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The principal function of biochemical tests
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Important factors which influence biochemical variable

Factor Example of variable affected
Age Alkaline phosphatase
Sex Gonadal steroids
Pregnancy Thyroxin (total)
Posture Proteins
Exercise Creatine kinase
Stress Prolactin
Nutritional state Glucose
time Cortisol
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The ‘dartboard’ analogy can be used to illus-
trate accuracy and precision.
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Diagram of a Gaussian (normal or symmetrical)
distribution curve. The span (A) of the curve, the distance
between the mean = 2 SD, includes about 95% of the
‘population’. The narrower span (B), the distance between
the mean = 1 5D, includes about 67% of the ‘population’.
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Point of care testing (Near-Patient Testing)

A particularly important benefit of Point of care testing (POCT) relates to the rapid
availability of results to optimally manage the acutely ill patient.

POCT application:
- Side-room tests on urine and faeces
- Blood gas analysis

- Small chemistry analysis (often providing blood gas results and common analytes
such as electrolytes, glucose, lactate, bilirubin or various combinations of test results)

- Blood glucose analyzer
Biological causes of variation 4yd.al) miliill & CBUEAM daaslgal) b

- How do results vary in health?

The concentrations of all analytes in blood vary with time due to diverse
physiological factors within the individual. There are also differences between
individuals.

- The important causes of within - individual variation are:

- Diet

- Time of day

- Posture

- Muscular exercise
- Menstrual cycle

- Drugs
Between — individual variation 21_2¥) ¢y aSIAY)
- Age
- Sex
- Race

* Reference ranges

This range is determined, in practice, by measuring a set of reference values
from a sample of particular defined population.

In practice, blood donors are very often selected as the most readily available
reference population.
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ralea) cilllaieg Aleidiall 52l dapda e Talaie) Calial das)l ) @ihall auid

o) i) cadal) (el Jie dle 8yean Jaaid AE dlia Nse :Class A Jg¥) Ciiall.
¢ Jlandd AL 4 claiieg lgiDU ALE ey Jilsw :Class B A ceiall .

¢48all 5alga 480 S Class :Class C Gl Caiall .

casaalisdly asageally casiyinall Jia ¢ Jlnddl ALE dleliia (plas :Class D gl Ciall.

Gl Sl Cildubiy blaif

conall Laatll el (g9 puall (gag coalad) agllaall 3yl aadl b Gilial ) 3ol Claeiia auddh
sall Glada (e

O Goall sl dilal) il Llaly 856yl ALYl chgrcadll bl Gya Glaede aadidd
oball sall Blisl e aalill JY) Caiall

Olasay gpallly iy BN cpiiall e @hall 2Les AN cililaaslly (Sl sl B aastuds .
OsSeoue ke phdial et Gay AUl Salsall AdligSl) Bea¥ly Lkl chlally sl
Aald ygean fisueSl 83gal Jal o halogenated hydrocarbon dialgall

QY ¢ Jlanid AL Alelind) opaleally Tadpall (ol Ciiall (o 3all dad) b Aald (Sl clilia .
Adls GLleS Glaeda aladials sl Jlayl aladyl ol ol

AUl VA B aaly (3 aigall Jars o aa.
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Control of other hazards AY) Jhlial 4.8),. o

Electrical Hazadrs 4uilyg<l| jblsial o
B alall e hlaal) (and @il Head) sty sl g shlaal) 0su DY) b
S Qi s el i S LbliaY) ClehaY) (e degena Glllia AN 5l CY s lgic aal
leS 53gal Janll

yhadl) Jaall cillane Lt laii¥) (e Gy Bigal pasiad .

tSeSl Pl BealS r lalsdl) e Sles dsiis onn D3s (S

((2ale CDG 4l (i) aDle o)l ooy Jasiyall lead) L paaial

L DY) ands .

eslpgSll e Taals Tag o ) 551 5l AlseS Slen f iy esu o st o dael @l

tlgadlal Jal e

$205gSall DL @3 BgaY) e Joni ¥ .

¢ Jond) At 250 5gS) 48151 Andeal (383 pumgall dpra iy

(k) G (Ploesl) Slead) ddy o5 Y

¢Aablia) Jrend cilals Jeny o Y 405eSH) SDLLY) o aDU) Jslall i

el e el 0 o s i il Seadl dayg0 Aol .

Compressed Gases Hazards dbsias Sfilil) blse e

S e BERY) i) ol (@uall Shdl haas (sl il b desdieal ddasiiaall @Bl (s
1 giaaal) i) ae ol Lok Aalall clallial) (pe dpel) cllliag A€l LAY

taddiuall L) 48 jaa

Il wmgs Jaial) ducl (95

el Jlgha (el IS dalae clilgha) Jais

gl i) b adasraall hladly JlanaS AL Jlgadl (s pxe .

¢ardieall Hlall daail 2Bl alatall andsial

¢haical) aliie dlacsy WD) (385 Ol of Jara Jolas V.

(AT pmge b Ailglan) i Ll Lgila 8 AU AL dleal) clgady Laital

¢oeladll Canlil e D YD Y AaDle il aca Ciniag i) mleaa o e G

(Ll plaa i ol Bk Jaraly

¢dadall golgaall Jail Logadl dupall aaiia

e JSlie & e ol Jal e dup Bjems 8 (hag Lgas (s Aadiall glgeall andl

¢l jatt ¥
¢lgbigine Liggr Cupaill 2DLe (K Aigine Lilshauy) o) (e b
SEmpty” gl dalS de)lall mjlgeall igie g
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Cryogenic Materials Hazards g¢eslf Alwal) Jfpal] blsia @

sae Glliag (gl il b Llatiu) ggell salgall ilsedl ST (he Tanly il cpmg sl ()5S 5
Apcad) Mgl canall 2Lyl (BLEAY GlaEY) Jie toblall sds Jie aladiul dlaiydl Jhladl o
Aphall Byl alia) gl 36 aall

Isals Janll ol (e lan Lmitie Bla clajal Ladle dse (e Liead) e gV Aadiad L
lsall 038 e aalil B39l (356 mlacdl po bl (o Cprimally dngl) Llen ) 28l ¢ goall dlsadl)
LR eyl gy S

el Ghodll late (i) camg il e (golal) slegll ) eday Laaseat ahall salall Wiy iy

Mechanical Hazards 4.SilSial) blsal @

e D (i) Slad¥) e i LilyeSl darally Guall dhe &byl llaall diLaYL
Glwiladl cAutoclaves saagdl clalall Centrifuges lioall (e (ASolSal) lalal)
.Homogenizers

g o V) Tal lgam aae g ¢ gl IS8 deall g8 2l A3l 0sS of ay e aalla
LalS U< o)yl

ilgedl ) alisd dalal) cliyall Jie dalse llling « Sladll jrme 113 il Lalaill @lsY) o
o Wty AN o3 ABY iy B aasids (el Bb e i) bl pidl leds e
k) laleal) ol i) milaall o gl e daalal) clsay)

Y GespS Balall sl e ISy s i Baalal Gleasd) g dabanll iy

Disposal of Hazardous Materials alaaiud) sasg 5y ghall Jjga o

 lgie aldill (5l da)l clling ¢lisyea B2 A jae a1y ililiasll dunsgl) alasinl) Cllasy
Gl elay Caladl) .
Gab aley ) ebisas.
Ll A ol
Lm)fjis salel .
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Quality Control In Clinical Laboratory

«precise dzdy caccurate dhaguae o< Al LI Jdail) dayla o) gyl il e a
-Gl dajg Ll yg Ao 5 o Jming .specific degsig sensitive dulua

Joscal Zojlall cleladl deald (5$ Ablatl) (3lalla L e jlas) clllia Gl Addeal) dojladll oS0
eha) Wle aDL (e Gy Ldaal) & Jas Giganld Jlan) Lags clllia 05 @l aag csasall Olasas
cAiadl dlagiyall ChladYl (e desana

anly die o dud cigl 8 dilas 20 ge ST e of il st DY) Jdaill 53y oSa
c@l) oaadl (9l Al Al s el S (KA s g

Batch or
manual

Avtomated
confinuous
loading

Central
processing

(85% of samples)
Hemuatology

(15% of samples)

o) LRl o sad ) Allall cillesd)

Sl dilaill & deasioa) dalll Adgise s2e 2SHl Ailas) aalid) Gy Bl e u Y
e Baaly degene Cilars daaal i, Descriptive statistics duiasll cililaa) aladia) (Ko Liag
O Sllaed) 4324l Inferential statistics dabmw) o LNV nWY! clilasy) alasiu) ¢ dlanl)
STl e sana

s5ung Clhia o e ddial] Cile ganall dibin ol Clilan Y/ -

JiaS chistogram Jlas| miis cllbie e lgeadli b Clbad) Jia 8 556 @yl <
Gluldll of Cus L Glal) jene o Gl dphSs diay il e o duid) sald) )5
G A Aadadl Jagyally Jaall Biylay Cadlsl) (DAY lag Calian of Ky duski z3gaill 5, Sl
Slie 5yl Ay CDEALS Jend) Lg

