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SUMMARY

The use of Internal OQuality Control (IQC) and External Quality Assessment (EQA) to
continuously moniter laboratory performance are accepted as essential parts of the function
of any health laboratory.

Laboratories in many countrieg are disadvantaged by virtue of the non~availability or
high cost of commercial quality control sera. The WHO document (LAB/81.4) was prepared fo
encourdage leocal production of quality control materials to ensure their availability.

Guidelines for the preparatien of lyophilized and liquid control sera are given in that
decument.

This publication extends document LAB/81.4 by describing the preparation of liquid
control sera stabilized with ethylene glycol (ethanediol) which expands the suitability of
the material to include the control of commonly measzured enzymes in addition to other
analytes. The material described in this document can be used for IQC and EQA of the
clinical chemistry methoduy described in "Methods Recommended for Esgsential Clinical Chemical
and Haematological Tests in Intermediate Hospital Laboratories” (LAB/86.3).

1. MATERTALS FOR EVALUATING LABORATORY PERFORMANCE

I0C and EQA are required in all laboratories in developed and developing countries.
They involve the use of amalytical results obtained when suirable materials, usually serum,
are analysed in the same way as specimens from patients. The results are used (1) to decide
whether a batch of tests is acceptable and can therefore be reported to the requesting doctor
{TQC) and {ii) te observe analytical comparabiliry between laboratories withinm a reglon,
country or ianternationally (EQA),.

The control materials used for these purposes must be stable; this has been achieved in
the following three ways:

(1) Liquid serum can be stabilized by sterilization (filtration).
(2) Liquid serum can be dispensed into ampoules and then lyophilized.
(3) Liquid serum can be stabilized by the additifon of chemicals.

1.1 Stabilization by sterilization

This method produces servum which contains no viable bacteria and which is stable at 4 °cC
for geveral weeks. Serum prepared in this way is stable for 2-3 weeks at 20-25 °C but is
unstable in warmer climates. A major problem with the preparation of this material is the
provigion of a guitable sterile environment and of dry sterile beottles,

1.2 Stabilization by lyophilizarion

This method produces a gtable produect which is widely used in more developed countries.
Serum is filtered and then lyophilized. In its dried state it is stable forx several years
when ¢orrectly stored. There are several disadvantages to this method, viz:

(a) the serum must be accurately and precisely dispensed prior to lyophilization;
{b) it is an expensive process, requiring significant capital expenditure;
{c) it requires considerable expertise to obtain a satlsfactory product;

{d) reconstitution of the material with an exact volume of water Is necessary prior to
uge;

(e} matrix changes occur duting lyophiligation and the reconstituted gerum may be
glgnificantly turbid.

It is doubtful if developing countrvies with limited resources ceuld afford rhe expense
of total rellance on lyophilized material. However, there will always be a requirement for
small amounts as a stable reference material. In some instances it may be more
cost—effective to purchase these from & sultable commercial source,
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1.3 Stabilization by chemicals

This method produces a cheap source of stable liquid serum guitable for IQC and EQA, A
variety of compounds have been used to stabillze serum and sevum preserved in this way will
remain stable for several weeks when stored correetly, The major advantages of this method
arae:

(a) 1low cost;

{b) it is a simple process requiring normal laboratory expertise;

{e) no reconstirution 1s required prior to use}
(d) 1little or no obvious matriy effects on subsequent analysis by manual methods.

However, the presetrvatives chosen should not Interfere with methods in common use.
Laboratories can prepare a rvauge of sera with different concentrations of common analytes
thus enabling the laboratory worker to check the analytical process over a wide concentration
range.

2. CHOICE QF STARTING MATERIAL

The use of animal sera is strongly recommended rather than human sera for the followlog
Teasons:

{a) the gserious rvisk of Incorporating infectious human sera into the material with
agents that cause serum hepatitis and acquired lmomune deficiency syndrome, ete.,

(b} the use of human donors to supply large quantities of general purpose control serum
is not justifiable;

{c} for the purposes envisaged in this document, viz. the quality control of most tests
including those listed in LAB/B6.2, the use of animal serum is satisfactory.

