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Abstract 

This review provides an integrated analytical overview of the phenolic constituents of Solenostemma 
argel, with emphasis on extraction efficiency, structural characterization, and antioxidant-linked 
bioactivity. Because direct studies on argel phenolics remain limited, a broadened inclusion strategy 
was adopted. Studies were considered when phenolic-solubilizing solvents were used, when 
antioxidant-related biological effects (such as antidiabetic, anticancer, or neuroprotective activities) 
were evaluated, or when chromatographic and spectroscopic techniques applicable to phenolic 
analysis were employed. Comparative findings indicate that moderately polar solvents—particularly 
ethanol, methanol, and acetone—produce the highest phenolic yields, especially under ultrasound- 
or microwave-assisted extraction conditions. Reported variations in total phenolic content (TPC) 
primarily reflect methodological differences; however, higher TPC values consistently correlate with 
stronger antioxidant activity across assays. Advanced analytical platforms, including HPLC and 
NMR, provide the highest accuracy for qualitative and quantitative characterization of major 
phenolic classes. Overall, this expanded review synthesizes current evidence on phenolic profiling, 
extraction methodologies, analytical applicability, and antioxidant potential of S. argel, underscoring 
the plant’s promise as a rich and underexplored source of bioactive phenolic compounds. 

Keywords: Solenostemma argel; phenolics; antioxidant activity; extraction methods; analytical 
techniques; phytochemistry; natural products 
 

1. Introduction 

Natural products remain a major foundation for drug discovery and chemical innovation due to 
their structural diversity and broad pharmacological potential. Among these, phenolic compounds 
have received considerable attention for their antioxidant, anti-inflammatory, and cytoprotective 
effects—properties largely attributed to their redox activity and capacity to modulate oxidative stress. 
Given the central involvement of oxidative stress in chronic disorders such as diabetes, cancer, and 
neurodegenerative diseases, the characterization of plant-derived phenolics continues to be a priority 
in phytochemical and pharmaceutical research. [1,2] 

Solenostemma argel (argel) is a medicinal plant traditionally used across North and East Africa 
and parts of the Arabian Peninsula. Its secondary metabolome includes phenolic acids, flavonoids, 
pregnane glycosides, monoterpenes, and volatile constituents. Despite this chemical richness [3], 
existing research on S. argel remains geographically limited, methodologically variable, and 
relatively scarce—particularly regarding phenolic-specific investigations. This gap underscores the 
need for a broadened and integrative analytical review. 

The present expanded review synthesizes evidence from studies that directly or indirectly 
inform the phenolic composition, extraction efficiency, analytical characterization, and antioxidant-
linked bioactivity of S. argel. Research was included when phenolics were explicitly targeted, co-
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extracted due to solvent polarity, or implicated through antioxidant-associated biological assays. In 
addition, analytical techniques applied to other metabolite classes were evaluated for their relevance 
to future phenolic profiling. Through this inclusive approach, the review aims to consolidate 
fragmented knowledge, clarify methodological trends, and support the advancement of 
phytochemical and pharmacological research on S. Argel. 

Novelty 

To the best of our knowledge, this review provides the first systematic synthesis and gap-
analysis focusing specifically on the phenolic profiling and antioxidant-linked bioactivity of 
Solenostemma argel. While previous studies remain limited in number and scope and primarily 
report isolated experimental findings, the present work critically consolidates these datasets, 
compares analytical and extraction methodologies, and identifies concrete methodological and 
knowledge gaps that can guide future targeted analytical and biological studies . 

2. Methodology 

Given the limited number of studies directly analyzing phenolic compounds in Solenostemma 
argel, this review adopted an expanded methodological framework to integrate chemically, 
analytically, and biologically relevant research. The approach consisted of three components: study 
identification, inclusion criteria, and comparative analytical strategy. 

