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Experiment 1

1. Isolation of Glycogen from Liver

1.1  Objective
To illustrate the method for isolating glycogen.

1.2 Introduction

Living organisms frequently contain stored carbohydrates which usually act as
reserve materials. Those materials are stored in the form of polysaccharides such as the
starch and insulin in plants and the glycogen of higher animals. The properties of many
neutral polysaccharides are sufficiently different from those of other naturally occurring
substances to permit their ready isolation. Thus when rat liver is homogenized in
trichloroacetic acid (TCA) many high molecular weight compounds, such as proteins and
nucleic acids are readily precipitated, while the polysaccharides remain in solution. Since
polysaccharides are less soluble than sugars in solution. Since polysaccharides are less
soluble than sugars in aqueous alcohol, glycogen can be separated from sugars and other
water soluble compounds by precipitation with alcohol.

Glycogen is the main polysaccharide energy reserve in animals and is stored mainly in liver
and muscle. When liver is ground up with trichloroacetic acid (TCA), the larger molecules
such as proteins and nucleic acids are precipitated while glycogen remains in solution with
sugars and other water—soluble compounds. The glycogen can then be separated from the
other compounds by precipitation with aqueous alcohol in which it is less soluble.

The condition of the animal from which the liver is taken is important because the yield
varies according to whether the animal is fed, fasted, ill etc. Therefore for a good yield the
animal should be well fed before the liver is removed, the sample should be kept cold and the
pH lowered with TCA.

1.3.Materials and Equipments

e Trichloracetic acid 5% and 10% TCA
e Ethanol (95% v/v)

e Diethyl ether

e Sodium chloride
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Liver (of well fed rat or other animal )
Washed and dried sand
Ice

Mortar and pestle
Refrigerated centrifuge
Water bath at 37°C.

Glass rods

Two 20 ml beakers

One 100 ml beaker

100 ml graduated cylinder
50 ml graduated cylinder

Caution! TCA causes severe burns; wash accidental spills on skin with plenty of running
tap water for a minute.

1.4 Procedure

1.

Weigh about 5.0 g of cold liver quickly to the nearest 0.1 g, transfer to a
mortar, cut into small pieces, grind with about 0.5 g of clean coldsand and
10%TCA (1 ml per g tissue).

Centrifuge homogenate at 3,000 rpm for 5min at 4°C. Pour off supernatant into
a 50 ml graduated cylinder.

Rinse out mortar with 5% TCA (using same volume as for 10% TCA already
used). Add this rinsing fluid to the centrifuge tubes containing residue from
first centrifugation. Stir up residue and re-centrifuge for another 5 min. at 3,000
rpm. Discard pellet. Add supernatant to that already collected.

Record total volume; add twice this volume of 95% ethanol, slowly with
stirring, to supernatant. Allow to stand while precipitate settles. If it does not,
add a little NaCl and warm cylinder in water bath at 37° C.

Centrifuge suspension at 3,000 rpm for 3 min. Discard supernatant. Dissolve
pellet in centrifuge tubes in 5 ml water and re-precipitate by adding 10 ml of
95% ethanol. Re-centrifuge and discard supernatant.

Stir up pellet with 3 ml 95% ethanol, re-centrifuge and discard

supernatant. Now add 3 ml diethyl ether, stir up pellet, re-centrifuge and
discard supernatant. This final pellet contains glycogen from the liver. Air -dry
the glycogen in the tube and weigh it.
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1.5Results
Record total yield and glycogen content per 100 g liver.
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1.6Discussion
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1.7Question
Why are time, temperature and pH important in the initial stagesof the isolation of
glycogen, but not in the latter stages?

1.8Reference:
1. Campbell, Mary; Farell Shawn. (2008). Biochemistry (6th ed.). Canada:
Brooks/Crole.

2. The Biochemistry Department (2008). Laboratory Manual in General
Biochemistry: University of Santo Tomas.

3. Johnson, C.R., Miller, M.J., Pasto, D.J. (1998). Experiments and Techniques
in Biochemistry. United States of America: Prentice Hall Inc
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Experiment 2

2. Enzymatic hydrolysis of glycogen anddetermination of glucose

2.1  Objective

To examine the polysaccharide nature of glycogen and show that hydrolysis increases the
number of reducing groups.

2.2 Introduction

The structure of the glycogen molecule is fan-like; with long chains of glucose
residues linked by 1, 4-glycosidic bonds, with 1, 6- links at the branch points. So the whole
glycogen molecule has only one free reducing end, where the C; of a glucose residue is free
(exposed). Thus the glycogen molecule is essentially non-reducing.
Hydrolysis converts glycogen from a non-reducing substance into reducing substances.
Hydrolysis of the glycogen molecule with acid results in splitting of all its glycosidic bonds
giving only glucose molecules as the product. Enzymes are more specific in the bond type
they split. Thus salivary amylase (a-amylase) will randomly split only 1, 4- glycosidic bonds
and produce a mixture of products consisting of glucose, maltose and maltotriose molecules.
The increase in the number of reducing groups is determined using 3, 5-dinitrosalicylic acid
(DNS) in alkaline solution.

The oxidation of carbohydrate or related compounds is the main source of energy for many
organisms. The readily digestible carbohydrates of the mammalian diet include the starches,
amylase and amylopectin, as well as glycogen. Amylose is a linear polysaccharides
consisting of glucose units linked to one another in sequence by a-1-4 bonds. Amylopectin
and glycogen are branching polysaccharides, in addition to a-1, 4 bonds, they have a-1, 6-
glycosidic bonds at the branch points. The hydrolysis of these glycosidic bonds is catalyzed
by either acids or enzymes, in the acid-catalyzed hydrolysis there is a random cleavage of
bonds, with the intermediates formation of all the various possible oligosaccharides and with
the final conversion of these oligosaccharides to glucose.

In the presence of amylases, which have been classified into two main groups, o and
B according to the mode of their attack on the polysaccharide.

The amylases of animal origin are all a-amylases and in the digestive system are
found in saliva and in pancreatic juice. A-amylases catalyze the rapid, random hydrolysis of
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internal a-1, 4 bonds. They do not hydrolyze a-1, 6 linkages, regardless of molecular size nor
do they hydrolyze maltose. Thus glycogen is initially split by a-amylase action into branched
dextrins of medium molecular weight and only small amounts of maltose are formed. Further
action of oa-amylase decreases the molecular weight of these dextrins yielding
oligosaccharides. The final degradation products of the action of a-amylase on glycogen are
glucose, maltose and isomaltose.

A second enzyme -amylases which is widely distributed in plants and
microorganisms, also catalyze the hydrolysis of glycogen. They catalyze the successive
hydrolysis of the second a-1, 4 glycosidic bond from the free nonreducing ands of glucose
chains, releasing maltose units. But f-amylases do not hydrolyze a-1, 6 bonds, nor do they
hydrolyze a-1, 4 bonds of glucose chains beyond an a-1, 6 branch residues. Thus, after all the
nonreducing end glucose chains have been trimmed back to the branch residues, the final
products of the action of B-amylase on glycogen are maltose and the remaining limit dextrin.

There are many methods for measuring the hydrolysis of glycogen and other
polysaccharides, such as measurement of reducing sugars, or change of decreasing viscosity
and the loss of capacity to give a blue color with iodine and finally the formation of split
products.

2.3 Principle
Several reagents can be used to assay reducing sugars such as 3, 5 dinitrosalicylic
acid in one of the compounds. In alkaline solution it is reduced to 3-amino-5- nitro salicylic
acid, which is orange-red. Absorbance is determined at 540 nm.

ol o ly 00~
H . OH
redoction R
O;N N 01 O:N i NHI
Yellow Orange-red
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2.4Materials andEquipments

e Glycogen isolated in the previous experiment
e Sodium dihydrogen phosphate (NaH,PO,)
e Sodium hydroxide

e Sodium chloride

e Sodium potassium tartrate

e 3,5-Dinitrosalicyclic acid ( DNS)

e HCI

e Boiling water bath

e Spectrophotometer

e Small beaker

e Big test tubes (25 ml)

e Glass cuvettes

Preparation of solutions
0.02 M Na phosphate buffer, pH 6.9,containing 0.005 M NacCl (PS buffer):

1. Prepare 500 ml 0.04 M NaH,PO, (MW 120). Dissolve 2.4 g in water and
make up to 500 ml.

2. Prepare 250 ml of 0.04 M NaOH (MW 40). Dissolve 0.4g NaOH in water
and make up to 250 ml.

3. 0.005 M NaCl(MW 58.5). Dissolve 0.2925g NacCl in a little water.
To 500ml of the NaH,PO, solution add 224 ml of the NaOH solution. Mix
and measure the pH.If is less than 6.9 adjust by adding more NaOH
solution. Add the NaCl solution and make up to 1 liter.

