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ANALYTICAL INTERFERENCES AND PHARMACOLOGICAL EFFECTS

ok
Contents
ROREWORIY; on12-01 010 0 1010 pia) a8t ni0in Bieios0ssieerbim m e Bl AL AT Y 1 2.5.2. System T T
2.5.3. Possible u f a "drug"“q 8S€. e snernnaanann
25.3:1c To anes:?:a‘;;‘Mnsmpt\on................
LABORATORY TESTS AND DRUGS....coceceacesccsccsnsns 3 2.5.3.2. To investigate pharmacological effects of drugs
on laboratory tests.
1. EFFECTS OF DRUGS ON LABORATORY TESTS... 3 2.6. lnvestigation of analytical interferences...
1.1. Analytical interference.... 6 2.6.1. Products and laboratory tests to be anestlgnted
1.2. Biological effects..eesuuas 10 2.6.2. Analytical procedure..... .
1.2.1. Knowing and controlling non-drug sources of 2.6.2.1. Dissolving the drug and/or its metabolite oia s,
VATABELION: o0 s.00 mois noo oo sosvensosacnsoneens Ll 2.6.2.2, Choice of biological specimens... eoie oioie oipe »
1.2.2. Knowing the information about the drug..... 12 2.6.2.3. Demonstration of interference....
1.2.3. Knowing and controlling information about 2.6.2.4, Quantitative measurement of interference...
the Bubjectsi i iae sisis siore oo visjeiaisisiaisie siossess 12
1.2.4. lnformation on the biological constituents
measured..ieeseesacicersssascassesennnn . 12 ALBUMIN, .. ..0ivutrenrcnnncsansccsuncsnsessssnncnnannanes
1.2.5. Analysis and use of the data. “eisTe e « 13
1.2.6. Mechanisms involved..eeesevecconcaccenceses 13 1. METABOLLC BACKGROUND. . uoovecsoosoasosnvocscnsassancas
2. USE OF LABORATORY TESTS DURING DRUG DEVELOPMENT 2. REFERENCE LIMITS, AND PREANALYTLCAL, PHYSLOLOGLCAL,
AND FOR MONITORING THERAPY...... sesessesss L& AND PATHOLOGICAL VAKIATLONS cees
2.1. Choosing laboratory tests for toxicity trials 3. ANALYTICAL INTEKFERENCES......ie0usne
in animals, veeivemsismss e sseseessissssss 1D 3.1. Colorimetric methods: BCG and HABA...... o
2.2. Choosing and using laboratory tests during 3.2. Protein electrophoresis..... vemsesmessee cesenns
clinical trials..c.icesterassascncncccnnanes 17 4. PHARMACOLOGLCAL EFFECTS.........
2.3. Laboratory tests that are evidence of enzyme 4.1, Drugs with a hemodynamic effect
induction.eiveresesiininin sot sos cosne . 22 4,2, Oral contraceptives, estrogens.
2.3.1. Proteins and plasma enzymes.. . 22 4.3, Anabolic drugs and testosterone
2.3.2. Enzymes of circulating blood cells.... o 25 4.4. Ascorbic acid.....
2.3.3. Endogenous metabolites changes by enzyme 4.5, Antiepileptic drugs,
10ductlonss svs i ams aeh sos Vel e e sessenve 29 4.6, Antihypertensive drugs........
2.3.4. Measurement of drugs or of their metabolites 27 4.7. Miscellaneous...eeeesesennss
2.4. PharmacogenaticBcesces s s soe sos o vassssss 28 4.8, Drugs with no effect on albumin concentration
2.4V INEOOAMCEION, iy v ivois sivis siois vins sioe s0s s.08 siws i, 28 Se TUXKLIC EFFECTS.cccsesssessinssessnissiossesses
2.4.2, Action of drugs in subjects with hereditary
LLIDESBEB e s ov-0ms wiaie mis.w Sin.w piop 6,50 sibiw $ibik Sibh 4o 2D
2.4.3. Enzyme deficiencies revealed by the adminis- ALKALINE PHOSPHATASES....
tration of @: deig.su se sweine sne wensasess s 29
2.5. Use of laboratory tests to monitor the taking Li, INTRODUCTION: «vesionis's oo sioio siois ainje o0
of drugs..... essssssssssvaee eseesss 31 2. REFERENCE LIMLTS, AND PREANALYTICAL, PHYSIOLUGICAL,
2.5.1. Monitoring the effectweness of drugs and AND PATHOLOGLCAL VARLATIONS.....
adjustement of the dosage........eeseeeeue. 31 3. ANALYTICAL INTERFERENCES........
.5.2. Monitoring secondary effects of treatments., 32 3.1. Analytical increases of AP activity...
.5.3. Demonstration of a threshold toxicity or of 3.2. Analytical decreases of AP activity,..
BN ONETAOBE w00 svin.sinn 010 o:0im mioiw 2imis o0 a0 miwzeimioes I 3.3. No analytical interference.....eeueevesnsees
«5.4, Risk evaluationiiieceesassccsesseasacsecsas 33 4. PHARMACOLOGLCAL EFFECTS.......
2.5.5. The particular problem of immunological and 4.1, Desired effects.....
immunoallergic reactions....... s s, 3B 4.2. Undesirable effects...
CUNCLUSLONS, sevessssnonsoseosnsssensse 35 4.2.1, Analgesics, antipyretics and nonsteroidal anti-
inflammatory drugs (NSALD) S iee e
4,2.2. Antibiotics...eesasss .
GATHERING INFORMATION AND CONTROLLING ITS QUALITY. 37 4.2.3. Antidepressant agents. “
4,2.4, Anti-infectious agentsS....ccvvevsesnnnsnss
1. THE CENTRE FOR PREVENTIVE MEDICINE.... 38 4.2.5. Antiangina, coronary vasodilator, and anti-
24 GATHEKLNG THE DATA.<.weosiess oe 38 arrhythmic agents.. . Sedseie e see
2.1, o 39 4.2.6. Antiepileptic drugs % s o
2.2, .. 39 4.2.7. Lipid-lowering drugs. .
2.2.1. Questionnaire on Life scyle....... 39 4.2.8, Oral contraceptives.. “
2.2.2. Questionnaire on'health related issues..... 39 4.2.9. i i .
2.3. Laboratory test8.,.ceseccessescscsccns . 39 4.2.10. .
2.3.1. Blood specimenS.secesecsecsccccnsonnes . 41 4.2.11. .
2.3.2. Laboratory tests: production of the data... 42 4.2.12. Diuretics.. .
2.3.3. Quality control on the data....... 44 4,.2.13. Anesthetics.. .
244, Storing the 'data., s ses sissasis sieseis 44 4.2.14, Platelet aggregation inhibitors., .
2.5 i 44 4,2.15, AnticoagulantS....eeses .
25 4,2.16. Anti-gout agents. o s
44 4.2.17. Tranquillizers....... .

