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2-Prepare 0.8 normal of phosphoric acid H3PO4 in 500 ml distilled water, if you know that M.W =98
and the specific density = 1.7 g and the percentage is 85%.

a5 ginall
Lecture (1)
The components of the human body.

The main chemical composition of the human body consists mainly of six
elements. The six elements are oxygen, carbon, hydrogen, nitrogen, calcium
and phosphorous. The remainder consists of potassium, sulfur, sodium,
chloride, magnesium, iron, and trace amounts of iodine, fluoride, copper and
zinc. The large amount of oxygen and hydrogen in the body is present in the




form of water. The metal composition of the human body is illustrated in the
following table: Table (1) represents the metal composition of the human body;
Elements Carbon Oxygen Percentage 50 20 Hydrogen 10 Nitrogen Major
Calcium 8.5 4 Phosphorus Potassium 2.5 1 Sulfur Sodium 0.8 0.4 Chlorine
Minor Magnesium 0.4 0.1 Iron Manganese 0.01 0.001 lodine 0.00005 Trace The
ionic constituents of tissues are represented by cations (each positively charged
ion is called a cation) and include Na+, K+, Ca++, Mg++, Fe++, Fe+++, and trace
amounts of Zn++, Cu++, and the anions (each ion carries a negative charge
called anion) and include Cl-, HCO3-1, SO4-- and the anions of organic acids. It
is important to know that Na+ ions are the main cations in blood plasma and

extracellular fluids, while K+ is the main cation within cells (intracellular fluids)

Water Distribution in Human Body.

Water constitutes 50-70% of the human body weight and this ratio is inversely
proportional to the fat content of the body. Water is distributed throughout the
body as a major component in intracellular fluids (50% of body weight) and in
extracellular fluids (20% of body weight) and includes: * Water in the blood:
represents 75-80% of the blood. ¢ A fluid located between the interstitial tissue
(lymph). e Transcellular fluids (cerebrospinal fluid "CSF"), and digestive juice.

Water's Function & water's Equilibrium:

Water is abundant in all tissues of the human body, so it is the necessary
component for the structure of cells and represents the medium in which
chemical reactions and transfer of substances take place, in addition, it is a
good way to maintain body temperature and ionic balances in the body. A
person obtains water by; drinking water, from vegetables and fruits, and from
the oxidation of food, and there must be a state of balance in the amount of
water taken and lost, and this varies according to circumstances.

Water Balance for a Normal Human Adult

Water taken (ml/day) 1500 as fluid700 from food 200 from biological oxidation,
Total = 2400 while , Water Produced (ml/day) 300 — 400 from lungs, 300 — 400
from skin 200 from intestine 1200 — 1500 from kidneys Total = 2400 .

It is noted that the amount of fluid taken is equal to the amount of fluid
excreted, the amount of fluid taken up is controlled by thirst, and the amount
of urine excreted is controlled by the antidiuretic hormone (Vasopressin). If the




amount of fluid taken is greater than the amount of fluid lost, edema (swelling
in the body's cells) will develop, while if the fluid loss is more than the intake,
as in case of diarrhea, vomiting and sweating, dehydration arises.

Lecture (2)
Methods of Expressing Concentrations
1. Percentage
It is divided into: Percent by Weight, Percent by Volume

The percentage by weight is defined as the number of grams of solute in 100 g
of solution and the percentage by volume is the number of grams of solute in
100 milliliters of solution.

2. The mole or the Molar system It is defined as the gram-molecular weights of
the solute per liter of solution. In biochemistry, the most commonly used terms
are millimole (mm), micromole (um) and milliequivalent (meq).

Mole = gram/ gram/mole .

Molarity = number of moles/ number of liters
M = weight x 1000/ V (ml) x molecular weight.
Whereas:

M = Molarity or molar concentration, Weight = weight of solute in grams. The
molecular weight is denoted by the symbol (M.W.) and represents the
molecular weight of the dissolved substance, V (ml) represents the volume of
solvent in milliliters.

The final law is:M=W x 1000 / V (ml) x M.W

Normality: the number of equivalent weights of solute per liter of solvent.
N = The equivalent / liter

N= W x 1000/ V (ml) x Eq. W



Eg. W: represents the equivalent weight of the dissolved substance.

The acid's equivalent: It is the weight of the acid that liberates one atomic gram
of hydrogen ion (one proton).

Calculate the equivalent weight of HCl given that the atomic weight of
hydrogen = 1 and the atomic weight of chlorine = 35.5. M.W for HCI| = sum. of
the atomic weights =1 + 35.5 =36.5

Acid Equivalent Weight = M.W/ number of hydrogen atoms
=36,5/1=36,5

The equivalent weight of the base: It is the weight of the base that liberates a
gram - ion from the hydroxide (OH-). More precisely, it is the weight of the base
that gains or reacts with one proton.

Base Equivalent Weight =M.W/number of hydroxide groups.
3. Molal Solution

It is the gram molecular weight of solute in 1000 grams of solvent.

Molality =The number of moles of solute/The number of kilograms of solvent
Dilution Law

M1V1=M2V2

N1V1=N2V2

Lecture (3)
pH concentration

pH values: Sorensen (the Danish scientist) used a special system to express
acidity and alkalinity, is the value of the acidic function and is defined as the
negative logarithm of concentration. pH = - log[H+]

Example: If the hydrogen ion concentration in an acidic medium is 10-2,
calculate the pH?

pH = - log[H+]
PH=-log10-2PH =2

The pH value ranges from zero to 14.



acidic solution 0 neutral solution
7 14 basic solution

The normal pH of blood serum is PH = 7.4, it is slightly tended to the alkaline,
or the pH of blood serum lies between (7.3 - 7.5). If pH is less than 7.3, the
person will suffer from acidotic coma (acidosis), while if it is more than 7, the
person will die, but if it increases more than 7.5 and reaches 7.8, then tetanus
will occur, and this condition is called alkalosis. The kidneys and lungs are the
main organs responsible for the balance of acidity in the body, and therefore
any damage to one of these organs may lead to a change in this balance.
Acidosis and alkalosis are not diseases, but rather a result of various types of
disorders. The presence of acidosis or alkalosis is important evidence for
doctors that there is a problem in patients.

Acidosis results in the following cases:

1. In the case of Diabetes Mellitus disease (D.M.) and severe hunger, 100 gm or
more of beta-hydroxybutyric acid and acetoacetic acid per day can be produced
by the body in these pathological conditions.

2. In chronic nephritis.
3. By taking acidic substances (as medications, especially aspirin).
4. In cases of lungs disease.

5. Emotional reactions such as anger, envy, crying, sadness and anxiety, all of
which increase the acidity of the blood.

And when the acidity of the blood increases, even by a very small percentage, a
disturbance occurs in the body and it becomes a suitable medium for bacteria,
fungi and germs that love to live in an acidic environment, so the body does
everything it can to equalize this acidity with the help of the kidneys that expel
hydrogen ions through the urine, and orders the lungs to pump a large amount
of oxygen to expel acidic carbon dioxide (CO2). There are foods that increase
the acidity of the blood, such as meat, refined sugar, processed foods, and
alcohol.

Alkalosis arises from the following conditions:
1. Loss of stomach acid (HCI) in cases of severe prolonged vomiting

2. Loss of large quantities of carbon dioxide (CO2) by increasing the breathing
rate that occurs in the case of a lack of oxygen, in the case of high-altitudes and




in the case of heart disease. Most fruits, vegetables, some nuts, seeds,
legumes, and whole grains are alkaline-promoting foods.

The body uses various mechanisms to regulate the acid-base balance in the
blood. These mechanisms include:

1- Lungs
2- Kidneys
3- Buffering solutions.

Buffer solutions Buffer solutions are defined as those solutions consisting of a
weak acid and its salt or consisting of a weak base and its salt. The action of
buffer solutions is the resistance to change in pH when an acid or base is
added to it.

Buffers of blood plasma

(HCO3-/H2CO3, HPO4 -2/H2P04- , protein/Proteinate-, hemoglobin ) The first
system of buffers present in the blood is the system of bicarbonate - carbonic
acid, which present in large quantities in the blood (representing approximately
73% of the total regulating capacity of the blood), and it is of great importance
in maintaining the blood pH within the normal range as the acidity of the blood
plasmais 7.4.

Hemoglobin: (represents about 25% of the total regulating capacity of the
blood) The red substance in the blood acts as a regulator in the circulatory
system.

As for the other buffers present in the blood, which are phosphate buffers
(representing > 1% of the total regulating capacity of the blood, which is
important for the exchange of materials between cells), and protein buffers
(representing about 1% of the total regulating capacity of the blood), their
importance is very low compared to the buffers of bicarbonate.

Buffers of red blood cells The pH of red blood cells is about 7.25 and Buffer
solution is HCO3- / H2CO3 one of the most important factors is to maintain the
pH of blood cells within the normal range compared to phosphate and protein.

Analytical Methods Used in Clinical Chemistry Laboratories

Analytical methods are divided into two types:



Qualitative analysis methods and quantitative analysis methods. Qualitative
analysis methods: These are the methods that look at how to separate
elements or substances from mixtures and identify them by separation, as well
as identify the acid and basic potential present in one compound or a mixture
consisting of several compounds. This can be done as follows:

(a) Using the senses: The senses can be a way to identify some known
compounds. For example, through taste, we can identify two substances, one
of which is sugar and the other is salt (sodium chloride), and it is also possible
through color and crystalline shape to distinguish between two substances
such as coal and sulfur.