3, 5 -dinitrosalicyclic acid reagent (DNS):
2 M NaOH. Prepare 250 ml. Dissolve 20g in water and make up to 250 ml.
a) 3, 5-dinitrosalicyclic acid. Dissolve 10g in 200 ml 2M NaOH.(warm)
b) Sodium potassium tartrate. Dissolve 300g in 500ml water.
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Prepare DNS reagent fresh by mixing A and B and making up to 1 liter with water
2M HCI: Take 16.7 conc. HCI in 100ml volumetric flask and make up to 100 ml with water.

1.2 M NaOH: Dissolve 4.8 g in water and make up to 100 ml.
Glycogen solution: Dissolve 32 mg glycogen in 4 ml phosphate buffer/ NaCl (8mg/ ml).

Saliva: Collect about 2 ml saliva in a small beaker. Immediately before use dilute 1: 20
with the buffer (Take 1ml saliva and add 19.0 ml buffer).

2.5 Procedure

Label nine tubes 1 -9. Pipette 0.4 ml PS buffer in tube 1 and use as blank. Pipette 0.4 ml
glycogen solution into each of the remaining tubes (2-9). Add 0.6 ml 2 M HCI to tube 9 and
incubate in a boiling water bath for 30 min. Add 0.6 ml diluted saliva to each of the
remaining tubes (1-8) and stand at room temperature. Immediately after adding diluted
saliva to tube 2 stop action of the enzyme by adding 1 ml of DNS reagent. Stop the reaction
in tubes 3-7 at 2 min. intervals and in tube 8 after 30 min in the same manner.

After tube 9 has been in water bath for 30 min. add 1 ml 1.2 M NaOH to neutralize HCI,
then add 1ml DNS reagent.

Heat all the tubes for 5 min. in a boiling water bath. Cool by immersing in cold water. Add
8 ml water to each tube except tube 9. Add 7 ml water to tube 9. Read absorbance at 540 nm
against the blank.
NB. Since the amylase content of saliva varies between individuals, in some cases it may be
necessary to make different dilutions of saliva to get reasonable results. You may therefore
have to repeat the experiment.

Tube PS Glycogen | Dilute | 2M Time of 1.2.M DNS Water
No. Buffer | Solution saliva | HCI | Hydrolysis | NaOH | Reagent (ml)
(ml) (ml) (ml) | (ml) (min) (ml) (ml)
1 0.4 - 0.6 - 30 - 1 8
2 - 0.4 0.6 - 0 - 1 8
3 - 0.4 0.6 - 2 - 1 8
4 - 0.4 0.6 - 4 - 1 8
5 - 0.4 0.6 - 6 - 1 8
6 - 0.4 0.6 - 8 - 1 8
7 - 0.4 0.6 - 10 - 1 8
8 - 0.4 0.6 - 30 - 1 8
9 - 0.4 - 0.6 30 1 1 7
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2.6 Results

Tube 9 contained the total glucose yield from complete hydrolysis of glycogen. Taking this
as 100% conversion of glycogen to glucose, plot the percentage hydrolysis against time.

Tube Time of Absorbance percentage
hydrolysis(min) (540 nm) hydrolysis
0

Z
o

Ol 00| N[O |l WIN
o A~

30
30 100

10
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2.7 Discussion:

11
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2.8 Question :

What would be the effect of substituting -amylase for a-amylase?

2.9 Reference:

1. Landgrebe, J.A. (1993). Theory and Practice in the Biochemistry
Laboratory: with Microscale and Standard Scale Experiments. California:

Wadsworth Inc.

2. Johnson, C.R., Miller, M.J., Pasto, D.J. (1998). Experiments and
Techniques in Biochemistry. United States of America: Prentice Hall Inc

12
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Experiment 3
3. D- Xylose Absorption Test

3.1  Objectives

a) To test the function of the upper small intestine.
b) To learn the technique of D-xylose estimation .

3.2 Introduction

The small intestine can be studied in two parts ,the upper small intestine and the
lower small intestine, Vitamin B12 absorption is the best test for the lower small bowl, while
D- xylose absorption test is considered the best test for the upper small intestinal function.
Impaired absorption of D- xylose occurs in conditions where there is flattening of the
intestinal villae and this results in abnormally low urinary excretion of the test does of D-
xylose.

In adults , the standard oral dose is 25 g after which the urinary output during the next

five hours is 5.8 g ( about 25% of the dose) in normal subjects.
In children, a 5g dose of D- xylose is usually satisfactory and the normal output in the urine
is 25 % of the dose. In babies the xylose dose should not exceed the amount of glucose
normally taken in one feed. Using the 25g dose , 5hours excretion of less than 2.5g occurs in
patients with gluten sensitive enteropathy (coeliac disease ),in patients with other non-gluten
sensitive enteropathies (idiopathic steatorrhea) and in tropical sprue .The test is of diagnostic
value since an output so low is rare in any other condition .In children the test is most
useful in the differential diagnosis of celiac disease and cystic fibrosis. D-xylose absorption
is impaired in the former but is not affected in the later. Treatment of coeliac disease with a
gluten free diet improves D-xylose absorption but it remains low normal .In case of impaired
renal function the D-xylose level in a 5- hours urine sample is low ,which can lead to false
diagnosis of coeliac disease.

3.3 Principle
D- xlose is a pentose which produces a brown color with o- toluidine in the presence
of acetic acid and heat, A brown complex will be formed with a maximum absorption at
475 nm which is used for the estimation of xylose. Hexoses also reacts with O- toluidine but
produce a different complex with an absorption peak at 622 nm, this ensures that interference
with glucose is minimum.

13




METABOLISM - BCH 447Biochemistry Department

3.4 Materials

1. O- toluidine reagent: Dissolve 3g of thiourea in 1900 ml of glacial acetic acid,
and add 100 ml of clear (light amber) O- toluidine. The reagent should be
stored in a dark bottle at room temperature.

2. Stock standard D- xylose solution: 1.0g of D- xylose per 100 ml in 0.1 per cent
benzoic acid (preservative) solution.

3. Working standard ( 0.5g/l) D- xylose solution: 5.0 ml of stock standard is diluted

to 100 ml with distilled water.

Urine specimen ( may be kept for a week at 4° C without deterioration).

Test tubes and test tube rack.

Spectrophotometer.

Water bath.

N o ok

35  Method
The patient/volunteer should keep an over night fast, in the morning empties the
bladder and discards the urine. Before breaking the fast , 25g of D-xylose in 250ml water is
taken by mouth. The D-xylose can be made palatable with lemon concentrate with no
interference with the test. The patient /volunteer should then drink water at one and two
hours after drinking the D-xylose solution .All urine passed during the next five hours is
collected .

-Estimation_of D-xylose in urine
Dilute the urine samples (a and b provide ) to one liter with water and mix thoroughly
. Then make further 1 in 10 dilutions of these urines with water. Label six test tubes T; and
T, (test a), Tzand T4 (test b) ,S (standard ) and B (blank) .Place the test tubes as shown below

Testa (T, and T,) 0.1ml of urine a diluted 1 in 10 .
Test b (T3 and T4) 0.1ml of urine b diluted 1 in 10 .
Standard (S) 0.1ml of the working standard.

Blank (B) 0.1ml of distilled water.

To each tube add 7.0 ml of O-toluidine reagent .Mix the contents of each tube
thoroughly ,cover with aluminum foil and place them in a boiling water bath for ten minutes
.Remove the tubes from the bath and cool them under a tap for 1-3 minutes. Measure the
absorbance of each tube against a distilled water blank at 475nm using a spectrophotometer
and record the results in the table below:

14
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3.6 Results

Tube Absorbance at 475nm
Test 1
Test 2
Test 3
Test 4
Standard

The optical density of the standard should be about 0.2 .