46
48
48

48
49
49
50
50
50
50
50



vi

4.2. 88
4.2. 89
4.2,20. 89
4.2.21. Miscellaneous....... 89
5. CONCLUSION. .cocoooitocccopecocscseeod 90

ASPARTATE AMINOTRANSFERASE and ALANINE AMINOTRANS-
PERASE. .. ccoocvctvcsscccacscosecscascascsscnsipoves + 9l

INTRUDUCTLON: ccevececccsecscscocccosscccasssscscsss 91
L. PLASMA ASPARTATE AMINOTRANSFERASE (P-AST)...... 92
L.1. REFERENCE LIMITS, AND PREANALYTICAL, PHYSLO-
LOGICAL, AND PATHOLOGICAL VARIATLONS, cees 92
. ANALYTLICAL INTEKFERENCES,....e0000e.

. PHARMACOLUGICAL EFFECTS...... eses 103
1. General commentS........... eses 103

.2. Analgesics, antipyretics, and nonsteroidal

anti-inflammatory drugs (NSAID)............ 106

3. AnestheticS.iceccccccccecess

4. Anticoagulants,.....

5. Antibiotics and anti-
6. Antidepressant agentS.........essevvevvesss 108

«7. Antiepileptic drugs..:ceseecsocsicsnssossass 109
8
9
1
1
1

infectious agents.

