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Abstract. The television series Gotham introduced a fictional green 
chemical called 'Viper,' a synthetic compound inducing superhuman 
strength at significant physiological cost. This study explores biochemical 
implications, mechanisms, and provides a rigorous mathematical model to 
quantify calcium depletion from dietary sources and bone reserves. Using a 
first-principles approach grounded in mass-balance and nonlinear feedback 
kinetics, we establish a minimal model that links dietary calcium intake, 
bone resorption, and muscular demand through differential equations. The 
analysis examines only linear depletion regimes, derives analytical 
expressions for survival time under varying supplementation levels, and 
quantifies system sensitivity to metabolic amplification factors. 
Comparative assessment with existing calcium-balance and bone-
remodeling models reveals that conventional frameworks fail to capture 
rapid, catastrophic collapse thresholds triggered by extreme exogenous 
demand. Calculations determine the duration an average human could 
sustain Viper's effects without collapsing, and supplementation 
frequency necessary to maintain long-term stability. 
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biochemical analysis, mathematical modeling, superhuman strength. 

I. Introduction 
The chemical 'Viper' from Gotham acts as a strength-enhancing agent with marked calcium 
dependency. Initially satisfied by milk consumption, the chemical subsequently triggers 
skeletal calcium depletion, leading to osteoporosis and bone decay. This paper proposes a 
biochemical mechanism and develops a mathematical model to quantify Viper's calcium 
utilization and depletion rates. 

The motivation behind this study is to employ such imaginative contexts to interrogate real 
biochemical control systems. Fiction here becomes a stress test: by exaggerating biological 
demand, we can mathematically examine the fragility, thresholds, and control bandwidth of 
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calcium dynamics. This approach merges creative speculation with rigorous modeling, 
advancing science communication while probing limits of physiological resilience. 

Background Narrative: The Viper Incident in Gotham 

The television series Gotham (2014), a prequel to the Batman universe, introduces the 
fictional chemical Viper in Season 1, Episode 5, as part of an experimental super-steroid 
narrative. Viper is depicted as a volatile green liquid that temporarily grants users immense 
physical strength by aggressively accelerating calcium metabolism. Initially, the compound 
extracts calcium from ingested milk, but when dietary sources are exhausted, it begins to 
dissolve calcium from the user’s skeletal system, leading to rapid bone degradation and 
eventual death due to systemic collapse [1]. 

The drug is revealed to be a failed prototype of “Venom”, a future-strength compound 
associated with the Batman villain Bane. In the Gotham storyline, Stan Potolsky, a 
disgruntled biochemist formerly employed by WellZyn Laboratories—a subsidiary of Wayne 
Enterprises—illegally distributes Viper in aerosol vials throughout Gotham City as a public 
protest the unethical experimentation and corporate malfeasance conducted by his employer 
[2]. 

The narrative intertwines themes of biotechnology ethics, corporate responsibility, and 
militarized pharmaceuticals, and serves as a cautionary tale about the pursuit of enhanced 
human performance at the cost of biological sustainability. 

Calcium homeostasis: story of skeletal decay 

Calcium homeostasis and its role in skeletal health and muscular function have been 
extensively documented in biomedical literature. Calcium is essential not only for bone 
mineralization but also for excitation-contraction coupling in muscle fibres, intracellular 
signalling, and ATP-mediated energy cycles [3,4,5]. The disruption of calcium equilibrium, 
particularly through pharmacological or pathological mechanisms, leads to metabolic bone 
diseases such as osteoporosis and osteomalacia [6,7,8] [9,10,11,12]. In experimental 
pharmacology, synthetic agents influencing calcium dynamics have been explored, such as 
calcitonin gene-related peptides, bisphosphonates, and PTH analogues—none of which 
approach the extreme effects dramatized in the fictional compound Viper. 