Use the following formula for the estimation of D-xylose in urine .
D-xylose = Mean abs of Test x 0.5 x 10 (dilution factor)

Mean abs of Std

Since that was estimated in 0.1ml of urine thus in 1ml of urine
Urine D-xylose =_Mean abs of Test x 5 x10
Mean abs of Std

Account for the urine dilution done after collection of urine and then multiply by the total
volume of urine collected to determine the total amount of D-xylose excreted and compare
with the minimum normal excretion of 5.8g.

Test, --------- g D-xylose .
Test, ---------- g D-xylose.

15
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3.7  Questions
1- Do either of the patients suffer from celiac disease, and if so which one?

2- In the function of the upper small intestine normal in these patients?

3- How was the interference of other reducing sugars minimized in your test?

3.8 References
Wooton, I.D.P. (1974) Microanalysis in Medical Biochemistry .Churchill
Livingstock,London, p.249.

16
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Experiment (4)

4. Oral glucose tolerance test (GTT).

4.1 Objectives:
- Use OGTT in diagnosis of diabetes mellitus

4.2 Introduction

Serial measurement of plasma glucose before and after glucose is given orally should provide
a standard method to evaluate individuals and establish values for normal and disease states.
There are a number of factors that may affect glucose tolerance and that should be controlled
or eliminated before such a test is performed; other conditions altering the glucose response
need to be controlled during the test (Table 1). As a result, abnormal values may occur in the
absence of diabetes mellitus, and under the same test conditions. When an oral glucose
tolerance test is ordered, the following conditions should be met; omit medications known to
affect glucose tolerance; perform the test in the morning after 3 d of unrestricted diet and
activity; and perform the test after a 10-16 h fast. Plasma glucose should be measured fasting
then every 30 min for 2 h after an oral glucose load. For adults, the recommended load is 75
g and for children, 1.75 g/kg, up to 75 g maximum.

Table 1;. FACTORS THAT AFFECT GLUCOSE TOLERANCE

1- Factors during the test affect glucose tolerance
Posture cigarettes
Nausea time of day
Anxiety activity
Coffee amount of glucose ingested
carbohydrate intake propranolol
Time of pervious food intake corticosteroids
Gl surgery and malabsorption Age

17




METABOLISM - BCH 447Biochemistry Department

Thiazides inactivity
Estrogens weight
Di phenyl hydantoin stress(surgery,infection)

- The National Diabetes Data Group has proposed a standard set of criteria for use in the
diagnosis of diabetes mellitus. According to these criteria, no GTT is necessary is fasting
plasma glucose is > 140 mg/dl, or 2-h postprandial value is > 200 mg/dl. Diabetes is
confirmed if the 2-h plasma glucose and at least one other glucose. Value ina GTT are> 200
mg/dl. According to these criteria, diabetes mellitus in its early stages may not be identified
but persons with abnormal results can be diagnosed with relative certainty. These criteria
should be used for interpretation of glucose tolerance test result.

- An oral glucose tolerance test is not always necessary for the diagnosis of diabetes
mellitus, particularly in a person with classic symptoms of diabetes mellitus (thirst, frequent
urination, unexplained weight loss). The oral glucose tolerance test is indicated in the
following situations:

1. Diagnosis of gestational diabetes mellitus.

2. Further evaluation of an individual with a borderline elevation of fasting or postprandial

plasma glucose.

3. Risk counseling in an individual with a previously abnormal glucose tolerance test under
suboptimal conditions (repeat results will often be normal).

4. Risk counseling in persons at high risk for the development of diabetes mellitus, but with
normal fasting and postprandial plasma glucose values (a normal result, however, does not
mean that diabetes mellitus will not develop in the future).

5. Evaluation of a patient with unexplained nephropathy, neuropathy, or retinopathy
(abnormal results in this setting do not necessarily indicate a cause-and-effect relationship,
and further studies will be needed to exclude conclusively other diseases).
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TABLEDIAGNOSTIC CRITERIA FOR DIABETES MELLITUS

1.Random plasma glucose 2200 mg/dl(11.1 mmol/L)+ Symptoms of diabetes
2.fasting plasma glucose 2126 mg/dl (7.0 mmol/L)
3.Tow- hour plasma glucose 2200 mg/dI(11.1 mmol/L) During an OGTT

TABLE . CATEGORIES OF FASTING PLASMA GLUCOSE

1-Normal fasting glucose  FPG<110 mg/dL
2- Impaired fasting glucose FPG2110 mg/dL and 126mg/dL
3-provisional diabetes diagnosis FPG2126 mg/dL

4.3 Principle

- Glucose is producea green color with o- toluidine in the presence of acetic acid and heat,

with an absorptionmaximum at 630 nm .
4.4 Material and method:
1-Blood samples obtained at indicatedtime and plasma are separated .

2-Oral glucose Tolerance Test (OGTT)is done as a following :

Omit medications known to affect glucose tolerance.

Perform in A.M. after 3 days of unrestricted diet and activity and after 10h fast.

Measure fasting plasma glucose( sample A).
Give 100 g of glucose or equivalent orally.

Measure plasma glucose hourly for 2h (sample B).
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3-Glucose estimated by o-toluidine method

1. O- toluidine reagent: Dissolve 3g of thiourea in 1900 ml of glacial acetic acid, and
add 100 ml of clear (light amber) O- toluidine.

The reagent should be stored in a dark bottle at room temperature.

2. Stock standard glucose solution: 1.0g of glucose per 100 ml in 0.1 per cent benzoic

acid (preservative) solution.
3. Working standard (100mg/dl) glucose solution: 10 ml of stock standard is diluted to
100 ml with distilled water.
Plasma sample
Test tubes and test tube rack.
Spectrophotometer.
Water bath.

N o g &

Label seventest tubes T1 and T, (test A), Tzand T, (test B) ,S (standard ) and blank
.Place the test tubes as shown below :

Test A (T, and T,) 0.1ml offasting plasma( sample A)
Test B (T3 and T4) 0.1ml of Tow- hour plasma (sampleB)
Standard (S1 and S2) 0.1ml of the working standard.
Blank (B) 0.1ml of distilled water.

To each tube add 7.0 ml of O-toluidine reagent .Mix the contents of each tube
thoroughly ,cover with aluminum foil and place them in a boiling water bath for ten minutes
.Remove the tubes from the bath and cool them under a tap for 1-3 minutes. Measure the
absorbance of each tube against a distilled water blank at 630 nm using a spectrophotometer

and record the results in the table below.
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4.5 Result and calculation:

Absorbance at 630 nm

Sample A

Sample B

Standard
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4.6 DISCUSSION:

4.7 References:

1.Tietz, N. W. (1987) .Fundamentals of Clinical Chemistry . W.B.Saunders.Philadelphia.
third Edition .

2. Bishop .M; Fody. E and Schoeff .L.(2005 ) .Clinical chemistry .Principle , procedures and

correlations .Fifth edition. Lippincott Williams &Wilkins.
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Experiment (5)

5. Galactosemia

5.1 Objectives:
- To screen for galactosemia

5.2Introduction

Galactosemia is an inherited disorder marked by the inability to metabolize galactose .

Individuals with galactosemia are unable to metabolize galactose derived from lactose( milk

sugar) to glucose metabolites
There are three forms of the disease:

o Galactose-1 phosphate uridylyltransferase deficiency (classic galactosemia, the most
common and most severe form)
» Deficiency of galactose kinase

« Deficiency of galactose-6-phosphate epimerase

If an infant with galactose-1 phosphate uridylyltransferase deficiency is given milk,
galactose-1 phosphate accumulate inside liver cells and causes hepatocellular damage and
rapid liver failure. Other organs are also involved with this disease ,including the renal
tubules and the eyes. Galactose-1 phosphate accumulation causes acute renal tubular failure
and tubular loss of glucose ,phosphate,and amino acids. The loss of glucose in cooperation

with the liver damage result in sever hypoglycemia .

