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ABSTRACT

The therapeutic potential of sulfur (Gandhak) has been extensively documented in Ayurvedic literature, where it is
described as a potent agent for detoxification and disease management [1, 2]. However, the presence of toxic
impurities such as arsenic, lead, and mercury in raw sulfur necessitates its purification (Shodhana) to ensure safety
and efficacy [3, 5]. The present study aimed to explore the Ayurvedic purification process of Gandhak and its
impact on physicochemical, toxicological, and therapeutic parameters. Raw sulfur was procured and authenticated
through classical and modern standards [3, 6].

The Shodhana procedure was carried out as described in classical Ayurvedic texts using Triphala Kashaya, cow's
milk, and herbal decoctions [1, 2]. Analytical evaluation of Gandhak pre- and post-Shodhana revealed significant
alterations in its physicochemical properties, such as reduced particle size, improved solubility, and elimination of
impurities. Advanced spectroscopic methods like XRD, FTIR, and ICP-MS further validated the removal of heavy
metals and the optimization of sulfur's elemental composition [10].

Toxicological studies were conducted following OECD guidelines, including acute, sub-acute, and chronic toxicity
evaluations on laboratory animals [4, 5]. Post-Shodhana Gandhak exhibited significantly reduced toxicity, as
evidenced by improved biochemical, hematological, and histopathological parameters. Moreover, genotoxicity and
mutagenicity studies confirmed its safety profile [9]. Additionally, modern insights into sulfur's role in mitigating
oxidative stress through modulation of reactive oxygen species (ROS) align with its therapeutic relevance in
conditions like cancer [7].

Ayurvedic safety parameters, including Vyadhi Kshamatva (immune response) and Agni Deepana (digestive
enhancement), were assessed in test subjects, demonstrating enhanced therapeutic potential of Shodhita Gandhak
[11, 12]. This integrative study bridges traditional Ayurvedic practices with modern analytical and toxicological
frameworks, reaffirming the safety and efficacy of Gandhak after purification. These findings underscore the
importance of adhering to classical Shodhana procedures for optimizing the medicinal utility of Ayurvedic
formulations [8, 10].
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1. INTRODUCTION

Gandhak (Sulfur) has been an integral part of Ayurvedic formulations for centuries, owing to its diverse therapeutic
properties. It is prominently featured in Rasashastra, an ancient branch of Ayurveda that deals with alchemy and the
preparation of mineral and metallic medicines [1]. Gandhak is known for its detoxifying, anti-inflammatory,
antimicrobial, and rejuvenating properties, making it an important component in various Ayurvedic therapies [2, 3].
However, while it holds significant promise as a therapeutic agent, its raw form is often associated with potential
toxicity due to the presence of harmful impurities such as heavy metals [4, 5].

In Ayurveda, toxicity is seen as a key factor that can affect the therapeutic potential of a substance. The process of
purification, known as Shodhana, is essential to eliminate these toxins and make the substance safe for internal
consumption [1, 6]. Gandhak, in its unprocessed form, may contain traces of arsenic, lead, and mercury, which pose
significant health risks [4]. Therefore, the Shodhana process aims to purify and detoxify Gandhak, making it suitable
for medicinal use [6, 7]. This purification process involves using substances such as Triphala Kashaya, cow’s milk,
and herbal decoctions, all of which help neutralize the toxic effects of raw sulfur [1, 2, 6].

Therapeutically, Gandhak is utilized in various forms, such as Gandhak Rasayana, an important formulation in
Rasashastra used for rejuvenation, detoxification, and treating chronic conditions like skin disorders, respiratory
ailments, and rheumatological diseases [2, 8]. Its use extends beyond merely addressing physical health to enhance
longevity and vitality by balancing the doshas in the body [6, 8]. The medicinal applications of Gandhak have
gained modern recognition, especially in the management of diseases associated with oxidative stress, cancer, and
inflammation [9, 10].

The primary objective of this study is to assess the toxicological effects of unprocessed (raw) and Shodhita
(purified) Gandhak. The study aims to evaluate the safety profile of Gandhak from both Ayurvedic and modern
scientific perspectives. By analyzing its physicochemical properties, toxicological data, and therapeutic efficacy
after purification, this research seeks to bridge the gap between traditional Ayurvedic knowledge and contemporary
pharmacological understanding [5, 6, 9].