2l ylee s gaussian distribution (wsé £is i bell shape o S8 e Jsand) g
celis) Y1 (e de sane (2] Logeall AilaasSl) bl
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OSar lly el (e (e eha gind s ) dAaDld) ded a5 percentile dusial) dayydl) -
Lhis sy ccumulative-frequency histogram SIall ol ISH zgia (0 lgle Jpasl)
Anmd) el ke Loly Aliae 588 Aiee dai (e B gl (gl Al llaadlall sae 4 Sy

N

{— 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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Clegane il Crag) Lhasial SSY1 Slas¥) Joladl sa standard deviation bl Cilasy)

ABalls Gka-:l Xn ¢ X3 X2 X1 f‘fﬂ\ &9@ 5289 S 3oyll sale Jich gag Bl Giaadlall
)

N p—
(m - 1)
Al Al B ay caugiall dad Glua ) 713 Yy (glumal) Calaid¥) Gluad Al 3yl @lllia

s = [n,GExD), - Gx)2
\ nt(nt -1)

«coefficient of variation <Ea¥l Jales a5 (@heall ClaN) e ueill al dayl elilia
CV% = (SD/ X)100 24 ARl axdg
e 305 Clangs ke ) SLasY) il bl CBEAY) &5lhe CV 11 Jguds

(MAD) mean absolute deviation (slaall Jaugiall cal)aty) —

1 it
M.AD. = — >4 b — =,

=1

clhall gl s fi cadll Lassio X clisd) a8 Xi (Al aaa 4 N G

Waal) Lad e a5 cstandard deviation of the mean Lugiall (s)uasll iyl cliliag —

24 Alslaall s Caws) 55 «(SEM) standard error of the mean Lacgiall (5)luadl)
s
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(Badine Laanyat Al Lgihlae oo Baas Dblat Aaph A auil leglealls e FSY) skl of -
il diplall o8 i Cus . fingdiall (il djlie Gadll adl) sa Sl bl 05Ss
Y-axis Gl jeme e saaall daphll 4 fidig X-axis Slsd) jsae e

“Difference Plot” “Comparison Plot”
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g 00, =
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Comparative Method Result Comparative Method Result

s g daall Blake b cluld Bile b linear regression hdll igadll of jagE e
Y salgey)

Finie ay Gapall e e 4l dilad ADle lgin Led dagi Gllaadl (e degena of ol —

L F=mx+d :3ull Alealls b (y-intercept) s m (slope) ol el sl Clidaeal)

linear regression hall Casaill 5 aglls Capd Lilaa] dallee @i of oS @l Yaug

OB (g Clalasall

Sample data.

y=mx+8
bt ¥
1.0 2.6
2.3 2.8
3.1 3.1
4.8 4.7
5.6 3.1
63 53 -

OSar 4ili N cibilaeall o3 Lalii (e 220 ae I:Iz' = Mi :' Cilibadl (e degena 25n5 gas
sl Y alaad) aladsuls elldg or LaliY) d8Bley Y Glafiadlly slope jasiall (puas
wE - A
m = " 5
nZ (1= [ )
b XWX

Ear

NGOy I
S22 ] [ - ()]

Inferential statistics 4uliiiuy/ of 4uSYLiny! cililasy! o
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c bl e i ganal Ljlnal) lihat] ol illa il d3ladl a05s 8

Otbasie On Lilaas) Loy Sl duaal 53 G Gl G 1Y Lo b el aadid ttest lasls -
sl (e o ganal Canline (bl

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:

Tr= ¥

SP

+

1,1
moo

- _

Fealc (sl sos - Ouihal dujbiaal) CilBlai¥) agaa 45,lal padiey F-test JLI3) o
oY) Gl GlaiY) gass g LSV (glaall CalaiY) g SL Gus = (SL)Y/ (5s)?
Clipall Llan) cluldll ws ) 3$al Ly aaiy :Degrees of freedom 4pal) cila s o
O (e de sana (e B3gAL
> =y’
" 2 dcgeaall (8 (Hlaall Cala) OIS 13

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— =)

it — 1

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

¢480 58l culgilly ccalibration 8ysleall ads cdariiidl Gljbadd) Jie cdusthadl cilblasdl JlAa) -

¢auliall el 2ga3 4010 ailad —

cay)Sally ¢ dnlaguzmaally ¢ HeaY) pladiul -

OSa ¥ Al elaally didanll eUadf ¢ Slaal) elanl cdaoldll eUad¥l cselall eladl cilaadlall olad] -
¢l

tplidl e pg Al daladl i) -

lellam ) Cujill e g Apall) Glall 8 A i) clpladl) —

Random Error  sall Basy

e sha) die cllyg (laall €l aasll ) wdsil) (e clgadsh (S Y Al caliny o2 Wadll 5o
Abliie Cig il eca Ll £ael lsgliall (e pdia

Glagaailly Wyas 400 aaey Hlad) daph 4 bl dald sfies (e Adlsdall olaall lan o
daa¥) oda Ll e ain bSO V) Adldall cadY) e palddl)l Gl (g .ddidadll
LA gdiall

coemnd) e Jais aanalls L) i SN Adlpiall clldY) e RS

ehaly saainall uulidll Jaad) Blas ST Lty cdhally eyl ddlpdall syl (ali] (Sass ¢

Random Errors bl
X
X X

X X
True X X X X
Value X X X

X X X
X
X
X

Systematic Error oagia) Usil)



* 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
.l il A slany)

Internal Quality Control Specimens il sagall d3d))e ~ 3l
IS ol 82k Dy cilie) il Guabal sl Jseme e (1) W) 1QC 3 zils cills
Neie U0 algd) L) eV ) (pain o6 e L1y hae ljlina (2) 5 ¢(Ampen

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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Asaay Run
VZV Ig(3 ELISA: Target Valne =49 U:'ml

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.




Analytical Techniques and Instrumentation gy aladiulg agllatl) (3 gl

¢ Spectrophotometry and Photometry gl pebaally ool gguall (aLd

e Electrochemistry R EPVIN | IVEN |
* Electrophoresis SeSh Bl
*  Chromatography Gl

* Analytical Techniques for POCT (Point of Care Testing)
(Cmnal e sl Aubiall s3ng b leadU dubdal) (3l

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

Clinical Lab Instrumentation (sl Jsidall 8 dasiiciall 3 jga¥) ang e
Amino Acid Analysis 4! paleal) Jidas jlea
o Aaadieeall AtV 35gaY) Tasa saiay
Pgala Llo Aa¥)  sleal)  Juas
da riag o8 dasny adal) Bae Alulod)
wakaal Juadl of ey ¢ %2 110 3 A
pladiuly ages Ao il dgdaal)
ion- exchange lsa  Jiba
daiaaV) paleal¥) duaS saadg ccolumn
bl BAIS aa lghdia Adgaadal)
Qs LS,e ey 3 ninhydrin
Al (aleall) aa audly

Amino Acid Analysis 4 (alaal) Jalas
lelu 8 -6 alia day Jiladl) e 3355 o

Jleukocytes slaanll &b Sl 5 platelets Clasioall cuiad 2y g dahy jlued) Lo Sl de 3 o
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Thin layer 4&d,) dadll o oY) 4ol dpandl) il ol lgdl s e
.chromatography

el Galea¥) Josd o o) (sl 2SI gl o Sall o A1 el Gpal) ) JLERY) aaiad
«cation- exchange ks 2l 58 Jsl e chromatography < iu¥h LS yaad
HPLC Sy gl Bl i) plasiuly

(6 ) ol D ALeSe ) LAl o clgililitine aaf 5 4] aleall Y GAN (il .
MS 58S Cilladll 5 GLC Jilud!

Jelaly JSaiall g3V s ol Jsaosily Lol 8 4] aleal) gl 3dae (Say o
Ao il e ooneiil) ge Jelil) A8 ylay 5l e g3V e Y] (el

Aminoacidopathies i) (alaal) cdie)

A paleal) COELY rare inherited disorders 326 451 s <l jlaal

(PAH @) 4leli (e 5l yati) (PKU) Phenylketonuria Ls o siS Jaid *

.(homogentisate oxidase & =33 Alkaptonuria L s O sulSIY) *

branched-chain a-ketoacid # u<l) Maple Syrup Urine Disease <l oy &y ¢y *
.(decarboxylase

& U5 & ¢ cystathionin B- synthase 4leld Caain) Homocystinuria Los Ofivs sa st *

.(Methionine - (s« 1 lie! Cysteine I gLkl

AT (e aaii daers dye 5 Y W) Renal Amino acid Urea Ll 451 dyal alaal Uy ) 5 *

(Ol A A 3 el 5 Al i) 3 e g

Electrophoresis ~lyg<l (3l

Glia pailad waaty Juadl Lign 48baS Juad dayla o celectrophoresis Lyl (sl

Aigadia
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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L) Leiies clganaly (Ldloall 450yl Ainall e el ) Ll il Jead :fasall
Byjiie ehial I8 ALYl mije Juallg

Aisal Galeal oty (Dlidg n duggs (ases (WIS e 1058 ol oSar Alatial) ehaYl
Augac Y Cations @lissl€ 5 Anions sl cigac (auly (aleal (gl

© Kathode

Substanz- (=52
gemisch

QG ; Substanz 2
Puffer O b

pH = konstant

C—\(‘@é) Substanz 1

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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duaall clisis ) Normal Values &gl al
.J 3¢ 8.6 =5.4 :Total Serum Proteins 4N Juasl) cilisig 5