Accumulation of galactose in the eye results in cataract formation.
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A simple and inexpensive test used to the diagnosis of galactosemia is the urine reducing
substance test by copper reduction method .Chromatography can be used to separate the

sugars found in a urine sample .

If a positive test result is found ,more specific test would be necessary to determine the

amount of galactose present.
5.3Material

-Paper chromatography

-standard galactose solution 10%.
- patient urine sample .

- normal urine sample.

-Dinitrosalicylic acid reagent:

5% 3,5 dinitrosalicylic acid in 4 % of NaoH solution (warm).
- chromatography jar
-Solvent contains isopropanol : water(80:20)
5.4 Method:

. Place 150-200 ml of solvent 1 in a chromatography tank and allow the tank to equilibrate.
Prepare the chromatography paper by marking the origin 3 cm from one corner towards the
center of the paper. Spot by means of a micro-syringe, 10 ul of sugar samples allowing the
solution to dry.

Place the chromatogram in the frame and run in the solvent for about 2.5-3hours.

Remove the chromatogram from the tank, mark the solvent front and allow the paper to dry
in a current of cold air for about half an hour.

Spray carefully with Dye 2 (0.5 % 3,5 dinitrosalicylic acid in 4 % of NaoH) ,then allow the

spots to develop by placing in an oven at around 105°C for 5-10 min.
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Mark each individual spot of unknown and standard sugar solutions . Measure the Ry values.
The term “Rf” (relative flow) is used to express the performance of a solute in a given
solvent system/support medium. The term Rf value may be defined as the ratio of the
distance moved by a compound to that moved by the solvent. Rf value is constant for a
particular compound, solvent system and insoluble matrix.

Rf = Distance of migration of solute

Distance moved by solvent
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5.5Result &Calculation:

- Calculate the Rf value for each spot .

Rf= Distance of migration of solute

Distance moved by solvent

Sample

Rf

standardgalactose solution .

- patient urine sample .

- normal urine sample
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5.6Discussion and Conclusions:

5.7 References

1- Bishop .M; Fody. E and Schoeff .L.(2005 ) .Clinical chemistry .Principle , procedures and

correlations .Fifth edition. Lippincott Williams &Wilkins.

2- http://www.nIlm.nih.gov/medlineplus/ency/article/000366.htm

3- Tietz, N. W. (1987) .Fundamentals of Clinical Chemistry. W.B.

Saunders. Philadelphia. third Edition .

4-Clark,Jr. J.M and Switzer .R.(1977).Experimental biochemistry .

W.H.Freeman and company ,second edition .

5- Arneson,W and Brickell ,J.(2007).Clinical chemistry .F.A.Davis company
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Experiment 6
6. Triglyceride determination

6.1 INTRODUCTION

Triglycerides are esters of fatty acids and are hydrolyzed to glycerol and free fatty
acids. Triglyceride determinations when performed in conjunction with other lipid assays are
useful in the diagnosis of primary and secondary hyperlipoproteinemia. They are also of
interest in following the course of diabetes mellitus, nephrosis, biliary obstruction, and
various metabolic abnormalities due to endocrine disturbances. Standard methods for the
measurement of triglyceride concentrations involved either enzymatic or alkaline hydrolysis
to liberate glycerol. This formulation makes use of the enzymatic hydrolysis and
quantification since it is specific and not subject to interference by phospholipids.

6.2 PRINCIPLE

The enzymatic reaction sequence employed in the assay of Triglycerides is as
follows: _
Triglycerides + H,O—X®—> Glycerol + Fatty Acids

Glycerol + ATp —SheerolKinase 5, G)ycerol-3-Phosphate + ADP

Glycerol-3-Phosphate + 0,~*°-> DAP + H,0,
H,0, + 4AAP + 4 chlorophenol-2224% > yinoneimine Dye + 2H,0

The present procedure involves hydrolysis of triglycerides by lipase. The glycerol
concentration is then determined by enzymatic assay coupled with Trinder reaction that
terminates in the formation of a quinoneimine dye. The amount of the dye formed,
determined by its absorption at 510 nm, is directly proportional to the concentration of
triglycerides in the samples.

6.3 MATERIALS
As shown in the provided kit
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SPECIMEN

SERUM

1. Fresh, non-hemolyzed serum from fasting patients is recommended.

2. TriegC((aGr)ides in serum appears stable for three (3) days when stored at
2-8 °C",

3. Prolonged storage of the samples at room temperature is not recommended since other
glycerol containing compounds may hydrolyze, releasing free glycerol with an apparent
increase in total triglycerides content.

Blood collection devices lubricated with glycerin (glycerol) should not be used

precautions
Reagents and standard contain sodium azide as a preservative. This may react with copper or

lead plumbing to form explosive metal azides. Upon disposal flush with large amounts of
water to prevent azide build up.

6.4 METHOD
As shown in the provided kit
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6.5 Result
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6.6 DISCUSSION

6.7 REFERENCES

e Tietz N.W., Clinical Guide to Laboratory Tests, Second Edition W.B. Saunders
Company, Philadelphia, USA 554-556, 1990.

e Naito, HK (1984): Disorders of lipid metabolism. In: Kaplan LA, Pesce AJ, eds.
Clinical Chemistry, theory, analysis, and correlation. St. Louis: Mosby Company.
550-593.
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Experiment 7
7 . Total and HDL-Cholesterol determination

7.1 INTRODUCTION

Cholesterol is a fatty substance found in blood, bile and brain tissue. It serves as a
precursor to bile acids, steroids and vitamin D. The concentration of total cholesterol in
serum has been associated with metabolic, infectious and coronary heart diseases. In the
plasma, cholesterol is transported by three lipoproteins: high density lipoprotein (HDL-
Cholesterol), low density lipoprotein (LDL-Cholesterol), and very low density lipoprotein
(VLDL-Cholesterol). Castelli and co-workers have indicated that an inverse relationship
exists between serum HDL-Cholesterol and the risk of coronary heart disease. The
measurement of total and HDL Cholesterol and triglyceride provides valuable information
for the prediction of coronary heart disease and for lipoprotein phenotyping.

Expected values:A.total cholesterol

RISK CLASSIFICATIONTOTAL CHOLESTEROL (mg/dl)

Desirable <200
Borderline High 200 - 239
High >240

B . HDL-Cholesterol
Male HDL.: 26-63 mg/dI
Female HDL: 33-75 mg/dI

7.2 PRINCIPLE
A-Total cholesterodetermination

Enzymatic methods, involving cholesterol esterase and oxidase and Trinders color system.
The enzymatic reaction sequence employed in the assay of cholesterol is as follows:

Cholesterol Esters C.ESTERASE —»  Cholesterol + Fatty Acids

Cholesterol + O, ¢, OXPASE  Cholesten-3-one + H,0;

2 H,0, + 4-Aminoantipyrine + Phenol PEROXIDASE

(red dye)
Cholesterol Esters are hydrolyzed to produce cholesterol, Hydrogen peroxide is then
produced from the oxidation of cholesterol by cholesterol oxidase. In a coupled
reaction catalyzed by peroxidase, quinoneimine red colored dye is formed from 4-

Quinoneimine + 4 H,0O
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aminoantipyrine, phenol and hydrogen peroxide. The absorption of light at 505 + 5 nm
of the solution of this dye is proportional to the concentration of cholesterol in the
sample.

B.HDL-Cholesterol determination

When serum is reacted with the polyethylene glycol reagent, all the low and very
low-density lipoproteins (LDL and VLDL) are precipitated. The HDL fraction remains in the
supernatant. The supernatant is then used as a sample for cholesterol assay.

7.3 MATERIALS

1. Enzymatic Cholesterol Reagent Set

Centrifuge

Test tubes/rack

Timer

Heating block

Spectrophotometer

CAUTION : Cholesterol (Liquid) Enzymatic Reagent contains Phenol. Avoid contact.

oM wN

SPECIMEN

1. specimen should be serum and free from hemolysis.
2. Patient should be fasting for 12-14 hours.

