
Biomolecules and water 

Introduction  

Many of the elements found throughout nature are also found 

within the body. This is the chemical composition of the average 

adult human body in terms of elements and also compounds. 

Most of the elements are found within compounds. Water and 

minerals are inorganic compounds. Organic compounds include 

fat, protein, carbohydrates, and nucleic acids. 

 Water: Water is the most abundant chemical compound 
in living human cells, accounting for 65 percent to 90 
percent of each cell. It's also present between cells. For 
example, blood and cerebrospinal fluid are mostly water. 
Fat: The percentage of fat varies from person to person, 
but even an obese person has more water than fat. 
Protein: It's about 16 percent by mass. Muscles, including 
the heart, contain a lot of protein. Hair and fingernails are 
protein. Skin contains a large amount of protein, too. 

 Minerals: Minerals account for about 6 percent of the 
body. They include salts and metals. Common minerals 
include sodium, chlorine, calcium, potassium, and iron. 

 Carbohydrates: Although humans use the sugar glucose 
as an energy source, there isn't that much of it free in the 
bloodstream at any given time. Sugar and 
other carbohydrates only account for about 1% of body 
mass. 

 

Elements in the Human Body 

Six elements account for 99% of the mass of the human body. 
The acronym CHNOPS may be used to help remember the six 
key chemical elements that are used in biological molecules. C is 
carbon, H is hydrogen, N is nitrogen, O is oxygen, P is 
phosphorus, and S is sulfur. While the acronym is a good way to 
remember the identities of the elements, it doesn't reflect their 
abundance. 
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 Oxygen is the most abundant element in the human body 
accounting for approximately 65% of a person's mass. 
Each water molecule consists of two hydrogen atoms 
bonded to one oxygen atom, but the mass of each oxygen 
atom is much higher than the combined mass of the 
hydrogen. In addition to being a component of water, 
oxygen is essential for cellular respiration. 

 Carbon is contained in all organic compounds, which is 
why carbon is the second most abundant element in the 
body, accounting for about 18% of body mass. Carbon is 
found in proteins, carbohydrates, lipids, and nucleic acids. 
It's also found in carbon dioxide. 

 Hydrogen atoms are the most numerous type of atom in a 
human, but because they are so light, they only make up 
around 10% of the mass. Hydrogen is in water, plus it's an 
important electron carrier. 

 Nitrogen is about 3.3% of body mass. It's found in 
proteins and nucleic acids. 

 Calcium accounts for 1.5% of body mass. It's used to build 
bones and teeth, plus it's important for muscle contraction. 

 Phosphorus is about 1% of body mass. This element is 
found in nucleic acids. Breaking bonds connecting 
phosphate molecules is a major component of energy 
transfer. 

 Potassium is around 0.2-0.4% of the mass of a person. 
It's used in nerve conduction. Potassium is a key cation or 
positively-charged ion in the body. 

 Sulfur is found in some amino acids and proteins. It's 
about 0.2-0.3% of body mass. 

 Sodium, like potassium, is a positively-charged ion. It's 
about 0.1-0.2% of body mass. Sodium helps regulate the 
electrolyte balance in the body and 
maintain homeostasis with respect to the volume of water 
in the blood and cells. 

 Although aluminum and silicon are abundant in the 
earth's crust, they are found in trace amounts in the human 
body. 

 Other trace elements include metals, which are often 
cofactors for enzymes. Trace elements include iron, cobalt, 
zinc, iodine, selenium, and fluorine. 
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The percentage of water varies according to gender. 

The amount of water in the human body ranges from 50-75%. 
The average adult human body is 50-65% water, averaging 
around 57-60%. The percentage of water in infants is much 
higher, typically around 75-78% water, dropping to 65% by one 
year of age. 

Body composition varies according to gender and fitness level, 
because fatty tissue contains less water than lean tissue. The 
average adult male is about 60% water. The average adult 
woman is about 55% water because women naturally have more 
fatty tissue than men. Overweight men and women have more 
water, as a percent, than their leaner counterparts. 

The percent of water depends on your hydration level. People 
feel thirsty when they have already lost around 2-3% of their 
body's water. Mental performance and physical coordination 
start to become impaired before thirst, typically around 1% 
dehydration. 