. Agents acting on the cardiovascular system. 109
. Antihypertensive drugs......eceenevessasces 110
0. Oral contraceptiveS...eeveses
L. Diuretics.. e oo
2. Neuroleptics..
.13, Lipid-lowering drugs....eess.
1.3.14, Drugs used to treat tuberculosis..
1.3.15. Miscellaneous......
Ll. PLASMA ALANINE AMINOTRANSFERASE (P-ALT)....... 112
Ll.1. REFERENCE LIMLITS, AND PREANALYTICAL, PHYSIlO-

LOGLCAL, AND PATHOLOGLCAL VARIATIONS........ 112

LL.2. ANALYTICAL INTEKRFERENCES. 114
11.3. PHAKMACOLOGICAL EFFECTS... 121
L11.3.1. General commentS.......oeeavss 121
11.3.2. Analgesics, antipyretics and anti-
inflammatory agents.. 121
11.3.3. Anesthetics......... 121
I11.3.4. Anticoagulants..... 122
11.3.5. Antibiotics and anti-infectious agents.. 122

11.3.6. Antidepressant agentS.....socevesssesessess 123
11.3.7. Agents acting on the cardiovascular system 124
11.3.8. Drugs used to treat tuberculosis.......... 125

[1.3.9. Antiepileptic drugS..ceeececcraes 126
11.3.10. Diuretics, antihypertensive drugs 127
11.3.11. Oral contraceptives.. 127
11.3.12. Laxatives..... . ... 128
11.3.13. Neuroleptics.. . oos 128
L1.3.14. Anti-cancer drugs.. T+ 128
CONCLUSION. ccocevoccacnccscccs 128

TOTAL BILIRUBIN.....

1. METABULLIC BACKGROUND;....co00eeneenccsscnncasss 131
2. KEFERENCE LIMITS, AND PREANALYTICAL, PHYSIO-

LOGLCAL, AND PATHULOGICAL VARIATIONS.. 132
3. ANALYTICAL INTERFERENCES........... 134
3.1. Methods of quantitative analysis. 134

3.1.1. Diazotization reaction (Jendrassik and
GEOE) s ssisassnsanmsinsninpessvnssaessssaeeiss 134
3.1.2. Spectrophotometric methodS.....coveavesacss 135

3.2. Main analytical interferenceS.......ee.. 135
3.2.1. Colored reaction...cceeececccscess 135
3.2.2. Spectrophotometric methods.. 136
3.3. No analytical interference.. 136
4. PHARMACOLOGICAL EFFECTS....... 142
4.1. Drugs causing hypobilirubine 142
4.1.1. Inducers.. . . 142
4.1.2. Choleretics.... . coee 143
8§.1:3 Babicylates.:covsisies oue 143
4.2. Drugs increasing bilirubin....... . 143
4.2.1. lncrease in the production of unconjugated
bilitubin: heSolyeifi. iceaescomsvnsnensiness 144
4.2.2. Intrahepatic effect: hepatotoxicity 144
4.2.2.1. By cell destructioNeccecccecccses 144
+ AnestheticS.ccccoencsccceccees 144
. Anti-inflammatory drugsS....... 144
. Anti-infectious agents, 145
. Antiepileptic drugs.. . 145
. Drugs used to treat tuberculosis. 146
4.2.2.2, Blocking of glucuronide conjugation..... 146
4.2.2.3. Blocking of biliary excretion: cholestasis. 146
4.2.2.4, Reduction in hepatic uptake........ 146
4.2.3. lmmunoallergy...ceeesesas 147
4.2.4. Unknown mechanism.......... 147

TOTAL CALCIUM...coccveeconnnsancncssscscvcsssconcesaoss 148

1. METABOLLC BACKGRUUND........... sececsses 148
2. REFERENCE LIMLTS, AND PREANALYTLCAL, PHYSLOLOGICAL,

AND PATHOLOGLCAL VARLATIONS.... 149
3. ANALYTLCAL INTEKRFERENCES, 152
3.1. Methods used...... veee 152

3.2. Analytical increases of calciumiuivevessenesneanas 153
3.3. Analytical decreases of calcium.....cvevsereseenens 153
3.4, No analytical interference....... 153
4. PHARMACULOGICAL EFFECTS....ccccovnescsenss

