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{— The shape of a cumulative frequency
histogram will always have the rectangular
Frequency Histogram | bars getting bigger as you move to the right.

Example: Start with the smallest interval
(75-79)
and add. 4+6=10:
10+3=13:
13 +2=15.
15 is the total number of data entries.

Math Scores  Frequency  Cumulative

75 -79 4

80 -84 10

85 -89 13

N W =) £

90 - 95 15

Cumulative fregquency polygon for grades
listed in freguency-distribution table,
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we can only estimate it with the sample standard deviation S and transfer the X into T

which does not have a standard normal distribution. T follows what is called Student's
distribution.

rA-#

Sin
we assume that we know the standard deviation (6) of the population and

transferred the X into Z which is standard normal distribution and use the z-value to
estimate the confidence intervals for the population mean p

X —u

ﬂ-f N F standard normal distribution

~ t-distribution L = mean

- —

The formula for the two sample t-test is:
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x is a value from the population, m is the mean of all x, n is the number of x in the
population, Y is the summation.

fok WS Adlgde Ao (o o o (Kay @laaall CibatY) Ll o

L y{zcx— =)
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o =

X is an observation from the sample, x-bar is the sample mean, n is the sample size,
> is the summation.

e When this principle of restriction is applied to regression and analysis of variance,
the general result is that you lose one degree of freedom for each parameter
estimated prior to estimating the (residual) standard deviation.

e Another way of thinking about the restriction principle behind degrees of freedom
is to imagine contingencies. For example, imagine you have four numbers (a, b, ¢
6



and d) that must add up to a total of m; you are free to choose the first three
numbers at random, but the fourth must be chosen so that it makes the total equal
to m - thus your degree of freedom is three.

e “there are n — 1 degrees of freedom for error."

Sources of error Lill jilas
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* An error which, in the course of a number of measurements of the same value of a
given quantity, remains constant when measurements are made under the same
conditions, or varies according to a definite law when conditions change.

» Systematic errors create a characteristic bias in the test results and can be accounted
for by applying a correction.

* Systematic errors may be induced by factors such as variations in incubation
temperature, blockage of plate washer, change in the reagent batch or modifications
in testing method.

Systematic Errors

True X

Value

dolaal) claastl AS)a sagall L) galin
Internal Quality Control Program for Serological Testing

internal quality control il 835 48)ye = 3lai aladial e JAI) sagall A8)e maliyy aciny
Gyhall alasiul ey Shewhart Control Charts e 4l agwy Jleg «(IQC) specimens
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Internal Quality Control Specimens il sagall d3d))e ~ 3l
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Shewhart Control Charts

A Shewhart Control Chart depend on the use of IQC specimens and is developed in
the following manner:-
* Put up the IQC specimen for at least 20 or more assay runs and record down the
0O.D./cut-off value or antibody titre (whichever is applicable).
* Calculate the mean and standard deviations (s.d.)
* Make a plot with the assay run on the x-axis, and O.D./cut-off or antibody titre on
the y axis.
* Draw the following lines across the y-axis: mean, -3, -2, -2, 1, 2, and 3 s.d.
* Plot the O.D./cut-off obtained for the IQC specimen for subsequent assay runs
* Major events such as changes in the batch no. of the kit and instruments used
should be recorded on the chart.
Shewhart Chart

8
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Warning rules 4ipiai |
Warning 1asp : It is violated if the 1QC value exceeds the mean by + 2SD. It is an
event likely to occur normally in less than 5% of cases.
Warning 2»sp : It detects systematic errors and is violated when two consecutive
IQC values exceed the mean on the same side of the mean by £+ 2SD.
Warning 31sp : It is violated if four consecutive IQC values exceed the same limit
(mean £ 1SD) and this may indicate the need to perform instrument maintenance
or reagent calibration.

Mandatory rules 4ika) |

Mandatory 13sp : It is violated when the IQC value exceeds the mean by £3SD. The
assay run is regarded as out of control.

Mandatory Rasp : It is only applied when the 1QC is tested in duplicate. This rule is
violated when the difference in SD between the duplicates exceeds 4SD.
Mandatory 10x : This rule is violated when the last 10 consecutive IQC values are
on the same side of the mean or target value.