.Js f¢ 5.6 2.6 : Albumin gesdV)

.J /¢ 3.5-1.9 : Glubolin ¢pliglal)

el (B Sl ubiglalisaly Multiple Myeloma  sxiall (ssill apsll 8 A Cligull Al
.Sarcoidosis isS)ll cMacroglobulinemia

a8 Lle cubglall Lam (Hodgkin's disease (Saase sl id S gl el
Acute Aall syl lgall (Peptic Ulcer  damcagll dall (Hypogammaglobulinemia
k!l Jé ¢ Essential hypertension‘é.uu% aall aca dajd <Nephrosis jga «Cholecystitis
-Congestive heart failure  ol@aY)

+OnasI (525l cupeal) (Dehydration <aliaall 1 Caasal¥) 33

Malabsorption  abia¥) esw @laPie  Malnutrition 3 eou b pagl¥) el
Infection zeall <Trauma gea)ll <Hyperthyroidism 3,3l by «Pregnancy Jeall <Syndromes
.Congenital deficiency s¥sil g2l IV fluids 2ysl & Jlgw elac] <Burns G s

HS B G Jleadt 138 aadiay
‘.,’.'I‘._I)‘S.'II tu\'l abaia iy
atoms w2 e 53 esilaliieds
.molecules i jak e Y

plasialy 138 st (Ka ple (S Bae 4050 Alas aaye Gne o Aladll dual) (ggins of
Bl e Ball Al Jiiny ikl Ll audasal caglll 5))a

sl Cpalaall 55 Gull Ly ) pasied Jag e iy Al Bl (93 aliaiaV) Ciula duglie 2o
Al dedl (e Ll Slitrace elements

Spectrophotometer Jgal) Cishal) (uliie

Detector Serahlervereiniper

Gitler

Linse Wallram-
"' A Probe Lln_‘ ® Lichtquele
P L — . -
— . / i = T
Dispersion device g;;,h -r.u H H il.u :
N TN  span
Entrance slit L !

KRS Verschiul
' /[hndnnarrrp- L
® Ditoctor Deuteium-

1512 Dioden Lichigquels
Source 1,25 nm pro Diode)
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A Jal e elge - astall 8 ulelall plana Lgasiiioy a1,k spectrophotometry (sall Cauball (il
il @sh bl B gl bl (alE Sy - bl giall daeS waad ol e o Gl dusa
D5SA G o 3 igh Gob e gl Clal) (b sk il Lvisible el i ultraviolet
5ol B Jgia Cila (ubie Beal @llling L1940 ple & LAY Sleal) cuS Arnold Beckman

c i) iy Jpall Culladll & Jguall Cadall (uld e

Diode Array

Dispersion device

Entrance slit

‘ Sample

Source

o=y

5230 Ual (e deuterium arc lamp —a :eguall (xas UV/Vis spectrophotometer aaiicn
(= a tungsten-halogen lamp —b 5 (190 to 380 NM)UV il 38 Jlaall & dl<inall
(380 to about 800 nm) visible spectrum il Cauhall & A<ial saill Ja

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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AN pialaal) — Z:Uj)“-m Z\f&.gﬂ\ ¢laasl)

Enzymes <lay i)
Z\:‘JfJ*"‘j‘ g=ilaladliuul g

cAalall lealsag ClayY) Canpes

ganty Gilaidy) Chuban @

c@layy) GlSHys e

tlaryiDU Aoyl daaa)

SBladl) «hatuli sisal QYY) Ghaedli sl SELLY Glimg yugn GBS GLS il -
Sling pugas Sliud 6 — 5Solell ¢ Slall) ¢ DVl ¢ Shhunils Jalisle Lalall cdumantl Sl ikl
delall ol dbais Jas of (o dugal) Libesl) cBlelill i diess danglon Cliggp clayyl o
L) Gl ais P e dbbasl) cOlelil) dudiy ast A -leaSh Jan o dlgnd of G5
LJelall

ek sl eolal) (I aa dead) 8 Wl ek s clgrnes avall dadl 3 lapi) g o
DA s dam i LS el s

Cl3sad gl dea gabel pansn 8 W suie 058 deadl S LD Gl cligius ol Gl
sl daaglenyd

e oyl calln e

sl «(ribonuclease LlSisull (o) sy afiy aoe Al (5l 39550 (apoenzyme) s n e —1
.(hexokinase s LDH Jis) )5ia

Jalsally L asiy) Aol Ly 05 25 a3 cofactor aclud) dalell edi gy s ehn =2
aiY) laclue Ll Lactivators <) e gyl ol 2yslKH a)lsd Jie cdigeanll je Bac L)
B ey @ any) N iy (NAD Uie) igiac scline Jalse 48 COENZYMES dazarall a3l sl
iegladly AU ol glay) [ sasl cBleln e LIS Y dygya a9 @poenzyme
Boelndl) daa (e Apznds Bygean Leia SN Gidag (ladgay allay Jailg )l J<isg isomerization
AMP I ciliida (e a3y cliady ¢ any ol Laad auaig

Lsaia residues cVLE aa ofily 5K ae Jeliy active site Jlad adge Ao ay) IS gony °

Aes Al Gl



// Substrate
(e ]
N7

(Jadl) adsall e aline cavity —asad sag allosteric site ‘_;g):m,m dse sle Al gany o
a1 ) dd s 06 el dadise Sliis ) dasn of oSas

Ayl palss o alael e 0o Liuin (Sas caslgll il Gaua eyl dibiae JSaf cllia
o3 e Gl .dsmiall desladlly csolubility Zubsills ¢ SLyesl Dayll EKal e i
International Union digall sluesll Joall slas¥) o<1 cisoenzymes cilasils i) aul JISY)
JKEY) Wl Lol sl Juad saawiall JIKEYL Laasill 038 uas 58l of biochemistry (1UB)
JaYly Clale i) (o IS pgadts chensl) Giie Bl e aalid isoforms aydl dbled)
eyl aillagy (alsd dajliia (& wyidl Abladll

lghuialy cilas 33y daud *

Gy 5. (Olys «Olesyl) ase T 4D el lileas « Substrates Wb, elewl oyl e

Mg (G o) aild JIE L A Gty o Slungyuen Gluasl) any) didy ge add)

(p8)) 4) "EnzymeCode" E.C i) o)l plasial o cuaall Caviail

f ot AN o3a AN,

(e sl ¢ dgala ) delall laa e Jy (1 %
(b)) asdld aledl Jaad) ey (20

o (Jsitiasal) iU alall Jaal) e Ju (3
eY¥h pald GB) e Ju (4 %

ol ey st 1]
Oxidoreductase ¢l ¥ls saust) cilasyi) —1
ECi 1 i) Whey - IS) Com g oYy 52V Dol Jasgs
NADH + H* + sadl < NAD*+ Jyas

alcohol dehydrogenase

N T

ok
Fla )l 8 Bac.sl Lo aly 3.3 . =55
5_’._3 NAD"" PIEP= N



Transferase 48U cilai) -2
ady ccaSlly o shadlly camaaly) LAy (sl dnlal LalIS (Gagel o) L B Jis
- JsSabaly Sy JausS5 <00
EC: 2 o35 aSa
HexoKinase JG:S s3<a
EC:2.7.1.1

N

B Ja3
G 9iad A_\S_’as 3 a3
Hydrolysis dgalall cilaii) -3
laidly ShYly ) dgaa s
A pIEY SGLidl) Pl Ll
EC:z3.1.3.1 EC:3.2.1.1
Jau) ; dgata ) Agata igala  Agala dgata
o el - F Jugs gis I
g SISl

Lyase Sl dsail) cilazd) -4
.C-C «C-0 « C-N «C-S ¢ Lyl 3 g « Bl (o LilasSl) jail) g3 Jasgis
EC: 4 ) e

aldolase ¥ sall
EC:4.1.2.7
cC

Isomerase 8pljal) cilaszi) =5
— Gl SIS (Bgohe — Ogihe L dnbeaglly daniglly Lyeadl LSlaall duil) cDlelinl) Jass
Asla
EC: 5 ) ey
SN ml Hea 4 98d
EC:5.3.1.1

-

gt s Bac.sy )
sl JAN JJ-‘:‘S ST



Ligase auall claizi) —6
.C-0 «C-S «C-C

EC:6 ars) laja)

DS 92 S COA Jaisnrs » ‘

EC:6.4.1.3

T

PR o=
bl cOo,
C-C

Qlayiy) galss
Sohalls st — s 7 il Galsd g o

:PH %
el Aylall Al e 55 O
e dan 4

el el b Liadagll cVLAD Al Jag O

(]

Jas Lmitie o ddlle pH 8 miY) s
aiY) cbsa
Glayidd dojusll 481

There is no difference in the free

] energy of the overall reaction {(energy

| of reactants minus energy of products)

between the catalyzed and uncatalyzed
reactions.

4 Free energy
{ of activation
1 (uncatalyzed)

ransition

N

Initial state -
(reactants)

Free energy (G)

1 Free energy
of activation
| (catalyzed)

Final state
(products)

Progress of reaction

e\l Jaads ABla e auisy) S0



Taaly) eSS Ul o 55 ) Jalsal e
SIS s -

At high concentrations
of substrate ([S]=>=K,,).
the velocity of the reaction
is zero order — that is, it is
constant and Iindepandant
©of substrate concentration.