(b) Use of chemicals: It is possible to use chemicals when the senses are unable
to perform the necessary, for example, it is difficult to distinguish between
silver nitrate and sodium nitrate, as they are similar in color and other natural
characteristics, so it must be distinguished between them by other means. For
example, such as the melting point and boiling point, or perform a chemical
reaction with hydrochloric acid, where the first substance (silver nitrate) gives a
white precipitate of silver chloride, and no precipitate is formed with the
second substance (sodium nitrate). Other chemical processes such as
dissolution, precipitation and filtration can also be used to identify the
presence of a substance or element.

Quantitative analysis methods: These are the methods concerned with the
guantitative estimation of the elements or compounds present in a sample by
quantitatively estimating these elements or compounds. For example, a
phosphorous compound such as potassium phosphate can be estimated as a
percentage of phosphorous.

Quantitative analysis methods are divided into several sections:
(1) Volumetric analysis:

In this method, all or a known part of the sample solution can be titrated with
the standard solution until we get the end point at which the amount of the
standard solution is exactly equivalent to the substance to be analyzed. The
endpoint of reaction can be set: a- By using colored chemical indicators. b- By
measuring the physicochemical properties of the solution. For example, by
measuring the potential difference.



(2) Gravimetric analysis: in which the quantity of the element or compound
can be estimated by a gravimetric process, after precipitation of the
material, then separation and weighing, as this requires
: a. Use of inorganic precipitators.

b. Use of organic precipitators.
c. Electrodeposition.

(3) Absorption of photo-energy It includes measuring the amount of photo-
energy at a specific wavelength absorbed by the material to be analyzed, and
the following can be used for this purpose: a. Colorimetric methods

b. Ultraviolet spectroscopic methods
c. Infrared spectroscopic methods
d. X-Ray methods

(4) Emission of photo-energy It includes excitation of matter to high levels of
energy by means of photo or electrical energy, then returning it to a lower
energy level, so it emits some of the absorbed energy, and it is a measure of
the amount of matter, by the following methods: a. Emission spectrography:
where the material is excited using electric sparks. b. Flame photometry: where
the material is excited using flame, and after the material returns to a low-
energy state, the amount of light emitted is measured.

(5) Analysis of gases a. Volumetric method: in which the change in the volume
of a substance is measured after gas sublimation or absorption. b. The
manometric method: the gas pressure or the change in this pressure is
measured in this way.

(6) Electro-chemical methods

a. Polarography: The value of the electric current is measured as it is
proportional to the concentration of the substance that is reduced or oxidized
in an electrochemical reaction at the electrode.

b. Analysis by measuring the amount of electricity: the amount of electricity
needed to complete the electrochemical reaction is measured.

c. Analysis by measuring the potential difference: In this type of analysis, the
electric potential changing during the reaction is measured when the electrode
is put in the solution, and the end of the reaction can be known, and thus the
concentration of the reactants can be calculated.




d. Analysis by measuring the electrical conductivity: It is possible to know the
end of the reaction by measuring the electrical conductivity during the
reaction, and thus the unknown concentration of the reactant can be
estimated.

(7) Chromatographic analysis (chromatography): is a word made up of two
syllables, chromo, meaning color, and graphic, meaning writing. It was named
by this name for historical reasons, as it was used initially to separate colored
materials. This type of analysis is used for separation a mixture into its
components regarding their tendency to adsorption, partition, or exchange
through an adsorbent surface. Chromatographic analysis methods are divided
into:

a. Adsorption chromatography
b. lon exchange chromatography
c. Partition chromatography

d. Thin layer chromatography

e. Gas chromatography Depending on the resource, the methods of analysis
can now be classified into chemical methods and instrumental methods.
Chemical methods involve chemical processes and use simple apparatus and
glasses. A necessary part is the measurement of volume and mass. While the
mechanical methods include the use of complex apparatus that depend on
electricity and heat, where the energy that is related to the concentration of
the sample must be measured.

Lecture (4)
Colorimetric analysis
Spectrum:

The human eye has the ability to see the radiant energy (light) in the visible
region, confined between 400 and 750 nanometers(nm), but modern
colorimetric analyzers can sense shorter wavelengths (known as ultraviolet)
and longer wavelengths (known as infrared). The sunlight, or the light emitted
from the ordinary light bulb, is in fact a mixture of several radiant energies
known as the spectrum with different wavelengths that the human eye
distinguishes in the form of white light, and it is, in fact, only a group of spectra.



The following table shows the relationship between wavelengths and the
nature of their noticeable color for the spectrum regions (ultraviolet, visible
and infrared).

BEER — LAMBERT’S LAW

The light wavelengths have different energies, from which the materials can
absorb a certain part of it and reflect the other part, and this phenomenon
applies to colored solutions only, as non-colored solutions do not have this
ability to absorb, as it allows the incoming light to pass through almost 100%,
and on this basis, the intensity of light the incident on the colored solution
decreases significantly as a result of its absorption of part of the light beams
that make it up, and the amount of absorbed light depends on two important
factors:

a- The concentration of the solute in the solution. b- The thickness or depth
of the solution through which the light penetrates during its path
through the solution.

On this basis, the amount of absorbed light is directly proportional to the
concentration of the colored solution, and this fact is the basic idea in Beer-
Lambert's law. If we consider (A) the unit in measuring the amount of absorbed
light, and (C) the concentration of the solution, and (B) the thickness of the
solution, the Beer-Lambert’s law can regulate the relationship between these
factors with the following equation:

AxBC
A=aBCor a=Abc

Where A = absorption capacity or absorbance. a = Molar Absorptivity constant
B = Thickness of Solution C = concentration of the solution.

Based on this equation, (A) is a measure of the amount of light absorbed by
the solution.

There are certain limits to the use of the Beer-Lambert’s law that must be
adhered to, as the law cannot be applied without following them, and the most
important of these limits are:

1- Solutions must be colored in order for absorption and permeation to occur.
2- The solutions must have low concentrations, and on the contrary, the



absorption is very high and cannot be measured within the range of the
device (since the best devices do not measure an absorbance > 2).
3- The analyzer must have a good ability to generate a monochromatic
beam of light of a high degree of purity to be projected onto the colored
solution.

4- The colored solution must be clear, transparent and free from any turbidity
or sediment.

Post-test -  4gaad) ALY
1-Define Molarity and Normality?

2: Prepare 5 normal of calcium hydroxide in 500 ml distilled water if you know
that the atomic weights of oxygen, hydrogen and calcium are 16, 1, 40,
respectively.
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QI-Enumerate the main functions of blood?
Q2-Mention the clinical significance of sodium?

Q3- What is the factors affecting the amount of urine?



Lecture (5)
Biochemistry

Biochemistry: It is one of the branches of natural sciences. Biochemistry is
described as the science of chemistry of life, due to the connection of
biochemistry to life. It is the intersection point between chemistry and biology.
Biochemistry is defined as the chemistry of living things in plants and animals,
as it is specialized in studying the chemical composition of the cell parts of
various living organisms, whether simple such as bacteria, fungi, and algae, or
complex such as humans, animals, and plants.

Clinical Chemistry

Clinical chemistry: It is one of the branches of pathology (also known as clinical
biochemistry), and it is the science that deals with various body fluids in order
to diagnose diseases. Therefore, it is necessary to know the method of
collecting and preservating the different samples. When blood is collected,
anticoagulants, or preservatives, are added to it in order to preserve the
components of the blood. As for the urine, it is collected and preserved by
adding preservatives, or it is frozen.

Urine (pH 6.5 - 8)

It is a solution that includes inorganic salts, organic substances, and water,
which constitutes 96% of the urine composition, while the remainder of the
solid materials constitute only 4%. The urine is formed in the renal glomeruli,
as there are millions of glomeruli in the kidney that filter the urine. The urine is
temporarily stored in the bladder and then excreted by the urethra. The
organic part present in the urine consists of urea (on average about 35 g/day),
uric acid and creatinine. The inorganic part is mostly salts (chloride salts, sulfate
salts and ammonia) at an average of about 25 g/ day .



The amount of urine excreted daily is about 1200 - 1500 ml, but this amount
changes according to the Physiologically and Pathologically status. The amount
of urine is affected by: 1. the amount of fluid taken 2. the type of food 3. the air
temperature 4. the exercise. Thus, protein-rich food increases the amount
excreted from urine because it has a diuretic effect, as it increases the amount
of urea formed. But if the air temperature increases, the amount of urine will
decrease due to increased sweating. The same effect occurs when exercising.
The amount of daily urine excertion when food and fluid intake is normal is
1200-1500 ml/day. An increase in the amount of urine is referred to as Polyuria
(or profuse urine) and it occurs in the case of diabetes mellitus (D.M diabetes
mellitus and Diabetes insipidus D.l). Decreased urine output is called oliguria
and occurs in the case of fever, diarrhea, and vomiting. Complete absence of
urine is known as anuria and occurs in kidney failure and lead poisoning.

Calculi

They are compact formations of chemical compounds that are often deposited
in the following ducts and tissues: Urinary Tract, Bladder, Prostate. Biliary Tract
& Pancreatic Duct. Salivary gland. Urinary Calculi Urinary stones receive the
most medical care and attention due to their common occurrence and the
diversity of their chemical composition. The urine contains a lot of organic and
inorganic salts that sometimes precipitate forming urinary tract stones, which
consist of a well-defined nucleus consisting of bacteria, some blood clots,
filiform fibers, or retinal cell clusters. Infection in the urinary system quickly
increases with the presence of hard-to-dissolve salts, in which calcium oxalate
is considered one of the most offensive in this regard. These stones can pass
safely through the urinary tract in moderate cases, and surgery is required to
remove the stone in severe cases.

