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Abstract: 

 

 Background: 

Caffeine and Asphaltum punjabianum (Shilajit) are widely consumed bioactive substances that represent 

fundamentally different pharmacological paradigms. Caffeine is a well characterized methylxanthine with rapid central 

nervous system stimulant effects, whereas Shilajit is a complex herbomineral phytocomplex traditionally used in 

Ayurvedic medicine as a rasayana and adaptogen, with emerging evidence of systemic regulatory effects. 

 

 Objectives: 

To critically synthesize contemporary preclinical and clinical literature on the pharmacokinetics, molecular 

mechanisms, therapeutic applications, and safety profiles of caffeine and Shilajit, and to contrast their modes of action 

while cautiously exploring potential interactions. 

 

 Materials and Methods: 

A narrative review of relevant preclinical and clinical studies was conducted, focusing on the pharmacological 

mechanisms, biological effects, and safety considerations of caffeine and Shilajit. Literature addressing theoretical 

interactions and regulatory challenges was also examined. 

 

 Results: 

Caffeine exerts acute neuromodulatory effects primarily through antagonism of adenosine A₁ and A₂A receptors, 

leading to transient improvements in alertness, cognition, and physical performance. In contrast, Shilajit demonstrates 

antioxidant, anti-inflammatory, mitochondrial, and metabolic regulatory properties, suggesting a systems-level influence 

on cellular resilience and bioenergetics. No experimental studies directly evaluating combined use were identified, though 

theoretical complementarity and potential antagonism were discussed. Key challenges include Shilajit standardization, 

contamination risks, and regulatory limitations. 

 

 Conclusion: 

Caffeine and Shilajit possess distinct and well-defined pharmacological roles, with caffeine acting as an acute 

stimulant and Shilajit functioning as a long-term adaptogenic modulator. However, rigorous mechanistic and clinical 

investigations are required before any claims regarding combined or synergistic benefits can be substantiated. 
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I. INTRODUCTION 
 

The global use of bioactive substances to enhance 

alertness, physical performance, and overall resilience 

continues to increase, driven by modern lifestyle demands 

and the expanding nutraceutical market1. Among these 

substances, caffeine and Asphaltum punjabianum (Shilajit) 

occupy distinct yet increasingly overlapping domains of 

consumption. Caffeine is one of the most widely consumed 

psychoactive compounds worldwide and is extensively 
studied for its acute stimulatory effects on the central 

nervous system2. In contrast, Shilajit is a traditional 

herbomineral preparation used for centuries in Ayurvedic 

medicine, primarily valued for its adaptogenic and 

rejuvenative properties rather than immediate stimulation3. 

This distinction underscores a fundamental pharmacological 

difference between classic stimulants and adaptogenic 

substances, which modulate stress responses and promote 

homeostasis without provoking acute excitation4. 

 

Caffeine (1,3,7-trimethylxanthine) exerts its primary 

pharmacological effects through antagonism of adenosine 
A₁ and A₂A receptors, leading to increased neuronal 

excitability and enhanced dopaminergic signalling. These 

mechanisms underpin its well-documented effects on 

vigilance, cognitive performance, and exercise capacity, as 

well as its recognized limitations related to tolerance, sleep 

disruption, and anxiety. Consequently, caffeine represents a 

paradigmatic example of an acute, receptor-specific 

stimulant with rapid onset and transient effects5. 

 

By contrast, Shilajit is not a single chemical entity but 

a complex phytocomplex formed through the prolonged 
humification of plant and microbial matter under geological 

conditions6. Its bioactivity is attributed primarily to humic 

substances, including fulvic acid, dibenzo-α-pyrones, and 

associated trace minerals7. Contemporary research suggests 

that these components exert pleiotropic effects, including 

antioxidant and anti-inflammatory actions, modulation of 

mitochondrial bioenergetics, and support of cellular 

homeostasis8. These properties align with its traditional 

classification as a rasayana, a category of agents believed to 

enhance systemic resilience and longevity9. 

 
Despite their fundamentally different pharmacological 

profiles, caffeine and Shilajit are increasingly co-marketed 

and co-consumed in dietary supplements aimed at 

improving energy, performance, and stress tolerance. 