2.1 Study Identification 

A structured literature search was conducted using Google Scholar, PubMed, ResearchGate, 
ScienceDirect, and regional phytochemistry journals. The search covered publications from 2000 to 
2024 and used the keywords Solenostemma argel, phenolic compounds, flavonoids, antioxidant 
activity, extraction methods, chromatographic techniques, and phytochemical analysis. Additional 
sources were identified through citation tracking of the initially retrieved articles. 

The overall identification, screening, and eligibility workflow followed PRISMA guidelines and 
is illustrated in Figure 1. 

 

Figure 1. PRISMA flow diagram of the literature identification, screening, and inclusion process. 
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2.2. Inclusion Criteria 

Because phenolic-specific studies on S. argel are scarce, broadened inclusion criteria were 
applied. Studies were included if they met at least one of the following: 

1. Direct phenolic analysis: identification, quantification, or characterization of phenolic acids, 
flavonoids, or related phenolic constituents. 

2. Relevant extraction methodologies: use of moderately polar solvents (e.g., ethanol, methanol, 
acetone) capable of extracting phenolic compounds, even when phenolics were not the primary 
analytes. 

3. Antioxidant-related biological studies: evaluation of antidiabetic, anticancer, anti-
inflammatory, or neuroprotective effects associated with oxidative stress, given their relevance to 
phenolic bioactivity. 

4. Analytical technique studies: application of chromatographic or spectroscopic platforms 
(HPLC, GC-MS, NMR) to S. argel extracts for any metabolite class, provided the techniques are 
suitable for phenolic profiling. 

Studies were excluded if they (i) lacked methodological clarity; (ii) relied exclusively on non-
polar solvents unsuitable for phenolic extraction; or (iii) assessed biological activity unrelated to 
oxidative stress without accompanying chemical analysis. 

2.3. Comparative Analytical Strategy 

To enable meaningful comparison, data from the included studies were extracted and organized 
according to the following dimensions: 

Extraction efficiency: technique type (maceration, Soxhlet, UAE, MAE), solvent polarity, 
temperature, and reported yields. 

Total phenolic content (TPC): methodological factors contributing to inter-study variability. 
Analytical platforms: chromatographic and spectroscopic techniques used for metabolite 

separation, detection, and structural characterization, with emphasis on their applicability to 
phenolic analysis. 

Antioxidant and antioxidant-related bioactivity: comparison across assay types (DPPH, FRAP, 
ORAC), extract polarity, plant part, and reported activity levels. 

This expanded methodological framework enabled the integration of chemically focused studies 
with biological and analytical research, providing a holistic evaluation of S. argel phenolics and their 
pharmacological relevance. 

3. Phenolic Profile of Solenostemma argel 

3.1. Overview of Identified Phenolic Compounds 

Over the past two decades, phytochemical investigations have demonstrated that Solenostemma 
argel possesses a chemically diverse phenolic profile comprising phenolic acids, flavonoids, and 
phenolic glycosides. These metabolites are central to the plant’s antioxidant, anti-inflammatory, and 
cytoprotective properties. [3] 

Chromatographic analyses—particularly HPLC and UPLC–MS—consistently highlight 
phenolic acids as one of the dominant classes. E-vanillic acid, pyrocatechol, pyrogallol, ferulic acid, 
and chlorogenic acid are frequently reported at relatively high levels. Owing to their ability to donate 
hydrogen atoms or electrons, these compounds play key roles in neutralizing reactive oxygen species, 
thereby contributing to the plant’s antioxidant potential.Flavonoids identified in S. argel include 
naringenin, quercetin, hesperidin, kaempferol, and their glycosides such as kaempferol-3-O-
glucoside (astragalin) and quercetin-3-O-rhamnosyl-(1→2)-glucoside. Their multiple hydroxyl 
groups and conjugated π-systems provide strong radical-scavenging capacities and metal-chelating 
properties, supporting their well-documented biological. [3,4] 
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Notably, several novel phenolic glycosides—Solargins I–IV—have been isolated from the aerial 
parts of the plant. NMR and HR-ESI-MS analyses confirmed their structures as acylated phenolic 
glycosides with unique substitution patterns not previously reported in related taxa [5]. The 
discovery of these compounds underscores the distinct chemical signature of S. argel within the 
Asclepiadaceae family and highlights its potential as a source of structurally unique antioxidant 
agents. 