The main factors that contribute to the formation of stones can be summarized
as follows:

e Abnormal disturbances in internal metabolism caused by deposits of some
substances such as cystine, uric acid, and cholesterol.



e |Idiopathic hyperparathyroidism, resulting in increased calcium,
(Hypercalcemia), which leads to an increased likelihood of stones forming,
Hypercalculuria.

e Obstruction of the urinary tract leads to a decrease in the volume of urine
excreted, which in turn leads to an increase in the possibility of deposition of
salts in the urinary tract, especially in the ureters and bladder.

e Infections of the urinary system: It is often the starting point for the
deposition of salts around the nucleus of bacteria. The deposition can take its
place in the kidney itself, in the ureter, or in the bladder, and this stone often
causes severe pain.

e Dehydration (the process of removing water in the human body) and this
process can occur in the case of excessive dietary intake or excessive intake of
some medical drugs. This in turn leads to an increase in salt deposits.

e Urinary stagnation: This stagnation may be a result of obstruction of the
urinary tract, as the urine remains for a long time without movement that
helps sedimentation occur.

e Changes in the hydrogen concentration of the urine have a significant impact
on the deposition of salts. It is known that the basic medium helps to
precipitate calcium oxalate, while the acidic medium helps to precipitate
calcium phosphate and uric acid. These changes in pH occur as a result of
bacterial infections that often lead to salt deposition at different pH
concentrations.




Lecture (6)

Blood

It is a movable tissue in a closed system known as the circulatory system. If any
rupture of blood vessels occurs here, there is a special mechanism designed to
prevent blood leakage as a result of this rupture, with the initiative of
coagulation immediately, as the factors causing coagulation are present in the
blood itself and in the surrounding tissues. In blood vessels, and in order for
the clotting process to be clearly understood, it is necessary to know these
coagulation factors, which are protein substances in composition, except for
calcium salts. In the blood there is fibrinogen and prothrombin in addition to
calcium salts and antithrombin heparin (which is a protein substance that
prevents clotting). Swimming in the blood plasma and vascular tissue cells
contain the protein thromboplastin that helps the coagulation process, so if any
wound or rupture occurs in the blood vessel, the blood flows out mixed with
the surrounding tissue, which leads to the liberation of thromboplastin from
the platelets and the ruptured tissue, which reacts immediately with
prothrombin in the presence of ions calcium resulting a thrombin, which is the
main substance in the coagulation process, as it works to convert fibrinogen
blood to fibrin that is an insoluble, threadlike mass of protein forming clots.

It is clear that the presence of calcium ions is essential in the coagulation
process. Therefore, preventing this coagulation in blood samples requires the
addition of another substance that precipitates calcium ions and isolates them
from performing their work, so the coagulation process stops immediately.
Among these substances that precipitate calcium are: sodium oxalate,
potassium oxalate, or sodium fluoride, which can be added in small amounts to
obtain blood samples in a liquid, non-coagulated state. Such substances are
known as anticoagulants. In clinical chemistry, attention is directed to the basic
chemical components of blood, which include water, protein (aloumin,
globulin, and fibrinogen), amino acids, fats, inorganic salts, and many waste
products of metabolism, hormones, vitamins, and enzymes. The following table



can be reviewed to clarify the chemical composition of blood, given that blood
consists basically from the liquid part known as plasma (which is a transparent
liguid substance that is somewhat yellowish in color, and its volume in the
blood is about 55% of the total volume of human blood), in which the
aforementioned chemical components and part are dissolved the second is the
homogeneous spread of cells in the plasma, which includes red blood cells,
white blood cells, and platelets. For a normal person who weighs 70 kg, his
body contains about 6 liters of blood (6000 ml).

Anticoagulant factors

Anticoagulants, commonly known as blood thinners, are chemicals that prevent
or reduce the occurrence of blood clotting, thereby prolonging the clotting
time. Blood anticoagulants are used in the case of using samples of plasma or
total blood, as required by the experiment. Therefore, an anticoagulant must
be added to the blood tube as soon as it is drawn directly. The wall of the blood
tube is usually covered with anticoagulant. It should be noted that the choice
of anticoagulant must be based on consideration. This anticoagulant will not
affect the chemical analysis and this point is very important. Anticoagulants are
used in the laboratory in some blood investigation, blood bags, medical and
surgical instruments, including:

1- Heparin: It is an anticoagulant substance that is distinguished from other
anticoagulants in that it does not interfere with clinical analysis tests. This
substance is already present in most body tissues, but its natural presence in
the blood is less than the percentage necessary to prevent its clotting when it
flows as a result of a wound in the blood vessel. Heparin is generated from
hepatic cells. It is present in the highest concentrations in the liver. It is also
present in pulmonary cells. It was possible to separate and isolate it in the form
of crystalline salt from liver and lung extract. Heparin is classified into the
category of polysaccharides can be obtained commercially at the present time,
in the form of a salt of sodium, potassium or ammonium salts.

The action of heparin is attributed to its: (A) Antithrombin, as it prevents the
conversion of prothrombin to thrombin and thus prevents the formation of
fibrin precipitate from fibrinogen, which is done with the help of thrombin,
while this activity of heparin occurs in the presence of albumin as an assistant
agent, (B) Anti-thromboplastin, which is the substance that aids the formation
of thrombin. This phenomenon is due to the fact that heparin inhibits the
dissolution of blood platelets containing thromboplastin.



2-Oxalates: These include sodium, potassium, ammonium, or lithium oxalates.
This anticoagulant act to precipitate calcium ions contained in the blood,
whose presence is essential in the coagulation process. Potassium oxalate is
one of the most widely used anticoagulant in laboratories, as it can be added at
a rate of 2 mg / 1 ml of blood. A potassium oxalate solution can be prepared by
dissolving 30 g of it in 100 ml of distilled water, then drawing 0.10 ml with a
pipette from this solution and placing it in a test tube, which is then placed in
an oven to dry at a temperature not exceeding 150°C in order to avoid the
decomposition of oxalates and their conversion to carbonates at high
temperatures. Thus, it loses its effectiveness as a good anticoagulant, and it is
worth mentioning here that 0.1 ml of this prepared solution of potassium
oxalate is sufficient to prevent 15 ml of blood from clotting.

2-Sodium fluoride (NaF): Sodium fluoride is considered an anti-glycemic -2
agent in addition to its weak effectiveness as an anticoagulant. It can be
used mixed with potassium oxalate when needed as a preservative to keep
sugar from dissolving at a concentration equivalent to 2 mg / ml of blood.
But if there is a need to use it alone as an anticoagulant only, then its
concentration should be higher than that, equivalent to 6 to 10 mg/ ml of
blood. There is no doubt that sodium fluoride should not be used in
collecting blood samples for enzymatic pathological analyzes because it
inhibits these enzymes and makes them lose their effective nature.
4-Ethylene Diamine Tetra Acetic Acid (EDTA): EDTA is a chelating agent and
is preferred for hematological exams in particular, as it works to preserve
cellular components from damage. It is usually used in the form of
disodium or dipotassium salt with a concentration of approximately 1 to 2
mg / 1 ml of blood. The effectiveness of this salt as an anticoagulant is
attributed to its ability to bind with blood calcium and completely isolate it
from playing its role in the coagulation process. 5-Citrate: Like sodium
citrate, it is in liquid form and is used in blood bags. It binds to calcium, but
in a weaker way than EDTA

Blood Functions

: ® Blood helps to transport materials: such as oxygen, fluids, food,
hormones and vitamins to all organs of the body, and then returns it loaded
with carbon dioxide and food waste after it is transformed into energy in
the body.

e Water balance in the body: The blood maintains the water balance in the
body, by transferring excess water from the gastrointestinal tract or




excreting it through the skin in the form of sweat or through the kidneys in
the form of urine.

e Regulating body temperature: through the secretion of sweat to
moisturize the skin, or by increasing the burning of sugar in the blood in
order to generate energy and raise the body temperature.

e Defending the body by producing antibodies that fight germs
. ® Stopping bleeding through the production of elements that help in
wound healing.

Serum and Plasma Serum

is a transparent liquid that tends to yellow due to the presence of bilirubin
in the blood. It is the liquid substance resulting from the separation of the
solid components of the blood from the liquid without adding any chemical
anticoagulants to the blood sample drawn from the patient. It is preferable
to use blood serum in laboratory investigations instead of plasma, because
the anticoagulant substances that are added to the blood to obtain the
plasma may affect the results of the investigations because they interact
with some enzymes in the blood plasma. Plasma is one of the components
of the blood. It is a transparent liquid substance that tends to yellow. Its
volume in the blood is about 55% of the total volume of human blood,
meaning that it constitutes almost half the volume of blood. Blood plasma
has an important role in the transport of water, salts, and nutrients such as
sugars, vitamins, hormones, and others.

The Difference Between Serum and Plasma:

Plasma contains fibrinogen protein, while serum does not contain this
protein, meaning that blood serum is a plasma without clotting factors. To
obtain blood serum, the blood sample is transferred from the syringe to an
empty test tube and left for 10 to 15 minutes at a temperature not
exceeding About 37 °C (or room temperature), taking care not to shake the
tube vigorously so as not to break and dissolve the red blood cells and lead
to hemolysis. After about a quarter of an hour has passed, we will find that
the solid part of the sample has become deposited on the wall of the tube
and at the bottom, and the liquid part has become at the top, the tube is
placed in a centrifuge and the sample is rotated for 5 to 10 minutes. After
removing the sample from the centrifuge, you will find a yellow liquid at
the top and the blood components are precipitated and coagulated at the
bottom in red color (blood cells with fibrinogen protein), this liquid Yellow




is serum, while to obtain plasma, blood is taken and an anticoagulant is
placed on it, then a centrifugation process is performed on it, so the plasma
is separated with fibrinogen protein to the top and blood cells to the
bottom.