However, the scientific literature has largely examined these 

agents in isolation, with minimal effort to contextualize their 

contrasting mechanisms or to evaluate potential interactions. 

This disconnect is particularly relevant given the 

mechanistic divergence between caffeine’s acute 

neuromodulatory action and Shilajit’s proposed systems-

level, adaptogenic effects. 

 
 

The present narrative review critically examines the 

pharmacology, therapeutic evidence, and safety 

considerations of caffeine and Asphaltum punjabianum 
(Shilajit) in parallel. Rather than asserting unverified 

synergistic effects, the review emphasizes a cautious 

comparative framework, identifying mechanistic contrasts, 

theoretical interactions, and key gaps in current knowledge. 

By doing so, it aims to provide a balanced scientific basis 

for future experimental and clinical investigations into the 

rational use of these widely consumed bioactive substances. 

 

II. CAFFEINE: PHARMACOLOGICAL PROFILE 

AND THERAPEUTIC EVIDENCE 
 

A. Chemical Identity and Exposure Sources 

Caffeine (1,3,7-trimethylxanthine) is a naturally 

occurring methylxanthane alkaloid widely distributed in 
plant species such as Coffea arabica, Camellia 

sinensis, Paullinia cupana, and Theobroma cacao10. In 

addition to dietary exposure through coffee, tea, and 

chocolate, caffeine is extensively incorporated into 

pharmaceuticals, sports supplements, and energy products, 

resulting in highly variable patterns of intake across 

populations11. While moderate consumption is generally 

considered safe, the widespread availability of concentrated 

formulations has increased the risk of excessive and 

unintentional dosing12. 

 
B. Pharmacokinetics and Interindividual Variability 

Following oral ingestion, caffeine is rapidly and almost 

completely absorbed, with peak plasma concentrations 

typically achieved within 30-60 minutes. Its high 

lipophilicity allows efficient distribution across biological 

membranes, including the blood brain barrier and placenta13. 

Hepatic metabolism is mediated predominantly by 
cytochrome P450 1A2 (CYP1A2), producing paraxanthine 

as the principal active metabolite14. A critical feature of 

caffeine pharmacokinetics is marked interindividual 

variability. Genetic polymorphisms in CYP1A2, hormonal 

status, smoking behaviour, pregnancy, and concomitant 

medications substantially influence caffeine clearance and 

elimination half-life15. This variability contributes to 

heterogeneous physiological responses and complicates 

universal dosing recommendations, particularly in 

performance and clinical contexts16. 

 
C. Mechanisms of Action 

At physiologically relevant concentrations, caffeine’s 

primary mechanism of action is competitive antagonism of 

adenosine A₁ and A₂A receptors. By inhibiting adenosine-

mediated neuromodulation, caffeine increases neuronal 

firing rates and enhances neurotransmitter release, 

particularly within dopaminergic and noradrenergic 
pathways17. Antagonism of A₂A receptors in the striatum is 

especially relevant for psychomotor activation and 

perceived alertness18. 

https://doi.org/10.38124/ijisrt/26mar1477
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Fig 1: Mechanism of Action of Caffeine as a Competitive Antagonist of Adenosine A1 and A2A Receptors, Leading to Increased 

Neurotransmission and Dopaminergic Activity. 

 

Additional mechanisms, including phosphodiesterase inhibition and intracellular calcium mobilization, occur only at 

supraphysiological concentrations and are unlikely to contribute meaningfully to effects observed with typical dietary or 

ergogenic doses. This distinction is important to avoid overinterpretation of mechanistic findings derived from high dose in 

vitro models. 
 
D. Evidence-Based Physiological Effects 

 

 
Fig 2: Key Evidence-Based Physiological Effects of Caffeine. 

 
 Central Nervous System and Cognition 

Caffeine reliably reduces subjective fatigue and 

improves vigilance, reaction time, and sustained attention, 

particularly under conditions of sleep deprivation or 

cognitive fatigue. Effects on higher-order executive function 

are inconsistent and appear dose-dependent, with excessive 
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intake increasing anxiety and impairing task performance in 

susceptible individuals19,20. 

 Exercise Performance 

Caffeine is among the most consistently supported 

ergogenic aids, with moderate improvements observed in 

endurance capacity, strength, and power output21. Proposed 

mechanisms include reduced perceived exertion, enhanced 
motor unit recruitment, and altered substrate utilization22. 