[Substrate]

’/ At low concentrations of

substrate ([S] << K,). the
velocity of the ronc'aen is
tirat order — that is, it is

proportional to substrate
concentration.

Lineweaver- Burke plot

Effect of substrate

concentration onreaction 1 Km 1
velocity foran enzvme- = +
catalyzed reaction Vo Vmax[S] Vmax

depdl ) dsas) ) BISI wi¥) o of ) oasil) e lisl Aoy o) HISH 355 ) LS -
(Vmax) Jeliall _alaal)
(Km) Michaelis- Menten constant guwlilSw 436
[(Vmax ¥2) alaall Jeliall dejus %% SladY dogllhaall IS 4 o
Vmax [S]

Km + [S]
L) Jelil) deyu =V ¢aa
el deyull = Vmax
BN 585 = [9]
daesi HIS dal g adl GulilSie 236 = Km
Ay s —
Aoy A3 Can BION G 18 B allia of Wl asdy) delill deju o ady) 585 i
i) S sabiye Jelal)
pH J -
(1.1-2.6 ) Laes pH & ol Jao
-(10.4) 458 pH & Lslall Blausdl) Jac
Lad Bl alal allall 8 350 pH
E +SH —> E-SSH —» E+P
pA B B - a)
(L) anind 388 aayy) Lind Jaaad o dicaes di (HY) daidie pH
5



EH—— E + H'
A sl Lgfind 5 S ) 55 4y 8 L3y (OHF) il PH
S + HOH — > SH" + OH"

SO Jladll S5 (mias dmidie o ddle pH ad 8 by Jelis of e Y S5 EH JIKE)
ceaiY) de i) deju (aias Jully IS5 a3y

gl daw -

Lleldl) Caela) shall ¢ Uk e delall Aoy a5 (i) segind LS all Blll o plall a3
(2l 10

bac Lawal) Jafged]

Ll ol Jelill duyg e (15< a8 (Fe™ (KNeCu™™ Zn™ Mg™ «Ca'™) Ligaac M sac luall alsall

BN e 2Ble Ll Jalb e wyidld eyl dugh Jaasiy o Jeliall deju 305

) St saby (535 caigalSs land g linalid e Blhe digeanll coenzymes wmpyl Glaelue (s

BN 385 8 2L alie osluly delall deyu 8ab)

auiY) Ao ld cilladia

i edlill) Jaill) —1

Lball o Aibasll Ll b 4l ) wydU Jladll SOalb Llap¥) e Ladally I gn pdlal) o

(555

O 585 83l Jafall aalyi

el Japiil) —2

ougSad) =1

(el alaall dejpull) o) Jeliil) deju (o pably Las wiil) (o ddlite (3lalia g Lafiall Jaiiyy

oSl S~

s 35 Ldill gl cDlai) ddeld (ail 5aaShe dalse o(Ald dnaee 3)lsd) Agt ¢ Hg'

~aladial)

(el Jauall Aol

AN ol aen Ji5g ¢l SLSa 52T wia ol ¢Sl BN udls Tafie Josyeuglll ¢
ool Asllaal Jaaion

ae analigiladl by . aad cllsall Al LY gall (59 pall BABA 1 Lisay asliia analigilidl @
LSl sal

Lattag wsud cllsal Loy asliia (wnd cllsh Jiia NIS sisel —4) oo Zbasl Gl rluisigua) o
DNA 1l ¢ llial piag .FHE J€&5 piary 500, clall _adls

Olelie caiyls (elieaY) NE B Jie (pa¥sSslSl 508 e MAO Jexi :tMAO illadia *
eSSl Jgmaa 2133 Lo9Y) o8 aladiiod) diad UM (Ligty cpaa¥sSall
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Measurement of enzyme activity a:3iy) Jalés (bl
ElSHe oo Lebie cmall g 4l Dl cdnglonll dilsal) 3 ALE ilaas cilariiy) sasl Dl
.catalytic activity (gpiaill alalis (uld & aiY) 4 poail Al dayyhall (3 L 2gaLial)
teh Jlaall 18 b aladn) daslal) Gkl
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The percentage distribution of the isoenzymes of creatine kinase
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Cartoons showing the subunit arrangements of the isoenzymes of: (a) Creatine kinase (CK).
Creatine kinase can form three different dimeric (two subunits) isoenzymes from its two different
subunits. (b) Lactate dehydrogenase (LD). Lactate dehydrogenase is a tetramer (4 subunits) and its
two different subunits can give rise to five isoenzymes.
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CK-ME and Tnl
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Massachusetts General Hospital (Boston) strategy for the use of rapid point-of-care tests (POCTs) for
cardiac markers in the emergency department. CK, creatine kinase; Tnl, troponin I; TnT, troponin T.
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A- Anterior pituitary ( Adenohypophysis )

A gyl (Apanll) Auale) daaliill i
1-Somatotrophs from acidophilic cells = Growth H.
2- Lactotrophs from chromophobe cells < Prolactin
3- Corticotrophs from basophilic cells = ACTH, MSH .
4- Thyrotrophs from pale basophilic cells = TSH
5- Gonadotrophs from basophilic cells < FSH, LH

B- Posterior pituitary ( Neurohypophysis )
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1- Oxytocin
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Hypothyroidism 43, | gad -«
Primary s °
1- Loss of thyroid tissue due to surgery or radiation Rx.
2- Hashimoto’s thyroiditis
3- lodine deficiency specially in endemic areas
4- Primary idiopathic hypothyroidism
5- Congenital enzyme deficiencies
6- Drugs e.g. iodides, lithium.....
7- Thyroid dysgenesis (developmental)

Secondary (st -

Pituitary or hypothalamic failure
* Hyposecretion of thyroid hormones more common in women, esp. over
40 YOA
* Two versions:

- Cretinism d.a)adl)
= Congenital form
- Myxedema dshaliall dadgll
= Starts in childhood or adulthood
* Etiology:
Dietary ) < metabolic i), iatrogenic Lidall (a3, congenital
S5, inflammatory 2ledll, chronic autoimmune 4 e 4803 delia
. 'I:reatment: Hormo;1e replacement medications.
2540 S50 g Olasy () Bl b adli B, ) gual
S A9
sd) g ey pedaine sag gLl (e 8 30 s Cretinism dald -
353 chernia 38 yual el ¢ Jie Calas « Lasall slall (e 5% dlaje & OIS
we o Jlie ok o(Jsed) SVL ¢~ Gl s Myxedema 4iklas dady
sl cnt il 8 dpdaliall 2 Sl Glase (0S5 cayll Jead
(oAY) VD a A Y sas ( IV 3l jsemd 3 TSH T idopdall clagadt)
leglS 3TA

Thyroiditis 483 Gilgall »
autoimmune mechanisms lgalaza 4513 dclia Ul »
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-(Hashimoto’s) (rll (gslaalll 48l lgal) -1
(de Quervain) alall @ias wall apell 480 Clgall -2
Subacute ol cass (golealll 48,0l Calgall -3
Riedel's disease (chﬂ\ @w\ G Ju) s —4
Palpation thyroiditis  wall 48, Clgll =5
dysphagia gl sues all e (Bl 523l adcam o Luzalel 05 38 1 paled e

celudl) s e gAY Laaill 52 Autoimmune thyroiditis 331 e i) 48,000 Cilgall »

:Jaailt lasi Aatlaal) Cabias e

«antibiotics L lalicas steroid g 5w <Hormone replacement (sajgll (fassas —

.pain medications N1 85l canti-inflammatories lgll cilalias

* Hashimoto's Thyroiditis "Chronic Lymphocytic Thyroiditis"

Autoimmune disease characterized by progressive destruction of
thyroid tissue.

Commonest type of thyroiditis.

Commonest cause of hypothyroidism in areas of sufficient iodine levels
F:M = 10-20:1, 45-65 yrs.

Can occur in children

* Subacute Granulomatous Thyoiditis

Middle aged , more in females. Viral etiology ?
Self-limited L3 saaa (6-8w)

Acute onset of pain in the neck, fever, TESR, TWBC
Transient thyrotoxicosis.

* Grave’s Disease ja & sl

Hyperthyroidism

Grave’s disease is most common hyperthyroid disease
Hypersecretion of T3 and T4

May cause thyrotoxicosis

Diffuse effect, multiple symptoms

Females mostly, 30-40 YOA

M: F ratiois 1: 7

More common in western races

Etiology: Genetic or immunologic

Commonest cause of endogenous hyperthyroidism
Lab findings: T T4, 773 4 TSH



(@ Elsevier 2005

Nodules in the thyroid 48, cilagal)

Nodules in thyroid may be multiple or solitary suag 5 52

Any solitary nodule in the thyroid has to be investigated as some are
neoplastic. dueysl) cuilsal) (mes Lol (s< Ad)al Jb sy 520 (gl
HOT nodule takes up radioactive substance
(functional daauag) dacleiy) salall Jai 5)lall 5asell
COLD nodule does not it take up
( nonfunctional duiuas V) dac ledy) saladl Jaudi VY 52,)L) 5ual)

* General rules of nodules in the thyroid :

1- Solitary nodule is MORE likely to be Neoplastic than multiple.