Lecture (7)

Electrolytes
Electrolytes are minerals that carry an electric charge when they are
dissolved in the blood. Blood electrolytes, sodium, potassium, chloride and
bicarbonate — help regulate the function of nerves and muscles (the
transmission of nerve signals from the heart and muscles) and maintain
acid-base balance and water balance. Electrolytes are distributed in the
form of solutions in all body fluids, as they are present in blood, lymph,
internal cellular fluids, digestive juice and urine. lons (electrolyte): are
atoms or particles charged with a positive or negative charge and is divided
into: * Cation “A positive ion” is an atom or group of atoms that has lost
one or more electrons. * Anion “A negative ion” is an atom or group of
atoms that has gained one or more electrons.
Cations It is the ion that carries a positive charge such as Na+ and K+ (they
predominate) Ca+2, Mg+2, The chief cation in plasma and extracellular
fluids is Na+ and in intracellular fluids is K+.

Anions: It is the ion that carries a negative charge such as Cl-, HCO3-, H2PO4-,
HPO4-2, Proteinate- and organic acid ions (present in small quantities). The
chief anion in plasma and extracellular fluids is Cl-, HCO3-, while in internal
fluids it is phosphate, protein-1, sulfate SO4-2, bicarbonate HCO3- and very
small amounts of chloride CI-.

Chloride (Cl-):

Existence: Chloride is found in the extracellular fluid and the main negative ion
in this fluid is about 103 mmol/L out of the total concentration of negative
electrolytes which is about 155 mmol/L.

Classification Chloride is considered one of the negative ions, anions Cl-, as it
represents a large part of the group of electrolytes present in the blood
plasma.



Chloride absorption The chloride entering with food into the stomach is almost
completely absorbed by the small intestine, where it moves to the blood
through the circulatory system, and finally reaches the kidneys, where it is
filtered and removed from the blood, but it is absorbed again by the proximal
tubules, as is the case with useful filtered substances in the human body.

Chloride functions:

e Chloride is an important factor in maintaining the proper distribution of
water within the human body.

® Helps maintain Osmotic Pressure in the cells of the body.

* Helps maintain the natural balance between positive and negative
electrolytes in the extracellular fluid, thus maintaining the vitality of the body's
cells.

e Chloride helps balance the alkalinity and acidity of the body.

e The chloride ion also has important physiological roles, for example in the
central nervous system. Normal values for chloride in the serum (S. Chloride)

95-105 meqg/L x 1 (T.U)

95-105 mmol/L x 1 (S.1.U).
Clinical Significance of Chloride:
Hyperchloremia is results from:

1. Nephritis, where the filtration does not occur naturally, which leads to an
increase in its percentage in the blood plasma, but it is noticeable in chronic
cases of this disease that the level of chloride decreases from its normal
percentage, as a result of its loss through the urine and its non absorption
again after filtration due to damage to the cells microtubules.

2. Prostatic Obstruction: This condition occurs when the prostate gland
becomes inflamed and swollen, leading to obstruction of the urinary tract and
prevent passage of chloride to the outside.

Hypochloremia: it results from:

1. Intestinal Obstruction: As this obstruction in the small intestine prevents the
absorption process from occurring normally, and thus the chloride does not
pass into the blood, thus reducing its normal level.



2. Diarrhea: It includes most cases of pathological diarrhea in which the body
loses large amounts of fluid containing essential substances, including chloride
ions.

3. Vomiting, sweating, fasting, and fever.

4. Addison's Disease: It is a disease arising from a disorder of the adrenal gland
adjacent to the kidney, which secretes the hormone adrenaline affecting the
heart muscle. This disease is characterized by extreme weakness, wasting, and
hypotension as a result of an imbalance between positive and negative ions.

Sodium (Na+):

Sodium is the main positive ion in the extracellular fluid, as it performs several
functions:

* Maintains the normal distribution of water in the tissue cells, thus regulating
the fluid balance in the body.

* maintains the level of osmotic pressure in the cells of the body.
* Helps maintain blood pressure.
e |t also supports the functioning of nerves and muscles.

The daily diet contains approximately 8 to 10 g of sodium chloride (130 to 260
mmol) which is absorbed from the gastrointestinal tract. The body obtains
sodium through food and drink and loses it mainly through sweat and urine.
Healthy kidneys maintain a constant level of sodium in the body by adjusting
the amount excreted from the urine, so sodium is considered a substance that
has a certain renal threshold between 110 and 130 mmol /L, as it is filtered by
the glomeruli and then reabsorbed by 80 to 85% by the proximal and distal
renal tubules, so that reabsorption reaches approximately 99%, which is
controlled by the aldosterone hormone.

Clinical significance of sodium:
Hyponatremia sodium decreases in the following pathological conditions:
1. Polyuria, as is the case in Diabetes Insipidus.

2. Diabetic Acidosis, which is the condition present in diabetic urine, in which
negative ions and positive ions are excreted together.

3. Diarrhea, where sodium is excreted in large quantities through the stool.



4. Diseases of the renal tubules that lead to a reabsorption of sodium after
filtering it or not exchanging it with H+ ions.

Hypernatremia sodium increases in the following pathological conditions:

1. Hyperadrenalism The disease is known as Cushing Syndrome, where sodium
absorption is increased by the renal tubules as a result of excessive secretion
by the adrenal glands of hormones that control reabsorption.

2. Severe Dehydration, where the body loses large amounts of water, resulting
in an increase in sodium concentration. 3. After treatment with sodium salts.

Potassium (K+):

Potassium is considered one of the main positive ions in the intracellular fluid,
with an estimated concentration of about 150 mmol /L, and a concentration in
red blood cells of about 105 mmol/L, and this is approximately 25 times higher
than its level in blood serum, which is approximately 3.5 to 5.3 mmol /L. It does
not leak due to the phenomenon of exudation in cell membranes, the presence
of potassium is essential for the normal functioning of cells, nerves and
muscles. The body maintains the correct level of potassium by coordinating the
amount of potassium consumed with the amount lost.

Potassium is taken up through food and drink and is lost mainly through the
urine. Some potassium is also lost through sweat and the gastrointestinal tract.
The human body needs about 80 to 200 mmol per day of potassium.
Absorption occurs in the intestinal tract. Healthy kidneys can adjust potassium
excretion to suit changes in consumption. Thus, there is no renal threshold for
potassium.

Normal values for potassium in the serum (S. Potassium)

.5-5.3 mmol/L x 1 (S.l.U)

3.5-5.3 meg/L x 1 (T.U)

Clinical Significance of Potassium:

Hypokalemia is reduced in the following pathological conditions:
1. Prolonged Diarrhea.

2. Prolonged Vomiting.



3. Excessive secretion of the hormone aldosterone, a hormone originating
from the adrenal glands that works to reduce the amount of potassium
absorbed again after renal filtration (this is the opposite of what happens to
sodium, where the amount absorbed increases again by secreting this
hormone) and this phenomenon leads to a decrease in the level of potassium
in the blood serum.

Hyperkalemia increases in the following pathological conditions:
1. Oliguria or anuria, or obstruction of the urinary tract.

2. Kidney failure.

Lecture—-8
Calcium

Calcium: It is one of the body's electrolytes, which are minerals that carry an
electric charge when dissolved in body fluids such as blood, but most of the
calcium in the body does not carry an electric charge.

The presence of calcium in the human body:

More than 99% of the total calcium and more than 80% of the total
phosphorus in the human body is found in bone structure in the form of solid
calcium fluorophosphate apatite. As for the remaining part of calcium and
phosphorus, it represents the part that is transmitted in the blood through the
circulatory system and is known as serum calcium, and it is present in two
forms:

a. Non-Diffusible Protein-Bound Calcium: this part is about 40-50% of the total
blood calcium.

b. Calcium is Diffusible, physiologically active, and exists either in an ionic form
(Ca++) or combined with citrate, phosphate, bicarbonate or sulfate, and this
part represents about 60% of the total blood calcium. It should be mentioned
here that the estimation of total calcium in blood serum means total diffusible
and non- diffusible calcium. Serum calcium is estimated at about 5
milliequivalents / liter of blood serum out of about 155 milliequivalents / liter
of serum, the total concentrations of positive ions in blood serum.



Absorption and Metabolism of Calcium:

Both calcium and phosphorus maintain the balance of their levels in the blood,
as the presence of any imbalance in the level of one of them leads to the
emergence of imbalance in the other, and therefore they are closely related to
each other, and therefore the process of absorption and metabolism can be
explained to both in this field because this is justified. The low level of calcium
is often accompanied by a high level of phosphorus, but this should not be
taken as a general rule that applies in all cases, as there are many exceptions,
including what happens during bone formation in the early stages of childhood,
when the level of both calcium and phosphorus increases alike. Likewise, in the
case of healing bone fractures, where their levels also rise, there are
pathological cases in which the level of each of them decreases, as occurs in
rickets disease, which is characterized by a low level of calcium and a low level
of phosphorus to its lowest level of approximately 2 mg / 100ml. There is
another similar pathological condition, which is the case of tetanus.

Functions of Calcium:

Calcium performs various important functions that can be summarized as
follows:

1. It is considered the main element in the calcification of bones due to its
contribution to its structure and formation.

2. It reduces the irritation of neuromuscular cells in the nervous system, as it is
considered a neuromuscular sedative agent. In the event of a decrease in blood
calcium from its normal rate, this leads to a state of involuntary contractions in
the muscles of the body, which is known as muscle tetany.