However, habitual intake, genetic variability, and tolerance 

substantially modulate responsiveness, limiting uniform 

effectiveness23,24. 

 

 Cardiovascular and Metabolic Effects 

A cute caffeine ingestion produces transient increases 

in blood pressure and sympathetic activity, though tolerance 

develops rapidly in habitual consumers25. Large 

observational studies generally do not associate moderate 

intake with increased cardiovascular risk; however, 

individuals with hypertension, arrhythmias, or anxiety 
disorders may exhibit heightened sensitivity26. 

 

 Analgesic Adjuvant Use 

Caffeine is frequently included in combination 

analgesic formulations, where it provides modest but 

reproducible enhancement of pain relief27. Its clinical utility 

in this context is supported by meta-analyses, although the 

magnitude of benefit remains limited28. 

 
E. Safety, Tolerance, and Clinical Boundaries 

Caffeine exhibits a favorable safety profile when 

consumed within commonly recommended limits (≤400 

mg/day in healthy adults). Nevertheless, repeated exposure 

leads to tolerance through adaptive upregulation of 

adenosine receptors, attenuating stimulant and 

cardiovascular effects. Abrupt cessation following chronic 

use can produce a well-characterized withdrawal syndrome, 

underscoring its capacity to induce mild physical 
dependence29. 

 

Vulnerable populations including pregnant individuals, 

patients with cardiovascular disease, sleep disorders, or 

anxiety require cautious intake. Importantly, the growing 

availability of high dose caffeine products necessitates 

clearer consumer education and regulatory oversight to 

mitigate misuse30. 

 

III. ASPHALTUM PUNJABIANUM (SHILAJIT): 

COMPOSITION, EVIDENCE, AND 

LIMITATIONS 
 

A. Origin and Traditional Context 

Asphaltum punjabianum, commonly known as Shilajit, 

is a naturally occurring resinous material exuded from 

mountainous rock formations, particularly in the Himalayan 

and adjacent regions. It is formed through the prolonged 

humification of plant and microbial matter under geological 

pressure and temperature. In Ayurvedic medicine, Shilajit is 

classified as a rasayana, a category of agents traditionally 

associated with rejuvenation and systemic support. While 

such traditional classifications provide historical context, 

modern scientific evaluation requires independent validation 

through chemical characterization and controlled 

experimental studies. 

 
B. Chemical Composition and Standardization Challenges 

Shilajit is a heterogeneous phytocomplex rather than a 

single chemical entity. Its composition varies substantially 

depending on geographic origin, botanical precursors, 

seasonal factors, and processing methods. The major 

bioactive fractions include humic substances, particularly 

fulvic acid, along with dibenzo-α-pyrones and associated 

trace minerals. 

 

A central challenge in Shilajit research is the lack of 

standardized preparations. Many studies utilize extracts with 
poorly defined composition, limiting reproducibility and 

cross-study comparison. Current commercial products are 

often standardized to fulvic acid content; however, fulvic 

acid alone is unlikely to fully account for Shilajit’s reported 

bioactivity. Comprehensive chemical fingerprinting and 

validated quality control markers are therefore essential for 

advancing both research and clinical translation31. 

 
C. Mechanistic Evidence and Biological Plausibility 

Proposed mechanisms of Shilajit action are derived 

primarily from in vitro and animal studies. These include 

antioxidant and anti-inflammatory effects, modulation of 

mitochondrial function, and facilitation of mineral and 

nutrient transport across cell membranes. Fulvic acid and 

dibenzo-α-pyrones have been implicated in protecting 

mitochondrial membranes from oxidative damage and 

supporting electron transport processes, thereby enhancing 

cellular energy efficiency32,33. 
 

While these mechanisms are biologically plausible, it 

is important to note that direct evidence linking Shilajit 

supplementation to sustained improvements in 

mitochondrial bioenergetics in humans remains limited. 

Consequently, mechanistic claims should be interpreted 

cautiously and contextualized within the predominantly 

preclinical nature of the data. 

 
D. Therapeutic Evidence: Human and Preclinical Data 

 

 Human Evidence 

Clinical data on Shilajit are limited but emerging. 