%ollc DIPhOBPHONBEES. siuisminn vine divs soissivaame sise 159
4,2, Vitamin Diicevennnnn ’ 160
4.3, Antiepileptic drugs. » 161
4.4, Oral contraceptives.... » 162
4.5. Antihypertensive drugs. o 162
4.6, Diuretics... o . 162
4.7. Antiarrhythmics, = . 162
4.8, Antibiotics.... 163
4.9, Tranquillizers..c.ccecccccescne 163
4.10. Anti-inflammatory agents.. . 163
4.11. Hypoglycemic agents.. . 163
4.12. Anti-gout drugS....... . 163
4.13. Respiratory therapy.. . 163
4.14, Thyroid hormones... . 164
4.15. Cardiotonic agents. . 164
4.16. Miscellaneous.....eevuuns . 164

TOTAL CBOLESTEROL...

1. METABOLIC BACKGROUND....cccceccccscccccsccscsssasacs 165
2. REFERENCE LIMITS, AND PREANALYTICAL, PHYSIOLOGLCAL,
AND PATHOLOGLCAL VARIATLUNS..........

3. ANALYTICAL INTERFERENCES.

3.1. Analytical methods.....

3.2. Analytical interference chemical methods.
3.3. Analytical interferences: enzymatic methods..
4. PHARMACULOGICAL EFFECTS...c..ceveensscsnnsnnssns
4.1. Lipid-lowering drugs......

4.1.1. Phenoxyisobutyric acid derivatives..

4.1.2. Nicotinic acid and its derivatives...




. Sulfur-containing derivativeS....ovevevanss
. Drugs which inhibit intestinal
reabsorption of cholesterol and bile acids.
Hypoglycemic agentsS....eevesesesssascnnns
Antihypertensive drugs
Oral contraceptives.
Hormones.....eeuuee
Antiepileptic drugs
Vitamins.........
Antibiotics
Hlscellaneous................................

&
—_—
S w

COENPWNEWN

sSESPPES

HIGH-DENSITY LIPOPROTEIN CHOLESTEROL......covvvesns

1. METABOLLC BACKGROUND...ccocovuesassncnscsvcnnns
2. KEFERENCE LIMLITS, AND PREANALYTLCAL,

PHYS LOLOGLCAL, AND PATHOLOGICAL VARIATLONS....
3. ANALYTICAL INTERFERENCES......cce0eeennae
4. PHARMACULOGLCAL EFFECTS.
4.1, Lipid-lowering drugs..
4.2. Antihypertensive drugs..
4.3, Oral contraceptives...
4.4. Antiepileptic drugs...
4.5. Miscellaneous . csecocisovaseossvsisonsssscsse

CREATININE. .. cccetevtancasccsasnoscscaconcnssncas

1. METABOLIC BACKGROUND..:csocovecscsvccsccnscsnse
2. REFERENCE LIMITS, AND PREANALYTICAL,
PHYSLOLOGLCAL, AND PATHOLOGLCAL VARLATLONS.....
ANALYTICAL INTERFERENCES...ccccvccovcsscscscsese
Analytical methodS....eevevsensnne
. Method of Jaffé...ccoceveenee
Improvements to the Jaffé reactio
Enzymatic technique....cccceccccncas
Other methods..ccsesecscssecsccssassnsscnss
Analytical interferences on the various
MethodS..eeeesesosasasssoceasscssassnccasanns
.2.1. End-point Jaffé reaction..
.2.2. Kinetic Jaffé reaction
+2.3. Other methods.......
PHARMACOLUGLCAL EFFECTS...00veevaans
Decrease in creatinine concentration.
Increase in creatinine concentration
ABEIDIOELCH, i sonemnaine i s e

CRLWwwww

1
.1
1.2
1.3.
1.4.
.2,

Anti-inflammatory drugs
Diureticsccscsocssscce
Antihypertensive drugs

S EPrPLOUWW

NRNRNRONNN —

ownE W —

x
=
®
o
®
-
ey
o
2
®
o
€
®

ERYTHROCYTES AND HEMOGLOBIN........cvvvevcancnnnan

. Direct myelotoxicity..
. lmmunoallergic reactions
. Hapten-iike reactions.......
. Formation of immune complexes
Formation of autoantibodies.