Analytical Techniques and Instrumentation (s ) sidal) 3 5¢a¥) g &ldail g hal)
dagall Jsh zoaia gl ciphal) (ulsha —

Concave diffraction Dz lamp In double beam design, the energy
9’:’;‘9 of the light source is divided into
S ————t ] two with a half mirror so that one
\ Entrance Mirror passes through the reference
N = 1 e side, and the other through the
Ext slit \ sample side, which I& unavailable
Filter \ with the single beam design.
SInce the reference-slde energy Is
. Wﬂ Lens also incident on a detector,

N —D—H photometry Ie carried out on the
Half \ Detector 2 basis of this signal. Therefore, an
maTor \ Lens energy change In the light seurce

Mirror —O—d 4 canh be compensated to ensure

Detector stable measurement for a long
Monochromator __Samgle time.
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* Electrophoresis SeSh Bl
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* Analytical Techniques for POCT (Point of Care Testing)
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Principles of Clinical Chemistry Automation 4% Z:a iyl laassl) zgalsa e
Steps in Automated Analysis ¥ Jiail) z5 2k

e Specimen preparation and identification Augh Guadg zigalll juani
* Specimen measurement and delivery Aty oz dgaill (puld
* Reagent systems and delivery lgitulg 2aa\Sl Cile ganall
* Chemical reaction phase el Jelill o
* Measurement phase odll ek

* Signal processing and data handling Gldasall dallaag 8l dallas dolec
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Electrophoresis ~lyg<l (3l

Glia pailad waaty Juadl Lign 48baS Juad dayla o celectrophoresis Lyl (sl
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Applications ALl (Sa ) Ciliadat @

Biological and biochemical research tool, Goaglong L AL Eigay sal —
Proteomics, protein chemistry Pharmacy,ofis) sbaS digan 4 4V aa aal 4l -
forensic medicine e &l il & dueal 1 -

«Veterinary medicine (ganll lall 8 daaal 4 -

«Food control plakll &) b Lual a1 -

‘Molecular biology &iall agleud) b dueal 4l -
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Three Basic Different Electrophoretic Procedures

Electrophoresis Isotachophoresis Isoelectric Focussing
...._[..... - qI
"ra - g e o@rla
: ooked| I i)
= (=3 a pa
: e, 2 2 -aamii
l = =1 e a8 e nl,
g S E
-+ - -+
o= A
- =B
Homegenous Buffer Exotic pH-gradients
Systems e Isoelectric polnt
Electrophoresis in: equeal velocl*t}/ ampholytic
1. free solution electrophoresis compounds
2 = rti i discontinuous roteins, peptides
- supporting media buffer system ocussing
- paper, cellulose acetate

folio
+ starch gel. agarose gels
+ polyacrylamide gels

1. Electrophoresis in Free Solution ‘

Grundelektrolyt

Principle: continuous procedure
sample und buffer flow is
vertical to the electric field

and to the separation direction.

Pufferstrom

Applications: soluble compounds
cells, viruses, bacteria

VVTWAVWITWVVWNINVY
_-—
Elektrophorese
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1. Electrophoresis in Free Solution

fuseg-Silica-Kapillare
|

Capillary electrophoresis

L. o . UV-Delektor
Principle: 20-30 cm capillare Elektrode

) 50-100 pm
potential 30 kV
power supply 10-20 pA

Elektrode

ElektodengetaBe

Application: Analvtical methods
Micropreparation
Sequencing Spannungsquelle
Mass spectroscopy

2. Electrophoresis in Supported Media

Paper:
high molecular polysaccharides, large pores
Cellulose acetat folio

only charge dependent, clinical analytic

Starch gel:
hydrolysed potato starch, not reproducible gels

Agarose gels:

polysaccharides from red sea algen, after boiling gelation starts during cooling down,

polysaccharides helices.

pores: 150 nm 1% gel, 500 nm 0,16% gel not toxic, easy to prepare, horizontal gel

immuno electrophoresis.

Polyacrylamide gel:

chemical and mechanical stable, monomeres are toxic pores (5-50 nm), good sieve
effects, gels formed by copolymerization of acrylamide and N',N-methylen

bisacrylamide.