7.4 PROCEDURE
As shown in the provided kit.
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7.5 RESULTS and calculation:

DESIRED LIPID PROFILE

Risk category Total HDL LDL Triglycerid
cholesterol cholesterol cholesterol mg/dl mg/dl
mg/dl mg/dl
DESIRABLE <200 >=35 <130 <200
BORDERLINE 200 - 239 130 -159 200-400
HIGH
WORRISOME >= 240 <35 >=160 401 - 1000

A.Total cholesterol

Total cholesterol is defined as the sum of HDL, LDL, and VLDL.

B.HDL-Cholesterol

*The VLDL is usually estimated as one-fifth of the triglycerides .

C.LDL-Cholesterol can be calculated as a following using the Friedewald formula:
LDL = [total cholesterol] — [total HDL] — [estimated VLDL].
VLDL can be calculated by dividing total triglycerides by five.

LDL = total cholesterol — HDL — (triglycerides/5)
The estimated VLDL and LDL have more error when triglycerides are above 400
mg/dL. So it can be calculated as

LDLmg/dL = total cholesterol — HDL —0.16triglycerides

34




METABOLISM - BCH 447Biochemistry Department

7.6 DISCUSSION

7.9REFERENCES

e Tietz N.W., Clinical Guide to Laboratory Tests, Second Edition W.B. Saunders
Company, Philadelphia, USA 554-556, 1990.

e Michel R. Langlois; Victor H. Blaton Historical milestones in measurement of HDL-

cholesterol: Impact on clinical and laboratory practiceClinicaChimicaActa 2006, 369,
168-178
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Experiment (8)

8. Determination of ammonia in plasma

8.1 Introduction :

Excess ammonia exert toxic effects on the central nervous system. The major source of
circulating ammonia is the gastrointestinal tract, where ammonia is derived from

the action of bacterial proteases, ureases, and amine oxidases on the contents of the colcon
as well as from the hydrolysis of glutamine in both the small and large intestines.

Under normal circumstances most of the portal vein ammonia load is metabolized to urea in
hepatocytes in the Krebs —Henseleit urea cycle during the first pass through the liver.
Inherited deficiencies of urea cycle enzymes are the major causes of hyperammonemia in
infants . Two other types of inherited metabolic disorders produce hyperammonemia ;
namely ,those involving the metabolism of the dibasic amino acids, lysine and ornithine ,
and those involving the metabolism of organic acids such as propionic acid, methylmalonic
acid, and isovaleric acid.

Of the possible acquired causes of hyperammonemia, the most common is advanced liver
disease. Sever liver disease, whether acute(as in toxic or fulminant viral hepatitis and
Reye's Syndrome) or chronic (as in cirrhosis),can lead to a significant impairment of normal
ammonia metabolism .Hepatic encephalopathy in the cirrhotic patient can be precipitated
by gastrointestinal bleeding ,which enhances ammonia production by bacterial metabolism
of the blood proteins in the colon and subsequently increases blood ammonia levels.

Other precipitating causes of encephalopathy include excess dietary protein ,constipation
Jinfections ,drugs ,or electrolyte and acid-base imbalance.

When cirrhosis is accompanied by impaired venous drainage from the intestine into the
liver via the portal vein ,collateral vessels shunt ammonia of intestinal origin away from the
liver and into the general circulation, causing increased blood ammonia levels. Impaired

renal function may also accompany sever liver disease.
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As urine output decreases ,blood urea concentration increases, leading to increased

excretion of urea into the intestine, where it is converted to ammonia.

Normal values

Adult male 15-45 p g /dl venous

8.2 PrincipleGLDH
"NHs + 2-Oxoglutarate + NADH+H".......... > L-glutamate + NAD"

The Ammonia reacts with 2-Oxoglutarate, in the presence of L- Glutamate dehydrogenase
and NADH, to produce L-glutamate. The resulting decrease in absorbance of NADH at

340 nm is proportional to the level of ammonia in the sample.

8.3 MATERIAL
As shown in the provided kit

.-Precautions
1. Avoid ingestion of reagent as toxicity has not yet been determined.
2. Plasma specimens should be considered as infectious and handled appropriately

-Specimen
Plasma:

Blood is collected from patients fasted at least 6 hours, using verified
ammonia-free heparin as anticoagulant. Donor should not clench fist during collection as
muscular exertion often increases venous Ammonia levels.  Since erythrocytes contain
larger amounts of ammonia than plasma, hemolysis may increase results. Heparin is the
preferred anticoagulant because it reduces red cell ammonia production.

After drawing blood is placed in an ice bath and plasma is separated within 30 minutes.

Ammonia in heparinized plasma are stable for about 3 hours stored in an ice bath.
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METHODS .4
As shown in the provided kit.

- Performance characteristics

Linearity : 0.3 ug/ml - 20 pg/ml

8.5 Result:
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8.6 DISCUSSION

8.7References

1. Tietz, N. W. (1987) .Fundamentals of Clinical Chemistry .

Saunders. Philadelphia. third Edition .

W.B.

2. Arneson, W and Brickell ,J.(2007).Clinical chemistry .F. A. Davis company
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Experiment (9)

9.Phenylketonurea

9.1 Objectives:

- Primary diagnosis for Phenylketonurea

9.2 Introduction:
Phenylketonuria (PKU) is a genetic disorder that is characterized by an inability of the body

to utilize phenylalanine. In ‘classic PKU’ phenylalanine hydroxylase, is completely absent.
This enzyme normally converts phenylalanine to tyrosine as a result ,Phenyl alanine accumulates
in the blood and undergoes transamination to form phenyl pyruvic acid and its products as
phenyl lactic acid and phenyl acetic acid are produced.
Phenyl acetic acid is conjugated with glutamine and excreted as phenyl acetyl glutamine in
urine (responsible for “mousy odour” of urine).Also phenylalanine, and its catabolites,
Phenyl pyruvic acid, and phenyl lactic acid are excreted in urine.
A normal blood phenylalanine level is about 1-2 mg/dl but in classic PKU, levels may range
from 15 to 65mg/dl.Clinical features: Child is mentally retarded .
Accumulation of phenylalanine leads to defective “serotonin” formation.
Excess of phenyl alanine in blood leads to excretion of this amino acid into the intestine.
Here it competes with tryptophan for absorption. Tryptophan becomes subject to action of
intestinal bacteria resulting in formation of indole derivatives which are absorbed and
excreted in urine.
9.3 Materials:
1. Thin layer plates of silica gel: Prepare a slurry of silica gel G in 0.02 M sodium
acetate and pour it onto the plate evenly. Dry the plate and activate it before use by heating
at 150° C for 30 minutes.
2. Solvent -.butanol /acetic acid /H,O 60/15/25 by volume
3. 0.2% ninhydrin in acetone

4. Microsyringe

5. Standard phenylalanine solution .
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6. Patient urine sample
7. Normal urine sample

9.4 Method:

You will be provided with a silica gel plate. Place the plate on the bench with the silica gel
side upward (handle the plate by the edges).

With a pencil draw a line about 2 cm from and parallel to the shorter edge of the plate. Draw
the line gently so as not to break the surface of the gel. At equally spaced intervals mark the
line at five different places using the tip of the pencil on the silica gel plate. Carefully spot
the standard and sample solutions with a 5 pl pipette without making a hole in the adsorbant.
Each sample should be on different mark. The spot on the silica gel should be no more than
2 mm in diameter.

Into the chromatography chamber, pour enough chromatography solvent to a depth of about
1 cm. Place the gel coated plate in the chamber. Cover the glass chamber tightly with
aluminum foil. The solvent will rise up the silica gel by capillarity. When the solvent front is
between 1 and 2 cm from the top of the gel, remove the chromatogram from the chamber and
mark the position of the solvent front. Dry the plate in a stream of cold air in the fume
cupboard. Locate the spot by spraying the plate with0.2% ninhydrin and heating the plate
briefly at 100°C in an oven. Note the colour and measure the R values.

The term Rf value may be defined as the ratio of the distance moved by a compound to that
moved by the solvent. Rf value is constant for a particular compound, solvent system and
insoluble matrix.

Rf = Distance of migration of solute

Distance moved by solvent
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9.5Result and calculation:

Calculate the Rf value for each spot .

Rf= Distance of migration of solute

Distance moved by solvent

Sample Rf

standard phenylalanine

- patient urine sample .

