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Enzyme

Stofte,
die chemische Reaktionen
in biologischen Systemen
extrem beschleunigen konnen,
ohne dabei selbst verbraucht zu werden.



Vermehrung / Verminderung
im Blut / Urin / Stuhl / Liquor

Hinweis auf bestimmte
Krankheiten

Hilfsmittel bei der Bestimmung
anderer Laborwerte

Antigen-Antikorper Reaktionen
durch Kopplung mit einer
enzymatischen Farbreaktion
sichtbar




Substrat................

Produkt.................

Substratspezifitat...

Reaktionsspezifitat.

Der Stoff, dessen
Reaktion/Umsetzung das
Enzym beschleunigt

Der Stoff, der bei einer
Enzym-vermittelten
Umwandlung entsteht

Ein Enzym reagiert meist
nur mit einem ganz
bestimmten Substrat.

Ein Enzym l6st meist nur
eine ganz bestimmte
Reaktion aus.



Enzym

Mogliche Ursache einer Vermehrung des

Enzyms im Blut

Alanin-Aminotransferase
(ALT, ALAT)

Aspartat-Aminotransferase
(AST, ASAT)

Gamma-Glutamyl-Transferase
(GGT)

Alkalische Phosphatase
(AP, ALP)

Lipase

Kreatinphosphokinase (CK)

Kreatinphokinase MB-Typ
(CK-MB)

Schadigungen der Leber

Schadigungen der Leber und des Muskels
Krankheiten der Leber und der Gallenwege
Krankheiten der Leber, der Gallenwege, und
des Knochens

Schadigungen der Bauchspeicheldriise

Muskelschaden
Herzmuskelschaden



Laktatdehydrogenase

10-20x Hamolyse (LDH-Isoenzym 1)
Myokardinfarkt

Malignome

5-10x akutes Leberschaden
Nierenschaden

2-9x ineffektive Erythrozytopoese (megaloblastare Andmie)

sensitiv aber unspezifisch
111l hamolysierte Proben



Amylase = Diastase

Anselme Payen



Amylase

Speicheldriise / Pancreas:

» Akutes Pancreatitis - korreliert nicht mit Schweregrad
* Pancratitis chr.

* Pseudozyst

* Pankreaskarzinom

* Magen-/ Dunndarmperforation

» ak. Cholezystitis

« ESRD



Macroamylasemia: A Simple Stepwise

Approach To Diagnosis

David LeVine, M.D., and David Parrish, M.D.

Abstract: Typically, macroamylasemia is a condition of elevated serum amylase in the absence of symptomatic
disease. However, in the presence of symptoms, especially of abdominal origin, it is important that this
condition be identified accurately in order to avoid unnecessary treatment for pancreatitis or other related
diseases. This report offers a review of the literature, a case example, and an algorithm for systematically
considering the diagnosis of macroamylasemia. (J Am Bd Fam Pract 1989; 2:279-82.)

Korean Joumnal of Pediatrics Vol. 52, No. 11, 2009
DOI : 10.3345/kjp.2009.52.11.1283 Il Case report

Macroamylasemia in a 4-year-old girl with abdominal pain

Jeong Hee Ko, M.D. and Dae Hyoung Lee, M.D.

Department of Pediatrics, College of Medicine, Hallym University, Seoul, Korea

= Abstract =

Macroamylasemia is a benign condition characterized by abnormally large-sized serum amylase; it has been reported to
occur in 1-2% of the population. In macroamylasemia, a macromolecular complex consisting of amylase linked to immuno-



Amylase

Serum / Urin!!
HypertTG



L] doi: 10.2169/internalmedicine.8474-16
Internal Medicine Intern Med 56: 26112616, 2017
The Japanese Society of Internal Medicine http://inlemmed.jp

[ CASE REPORT ]

Severe Hypertriglyceridemia Possibly Masked Acute
Pancreatitis and Led to a Difficult Diagnosis in an
Obese Patient with Ketoacidosis-onset Type 2 Diabetes

DKA in obese T2DM patients 1s often associated with hy-
pertriglyceridemia (HTG), which is caused by relative insu-
lin deficiency and/or by obesity itself (8, 9). These condi-
tions often lead to acute pancreatitis (AP), which 1s a life-
threatening disease (10-16). Since DKA i1s frequently associ-
ated with abdominal pain, particularly if the degree of aci-
dosis 1s severe (17), physicians should be aware that their

abdominal pain may be caused by the DKA itself or by ac-
companying pancreatitis. When hyperlipidemia is also pre-
sent, both serum and urine amylase examinations may yield
false-normal levels (18). Physicians evaluating such patients
might be misled by these seemingly normal serum amylase
values and thereby exclude pancreatitis from the differential
diagnoses.