. REFERENCE LIMITS, AND PHYSIOLOGLCAL, AND

PATHOLOGICAL VARIATIONS.....ccvveencnncnnsannas
3. ANALYTICAL INTERFERENCES.
4. PHARMACUOLOGLCAL EFFECTS......cevvveenccnnancane

177

177
177
179
181
182
183
183
184
184

185
185

186
188
189
189
191
192
196
196

198
198

199
200
200
200
201
201
201

201
202
203
203
207
207
208
208
208
208
209
209
210

211

211
211
212
212
212
212
213
213
213

214
215
216

vii

4ole ANEIbiOEiCB. s evresvevressernosscrscssesssssonsonre 216
4.2, Anti-gout agents..... 217
4.3. Psychotropic drugs. 217
4.4, Hy-receptor antagonists.. 218
4.5. Analgesics and anti-inflammatory drugs. . 219
4.6, Cardiac drugS......... « 219
4.6.1, Antiangina drugs.... . 219
4.6.2. Antihypertensive drugs. . 220
4.7. DiureticS..cccecscscsion . 220
4.8. Sulfonamides.... . 220
4.9. Hormones......oeus eesscsscseaass 221
4.10. Cytostatic drugs. . 222
&.11. MIBCEllaANEOUS . cocononoorossosnoeseisssevsssssoens 222
GAMMA-GLUMTAYLTRANSFERASE. ..o vvvvnnnnnsronsnnnnnonnans 224
1. METABOLLIC BACKGRUUND. .coccocssvcccssnssassscccscscss 224
2. REFERENCE LIMLTS, AND PREANALYTICAL, PHYSIOLOGICAL,

AND PATHOLOGICAL VARLATLONS.....ccovesannnannnnnnsss 225
2.1. Measurement of serum GGT activity...... oo 225
2.2. UGeference limits....ccccocecencccccccnss s 225
2.3. Preanalytical variations....... o227
2.4. Physiological variations. 227
2.5. Pathological variations.. . 228
3. ANALYTICAL lNTEKFEKENch............................ 228
3.1. Drugs interfering in the measurement of plasma

GGT activity. 228
3.2. No analytical 229
4. PHARMACOLOGLCAL EFFECTS......... 229
4.1, Mechanisms responsible for the variations of

plasma: GOT AcBLVLEY.: o0 v aiain soie s siemnoiinepsionse 229
4.2, Pharmacological effects on the measurement of

plasis COT aCtLVity..iveenvinsnmeoisansionsionienesia 230
4.2.1. Antiepileptic drugs 230
4.2.2. Antidepressant agents, 232
4.2.3. Oral contraceptives. 232
4.2.4. Lipid-lowering drugs 233
4.2.5. Anticoagulants..... . 233
4.2.6. Anti-gout drugs..... 234
4.2.7. Antihypertensive drugs . 234
4.2.8. Antipyretics.... 234
4.2.9. Antianginal drugs.. 235
4.2.10. Antiarchythmic drugs. 235
4.2.11. Anti-cancer drugs.... 235
4.2.12. Anti-infectious and anti-parasitic drugs. 235
4.2.13, Drugs used to treat tuberculosis....... 236
4.2.14, Hypoglycemic agentS......... 236
4.2.15. Hypnotic drugs.... 236
4.2.16. Thrombolytic drugs 237
§:2:17; Tranquillizera..ceooivives ccvesccssoscssccss 237
4.2.18, Vasodilators and vasoconstrictorS.......eeeees. 237
$.2.19. Miscellan@ous...ccceosscosecocsecse 237
4.2.20. Drugs without effect on GGT activity.....eeeu.. 237
4.3. Effects of alcohol intake on the measurement of

surum, GGT. #etivilysnasssvvssnsnsinssoeaobovinsse 237
GLUCOSE. ccccosrcesecsscscscssscscsssssssnncessnsnncsose 241
1. METABULLC BACKGROUND....cevsveeraccncscsscossoanssas 241
2. REFERENCE LIMLTS, AND PREANALYTLCAL, PHYSIULUGLCAL,