Small randomized and observational studies have reported 

improvements in oxidative stress markers, endothelial 

function, and select reproductive parameters following 

supplementation with purified Shilajit preparations. 

However, these studies are typically characterized by 
modest sample sizes, short intervention durations, and 

variability in extract standardization, which constrain the 

strength of clinical inference34,35. 

 

 Preclinical Evidence 

Animal and in vitro studies suggest potential benefits 

in metabolic regulation, bone health, spermatogenesis, 

immune modulation, and tissue regeneration36,37. Notably, 

recent biomaterials research has explored Shilajit 

incorporation into scaffolds for cartilage and bone 

regeneration, highlighting its possible utility beyond oral 
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supplementation38. While these findings are innovative, they 

remain preliminary and cannot be directly extrapolated to 

human therapeutic use. 

 
E. Safety, Contamination Risk, and Regulatory Status 

Safety considerations represent a major limiting factor 

in Shilajit use. Raw or inadequately processed Shilajit may 

contain heavy metals, mycotoxins, and microbial 

contaminants39. Purification and rigorous quality control are 

therefore essential prerequisites for human consumption7. 

 

From a regulatory perspective, Shilajit is classified as a 

dietary supplement or traditional medicine in many 

jurisdictions and lacks approval as a pharmaceutical agent 
by major regulatory authorities such as the U.S. Food and 

Drug Administration (FDA) or the European Medicines 

Agency (EMA)40,41. Consequently, its clinical use should be 

approached with caution, emphasizing purified preparations, 

transparent labeling, and adherence to established safety 

guidelines. 

 

 

 

 

 

 

 

IV. COMPARATIVE PHARMACOLOGY AND 

HYPOTHESIZED INTERACTIONS 
 

 Distinct Pharmacological Paradigms 

Caffeine and Asphaltum punjabianum (Shilajit) 

exemplify fundamentally different approaches to 

modulating human physiology. Caffeine acts as a direct 

neuromodulator, acutely altering neurotransmission through 

adenosine receptor antagonism and producing rapid but 

transient increases in alertness and performance. In contrast, 

Shilajit is proposed to function as a systems-level 

modulator, influencing cellular homeostasis, oxidative 

balance, and metabolic resilience over longer time scales42. 
 

This distinction has important implications for both 

efficacy and risk. Caffeine’s acute effects are predictable 

and dose dependent but are accompanied by tolerance, 

withdrawal, and sleep disruption with repeated use. Shilajit, 

while lacking acute stimulant properties, may influence 

baseline physiological capacity, although such effects are 

less precisely defined and supported primarily by preclinical 

evidence. 

 

 Comparative Pharmacological Profiles 

Table 1 : Comparative Pharmacological Profiles Caffeine & Asphaltum punjabianum (Shilajit) 

Feature Caffeine Asphaltum punjabianum (Shilajit) 

Chemical nature Single, well-defined alkaloid Complex, heterogeneous phytocomplex 

Primary mechanism Adenosine A₁/A₂A antagonism Antioxidant, anti-inflammatory, mitochondrial support 

Onset of action Minutes Days to weeks 

Duration of effect Short Prolonged with repeated use 

Evidence base Extensive human data Limited human, extensive preclinical 

Tolerance potential High No clear evidence 

Key risks Anxiety, insomnia, cardiovascular effects Contamination, lack of standardization 

 

 Hypothesized Interaction Pathways 

To date, no pharmacokinetic or pharmacodynamic 

studies have directly examined the combined administration 

of caffeine and Shilajit. Any discussion of interaction must 

therefore remain theoretical and hypothesis driven. 

 

Several mechanistic pathways warrant cautious 

consideration. Shilajit’s antioxidant and anti-inflammatory 

properties may theoretically counterbalance oxidative stress 

associated with sustained caffeine consumption43. 
Additionally, proposed effects of Shilajit on mitochondrial 

efficiency could support increased metabolic demand during 

periods of caffeine-induced neural or physical activation. 

Conversely, Shilajit’s adaptogenic or homeostatic influences 

could attenuate caffeine’s stimulant effects, resulting in 

neutral or even antagonistic interactions. 

 

Importantly, the possibility of no meaningful 

interaction cannot be excluded. Given the absence of direct 

evidence, claims of synergy are premature and unsupported. 