13



2. Electrophoresis in Supported Media

Non-restrictive gels
0,16% gel: pores 150-500nm ‘

Agarose-gel

Mobility 1s only dependent on
the charge of the molecule
clincal routine: serum proteins
Immuno electrophoresis
aftfinity electrophoresis

Restrictive gels

1% gel: pores 150 nm
protein aggregates, DINA-
und RN A-molecules and
fragments

2. Electrophoresis in Supported Media

=CH

g

HO o oH
CH,OH
A N0 ‘TL%\O/
-0 \/O o
OH

. O~ OH— CHy~ CH = CHy-CH = CHy~ CH- O~ CH—
Acrvlamide ! - | ] I ]
Acrylami f=0 ¢ =0 c=0 c=0 C=0 C=0 C=

NH L 1 1 N | |
?‘2 CHy
M Polvacrylamide-gel -
. . olyvacryl: e-
Methylen bisacrylamide ‘I'E;=n . e =l
CHFCH o [y~ CH -3, CHy - CH~CH-CH— Chy - CH— O

Polvacrvlamide-gels ﬂ‘zé :“2 ] o"wz Lo ey m"l: o
: . - - = = = |

chemical and mechanical stable ™ ' | . i i

good sieve effects, | N, N, )

Acrylamide is toxic, = ?"2

pores width limited (800 nm). ’I"

gels formed by 1|: f=°

copolymerisation with |';||1,-|;||— CH,- (l-;u —CHy- |I;“_m2- ?"_c“z_ ([;“ ':"fF'

methylen bisacrylamide -CHy- CH
|

€=0
H,N—C=0

NHy

C=0
o,
Restrictive gels

small pores: 5- 30 nmn
mobility dependent on charge
andmolecular size

2. Electrophoresis in Supported Media

Restrictive Agarose gels

For large molecules like protein aggregates, DNA-and
RNA-molecules and fragments

“Submarine” standard technique for nucleic acids
separation

C=0
|

Stained by ethidium bromide, very toxic
MSDS sheets: weare cloves

14
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Spectrophotometer Jgal) Cishal) (uliie

Detector Serahlervereiniper

Gitler

Linse Wallram-
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P L — . -
— . / i = T
Dispersion device g;;,h -r.u H H il.u :
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Entrance slit L !
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Source 1,25 nm pro Diode)
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Diode Array

Dispersion device

Entrance slit

‘ Sample

Source

o=y

5230 Ual (e deuterium arc lamp —a :eguall (xas UV/Vis spectrophotometer aaiicn
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Gumo coalfices Jad Bplae Jisie SHN @il A dail) e aah Leie Linearity dabadll e oayds
dage Job alasiuly @lly (ling 2ad Lsle dallae sl Lhaall e 32al) (Sars .Beer (sl ai
Ol QA alae Y aliaial)

Blood Gases a) <& jl& (ulde
PN g Leatitl) 53 DIy aall b Gleane (UsSe clilia
@ Lsad) (SLAl o) PH 5 o) 43585 dcasang cCnngyuell )L S50 (oijlad yued 25 pH -
Jidl sl sy gyl analls Laldll (7.45 — 7.35) pH I aitl Gua Jlae clliag 7.4
Slall Al je 055 7.6 e 255 7 e S pH ad ol -4kl Giass ) L)
e =il (o) ¢ls .Henderson-Hasslebach alalaal aall ciile dlae dallas (e 3228 HCOs™ —
Oe @l -pd) 3 05l HCO3 ~ 835 g aains PH I (8 beals s o S0 HCO3 — (b piaglas
ol calael giac Qi ol (g Jib oo Bale aai pallll HCO3 7 oy -sball sasga (55 a8 (pillal
e AaglY) s sllac] dai dale oay iy ST 058 HCO3 — 80b) L ccihall e (gSall sl
NaHCO3 11 Jskw 5245 ol cchaal) gl (ams pa Jlall 58 LS cdadlall
(il Jidl) A e 58 52030 CO, Aais COp 2558 Alalsy 8yile Aiad (ol Koy PCO; —
iailly .metabolic acidosis D) palealls aiadll diggll Jaj e aaiid Loailil) daidl) Ll
40 mmHg 2 pCO2 d &gl
85 o Lsedl Aaill @lig O2 355N dlanlss dlia aall 3 e ad) il Ll :pO2 -
Llal) JSlial) sae e pO2 I (alth aning 55 3y (pankY) sllac) e pO2 I 524 aaiiy 1005
~Aaeaiiilly dag3 )
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Flame Photometer ¢!} ciall (ulfa