Table 1. Major Phenolic Classes and Key Identified Compounds in Solenostemma argel. 

Phenolic class Representative compounds  Notes   References  

Phenolic acids  
Vanillic acid, E-vanillic acid, Ferulic acid, 
Chlorogenic acid, Gallic acid, Pyrogallol, 

Caffeic acid 

Highest concentration reported for E-vanillic acid; 
abundant across leaves and aerial parts 

[3,6] 

Flavonoids  

Quercetin, Hesperidin, Narengin, Rutin, 
Kaempferol, Kaempferol glycosides 

(3-O-glucoside, 3-O-arabinoside, 7-O-
rhamnoside), Apigenin  

Major contributors to antioxidant activity; present 
in both free and glycosylated forms 

]3,6  [  

Phenolic glycosides  Solargins I-IV Newly identified; structurally unique glycosides ]3,5,7 [  

Other related metabolites 
Rosmarinic acid, Coumarins, Cinnamic 

derivatives 
Occur at moderate levels; contribute to total 

antioxidant capacity 
[8] 

Full quantitative list (µg/g) is provided in Supplementary Table S1 . 
The chemical structures of the key phenolic compounds identified in S. Argel—Solargin I, E-

vanillic acid, and rosmarinic acid—are shown in Figure 2 to support the phytochemical discussion . 

 

Figure 2. Chemical structures of some of the most important compounds in the Solenostemma argel plant. 

In summary, S. argel contains a broad spectrum of phenolic metabolites ranging from low-
molecular-weight acids to highly glycosylated flavonoids. This diversity likely contributes to the 
plant’s multifaceted antioxidant, anti-inflammatory, and cytoprotective effects. 
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3.4. Distribution Across Plant Parts 

The qualitative and quantitative distribution of phenolic compounds in Solenostemma argel varies 
notably among leaves, aerial parts, roots, and fruit peels, reflecting organ-specific physiological roles 
and metabolic specialization. 

3.4.1. Leaves 

Leaves consistently show the highest phenolic concentrations, enriched particularly in E-vanillic 
acid, pyrogallol, ellagic acid, hesperidin, and quercetin derivatives [8]. Reported total phenolic 
contents (TPC) typically range between 60–80 mg GAE/g DW, depending on solvent polarity and 
extraction technique. The abundance of polyhydroxylated phenolics is consistent with the protective 
function of leaves against ultraviolet radiation and oxidative stress, explaining the strong antioxidant 
activity observed in ethanolic and methanolic extracts. 

3.4.2. Aerial Parts 

Extracts derived from combined aerial tissues (leaves, stems, and flowers) generally show 
slightly lower phenolic concentrations but greater structural diversity. These extracts commonly 
contain phenolic acids, flavonoids, glycosides, and the distinctive Solargins I–IV [3,5]. The mixed 
tissue composition facilitates the co-accumulation of both glycosylated metabolites and aglycones, 
making aerial parts particularly useful for comprehensive profiling. 

3.4.3. Roots and Fruit Peels 

Although less frequently studied, both organs exhibit noteworthy phenolic content. Microwave-
assisted extraction of root material yielded up to 15.6% dry extract enriched in ethanol-soluble 
phenolic acids [8]. Fruit peels demonstrated the highest extraction yield (53.5%) using ethanol/water 
(25:75), indicating substantial levels of phenolic or phenolic-like constituents likely associated with 
cuticular defense mechanisms. 