2- Hot nodules are more likely to be Benign.

3- Not every cold nodule is malignant .
Many are nonfuctioning adenomas, or colloid cysts , nodules of nodular
goitre....etc.
Up to 10% of cold nodules prove to be malignant.

4- Nodules in younger patients are more likely to be Neoplastic.

5- Nodules in males are more likely to be Neoplastic.

6- History of previous radiation to the neck is associate with increased risk of
malignancy.



* Parathyroid Diseases Al ()l
* Hyperparathyroidism <liy)all Jajd
- Affects women more than men (2:1)
- Excessive secretion of PTH by gland causes abnormalities of calcium
(Ca**) and phosphates (PO4™)

- Effects:
— Hypercalcemia (most important effect)
— Hypophosphatemia.

* Primary Hyperparathyroidism

- Commonest cause of asymptomatic hypercalcemia

- Female:Male ratio=2-3: 1.

- Causes : Adenoma 75%-80%
Hyperplasia 10-15%
Carcinoma < 5%

- Majority of adenomas are sporadic Lga\)é

- Biochemical findings :

TPTH, Tca, L phosphate , Talkaline phosphatase.
- In other causes of hypercalcemia, PTH is { .

* Hyperparathyroidism, clinical picture
- 50% of patients are asymptomatic.
- Patients show T Ca & TParathormone levels in serum.
- Symptoms and signs of hypercalcemia:
Musculoskeletal, Gastrointestinal tract, Urinary and CNS symptoms.
- Commonest cause of silent hypercalcemia .
- In the majority of symptomatic hypercalcemia commonest cause is wide
spread metastases to bone.

* Secondary Hyperparathyroidism
- Occur in any condition associated with chronic hypocalcemia, mostly
chronic renal failure.
- Glands are hyperplastic z£& 4\.2_)9.4
- Renal failure —>~Lphosphate excretion — increased serum phosphate,
! ca>TPTH.
* Tertiary Hyperparathyroidism
Extreme activity of the parathyroid — autonomous function (& da.lsy)
& development of adenoma (needs surgery).
* Hyperparathyroidism Treatment «ldyal & 2,h dallaa
- Surgical removal of gland(s)
- Increasing fluid & sodium intake
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- Meds that increase calcium excretion
- Treatment varies with the etiology, primary or secondary

* Hypoparathyroidism <l ) gt
* Causes:
— Damage to the gland or its vessels during
thyroid surgery.
— Idiopathic, autoimmune disease.
— Pseudohypoparathyroidism, tissue resistance to PTH.
* (Clinical features:

-Tetany S5, convulsion z3aal, neuromuscular irritability diluac duae dangs,
cardiac arrhythmias 4.8 4l Y......
« Hypoparathyroidism treatment c\d ul) | s dallas
- Vitamin D and calcium supplements. )

- Periodic lab tests to determine serum levels of calcium, Vitamin D and PTH.
- High calcium, low phosphorus diet.

«  Pancreatic Diseases GabiSid) Gl
Diseases mainly include :
- Diabetes
- Islet Cell Tumors

* Diabetes Sl ¢l

- Chronic disorder in which there is abnormal metabolism, of carbohydrate, fat &
protein , characterized by either relative or absolute insulin deficiency, resulting
in hyperglycemia.

- Most important stimulus that triggers insulin synthesis from B cells is GLUCOSE.

- Other agents stimulate insulin release.

- Level of insulin is assessed by the level of C - peptide.

« S el Qadis
1- Random glucose > 200mg / dL + symptoms.
2- Fasting glucose of > 126mg / dL on more than one occasion.
3- Abnormal OGTT ((ssedll 3685kl Joad jlusl)when glucose level is more than
200mg/dL 2hrs. after standard glucose load of 75 g.
oGSl plal) e
Causes could be Primary in the pancreas or secondary to other disease conditions
Primary diabetes is classified into :
A-Typel
B- Type 2
C- Genetic & Miscellaneous causes
Whatever the type, complications are the same.
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Absolute deficiency of insulin due to f cell destruction (10%)
> 90% of 3 cells lost before metabolic changes appear

Age <20 yrs but may be latent
Normal or decreased weight
Ketoacidosis is common

Due to a combination of peripheral resistance to insulin action &
inadequate secretory response by the pancreatic B cells
Commoner (80-90% )

Insulin normal (relative insulin deficiency)

Patient is overweight

Rare ketoacidosis

Type 3 : Miscellaneous causes

Genetic defects :
— B cell function
e.g. Maturity Onset Diabetes of the Young (MODY) caused by a variety of
mutations.
— Genetic defects of insulin processing or action
e.g. Insulin gene or Insulin receptor mutations.
Secondary Miscellaneous Causes :
- Diseases of exocrine pancreas e.g. chronic pancreatitis
- Endocrinopathies e.g. Cushing’s Syndrome, Acromegally
- Infections e.g. CMV
- Drugs e.g. glucocorticoids
- Gestational diabetes
- Other genetic syndromes associated with diabetes

Retinopathy
Cataracts
Glaucoma

Microangiopathy
Cerebral vascular infarcts
Hemaorthage

Hypernension

Myocardial infarct

Islet cell loss
Insulitis (Type 1)
Armyloid (Type 2)

Atherosclerosis
Nephrosclerosis
Glomerulosclercsis
Arteriosclerosis
Pyelonephritis

s N

Peripharal vascular
atherosclerosis

Gangrene

Peripheral neuropathy Infections

Autonomic neuropathy

@ El 2005

Complications e Liadll
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* Complications cilicliaal)

1- Atherosclerosis (sauarll clail)

- Cardiovascular
- CNS complications
- Peripheral circulation

.G wd

Diabetic microangiopathy 44.a. ‘L’\g—ﬂ\ oNEe)

- Hyaline arteriolosclerosis (Eu!\.\@l\ Sauanl) Claill), exaggerated in
hypertension (aall lata 1ajp 3 dallw)

- Diffuse thickening in capillaries of skin, retina peripheral nerves, renal
medulla = Leaky vessels—> nephropathy 4Kl (D), retinopathy &Sl Dic),
neuropathy wlacy! Plic)

N
)

o S dallaa
— Type 1: insulin administration
— Type 2: diet & exercise
Oral hypoglycemics
Insulin

* Diabetic Emergencies 3\:9&- sS)\sh
* Insulin shock (severe hypoglycemia)
* Diabetic Ketoacidosis
— Severe hyperglycemia & ketoacidosis
— Altered mental status, possible coma
— Severe dehydration

« Adrenal Disease kS ()l

* Cushing’s Syndrome & S 4ajMia
— Hypersecretion of hormones by the adrenal cortex
— Cortisol excess
— More common in women
— May be due to:
* Oversecretion of ACTH
* Benign or malignant neoplasm of adrenal cortex

SIS - JEVEN FUNVERY P I
* latrogenic (prolonged steriod treatment)
(g yiiedls Aglas dallas) Lidall 2adle
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PITUITARY CUSHING SYNDROME ADRENAL CUSHING SYNDROME

Tumor in

anterior pituitary Cortisol Cortisol

ACTH Cortisol

Tumor Nodular hyperplasia

PARANEQPLASTIC CUSHING SYNDROME IATROGENIC CUSHING SYNDROME

Cushing syndrome

ACTH

Corisal
Lung cancer
{or other
nonendocring
cancer)

Steroids

Elsevier 2005

Symptoms _a)sY)
“moon facies”, truncal obesity (4:c3s 43l with thin limbs (dlas g_'q\)L.T),

“buffalo hump uslall 2li”, decreased glucose tolerance, muscle weakness,
hypertension, anxiety, depression.

Treatment dallaall

Surgery for tumor removal, drug or radiation to decrease ACTH secretion.

Addison’s Diseas (gl ¢la

— Hyposecretion of adrenal cortex hormones
— Decreased ability to handle physiological stress
— Low BP, increased temperature

Pheochromocytoma al)sall 333

— Tumor of adrenal medulla
— Secretes catecholamines
* Epinephrine
* Norepinephrine
* Like SNS, increases blood pressure, heart rate, skin flushing

14



Fuyyedl Lgiall elaal)
Al i)

Lol 5yealadll

Bl Jad (Sadll cufyliidly Jaadl
Pregnancy and Antenatal Screening Tests
Ladia

O Lo zolm A Logal) Adbuesll Vil (e all pe BT daauds daglend Ballh s Jesl)

Casndll 5 GBI (58,585 asandll (ML e Tages ST Vs ) 3lsdll 305 8 Vs
st Lad lliel sl Gk e it 8 il csadl pill (e s Jasll DS dugaal) dilaast)
Ll el dcaye Alls 85 ualls ol Al Wgilagddy mil) o2 ddps OlSer dpadY) 0o drns Las g
Sl O e G Gassd shaY aWW gan man lede slug SURY) duws 2l

.Amniocentesis

Prenatal Screening = Antenatal Screening sg) Jé il
o3l lad) Jaa 3ay canll eli DA Al e ) Ay ulS dw oUadY) e RS ()
donsloidl) Nl e LI e Johee deallh cAigeall (368 zlsaVl pandll (g LlladY)
Sl oda (he s (A€ (Bl 13 gl ALl el mils e 5 L Ve Dl
o3 Gaudai AdS dhjea g sy cdead) ol il (ae ae delailly el osacluall
rard) sl clasdny LLaYl sagadl LaY) cVla aiS) dalsall Gand gy 8 cllaaY)
2s»9 ‘Trisomy 21) Down's Syndrome (s 4Py (Neural Tube Defects) NTDs