Midori Fujishiro', Akiko Horita', Hiroshi Nakagawara®, Takayuki Mawatari’,
Yoshifusa Kishigami®, Yoshiteru Tominaga®, Mitsuhiko Moriyama® and Hisamitsu Ishihara'
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Original research

Acute pancreatitis associated with severe hypertriglyceridaemia; @CmsMaﬂ(
A retrospective cohort study™

An important practical point from our study is the important
observation that some of our patients manifested ‘normal’ serum
amylase activity levels although they had a raised urine amylase
activity and confirmed acute pancreatitis. Thus normal serum
amylase activity does not exclude the diagnosis of acute pancrea-
titis in the presence of severe hypertriglyceridaemia [33—35].
Serum amylase activity can be ‘falsely’ low in about 10% of the
patients with acute pancreatitis and hypertriglyceridaemia in our
series. The presence of elevated triglycerides can increase the
turbidity of the serum sample therefore producing a spurious lower
amylase activity. Serum lipase assay which is considered more
sensitive and specific than amylase was not available during the
study period [36—38].

Annika Charlesworth ¢, Adrian Steger b Martin A. Crook




Lipase

* Lipase und Elastase-1 im Serum:
pankreasspezifisch

* Fur die Pankreatitisdiagnostik genugt die
Bestimmung der Lipase im Serum.
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Akute Pankreatitis: Evidenzbasierte

Llp ase Diagnostik und Therapie

,dnter einer Vielzahl von zum Teil
kostspieligen Laborparametern ist zur
Diagnosesicherung kein einziger der Serum-
Lipase an Sensitivitdt und Spezifitat
Uberlegen. Die Amylase ist bei ahnlicher
Sensitivitat weniger spezifisch. Die
Bestimmung von Lipase und Amylase bietet
keinen diagnostischen Zugewinn gegenuber
der alleinigen Lipase-Bestimmung.”



Lipase

SAllerdings kénnen
aus der Hohe der
Serum-Lipase keine
Ruickschliisse auf den
Schweregrad der
Pankreatitis gezogen
werden, weil es zum
Beispiel bei der
Totalnekrose des
Pankreas zu einem
raschen Abfall der
Lipase bis hin zur
,2Normalisierung®
kommen kann.”

MEDIZIN

Akute Pankreatitis: Evidenzbasierte
Diagnostik und Therapie

oland M. Schm

Definition der Ranson-Kriterien*

Alter > 55 Jahre
Leukozyten > 16 G/L
GOT > 255 U/L

LDH > 350 U/L
Blutzucker > 200 mg/dL

0-2 Punkte
3—4 Punkte
5-6 Punkte
> 6 Punkte

Volumendefizit > 6L

Anstieg von Blutharnstoffstickstoff um > 5 mg/dL
Basendefizit > 4 mmol/L

Abfall des P,0, auf 60 mmHg

Abfall des Serum-Kalziums auf < 2 mmol/L

<1%
15 %
40 %
100 %



Transaminase

Aminotransterase



* Aspartat-Aminotransierase = ASAT =AST =

Glutamat-Oxalazetat-Transaminase = SGOT
* nicht leberspezifisch
» Leberzell Mitochondrien, Zytoplasma

 Alanin-Aminotransferase = ALAT = ALT =
Glutamat-Pyruvat-Transaminase = SGPT

* Leberspezifisch
» Zytoplasma



Transaminase

verschiedene Leberschaden

Hoéhe des Enzymanstieges korreliert mit dem
Umifang der Leberzellschadigung

nicht mit Schweregrad / Prognose

11l Alkoholtoxische Hepatitis: 200-300 IU/1

Akute Hepatitis, nach
Gallenwegsobstruktion: 10000 IU/L

massive hepatische Nekrose @



Transaminase

de Ritis-Quotient: / Mitochondria
ALT GPT
\ Zytoplasma

Leichte Leberzellschaden: < 1
Schwere Leberzellschaden: > 1




Glutamat-Dehydrogenase (GLDH )

)

A" t—o"
7o Glutamate I
Hi—HH; s dehydrogenase L|: o
Ho o+ NADT 4 H)0 e * NADH +
L for NADPF)  © 4 + #H,: oornappt T H
|- C—0~
C—0 T
4 O
Glutamate c-Ketoglutarate
Mitochondrium
Leberzellnekrose