Bovine serum 1s the best source in many countries; however, in some countries its use
may not be acceptable., Some azlternative materials are porcine and equine although other
animal sources may alsc be acceptable, Table 1 compares the approximate concentrations of
someé commen analytes in human, bovine, equine and porcine seruvm. Details for the collection
of animal blood may be found in the WHO document LAB/8L.4.

TABLE 1. APPROXIMATE CONCENTRATIONS OR ACTIVLITY QF ANALYTES IN
HUMAN AND SOME ANIMAYL SERA (5.I. UNITS)*

Analyte Unit Human Rovine Equine Porcine

Albunin (BCG) g/l 43 32
Alk. phos#%#® /1 55 56
Apylase®*® U/l 180 15
ABTH* u/1 26 B85
Bicarbonate mmol/1 -
Bilirubin umol/1
Calcium mmol/1
Creatinine pmol/1
Glucose

{fasting) mnol/1
Potaseium mmol/1
Sodium mmol/1
Total protein g/1
Urea mranl/1

* The comma {,) has been used to indicate the decimal

fraction as recommended im the SI for the Health Professions,
World Health Organization, 1977.

ok
Measutred by the methods described in LAB/86.3.
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3. METHODS QF PREPARING STABILIZED LIQUID SERDM

It is essential that all laboratories have reasonably large volumes of stable quality
control gerum availahle. These need to be of good quality but cheap and easy to produce,

0f the methods available the one chosen must utilize cheap and widely available
chemicals, Some compounds are known to invalidate enzyme assays and should not be used 1f
the material is to be used for enzyme weagurements. Thiomersal, borate, fluoride, azide and
antibiotics have all been used as preservatives but have bheen found te be less satlsfactory
than ethylene glycol. In serum containing 15% ethylene glycol, all of the comstituents
listed in Table 2 are stable at =20 °C for at least 8 months. At 4 °C, zlkaline phosphatase,
AST and bilirubin are stable for 4 months and all other constituents listed in Table 2 are
stable for at least 8 months. &Serum containing 15%Z ethylene glycol 1s slse gtable at higher
tegperatures for ghorter periods. Initial studies indicate that all of the serum
constituents described in Table 2 are stable at 25 °C for six days and at 37 “C for three
days. The stability at these temperaturesg is likely to be variable depending on the level of
contamination by microorganisms, Serum prepared in this way may therefore be distributed at
amhient temperature for external quality assessment prograomes in addition teo its use for
internal guality control,

4, METHODS FOR THE PREPARATION OF SERUM USING ETHYLENE GLYCOL (ETHANEDIOL)

The addition of any liquid to serum results in a dilurien of the concentration of all
analytes. TFor many analytes this is undesirvable and invelves the laboratory in the addicion
of several compounds to restore the concentration of some constituents, Te¢ avedd this it is
best to start by preparing a carvefully mixed serum pool which is then frozen. On thawing,
the top layer will coutaln very low concentrations of all comstituents., A volume, equivalent
te 15% of the total, is removed and replaced with the same volume of ethylene glycol. It 1z
then mixed carefully and thoroughly. At this stage the serum may be assayed for any
congtituent and compounds added to elevate the concentrations of certain amalytes.

4.1 Preparation of a preliminary batch

It is important that laboratories have available to them batches of quality control sera
in the low, medium apd high concentrations of all analytes likely tco be measured as
recommended in WHO document LAB/86.3. These materials enable laboratories to carry gqut
quality control checks over a wide analytical and physiological range., However, we strongly
recommend the prepararion of a small practice batch with the concentration of most analytes
in the medium range. This helps the laboratory gain expertise and avoids the possible loss
of valuable gserum, When familiar with the techniques the laboratory can prepare largexr
volumes at low, medium and high concentrations and this will Involve more extensive additions
of various materials.