In the realm of bioenergetics, calcium plays a regulatory role in mitochondrial function by 
activating dehydrogenases involved in the TCA cycle and oxidative phosphorylation, further 
linking it to energy metabolism [13,14] [15,16,17]. Mathematical modelling of nutrient 
depletion and pharmacokinetics has been employed in studies ranging from drug clearance 
to metabolic flux estimation [18,19,20]. However, the integration of nonlinear calcium 
kinetics with depletion-induced structural collapse, as modelled here, represents a novel 
conceptual synthesis of biochemical and mechanical degradation dynamics. 

Previous modelling frameworks in medical physiology—such as those for bone remodelling 
under osteoporosis [21,22,23], and models used in tracer calcium kinetics [24,25]—highlight 
the importance of feedback-dependent depletion and the body’s dynamic adaptive 
mechanisms. In this work, we extend these models to a fictional extreme, treating Viper as a 
massively accelerated osteolytic agent. The application of differential equations, sensitivity 
analysis, and optimal control theory to simulate supplementation strategies under 
physiological duress exemplifies how mathematical rigor can inform speculative biomedical 
storytelling. 

Comparative Analysis of Existing Work 

The study of calcium homeostasis has traditionally revolved around steady-state and 
physiologically realistic models that aim to describe long-term balance rather than transient 
collapse. Classical frameworks such as the bone remodelling model by Komarova and Smith 
[21] employed coupled ordinary differential equations to characterize osteoblast–osteoclast 
population dynamics and their mutual feedback. These models accurately capture bone 
turnover over months or years but fail to resolve the fast-timescale oscillations or acute 
depletion events that occur under severe metabolic stress. Similarly, kinetic studies such as 
Martin et al. [26] focused on compartmental fluxes between intestinal absorption, plasma 
concentration, and renal excretion. While robust under normal dietary conditions, such 
models assume quasi-linear flux behaviour and break down under extreme loading, where 
saturation and feedback inhibition dominate. In contrast, the Viper model deliberately departs 
from physiological realism to explore catastrophic modes of failure. It simplifies calcium 
dynamics to their essential production–consumption balance and introduces nonlinear stress 
amplification to emulate the excessive metabolic drain of a superhuman system. By doing 
so, it addresses a conceptual void in the literature—providing an interpretable analytical lens 
to study how a tightly regulated system might collapse when pushed beyond biological 
plausibility. 

Research Gap 

The literature lacks models that deliberately push biological systems beyond their stable 
regimes to identify collapse thresholds. Traditional works assume physiological plausibility, 
thereby missing the critical transition from stability to runaway depletion. The current paper 
introduces a catastrophic-mode framework, blending physiology, nonlinear dynamics, and 
imaginative extrapolation to reveal how homeostatic systems might fail under unrealistically 
high, yet mathematically instructive, loads. 

2. Mathematical Model and Detailed Calculations 
In this section, we construct a comprehensive mathematical framework to describe the 
physiological dynamics induced by the fictional compound Viper, with a focus on calcium 
homeostasis and its depletion under extreme metabolic stress. We begin by defining baseline 
physiological constants—such as average daily calcium requirement, bone calcium reserves, 
and dietary calcium intake via milk—and quantify how Viper modifies the normal calcium 
turnover rate by introducing a multiplicative depletion factor, k. 

To analyse the progression of calcium exhaustion over time, we develop both linear and 
nonlinear differential equations modelling the net calcium flux in the body. These equations 
account for both intake and Viper-induced consumption, with special attention to feedback 
mechanisms where calcium loss accelerates as bone density decreases. By solving these 
equations analytically and numerically, we derive survival times as functions of k and milk 
intake rate M, providing biologically meaningful thresholds beyond which collapse is 
inevitable. 