- normal urine sample
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9.6Discussion and Conclusions:

9.7 References :

1.Tietz, N. W. (1987) .Fundamentals of Clinical Chemistry . W.B. Saunders. Philadelphia.
third Edition .

2.Chatterjea, MN.andShinde ,R.(2007).Textbook of medical biochemistry. Jaypee Brothers
medical publishers (p)LTD. New Delhi.
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Experiment 10

10. Estimation of Glutathione in Plasma

10.10bjective for the Experiment

e To draw the standard Curve of Glutathione by given known amount of glutathione
assay procedure using spectrophotometeric technique.
e To estimate the amount of glutathione in red blood cell sample.

10.2Introduction

Glutathione  (gamma-glutamylcysteinylglycine or GSH) is a naturally
occuringtripeptidewhosenucleophilic and reducing properties play a central role in metabolic
pathways, as well as in the antioxidant system of most aerobic cells.

GSH plays a critical role as a coenzyme with a variety of enzymes including, glutathione
peroxidase, glutathione S-transferase and thioltransferase. GSH also plays major roles in
drug metabolism, calcium metabolism, the g-glutamyl cycle, blood platelet and membrane
functions. In addition, GSH is crucial to a variety of life processes, including the
detoxification of xenobiotics, maintenance of the -SH level of proteins, thiol-disulfide
exchange, removal of hydroperoxides and free radicals, and amino acid transport across
membranes. Physiological values of intracellular GSH generally range from 1 to 10 mM.
Glutathione's three major roles in the body are:

- Anti-oxidant

- Blood Booster

- Cell Detoxifier

Glutathione deficiencies have been linked to many forms of cancer.

10.3Assay Principle

The principle of the assay is based on the oxidation of the reduced form of
glutathione by the aromatic disulphide compound and 5,5-dithiobis-2-nitrobenzoic acid
(DTNB) to form GSSG and the aromatic thiol,5thio-2nitrobenzoic acid (TNB). The yellow
colour formed is measured as 412nm and is proportional to the amount of glutathione present
in the sample. The assay principle was same as described as Beutler et al (1963)[1] .
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GSSG
GR + NADPH
DTNB GSH
GR + NADPH
TNB STN TNB

Figure 1: the principle of Glutathione assay

The enzymatic recycling method for quantitation of GSH and/or GSSG. GSSG, oxidized
glutathione; GSH, reduced glutathione; GR, glutathione reductase; DTNB, 5,5'-dithiobis(2-
nitrobenzoic acid); TNB, 5-thio-2-nitrobenzoic acid; GSTNB, the disulfide product of
reaction of GSH with DTNB.

10.4Materials and equipment
e Glacial metaphosphoric acid,
e Disodium ethylenediamine tetra acetic acid(EDTA),
e Sodium chloride, sodium monohydrogen phosphate(Na;HPO,),
5,5-dithiobis-2-nitrobenzoic acid(DTNB), sodium citrate and glutathione.

-Preparation ofReagents:

1. Precipitating Solution:
Dissolve 1.679 glacialmetaphosphoric acid, 0.29¢
disdiumethylenediaminetetraacetic acid (EDTA) and 30g sodium chloride in
100ml of distilled water.
e Note: This solution is stable for approximately 3 weeks at 4°C.
2. Phosphate solution:
Prepare 0.3 Mol anhydrous Na,HPQO,, by dissolving (42.6g) of anhydrous Na,HPO,
in 1 litre of bi-distilled water.
3. DTNB reagent:
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Add 40mg of DTNB to 100ml of 1% sodium citrate solution.

Note: Precautions:

5-5'-Dithiobis(2-nitrobenzoic acid) (CAS 69-78-3) is irritating to the eyes, respiratory system
and skin. In case of contact with eyes, rinse immediately with copious amounts of water and
seek medical advice. Wear suitable protective clothing.

e Spectrophotometer- allowing light absorption measurements at 412 nm, from 0-2
absorbance units.

e Glass test tubes.

e Heparin coated test tubes

e Adjustable pipettes with disposable tips.

e Glass test tubes and vortex.

e Water bath kept within 22 - 37°C temperature range.
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10.5 METHOD
Table 1: Preparation of serial GSH concentration
Tube No. | GSH stock Phosphate Total GSH GSH
Solution (ml) Solution Volume concentration | concentration
(mi) (mi) (mg/dl) (ng/ml)
1 0.6 2.4 3 2 10
2 1.2 1.8 3 4 20
3
1.8 1.2 3 6 30
4 2.4 0.6 3 8 40
5 3 0 3 10 50
0
Blank 0 3 3 0
Samplel
Sample2
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A-Preparation of Glutathione standard curve.:

1. Prepare glutathione stock solution (10mg/dl) by dissolving 0.01g of glutathione
in 100ml of phosphate solution and make 5 serial concentration of glutathione
as described in Table 1. Keep two tubes as Blank.

2. From each 3ml final solution above , take 0.5ml solution in a separate test
tube and add 2ml phosphate solution(3M)and 0.25ml of DTNB reagent.
Make the volume to 3ml with double distilled water. Incubate the tubes at
37°C for 10min. Read the absorbance at 412nm using spectrophotometer.

3. Plot the absorbance against glutathione concentration (pg/ml) in

Table 2: Glutathione standard curve data.

No of Tubes in GSH Absorbance Absorbance at
duplicates concentration At 412nm 412nm(Mean)
(ng/ml)
1 10
2 20
3 30
4 40
5 50
Sample 1
Tube 1
Tube 2
Sample 2
Tube 1
Tube 2

B-Preparation of Blood Sample for GSH determination.

Best results are obtained with fresh blood samples
1. Collect the blood in heparinzed test tubes. Immediately shake the tubes and keep

the blood at 4°C .
2. Centrifuge at least 5 ml of whole blood at 600g at 4 'C for 10 minutes.
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3. The pellet contains the red blood cells and the supernatant is the plasma fraction.
4. Keep the supernatant (plasma ) for glutathione assay. Discard the precipitate

(erythrocytes).

5. Take 0.2ml of plasma supernatant and add 1.8ml of deionized distilled water .

Add 0.3ml of precipitating reagent (1) .
6. Centrifuge at 1200Xg for 10 min.

7. Add 2ml of NayPO4(0.3M) to 0.3ml of above supernatant. Add 0.25ml

DTNB-Reagent (3) . Make up the volume to 3ml with tri-distilled water.
8. Incubate the above mixture for 10min at 37°C.
9. Read the absorbance at 412nm using spectrophotometer.

-The glutathione concentration in the sample was calculated by
plotting its absorbance on the standard curve and expressed as pg/ml of the plasma.
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10.6Result
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10.7 Discussion:

What is the importance of Glutathione in our body?

Discuss the problems you encountered during this experiment?
Can you explain the assay basic principle?

What Precautions you must take while doing this experiment?

M owbdRE

10.8References:

BeutlerE, et al.(1963) Improved method for the determination of blood glutathione. J Lab
Clin Med 61: 882-890.
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Experiment 11

11 Estimation OfArginase Activity In Liver Extract

11.10bjective
Estimation of Arginase activity in liver extract.

11.2Introduction

Arginase is one of the important enzymes in urea cycle which is the major disposal
form of amino groups derived from amino acids and accounts for about 90% of the nitrogen-
containing compounds of urine. Urea is produced by a set of enzymes present in the liver
,and then is transported in the blood to the kidneys for excretion. The arginase enzyme
catalyses the final reaction in the urea cycle, the enzyme is present exclusively in the liver
Arginasecatalyses the hydrolytic cleavage of the guanidino group of Arginine to regenerate
ornithine and urea.
Arginine <> Urea + Ornithine
Mammalian liver arginase is activated by Co*" and Mn®* while ornithine and lysine are
potent inhibitors.

11.3Principle
The activity of the enzyme is determined by measuring the amount of urea produced

IN METHOD.1

urea is reacted with the reagent isonitrosopropiophenone and heated in boiling
water, leading to the production of a red color compound which is measured
spectrophotometrically at 520nm.

A urea standard curve is generated and the concentration of urea produced in the
liver extract is determined from the standard curve.

IN METHOD.2.