AND PATHOLOGLCAL VARIATIONS....vvevecersnennansns 241
3. ANALYTICAL METHODS....... 244
3.1, Enzymatic methods....... ssens 244
3.1.1. Methods using glucose oxidase (GOD)............. 244
3.1.2. Methods using hexokinase and glucose-6-phosphate

dehydrogenase (G6PD)e.veveeecsscscasesnsnsnnsans 245
3.1.3. Methods using glucose dehydrogenase (GDH)....... 246



viii

3.2. Chemical methodS.ceceovesecsccsccsscsssnscnss
3.2.1. Methods based on the reducing action of
glucose on various metallic salts..........
3.2.2. Methods based on glucose furfuralization...
4. ANALYTICAL INTERFERENCES.
4.1. Main sources of analytical interferences
4.1.1. Methods using glucose oxidase, peroxld-se,
and & chromogen...sccescssssscccsssoncrvens
4.1.2, Methods using glucose oxidase and an
electrochemical technique..... .
Method using hexokinase/glucose-6-phosphate

4.1.3.

dehydrtogenase sosiss cossessnssensvasess
4.1.4, Method using glucose dehydrogenase .
4.1.5. Methods using o-toluidine...ceveeesaas
4.1.6. Methods using ferricyanide or neocuproine
4.2. No analytical interference
5. PHARMACOLUGLCAL EFFECTS..... .
5.1. Drugs with hypoglycemic action
S5.1.1. Hypoglycemic agents.
5¢l.1.1. Ineulin..eecscssosses
5.1.1.2. Sulfonylurea compounds..
5.1.1.3. Biguanides..
5.1.1.4. Glymidine...
5.1.2. Other drugs that can cause a fall in blood

BLlUCOB@ secsvssciscsscsssnsssosanssccsasses
Drugs with hyperglycemic action..
. Glucagon.....
Diazoxide....
Thiazide diuretics
Phenytoin.......
Glucocorticoids.
Epinephrine......
. Antihypertensive drugs....
Salbutamol......
. Nifedipine

. Diazepam,......

[CEC RV ECECEVEV RV EV RV RV
PRNRRNRORNDNNONN
—-omwom&\w».—

LACTATE DEHYDROGENASE......ecvvvennannnncnsonnnnans

1. METABULIC BACKGROUND.:.cccceseescoscosscsscsscs
2. REFERENCE LIMITS, AND PREANALYTICAL,
PHYSLOLOGLICAL, AND PATHOLOGLCAL VARIATIONS.
3. ANALYTICAL INTERFERENCES............
3.1. Principal methods of measurement.
3.2. Drugs that do not cause analytical interfe-
rences in estimation of LD activity......
3.2.1. Colorimetric methodS....eeeeevevnnnnnns
3.2.2. UV spectrophotometric methodS...eeesvssunas
3.2.2.1. Reaction proceeding in the direction:
lactate to pyruvate..
3.2.2.2. Reaction proceeding in the direction:
pyruvate to lactate....
3.2.3. Unspecified methodology.
3.3. Drugs that cause analytical interferences in
measurement of LD activity..
3.3.1. Colorimetric methods..
3.3.2. UV spectrophotometric methods...
3.3.2.1. Reaction proceeding in the direction:
lactate to PYruvale...ueieninennnnnnannns
3.3.2.2. Reaction proceedlng in the directio
pyruvate to lactate..
4. PHARMACOLOGLCAL EFFECTS......
4.1, Drugs that have no pharmacological effect
on LD activity...
.1.1. Evaluation according to class of drug
.1.2. Administration of only one drug.....cesevees
1.2.1. ‘Anesthetics...coeiccsen
1.2.2. Antiblotics.veeesoanses