Prognose ﬂ



TOXICOLOGICAL SCIENCES 132(2), 276-283 2013
doi:10.1093/toxsci/kft009
Advance Access publication January 20, 2013

Assessment of Emerging Biomarkers of Liver Injury in Human Subjects

—
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In our studies, GLDH had the strongest correlation with
elevated ALT levels and exhibited the greatest predictive power
for liver injury, as determined by ROC analysis. Because GLDH
1S not abundant in muscle tissue (Mastorodemos et al., 2005) and
not directly linked to any specific disease or injury, the GLDH
increases are considered a clinically informative indicator of
liver disease (Schmidt and Schmidt, 1988; Van Waes and Lieber,
1977) and a more liver-specific biomarker than ALT (O’Brien
et al., 2002). Similar to ALT, elevations of GLDH can be a result
of enzyme release from cellular membranes due to hepatocellular
necrosis. In a recent publication (Harrill ez al., 2012), elevations
in GLDH, similar to the those observed with ALT, were reported
in healthy volunteers after treatment with heparins and were
attributed to mild hepatocyte necrosis. Much like ALT, serum




Alkalische Phosphatase

Leber
Gallenwege
Knochen
Niere

Intestinum
Placenta
Keimzell

2X: Hepatitis, Zirrhose,
3-10x: Gallenwegsobstruktion, Metastasen

normales Wachsen
Paget's Krankheit, Osteomalazie,
Knochenmetastasen

Schwangerschalft
Malignom



FOLIA HISTOCHEMICA REVIEW
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Diagnostic markers for germ cell neoplasms: from
placental-like alkaline phosphatase to micro-RNAs

Ewa Rajpert-De Meyts, John E. Nielsen, Niels E. Skakkebaek, Kristian Almstrup

Department of Growth and Reproduction, Copenhagen University Hospital (Rigshospitalet),
Copenhagen, Denmark

,lhe first histochemical
marker for germ cell
neoplasia in situ and
GCNIS-derived testicular
germ cell tumours was
placental-like alkaline
phosphatase.”



Case Report
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Regan isoenzyme of alkaline phosphatase as a tumour
marker for renal cell carcinoma

] Bukowczan', S Pattman?, F jenkinson3 and R Quinton'

A 7l1-year-old woman was referred from primary care
with a history of persistently elevated alkaline phos-
phatase (AP) for 11 months prior to referral, with
normal results for serum bilirubin, transaminases and
v-glutamyl transpeptidase. Laboratory records had
shown previous AP results to be within reference
limits. Medical and surgical history included chronic
obstructive pulmonary disease (COPD), primary hypo-
thyroidism, dyslipidaemia, obesity, hysterectomy and a
history of recurrent drop-attacks likely secondary to
partial complex seizures which responded well to carba-
mazepine treatment. The list of daily medications
included thyroxine, atorvastatin, carbamazepine, vita-
min D, folic acid, paracetamol, as well as regular
inhalers (tiotropium, salbutamol and a combined bude-
sonide/formoterol preparation). There was a family his-
tory of colon cancer.
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Gamma-Glutamyl-Transferase (y-GT, GGT)

empiindlichste Indikator bei Stérungen
der Leber und des Gallengangssystems

Cholestase, alkoholtoxische
Leberveranderung



Elastase-1

» exokrin chronische Pankreatitis

* Sensitivitat:
Pankreasinsuffizienz (mild) ca. 60 %,
Pankreasinsuffizienz (mittelschwer / schwer): bis

100 %.
* Spezifitat ca. 90 %.

* Normal > 200 mikrogramm,
Pankreasinsuffizienz < 100 mikrogramm
Elastase-1 /g Stuhl.




Cholinesterase (CHE)
Syn.: Pseudo-Cholinesterase (PCHE)

* Bildung in der Leber
* nekrotisierende Hepatitis und Leberzirrhose

 schwere Krankheitsbilder mit Katabolismus,
Kachexie und bei Vergiftung mit organischen
Phosphorsaureestern

e Mutationen am BCHE-Gen



A Case of Pseudocholinesterase Deficiency in
the PACU

Camille Lynette Leadingham, MSN, APRN, BC

A 39-year-old patient with unrecognized atypical pseudocholinester-
ase was given succinylcholine during the rapid-sequence induction
process and subsequently bad a prolonged neuromuscular blockadle.

