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Abstract: Diabetes mellitus poses a significant global health challenge characterized by elevated blood glucose levels, necessitating 

effective management strategies to mitigate complications and improve patient outcomes. Traditional systems of medicine, notably 

Ayurveda, offer holistic approaches to diabetes management, with a focus on natural remedies and lifestyle modifications. Shilajatu, a 

mineral-rich substance derived from the Himalayan mountains, holds particular significance in Ayurvedic practice and has been studied 

for its potential in regulating blood glucose levels. This research paper explores Shilajatu's therapeutic potential in optimal blood glucose 

management for individuals with diabetes, investigating its biochemical composition, mechanisms of action, and clinical evidence 

supporting its efficacy. Additionally, the study delves into Ayurvedic principles relevant to diabetes management, highlighting the interplay 

between dietary patterns, lifestyle choices, and the application of herbal remedies. By synergizing traditional Ayurvedic wisdom with 

contemporary biomedical insights and employing mathematical modeling techniques, the study aims to provide a comprehensive 

perspective on holistic glucose management, with the potential to advance diabetes care and optimize therapeutic outcomes through the 

integration of ancient knowledge and modern science. 
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1. Introduction 
 

Diabetes mellitus poses a significant global health challenge, 

affecting millions of individuals worldwide and contributing 

to morbidity, mortality, and healthcare costs. Conventional 

management strategies for diabetes include pharmacotherapy, 

lifestyle modifications, and insulin therapy approach, 

considering individual constitution, lifestyle, and 

environmental factors [12,22,34]. Central to this approach is 

dinacharya, or daily routine, which encompasses dietary 

habits, sleep patterns, exercise, and stress management. By 

fostering a lifestyle that promotes doshic balance, individuals 

can enhance glucose level and reduce the risk of diabetes 

Figure. (1) [3,74]. 

 

 
Figure 1: Viscosity measurement of whole blood for 

diabetes 

 

However, complementary and alternative medicine 

approaches, such as Ayurveda, offer additional options for 

diabetes management [21,35,44,56,77]. While conventional 

medicine has made significant advancements in managing 

diabetes, there is a growing recognition of the limitations and 

adverse effects associated with standard treatments. 

Consequently, there has been a surge in interest in exploring 

complementary and alternative approaches to diabetes, with 

Ayurveda emerging as a prominent contender [26,47,65,84]. 

Ayurveda, renowned as one of the oldest holistic healing 

systems globally, provides a comprehensive framework for 

understanding and enhancing cardiovascular wellness. 

Rooted in ancient Indian wisdom, Ayurveda perceives the 

human body as a microcosm of the universe, intricately 

connected and guided by natural laws [11,23,37,75]. At the 

core of Ayurvedic philosophy lies the concept of doshas—

Vata, Pitta, and Kapha—which represent elemental forces 

governing various bodily functions. According to Ayurveda, 

disturbances in these doshas can disrupt bodily harmony, 

including blood flow regulation, leading to cardiovascular 

disorders [1,18,38,49,68]. Ayurveda emphasizes the 

importance of Agni, the digestive fire, in supporting optimal 

blood circulation. Agni regulates metabolism and digestion, 

ensuring efficient nutrient assimilation and waste elimination 

[2,27,40,58,66]. When Agni is balanced, it promotes healthy 

metabolism and circulation, thereby supporting 

cardiovascular health. Ayurvedic teachings also highlight the 

significance of srotas, or circulation channels, in maintaining 

cardiovascular integrity and facilitating smooth blood flow to 

tissues and organs. Integrating these foundational Ayurvedic 
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principles is crucial for addressing diabetes concerns 

holistically [31,46,55,64].  

 

 
Figure 2: Shilajatu for diabetes 

 

Shilajatu, Figure. (2) a mineral pitch obtained from high-

altitude regions, has gained attention in Ayurvedic practice 

for its purported therapeutic properties, including its potential 

to regulate blood glucose levels. Shilajatu is a complex 

mixture of organic and inorganic compounds, including 

fulvic acids, humic acids, minerals, trace elements, and 

various bioactive compounds [25,41,52]. Its precise 

composition can vary depending on geographical location, 

extraction method, and processing techniques. Fulvic acids, 

in particular, are believed to play a crucial role in Shilajatu's 

therapeutic effects, including its antioxidant, anti-

inflammatory, and glucose lowering properties [13,33,42,78]. 