247

247
247
247
248

266
266
266
267
267
267
267
268
268
268
268
268

269
269
270
273
276
277

277
278

279
280

285
286
287

287

289
291

294
294
295
295
295

4.1 295
4.1 296
4.2 296
4.2.1 296
4.2.1.1. Antiepileptic drugs.... 296
4.2.1.2. Antihypertensive drugs. . . 297
4.2.1.3. Lipid-lowering drugs..... ecssesses 297
4.2.2. Administration of only one drug...... 297
§eZi2ale ABBIRCEACE 45 4o v s oio wia'v o0/ 58160051856 297
4.2.2.2 i 298
4.2.2.3 298
4.2.2.4. Drugs used to treat tuberculosis. 299
4.2.3. Drugs used in combination... 299
4.2.3.1. Anesthetics..... cesene . 299
4.2.3.2. Antiepileptic drugs ceseescsscesssse 299
£4:2.3.3. Oral contraceptives...ccveeccssnescecesss 300
4.2.4. Toxic effects increasing LD activity.

4.3, Drugs decreasing LD activity....eeieoeeass

4.3 i i 301
4.3 302

TOTAL LEUKOCYTE COUNT.......ccvvesveavnnsnnnnsssss 307

1. INTRODUCTLUN. .ccocooeeconen escessssssesccsascsse 307
1.1. Adverse reaction due to direct myelotoxicity. 309
1.2. Ilmmuno-allergic reactions affecting stem
cells or circulating cellS.,.ovueuenss 311
1.3. Increased leukocyte production 312
1.4. Neutrophil compartment modification,.. 312
2. REFERENCE LIMITS, AND PHYSLULOGLCAL, AND
PATHOLOGLCAL VARIATIONS...... eee 314

1. Analytical variations.......
2. Method used to establish reference values.... 315
.3. Other methods of counting white blood cells.. 315
4, Reference limits, physiological, and patholo-
gical VATTAELONE wue.vvunduonnisesennssiaens
3. ANALYTICAL INTEKFERENCES.........
4. PHARMACOLOGLCAL EFFECTS.
4.1. Antidepressants, antiepileptics, and neuro-
leptie driigsi. einuenien somsessnisnsvovasarass 358
4.2, Anti-inflammatory, analgesic, and antipyretic
drugs......
4.3. Cardiovascular agents, antihistamines, and
bronchodilators.......... esessessesserscssass 321
4.4, AntibioticS..eeuuanns
4.5. Sulfamides and sulfonamxdes..
4.6. Antiproliferative agents.....
4.7. Anti-infectious, antimalarial,
and anthelminthic drugs........

antiprotozoal,
secessses 325

4.8. Ilmmunostimulating agents. . cene
4.9. Antihypertensive drugs.. . 327
4.10. AnestheticB..ccccecccocsssccsscsccscsecsss 327

4.11. Drugs for the treatment of hyperuricemia.

4,12, Antithyroid drugs...... 328

4.13. Divretics...cconvecesecs 328
4,14, Oral contraceptives.... 328
4,15, Miscellaneous......coeus 329

PHOSPHATES. ..cccocccercscsscssoossossssssscessssss 330

1. METABOLIC BACKGROUND.......... secssssssssssscces 330
2. REFERENCE LIMITS, AND PREANALYTICAL,

PHYS lULOGICAL, AND PATHOLOGICAL VARIATIONS..... 331
3. ANALYTICAL INTEKRFERENCES....ccececccens
3.1. Analytical increases of phosphates.
3.2. Analytical decreases of phosphates.
3.3. No analytical interference




. PHARMACOLOGICAL EFFECTS........0s
.1. Diuretics..

2. Antihypertensive drugs
3. Antiasthmatic agents.
4. Oral contraceptives
5. EStrogens...eeesesss
.6
o7
.8.
9.

. Antiepileptic drugs..
. Barbiturates.........

Tranquillizers.

Neuroleptics..
4.10. Llpld‘lOHel’lng drugs.
o1l VAEARLO8. oy see vae senene
4,12, GlucoSe.seessessasss
4.13. Miscellaneous.......