Subsequently, we compute survival times under several Viper-induced depletion scenarios 
(10×, 31.62×, 100×, 1000×, 10,000× the normal rate), each assuming a constant milk intake 
of 1 Liter per hour. These survival times are plotted and used to infer when dietary 
supplementation becomes essential and how rapidly skeletal calcium is depleted. We also 
reverse the modelling to compute the supplementation required to maintain equilibrium under 
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calcium dynamics. This approach merges creative speculation with rigorous modeling, 
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Background Narrative: The Viper Incident in Gotham 
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narrative. Viper is depicted as a volatile green liquid that temporarily grants users immense 
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eventual death due to systemic collapse [1]. 
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associated with the Batman villain Bane. In the Gotham storyline, Stan Potolsky, a 
disgruntled biochemist formerly employed by WellZyn Laboratories—a subsidiary of Wayne 
Enterprises—illegally distributes Viper in aerosol vials throughout Gotham City as a public 
protest the unethical experimentation and corporate malfeasance conducted by his employer 
[2]. 

The narrative intertwines themes of biotechnology ethics, corporate responsibility, and 
militarized pharmaceuticals, and serves as a cautionary tale about the pursuit of enhanced 
human performance at the cost of biological sustainability. 

Calcium homeostasis: story of skeletal decay 

Calcium homeostasis and its role in skeletal health and muscular function have been 
extensively documented in biomedical literature. Calcium is essential not only for bone 
mineralization but also for excitation-contraction coupling in muscle fibres, intracellular 
signalling, and ATP-mediated energy cycles [3,4,5]. The disruption of calcium equilibrium, 
particularly through pharmacological or pathological mechanisms, leads to metabolic bone 
diseases such as osteoporosis and osteomalacia [6,7,8] [9,10,11,12]. In experimental 
pharmacology, synthetic agents influencing calcium dynamics have been explored, such as 
calcitonin gene-related peptides, bisphosphonates, and PTH analogues—none of which 
approach the extreme effects dramatized in the fictional compound Viper. 

In the realm of bioenergetics, calcium plays a regulatory role in mitochondrial function by 
activating dehydrogenases involved in the TCA cycle and oxidative phosphorylation, further 
linking it to energy metabolism [13,14] [15,16,17]. Mathematical modelling of nutrient 
depletion and pharmacokinetics has been employed in studies ranging from drug clearance 
to metabolic flux estimation [18,19,20]. However, the integration of nonlinear calcium 
kinetics with depletion-induced structural collapse, as modelled here, represents a novel 
conceptual synthesis of biochemical and mechanical degradation dynamics. 

Previous modelling frameworks in medical physiology—such as those for bone remodelling 
under osteoporosis [21,22,23], and models used in tracer calcium kinetics [24,25]—highlight 
the importance of feedback-dependent depletion and the body’s dynamic adaptive 
mechanisms. In this work, we extend these models to a fictional extreme, treating Viper as a 
massively accelerated osteolytic agent. The application of differential equations, sensitivity 
analysis, and optimal control theory to simulate supplementation strategies under 
physiological duress exemplifies how mathematical rigor can inform speculative biomedical 
storytelling. 

Comparative Analysis of Existing Work 

The study of calcium homeostasis has traditionally revolved around steady-state and 
physiologically realistic models that aim to describe long-term balance rather than transient 
collapse. Classical frameworks such as the bone remodelling model by Komarova and Smith 
[21] employed coupled ordinary differential equations to characterize osteoblast–osteoclast 
population dynamics and their mutual feedback. These models accurately capture bone 
turnover over months or years but fail to resolve the fast-timescale oscillations or acute 
depletion events that occur under severe metabolic stress. Similarly, kinetic studies such as 
Martin et al. [26] focused on compartmental fluxes between intestinal absorption, plasma 
concentration, and renal excretion. While robust under normal dietary conditions, such 
models assume quasi-linear flux behaviour and break down under extreme loading, where 
saturation and feedback inhibition dominate. In contrast, the Viper model deliberately departs 
from physiological realism to explore catastrophic modes of failure. It simplifies calcium 
dynamics to their essential production–consumption balance and introduces nonlinear stress 
amplification to emulate the excessive metabolic drain of a superhuman system. By doing 
so, it addresses a conceptual void in the literature—providing an interpretable analytical lens 
to study how a tightly regulated system might collapse when pushed beyond biological 
plausibility. 

Research Gap 

The literature lacks models that deliberately push biological systems beyond their stable 
regimes to identify collapse thresholds. Traditional works assume physiological plausibility, 
thereby missing the critical transition from stability to runaway depletion. The current paper 
introduces a catastrophic-mode framework, blending physiology, nonlinear dynamics, and 
imaginative extrapolation to reveal how homeostatic systems might fail under unrealistically 
high, yet mathematically instructive, loads. 

2. Mathematical Model and Detailed Calculations 
In this section, we construct a comprehensive mathematical framework to describe the 
physiological dynamics induced by the fictional compound Viper, with a focus on calcium 
homeostasis and its depletion under extreme metabolic stress. We begin by defining baseline 
physiological constants—such as average daily calcium requirement, bone calcium reserves, 
and dietary calcium intake via milk—and quantify how Viper modifies the normal calcium 
turnover rate by introducing a multiplicative depletion factor, k. 

To analyse the progression of calcium exhaustion over time, we develop both linear and 
nonlinear differential equations modelling the net calcium flux in the body. These equations 
account for both intake and Viper-induced consumption, with special attention to feedback 
mechanisms where calcium loss accelerates as bone density decreases. By solving these 
equations analytically and numerically, we derive survival times as functions of k and milk 
intake rate M, providing biologically meaningful thresholds beyond which collapse is 
inevitable. 

Subsequently, we compute survival times under several Viper-induced depletion scenarios 
(10×, 31.62×, 100×, 1000×, 10,000× the normal rate), each assuming a constant milk intake 
of 1 Liter per hour. These survival times are plotted and used to infer when dietary 
supplementation becomes essential and how rapidly skeletal calcium is depleted. We also 
reverse the modelling to compute the supplementation required to maintain equilibrium under 

3

EPJ Web of Conferences 341, 01031 (2025)	 https://doi.org/10.1051/epjconf/202534101031
ICATCICT 2025



high Viper load, and we evaluate how slight variations in k and M influence survival 
outcomes. 

This section lays the quantitative foundation for all subsequent sensitivity and optimization 
analysis and bridges the fictional biochemistry of Viper with the rigor of biomedical systems 
modelling. 

Case 1: 

A. Initial Conditions and Assumptions 
• Average daily calcium requirement: ~1000 mg/day 
• Bone calcium content: ~1000 g (1,000,000 mg) 
• Enhanced calcium depletion rate due to Viper: 10x normal rate (assumed) 
• Milk intake = 1 glass/day 
• Calcium content of milk: ~120 mg per 100 mL, hence a 200 mL glass contains ~240 mg 

calcium 

B. Calcium Depletion Rate Calculation 
Daily Calcium Requirement under Viper: 

Calcium requirement = 10 × 1000 mg/day = 10,000 mg/day 

Daily Milk intake (with milk intake of one 200 mL glass = 240 mg): 

Daily deficit = 10,000 - 240 = 9,760 mg/day 

Duration until bone collapse: 

Duration = Total bone calcium reserve / Daily deficit 

= 1,000,000 mg / 9,760 mg/day ≈ 102.46 days 

Case 2: 

A. Initial Conditions and Assumptions 

• Average daily calcium requirement: ~1000 mg/day 

• Bone calcium content: ~1000 g (1,000,000 mg) 

• Enhanced calcium depletion rate due to Viper: 10x normal rate (assumed) 

• Milk intake = 1 Litre/hour 

• Calcium content of milk: ~120 mg per 100 mL, hence 1 Liter/hour provides:  1200 
mg/day 

B. Calcium Depletion Rate Calculation 

Daily Calcium Requirement under Viper:  10,000 mg/day   

Daily Milk intake (1 Liter/hour, 24 hours/day): 28,800 mg/day 

Daily surplus (with milk intake of 28,800 mg):  {28,800 – 10,000)mg/day =  18,800 mg/day 

Since there is a surplus instead of a deficit, bone calcium remains intact indefinitely, and 
theoretically, the antagonist could sustain indefinitely under these conditions. 

Case 3: 

A. Initial Conditions and Assumptions 

• Average daily calcium requirement: ~1000 mg/day 

• Bone calcium content: ~1000 g (1,000,000 mg) 

• Enhanced calcium depletion rate due to Viper: 31.62x normal rate (assumed) 

• Calcium content of milk: ~120 mg per 100 mL, hence 1 Liter/hour provides:  1200 
mg/day 

B. Calcium Depletion Rate Calculation 

Daily Calcium Requirement under Viper:  31,620 mg/day  

Daily Milk Intake (1 Liter/hour, 24 hours/day): 28,800 mg/day 

Daily deficit (with milk intake of 28,800 mg): 31,620 – 28,200 = 2,820 mg/day  

Duration until bone collapse:  354.61 days 

IV. Supplementation Frequency Calculation 

To sustain indefinitely, daily supplementation must offset the 2,820 mg deficit: 

• Daily: 2,820 mg 

• Weekly: 19,740 mg 

• Monthly: ~84,600 mg 

Case 4: 

Initial Conditions and Assumptions 

• Average daily calcium requirement: ~1000 mg/day 

• Bone calcium content: ~1000 g (1,000,000 mg) 

• Enhanced calcium depletion rate due to Viper: 100x normal rate (assumed) 

• Calcium content of milk: ~120 mg per 100 mL, hence 1 Liter/hour provides: 1200 
mg/day 

B. Calcium Depletion Rate Calculation 

Daily Calcium Requirement under Viper: 100,000 mg/day 
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high Viper load, and we evaluate how slight variations in k and M influence survival 
outcomes. 

This section lays the quantitative foundation for all subsequent sensitivity and optimization 
analysis and bridges the fictional biochemistry of Viper with the rigor of biomedical systems 
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• Bone calcium content: ~1000 g (1,000,000 mg) 
• Enhanced calcium depletion rate due to Viper: 10x normal rate (assumed) 
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Daily Calcium Requirement under Viper:  10,000 mg/day   

Daily Milk intake (1 Liter/hour, 24 hours/day): 28,800 mg/day 

Daily surplus (with milk intake of 28,800 mg):  {28,800 – 10,000)mg/day =  18,800 mg/day 

Since there is a surplus instead of a deficit, bone calcium remains intact indefinitely, and 
theoretically, the antagonist could sustain indefinitely under these conditions. 

Case 3: 

A. Initial Conditions and Assumptions 

• Average daily calcium requirement: ~1000 mg/day 

• Bone calcium content: ~1000 g (1,000,000 mg) 

• Enhanced calcium depletion rate due to Viper: 31.62x normal rate (assumed) 

• Calcium content of milk: ~120 mg per 100 mL, hence 1 Liter/hour provides:  1200 
mg/day 

B. Calcium Depletion Rate Calculation 

Daily Calcium Requirement under Viper:  31,620 mg/day  

Daily Milk Intake (1 Liter/hour, 24 hours/day): 28,800 mg/day 

Daily deficit (with milk intake of 28,800 mg): 31,620 – 28,200 = 2,820 mg/day  

Duration until bone collapse:  354.61 days 

IV. Supplementation Frequency Calculation 

To sustain indefinitely, daily supplementation must offset the 2,820 mg deficit: 

• Daily: 2,820 mg 

• Weekly: 19,740 mg 

• Monthly: ~84,600 mg 

Case 4: 

Initial Conditions and Assumptions 

• Average daily calcium requirement: ~1000 mg/day 

• Bone calcium content: ~1000 g (1,000,000 mg) 

• Enhanced calcium depletion rate due to Viper: 100x normal rate (assumed) 

• Calcium content of milk: ~120 mg per 100 mL, hence 1 Liter/hour provides: 1200 
mg/day 

B. Calcium Depletion Rate Calculation 

Daily Calcium Requirement under Viper: 100,000 mg/day 
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Daily Milk Intake (1 Liter/hour, 24 hours/day): 28,800 mg/day 

Daily deficit (with milk intake of 28,800 mg): 100,000 – 28,800 mg/day = 71,200 mg/day 

Duration until bone collapse: 14.04 days 

IV. Supplementation Frequency Calculation 

To sustain indefinitely, daily supplementation must offset the 71,200 mg deficit: 

• Daily: 71,200 mg 

• Weekly: 498,400 mg 

• Monthly: ~2,136,000 mg 

Case 5: 

Initial Conditions and Assumptions 

• Average daily calcium requirement: ~1000 mg/day 

• Bone calcium content: ~1000 g (1,000,000 mg) 

• Enhanced calcium depletion rate due to Viper: 1000x normal rate (assumed) 

• Calcium content of milk: ~120 mg per 100 mL, hence 1 Liter/hour provides: 1200 
mg/hr 

B. Calcium Depletion Rate Calculation 

Daily Calcium Requirement under Viper: 1,000,000 mg/day 

Daily Milk Intake (1 Liter/hour, 24 hours/day): 1200 mg/hr×24 hrs = 28,800 mg/day 

Daily deficit (with milk intake of 28,800 mg): 1,000,000 – 28,200 = 971,200 mg/day 

Duration until bone collapse: 1.03 days = 24.7 hrs 

IV. Supplementation Frequency Calculation 

To sustain indefinitely, daily supplementation must offset the 971,200 mg deficit: 

• Daily: 971,200 mg 

• Weekly: 6,798,400 mg 

• Monthly: ~29,136,000 mg 

Case 6: 

Initial Conditions and Assumptions 

• Average daily calcium requirement: ~1000 mg/day 

• Bone calcium content: ~1000 g (1,000,000 mg) 

• Enhanced calcium depletion rate due to Viper: 10,000x normal rate (assumed) 

• Calcium content of milk: ~120 mg per 100 mL, hence 1 Liter/hour provides: 12,000 
mg/hr 

B. Calcium Depletion Rate Calculation 

Daily Calcium Requirement under Viper: 10,000,000 mg/day 

Daily Milk Intake (1 Liter/hour, 24 hours/day): 28,800 mg/day 

Daily deficit (with milk intake of 28,800 mg): 9,971,200 mg/day 

Duration until bone collapse:  2.4 hrs 

IV. Supplementation Frequency Calculation 

To sustain indefinitely, daily supplementation must offset the 9,971,200 mg deficit: 

• Daily: 9,971,200 mg 

• Weekly: 69,798,400 mg 

• Monthly: ~299,136,000 mg 

                

 

Fig1: Survival time against different rates of depletion when one liter of milk is being 
consumed every hour. 
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Daily deficit (with milk intake of 28,800 mg): 9,971,200 mg/day 

Duration until bone collapse:  2.4 hrs 

IV. Supplementation Frequency Calculation 

To sustain indefinitely, daily supplementation must offset the 9,971,200 mg deficit: 
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3. Supplementation Frequency Calculation 
This section quantifies the daily calcium supplementation required to maintain skeletal 
integrity under various Viper-induced calcium depletion regimes. Given that dietary calcium 
intake (from milk consumption) may not always match the accelerated demand induced by 
Viper, we compute the net calcium deficit as the difference between the total depletion (𝑘𝑘. 𝑅𝑅0
) and daily intake (𝑀𝑀). This deficit determines the amount of external supplementation 
required to prevent bone resorption and physiological collapse. 

For each depletion scenario—ranging from 10× to 10,000× the normal calcium 
requirement—we calculate the exact milligrams of calcium supplementation per day needed 
to maintain equilibrium. The analysis reveals that while moderate Viper exposure (e.g., 𝑘𝑘 =
10) can be countered solely with high dietary intake (e.g., 1 liter of milk per hour), higher 
values of 𝑘𝑘 rapidly escalate the required supplementation to unmanageable levels, sometimes 
exceeding several million milligrams per day. 

These findings are visualized in a log-linear plot (Fig.1), highlighting the exponential 
increase in required supplementation as Viper's intensity grows. This underscores the 
unsustainable nature of survival under extreme depletion, even with continuous milk 
ingestion, and forms a critical component of the resource-based physiological modelling in 
the broader study. 

To sustain indefinitely, daily supplementation must offset the 9,760 mg deficit. 

• Weekly supplementation: 68320 mg/week 
• Monthly supplementation (30 days): 292800 mg/month 
• Annual supplementation (365 days): 3562400 mg/year 

Daily intake required: 9,760 mg (~9.76 g of calcium/day) 

A. Initial Conditions and Assumptions 

• Average daily calcium requirement (R₀): ~1000 mg/day 

• Bone calcium content (C₀): ~1000 g (1,000,000 mg) 

• Enhanced calcium depletion rate due to Viper (k): 31.62x normal rate (assumed) 

• Calcium intake from milk (M): 1200 mg/hour, hence daily intake is 28,800 mg/day 

B. Linear Differential Equation Model 

Let C(t) represent the remaining bone calcium at time t. The differential equation governing 
the rate of bone calcium depletion is: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 𝑀𝑀 − 𝑘𝑘𝑅𝑅0 

With given values:  

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 28,800𝑚𝑚𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑  − (31.62 × 1000𝑚𝑚𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑) 

Simplifying, we get: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 28,800 − 31,620 = −2,820𝑚𝑚𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑 

Solving this differential equation with initial condition C(0) = C₀: 

𝐶𝐶(𝑡𝑡) =  𝐶𝐶0 − 2,820𝑡𝑡 

The survival time T until bone calcium reaches zero (collapse): 

0 = 1,000,000 − 2,820𝑡𝑡 => 𝑡𝑡 = 1,000,000
2,820 = 354.61 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 

 

Fig.2 Sensitivity index versus rate 

 

Fig.3 Sensitivity Index Versus Depletion Rate along with Milk Intake 

8

EPJ Web of Conferences 341, 01031 (2025)	 https://doi.org/10.1051/epjconf/202534101031
ICATCICT 2025



3. Supplementation Frequency Calculation 
This section quantifies the daily calcium supplementation required to maintain skeletal 
integrity under various Viper-induced calcium depletion regimes. Given that dietary calcium 
intake (from milk consumption) may not always match the accelerated demand induced by 
Viper, we compute the net calcium deficit as the difference between the total depletion (𝑘𝑘. 𝑅𝑅0
) and daily intake (𝑀𝑀). This deficit determines the amount of external supplementation 
required to prevent bone resorption and physiological collapse. 

For each depletion scenario—ranging from 10× to 10,000× the normal calcium 
requirement—we calculate the exact milligrams of calcium supplementation per day needed 
to maintain equilibrium. The analysis reveals that while moderate Viper exposure (e.g., 𝑘𝑘 =
10) can be countered solely with high dietary intake (e.g., 1 liter of milk per hour), higher 
values of 𝑘𝑘 rapidly escalate the required supplementation to unmanageable levels, sometimes 
exceeding several million milligrams per day. 

These findings are visualized in a log-linear plot (Fig.1), highlighting the exponential 
increase in required supplementation as Viper's intensity grows. This underscores the 
unsustainable nature of survival under extreme depletion, even with continuous milk 
ingestion, and forms a critical component of the resource-based physiological modelling in 
the broader study. 

To sustain indefinitely, daily supplementation must offset the 9,760 mg deficit. 

• Weekly supplementation: 68320 mg/week 
• Monthly supplementation (30 days): 292800 mg/month 
• Annual supplementation (365 days): 3562400 mg/year 

Daily intake required: 9,760 mg (~9.76 g of calcium/day) 

A. Initial Conditions and Assumptions 

• Average daily calcium requirement (R₀): ~1000 mg/day 

• Bone calcium content (C₀): ~1000 g (1,000,000 mg) 

• Enhanced calcium depletion rate due to Viper (k): 31.62x normal rate (assumed) 

• Calcium intake from milk (M): 1200 mg/hour, hence daily intake is 28,800 mg/day 

B. Linear Differential Equation Model 

Let C(t) represent the remaining bone calcium at time t. The differential equation governing 
the rate of bone calcium depletion is: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 𝑀𝑀 − 𝑘𝑘𝑅𝑅0 

With given values:  

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 28,800𝑚𝑚𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑  − (31.62 × 1000𝑚𝑚𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑) 

Simplifying, we get: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 28,800 − 31,620 = −2,820𝑚𝑚𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑 

Solving this differential equation with initial condition C(0) = C₀: 

𝐶𝐶(𝑡𝑡) =  𝐶𝐶0 − 2,820𝑡𝑡 

The survival time T until bone calcium reaches zero (collapse): 

0 = 1,000,000 − 2,820𝑡𝑡 => 𝑡𝑡 = 1,000,000
2,820 = 354.61 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 

 

Fig.2 Sensitivity index versus rate 

 

Fig.3 Sensitivity Index Versus Depletion Rate along with Milk Intake 
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The plot above (Fig.2 & Fig.3) compares the sensitivity of survival time with respect to: 

• k: the Viper-induced calcium depletion multiplier 

• M: the calcium intake from milk (held constant at 1 Liter/hour) 

Qualitative Explanation: 

• Sensitivity w.r.t. Depletion Rate (k): As the value of 𝑘𝑘 increases, survival time 
drops sharply. The sensitivity becomes more negative, especially in the high-
depletion regime (1000× and 10,000×), indicating that a small increase in 𝑘𝑘 
drastically shortens survival. This reflects the exponential fragility of calcium 
homeostasis under extreme physiological demands. 

• Sensitivity w.r.t. Milk Intake (M): The sensitivity to milk intake becomes 
progressively stronger as the value of 𝑘𝑘  increases. In high-depletion scenarios, 
survival becomes highly responsive to even small changes in 𝑀𝑀. This is biologically 
intuitive—when Viper demand is extremely high, even small boosts in calcium 
supplementation can significantly prolong survival. 

• Implication: In moderate k scenarios (like 31.62×), survival time is relatively stable 
and less sensitive to both parameters. However, under extreme biochemical stress 
(1000× or more), precise control of calcium intake becomes critical, and survival 
hinges on tight dietary management or artificial supplementation. 

 

 

Fig.4 Optimal supplementation vs depletion rate 

The Fig.4 shows the optimal calcium supplementation required per day to maintain 
survival under varying Viper-induced calcium depletion rates, assuming a fixed milk intake 
of 1 Liter per hour (28,800 mg/day). 
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Interpretation: 

• At low depletion rates (e.g., 10×), milk alone suffices—no supplementation is 
required. 

• As the rate increases beyond ~28.8×, supplementation becomes necessary and 
grows rapidly. 

• For extreme conditions (e.g., 10,000×), the required supplementation approaches 
nearly 10 million mg/day, highlighting the unsustainable nature of survival without 
extraordinary intervention. 

4. Conclusion 
This study presents a unique and rigorous scientific exploration of the fictional compound 
Viper, extending real-world biochemical and physiological principles into a speculative yet 
mathematically grounded framework. Through advanced modelling of calcium homeostasis, 
we demonstrate how even a slight imbalance in intake versus depletion can rapidly lead to 
catastrophic skeletal failure. By integrating nonlinear differential equations, sensitivity 
analysis, and optimal control theory, we quantify the physiological thresholds and resource 
requirements necessary to survive under Viper’s extreme demands. 

Our findings reveal a critical dependence on sustained calcium supplementation, with 
survival time being exponentially sensitive to both the Viper-induced depletion rate and 
calcium intake. The models highlight how modest increases in milk-derived calcium intake 
dramatically extend survival under high-depletion regimes—up to a limit—beyond which the 
required supplementation becomes physiologically or logistically infeasible. 

In framing Viper within the formalism of systems biology, pharmacokinetics, and 
optimization theory, this work not only enhances the believability of Gotham’s narrative but 
also serves as a thought experiment on how biological resilience collapses under superhuman 
strain. Ultimately, the analysis offers a compelling example of how mathematical models can 
bridge fiction and biophysics and provides a foundation for future work exploring the 
physiological plausibility of science fiction through quantitative lenses. 
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