Urea is hydrolyzed in the presence of urease and water to yield ammonia and carbon
dioxide. The ammonia reacts with a-ketoglutaric acid and reduced nicotinamide
adenine dinucleotide (NADH) in the presence of glutamate dehydrogenase (GLDH)
to yield glutamic acid and nicotinamide adenine dinucleotide (NAD). The rate of
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oxidation of NADH to NAD is measured at 340 nm over a limited urea concentration
range and limited time period, and is proportional to the concentration of urea present.

NH, -CO-NH, + H,O urease— 2NH;* + CO,
urea ammonia

NH*3+ o-ketoglutaric acid + NADH +H*GLDH—glutamic acid + NAD" + H,O

11.4Materials And Equipment

* Fresh rat liver
*potassium phosphate buffer (0.05 M, pH 7.4)

FOR METHOD.1.
1- Arginine solution (0.5 mole/L ) at pH 9.7 .

2- Perchloric acid 5% v/v, prepare by diluting the perchloric acid with water.

3- Manganasesulfate (4 mmole /L) freshly prepared.

4- TIsonitrosopropiophenone reagent for urea estimation (2g/L) pB-
isonitrosopropiophenone containing 170 ml of conc. Sulfuric acid and 40ml
phosphoric acid made up to 1L with water. (caution strong acids).

5- Standard urea solution (0.5 mmole/L).

6- Water bath at 37°C.

7- Boiling water bath.

8- Marbles( to regulate boiling).

9- Aluminum foil.

10- Spectrophotometer.

FOR METHOD.2.

As shown in the provided kit
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11.5Method:

A-Preparation of crude arginase extract

-Weigh One fresh rat liver

-homogenate in a volume of cold potassium phosphate buffer (0.05 M, pH 7.4) equal to 3
times its wet weight. The homogenate is centrifuged in the cold for 1 minute at 8000 rpm.
The supernatant contains the enzyme and must be kept cold.

-Measure theextract volume .
-Dilute the liver extract 1:20 with ice-cold buffer and use this diluted extract for method.1.
-Dilute the liver extract 1:5 with ice-cold bufferand use this diluted extract for method.2.

B- Estimation of arginase activity in the liver homogenate by one of the following
method:

METHOD .1.
Prepare a standard curve for urea by following the instructions in table 1.

Table 1.

Tube Standard urea Isonitrosopropiophenone | H,O
solution(0.5mmole/L) | reagent.

A 0.2ml I 1] [ qpa—

B 0.4ml (100100 I pee—

C 0.6ml 1.4ml | e

D 0.8ml i

E 1.0ml 1.0m | e

Blank | - 1.0ml 1.0ml

Mix the contents of each tube ,heat in a boiling water bath with marble on top.

The red color produced is sensitive to light so all the test tubes are wrapped in aluminum foil
After one hour remove the tubes ,transfer them to a beaker of cold water ,and cover with a
black cloth. After allowing the tubes to cool for 15minutes , read the absorbance at 520 nm

.Record results in table 3.
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To estimate the arginase activity in the liver homogenate follow table 2.
Table2.

Tube Arginine solution(0.5mole/L) MnSQ, solution (4mmole/L)
Test 1.0ml 0.5 ml
Blank 1.0 ml 0.5ml

Mix the contents of each tube and equilibrate at 37°C for 10 minutes then start the
reaction in the Test tube by adding 0.5ml of diluted liver extract mix thoroughly incubate at
37°C for 10 minutes ,stop the reaction by adding 5ml of perchloric acid .

In the blank the perchloric acid is added to the substrate and manganese solution

before adding the liver extract (to inactivate the enzyme) and is incubated for 10 minutes at
37°C.
The tubes are centrifuged to remove the precipitated protein , remove 1ml of the supernatant
from both the Test and Blank tube and add to each 1.0ml of the isonitrosopropiophenone
reagent mix ,heat in a boiling water bath with marble on top .The test tubes are wrapped in
aluminum foil ,after one hour they are removed from water bath, transferred to a beaker of
cold water and covered with a black cloth .After they cool for 15minutes the Test absorbance
is read against the blank at 520nm, and absorbance recorded in table 3.
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METHOD.2.

-Pipette into clean cuvettes

STD. TEST
Reconstituted reagent 3.0ml 3.0 ml

Pre-warm at 37 °C for 2 minutes and add:
Standard 0.025ml -
Enzyme extracte

§ 0.025ml

After exactly 30 seconds read and record absorbance Al against distilled water at
340 nm. At exactly 60 seconds after the A1, read and record the absorbance A2

and determine AA.

Note: Temperature must be kept constant during the test at 37 °C+ 0.5 °C
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11.6Results

METHOD.1.
Table 3.

Tube Absorbance at 520nm Urea concentration mmol/L

m ool m >

Test

Plot the standard curve of urea and from the curve obtain the concentration of urea in the
liver extract mmol/L .

Calculate the total arginase activity in the liver, and the arginase activity as micromoles of
urea produced per gram of liver.

Concentration of urea in liver extract from curve -------- mmol/L produced in 10 min.

Urea produced in Iminute = ------- /10 = —------ mmol /min /0.5ml of liver extract.

Urea in 1ml of diluted liver extract = X2= mmol/min/ml of diluted liver extract
Urea concentration in 1ml of undiluted liver extact = ----- x3x20

Urea concentration in micromoles = -------- x1000 = ------- micromoles/min/ml .

Total activity present in liver = --------- X total volume of liver extract = ------- micromole .

Arginase activity as micromoles per gram of liver = total activity in liver/ wt of liver(g).
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METHOD.2.

Urea (mmol/L) = AA (Sample) x 8.9(concentration of std. )
AA (Standard)

Calculate the total arginase activity in the liveras micromoles of urea produced per gram of

liver.

Urea produced in Iminute = ------- mmol /min /0.025ml of liver extract.

Urea in 1ml of diluted liver extract = ------- X 40 = ------- mmol/min/ml of diluted liver
extract .

Urea concentration in 1ml of undiluted liver extact = ----- x3x5

Urea concentration in micromoles = -------- x1000 = ------- micromoles/min/ml .

Total activity present in liver = --------- x total volume of liver extract = ------- micromole .

Arginase activity as micromoles per gram of liver = total activity in liver/ wt of liver(g).
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11.7 DISCUSSION
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11.8Questions:

1- Although Arginine is present in many tissues ,urea synthesis occurs in the
liver only, why?

2- What was the purpose of the manganese sulfate ,andperchloric acid used in
this experiment?

3- Deficiency in the liver Arginase activity leads to low levels of serum urea, but
low levels of serum urea is not necessary associated with low arginase
activity, explain.

4- What is the most important clinical complication of Arginase deficiency?

11.9References:

e Advances in Clinical Chemistry by Oscar Bodansky.
o Internet link(http://www.fgsc.net/teaching/keenan.pdf)
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Normal Human Biochemical VValues in Blood/ Plasma / Serum

Constituent | Normal Range | High in Low in
Diabetes Mellitus
Blood Sugar (Fasting) 70-100 mg % Diabetes mellitus Hyperinsulinism
Blood Sugar (PP) Less than 140 mg% Diabetes mellitus
Renal threshold value 160 — 180 mg% Diabetes mellitus
for glucose
Blood sugar level 80 — 120 mg% Diabetes mellitus
(Random)
Renal Function Tests
Blood Urea 14 — 43 mg% Nephritis, Renal failure Nephrosis
Serum Creatinine 0.1-1.2 mg% Nephritis, Renal failure Nephrosis
Liver Function Tests
Serum Bilirubin 0.2-1mg% Obstructive jaundice,
Haemolytic jaundice,
Neonatal jaundice and
Hepatitis
SGOT (AST) 8 — 40 units/ml Myocardial infarction,
(4-171U/) Infective hepatitis etc.
SGPT (ALT) 5 - 35 units/ml Liver disorders
(3-151U/M)
Serum Alkaline 4 -11 KA Units Obstructive jaundice, Scurvy,
Phosphatase Biliary cirrhosis, Severanaemia,
Rickets, Malnutrition,
Osteomalacia Hypophosphatasia
Serum Proteins, Total 6.0 -8.09% Multiple Myeloma, Nephrotic syndromes,
Anhydraemia, etc. Neoplastic disease,
Malnutrition,
Kwashiorkor syndrome,
Cirrhosis of liver
Serum Albumin 35-50% o Cirrhosis of liver,
Nephrotic syndromes,
Malnutrition, Malignancies,
etc.
Serum Globulins 23-3690% Anhydraemia, Nephrosis L
Infections,
Advanced liver diseases,
etc.
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Albumin/ Globulins 1.2-15 L Less than 1 in infective
Ratio hepatitis
Fibrinogen (Plasma) 0.3-0.6g% Infections Cirrhosis of liver
Cardiac Enzymes
SGOT (AST) 8 — 40 units/ml Myocardial infarction, _
4-171U/) Infective hepatitis etc.
Lactic dehydrogenase 230 — 460 1U/1 Myocardial infarction,

(LDH)

Infective hepatitis,
Toxic jaundice, etc.