Flame Filter Detector Readout

Conslant

Mixing Chamber

asdullls cPotassium asulisdly Sodium asisaall 3815 cuadl oglll egall (ulie aadnug
asollls cCalcium asuedlSl duglae 3 ddladiod (So WS Lol AL 2030 =il dauls, cLithium
LA e e lia Y lsa * Barium

s Asgy Hlsa psillly asliplly asiseall 5815 5e8 (Sadll o seal Al Vel i
sk gl esin ilike Bigal Da

Alpel) AN £ 5 (ag el b b agislly elsals dnFiae A (e e ALl Al 35
ool gt o o (e 23SV Sl 2S5 gl Gl Ly el o lgina iy Gus lall
gl Geia

AUl Lsadiall gl o3 yuad Lavies ccaglll Bhay cpindlly cilip SN Jaais ¢ AUl ) ey
lglls Y 3 53gms 5arme dage Jsh 4l spn IS8 Lgll a g 25 gl e (pslall gjal

"ground state" Ll

Loy RES LaglgiS (ulal 4aj® Immunochemistry System  eliall Sl alaill ax
Adle Aauls LIS i gy AsSlell LipWls Ao gl clisgll AREs chlad) Slaly cela¥) ddle
(@l Laadl Jals Gy I lileall 5oLl
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Al e JIg Geed IS b caaly ey B caillagl (e e i ) Eaal) 5eaY) Cuada il
siadll Juty reagent cadlSlly dimll AL (Jsill Auall s Bpledd) lgd Lo Guldll adiedll

.Cuvette

Nephlometry ! uld

Light source

Focused light

Dilute antigen and
antibody suspension

Scatterad
light rays

Dretector

o pia cpn ladesy 3o 4y .1gM, 18G, and IgA Ciligiue Gl delial) ale d daiia diisha a5
coSaiall pguall daaS Ll 5 (e (Al

OF Tae aas ag Tow dad) dlow Y cdpud) chasd) b ey IS8 bkl sda aasnld
Baxsa dgly sgall maenty Jial) A€ Gudy el Dbl ppuall e ddea (lae b Bl cilinall
(22,2 75 4l 70 sale)

aeS B @ ey (i) (B aead ) deas Y das gy e 3iSh M M e (G
cSbane ginie Ay Alggaall Sl (puady Aaglan dndal (o el S pa ol intial) ssunll

S35l (el s (3 g L iall cilolial)
Immunoassays and Nucleic Acid Probe Techniques
Immunoassays d:clial) Clulial o
s sglly .ane Laiipg antigen aaiwdl e antibody aall sgia o Lo liall Aaglad)
e Ly aa o) 058 o oS plaiaY)
Unlabeled Immunoassays daswsal) & doslial) Gluglial) o
Immune Precipitation in Gel Dgll & celiall gl -
Detection of Fluid-Phase Antigen-Antibody Jildl jshll i ain Cilabas (a8 -
(Nephelometry <l Ll «Turbidimetry <2l (.b8) Complex

Labeled Immunoassays 4a g gall daslial) Gluglial)  ©
(3H, 1°1) Radioactive Labels Leled Alladl Slugl  —
Enzyme Labels 4w yy) bl —
Fluorescent Labels il silasll  —
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Ab fixed to 4 D O Agin sample

golid phase
(imgen) o (unimeren)

‘Y YY YY VY

I
Pryvryry

. Substrates for
rrri -l =iisA ouy
E¥ L] ]
atel \‘

gL =

Fpas iy e Liall dulial

() radoiabed ot () recoabli G o
Q) non-abelid GH O non-abelled GH 6 o

b A 4 A

. antibody 1/ antibody

Competitive Immunoassays dwdlill Lie il cilwlaall
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(ELISA) iYL basi el o Uiall Jiaall Aulia o

Enzyme-linked immunosorbent assay, Name suggests three
components:

- Antibody xx!l: Allows for specific detection of analyte of interest

- Solid phase (sorbent) (Jiedll) lall ) skll: Allows one to wash away
all the material that is not specifically captured

- Enzymatic amplification (Y saaaill; Allows you to turn a little
capture into a visible color change that can be quantified using an
absorbance plate reader

ELISA J) claladicd o
f(vaccines Q\;&?M\, a||ergie5 Cmaaiill Q\JB) Alacaly) Gl se bl -

Al Gl Y1 HIV delidl e chepatitis 280 ilgill) cilu s il (2 -
¢(venereal diseases

¢(pregnancy daall) 4uisa yell Vasll a3€ -

.(cytokines s sisall) Ablal) dplgil¥) Glaal o) (oSS -
ELISA J\Advantages (»las o

.Kit format <Reproducible <Quantitative <Sensitivity

Relative sensitivities of tests (approx)

Usual operating range

[Ab] or [Ag]

precipitation
immunoelectrophoresis 10 pg/ml - 1 mg/ml
double/radial diffusion
immunofluorescence 0.1 - 10 pg/ml
ELISA (colour) 0.1 - 10 ng/ml

(chemiluminescence) 0.01 - 10 ng/ml
radioimmunoassay 0.01 - 10 ng/ml
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ELISA J) JLid) cilllia o

(2 AaS 2 ol CaSS i 1)) R i
(aione ApeS 2and ) CRES )l 13)) e am -

(et 5 Lule ) 08 ) &y jlee Qe -

LAY e -

Al L (5 25 5 e Gl e e ASHOL e bl &y jra milda -
(k) Gl il -

OIS LSTRIB S-S

Al clulall (spectrophotometer (o sa sl (wliia) ELISA s )8 -




Sandwich ELISA

o= sl Al (oSl acally ELISA I dagia Jls

Y HRP-Linksd Antibody *** i
k ' T™ME
e — X Y

Incubate

Immobilize antibody with antigen .
to solid support Detection mm . .
M@ Incubate with '] .
enzyme linked
gecondary antibody . .
S Target Prn'(l'ln
P Capturs Antibody

4

snzyme substrate

and "indicator dye"
S = enzyme substrate
P = product Sandwich ELEA
(a) Indirect ELISA
—> — —>
wash wash wash
ANNA
Antigen- Add specific Add enzyme- Add substrate (S)
coated well antibody to be conjugated and measure
measured secondary color
i antibody
(b) Sandwich ELISA
wash wash wash ”\ f.\
\\ £/ \V/,
I I
Antibody- Add antigen Add enzyme- Add substrate
coated well to be measured conjugated and measure
secondary antibody color

(c) Competitive ELISA

Yy m -
wash wash

Incubate A

antibody with 4

antigen to be Add Ag-Ab Add enzyme- Add substrate
measured mixture to conjugated and measure
antigen-coated well secondary color
antibody
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Data Analysis <bilaral) Julas
¢ Standard Curve in Excel
— Insert chart

— Insert trend line (logarithmic)

0.5

Sample Standard Curve

0.45 4
0.4

0.35 4
0.3
0.25 4
0.2

e T-test

Aborbance (490 nm)

— Ttest (arrayl, array2, tails, type)

0.15
0.1
0.05
0

| & absorbance
——Log. (absorbance)

y = 0.0583Ln(x) + 0.3858

0.1

1

Concentration (ug/mL)

The standards concentrations is specified on the x-axis and the reading of
each standard is specified on the y-axis and the standard curve is drawn.

o Emm- T | . - . -
R e TR
1
0 -
o
% -
= 0 o
= -
= -
- .
= -
e ;
o -
P
a5 -
] . . - : : :
a = 11 [ S0 =0 00 =0
ol Lre
el ™ ] i Ed
o STD (B : Yhokuare v e i g i o 00a 4 0O ]

The calibration curve relating well volume to pathlength

Jlaal) B daiil) ilS 1) 5 (g lmal) iadall (e Bagad) &) o Ale S 5 Cmy o
Ala 0 9S8 Al 8 daiaal) Kit 3agiad) B Jasal)

This standard curve is used to determine the unknown concentration of
each sample by finding the opposite concentration to the absorbance.

Absorption
nm

v

Concentration ng'ml
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