Start with a batech of 250 ml:

1. Start with 230 ml of fresh bovine (porcine or equine) serum. Human gserum Is not
recommended (see Sectiom 2).

2, Carefully mix to ensure homogeneity and freeze completely at -20 °C. Since it is
important to avoid possible deterioration of this serum by allowing it to remain at
ambient temperature too long, the remainder of the process must be completed within
one working day.

3, Allew to thaw at room temperature, DO NOT DISTURB OR MIX.

4, When gompletely thawed carefully remove 38 ml of the top layer of fluid. This i=s
15% of the total volume and consists mainly of water or very dilute serum.

5. Replace this volume by adding 38 ml of ethylene glycel.

6. Mix very carefully and filter through non-absorbent cotton wool to remeove any large
aggregates,
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The glucose and urea concentrations will be toc low for a gerum of medium
concentration and must be raised by adding 140 mg of glucose and 44 mg of urea.
These solids must be dissolved and the preparation carefully and thoroughly mixed
to ensure homogeneity.

The serum can then be dispensed into clean, dry, well-capped bottles or vials and
stored in the refrigerator,

Before use the serum should be removed from the refrigerator and allowed to rise to
ambient tewmperature; mix gently and thoroughly before usge.

Preparation of a medium concentration quality control gerum

1.

2,

Start with 1 litre of fresh bovine (porcine or equine) gerum,

Carefully mix to ensure homogeneity and freeze at -20 °C. It is important to avoid
possible deteriorarion of this serum by allowing it to remain at ambient
temperature too long. The remainder of the process must be completed within one
working day.

Allow to thaw at room temperature, DO NOT DISTURB OR MIX.

When completely rhawed remove 150 al of the top layer of fluid, This is 15% of the
total volume and consists mainly of watex or very dilute serum.

Raplace this volume of f£luid by adding 130 ml of ethylene glycol,

Mix very carefully and filter through non—absorbent cotton wool to remove any lavge
aggregates.

Measure the coucentration of the analytes in which you are interested and construct
a table ildentical to Table 2, filling in your own measured concentrations
(column 4),

Fill in the desired concentrations in column 3 and use this table to calculare tha
amounts of analytes to be added as described below,

The concentration of constituents may be similar ko the values indicated in
column 4 of Table 2, It 15 anticipated that adjustments will be required for
alkaline phosphatase, amylase, bilirubin, gluecose and urea.

TABLE 2. APPROXTIMATE MEASURED AND DESIRED CONCENTRATIONS OR ACTIVITIES
FOR MEDIUM CONCENTRATION QUALITY CONTROL SERUM (BOVINE ORIGIN)

Constituent Onits Desired Measured
concentration® concentration*

Albumin g/l 38 38

Alk, phos u/i 150 30
Amylage U/1 300 0

AST U/l 80 80
Bicarbonate amol/1 14 14
Bilirubin pmol/1 35 3
Calcium mmol /1 ' 2,55 2,55
Creatinine pmol/1 90 g0
Glucose mmol/1 5,6 2,5
Potassium mmol/1 4,1 4,1
Sodium tmol /1 135 135
Total protein g/l 63 65

lirea mnol /1 7,0 4,1

®
Or Activity.
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Adjust the concentration of analytes as follows:

{a)

(1)

(c)

{(d)

(e)

alkaline phosphatase

amount te be added to 1 litre =

desired actlivity — measured activity;

i.e, from the example in Table 2:

150 — 50 = 100 units to be added to 1 litre. This may be added as a powder or
a concentrated suspensicen.