This work also aims to contribute to the growing body of research on the safety and therapeutic potential of
Ayurvedic substances, particularly those derived from minerals, and emphasizes the need for further studies to
confirm the clinical efficacy of purified Gandhak in modern medicine [7, 8].

2. LITERATURE REVIEW
Classical References

In classical Ayurvedic texts, Gandhak (Sulfur) holds a prominent position due to its therapeutic value.
Rasaratnasamuchchaya and Rasa Tarangini, key texts in the discipline of Rasashastra, detail its various uses in
Ayurvedic medicine. Gandhak is described as possessing strong detoxifying properties and is frequently included in
formulations aimed at treating skin diseases, inflammatory conditions, and respiratory disorders [1, 2]. According to
Rasaratnasamuchchaya, unprocessed Gandhak is considered potent but potentially toxic due to its heavy-metal
content, such as lead, arsenic, and mercury. Hence, the necessity of Shodhana (purification) to neutralize its toxic
effects is clearly emphasized [1].

In Rasa Tarangini, the purification methods (Shodhana) are elaborated to ensure that the toxic elements are
eliminated while retaining the therapeutic efficacy of Gandhak [2]. These purification processes, such as soaking
Gandhak in herbal decoctions or using cow’s milk, help mitigate toxicity, transforming it into a safe and effective
therapeutic agent. Furthermore, Charaka Samhita and Rasa Chikitsa Sutras also emphasize that the safety of
mineral-based medicines like Gandhak relies heavily on proper purification and detoxification techniques before
their internal use [3, 4]. These classical texts highlight the need for caution and proper methodology in handling
such potent substances, laying the foundation for further research in modern pharmacology and toxicology.
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Modern Research

Modern research has significantly expanded our understanding of the pharmacological properties and potential
toxicity of sulfur-based compounds. Prasad and Tyagi (2015) describe the beneficial effects of sulfur compounds,
particularly in the prevention and therapy of cancer. Their study underscores the role of sulfur in mitigating
oxidative stress, a common feature in many chronic diseases [5]. Sulfur-based compounds have been found to
exhibit antioxidant, anti-inflammatory, and immunomodulatory effects, suggesting their therapeutic promise when
used in appropriately purified forms.

However, the toxicity of sulfur in its unprocessed form remains a major concern. Patgiri and Prajapati (2014)
conducted a study on the toxicological evaluation of Shodhita Gandhak, demonstrating the importance of
purification to eliminate harmful metals [6]. Their study found that while unprocessed Gandhak exhibited significant
toxicity, purified Gandhak (Shodhita Gandhak) was well tolerated in experimental models. This finding aligns with
traditional Ayurvedic practices that emphasize the safety of purified substances over raw ones.

Moreover, modern studies have highlighted the need for standardized safety assessments in Ayurvedic formulations.
Saper et al. (2008) in their study on Ayurvedic medicines found that many products, including those containing
sulfur, were contaminated with heavy metals such as lead, mercury, and arsenic, which could pose severe health
risks [7]. This underscores the importance of quality control and the need for proper purification of substances like
Gandhak before they can be deemed safe for therapeutic use.

Singh and Sharma (2019) conducted a modern analytical validation of the Shodhana process for sulfur,
demonstrating that the purification methods used in Ayurveda can be scientifically validated to effectively reduce
toxicity. Their work bridges the gap between traditional Ayurvedic methods and modern scientific approaches,
providing a foundation for the safe use of Gandhak in modern medicine [8].

Despite these advancements, significant gaps remain in the comprehensive safety assessment of sulfur compounds in
Ayurvedic formulations. While purification methods have been validated in some studies, the full range of
toxicological and pharmacological effects of both raw and purified Gandhak, particularly in human clinical trials,
has yet to be thoroughly explored. This lack of standardized safety data remains a critical issue in the integration of
Ayurvedic medicines into contemporary healthcare systems. Further research is necessary to confirm the safety
profile of Gandhak and ensure its safe application in modern therapeutic settings.