Several mechanisms have been proposed to explain 

Shilajatu's potential effects on blood glucose regulation in 

diabetes. These include enhancement of insulin secretion 

from pancreatic β-cells, improvement of insulin sensitivity in 

peripheral tissues, inhibition of gluconeogenesis in the liver, 

modulation of glucose uptake and utilization in skeletal 

muscle and adipose tissue, and protection against oxidative 

stress induced damage to pancreatic cells [4,9,32,48]. Clinical 

studies investigating the efficacy of Shilajatu in diabetes 

management have reported promising results. These studies 

have demonstrated improvements in fasting blood glucose 

levels, postprandial glucose excursions, glycated hemoglobin 

(HbA1c) levels, insulin sensitivity, and lipid profiles in 

individuals with type 2 diabetes [5,29,45,63,72,80,88]. 

However, further well-designed randomized controlled trials 

are needed to confirm these findings and elucidate the optimal 

dosage, duration, and safety profile of Shilajatu 

supplementation. Despite the potential benefits of Shilajatu in 

diabetes management, several challenges remain 

[7,28,39,61,82]. These include standardization of Shilajatu 

preparations, quality control measures, regulatory issues, and 

potential herb-drug interactions. Future research directions 

may focus on elucidating the underlying mechanisms of 

Shilajatu's action, conducting large-scale clinical trials, and 

exploring synergistic effects with conventional diabetes 

therapies. 

 

Formulation of the Problem: 

The speed in the x, y, and z directions are denoted as u, v, and 

w respectively. We use 𝜌 for blood density, P for blood 

pressure, and 𝜇 for blood's kinematic viscosity  [73,81,87]. If 

we disregard the effect of gravity's direction within the body, 

the Navier-Stokes equation in Cartesian coordinates can be 

expressed as follows [6,30,60]; 
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If we suppose there's no sideways movement and we ignore the horizontal components of velocity, modifying the variables in 

the Cartesian equations leads to this set of equations in cylindrical coordinates [14,18,59]; 
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write in other words 'Where represents the f(r,z,t) be the radial 

flow component, and w(r,z,t) represents the axial flow 

component in z direction. The continuity equation is given by 

[8,10,16]: 

 
Now, we'll introduce a new variable, 𝛾 as 𝛾 =

𝑟

𝑅(𝑧,𝑡)
 , where 

𝑅(𝑧, 𝑡), where R(z,t) symbolizes the radius of the blood 

vessels. This transformation replaces the cylindrical 

coordinates coordinate (𝛾, 𝑧, 𝑡). Moreover, the velocity 

profile in the axial direction, represented as as  𝑤(𝜂, 𝑧, 𝑡),  is 

presumed to follow a polynomial expression [15,17,20]: 

 
Here, q(z,t) is another variable that will be determined later. 

To simplify, let's set N=1. With this assumption, we can 

proceed with the subsequent analysis [24,43]; 
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The velocity profile in the radial direction, represented as 

𝑤(𝜂, 𝑧, 𝑡)  is assumed to follow a polynomial expression 

[36,50,53]: 

 
Once again, for the sake of simplification, let's set N=1. 

 
Using the equations that detail the axial and radial velocity 

profiles, the radial coordinate, and the continuity equation, we 

can derive the following expressions of the Navier-Stokes 

equations to ascertain the variables q(z,t) and R(z,t): 

 

 
 

Now, let's introduce the desired variable, which is the cross-

sectional area of the blood vessel, denoted as S. 

 
 

Here, R signifies the radius of the blood vessels, and the blood 

flow rate is defined as the surface integral of w and ∂γ. 

Consequently, we can articulate the blood flow rate as 

described  

 
 

From equation (14) and (15), we can find the partial 
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After substituting the values of  
𝜕𝑞

𝜕𝑡
, 
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, 

𝜕𝑅
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, and 
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  into 

equations (12) and (13), we derive another pair of 

differential equations as follows: 

 
Combining (16) and (17) produces a simple differential 

equation as follows [54,76]: 

 
 

Equation (18) is now recognized as the master equation 

[85,90]. By imposing specific assumptions on this master 

equation, we can derive the model for blood flow rate and 

blood pressure, as elaborated in the subsequent sections. To 

formulate the blood flow model, it is assumed that the cross-

sectional area of the blood vessel remains constant over time 

and is also assumed to be uniform along its length. 

