promising 

minimum inhibitory concentration (MIC) values of 1.23 µM for both bacterial strains, indicating potent 

antibacterial activity. This suggests that the pregnenolone-danazol-ethylenediamine conjugate could 

serve as a valuable lead compound for the development of steroid-based antibacterial agents. Further 

investigations, including mechanistic studies and structural modifications, could enhance its potency and 

broaden its antimicrobial spectrum. These findings contribute to the ongoing search for novel 

antimicrobial compounds to combat antibiotic-resistant bacterial infections [20]. 

16

O

O

NH

NH2

O
O

O

O

 

Fig. 12: Steroidal-isoxazole derivative 16 
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Yildiz et al. conducted a study focusing on the structural modification of diosgenin to enhance its 

anti-tumor activity. A series of diosgenin derivatives were synthesized and subjected to cytotoxicity 

evaluation against two human cancer cell lines, MCF-7 (breast cancer) and A549 (lung cancer). The 

motivation behind modifying diosgenin was to improve its biological efficacy and explore its potential 

as a more effective chemotherapeutic agent. Among the synthesized derivatives, isoxazole-containing 

compound 17 (Figure 13) was of particular interest due to its enhanced cytotoxicity compared to the 

parent compound. 

The results of in vitro cytotoxicity assays demonstrated that compound 17 exhibited significantly 

stronger anti-tumor activity against both MCF-7 and A549 cell lines than unmodified diosgenin. The 

IC₅₀ values of compound 17 were determined to be 9.15 µM for MCF-7 and 14.92 µM for A549, 

showing a marked improvement in potency compared to diosgenin, which exhibited IC₅₀ values of 26.91 

µM and 36.21 µM, respectively. These findings highlight the potential of isoxazole-modified diosgenin 

derivatives as promising candidates for cancer therapy. Further studies, including mechanistic 

investigations and in vivo evaluations, could help determine the mode of action and optimize these 

compounds for clinical applications [21].  
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Fig. 13: Steroidal-isoxazole derivative 17 

Obeticholic acid is a well-known Farnesoid X receptor (FXR) agonist that has shown significant 

potential in the treatment of nonalcoholic steatohepatitis (NASH) and has progressed to Phase III clinical 

trials for this indication. Recognizing the importance of FXR activation in regulating lipid metabolism, 

bile acid homeostasis, and liver health, Xiao et al. aimed to develop more selective and potent FXR 

agonists by chemically modifying obeticholic acid at the C24 position. Their objective was to enhance 

the binding affinity and efficacy of the derivatives while maintaining or improving the pharmacological 

profile of obeticholic acid. This led to the synthesis of a series of novel derivatives, among which 

compound 18 (Figure 14) demonstrated the most promising biological activity. 

Among the synthesized derivatives, compound 18, which features a C3-linked hydroxyl (-OH) 

isoxazole moiety, exhibited strong FXR binding affinity with an EC₅₀ value of 0.03 µM and an efficacy 

of 121%. This remarkable potency suggests that incorporating an isoxazole group at C3 may 

significantly enhance the ability of these derivatives to activate FXR. The synthetic route for compound 

18 involved multiple steps, including oxidation, condensation, decarboxylation, and cyclization 

reactions, starting from obeticholic acid as the precursor. These findings indicate that structural 

modifications at C24 and C3 could be a promising approach for optimizing FXR agonists. Further 
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studies are warranted to explore the therapeutic potential of these derivatives in metabolic disorders and 

liver diseases [22]. 

Wu et al. conducted a study to develop more effective therapeutic agents for treating myocardial 

ischemia/reperfusion (MI/R) injury, a critical condition that results from the restoration of blood supply 

to ischemic heart tissue, often leading to severe cell damage and inflammation. To address this issue, the 

researchers designed and synthesized a series of heterocyclic panaxatriol fusion derivatives with the goal 

of enhancing cardiovascular protective activity. These compounds were systematically evaluated for 

their cardioprotective effects in both in vitro and in vivo models. Among the synthesized derivatives, 

compound 19 (Figure 14) demonstrated the most significant protective effect, increasing cell viability to 

approximately 88% and 89.2% at a concentration of 10 µM. This suggested that compound 19 might 

have the potential to protect cardiomyocytes from ischemia-induced damage. 

18

H

H H

H
HO OH

NO

OH

19

N

O

O
HO

OH

OH

H

O

 

Fig. 14: Steroidal-isoxazole derivatives 18-19 

In in vivo studies, compound 19 was further assessed for its ability to reduce myocardial infarction 

size and protect heart tissue from injury. As a comparison, two established cardioprotective agents were 

tested: captopril (20 mg/kg) and panaxatriol (40 mg/kg), which reduced infarct size by 34.0% and 

30.6%, respectively. Notably, at an equivalent 40 mg/kg dose, compound 19 exhibited superior efficacy, 

reducing infarct size to 20.5%, indicating a stronger protective effect against MI/R injury. Furthermore, 

compound 19 significantly reduced circulating cardiac troponin I (cTnI) levels, a key biomarker of 

cardiac damage, and alleviated myocardial tissue injury, highlighting its therapeutic potential. These 

findings suggest that heterocyclic modifications of panaxatriol could be a promising strategy for 

developing novel cardioprotective agents, warranting further mechanistic and clinical investigations 

[23].  