3. It contributes effectively to the process of blood clotting, as calcium
stimulates the secretion of thromboplastin from platelets, and it also works to
convert prothrombin to thrombin, which is essential in coagulation.

4. It activates some enzymes, as its effectiveness increases with its presence in
performing its vital tasks, such as the lipase enzyme, which is secreted by the
pancreas to digest fats.

5. Works to transport inorganic ions across cell membranes.



6. The work of the heart muscle: Calcium keeps the heart muscle beating,
while without calcium, the heart muscle in addition to other muscles in the rest
of the body, will not be able to contract and relax. Calcium is also important in
the constriction and expansion of blood vessels.

Clinical Significance of Calcium :

The main clinical importance in measuring the level of calcium and its deviation
from its normal level of 8.5-10.5 mg / dl of blood serum is in the diagnosis of
two main diseases:

1. Rickets disease: where the level of calcium in the blood decreases, which
leads to a defect in bone formation.

2. Tetany: This disease also arises due to a lack of calcium from its normal level,
which leads to spasms in the muscles of the nervous system.

Lecture-9
Phosphorus

It is the second most abundant element in the body after calcium, and the
body needs it mainly to filter out toxins and repair tissues, and the body gets its
need for it through food.

The presence of phosphorus in the human body More than 80% of the total
phosphorus is present in bone structure in the form of Ca-Fluorophosphate
Apatite, while the remaining 20% represents the part that is transmitted
through the blood circulation and is of two types:

1. Free Inorganic Phosphate PO4-3. It is found mainly in the blood serum and is
estimated at about 2.4 to 4.5 mg / dl of blood serum.

2. Organophosphate: It is of several types, as there are organic Phosphate
esters (R - O - PO3), nucleic acids, nucleotides, and phospholipids. These
organic phosphates are found mainly in red blood cells, (erythrocytes) and are



estimated at about 0.1-1.7 mg / dl of blood serum, while they are about 20-30
mg / 1 liter of whole blood. Free phosphorous in the form of inorganic
phosphate is estimated at about 2 meq/L of serum, out of a total anion of 155
meq/L of serum.

Functions of phosphorous:

1. It plays the role of a mediator in the process of carbohydrate metabolism
and thus maintains the regulation of energy generation processes in the body.

2. Maintaining a regular heartbeat.
3. Helping the kidneys to purify the body of waste and toxins.

4. It plays the primary role in the formation of red blood cells, as it is one of
the components of nucleic acids, phospholipids, phosphate esters, and nuclear
salts.

5. Mineralization of bones.

6. Reduces the feeling of physical and sexual weakness: the natural levels of
phosphorus in the body prevent fatigue, and it is also possible to reduce the
symptoms of sexual weakness and improve sperm movement by eating
phosphorus.

Absorption of Phosphorus:

Absorption occurs in the upper part of the small intestine known as the
jejunum. Absorption is affected by many factors, including:

1. pH: the absorption increases in the acidic medium and decreases greatly in
the alkaline medium. 2. The presence of vitamin D: The presence of vitamin D
helps a lot in the absorption process, as it increases with an increase in it and
decreases with a decrease init. 7. Calcium Levels: Both phosphorus and
calcium maintain a balance of their concentrations, so that an increase in one
of them leads to a decrease in the other in most cases.

Clinical Significance of Phosphorus The level of phosphorus is higher than its
normal level, hyperphosphatemia, in the following diseases:

1. Hypoparathyroidism: Deficiency in the secretion of the parathyroid gland,
accompanied by an increase in phosphorus.



2. Renal disease: This includes acute nephritis. It should be noted here that
calcium levels decrease according to the inverse relationship between calcium
and phosphorus.

3. Hypervitaminosis D.

The level of phosphorus decreases from its normal level, hypophosphatemia,
in the following diseases:

1. Hyper-parathyroidism, which is accompanied by a decrease in the level of
phosphorus and an increase in the level of calcium.

2. Rickets the lack of phosphorous in this disease is attributed to a deficiency in
vitamin D, which leads to a disturbance in the absorption of both phosphorus
and calcium, and results in a decrease in their levels together.

3. Fanconi Syndrome is a disease characterized by a significant defect in the
reabsorption of phosphorus after renal filtration, in addition to other metabolic
substances.

Iron and Total Iron Binding Capacity
Absorption and Storage of Iron:

Iron absorption occurs in the duodenum and jejunum of the small intestine,
although there are small amounts of it absorbed in the stomach, and the
absorbed iron must be in the state of Ferrous (Fe+2), and for this, ferric food
must be converted to ferrous in the acidic medium of the stomach, as the pH
concentration helps a lot in the reduction process. After the absorption of iron,
it is oxidized immediately to ferric (Fe+3) in the basal medium of the intestine
and unites with a protein called apoferritin, forming ferritin, which is
temporarily stored in the mucous cells of the small intestine. And according to
the body’s need, the stored iron is released into the blood in another protein
form known as (Transferrin), which is actually beta-globulin linked to two ferric
ions by an ionic bond, forming a complex iron-protein called transferrin due to
its transfer with the blood in the circulatory system to various storage places in
body tissues such as liver and bone marrow, forming a dynamic balance
between iron stores in the body. If the body's tissues are overwhelmed with
iron, the absorption process stops and most of the iron ingested through food
(without absorption) is thrown out through the feces.



Clinical Significance of Iron :

The clinical importance of iron in the blood serum is directed to pathological
conditions related to anemia, which result from many sources. There is anemia
accompanied by an increase in the level of iron known as hemolytic anemia,
and there is anemia accompanied by a decrease in the level of iron known as
iron-deficiency anemia.

The pathological conditions directly related to an increase or decrease in iron
can be summarized as follows: Diseases in which iron is increased:

1. Hemolytic anemia: in which red blood cells break down, releasing their
contents of hemoglobin iron, which leads to an increase in the proportion of
iron in the blood serum, such as thalassemia.

2. Necrotic Hepatitis: The increase in iron in this disease is due to damage to
the liver tissue and its inability to store transferrin. Therefore, it is released into
the blood, causing an increase in the level of iron.

3. Hemochromatosis: In this disease, the ability to absorb iron increases as a
result of an advanced disorder in which iron accumulates in tissues.

4. The pathological condition caused by low iron utilization as in lead poisoning.
Diseases in which iron is low:

1. Iron deficiency anemia: The low level of iron is due to a lack of intake of food
containing iron or to a decrease in its ability to be properly absorbed as a result
of chronic infections in the gastrointestinal tract.

2. Chronic Blood Loss: Where continuous blood loss leads to iron deficiency.

3. Kidney Nephrosis: Low iron is attributed to the loss of protein substances
that filter and leak abnormally as a result of kidney damage.

4. Malignancies: The deficiency is attributed to an abnormal increase in tissue
cells.

5. Pregnancy: where the fetus shares the protein substances stored in the
body with its mother.

Total Iron Binding Capacity (TIBC)

Determination of TIBC: It is known that iron in the blood serum is bound to the
protein beta- globulin called Fe+3-Transferrin, but only a third of this transferrin



is in the state of union with iron almost in the normal state. On this basis, the
amount of additional iron (estimated in micrograms / dl of blood serum) that
has the inherent ability to unite with transferrin is the unsaturated iron-binding
capacity and is abbreviated as (U.1.B.C). As for the total iron binding capacity
(TIBC), it represents the total iron in blood serum plus iron that can bind. TIBC =
Serum Iron + UIBC Based on this definition, the TIBC determination method
requires two stages:

e Determination of iron in a serum sample.
e Determination of bondable iron.

By combining the two results, it is possible to obtain the value of TIBC, which is
of clinical importance in knowing the human body's ability to accept iron intake
through food or through treatment for anemia diseases. The TIBC value is high
in iron deficiency anemia and low in liver diseases such as cirrhosis, nephrosis,
and malignancies.

Post-test ----- Ldad! Ay
Q1-Enumerate the main functions of calcium?
Q2-What is the difference between serum and plasma?

Q3- talk about the main types of Anticoagulant?
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Pre-Test ----- &l dliwl

Q1- Classify carbohydrates ?

Q2-Mention the main Hormones affecting on blood glucose concentration ?




Lecture No. (10)
Carbohydrates

Carbohydrates represent the main source of energy in the body, and
carbohydrates are defined as polyhydroxy aldehydes or ketones, or those
substances that are produced when hydrolyzed polyhydroxy aldehydes or
ketones. The general formula for carbohydrates (CH20O)n is one water molecule
per carbon atom, meaning that it consists mainly of C, H, and O, and the ratio
of H to O is the same as its ratio in water.

Classification of carbohydrates:
1-Monosaccharide

It is the simplest type of sugar that cannot be broken down by hydrolysis (it
includes only aldehyde or ketone). The simplest type of monosaccharide is
glucose (hexose), which consists of six carbon atoms and is characterized by its
sweet taste.

2. Oligosaccharides: They are those sugars that, upon hydrolysis, produce (2-
10) simple sugar units, and the link between these sugar units is by means of a
Glycosidic bound, and these sugars are characterized by being low in
sweetness.

3. Polysaccharides: These are sugars that, upon hydrolysis, produce many
monosaccharides (more than 10 sugar units), such as: starch in plants, glycogen
in animals, and insulin. In all cases, the link between the sugar units is by
means of a glycosidic bound.

Food sources of carbohydrates: rice, flour, corn, potatoes. Sucrose (sugar cane
and beets), lactose (milk and dairy products), glucose (fruits, honey, corn
syrup), fructose (fruits and honey) Glucose .