3.4.5. Comparative Interpretation 

Overall patterns indicate the following gradient of phenolic abundance: 
Leaves > Aerial parts > Fruit peels > Roots 
Each organ contributes a distinct metabolic fingerprint: leaves predominantly accumulate 

phenolic acids, aerial parts are rich in glycosides and flavonoids, and roots contain simpler phenolics. 
These distributional differences highlight compartmentalized biosynthesis and adaptive metabolic 
responses typical of stress-modulated secondary metabolism. 

Understanding these organ-specific patterns is essential for optimizing extraction strategies and 
selecting suitable plant parts for pharmacological, nutraceutical, or industrial applications. 

Integrated Analysis of Phenolic Extraction, Characterization, and Antioxidant-Linked 
Bioactivity 

4. Integrated Comparative Analysis 

4.1. Extraction Methods 

Studies investigating Solenostemma argel consistently demonstrate that extraction efficiency is 
strongly influenced by both solvent polarity and extraction technique. Moderately polar solvents—
particularly ethanol, methanol, and acetone—are the most effective for solubilizing phenolic 
compounds due to their compatibility with the hydrogen-bonding capacity and partial polarity of 
phenolic structures [9,10]. 

Among extraction techniques, ultrasound-assisted extraction (UAE) and microwave-assisted 
extraction (MAE) repeatedly outperform conventional maceration and Soxhlet extraction. UAE and 
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MAE achieve higher yields in significantly shorter times and better preserve thermolabile 
constituents, making them ideal for phenolic-rich extracts [9]. Conversely, maceration yields 
moderate extraction efficiency and requires prolonged durations [10,11], while Soxhlet extraction 
introduces risk of thermal degradation despite providing relatively [12]. 

Regarding fractionation and separation, most studies followed sequential solvent extraction 
protocols with increasing polarity (petroleum ether, chloroform, ethyl acetate, n-butanol) [6,7,13,14], 
followed by chromatographic techniques (silica gel column, Sephadex LH-20, RP-18, HPLC) to isolate 
specific compounds such as argel glycosides, flavonoid derivatives, and phenolic glycosides . 

Variability among reported extraction outcomes can be attributed to several methodological 
factors, including solvent composition, temperature, extraction time, plant part used, and particle 
size. These parameters collectively influence diffusion rates and solvent penetration, ultimately 
affecting phenolic recovery. 

Table 2. Summary of Extraction Methods and Their Estimated Yields in Solenostemma argel. 

Extraction Technique Solvent System Typical Yield (%) General Evaluation References 

Maceration (RT, days) Methanol 80%, Ethanol 80% 10–14% 
Simple; long time; moderate 
yield 

[6,15] 

 Soxhlet (60°C) Methanol 95% ~12% 
Higher yield; risk of thermal 
degradation 

[11] 

Ultrasound-Assisted 
Extraction (UAE) 

Ethanol 25–50% — 
Best antioxidant potency; 
good extraction selectivity 

[9] 

Microwave-Assisted 
Extraction (MAE) 

EtOH/H₂O (various ratios) 15–53% 
Highest yields; short time; 
preserves thermolabile 
compounds  

[9] 

Hot Water Extraction Water Low 
Mimics traditional use; weak 
extraction of phenolics 

[10] 

4.2. Total Phenolic Content (TPC) 

Reported total phenolic content in S. argel extracts varies substantially across studies, reflecting 
broad methodological differences. The highest TPC values have been recorded using acetone 80%, 
followed by ethanol-based extracts, while aqueous extractions consistently show the lowest TPC [10], 
highlighting the limited ability of water to solubilize mid-polarity phenolics. 

Differences in TPC measurements arise from variations in solvent polarity, extraction technique 
(UAE/MAE vs. maceration), plant part analyzed, and assay conditions, particularly those related to 
the Folin–Ciocalteu method. Despite this variability, a consistent pattern emerges: extracts with 
higher TPC exhibit stronger antioxidant activity [8], underscoring the central role of phenolics in 
driving the plant’s bioactivity. Consolidated TPC data from the literature are summarized in Table 3. 