Xu et al. conducted a comprehensive study on the agricultural potential of a newly synthesized 

series of cholesterol oxime ether derivatives containing isoxazole. The research aimed to assess the 

insecticidal activity of these compounds against three major agricultural pests: A. citricola, M. separata, 

and P. xylostella. The compounds were tested under greenhouse conditions, where their mortality rates 

(MRs) were carefully evaluated over a period of 35 days at a concentration of 1 mg/mL. Among the 

tested compounds 21-23 and 29-30 (Figure 15) displayed notable inhibitory effects on M. separata, with 

MRs ranging from 48.1% to 66.6%. Among these, compound 22 exhibited the highest MR, reaching 

66.6%, indicating its strong insecticidal activity against M. separata. Additionally, when tested against 
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P. xylostella, the third instar larvae were treated with 20 μg/larva of compounds 20-22, 24, and 26–27 

(Figure 15) over 48 hours, leading to MRs ranging from 26.6% to 42.2%. Once again, compound 22 

emerged as the most effective, achieving an MR of 42.2% against P. xylostella, confirming its broad-

spectrum insecticidal efficiency.  

20   R1 = H, R2 = H 

21   R1 = H, R2 = 4-CH3

22   R1 = H, R2 = 4-Cl

23   R1 = 4-CH3, R2 = H

24   R1 = 4-CH3, R2 = 4-Cl

25   R1 = 4-F, R2 = 4-CH3

26   R1 = 4-F, R2 = 4-Cl

27   R1 = 4-Cl, R2 = H

28   R1 = 4-Cl, R2 = 4-NO2

29   R1 = 2-Br, R2 = H

30   R1 = 2-Br, R2 = 4-Cl
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Fig. 15: Steroidal-isoxazole derivatives 20-30 

Further investigations targeted A. citricola, where the insects were treated with 0.04 μg/larva over 48 

hours, and compounds 21, 22, 25, and 28 (Figure 15) were found to have MRs between 38.0% and 

55.2%. The most promising candidate, compound 28, demonstrated an MR of 55.2%, with an LD₅₀ 

value of 0.041 μg/nymph, which is 5.8 times more potent than cholesterol (LD₅₀ = 0.237 μg/nymph). 

The greenhouse control experiment further validated compound 28’s effectiveness, with control rates of 

40.3%, 54.5%, and 59.8% at 3, 5, and 7 days after treatment, respectively. In contrast, cholesterol 

exhibited significantly lower control rates of 9.5%, 14.5%, and 18.1%, indicating that compound 28’s 

prophylactic effect was 3.3 to 4.2 times greater than that of cholesterol. These results underscore the 

potential of cholesterol oxime ether derivatives as potent agricultural insecticides, with compound 28 

emerging as a leading candidate. The structure-activity relationship analysis highlighted that 

modifications at the C₃ hydroxyl group and C₇ position played a crucial role in enhancing insecticidal 

activity, paving the way for further development of highly selective and potent insecticidal agents [24]. 

Ma et al. conducted a study on 20(R)-25-methoxyl-dammarane-3β,12β,20-triol (AD-1), a newly 

discovered ginsenoside known for its ability to induce G0/G1 cell cycle arrest, apoptosis, and reactive 

oxygen species (ROS) production. To enhance its biological activity, the researchers synthesized a series 

of AD-1 derivatives, incorporating heterocyclic rings at the C-2 and C-3 positions. Among these 

derivatives, compound 31 (Figure 16), which contains an isoxazole moiety, exhibited significant 

cytotoxic activity against RM-1 and HCT116 cell lines. The IC₅₀ values for compound 31 were 

measured at 14.38 μM for RM-1 cells and 19.55 μM for HCT116 cells, demonstrating its potent anti-

tumor activity. This suggests that the introduction of isoxazole contributes to the enhancement of AD-

1’s anti-cancer potential, making it a promising candidate for further development.  
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Fig. 16: Steroidal-isoxazole derivative 31 

One of the critical aspects of evaluating anti-cancer agents is their selectivity toward cancerous 

versus normal cells. The study revealed that compound 31 did not exhibit significant cytotoxicity toward 

normal GES-1 cells, suggesting a favorable safety profile. This selective toxicity towards cancer cells 

while sparing normal cells highlights the therapeutic potential of compound 31 in cancer treatment. The 

findings indicate that modifications at C-2 and C-3 positions of AD-1 with heterocyclic groups, 

particularly isoxazole, play a crucial role in enhancing anti-tumor activity. This research paves the way 

for further investigations into the structure-activity relationships (SARs) of AD-1 derivatives, potentially 

leading to the development of new, selective, and potent anti-cancer therapies [25]. 

Conclusion 

The combination of steroidal natural products with isoxazole moieties has shown great promise in 

improving their biological activities. The reviewed compounds, including estradiol, estrone, mestranol, 

pregnenolone, and several others, exhibited a diverse range of pharmacological properties, such as anti-

tumor, antibacterial, antiviral, lipid-lowering, and cardioprotective effects. Additionally, some 

derivatives showed promise for applications beyond medicine, including agricultural use. 

Notably, compound 7 displayed strong selectivity for tumor cells over normal cells, highlighting its 

potential in cancer treatment. Compound 3 emerged as a promising candidate for managing 

hyperlipidemia, while compound 19 exhibited enhanced cardioprotective properties compared to 

panaxatriol. The preliminary structure–activity relationship (SAR) study suggested that the fusion of 

isoxazole moieties could significantly improve the efficacy of parent compounds. These findings 

emphasize the potential of steroidal-isoxazole hybrids as valuable candidates for further pharmaceutical 

and biomedical research.   
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