"...The patient’s lab results indicated the following. PCHE level 2,765 U/L
(range 5,200-12,800) and the dibucaine number 23% inhibition. The
dibucaine number represents the percentage of inhibition of PCHE by
dibucaine, a local anesthetic. The dibucaine number of the normal population,
homozygous for the normal gene, is 80% of the enzyme inhibited by dibucaine.
The population, which is homozygous for the atypical gene, has a dibucaine
number of 20%. These results indicate that this patient has the homozygous
atypical gene and will always have a prolonged paralysis after the use of
succinylcholine or mivacurium. The most severe form of inherited PCHE
deficiency occurs in only 1 in 100,000 individuals who are homozygous for the
silent Es genotype, with no detectible PCHE enzyme activity...."



Archibald Garrod

"Scientific method is not the
same as the scientific spirit.
The scientific spirit does not
rest content with applying
that which is already known,
but is a restless spirit, ever
pressing forward towards the
regions of the unknown."




Alkaptonurie

y,Plgmentation in sclera, in
auricle and lumbar spine
radiograph showing
typical calcification of the
intervertebral discs”




Phenylalanine

Phenylalanine hydroxylase l

Tyrosine

Tyrosine aminotransferase l T

4-Hydroxyphenylpyruvic acid

-

4-hydroxyphenylpyruvic acid dioxygenase /I (Nitisinone)

Homogentisic acid

Homogentisate 1,2-dioxygenase ALKAPTONURIA

Maleylacetoacetic acid \
l T Succinylacetoacetic acid
Fumarylacetoacetic acid / l

Fumarylacetoacetic acid hydrolase % TYROSINEMIATYPE |  Succinylacetone

Fumaric acid + Acetoacetic acid
https:/ /www.akusociety.org/aku-for-healthcare-professionals.html



Beide Eltern sind gesund, aber konsanguin. Nach ei-
ner komplikationslosen Schwangerschaft und Geburt
am errechneten Termin kommt ihr erstes Kind zur
Welt. Bei der ersten kinderdrztlichen Untersuchung
am 1. Lebenstag 1st der Befund unauffillig. Die Ent-
lassung aus der Geburtsklinik erfolgt am 4. Lebenstag
nach einer unauffilligen Vorsorgeuntersuchung U2.
Zuhause ab dem 6. Lebenstag zeigen sich Trink-
schwiche und Schlafrigkeit. In den ndchsten Tagen
entwickeln sich rasch zunehmende Zeichen einer En-
zephalopathie: Wechselnder Muskeltonus (Hypo-/Hy-
pertonie), dystone Streckbewegungen der Arme,
Opisthotonus, Hypothermie, Krampfanfille, Apnoe,
Koma. Das Kind wird auf der Kinderintensivstation
aufgenommen. Die behandelnden Arzte bemerken ei-
nen eigenartigen sifllichen Geruch. Im Urin findet
sich eine ausgeprigte Ketose. Dies legt den Verdacht
auf eine Ahornsiruperkrankung nahe, der durch ecine
Aminosdureanalyse bestitigt wird. Die EiweiBBzufuhr

Neugeborenenscreening
auf Stoffwechselerkrankungen
und Endokrinopathien

Erik Harms, Bernhard Olgemoller

wird gestoppt. Es wird cine anabole Stoffwechselsi-
tuation (Glukose plus Insulin plus Kalium) wiederher-
gestellt und eine kontinuierliche veno-vendse Himo-
filtration begonnen. Des Weiteren erfolgt die Einlei-
tung der didtetischen Therapie, be1 der die verzweigt-
kettigen Aminosauren reduziert werden.
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Angeborene Hypothyreose (primare Hypothyreose)
Adrenogenitales Syndrom (AGS)

Biotinidasemangel

Galaktosamie

Phenylketonurie

Ahornsiruperkrankung (MSUD)

Medium-Chain-Acyl-CoA Dehydrogenasemangel (MCAD)
Long-Chain-3-OH-Acyl-CoA Dehydrogenase-Mangel (LCHAD)
Very-Long-Chain-Acyl-CoA Dehydrogenase-Mangel (VLCAD)
Carnitin-Palmitoyl-Transferase-I-Mangel (CPT-I)
Carnitin-Palmitoyl-Transferase-II-Mangel (CPT-II)
Carnitin-Acylcarnitin-Translocase-Mangel (CAT)
Glutaracidurie Typ I (GA )