4.3 Antioxidant Activity 

The antioxidant potential of S. argel has been evaluated through multiple in vitro assays, 
primarily DPPH, FRAP, and ORAC [9,10,15–18]. Across studies, extracts obtained using UAE and 
MAE consistently exhibit the strongest antioxidant performance [9], aligning with their higher 
phenolic recovery. Extracts prepared with acetone or ethanol also demonstrate superior radical-
scavenging activity relative to aqueous extracts [9,10], reflecting the higher solubility of phenolic 
compounds in mid-polar solvents. 

A clear positive correlation is observed between TPC and antioxidant activity, particularly in 
assays measuring electron-transfer (FRAP) and radical-scavenging (DPPH) capacities [10]. Leaf 
extracts generally demonstrate the highest antioxidant potency, followed by aerial parts, fruit peels, 
and roots—mirroring the gradient of phenolic abundance. [15,18] 
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Table 3. Integrated Summary of Extraction Method, TPC, and Antioxidant Activity. 

Extraction Method / 
Solvent 

TPC (mg GAE/g) 
Antioxidant Results 
(DPPH / FRAP / ORAC) 

Interpretation References 

MAE – EtOH/H₂O 15–53% (yield)  
High ORAC; strong 
radical scavenging 

Best overall extraction 
efficiency 

]9 [  

UAE – EtOH 25–50% 63–72 
Up to 91% DPPH 
inhibition 

Optimal balance of solvent + 
sonication 

]9 [  

Acetone 80% 81.45 
IC₅₀ = 48.87 µg/mL 
(DPPH); highest FRAP 

Most effective solvent for 
phenolics 

[10] 

Ethanol 80% 62.58 Moderate DPPH & FRAP  
Good extraction but lower 
bioactivity 

[10] 

Methanol extract 24.53 13.7–44.8% (DPPH)  
Lower phenolic levels → 
weaker activity 

[19] 

Ethyl acetate extract — 
19–58% inhibition 
(DPPH) 

Extracts moderately polar 
antioxidant compounds 

[16] 

Hot Water 46.72 Lowest activity Poor extraction of phenolics [10] 

Crude extracts (general) — 
Up to 86,263 µmol 
TE/100g (ORAC) 

Rich in mixed flavonoids [18] 

Despite substantial variation in assay types and reporting formats, studies consistently show 
that higher TPC values correspond to stronger antioxidant activity. For example, extracts with TPC 
values above 60 mg GAE/g exhibited either high %DPPH inhibition (up to 91%) or low IC₅₀ values, 
whereas extracts below 30 mg GAE/g showed markedly weaker activity. 

4.4 Analytical Techniques 

A range of chromatographic and spectroscopic platforms has been employed to characterize the 
phenolic constituents of S. Argel. HPLC is the most widely used technique, providing reliable 
qualitative and quantitative separation of phenolic acids and flavonoids. UPLC–MS offer deeper 
structural insights, particularly for glycosylated flavonoids and newly reported phenolic glycosides 
such as Solargins I–IV [3,5,6,20–22]. These mass-spectrometric approaches enable precise detection of 
minor constituents and are essential for establishing comprehensive phenolic fingerprints. 

NMR spectroscopy remains the definitive tool for structural confirmation of novel metabolites, 
playing a central role in elucidating the substitution patterns of the Solargin series [9,22]. Although 
GC–MS is primarily applied to volatile metabolites, studies employing GC–MS on S. Argel were 
considered in this review when they provided methodological relevance or insights into the 
analytical suitability of the technique for future phenolic work [3,9,22]. 

Table 4. Comparative Overview of Analytical Techniques Applied to Solenostemma argel and Their Suitability 
for Phenolic Analysis. 