Alkalina phosphatase is available commercially. A detailed description for
the preparation of alkaline phosphatase from human placenta {5 given in
Appendix A.

amylase

amount to be added to 1 litre =

desired activity - measured activity;

i.e. from the example In Table 2:

300 - 0 = 300 units to be added to 1 litre,

Human saliva contains about 1000 units amylase/ml, so 0,3 ml contains

300 units. Collect about 1 ml of saliva, centrifuge ar about 2500 rpm for

10 minutes then add 0,3 wl of supernatant to 1 litre of stabllized control
serum. Measure the amylase activity of the control serum at 37 °C to confirm
that it is approximately 300 U/1.

bilirubin

amount to be added to 1 litre =

degired concentration - measured concentration;
i.e. from the example in Table 2:

35 - 3 = 32 pmol/l (1 jmol = 0,59 mg)

32 % 0,59 = 19 mg to be added to 1 litre.

Welgh out 19 mg of bilirubinm (32 umol), disselve in 4,0 ml of 0,1 fol/1l sodium
hydroxide to produce a clear red solution; when the hilirubin has completely
digsolved, add the solution, with constant stirring, to the 1 litre of
stabilized control serum, The procedure should not be carried out in a

brightly lit place and, after adding the bilirubin to the control serum, it
must be protected from light to avoid destruction of the bilirubin.

glucose

amount to be added to 1 litre =

degired concentration - wmeasured concentvation;
i.e. from the example in Table 2:

5,6 — 2,5 = 3,1 mmol (1 mmol = 180 mg)

3,1 x 180 = 358 mg.

Weigh out 558 mg of glucose and add it to L litre of stabilized serum, mix
gently and thoroughly to dissolva.

urea

amount to be added to 1 litre =

desired concentration — measured concentration;
i.e. from the example in Table 2;

7,0 = 4,1 = 2,9 mmol (1 mmol = 60 mg)

2,9 x 60 = 174 mg,

Weigh out 174 mg of urea and add it to 1 litre of stabilized serum, mix gently
and thoeroughly to dissolve.
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10. The total product must now be mixed thereughly and dispensed into suitable clean,
dry, amber-coloured bottles or vials, capped firmly and stored at 4 °C or at
=20 C. 1If amber—coloured containers are not available, then the serum must be
protected from light to avoid destruction ¢f the bilirubin,

4.3 Preparation of a low concentration quality control serum

1. Start with 1 Iitre of fresh bovine (porcine or egquine) serum.
2. Filter through non-absorbent cotton wool to remove any larpe aggraegates,
3. Measure the potassium concentration.

4, Calculate the final volume to which 1 litre of serum must be adjusted to dilute the
potassium to 3,5 mmol/l. For example, if the measured potassium is 5,4 mmol/1l then:

final volume = 5,4 y 1000 = 1543 ml
3

{b0 NOT ADD WATER YET)

5.  15% of 1543 ml is 1543 , 15 = 2131 ml
100

6. Therefore to 1 litre of serum with potassium concentratlon of 5,4 mmol/l vou must
add the following:

(a) ethylene glycel; 231 ml
(L) distilled water: 312 ol (i.e. 543 - 231 = 312 ul)

7. Measure the concentration of the analytes in which you are interested and construct
a table identical to Table 3, filling in your own measured concentrations
(column 4).

8. Adjust the glucose and sodium to the desired concentrations as follows (assuming a
final volume for the low concentration serum of 15343 ml):

(2) glucose

amount to he added to 1 litre =

degired concentration — measured concentration:
i.e. from the example in Table 3:

3,0 = 2,0 = 1,0 mmol/l

1 mmol = 150 nmg.