-(Diploid  sa ) Lgadl Al (il 21 o

The Foetoplacental Unit dsasdal) duisial) sas gl
1Jie clisig pll (e 2l dapdiall a0
(Human Chorionic Gonadotropin) HCG ) Slasdall (5as¢l) .1
(Human Placental Lactogen) HPL el yddl GLIY) Sésa
L il Clisasel) (e B dpaS
daall Pla Gy piiengll i)l jaad) &
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Gl il Qparg I
Human Chorionic Gonadotropin
Cua (el g9Yl) Embryonic Phase aaall jshll (e 5,5 dlaye o :Blastocyst des )
.(1) J<all (Trophoblast) L&) dag V) o5 Lueiage A3la5 ae WA (e 55 e 058

DAY Ferilized egg
0 n Extraembryonic B Embryonic
we/ - Fertilized egg .
L Tissues Tissues
DAY Bla'-s}ccyst l
5 “ l Blastocyst _I
DAY o
6-7 [{; tnner cell mass Trophoblast Inner cell mass
- -~ Trophoblast

L3 Aag Vg dag V) ey 1(1) IS
Jaall e g clisig il o585 «Blastocystd) Jlas < (g3 qowill o :Trophoblast 4.3l 4a, S
A ohss 8 Pregnancy Specific Protein
J<al) (lesad 12) 5Kl daad) Jabie (8 diged b ) 0355 Jear s HCG) 50 lisig pll o3a ol -
ey ar d4ali) aedig (2
cdeall (S Slea Tase 58 1385 cdeal (1o ol 10 3y Jol 3 228U 56 HCGY) oy ®

* hCG : signs the pregnancy

* hCG level doubles every 48 hours
at the beginning of pregnancy.

100 000

1000 : : : : 1
0 10 20 30 40 50
Weeks of amenorrhea

Caball g Uil 2as TU/] alll b adsal 5an gl dubeadll HCG) Cilssies iy 1(2) (S



dpadll glay) LY ve Gasy ol oSe @Y Trophoblastd glaye 4 HCGY e
lwS rea) Hydatidiform Mole Ui ey sas <&l i (Testicular Teratoma
Cise ) g3k Lo 5 daye 3 Cuinll Tumdl gnsSl) eLial sy Losie ki lses Sesles
Sbik gl Jus ) Choriocarcinoma dsUayud) allall @lly ey skt opal) adiaiy il
-Jaall 3535 pae Sl HCG (e 8128 s

(Jead) b dumidie €05 A susgll caat aalgig (3 JSA) By o Gfiusy < e HCG cally
TSHJ)s FSHJ)s LH 3 Lafl s 1t HCGY 6 aalsny Ll Lle

Free o —subunit Intact hCG Free B-hCG

-~

Inactive and minor form Inactive and minorform
in serum in serum

(coming from hCG, LH and FSH -
not specific of hCG) In serum

Total hCG

HCGY Sany cantl s ) 3(3) J<a
) ssiad) Lo Wle Gune J Lgelily demalls dcaitia €05 Liad B sasl) o aalgs
Lomadl die
B-HCGYy Jei) HCGY (e S (il 58 I HCGY bt

Steroids In Pregnancy Jeall 4 dag i) cilisasgl

0o Y L) aul) Dla Corpus Luteum eyl aall (e <l yiicen gyl climg 5 558
Ll Jliel) sea¥l auall e LHY < Uiss go dasiyy @ HCG (e ity (4 JSall) daal)
(lenstt 0 Baagl) can Sl

G Estradioldl gibaaty ! ccilisasell gl Lual SSY) jrad) muail dodall DA sk
i gl GBS e @mn Al 0sS 8 100 @l e B 4xiw W) (DE novo
ol Jsaig daial ) cwdy Dehydroepiandrosteron Sulphate

S dapall Jalid .2

17-p Estradiol .b

.Jil «s Estrone .c
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Foetoplacental gllas 3 la ge cciadly oY) 3k Gallity Jaall 8 il i) 1) sdaill =

.Unit

Fig.29-3

Caoncentrations

Hormones During Pregnancy

6000 ng.ml”
Human placent
Iac‘logen/
ng.ml”
hCG from
syncytiotroblasts
200 Loy / 4ale|
S01LU ml Progesterone
-
-
-
-
-
‘i -
Prolactin
= K’i’ :
-
Oestradiol
20
Corpus luteum | Flacenta | i
0 1214 28 42 weeks

KMc

ool & o ans Aasiall (g Lgalitly Jantl el ciligayal) (e 315 b el :(4) J<al)

Reproductive Hormone gl cliga
10e US55 by adiy
Testosterone (g iwgiall .a

Estrogen (sl b
PRL 0iS¥e ) .c
Sex Hormone Binding Globulin (SHBG) duiall ciligayell )il lsaslall .d

OS5y s HCGY po llaia el 35a) 2y e daill 028 (81 Jaall ¢l LH) 3805 adiys
(5 J<a) o sauagl) caany )< LS

a~subunit : common to hCG, LH, FSH, and TSH
B-subunit : specific to each hormone.

hCG

> 0 & o0&

FSH

TSH

"TSHJls LHYs FSHYls HCGY ¢ JS b 0 sassll cind sy ot au) 1(5) US4l
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GH .a
Pituitary Gonadotropin .b

Cortisol Jgitiestt IV

Cortisol Binding ) CBGJ glis) (o sl ¢ luadl Jopipsll 585 4 s glay) Ll
abia dwoladl 3 3<5 el Y Jeay) Diurnal Rhythm sl aeky Lissy 40 ¢(Globulin
Glie 335 Ldale) s el ol due 32T cuds Gl 1N dad ol ) ) Chuaiia b it agm &
(6 JSa) (el 2y xlly Talas i) 3

& Cortisol has a circadian rhythm!

, — Th& highest A
In the morning

v Therefore, timing
for blood collection
is very important.
It’'s usually taken
twice:

- 8 am at the peak

- 4 pm at drop.

Serum Cortisal (mmalL)

The lowest
In the midnight J

[ St g T T T T T T T T T T T T
1 146 17k 206 227 23k O0h Oh OZh O3k O4i 05h 06k O7h Oth

Suupling bowrs

(el el DA J fdse Saally 5:55) Js3sll sl oLl 2(6) S

(CRH)l5 (i pimeng nll 5805 g i) ) i (i ¥ Jaipally el Jo sl g L)) 51 Y)
sl il Sl jeaall doslus Jaii cuw Wil «Corticotrophin-Releasing Hormone
.HPA Axis
HPA doules Jail (S delu 24 o P& dabll 8y L sal) JaipsSl g ol Liad sy
Slihall e Al 5810 JalS IS5 Sl AL 068y ACTHL dgad sale dadiall Wiy AXis
slibad (pedas Jalgall cloall (56€ youin Lo 2ag
2555kl desiaxe 2
b Lalia dgud claa ek Wb
sasd) alaill Gle e adiny 13 deall Jla 8 Lea 3 o€ daPlie adns Jead el o3
cpaddill ya IS dalsall die Jo 50580 580
z ) 53Lg alY) il (s ACTH Jlg (i) 318) 5045 s Aualatll 502l pma Slay Jas) ol
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Thyroid Function Tests 4@l saal) daag <)Ll
gyl A 524 W ((Thyroxin Binding Globulin) TBGY z &) (pag i) ai deall Pla

<0 Ty 5 Ty

alalil 5l Cligan z ) o dsda duayae dillad dlle HCGY 385 8 ) g L) Gl Liad
TSHY el

o S Rl ) gage Lea V) ) Alay (DA SLlE el T g Tyl 585 i 4IS Il daas
sl aall) aatll TSHY 55

S 8lyall Ayl pall s el Tty Tp ) S5 Gty 5850 deall (0 GBIl SEI GBY 8

(7 JSa) dalal)

BVl U Lo Lgaadl s ) TSHYg 48,0l <iligasell a 3923 83Y50) 2x

* During pregnancy ‘TSHJ a8
increased level of carrier proteins : 0.1-2.5mIU/L : J5¥) i)

> increase total hormones (T3, T4 ox et
- # ] 0.2—3.0mIU/L : ol bl
> sometimes decrease fr}ee hormones =

(particularly FT4 0.3—3.0mIU/L : il )
Decrease of TSH, due to high level of hCG

(hCG stimulates thyroid gland)
) 5215 Caen Jaall oL 3gull 5liie dala cllia

Bl Aami€ WX ¢ uall dala Audaxily 250l Clisa el
Cgraen Slaayally Jalsal) eeais 1 ¢ (g1 aal k)
—_— Lass 30d) e 25008 Jol

—— FT4
TSH
1st 2nd Ird  rimesters
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Plasma Volume and Renal Function
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(LFT) Liver Function Test il dadg c,Lai)
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Bilirubin Total
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Complications in Pregnancy Jaall ciliclaa
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O
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(Thyroid Stimulator Hormone Receptor Anti Bodies) TRAbs (ulds s :paiiall
St el Tula) 05 g