Technique 
Purpose in S. argel 
Studies 

Strengths Limitations 
Relevance to 
Phenolic Analysis  

References 

HPLC 

Quantification of 
phenolic acids and 
flavonoids; profiling of 
major compounds  

High-resolution 
separation; 
reproducible 
quantification; 
widely validated for 
phenolics  

Limited ability to 
identify unknowns 
without MS coupling  

Strongly suitable for 
routine phenolic 
profiling and 
quantification 

]3,5,6,20–22 [  

 UPLC–MS  

Identification of 
phenolic acids, 
flavonoids, and novel 
glycosides (e.g., 
Solargins I–IV) 

High sensitivity; 
structural 
elucidation; 
detection of minor 

Requires advanced 
instrumentation and 
expertise 

Essential for 
comprehensive 
phenolic profiling and 
discovering new 
phenolics 

]3,5,6,20–22  [  
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and complex 
metabolites 

GC–MS 
Mainly used for volatile 
oils and non-phenolic 
constituents 

Excellent for volatile 
and semi-volatile 
compounds; rich 
spectral libraries 

Phenolics generally 
non-volatile; requires 
derivatization 

Indirect relevance—
useful for evaluating 
analytical feasibility 
and method 
transferability 

],223,9 [  

NMR  

Structural confirmation 
of newly identified 
compounds (e.g., 
Solargins) 

Definitive structural 
clarification; 
essential for new 
compound 
validation 

Low sensitivity; 
requires high-purity 
isolates; time-
consuming 

Crucial for full 
structural 
characterization of 
isolated phenolic 
glycosides 

]5,6 [  

UV–Vis 
Spectrophotometry 

Used for general 
phenolic assays (TPC) 

Simple; rapid; cost-
effective  

Non-specific; subject 
to interference 

Useful for total 
phenolic estimation 
but not compound-
level analysis 

]7,9,10,19 [  

5. Discussion 

The collective findings synthesized in this review demonstrate that the phenolic composition, 
extraction efficiency, and antioxidant performance of Solenostemma argel are governed by a 
combination of chemical, methodological, and biological factors. The superiority of moderately polar 
solvents and modern extraction technologies reflects fundamental principles of phenolic chemistry: 
mid-polarity phenolics exhibit optimal solubility in hydroalcoholic and acetone-based systems, and 
their recovery is enhanced under conditions that increase mass transfer without exposing compounds 
to excessive thermal degradation. Techniques such as UAE and MAE achieve this balance efficiently, 
explaining their consistent advantage over maceration and Soxhlet extraction. 

Variability in reported total phenolic content (TPC) across studies can be attributed to differences 
not only in solvent polarity but also in protocol parameters—extraction time, temperature, particle 
size, and plant part used. These methodological disparities underscore the need for harmonized 
extraction protocols, particularly when comparing TPC values across independent research groups. 
The strong alignment between phenolic-rich extracts and antioxidant potency across multiple assay 
types further highlights the central contribution of phenolic compounds to the biological activity of 
S. argel. This relationship is consistent with established antioxidant mechanisms, where phenolic 
acids and flavonoids act as electron or hydrogen donors, stabilize reactive oxygen species, and 
participate in metal chelation. 

Organ-specific differences in phenolic distribution also hold biological significance. The 
predominance of highly hydroxylated phenolic acids and flavonoids in leaves is congruent with their 
protective roles against oxidative stress, mirroring patterns observed in other members of the 
Asclepiadaceae family. In contrast, aerial parts provide broader chemical diversity due to the 
coexistence of glycosides and aglycones, while fruit peels and roots contain simpler phenolics 
associated with defense or structural functions. These distributional patterns suggest 
compartmentalized biosynthesis and adaptive allocation of phenolic metabolites, offering useful 
guidance for selecting specific organs for targeted phytochemical or pharmacological applications. 

The analytical methodologies used across studies further shape the current understanding of S. 
argel phytochemistry. HPLC remains adequate for profiling major phenolics, but the limited use of 
advanced NMR platforms constrains the structural resolution of minor or novel metabolites. The 
recent identification of Solargins I–IV illustrates the capacity of modern spectroscopic tools to reveal 
previously unrecognized constituents, suggesting that the phenolic profile of the plant is likely richer 
than currently documented. The underutilization of these techniques represents a key limitation in 
existing research and highlights an important direction for future analytical work. 