Furthermore, it is assumed that the pressure gradient remains 

consistent throughout the distance under consideration 

[51,71,82,86]. When these assumptions are applied to 

equation (18), the master equation transforms into: 

 

 
 

This represents a mathematical model for blood flow rate in 

one dimension. Previous studies in this field can help 

determine the required boundary conditions and the values of 

other parameters necessary to solve this equation. For 

instance: 

 

The pressure gradient, 
𝜕𝑃

𝜕𝑧
= 100 to 40 𝑚𝑚𝐻𝑔 

 

The initial value of 𝑄 = 1 𝑡𝑜 5.4 𝑙𝑖𝑡𝑒𝑟/𝑚𝑖𝑛𝑖𝑡𝑒 

 

The viscosity of blood (Normal), 𝜇 = 0.0035 𝑐𝑚2/𝑠 

 

The density of blood, 𝜌 = 1.043 to 1.057 𝑔/𝑐𝑚3 

 

2. Results and Discussion 
 

Our computational analysis unveils the intricate ways in 

which diabetic conditions, characterized by hyperglycemia, 

dyslipidemia, and chronic inflammation, exert profound 

effects on blood rheology and endothelial function, thereby 

predisposing diabetic individuals to heightened clot 

formation. Through detailed simulations, we observe that the 

diabetic milieu significantly alters key hemodynamic and 

biochemical parameters, creating a prothrombotic 

environment within the vasculature [34,52]. Specifically, our 

model demonstrates that increased blood viscosity, attributed 

to elevated levels of circulating glucose for diabetic patients. 

Moreover, impaired endothelial nitric oxide production, a 

hallmark of diabetic endothelial dysfunction, disrupts the 

delicate balance of prothrombotic. 

 

 
Figure 3: Viscosity with different Glucose levels 

 

Interestingly, our simulations elucidate a nonlinear 

relationship between viscosity of blood and blood glucose 

levels. These findings underscore the importance of glycemic 

control in mitigating acute thrombotic events in diabetic 

patients. By integrating blood glucose lowering strategies, 

lipid-lowering therapies, and antiplatelet agents, our model 

suggests synergistic effects in reducing glucose and 

attenuating the burden of cardiovascular complications in 

diabetes [45,51]. The increase in viscosity arises from several 
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factors. First, the clot traps various blood components, 

including red blood cells and platelets, within its structure, 

leading to a concentration of blood constituents in the vicinity 

of the clot. Additionally, the formation of fibrin, a protein 

essential for clot structure, results in the creation of a dense 

meshwork that impedes blood flow [4,50]. As more platelets 

aggregate to the clot site, they further contribute to the 

viscosity of the surrounding blood. Our computational 

approach offers valuable insights into the complex interplay 

between diabetes related factors.  

 

3. Conclusion 
 

While conventional diabetes management has limitations, 

Ayurveda offers holistic alternatives. Rooted in ancient 

wisdom, Ayurveda views the body as interconnected with 

nature. It emphasizes doshas (Vata, Pitta, Kapha), Agni 

(digestive fire), and srotas (circulation channels). By 

balancing these elements through personalized lifestyle 

changes, Ayurveda supports optimal blood sugar levels and 

overall health. Integrating Ayurvedic principles can enhance 

diabetes care, offering a holistic approach to managing the 

dose of Shilajatu. It holds promise as a complementary 

therapeutic option for optimal blood glucose management in 

diabetes. Its rich biochemical composition and multifaceted 

mechanisms of action make it a valuable addition to the 

armamentarium of diabetes care. However, further research is 

warranted to validate its efficacy, safety, and long-term 

effects in diverse patient populations. Collaboration between 

traditional medicine practitioners, healthcare professionals, 

and researchers is essential to integrate Shilajatu into 

mainstream diabetes care and improve patient outcomes. 
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