Although liquid water is the most abundant molecule in the 
body, additional water is found in hydrated compounds. About 



30-40% of the weight of the human body is the skeleton, but 
when the bound water is removed, either by chemical 
desiccation or heat, half the weight is lost. 

 

Biomedical importance of water 

Water is the predominant chemical component of living 
organisms. Its unique physical properties, which include the 
ability to solvate a wide range of organic and inorganic 
molecules, derive from water’s dipolar structure and exceptional 
capacity for forming hydrogen bonds. An excellent nucleophile, 
water is a reactant or product in many metabolic reactions. 
Water has a slight propensity to dissociate into hydroxide ions 
and protons. 

Regulation of water balance depends upon hypothalamic 
mechanisms that control thirst, on antidiuretic hormone (ADH), 
on retention or excretion of water by the kidneys, and on 
evaporative loss.  

A water molecule is an irregular, slightly skewed tetrahedron 
with oxygen at its center (Figure 1). The two hydrogens and the 
unshared electrons of the remaining two sp3-hybridized orbitals 
occupy the corners of the tetrahedron. The 105-degree angle 
between the hydrogens differs slightly from the ideal tetrahedral 
angle, 109.5 degrees. Ammonia is also tetrahedral, with a 107 
degree angle between its hydrogens. Water is a dipole, a 
molecule with electrical charge distributed asymmetrically about 
its structure. The strongly electronegative oxygen atom pulls 
electrons away from the hydrogen nuclei, leaving them with a 
partial positive charge, while its two unshared electron pairs 
constitute a region of local negative charge. 

Figure 1: tetrahydron of water 

 

 

 

 



Water molecules form hydrogen bonds 

An unshielded hydrogen nucleus covalently bound to an electron 
withdrawing oxygen or nitrogen atom can interact with an 
unshared electron pair on another oxygen or nitrogen atom to 
form a hydrogen bond. Since water molecules contain both of 
these features, hydrogen bonding favors the self-association of 
water molecules into ordered arrays. Hydrogen bonding 
profoundly influences the physical properties of water and 
accounts for its exceptionally high viscosity, surface tension, and 
boiling point. 

Hydrogen bonding enables water to dissolve many organic 
biomolecules that contain functional groups which can 
participate in hydrogen bonding. The oxygen atoms of 
aldehydes, ketones, and amides provide pairs of electrons that 
can serve as hydrogen acceptors. Alcohols and amines can serve 
both as hydrogen acceptors and as donors of unshielded 
hydrogen atoms for formation of hydrogen bonds (Figure 2). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Additional polar groups participate in hydrogen 
bonding. Shown are hydrogen bonds formed between an alcohol 
and water, between two molecules of ethanol, and between the 
peptide carbonyl oxygen and the peptide nitrogen hydrogen of 
an adjacent amino acid. 
 



Water distribution  
Water accounts for approximately sixty percent of body weight 
in men and fifty five percent in women, reflecting a greater body 
fat content in women. Approximately sixty six percent of this 
water is in the intracellular fluid (ICF) and thirty three percent 
in the extracellular fluids (ECF), only eight percent of total body 
water is in the plasma (figure 3). 
 
 
 
 
 
 

 

 

 

 

 

 

( ) diffusion, ( ) sodium pump. 

Figure 3: Distribution of water, sodium and potassium in the 

body of 70 kg man.  

Water is not actively transported in the body. It is in general 

freely permeable through the ICF and ECF and its distribution is 

determined by the osmotic contents of these compartments. 

Except in the kidneys, the osmotic concentrations, or 

osmolalities, of these compartments are always equal, they are 

isotonic. Any change in the solute content of a compartment 

engenders a shift in water which restores isotonicity.  

The major contributors to the osmolality of the ECF are sodium 

and its aassociated anions, mainly chloride and bicarbonate, in 

the ICF, the predominant cation is potassium. Other 

determinants of ECF osmolality include glucose and urea. 

Intracellular water 28 L 

  

 

Potassium 110 mmol/l 

 

Sodium 10 mmol/l 

 

Extracellular water 14 L 

Interstitial fluid   plasma 

10.5 L                     3.5 L 

Potassium 4 mmol/l 

 

Sodium 135 mmol/l 

Total Water (42 L) 



Protein makes a numerically small contribution. Since the 

protein concentration of interstitial fluid is much less than that 

of plasma, the osmotic effect of the protein is an important 

factor in determining water distribution between these two 

compartments. The contribution of protein to the osmotic 

pressure of plasma is known as the colloid osmotic pressure or 

oncotic pressure.  