Glucose is one of the carbohydrate compounds that constitute the main food
and energy source for the people of the whole world. Glucose has a critical
molecular formula that is C6(H20)6, as it contains one water molecule for
every carbon atom. On this basis, it was classified as a carbohydrate. Glucose
belongs to the class of monosaccharides that contain six carbon atoms known
as hexose, which are derivatives of aldehydes. It is called aldose. It is clear from



the study of glucose in stereochemistry that this compound forms
stereoisomers in the form of two stereoisomers that are similar in chemical
composition and different in stereoscopic formation (Fisher's project).

Metabolism of Glucose:

Absorption of monosaccharides occurs in the mucous membranes of the small
intestine, where the disaccharides are transformed into monosaccharides in
that region. The absorption is almost complete and occurs under the control of
another enzymatic process. After absorption, the glucose is transferred through
the vein to the liver, where it is transformed into animal starch (glycogen).
Glycogen is stored there according to the body’s need, or metabolized into
carbon dioxide and water to provide the body with the necessary thermal
energy, or transformed into keto acids, amino acids, and proteins, or
transformed into fat and stored in the form of adipose tissue.

Glycogenesis: It is the process of converting the sugar glucose into animal
starch (glycogen).

Gluconeogenesis: It is the process of forming the sugar glucose from non
carbohydrate sources such as amino acids and fatty acids.

Glycogenolysis: It is the process of breaking down glycogen and converting it
into glucose and other intermediates.

Glycolysis: It is the process of converting glucose sugar by blood cells into
lactate and pyruvate.

Regulation of Blood Glucose Concentration: It is possible to maintain the level
of glucose in the blood in the state of fasting (without food and drink for a
period of not less than eight hours, as the levels of glucose decrease in the
blood), which will lead the pancreas to stop secreting insulin whereas, alpha
cells secrete the hormone glucagon, which is the hormone responsible for
breaking down glycogen to glucose again (by the person withdrawing a
guantity of glycogen stored in the liver and also withdrawing a small amount of
glycogen stored in the kidneys, where glycogen turns into glucose-6 phosphate,
which in turn into glucose by the action of the enzyme for that and which is
present in each of the tissues of the liver and kidney, known as glucose-6-
phosphatase)

When the level of glucose in the blood rises as a result of absorption in the
intestine, the process of glycogenolysis stops and is replaced by the process of



glycogenesis, and the excess glucose is transferred to the liver, where it is
transformed and stored in the form of glycogen in the liver and muscles.
Diabetic patients are tested in the morning, where the patient must be fasting
(without breakfast). This test is called Fasting Blood Sugar, and it is symbolized
by F.B.S. It is in the range of 65-110 mg / dl of blood serum.

Lecture (11)

Hormones affecting glucose concentration

There are a group of hormones that affect the concentration of glucose in the
blood, which can be summarized as follows:

(1) Insulin: It is secreted by the beta cells (B-cells) in the pancreas, from the
islets of Langerhans, and it is a protein hormone that helps the process of
glycogenesis and lipogenesis, and as a result of its work, a decrease in the level
of glucose in the blood. And if there is a clear deficiency in insulin secretion (as
happens in the case of diabetes mellitus), then the level of glucose when
fasting rises from its normal level and results in a disease known as
hyperglycemia, where the body is unable to metabolize carbohydrates
properly. Insulin and the amount of glucose in the blood have an inverse
relationship.

(2) Growth Hormone, adrenocortico-trophic stimulating hormone. And both
hormones are secreted by the anterior pituitary gland, and they have an anti-
insulin effect that works to raise the level of blood glucose. The relationship



between the amount of these two hormones and the amount of blood glucose
is a direct relationship.

(3) Hydrocortisone: Which is secreted by the adrenal cortex, where it helps in
the process of forming neutral glucose (gluconeogenesis). The relationship
between this hormone and the level of glucose is a direct relationship.

(4) Adrenal hormone (Epinephrine): Which is secreted by the adrenal marrow,
and it helps the process of dissolution of glycogen into glucose, leading to an
increase in the level of glucose in the blood. The relationship between them is
a direct relationship.

(5) Glucagon: It is secreted by alpha cells in the pancreas, and its action is anti-
insulin, as it helps the process of dissolution of glycogen into glucose, which
leads to an increase in the level of blood glucose. The relationship between this
hormone and blood glucose is a direct relationship.

(6) Thyroxine (T4): Which is secreted by the thyroid gland, which helps in the
dissolution of glycogen, thus raising the level of glucose in the blood, and this
hormone increases the rate of absorption of glucose in the smallintestine,
which also leads to an increase in the level of glucose in the blood. The
relationship between them is direct.

Glucose tolerance test (GTT). In patients with mild cases of diabetes, the fasting
blood glucose level is within the normal range, but when they eat a meal rich in
carbohydrates, they are unable to produce a sufficient amount of insulin to
help the carbohydrate metabolism process quickly, and therefore the blood
glucose level rises to the abnormal level. In other words, this patient suffers
from low glucose tolerance, and on this basis, a new test was created which
called (glucose tolerance) to help diagnose moderate and mild cases of
diabetes, noting that the normal value of glucose tolerance is 180 mg / dl.

Here are the short steps for this test: ¢ The patient is given a dose of 50 gm or
100 gm of glucose by mouth. Absorption occurs quickly, leading to an increase
in the concentration of glucose in the blood within half an hour to an hour. This
alerts the pancreas to secrete other quantities of insulin, which in turn leads to
a gradual decrease in glucose in the blood after an hour approximately.

The normal value for glucose tolerance in healthy individuals is approximately
180 mg/dl in serum.



Hyperglycemia: It is a condition where the blood glucose level is higher than its
normal level, more than 120 mg / dl, and it occurs in the case of D.M and
severe suffering.

Hypoglycemia: It is a condition of low blood glucose level below its normal
level, less than 65 mg / dl, and it occurs in the condition of fasting (12-24 hours)
and increased insulin intake.

Glycosuria: is a condition characterized with high blood glucose level above 180
mg/dl with excretion of glucose with the urine.

Clinical Significance of Glucose: The most important diseases that are mainly
related to an increase in the level of glucose sugar in the blood plasma is
diabetes mellitus, which is characterized by a decrease in effective insulin levels
in the blood, as this deficiency leads to the inability of glucose to enter the
muscle cells to form glycogen and liver cells, and this in turn leads to disruption
of the processes of metabolism of proteins and fats, which leads to an increase
in the generation of ketone bodies (ketosis) and to the occurrence of diabetic
coma. In addition to this, there is a relationship between heredity and
formation of this disease.

Sources of glucose in the body:

e Liver glycogen ® Muscles glycogen e Kidneys
Processes that add glucose to the blood:

e Absorption by the intestine.

e Glucose from liver glycogen (glycogenolysis).

¢ Glucose formed in the liver from amino acids and other substances
(gluconeogenesis).

Processes that remove glucose from the blood:

e Oxidation process in tissues to produce energy.

e Deposition in the form of glycogen in the liver and muscles.
e Converting to fat and storing in the form of adipose tissue.
e Manufacture of lactose, glycol fats and nucleic acids.

e Glycolysis: the breakdown of glucose by blood cells into lactate and pyruvate.



e Excretion of glucose with urine, if the level of glucose in the blood exceeds
180 mg / 100 ml, this is called the Kidney threshold

. Diabetic patients are tested in the morning, where the patient must be fasting
(without breakfast). This test is called Fasting Blood Sugar, and it is symbolized
by F.B.S. It is in the range of 65-110 mg / dl of blood serum.

Diabetes mellitus:

In general, D.M. is defined as insulin insufficiency. Classification: 1. Insulin
Dependent Diabetes Mellitus (1.D.D.M): Hypoinsulinism is also called, juvenile
diabetes and it is also called type 1 diabetes, which is a chronic condition in
which the pancreas produces a small amount of insulin, or does not secrete it
at all (defined as a lack or absence ofinsulin circulating in the blood circulation,
as the pancreas fails to respond to glucose load). Insulin is a hormone required
to allow glucose to enter cells for energy production. Therefore, insulin
treatment is necessary, and this type of diabetes usually occurs during
childhood and adolescence. Several factors, including heredity and some
viruses, may contribute to type 1 diabetes. Type 1 diabetics patients suffer
from sharp and frequent high and low blood sugar.

2. Non-Insulin Dependent Diabetes Mellitus (N.I.D.D.M): It is also called
diabetes mellitus (D.M.), or type 2 diabetes. In case of type 2 diabetes, two
interrelated problems appear: the first problem is the inability of the pancreas
to secrete an adequate amount of insulin (insufficiency of insulin), which is the
hormone responsible for regulating the movement of sugar into the cells. The
other problem is that the cells do not respond to the hormone insulin properly.
The second type of diabetes can be controlled by following a diet, exercising,
decrease weight, and eating healthy food. If a healthy diet and exercise did not
control blood sugar, then it needs from a person to take diabetes medications
or insulin therapy.

Clinical picture of diabetic patients
e Polyuria ¢ Polydipsia ® Polyphagia.

Post-Test ----- dodadl sl
Q1- What is the clinical picture of diabetic patients?

Q2-Define Hyperglycemia and Hypoglycemia?
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Q1- Define and classify Lipids?

Lecture No. (12)

Lipids

Types of blood plasma lipids:
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Pre-Test ------ ddaall Ay

Q2- What is the difference between essential and non-essential amino acids?

Lipids are defined as those substances that are characterized by their inability
to dissolve in water, but rather dissolve in non-polar fatty solvents such as
ether, chloroform, boiling alcohol and benzene. Chemically, lipids are defined
as esters of fatty acids with alcohol (and these fatty acids it may be saturated or
unsaturated). Fat is present in all animals. Estrification = fatty acid + glycerol.