Collectively, these insights reveal both the biochemical potential and the methodological 
challenges associated with phenolic research on S. argel. While the available evidence establishes the 
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plant as a promising source of bioactive phenolics, the current literature remains fragmented, 
heterogeneous in methodology, and limited in analytical depth. Addressing these gaps will be 
essential for fully characterizing the pharmacological relevance of this underexplored species. 

6. Limitations 

The current body of literature on Solenostemma argel presents several methodological and 
analytical limitations that influence the depth and consistency of available findings. First, phenolic-
specific studies remain limited in number, necessitating the inclusion of research where phenolics 
were co-extracted or indirectly implicated through antioxidant-related biological assays. Second, 
substantial methodological variability exists across studies, particularly in solvent composition, 
extraction duration, temperature, and plant parts used, making direct quantitative comparison 
challenging. 

Analytical characterization is also constrained by the limited use of advanced platforms such as 
UPLC–MS, and NMR. While these techniques have enabled the identification of structurally unique 
compounds such as Solargins I–IV, their underutilization restricts the ability to establish a 
comprehensive phenolic fingerprint for the species. In addition, inconsistencies in total phenolic 
content (TPC) protocols—especially variations in Folin–Ciocalteu calibration standards and 
reporting units—further contribute to inter-study discrepancies. 

Finally, few studies directly link identified phenolic constituents to specific antioxidant or 
pharmacological mechanisms, with most biological evaluations relying on crude extracts. These gaps 
collectively indicate that the phenolic profile of S. Argel is likely more complex than currently 
documented and highlight the need for more standardized and analytically rigorous investigations. 

7. Conclusions 

The collective evidence reviewed in this study demonstrates that Solenostemma argel possesses a 
structurally diverse and biologically significant phenolic profile. Moderately polar extraction systems 
and modern techniques such as UAE and MAE consistently yield phenolic-rich extracts, reflecting 
the chemical characteristics of dominant phenolic acids and flavonoids within the plant. Across 
studies, higher total phenolic content aligns with stronger antioxidant performance, underscoring the 
central role of phenolics in mediating the plant’s cytoprotective potential. 

Although current analytical data remain fragmented and uneven in methodological rigor, recent 
findings—particularly the identification of structurally unique phenolic glycosides—highlight S. 
argel as an underexplored yet promising source of bioactive metabolites. Taken together, the 
available literature positions this species as a valuable candidate for further phytochemical and 
pharmacological investigation, particularly in the context of natural antioxidant development. 

Recommendations 

Based on the integrated analysis of existing literature, several priority areas can guide future 
research on the phenolic composition and antioxidant potential of Solenostemma argel: 

1. Standardizing extraction parameters—particularly solvent composition, temperature, and 
duration—to improve comparability of phenolic yield data. 

2. Applying advanced analytical platforms (UPLC–MS, LC–MS/MS, NMR) to establish 
comprehensive phenolic fingerprints and identify minor or structurally novel metabolites. 

3. Harmonizing TPC determination protocols and reporting formats to reduce inter-study 
variability. 

4. Employing multiple complementary antioxidant assays rather than single-test evaluations to 
obtain more reliable assessments of redox-related activity. 

5. Conducting mechanistic in vivo studies to clarify molecular pathways underlying antioxidant, 
antidiabetic, neuroprotective, and anticancer effects. 
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6. Establishing clearer links between specific phenolic structures and biological outcomes, 
including the potential contribution of synergistic interactions among metabolite classes. 

7. Developing quality-controlled, standardized phenolic-rich extracts suitable for nutraceutical 
or phytopharmaceutical applications. 

8. Integrating metabolomics and chemoinformatics approaches to support deeper structural 
characterization and comprehensive profiling. 
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