The total velume of the low concentration serum is 1543 ml (1,543 13, so the
amount to be added is 180 x 1,543 = 278 mg. Weigh out 278 mg glucose and add
it to the serum,

(b} sodium

amount to be added to 1 litre =

desired concentration — measutred concentration;
i.e. from Tahle 3:

125 — 106 = 19 mmel/1

1l amol = 58,4 mg of sodium chloride

19 mmol = 58,4 x 19 = 1110 mg ©f sodium chloride,

The total volume of rhe low concentration serun is 1543 wl (1,543 1) s0 the
amount to be added is 1110 x 1,343 = 1713 mg = 1,71 g. Weigh out 1,71 z of
sodiuvm chloride and add it te the seyum,
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14,

4ot

TABLE

kN APFROXIMATE MEASURED AND DESIRED CONCENTRATIONS QR ACTIVITIES

FOR LOW CONCENTRATION QUALLITY CONTROL SERUM (BOVINE ORIGIN)

Degired Measured
Analyte Units concentration® concentration®
Albumin g/l 30 30
Alk. phos u/1 40 40
Amylase U/l - -
ABT U/i 60 60
Bicarbonate amoal /1 11 11
Bilirubin pmol/l - -
Caleium mmal /1 2,0 2,0
Creatinine pmol/l 70 70
Glucose mmol/1l 3,0 2,0
Potaasium mmol/1 3,2 3,2
Sodium nmol/1 125 106
Total protein g/l 51 51
Urea mmol/1 3,2 3,2

%
Or Activity.
Mix gently but thoroughly to engure that the glucose and sodium chloride dissolve
completely.

The total product must now be mixed thoroughly and dispensed iate suitable bottles
or vials, capped firmly and stored at 4 *C or at -20 °C.

Preparation of a high concemtration quality control serum

1.

2.

Start with 1 litre of fresh bovine (porcine or equine) serum.

Carefully mix to ensure homogeneity and freeze at —-20 *c. It is Important to avold
possible deterioration of this serum by allowing it to remain at ambient
temperature too long. The remainder of the process must be completed within one
working day.

Allow to thaw at room temperature. DO NOT DISTURB OR MIX.

When completely thawed remove 300 ml of the top layer of fluid.
Add 123 ml of ethyleme glvecol.

Mix very carefully and filter through non—absorbent cotton weol to remove any large
aggregates.

Measure the concentration of the analytes in which you are intereated and construct
a table identical to Table 4, filling in your own measured concentrations
(colunn 4).

Fi1ll in the desired concentrations in columm 3 and use that table te calculate the
amounts of analytes to be added as described below.

The concentrations may be similat to the values givea in column & of Table 4 with
the desired concentrations indicated in column 3, It is anticipated that

ad justments will be required for alkaline phosphatase, amylase, bilirubin,
creatinine, glucose and urea. The adjustments are based on a fipal volume of

B58 ml (l.e. 700 nl concentrated setrum, 123 ml ethylene glycol, 30 ml from
bilirubin and creatinine adjustments and 5 ml extra ethylene glycel).
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TABLE 4, APPROXIMATE DESIRED AND MEASURED CONCENTRATIONE OR ACTIVI'TIEZ
FOR HIGH CONCENTRATION QUALLTY CONTROL SERUM (BOVINE ORIGIN)

] Desirved Measured

Analyte Units concentration® concentration*
Albumin g/1 45 45
Alk. phos u/l 250 60
Amylase /1 700 0
AST u/1 95 95
Bicarhonate mmol/1 17 17
Bilirubin pmel/l, 150 5
Calcium mmol/l 3,00 3,00
Creatinine pmol/1 450 ilo
Glucose mol /L 20 3,0
Potassium anmol/1 6,0 4,8
Sodium mmol/1 159 159
Total protein e/l 76 76
Urea mmol/1 15 4,8

*
Or Activity.

10, Adjust the conceantration of analytes as follows:

{a) alkaline phosphatase

amount to be added to 1 litre = desired activity - measured activity;
i,e, from the example in Table 4}

250 — 60 = 190 units to be added to 1 litre

volume of high concentration serum is 838 ml (0,838 1)

196 % 0,838 = 163 units.

163 units of alkaline phosphatase must be added to the high concentration
serum; this may be added as a4 powder or & concentrated suspension, See
Appendix A for details of the preparation of human placeatal alkaline

phosphatase and Appendix B for possible commercial sources of the enzyme.