.cpiall xie Thyrotoxicosis _ajais dadall yui 38 TRADS (e ddlall 3SI5ll
Hyperemesis Gravidarum  Jleall sL3Y)

Ciligasell (pe Baliiall CLaSH Cun) deall 5l dalyall e Tay daad) ol yadll cLaY) 5

Alall esus 385 LS 1) pumg Alagale Gilind Sldle i 2 (Gana) (e datial) L g o)
cJeall Giliy) Jmdy i Jadll 2 el (e a2l) e

o2 ((dniiye FTy 5 4258 TSH) @l Jajd i $yall Ay pagad il oayall Ve sl (sS
AV A8 el Jadll (63 HCG U andll ¢ liy¥) e daals audl)

Aades 05 o o 3 TRADSY (biss Graves ' disease alaiiu) lall s3a 8 agall (10
:Post-Partum Thyroiditis s2¥sll ) 48,0l gl

.Miscarriage _aleay) o 55l (1o il 6-2 2as 250l duial) Ghaliall Ku (10 %5 e Eiaay
Mgl saass 5S5 L sale (Hypothyroidism sk ais oy Thyrotoxic sk el L Lie
o G o i W0 A A8 0l Gl ALY e J5 el e ila DU oLt

@0 Jjp Llal) ) s gll) culS 136 ¢ algal) sl 835l (e aild 8-6 Dla FT4dls TSHY
Isotope Jls TRADbs (i« Graves ' disease (s Wi juaill Ldlia) jasad cha) baie
Ging O e lall dala DU sl G 40 Glgal) e Leali lisepglls ¢ )Y oIS 13 (Uptake
Laie dalledl (gl Gyl jsad sk &y 2i<! (Thyroid Function Test) TFTY jlas) ¢ha)

celaimay) Jls el 7 ams bl Ky (53 (g il
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Distinguishing hyperemesis gravidarum and thyrotoxicosis during pregnancy

Reference range
in pregnancy

Graves' disease

Hyperemesis
gravidarum

Thyroid stimulating hormone (IU/L) 0.1-4.0
Free tetra-iodothyronine {(prnol/L)* 10.0-25.0
Free tri-iodothyronine {(pmol/L)* 3.5-6.0

Normal* for
gestational age

Human chorionic gonadotrophin

Thyroid stimulating immunoglobulin Absent

Thyroid - myeloperoxidase antibodies Absent or present
in low titre

<0.05

T
Tto 711

Normal* for
gestational age

Present
Absent

<0.05

tto tt
o 11
P11 for

gestational age
Absent

Absent or low

1 increase
* Reference ranges often vary between laboratories
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Mormal reference ranges and their interpretation during pregnancy *

Analytes Normal

{non-pregnant)

Pregnancy Abnormalities and possible
interpretations

Haemoglobin {g/dL) 11.5-16.5
White cell count (x 10%° per L) 4.0-11.0

Platelets {x 10% per mlL) 150-450
Sodium {mrmol/L) 135-145
Potassium {mmol/L) 3.5-5.5
Urea {mmol/L) 2.5-6.8
Creatinine {mmol/L) 0.06-0.1
Fasting glucose (mmol/L) 3.0-54

11.0-15.0 Abnormnal results need to be
Unchanged }mnsidered in conjunction with
the patient's dinical state
Unchanged
132-140 Abnormal results need to be
3.2-4.6 mnside_red in u:-:m_'njunu::tian with
the patient's dinical state
1.0-3.8 1 in: dehydration
hyperemesis gravidarurn
late stages of pre-edampsia
renal impairment
0.04-0.08 1 in: renal impairment
late stages of pre-edarmpsia
3.0-5.0 1 in: gestational diabetes mellitus {refer to

reference 3 for diagnostic criteria)
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Total calcium (mmol/L) 2.2=2.60
Ionized calciurm {mmol/L) 1.16-1.30
Magnesium (mrmol/L) 0.6-1.0
aAlbumin {g/L) 33-41
Bilirubin {micromol/L) 3=22

Alanine aminotransferase (U/L) 1-40

Aspartate aminctransferase (U/L)1-30

Alkaline phosphatase (U/L) 25-100

2.0-2.40
1.16-1.30

upﬁ-uia

24-31

3-14

1-30

125-250

T in: pAimary hyperparathyroidism

J in: vomiting
hyperemesis gravidarum
J in: malnutrition
recurrent vomiting
hyperemesis gravidarum

1 in: intrahepatic cholestasis of pregnancy
HELLP

late stages of pre-edarnpsia

acute fatty liver

viral hepatitides

in: intrahepatic cholestasis of pregnancy
HELLP

late stages of pre-edarmpsia

acute fatty liver

viral hepatitides

T in: intrahepatic cholestasis of pregnancy
HELLP
late stages of pre-edampsia
acute fatty liver
wviral hepatitides

T in: metabolic bone disorders but
placental serum alkaline phosphatase
needs to be exduded

1 increased concentration

| decreased concentration

HELLP Haerolysis-Elevated Liver enzymes-Low Platelets

Adapted from reference 7

* Each laboratory, where practicable, should develop its own reference ranges for pregnant wornen.
Care should be exercised in comparing results from different laboratories due to differences in

assay methodologies.
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Cancer type Estimated Estimated
new cases Deaths
Bladder 70,530 14,680
(female-male)Breast 207,090-1,970 39,840-390
and rectal (combined)Colon 142,570 51,370
Endometrial 43,470 7,950
(renal cell)Kidney 53,581 11,997
Leukemia 43,050 21,840
(including bronchus)Lung 222,520 157,300
Melanoma 68,130 8,700
Non-Hodgkin lymphoma 65,540 20,210
Pancreatic 43,140 36,800
Prostate 217,730 32,050
Thyroid 44,670 1,690
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Alkylating agents: B-propiolactone, dimethyl sulphate, diepoxy butane, anticancer:

cyclophosphamide, chlorambucil, nitrosamines and others.

Acylating agents: 1-acetyl-imidazole, dimethyl carbonyl chloride.
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Human T-cell leukemia virus-1 (HTLV-1), human papilloma virus (HPV), hepatitis C virus
(HCV), hepatitis B virus (HBV), Epstein-Barr virus (HPV).
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Cancer site

Carcinogenic agents with
sufficientevidence in humans

Agents with limited evidence in
humans

Lip, oral Cavity, and pharynx

Lip

Hydrochlorothiazide
Solar radiation

Oral cavity

Alcoholic beverages
Betel quid with tobacco
Betel quid without tobacco
Human papillomavirus type 16
Tobacco, smokeless
Tobacco smoking

Human papillomavirus type 18




Salivary gland

X-radiation, gamma-radiation

Radioiodines, including lodine-131

Alcoholic beverages
Betel quid with tobacco

Asbestos (all forms)
Mate drinking, hot

Pharynx Human papillomavirus type 16 Printing processes
Tobacco smoking Tobacco smoke, secondhand
Tonsil Human papillomavirus type 16
Epstein-Barr virus
Formaldehyde
Nasopharynx Salted fish, Chinese-style

Tobacco smoking
Wood dust

Digestive tract,

Acetaldehyde associated with
consumption of alcoholic

upper beverages
Digestive organs
Acetaldehyde associated with
consumption of alcoholic beverages :
Alcoholic beverages M a?é%ﬁlﬁﬁﬂ'ngh ot
o Betel quid with tobacco : g, ot .
esophagus Betel quid without tobacco Pickled vegep:[a_ble)s (traditional
sian
Tprlg)?)c;%%bssrm)gﬁlrﬁags Rubber production industry
X-radiation, gamma-radiation
Asbestos (all forms)
Epstein-Barr virus
: : Lead compounds, inorganic
Rubg':r“g?ggféﬁgmhodrh stry Nitrate or nitrite (ingested)
Stomach Tobacco smoking under conditions that result
X-radiation, gamma-radiation _in endogenous nitrosation
Pickled vegetables (traditional
Asian)
_ Salted fish, Chinese-style
Colon and A?:g‘:é'gobfn\giﬁggs Asbestos (all forms)
rectum X-radiation, gamma-radiation Schistosoma japonicum
Anus Human immunodeficiency virus type 1 Human papillomavirus types

Human papillomavirus type 16

18, 33

Liver and bile

Aflatoxins
Alcoholic beverages
Clonorchis sinensis

Estrogen-progestogen
contraceptives
Hepatitis B virus
Hepatitis C virus

Androgenic (anabolic) steroids
Arsenic and inorganic arsenic
compounds
Betel quid without tobacco
Human immunodeficiency virus type 1

duct OpiStE,?rfhiS. viverrini Polychlorinated biphenyls
utonium , - ;
Thorium-232 and its decay SCh%?}gﬁlgrrgaegﬁ&%?"g um
products it c
Tobacco smoking (in smokers and X-radiation, gamma-radiation
in smokers’ children)
Vinyl chloride
Gall bladder Thorium-232 and its decay products




Pancreas

Tobacco ,smokeless
Tobacco smoking

Alcoholic beverages
Thorium-232 and its decay
products
X-radiation, gamma-radiation

Digestive tract,
Unspecified

Radioiodines, including lodine-131

Respiratory organs

Nasal cavity and
paranasal sinus

Isopropyl alcohol production
Leather dust
Nickel compounds
Radium-226 and its decay products
Radium-228 and its decay products
Tobacco smoking Wood dust