Oncotic pressure is the osmotic pressure due to the presence of 

proteins.  

Under normal circumstances, the amounts of water taken into 

the body and lost from it are equal over a period of time. Water 

is obtained from the diet and oxidative metabolism and is lost 

through the kidneys, skin, lungs, and gut (figure 4). 

 

Obligatory losses Sources  
Skin 500 ml 
Lungs 400 ml 
Gut 100 ml 
Kidneys 500 ml 

Water from oxidative 
metabolism 400 ml 
Minimum in diet 1100 ml 

Total 1500 ml  Total 1500 ml 
 

Figure 4: Daily water balance in an adult. The minimum intake 

necessary to maintain balance is approximately 1100 ml.  

The minimum volume of urine necessary for normal excretion of 

waste products is about 500 ml/day but, as a result of obligatory 

losses by other routes, the minimum daily water intake 

necessary for the maintenance of water balance is approximately 

1100 ml. This increases if the losses are abnormally large, for 

example, with excessive sweating or diarrhea. Water intake is 

usually considerably greater than this minimum requirement 

but the excess is easily removed by the kidneys.  

 



Sodium distribution 

The body of an adult man contains approximately 3000 mmol of 

sodium, seventy percent of which is freely exchangeable with the 

remainder complexed in bone. The majority of the exchangeable 

sodium is extracellular, the normal ECF sodium concentration is 

135-145 mmol/l while that of the ICF is only 4-10 mmol/l. Most 

cell membranes are permeable to sodium and the gradient is 

maintained by active pumping of sodium from ICF to the ECF by 

Na+-K+ ATPase. As with water, sodium input and output 

normally are balanced. The normal daily intake of sodium in the 

western world is 100-200 mmol/day but the obligatory sodium 

loss, via the kidneys, skin and gut, is less than 10 mmol/day. 

Thus, the sodium intake necessary to maintain sodium balance 

is much less than the normal intake and excess sodium is 

excreted in the urine. Evidence that excessive sodium intake is 

harmful, for example, being evolved in the pathogenesis of 

hypertension, is at present conflicting.  

It is important to appreciate that there is a massive internal 

turnover of sodium. Sodium is secreted into the gut at the rate of 

approximately 1000 mmol/day and filtered by the kidneys at a 

rate of 25000 mmol/day, the vast majority being regained by 

reabsorption in the gut and renal tubule. If there is even a partial 

failure of this reabsorption, sodium homeostasis will be 

compromised.  

Water and Sodium Homeostasis 

 Water and ECF osmolality          

Changes in body water content independent of the amount of 

solute will alter the osmolality figure 5. The osmolality of the 

ECF is normally maintained in the range 282-295 mmol/kg of 

water. Any loss of water from ECF, such as occurs with water 

deprivation, will increase its osmolality and result in movement 

of water from ICF to the ECF. However, a slight increase in ECF 

osmolality will still occur, stimulating the hypothalamic thirst 

center, which promotes a desire to drink, and the hypothalamic 



osmoreceptors, which causes the release of vasopressin 

(antidiuretic hormone or ADH). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: physiological responses to water loss. 

 

Vasopressin renders the renal collecting ducts permeable to 

water, permitting water reabsorption and concentration of the 

urine, the maximum urine concentration that can be achieved in 

humans is about 1200 mmol/l. the osmoreceptors are highly 

sensitive to osmolality, responding to a change of as little as 1%. 

Vasopressin is undetectable in the plasma at a plasma osmolality 

of 282 mmol/kg, but its concentration rises sharply if the plasma 

osmolality increases above this level figure 6.  
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Figure 6: vasopressin concentration in relation to blood volume 

and osmolality. Vasopressin increases linearly (solid line) with 

increasing plasma osmolality if blood volume remains constant. 

A small decrease in blood volume under osmotic conditions has 

littele effect on the secretion of vasopressin (broken line).    