Controlled experimental studies are required to determine 
whether combined use confers additive, neutral, or 

antagonistic effects. 

 

 

 Framework for Future Investigation 

Future research should prioritize mechanistic and 

clinical clarity over assumed benefit. Key study designs 

include: 

 Pharmacokinetic studies evaluating whether Shilajit 

alters caffeine absorption, metabolism, or clearance. 

 Randomized controlled trials comparing caffeine alone, 

Shilajit alone, combined administration, and placebo. 

 Biomarker-driven assessments focusing on oxidative 
stress, mitochondrial function, sleep quality, and 

cognitive or physical performance outcomes44. 

 Such approaches would allow evidence-based 

determination of interaction profiles and inform rational 

supplement formulation. 

 

V. RESEARCH GAPS AND FUTURE 

DIRECTIONS 
 

Despite extensive investigation of caffeine and 

growing interest in Asphaltum punjabianum (Shilajit), 

several critical gaps remain in the current literature. 

Addressing these limitations is essential for advancing both 

mechanistic understanding and evidence-based application. 
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First, interaction studies are entirely absent. No 

pharmacokinetic or pharmacodynamic investigations have 

evaluated the combined administration of caffeine and 

Shilajit. Such studies are necessary to determine whether 

Shilajit influences caffeine absorption, metabolism 

(particularly CYP1A2 activity), or central nervous system 

effects. 
 

Second, human clinical evidence for Shilajit remains 

limited in scope and rigor. Existing studies are often 

constrained by small sample sizes, short intervention 

periods, and heterogeneity in extract standardization. 

Larger, well-controlled randomized trials using chemically 

characterized preparations are required to establish efficacy, 

dose–response relationships, and long-term safety. 

 

Third, mechanistic claims for Shilajit require stronger 

translational validation. While antioxidant and 

mitochondrial effects are supported by preclinical data, 
direct confirmation in humans using validated biomarkers of 

mitochondrial function, oxidative stress, and metabolic 

efficiency is largely lacking. 

 

Fourth, standardization and regulatory challenges 

represent a major barrier to reproducible research. 

Development of validated chemical fingerprints, reference 

standards, and quality-control benchmarks is essential for 

cross-study comparison and regulatory acceptance. 

 

Finally, future research should adopt comparative and 
factorial study designs, directly contrasting acute 

stimulatory strategies (e.g., caffeine) with adaptogenic or 

foundational approaches (e.g., Shilajit). Such studies would 

clarify whether these agents exert additive, neutral, or 

antagonistic effects when used concurrently, thereby 

informing rational nutraceutical formulation and evidence-

based consumer guidance. 

 

VI. CONCLUSION 
 

Caffeine and Asphaltum punjabianum (Shilajit) 

represent two fundamentally distinct approaches to 

modulating human physiology. Caffeine is a well-

characterized central nervous system stimulant with 

predictable, acute effects mediated primarily through 

adenosine receptor antagonism. Its benefits for alertness, 

cognitive performance, and physical endurance are 

supported by extensive human evidence, albeit tempered by 
tolerance, sleep disruption, and individual variability. 

 

In contrast, Shilajit is a complex herbomineral 

phytocomplex traditionally employed as an adaptogenic and 

rejuvenative agent. Emerging scientific evidence suggests 

potential roles in antioxidant defense, mitochondrial 

support, and systemic homeostasis; however, these effects 

are supported predominantly by preclinical data and limited 

clinical trials. Issues related to standardization, 

contamination risk, and regulatory oversight remain 

significant constraints on its broader clinical translation. 

 

While the concurrent use of caffeine and Shilajit is 

increasingly observed in nutraceutical contexts, claims of 

synergistic benefit remain unsubstantiated. Current evidence 

supports neither synergy nor antagonism, underscoring the 

need for controlled mechanistic and clinical investigations. 

Until such data are available, these substances should be 

understood and applied according to their distinct 
pharmacological profiles rather than presumed 

complementary effects. 

 

Overall, this review highlights the importance of 

scientific restraint when integrating traditional and modern 

bioactive agents. A rigorous, hypothesis-driven research 

agenda grounded in chemical standardization, translational 

biomarkers, and well-designed clinical trials is essential to 

determine the rational role of these widely consumed 

compounds in human health and performance. 
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