1. Fatty acids (F.A): such as stearic acid, oleic acid, and palmitic acid.




2. Triglycerides = glycerol + 3 fatty acids
3. Phospholipids:

4. Cholesterol

5. Lipoprotein

Digestion and absorption of fats: The main fat present in food is a long chain
fatty acid (F.A) and glycerol. Absorption and digestion of fatty substances occur
in the small intestine. The fat leaves the stomach in the form of large droplets,
after which the bile salts emulsify the large droplets into more and smaller
drops. The enzyme lipase secreted by the pancreas digests the triglycerol into
smaller droplets and forms monoglycerol. Free fatty acids and a little glycerol
pass from the retinal membranes to the epithelial cells, and then pass into the
lymphatic channel and into the blood.

Cholesterol

Classification of cholesterol: Cholesterol belongs to the class of derived lipids
and consists of a steroid unit which consists of a distinct steroid nucleus in the
form of A, B, C and D rings. Cholesterol composes of (Chole: bile, Sterol: solid
alcohol). On this basis, cholesterol means (solid bile alcohol) or bile fatty
alcohol.

Presence of cholesterol: Cholesterol is found in most tissues in humans, and
the largest amount of it is found in the brain (about 14% of the white matter)
and in the nervous tissue (about 10% of the spinal cord), and it is about 1-5% of
the composition of the bile. As for its presence in the blood, it is with the rest
of the fats 1-2% of the components of the blood, and its presence in the blood
is in two forms:

(1) Free Cholesterol: It is equivalent to a third of the total cholesterol originally
present in the blood (1/3 of the total cholesterol).

(2) Cholesterol Esters: They are equivalent to two-thirds of the total
cholesterol in the blood (2/3 of the total cholesterol). It should be noted that
cholesterol is found in a large number of foodstuffs, such as egg yolk, meat,
animal fats, and dairy products such as milk, butter, and cheese.

Biosynthesis of Cholesterol :

The human body does not depend on nutrients to obtain its need for
cholesterol, but rather it manufactures it internally from simple organic



substances that contain the acetyl unit (CH3CO), such as amino acids, fatty
acids and carbohydrates, as all these substances contribute to the manufacture
of cholesterol internally and in many places in the human body (liver, skin,
intestines, and tissues of the male gonad “testis” and female gonad “ovary”).
Cholesterol is the original source in the basis, the liver is the largest internal
source of cholesterol. The amount of cholesterol ingested through food and
absorbed through the intestines is estimated at about (0.8) grams per day in
normal cases related to appropriate food and proper digestion and absorption
processes.

Cholesterol metabolism, absorption and final fate in the body:

Cholesterol absorption occurs in the alimentary tract and is transmitted
through the blood circulation to the liver, where part of it is transformed into
bile salts by converting it into bile acids, which are of great importance in the
process of emulsification and digestion of fats in the small intestine. 90% of the
salts of the gallbladder in the small intestine are reabsorbed again and
transferred to the liver again in turn known as the enterohepatic circulation.
While the extra amount of cholesterol excretes by feces, and this process calls
partial elimination of cholesterol. formation of bile acids (which play the
important role in the digestion of fats) and steroid hormones (progesterone
and estrogen). The liver of a normal adult makes about one gram of cholesterol
per day, while the rest of the tissues make about half a gram of it.

Factors affecting blood cholesterol levels:

* Genetic defect in lipoprotein metabolism as a result of internal diseases in
the internal secretion system of the endocrine glands. Liver diseases and
kidney diseases also contribute to the occurrence of this defect in the
concentration of cholesterol.

e Imbalance in the secretions of some hormones, especially the following:

* Thyroid hormone, thyroxine, as it has an opposite effect on the concentration
of cholesterol. Patients who suffer from hypothyroidism are often accompanied
by a significant increase in cholesterol concentration (Hypercholesterolemia).

* The female sex hormone (estrogen) lowers blood cholesterol levels.
Clinical Significance of Cholesterol:

Its clinical importance is directed towards atherosclerosis, as it rises above its
normal level, similar to heart diseases in general. The following is a review of



the most important pathological conditions in which cholesterol increases,
Hypercholesterolemia

1. Atherosclerosis: In it, cholesterol is deposited in the blood vessels, which
leads to damage, and the arteries are affected in particular, so blood does not
flow through them.

2. Heart disease: Cholesterol increases due to its deposition, which leads to
double disturbances in blood circulation.

3. Diabetes mellitus: Cholesterol increases as a result of the high percentage of
proteins and fats in which metabolic processes are disturbed, and as a result of
this metabolic dysregulation, it turns into cholesterol.

4.Nephrotic syndrome: The increase is attributed to the increase in
lipoproteins, which contain cholesterol in high proportions.

5. Gallstones and bile duct obstruction: The increase is attributed to the
decrease in bile emptying into the small intestine as a result of this obstruction.

As for the most important pathological conditions in which decreases in the
blood (hypocholesterolemia), they are:

(1) Severe Hepatitis: The liver is unable to manufacture cholesterol due to
damage to its tissue. (2) Excessive secretion by the thyroid gland of the
hormone thyroxine, which has an adverse effect on the concentration of
cholesterol, as its increase leads to a decrease in the concentration of
cholesterol in the blood.

Ketone bodies: The term ketone bodies refer to ketone acid, acetoacetic acid,
acetone, and beta-hydroxy butyric acid (acetone is derived from a non-
enzymatic process of decarboxylation of acetic acid). Which is made by the liver
from fatty acids during periods when food intake is low (such as fasting, low-
carbohydrate diets, starvation, intense and prolonged exercise, and people
with untreated or insufficiently processed type 1 diabetes) is the process of
making sugar from non carbohydrate sources to provide energy for the body).
These ketone bodies are rapidly picked up by extrahepatic tissues (ketone
bodies cannot be used by the liver for energy) due to low blood sugar and
converted to acetyl-CoA and then entered into the citric acid cycle and oxidized
in the mitochondria in the cells of the body in order to turn into energy needed
by the body and its organs to carry out their functions, (ketone bodies can be
used by the cells of the body to produce the energy they need). The main



source of manufacturing ketone bodies is the liver, followed by the spleen, the
brain, and finally the kidney. The liver produces ten to forty times more ketone
bodies than the rest of the organs.

Lecture No. (13)
Proteins

The name protein is derived from the Greek word proto, meaning "first".
Certainly, proteins come in the first place among the basic components of living
matter (protoplasm), and living things would not survive without them.

Proteins: They are organic compounds that contain C, H, O, N and in addition
to sulfur, phosphorus, and iodine, as well as other elemental components
present in some proteins. Proteins are the vital material necessary for building
and regenerating all animal and plant cells (repairing damaged ones). It is the
only source that provides the body with the nitrogen necessary for the
formation and repairment of body tissues.

Chemical nature of proteins: The structural units in the chemical structure of
protein are the Alpha Amino Acids. They are polymers of these amino acids.
These amino acids are connected to each other by peptide bonds, which are
long chains containing 50 to several thousand amino acid molecules, as the
molecular weight of proteins ranges from 6000 to 40,000,000 Daltons, so
proteins are considered huge biomolecules.

Origin & Presence of Proteins:

Living matter, especially plants, produces proteins in nature, and animals have
a limited ability to form them, as they consume them as food and convert them
into types of proteins. Proteins are found in the cells of living organisms. They
constitute the bulk of the solid matter in the muscles of the body, tendons,
ligaments, and cartilages, in addition to the equivalent of 20% of the blood
composition, and about half of the solid matter included in the structure of the

brain, nervous tissue, bones, hair, and nails.
Classification of proteins:

Proteins are divided into two main classes based on their structure



1. Simple proteins: These are proteins that, upon hydrolysis, produce only

amino acids or derivatives of those acids, such as albumins and globulins.

2. Conjugated proteins: These are proteins consisting of a simple protein
associated with a nonprotein substance. This non-protein group is called the
addition group or the prosthetic group. When the prosthetic group is an
organic group such as: nucleoproteins (present in the nuclei and cytoplasm of
living cells) and associated with nucleic acids such as RNA and DNA,
lipoproteins (present in blood serum), glycoproteins (the presence of sugar as a
bond group with protein) there are these Proteins in skin, bone, connective

tissue, and blood.

And when the prosthetic group is an inorganic group such as metalloproteins,
it includes some minerals such as iron, copper and magnesium, such as heme
proteins (hemoglobin, ferritin), and phosphorylated proteins (Phosphoprotein)

these proteins contain 10% of phosphorus and are found in egg yolks and milk.
Clinical significance of proteins :
Hyperproteinemia occurs in the following cases:

1. Dehydration: where the total protein level reaches 10 or 15% of its normal
level and dehydration can occur in the event of a lack of water intake or in the
case of water loss resulting from severe vomiting, severe diarrhea or as a result

of the condition advanced diabetic acidosis, and Addison's disease.

2. Cancer diseases, such as multiple myeloma, up to 10 g / 100 ml of blood

serum.

Hyoproteinemia occurs in the following cases:



1. Nephrotic Syndrome, which leads to the loss and leakage of albumin in large
guantities through the damaged tissue of the kidney, and therefore the protein

level is lower than its normal level.

2. Burns and cases of severe bleeding, as protein decreases in the case of
intestinal diseases in which absorption is disrupted as a result of inflammation

of the intestine.

Amino Acids (A.A)

They are considered the basic building blocks of proteins, and amino acids are
chemically composed of an acid group that is a carboxyl group (-COOH) and a
basic amine group (-NH2), amino acids form a distinct part of the human body,
the number of amino acids is 22 amino acids that make up the proteins in the
human body. All amino acids are classified into two different groups of amino

acids.