Carpentry and joinery
Chromium(VI) compounds
Formaldehyde
Textile manufacturing

Acid mists, strong inorganic
Alcoholic beverages

Human papillomavirus type 16
Mate drinking, hot

Larynx Asbestos (all forms) gutf)ber production industry
. ulfur mustard
Tobacco smoking Tobacco smoke, secondhand
Aluminum production L . .
. . \ . Acid mists, strong inorganic
Arsenic and inorganic arsenic Art dl | . d
compounds rt glass, glass containers an
Asbestos (all forms) pressed ware (manufacture of)
. ) Biomass fuel (primarily wood),
Beryllium and beryllium compounds | . o
. ) indoor emissions from
Bis(chloromethyl)ether; chloromethyl :
! household combustion of
methyl ether (technical grade) . .
: . Bitumens, occupational exposure
Cadmium and cadmium compounds L
: to oxidized
Chromium(VI) compounds . , .
. L bitumens and their emissions
Coal, indoor emissions from duri fi
household uring roofing
combustion Bitumens, occupational
Coal qasification exposure to hard bitumens and
Coagll-tar itch their emissions during mastic
pitc asphalt work
Coke production
Lung Engine exhaust, diesel Carbon electrode manufacture

Hematite mining (underground)
Iron and steel founding
MOPP (vincristine-prednisone-
nitrogen
mustard-procarbazine mixture)
Nickel compounds
Painting
Plutonium
Radon-222 and its decay products
Rubber production industry
Silica dust, crystalline
Soot
Sulfur mustard
Tobacco smoke, secondhand

Tobacco smoking

alpha-Chlorinated toluenes and
benzoyl chloride (combined
exposures)

Cobalt metal with tungsten
carbide

Creosotes

Frying, emissions from
hightemperature

Insecticides, non-arsenical
(occupational exposures in
spraying and application)
Printing processes
2,3,7,8-Tetrachlorodibenzopara-
dioxin

Welding fumes

10




X-radiation, gamma-radiation

Bone, skin, and mesothelium, endothelium, and soft tissue

Bone

Plutonium
Radium-224 and its decay products
Radium-226 and its decay products
Radium-228 and its decay products

X-radiation, gamma-radiation

Radioiodines, including lodine- 131

Skin (melanoma)

Solar radiation
Ultraviolet-emitting tanning devices
Polychlorinated biphenyls

Skin (other
malignant
neoplasms)

Arsenic and inorganic arsenic
compounds
Azathioprine

Coal-tar distillation
Coal-tar pitch
Cyclosporine

Methoxsalen plus ultraviolet A

Mineral oils, untreated or mildly

Creosotes
Human immunodeficiency virus
type 1
Human papillomavirus types 5
and 8 (in patients with
epidermodysplasia
verruciformis)
Hydrochlorothiazide
Nitrogen mustard

treated Petroleum refining
Shale oils (occupational exposures)
Solar radiation Ultraviolet-emitting tanning
Soot devices
X-radiation, gamma-radiation Merkel cell polyomavirus
(MCV)
Mesothelium Asbestos (all forms)
(pleura Erionite
and peritoneum) Painting

Endothelium

Human immunodeficiency virus type

(Kaposi 1
sarcoma) Kaposi sarcoma herpes virus
Polychlorophenols or their
sodium salts (combined
exposures)
Soft tissue Radioiodines, including lodine-
131
2,3,7,8-Tetrachlorodibenzopara-
dioxin
Breast and female genital organs
Alcoholic beverages Digoxin
Diethylstilbestrol E
Estrogen-proaestoden strogen menopaugal therapy
gen-prog g
Breast contraceptives Ethylene oxide
E ) Shiftwork that involves
strogen progistogen menopausal circadian disruption
therapy :
X-radiation, gamma-radiation Tobacco smoking
Vulva Human papillomavirus type

Human papillomavirus type 16

18Human papillomavirus types
18, 33
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Vagina

Diethylstilbestrol (exposure in utero)
Human papillomavirus type 16

Human immunodeficiency virus
type 1

Uterine cervix

Diethylstilbestrol (exposure in utero)
Estrogen-progestogen
contraceptives
Human immunodeficiency virus type 1
Human papillomavirus types 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59
Tobacco smoking

Human papillomavirus types
26, 53, 66, 67, 68, 70, 73,
82

Endometrium

Estrogen menopausal therapy

Estrogen-progestogen menopausal
therapy

Tamoxifen

Diethylstilbestrol

Ovary

Asbestos (all forms)
Estrogen menopausal therapy
Tobacco smoking

Talc-based body powder
(perineal use)
X-radiation, gamma-radiation

Male genital organs

Penis

Human papillomavirus type 16

Human immunodeficiency virus

type 1
Human papillomavirus type 18

Prostate

Androgenic (anabolic) steroids
Arsenic and inorganic arsenic
compounds
Cadmium and cadmium
compounds
Rubber production industry
Thorium-232 and its decay
products
X-radiation, gamma-radiation

Testis

Diethylstilbestrol (exposure in utero)

Urinary tract

Kidney

Tobacco smoking
X-radiation, gamma-radiation
Trichloroethylene

Arsenic and inorganic arsenic
compounds
Cadmium and cadmium
compounds
Printing processes

Aristolochic acid, plants containing

Renal pelvis and 'Phenacetlr.w : . . .
Phenacetin, analgesic mixtures Aristolochic acid
ureter L
containing
Tobacco smoking
Aluminum production 4-Chloro-ortho-toluidine
4-Aminobiphenyl Coal-tar pitch
Arsenic and inorganic arsenic Coffee
. compounds Dry cleaning
Urinary bladder Auramine production Engine exhaust, diesel
Benzidine Hairdressers and barbers
Chlornaphazine (occupational exposure)
Cyclophosphamide Pioglitazone
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Magenta production
2-Naphthylamine
Painting
Rubber production industry
Schistosoma haematobium
Tobacco smoking
ortho-Toluidine
X-radiation, gamma-radiation

Printing processes
Soot
Textile manufacturing
Tetrachloroethylene

Eye, brain, and central nervous system

Eye

Human immunodeficiency virus type 1
Ultraviolet-emitting tanning devices
Welding

Solar radiation

Brain and central
nervous system

X-radiation, gamma-radiation

Radiofrequency
electromagnetic fields
(including from wireless phones)

Endocrine glands

Thyroid

Radioiodines, including lodine-131
X-radiation, gamma-radiation

Lymphoid, hematopoietic, and related tissue

Leukaemia and/or
lymphoma

Azathioprine
Benzene
Busulfan
1,3-Butadiene
Chlorambucil
Cyclophosphamide
Cyclosporine
Epstein-Barr virus
Etoposide with cisplatin and
bleomycin
Fission products, including
Strontium-90
Formaldehyde
Helicobacter pylori
Hepatitis C virus
Human immunodeficiency virus type 1
Human T-cell lymphotropic virus type 1
Kaposi sarcoma herpes virus
Melphalan
MOPP (vincristine-prednisone-
nitrogen
mustard-procarbazine mixture)
Phosphorus-32
Rubber production industry
Semustine (methyl-CCNU)
Thiotepa
Thorium-232 and its decay products
Tobacco smoking
Treosulfan

X-radiation, gamma-radiation

Bischloroethyl nitrosourea
(BCNU)
Chloramphenicol
Ethylene oxide
Etoposide
Hepatitis B virus
Magnetic fields, extremely low
frequency (childhood
leukemia)
Mitoxantrone
Nitrogen mustard
Painting (childhood leukemia
from maternal exposure)
Petroleum refining
(occupational exposures)
Polychlorophenols or their
sodium salts (combined exposures)
Radioiodines, including lodine- 131
Radon-222 and its decay products
Styrene
Teniposide
Trichloroethylene
2,3,7,8-Tetrachlorodibenzopara-
dioxin
Tobacco smoking (childhood
leukemia in smokers’ children)
Malaria (caused by infection
with Plasmodium
falciparum in holoendemic areas)
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Multiple or unspecified sites

Cyclosporine

. . Fission products, including -
Multiple sites Strontium-90 Chlorophenoxy herbicides

(unspecified) X-radiation, gamma-radiation Plutonium

(exposure in utero)

All cancer sites 2,3,7,8-Tetrachlorodibenzo-para-
(combined) dioxin
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Serology Enzyme assays

Immuno Histochemistry (IHC)
Immunological Radio Immuno assay (RIA)
Enzyme-linked immune sorbent assay(ELISA)
Fluorescent in-situ hybridization
Cytogenetic analysis Specific karyotyping
Comparative genomic hybridization
Sequencing (automated)
Reverse transcription
Gel electrophoresis
DNA micro-array analysis

Genetic analysis

Flow cytometry

Proteomics Surface- enhanced laser desorption lonization
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Isolate
mRNA
NEOPLASTIC TISSUE

Cpnven to cDNA and iabel
with fluorescent molecules
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O . b‘ Scan red and green
wavelengths
Results:

Fluorescence intensity e o
Red Green

Gene A + + Up-regulated in neoplastic tissue
Gene B ++ ++ Unchanged in neoplastic tissue
Gene C + e Down-regulated in neoplastic tissue
Gene D — - Not expressed in either tissue
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