(b) amylase

amount to be added to 1 litre = desired activity - measured activity;
i.e. from the example in Table 4:

700 — 0 = 700 units to be added to 1 litre

volume of high concentratlon serum is 858 ml (0,838 1)

700 x 0,838 = 601 uvnics

601 undts of amylase must be added to the high cencentration serum.

Human saliva contains about 1000 units of amylase/ml, so that 0,6 mwl contains
600 units. Collect about 1 ml of saliva, centrifupe at about 2500 rpm for

10 minutes, then add 0,6 ml to the high concentration serum. Mix thoroughly.
Measure the amylase activity of the serum at 37 "C to confirm that it is
approximately 700 U/1,
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{c)

(d)

{e)

(£)

(&)

bilirubin

amount to be added to 1 litre =

desired concentration - measured concentration;

i.e. from the example in Table 4:

150 = 5 = 145 umol/1 (1 pmol = 0,59 mg)

145 x 0,59 = 85,6 mg to be added to 1 litre

volume of high concentration serum is 838 ml (0,858 1)
85,6 x 0,858 = 73 mg,

Weigh out 73 mg of bilirubiln, dissolve in 15 ml of 0,1 mol/l sodium hydroxide
to produce a clear red solutiom; when the bilirubia has completely dissclved,
add the solution, with congtant stirring, to the high concentraricn serum.

The procedure should neot be carried out in a brightly lit place and, after
adding the bilirubinm to the control serum, it must be protected from light to
avold destruction of the bilirubin, Mix thoroughly.

creatinine

amount to be added to 1 litre =

desired concentration ~ measured concentration;

i.e. from the example in Table 4:

450 — 110 = 340 pmol/l (1 pmol = 0,113 mg)

340 x 0,113 = 38 wg to be added to 1 litre

volume of high concentrarion serum is 838 ml (0,853 1)
38 x 0,858 = 33 mg.

Weigh out 33 mg of creatinine, dissolve im 15 ml of 0,1 mol/l hydrochloric
acid and when completely dissolved add the solution to the high concentration
gerum, Mix thoroughly.

glucoge

amount to be added to 1 litre =

desired concentratlon - measured concentratien;

i.e. from the exawmple in Table 4:

20 - 3 =17 mmol/1 (! mmol = 180 mg)

17 x 180 = 3,06 g to be added fo 1 litre

volume of high councentration serxum is 858 ml (0,838 1)
3,06 % 0,858 = 2,63 g.

Weigh out 2,63 g of glucose, add it to the high concentration serum, mix
gently to dissolve. Mix thoroughly.

urea

amount to be added to 1 litre =

desired concentration — measured concentration;

i,e, from the example in Table 4:

15 - 4,8 = 10,2 mmol/l (1 mmol = 60 mg)

10,2 x 60 = 612 mg to be added to 1 litre

volume of high concentratisen serum is 858 md (0,858 1)
612 = 0,858 = 525 mg.

Weigh out 525 mg of urea, add it to the high concentration serum, mix gently
to dissolve, Mix thoroughly.

final adjustment of ethylene glycol concentration

The final concentration of ethylene glycol must be 15%. It is therefore
necessary to add a further 5,0 ml ethylene glycol because the total velume has
been increased by 30 ml through the addition of the bilirubin and ¢rearinine
golutions. Mix very thoroughly.
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11, The total product must now be mixed thoreughly and dispensed inte suitable clean,
dry, amber—coloured bottles or vials, capped firmly and stored at 4 *C or at
-20 °C, If amber-coloured containers are not available, then the serum must be
protected from light to avoid destruction of the bilirubin. j

GENERAL NOTES

We recommend that when possible clean and aseptic techniques ghould be used to reduce
the possibilities of contamination.

Prior to analysis the serum should be allowed to rise to ambient temperature, and mixzed
carefully. It should be kept in the dark to avoid destruction of the bilirubin.