Essential amino acids (E.A.A), numbering 8 amino acids, which are those
amino acids that are not made in the human body but are taken throughfood.
Therefore, food is the main source of essential amino acids such as lysine,
tryptophan, isoleucine, phenylamine, methionine, Leucine, valine and
threonine. These amino acids are found in milk, red meat, poultry, fish, nuts,

lentils, peanuts and beans.



Non-Essential Amino Acids (N.E.A.A) are 14 amino acids, and they are those
amino acids that are made in the human body and are called non essential
because the human body is able to adequately manufacture them and does not
need to obtain them from food sources such as: Alanine, Serine, Cysteine

Cystine, Tyrosine, Arginine, Aspartic Acid, Glutamine and Glycine.

Lecture No. (14)
Enzymes

Enzymes: They are protein compounds in nature and are present in small
guantities in the body and increase the speed of chemical reactions without
changing the equilibrium point in the reaction or reducing or changing the
chemical composition of the reaction components.

One molecule of the catalase enzyme can break down five million molecules of
hydrogen peroxide in just one second. Each enzyme has its own active site, at
which the enzyme shows the highest levels of effectiveness, and each enzyme
has a special substance on which it works called the substrate. Most enzymes
have a pure protein composition, but most of them need aids in order to show
all their effectiveness and these aids are called cofactors (or activator or
coenzyme) and are of two types:

e Inorganic cofactor such as chloride or Mg+2, Mn+2, Cu+2, Co+2, Zn+2 and
these enzymes are called metalloenzyme.

e Organic cofactors such as nicotinamide adenine dinucleotide (NAD) is the
coenzyme of the LDH enzyme.

Enzyme Classification :

¢ Oxidoreductase enzymes such as the enzyme LDH, (dehydrogenase)
* Transferase enzymes such as GOT, GPT

e Hydrolyzed enzymes such as amylase, ALP, and ACP

e Lyases such as pyruvate carboxylase

* Engineering or isomeric enzymes Isomerases (some affect the cis and some
affect the trans).



e Ligases: the formation of a new bond by linking two molecules together.

Factors affecting enzyme activity :

1. The bond between the enzyme and the substrate, in which the enzyme
shows most of its activity: E+ S ES E+P

2. Concentration of enzyme: the amount of enzyme does not affect the
equilibrium state of the reaction, but it affects the time required to complete
the reaction.

3. Temperature: Every reaction needs an optimum temperature at which the
enzyme shows 100% activity. Any slight deviation in temperature (1 2 degrees)
can lead to an error in the result at a rate of 10-20%. If the temperature is
increased much more usually, it can lead to a process of enzyme damage called
denaturation.

4. pH Function Each enzyme works at a specific pH function in order to show
the highest activity. For example, pepsin enzyme works in acidic conditions, but
is inactive in basic conditions.

5. Coenzyme or activators: Each enzyme works very well when special
substances are present, which may be organic or inorganic. An example of NAD
is the coenzyme of LDH.

6. Inhibitors: Some substances that reduce the effectiveness of the enzyme or
make it ineffective are called inhibitors. These inhibitors may be competitive or
non-competitive.

Lecture -15
HORMONES

Hormones are chemical signaling substances. They are synthesized in
specialized cells that are often associated to form endocrine glands. Hormones
are released into the blood and transported with the blood to their effector
organs. In the organs, the hormones carry out physiological and biochemical
regulatory functions. In contrast to endocrine hormones, tissue hormones are
only active in the immediate vicinity of the cells that secrete them. The
distinctions between hormones and other signaling substances (mediators,



neurotransmitters, and growth factors) are fluid. Mediators is the term used for
signaling substances that do not derive from special hormone- forming cells,
but are form by many cell types. They have hormone-like effects in their
immediate surroundings. Histamine and prostaglandins are important
examples of these substances.

Principles of hormone action:

Depending on the type of hormone, hormone signals are transmitted to the
target cells in different ways.

1- A polar (lipophilic) hormones penetrate the cell and act in the cell nucleus,
include the steroid hormones, thyroxin, and retinoic acid.

2- polar (hydrophilic) hormones act on the external cell membrane. consists of
hormones derived from amino acids, as well as peptide hormones and
proteohormones. @ The animal organism contains more than 100 hormones
and hormone-like substances, which can be classified either according to their
structure or according to their function. In chemical terms, most hormones are
amino acid derivatives, peptides or proteins, or steroids.

Hormones regulate the following processes:
1- Growth and differentiation of cells, tissues, and organs.
2- Metabolic pathways.

3- Digestive processes.
4- Maintenance of ion concentrations (homeostasis).

Lipophilic hormones:

Classifying hormones into hydrophilic and lipophilic molecules indicates the
chemical properties of the two groups of hormones and also reflects
differences in their mode of action.

A- Steroid hormones: includes

1. Progesterone is a female sexual steroid belonging to the progestin (gestagen)
family. It is synthesized in the corpus luteum of the ovaries.



2. Estradiol is the most important of the estrogens. Like progesterone, it is
synthesized by the ovaries and, during pregnancy, by the placenta as well.
Estradiol controls the menstrual cycle.

3. Testosterone is the most important of the male sexual steroids (androgens).
It is synthesized in the Leydig intersitial cells of the testes, and controls the
development and functioning of the male gonads.

4. Cortisol, the most important glucocorticoid, is synthesized by the adrenal
cortex.

5. Aldosterone, a mineralocorticoid, is also synthesized in the adrenal gland. In
the kidneys.

6. Calcitriol is a derivative of vitamin D. On exposure to ultraviolet light, a
precursor of the hormone can also arise in the skin. Calcitriol itself is
synthesized in the Kidneys.

B- lodothyronines: The thyroid hormone thyroxine (tetraiodothyronine, T4)
and its active form triiodothyronine (T3) are derived from the amino acid
tyrosine. lodothyronines are the only organic molecules in the animal organism
that contain iodine.

Hydrophilic hormones :

The hydrophilic hormones are derived from amino acids, or are peptides and
proteins composed of amino acids. Hormones with endocrine effects are:

1) synthesized in glandular cells.
2) stored there in vesicles until they are released.

3) As they are easily soluble, they do not need carrier proteins for transport in
the blood.

4) They bind on the plasma membrane of the target cells to receptors that
pass the hormonal signal on.

VITAMINS

Vitamin are essential organic nutrients, required in small like diet, rumen
bacteria & sun They cannot be synthesized by the body. Must be obtained by



outside sources . Required for growth, maintenance, reproduction and
lactation .

Classes of Vitamins:
On the basis of solubility, vitamins are classified into two categories-

1. Lipid soluble vitamins & & & & Vitamin A Vitamin D (Calciferol) Vitamin E
Vitamin K.

2. Water soluble vitamins ,,,, Vitamin B1 (Thiamine) ,,,, Vitamin B2 (Riboflavin)
.., Vitamin B3 (Niacin) & Vitamin B5 (pantothenic acid) & Vitamin B6
(Pyridoxine) & Vitamin B7 (Biotin) & Vitamin B9 (Folic acid) & Vitamin B12
(Cyanocobalamin) & Vitamin C (Ascorbic acid).

Lipid soluble vitamins are stored in the body but, water soluble vitamins are
eliminated through urine and require high dietary supplementation. ] AllB
vitamins are known together as B complex.

Function of vitamins :-

vitamins have diverse biochemical function including :-

1- act as hormones ( e.g. vit .D)

2- act as antioxidants ( e.g. vit E)

3- act as mediators of cell signaling & regulating of tissue growth (vit .A)
4- act as a precursor for enzyme cofactor (co enzyme ) (e.g.B complex vit).
5- important in blood clotting (vit . K).

Function, Deficiency Signs & Sources

Vitamin A Deficiency Signs & Sources Function: development healthy skin and
nerve tissue. Aids in building up resistance to infection. Functions in eyesight
and bone formation . the portion of pregnant females

Deficiency signs: retarded growth in the young, the development of a condition
around the eyes known as Xerophthalmia, night blindness . reproductive
disorders.

Sources: whole milk, carotene, animal body oils (cod fish and tuna),and can be
nthetically produced .

Vitamin E Function:



normal reproduction Deficiency signs: First class It is important in and poor
growth, Muscular Dystrophy, "white muscle disease, (affects the nerves and
muscles).

Sources: synthetic for poultry and swine, cereal grains and wheat germ oil,
protein concentrates, oil seeds (peanut and soybean oil ).

Vitamin D Function : is essential for the proper utilization of calcium and
normal, healthy bones.

Deficiency signs: retarded growth, deformed bones (rickets), lameness and
osteoporosis.

Sources: Whole milk, sun Vitamin K Function: light, fish liver oils,yeast.
necessary for the maintenance of normal blood coagulation.

Deficiency signs : blood loses First class phosphorus to produce its power to
clot or the time needed for clotting is longer and serious hemorrhages can
result from slight wounds or bruises.

Sources: green leafy, fish, liver, soybeans, intestinal synthesis, and
compounds.

Vitamin C (Ascorbic acid) Function:

has an effect on the metabolism of calcium in the body Deficiency signs: the
synthe tic scurvy (swollen and painful joints and bleeding gums) and brittleness
of bones.

Sources: citrus fruits, tomatoes, leafy vegetables and potatoes.
Vitamin B1 (Thiamin) Function:
required for the normal metabolism of carbohydrates .

Deficiency signs: . loss of appetite, muscular weakness, severe nervous
disorders, general weakness and wasting (BeriBeri).

Sources: whole grains and especially their seed and embryos, yeast intestine
synthesis.

Post-Test ----- Bdad) Al
Q1- Mention Factors affecting enzyme activity ?

Q2- What is the principles of Hormone action?




Q3- Enumerate the main functions of Vitamine?
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