 

If the ECF osmolality falls, there is no sensation of thirst and 

vasopressin secretion is inhibited. A dilute urine is produced, 

allowing water loss and restoration of the ECF osmolality to 

normal. If an increase in ECF osmolality occurs as a result of a 

solute, such as urea, which diffuses readily across cell 

membranes, the ICF osmolality is also increased and 

osmoreceptors are not stimulated. Other stimuli affecting 

vasopressin secretion (figure 7) include angiotensinII, arterial 

and venous baroreceptors and volume receptors. If there is a 

decrease in plasma volume of more than 10 percent, 

hypovolemia becomes a powerful stimulus to vasopressin release 

(figure 6) and osmolar controls are overridden. In other words, 

ECF volume is defended at the expense of a decrease in 

osmolality.  



Control of vasopressin secretion 
Stimulating factors Inhibiting factors  
-Increased ECF osmolality 
 
-Severe hypovolaemia (via 
angiotensin II and arterial 
and venous volume 
receptors)  
 
- stress including pain 
 
- exercise 
 
- drugs: 
Analgesics, some sulphonyl 
ureas, carbamazepine. 
  

-Decreased ECF osmolality 
 
-hypervolemia 
 
-alcohol 
 

 

Figure 7: factors affecting vasopressin secretion. Plasma 

osmolality is normally the most important of these.  

 

Water depletion 

Water depletion will occur if water intake is inadequate or if 

losses are excessive figure 8. Loss of water from ECF causes an 

increase in osmolality which in turn causes movement of water 

from ICF to the ECF, thus lessening the increase. Nevertheless, 

ECF osmolality will be higher than normal; this stimulates the 

thirst center and vasopressin secretion. Severe water depletion 

induces cerebral dehydration which may cause cerebral 

haemorrhage through tearing of blood vessels. Such damage can 

also occur if rehydration is too rapid. If dehydration persists, the 

brain cells synthesize osmotically active compounds and cerebral 

oedema may then follow rapid fluid replacement. The 

management of water depletion involves treatment of the 



underlying cause and replacement of the fluid deficit. Water 

should preferably be given either orally or via nasogastric tube. 

If this is not possible, either five percent dextrose or hypotonic 

saline, particularly if there is sodium loss, should be given 

intravenously. The aim should be to correct approximately two-

thirds of the deficit in the first twenty-four hours and the 

remainder in the next twenty-four hours.  

Water depletion 
Causes Clinical feature  
Increased loss  

From kidney: 

Renal tubular disorders 

Dibetes insipidus  

Increased osmotic load due to 

diabetes mellitus, high protein 

intake. 

From skin: 

Sweating 

From gut: 

Diarrhea (in infants) 

Decreased intake  

Infancy: dysphagia  

Old age unconsciousness: 

restriction of oral intake 

Symptoms: 

Thirst  

Dryness of the mouth 

Difficulty in swallowing 

Weakness 

Confusion 

 

Signs: 

Weight loss 

Dryness of mucous membranes  

Decreased saliva secretion 

Decreased of skin turgor 

Decreased urine volume 

 

 

 

Figure 8: causes and clinical features of water depletion 

 

 

 



Chemical Terms  

Solution: 

In chemistry, a solution is a special type of homogeneous 

mixture composed of two or more substances. In such a mixture, 

a solute is a substance dissolved in another substance, known as 

a solvent. The mixing process of a solution happens at a scale 

where the effects of chemical polarity are involved, resulting in 

interactions that are specific to solvation. 

Analyte: 

An analyte is a substance or chemical constituent that is of 

interest in an analytical procedure. 

Molarity: 

Molar concentration or molarity is most commonly expressed in 

units of moles of solute per liter of solution. 

Normality: 

In chemistry, the equivalent concentration or normality of a 

solution is defined as the molar concentration  divided by an 

equivalence factor. 

Saturation: 

A saturated solution is a chemical solution containing the 
maximum concentration of a solute dissolved in the solvent. The 
additional solute will not dissolve in a saturated solution.  

The amount of solute that can be dissolved in a solvent to form a 
saturated solution depends on a variety of factors. The most 
important factors are: 

 Temperature: Solubility increases with temperature. For 
example, you can dissolve much more salt in hot water 
than in cold water. 

 Pressure: Increasing pressure can force more solute into 
solution. This is commonly used to dissolve gases into 
liquids. 
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 Chemical Composition: The nature of the solute and 
solvent and the presence of other chemicals in a solution 
affect solubility. For example, you can dissolve much 
more sugar in water than salt in water. Ethanol and water 
are completely soluble in each other. 
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