Serum preserved with ethylene glycol may not be suitable for methods employing dialysis,
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APPENDIX A

PREPARATION OF ENZYME CONCENTRATESL

This section gives a detailed description of the preparation of a nunber of enzyme
concentrates from tissue sources which can be used to fortify batehes of control serum.

(1} ALKALINE PHOSPHATASE, ALP (EC 3.1.3.1)

ALP is prepared from human placenta using & method based on the extraction procedure of
Morton (1950). The placenta is homogenized using 2 ml water per g tissue, then n-butanol iz
added 1 ml per g tissue and stirred for about one hour. After centrifugation the aqueous
layer is fractionated with acetone at 4 °g, the pracipitate formed between 33Z and 50% {v/v)
acetone is retained, dissolved in 0,0l mol/l tris-HCl buffer, pH 7,7 and dialysed overnight
against the same buffer. The average yield is 52 units per g tigsue and the ALP;AST ratic is
greater than 57;1 and ALT activity is undetectable.

This enzyme and all other eazyme preparatlons described below are distribured in gmall
vials and stored at —-20 ‘C until required. The activity of each 1z measured by the
difference before and after addition using a suitable dilurion im serum,

(i{) ALANININE AMINOTRANSFERASE, ALT {EC 2.6.2.2)

ALT is prepared from human liver using a procedure based on the method published by
Owen et al. (1974) for the extraction of ALT from dolphin musele. Human liver, clagsified as
normal by the patholegist, 1s homogenized in 0,05 mol/l trie-HC1 buffer, ph 7,0 containing
10 mmol/]l 2-mercaptoethanol and 10 mmol/l EDTA, 3 ml buffer being used per g of tissue.
After centrifugation, the supernatant is placed in a water—bath at 60 °C, brought to 52 °c,
then rapidly cooled in an ice~bath. The heat—treated sample is fractionated with amnenium
gulfate at 4 "C., The precipitate formed when a further 16 g ammonium sulfate pex 100 ml are
added contains most of the ALT activity and should be separated, dissolved in and dialysed
overnight against 0,015 mmel/l tris—HCI buffer, pH 7,25, containing 2 mmol/l EDTA and
10 mmol/1 2-mercaptoethanel, The supernatant from this latter step i5 retained for AST
preparation. The average yield is 14 units per g tissue and the ALT:aST ratio 4,53:1. The
ALP activity in this preparation is negligible,

Ox, pig and horse livers d¢ not yield satisfactory ALT preparations, the ratioc of
AST:ALT activity in the initial extract being very much greater, abour 10:1 compared with 2:1
it human liver.

(1i1) ASPARTATE AMINOTRANSFERASE, AST (EC 2,6,1.1)

AST may also be extracted from human liver by the above procedurs. A further 14 g
anmonium sulfate per 100 ml are added to the gupernatant from the ALT preparation. The
precipitate formed contains most of the AST activity. This precipitate is dissolved 1n and
dialysed against 0,013 mol/l tris buffer, to remove ammonium sulfate and is then suitable for
addition to quality control matevial. The average yleld is 25 units per g tissue and the
AST:ALT ratio 25:1.

1 Reprinted from Practical Guidelines for the Preparation of Quality Control Sera for
Use in Clipical Chemistry by A, P. Kemny & R. H. Eaton, WHO document LAB/8L.4.




S0ME POSSIBLE COMMERCIAL SOURCES OF ENZYMES

ALKALINE PHOSPHATASE

Sigma Chemical Co.
Catalogue number
BDH Chemicals Ltd
Catalogue number
Merck

Catalogue number

AST
Sigma Chemical Co.
Catalogue number
AMYLASE

Sigma Chemical Co.
Catalogue pumber
BDH Chemicals Ltd
Catalogue number
Merck

Catalogue number

PF3321

39035

1607L

G2751

AlLO3L

39118

1329
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APPENDIX B

The products satisfactorily used for the evaluation of this procedure were from Sigma

Chemical Co. listed above,
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