Enzymbestimmung

4 N

Direkte Bestimmung

- /

4 D

Bestimmung der
Aktivitat des Enzyms

- /




Direkte Bestimmung




Bestimmung der Aktivitat des Enzyms




[U/1 = International Unit (Internationale Einheit)
pro Liter Serum
unter Standardbedingungen
die Enzymaktivitat
bei der 1 umol Substrat
in einer Minute umgesetzt wird



Herzintarkt

Hohere Werte:
Niereninsuffizienz (Elimination)
Sepsis

Vorhoiflimmern

Nach Kardioversion
Herztrauma Lungenembolie

Troponin  sioke



Laborsklaven

Hilfsmittel bei der Bestimmung
anderer Laborwerte

Antigen-Antikoérper Reaktionen
durch Kopplung mit einer
enzymatischen Farbreaktion
sichtbar




Messung des Blutzuckers mit Hilfe
der Hexokinase

Glucose Glucose-6-phosphate 6-Phosphogluconate
O
P
.0 OH 0 Glucose-6-phosphate OH OH OH

Hexoki : HO
% exo mas: CH. dehydrogenase \/k/\/é§o
OH / \ 0_ OH / \ HO~ \\ : :

H  ATP ADP OH NAD NADH OH OH

OH
OH



Endpunkt-Methode

Zugabe von
Enzym
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Kinetische-Methode

Zugabe von
Enzym
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PSA = Prostataspezifisches Antigen

* Indikation: Prostatakarzinom
 Friherkennung ( + digitale rektale Untersuchung)
* Nachsorge und Therapiekontrolle

* transienter Anstieg:
* nach Prostatabiopsie
« akutem Harnstau
* Prostatamassage



NSE =
Neuronenspezifische
Enolase

Indikation:

 kleinzelliges
Brochialkarzinom

e Neuroblastom



Biosensoren

“compact analytical device or unit
incorporating a biological or
biologically derived sensitive
‘recognition’ element integrated or
associlated with a physio-chemical
transducer”

(Turner, 2000)



Biosensoren

* Glukosemessungen
 Umgebung:

 Detektion von Pestiziden und Kontamination vom Wasser
 Bakterien im Luft

 Toxische Materialen

« Nachweis von Folsaure, Biotin, B12 und Panthotensaure
 Medikamentenreste in Speisen (AB, growth hormones)

* Mykotoxine



Clinical Application of “Dextrostix”” in Estimating Blood Glucose Levels

By

Marcarer G. Kempann and ArxoLp Brooum
Whittington Hospital, London N. 19

Received May 3, 1965

Summary. 1. In its present form Dextrostix does not
provide a relinble measure of blood glucose, 2. When
modified and simplified it proved of great value in the
management. of diabetes in certain clinical situations.

Résumé. 1, Dans sa forme actuelle Dextrostix ne per-
met pas une mesuare fidéle du glucose sanguin. 2. APrén
modification et simplification Dextrostix 8'est. avéré d'une

g::ndo valeur pour le traitement du diabéte dans certains
ts cliniques.

Zusammenfassung. 1. In der jetzi Form ist mit
Dextrostix keine zuverlassige Blutzuckermessung mog-
lich, 2, Nach Modifizierung und Vereinfachung erwies sic
Dextrostix in bestimmten klinischen Situationen bei der
Fithrung des Diabetes als sehr wertvoll.

Dextrostix is an enzyme impregnated strip which
gives an estimate of the blood glucose level one minute
after the sample is taken, The strips are made of stiff,
absorbent cellulose one end of which is impregnated
with a buffered mixture of glucose oxidase, peroxidase
and a chromagen system all coated with a semi per-
meable membrane. When a drop of capillary or venous
blood is placed on the impregnated end of the strip for
exactly one minute before being washed off with cold
water, oxidation of the blood glucose oceurs; the pro-
ducts of this reaction change the chromagen system to
a blue color, the intensity of which varies with the con-
centration of glucose in the blood sample. The colour
is then compared with the colour blocks provided by
the manufacturers, from which the blood glucose valne

PRESHIGES PIIgeRee © OIS Ry,

sample preserved in fluoride for laboratory estimation
on the autoanalyser using the ferricyanide method.
A standard was run with every batch of blood glucose
estimations done in the laboratory. The Dextrostix
estimations were done by twelve clinicians, though the
majority of the tests were performed by three.

Two trials were undertaken, the method of assess.
ing the results being different in each.

Trial 1
Method
Dextrostix results from 153 blood samples were

recorded as the value of the colour block on the Dex-
trostix bottle which each strip most nearly matched.
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Transmitter

Skin
Glucose Sensor
Interstitial Fluid
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