EEEEPEEERS

PLATELETS..cccteevovcccocosocssnsssascncansansncns

1.
1.1. Thrombocytosis.
L2 Thrombocytopenxa.
1.3. Changes in platelet functxcn......
2. REFERENCE LIMITS, AND ANALYTLCAL, PHYSIOLO-
GLCAL, AND PATHOLOGLCAL VARIATLONS...
2.1. Analytical variations and the method used to
establish reference valueS....ceeenueccenaans
2.2. Reference limits and physiopathological
variationS.....evveennns
3. PHARMACOLOGLCAL EFFECTS...
3.1. Antibiotics, drugs used to creat tuberculosls
3.2. Analgesics, anti-inflammatory and antipyretic
drugs..
3.3. Antiepileptic drugs...
3.4. Cardiac glycosides, anti-angina drugs, vaso-
dilators, antiarrhythmics..
3.5. Antihistamine drugs, histamine Hjy-receptor
antagonists, beta-blocking agents........... .
3.6, Diurebic8isvevsessescosssasessassossassassass
3.7. Anti-infectious drugs, anti-malaria drugs,
anti-protozoan drugs and anti-virus drugs....
3.8, Anticoagulants.........
3.9. Oral coantraceptives
3.10. Anti-gout agents,
3.11. Androgen hormones......
3.12. Hypnotic agents, tranquillizerS......ceeeees
3.13. Lipid-lowering drugs......
3.14, Cytostatic drugs...
4. CONCLUSION.........

POTASSIUM...

1. METABOLIC BACKGROUND.:uceesvovsvonsssossnannnee
2. REFERENCE LIMITS, AND PREANALYTLCAL, PHYSLO-
LUGICAL, AND PATHOLOGLCAL VARIATIONS......
3. ANALYTICAL INTERFERENCES.......c0evvesvees
3.1. Analytical increases of potassium............
3.2. Analytical decreases of potassium..... .
3.3. No analytical interference.... weis & 5
4, PHARMACUOLOGLCAL EFFECTS....... .
Go) s DIVESELCH vois vieis vy s g .
4.2. Beta-blockers...... cees .
4.3. Antihypertensive agents..... .
4.4, Cardiotonic agents.. cvies .
4.5. Analeptic drugs... 3 ..
4.6. Antiepileptic drugs. . .
4,7, Estrogens......... “ .
4.8, Progestogens........ % sia)s .
4.9. Oral contraceptives.. o

344

344

344
344
346
346
346
347
349
349

352

356
357

357
358
358
359
359
360
360
360
361

362
362

363
366
367
367
367
368
368
371
371
371
372
372
372
372
372

4.10.
4,11,

4.12,
4.13,
4,14,

ix

Bronchodilator drugs.........
Antl-lnflammatnry drugs..
Vitamins...
Laxatives..
Miscellaneous....

TOTAL PROTEINS....ccoreeeesvecsssecssacascssonsene 375

METABOLLIC BACKGROUND. .. ceeavsovanssassassnssass 375

1
2.
3

2. REFERENCE LIMITS, AND PKEANALYTLCAL, PHYSLOLO-

GlCAL, AND PATHULOGICAL VARIATLIONS...... 375
ANALYTLCAL INTEKFERENCES 377
. Biuret method......... . 378

Refractomebry. oo s.eis 6606 5006 5006 s 384
. Folin-Ciocalteu and Lowry methods. 385
PHARMACOLOGLCAL EFFECTS.......... 389

1. Drugs with hemodynamic effect..

2. Ural contraceptives and estrogensS........

3. Anabolic steroids and testosterone.

4, Antiepileptic drugs.. 390

.5. Miscellaneous.. 390
TOXLC EFFECTS.... . 390

SODIUM. .c.ivvvencnancnssocnccsocnssansasnssassassss 391

METABOLLC BACKGKOUND. ...vuvvenernsnnnnnnnnasaas 391

PHARMACOLOGLCAL EFFECTS.

1
1.
1
1

REFERENCE LIMITS, AND PREANALYTLCAL, PHYSLOLO-

GLCAL, AND PATHOLOGLCAL VAKRIATLONS. . 392
. ANALYTICAL INTERFERENCES.......... 395

1. Analytical increases of sodium.. 395
.2. Analytical decreases of sodium.. 396
.3. No analytical interference......... 396

Diuretics. .

Diuretics acting on the 1oop of Henle...... 398
« Thiazide diUretics.eyavessiovinvesriasines 399
. Inhibitors of ionic exchanges in the

distal tubule.. 399
4.1.4, Osmotic diuretics... 400
4.2. