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System has boundary



Body has boundary



Body has boundary



Body has boundary



Body has boundary

Mouth

Anus

Lung

Urinary System
Genitary System

Skin



Molecules crosses body 
boundary

Glucose
EAA
EFA

Vitamins
Minerals

Water
Bilirubin
Bile Salt
Vitamin
Drugs



Molecules crosses body 
boundary

O2
CO2
H2O



Molecules crosses body 
boundary

Na+ K+
Cl- PO4
Cr, Urea

H2O



If molecules can not cross body 
reactions reaches equilibrium



Malnutrition / Esophageal Cancer

● Glucose + O2 → CO2 + H2O
● Continuous Glucose supply moves reaction to 

right

Glucose do not 
enter

Reaction reach 
equilibrium

No more 
ATP 

formed

All body reactions 
reach equilibrium

Death



Severe Asthma / Pneumonia

● Glucose + O2 → CO2 + H2O
● Continuous O2 supply moves reaction to right
● Continuous CO2 removal moves reaction to 

right

O2 do not enter
CO2 do not leave

Reaction reach 
equilibrium

No more 
ATP 

formed

All body reactions 
reach equilibrium

Death



Chronic Kidney Disease

● H2O, Na+, K+, Phosphate, Urea, Cr do not exit 

H2O, Na+ do not leave High BP

All body reactions 
reach equilibrium

Death

K+ do not leave Arrythmia

Phosphate do not leave Bone disease



Treatment may help molecules 
cross the boundary



CKD → Peritoneal Dialysis



Esophageal Cancer → TPN
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