Conclusion

In summary, classical Ayurvedic texts highlight the immense therapeutic potential of Gandhak when used correctly,
but they also emphasize the critical need for purification (Shodhana) to mitigate its toxic effects. Modern research
corroborates these findings, with studies demonstrating the toxicological risks associated with unprocessed Gandhak
and the effectiveness of purification methods in making the substance safe for medicinal use. Despite these
advances, there remains a need for more rigorous scientific investigations into the safety and efficacy of sulfur-based
compounds, particularly in the context of their clinical applications.

3. MATERIALS AND METHODS
3.1. Collection of Raw Gandhak

Raw Gandhak (sulfur) was procured from a certified supplier specializing in Ayurvedic raw materials. The source of
sulfur was carefully selected to ensure purity and authenticity. The raw Gandhak was authenticated based on both
Ayurvedic and modern standards. According to Rasarathasamuchchaya and Rasa Tarangini, Gandhak is described as
a yellowish powder with a distinctive odor [1, 2]. The morphological properties were assessed by observing its
color, texture, and physical form (fine powder). In terms of physicochemical properties, the sulfur was analyzed for
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solubility, pH, and elemental composition to confirm that it met the required specifications outlined in the
Ayurvedic Pharmacopoeia of India [3].

3.2. Shodhana Procedure

The Shodhana (purification) process of Gandhak was carried out following classical Ayurvedic methodologies as
described in Rasaratnasamuchchaya and Rasa Tarangini [1, 2]. The purification procedure involved several steps,
depending on the substance with which the Gandhak was processed.

1. Purification with Cow's Milk: Gandhak was immersed in cow’s milk for a specific period, which was
then heated until the milk was reduced, allowing the sulfur to absorb the beneficial properties of the milk
while expelling toxic impurities.

2. Purification with Triphala Kashaya: Gandhak was soaked in a decoction of Triphala (a combination of
Haritaki, Amalaki, and Bibhitaki) to reduce its toxic properties and enhance its therapeutic qualities.

3. Purification with Herbal Decoctions: In some variations of the Shodhana process, herbal decoctions such
as Guduchi or Aloe Vera were used to purify the Gandhak. These herbal solutions were believed to aid in
the detoxification process by balancing the elements within the sulfur.

A comparative analysis of these techniques was carried out, and the effectiveness of each method was
evaluated in terms of its ability to reduce the toxicity and improve the medicinal properties of Gandhak.

3.3. Analytical Evaluation

The physicochemical properties of raw and purified Gandhak were analyzed before and after Shodhana to evaluate
the changes induced by the purification process.

1. Physicochemical Parameters:

Particle Size: The particle size was measured using a laser diffraction method to assess the change in
particle size post-purification.

Solubility: Solubility in water and organic solvents was determined to understand the behavior of
Gandhak in different media.

Melting Point: The melting point of Gandhak was recorded using a capillary tube method to evaluate
any changes in its physical structure post-purification.

2. Spectroscopic Methods:

X-Ray Diffraction (XRD): Used to determine the crystallinity of the sulfur before and after
Shodhana, helping to assess the structural integrity of the compound.

Fourier Transform Infrared Spectroscopy (FTIR): This was employed to analyze the functional
groups present in Gandhak and detect any molecular modifications during the purification process.
Inductively Coupled Plasma Mass Spectrometry (ICP-MS): Used to determine the elemental
composition of the raw and purified Gandhak, particularly to detect any trace elements or impurities
such as lead, mercury, or arsenic, in line with the findings of Saper et al. (2008) [7].

3.4. Toxicological Study

Experimental Design

The toxicity of both raw and purified Gandhak was evaluated using laboratory animals (rats and mice). The test
subjects were divided into three groups:

e Group 1: Control group receiving only placebo (no Gandhak).
e Group 2: Test group receiving raw Gandhak.
e Group 3: Test group receiving purified Gandhak (Shodhita Gandhak).
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Toxicity Studies
1. Acute Toxicity:

The acute toxicity of both raw and purified Gandhak was assessed by determining the LD50 (Lethal Dose for 50%
of the population). The study was conducted in compliance with OECD Guidelines for Testing of Chemicals: Acute
Oral Toxicity — Fixed Dose Procedure [4].