Creatine phosphokinase
(CPK or CK)

20-50 1U /I (men)
10 — 37 1U/I (women)

Myocardial infarction,
Hypothyroidism,
Progressive muscular
atrophy, etc.

Cardiac Markers

Cardiac troponin-T 0-0.1pg/L Myocardial infarction _
(cTnT)
Homocysteine 4.0 -12 pmol/L Myocardial infarction Pregnancy
Myoglobin 19 -92 pg/ L (M) Myocardial infarction

12— 76 pg/L (F)

(arelatively early
marker, elevation after
4-6 hrs of AMI)

THYROID FUNCTION TESTS

Triiodothyronine (T3 Pregnancy , Hypothyroidism
60-190ng/dl hyperthyroidism
(R1A method)
Thyroxine (Ty) 1.5-4.0 ng/di hyperthyroidism Hypothyroidism

(R1A method)

TSH hypothyroidism Hyperthyroidism
0.3-6.0' "OfM
Thyroid binding 2.0-4.8 ng/dl Pregnancy , acute liver Major illness,
globulin(TBG) disease Nephrosis,
Thyrotoxicosis
Protein bound iodine 4-8° TN hyperthyroidism Hypothyroidism ,

(PBI)

Nephrosis ,ect.

Pancreatic Function Tests

Serum amylase

80-180 Somogyi
Units

Pancreatitis,
Stone and cancer in
biliary duct,
Perforated peptic ulcer

Liver diseases

Serum Lipase

Less than 150 U/I

Pancreatitis,
Cancer in pancreas,
Cirrhosis of liver,
Hepatitis,

Duodenal ulcer,
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Disease of the biliary
tract, etc.

LIPID PROFILE

Serum cholesterol

150-200mgpk

Diabetes mellitus,
Nephritis

Hyperthyroidism
Severe Liver damage

HDL- Cholesterol

30-63mgpP (men)
35-75mgp
(women)

The combined risk
factor of coronary heart
disease (CHD) can be
determined following the
estimations of serum
cholesterol and HDL —
cholesterol .

LDL- cholesterol

Up to 150 mg/dl

The ratio of cholesterol
to HDL- cholesterol has
predictive value in
determining the risk of
CHD more accurately .
for normal males the
ratio of 5:1 and for
normal females the ratio
of 4.5:1 are considered
as average risk . lower
rations significantly
reduce the risk, whereas
ratios 9.5:1 and 7:1 for
males and females resp-
ectively , are believed to
double the risk of CHD.

An inverse relationship
has been observed
between the risk of CHD
and the concentration of
HDL —cholesterol .

HDL — cholesterol
represents approximately
20-25% of the total
cholesterol in serum .

VLDL

Up to 28mg /dl

Hyperlipidaemia

Serum Triglycerides

30-140 mgp

Hyperlipidaemia,
Atherosclerosis ,
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Nephrosis

Lipids , total

360-820mgpb

Diabetes mellitus

STOMACH FUNCTION TEST

Fractional Test meals Free acidity Duodenal ulcer and Hypochlorhydria
(FTM)i.e. gastric 0.0 — 40 meq/1 ; gastric ulcer (Hypoacidity)
Analysis Total acidity
20-55 meql
HORMONES
Insulin 5-20° Yo o Hypoglycaemia , Diabetes mellitus
(Adult fasting) Insulinoma
Testosterone 350 — 1000 ng/dl , - Hypogonadism
(males) (' males)
20- 70 ng/ dlI , Elevated(females) —
(females) Adrenal or ovarian tumors -
Thyrocalcitonin 20-400 pg/ ml Medullary carcinoma of -
the thyroid
Human chorionic 2,000-40,000 1U/ 1 Detectable level confirms Threatened
Gonadotropin (HCG) pregnancy pregnancy
Gastrin < 300 pg/ ml Stomach or duodenal ulcer
Zollinger Ellison
syndrome
ANAEMIA
Haemoglobin(males) 14-18gb Anemias
polycythemia
Haemoglobin(females) 11-16gb polycythemia Anemias
Miscellaneous
Serum acid phosphatase 1-4 KA Units Carcinoma of prostate
gland, _
Paget’s disease,
Hyperparathyroidism
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Serum uric acid 2-7 mg% Gout, Nephritis, Wilson’s disease,
Acrthritis, Eclampsia Fanconi syndrome
Serum calcium 9-11 mg% Hyperparathyroidism Infantile tetany,
Rickets
Serum inorganic 2.5-4.5 mg% Nephritis, Rickets,
phosphorus Renal failure Fanconi syndrome
Serum sodium 137 -148 meq/I Diabetic acidosis
Serum potassium 3.6-5.4 meq/I Pneumonia,
Acute infections and _
Uremia
Serum magnesium 1-3mg% VVomiting and Diarrhea

Serum lithium

Absent or in traces

lipoprotein (a)

0 — 30 mg/dl

DESIRED LIPID PROFILE

Risk category Total HDL LDL Triglycerides
cholesterol cholesterol cholesterol mg/dl mg/dl
mg/dl mg/dl
DESIRABLE <200 >=35 <130 <200
BORDERLINE 200 — 239 130 -159 200-400
HIGH
WORRISOME >= 240 <35 >=160 401 - 1000
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Important tumor markers

SI. TUMOR MARKERS ASSOCIATED CANCER
NCi- Carcino Embryonic Antigen (CEA) Colon ,lung, Breast ,pancreas
2. Alpha Fetoprotein (AFP) Liver, gonadal germ cell tumor
3. Prostate — Specific Antigen (PSA) Prostate cancer
4. Prostatic — Acid phosphatase (PAP) Prostate cancer
5. Lactic dehydrogenase (LDH) Lymphoma , Ewing 's syndrome
6. Calcitonin (CT) Medullary cancer of the thyroid
7. Human Chorionic Gonadotropin (HCG) Trophoblast , gonadal germ cell tumor

Appendix — I11: plasma and Urine Abnormalities Encountered in Diseases

SI. Disease Raised amino acid (s) in plasma | Raised amino acid (s) in Urine
NO
1. Phenylketonuria (PKU) Phenylalanine Phenylalanine . Urine
screening tests are probably
positive .
2. Homocystinuria Methionine Methionine and Homocystine
Leucine , Isoleucine and
3. Maple Syrup Urine Disease | Leucine , Isoleucine and Valine Valine, may be generalized
(MSU) aminoaciduria
4. Tyrosinosis Tyrosine with added general General raised aminoaciduria.
aminoacidaemia if liver damage
Present.
As plasma and also
5. Disorders of Urea Cycle | Citrulline ,Lysine ,Glutamine, arginosuccinic acid.

Arginine ,Ornithine
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10.

Aminoaciduria

Cystinuria

Wilson's Disease

Hartnup Disease

Galactosaemia

Proline/ or Hydroxyproline

Normal

Normal or general slight elevation

Normal

General aminoacidaemia , if liver
damage ; Raised plasma galactose
on milk diet

Proline, Hydroxyproline and
glycine.

Cystine ,also usually Lysine,
Ornithine and Arginine.

Generalize

All Monocarboxylic —
Monoamino Acids except
Glycine .

General aminoaciduria and
strong reaction for reducing
substances

Referance

Singh.S.P.(2007).Practical manual of biochemistry. 6™ edition
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