2. Sub-Acute and Chronic Toxicity:

e Biochemical and hematological analyses were conducted to evaluate the organ function and overall health
of the animals. Liver and kidney functions were assessed by measuring serum levels of liver enzymes
(AST, ALT) and kidney function tests (creatinine, urea).

e Histopathological studies were carried out on tissues from major organs (liver, kidney, heart) to assess any
signs of toxicity, inflammation, or damage caused by Gandhak administration.

Modern Techniques:

e Genotoxicity and Mutagenicity: The potential genotoxic and mutagenic effects of both raw and purified
Gandhak were assessed using standard in vivo and in vitro assays, including the Ames test and
micronucleus assay.

e Oxidative Stress: The levels of reactive oxygen species (ROS) were measured in blood samples to assess
oxidative stress. Markers such as malondialdehyde (MDA) and glutathione were evaluated to determine
any oxidative damage [5].

3.5. Ayurvedic Safety Parameters

To assess the therapeutic safety of both raw and purified Gandhak, the following Ayurvedic safety parameters were
evaluated in the experimental animals:

1. Vyadhi Kshamatva (immune response):

The immune response was evaluated by measuring the levels of serum immunoglobulins (IgG, 1gM, and IgE) and
the activity of immune cells (T-cells, B-cells, and macrophages). This was done to understand how Gandhak affects
the immune system’s ability to respond to infections.

2. Agni Deepana (digestive capacity):

The digestive capacity was assessed by measuring parameters like gastric pH, gastric emptying time, and the activity
of digestive enzymes (amylase, lipase, protease). These parameters are critical in evaluating the effect of Gandhak
on digestive health, as indicated in Ayurvedic texts [3, 6].

4. RESULTS

4.1. Comparison of Toxicological Profiles Between Raw and Shodhita Gandhak: The toxicological profile of
raw Gandhak showed significant toxicity, with adverse effects observed at higher doses. In contrast, Shodhita
Gandhak exhibited considerably lower toxicity, as evidenced by the lack of mortality or significant clinical signs of
toxicity in the Shodhita Gandhak group. The reduction in toxicity is attributed to the purification process (Shodhana)
that helps in removing harmful impurities and enhancing the therapeutic properties of Gandhak. Specifically, there
was a noticeable decrease in the toxic elements such as heavy metals and other impurities in Shodhita Gandhak,
making it safer for consumption [1][2].
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4.2. Analytical Findings Showing Reduction in Impurities and Harmful Elements After Shodhana: Pre- and
post-Shodhana analyses were conducted to assess the reduction in impurities. The analytical tests demonstrated a
significant reduction in harmful elements such as lead (Pb), mercury (Hg), and arsenic (As) in Shodhita Gandhak,
which were present in raw Gandhak. The elemental analysis via ICP-MS and XRD confirmed the removal of these
toxic metals following the purification process. Additionally, FTIR spectroscopy indicated a change in the molecular
structure, suggesting a reduction in undesirable compounds, making Shodhita Gandhak safer and more suitable for
medicinal purposes. These findings align with the Ayurvedic principles of Shodhana, which aim to purify substances
and eliminate their toxic properties [3][4].

4.3. Dose-Response Relationship for Acute and Chronic Toxicity: The dose-response study revealed a clear
relationship between the dose of Gandhak and the observed toxic effects. In the acute toxicity study, the raw
Gandhak exhibited a low LD50 value, indicating its high toxicity. On the other hand, Shodhita Gandhak showed a
significantly higher LD50 value, suggesting that it is less toxic and safer for use. The sub-acute and chronic toxicity
studies demonstrated that Shodhita Gandhak caused minimal biochemical and hematological changes compared to
the raw Gandhak group. Histopathological examination showed no significant damage to the organs in the Shodhita
Gandhak group, while the raw Gandhak group showed evidence of organ toxicity, especially in the liver and
kidneys. These results suggest that the Shodhana process effectively mitigates the toxic effects of raw Gandhak,
enhancing its safety for long-term use [5][6].

In conclusion, the Shodhana process of Gandhak significantly reduces its toxicity and harmful elements,
demonstrating its safety and effectiveness when compared to raw Gandhak. The dose-response relationship supports
the therapeutic use of Shodhita Gandhak with minimal adverse effects in both acute and chronic exposure scenarios.

5. DISCUSSION

5.1. Correlation of Ayurvedic Shodhana Processes with Detoxification and Safety: The Ayurvedic Shodhana
process, aimed at purifying and detoxifying raw substances, plays a critical role in reducing the toxic effects of
materials like Gandhak (sulfur). As outlined in classical texts, Shodhana is a therapeutic procedure designed to
remove harmful impurities and enhance the medicinal efficacy of substances. According to Rasaratnasamuchchaya,
the Shodhana process involves a combination of physical and chemical treatments such as heating, boiling, or
fumigation, which detoxify the raw material [1]. This purification aligns with the concept of detoxification, ensuring
the material's safety for internal use by removing heavy metals and other harmful compounds. The observed
reduction in toxicity of Shodhita Gandhak as compared to raw Gandhak supports the Ayurvedic assertion that
Shodhana enhances safety without compromising therapeutic potential [2].

5.2. Modern Scientific Validation of Classical Ayurvedic Practices: Modern scientific research has provided
analytical validation for Ayurvedic Shodhana processes. Techniques such as ICP-MS (Inductively Coupled Plasma
Mass Spectrometry) and X-ray diffraction (XRD) have confirmed the removal of toxic elements like lead (Pb),
mercury (Hg), and arsenic (As) during Shodhana [3]. These findings corroborate the Ayurvedic texts, which suggest
that such processes effectively purify substances. Additionally, the reduction in toxicity levels observed in
experimental studies on Shodhita Gandhak is consistent with the principles of modern pharmacology and
toxicology, which emphasize the importance of detoxification for enhancing the safety of medicinal substances [5].
Furthermore, studies have indicated that the efficacy of sulfur compounds, such as Shodhita Gandhak, in cancer
therapy is enhanced when toxic impurities are removed, highlighting the alignment of classical Ayurvedic practices
with contemporary scientific perspectives [6].

5.3. Therapeutic Implications of Shodhita Gandhak in Reducing Toxic Effects While Retaining Efficacy:
Shodhita Gandhak has been demonstrated to reduce toxic effects while retaining its therapeutic properties. In
Ayurvedic medicine, Gandhak is known for its efficacy in treating various conditions, including skin diseases,
respiratory issues, and inflammatory disorders. The Shodhana process enhances its therapeutic value by eliminating
toxic substances, making it safer for use without compromising its medicinal qualities. This dual benefit—reduced
toxicity and maintained efficacy—was evident in both the acute and chronic toxicity studies, where Shodhita
Gandhak showed minimal adverse effects on vital organs while retaining its pharmacological activities. The
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therapeutic implications are significant, as the Shodhita form provides a safer alternative to the raw material,
enabling its broader use in clinical practice [2][6].

5.4. Limitations and Scope for Further Research: While the current studies on Shodhita Gandhak are promising,
there are certain limitations that must be addressed. The long-term effects of Shodhita Gandhak have not been fully
explored, and more extensive clinical trials are needed to assess its safety and efficacy in diverse patient populations.
Additionally, although the Shodhana process is validated through modern analytical techniques, the exact
mechanisms through which it detoxifies materials need further exploration. More research is also required to
determine the optimal methods of Shodhana for different substances and how these methods can be standardized for
consistent results across various preparations. The scope for further research includes investigating the
pharmacodynamics and pharmacokinetics of Shodhita Gandhak, exploring its synergistic effects with other
Ayurvedic herbs, and evaluating its therapeutic potential in chronic conditions beyond the current indications [7][4].

6. CONCLUSION

6.1. Summary of Findings, Confirming the Efficacy of Ayurvedic Shodhana in Mitigating Toxicity: The
present discussion provides substantial evidence supporting the efficacy of Ayurvedic Shodhana processes,
particularly in the detoxification and purification of substances such as Gandhak. Classical Ayurvedic texts have
long recognized Shodhana as a crucial method for purging harmful toxins from raw materials. Experimental studies,
such as those conducted by Patgiri & Prajapati, have shown that Shodhita Gandhak, subjected to specific
purification techniques, demonstrates significantly reduced toxicity compared to its raw counterpart [2][6].
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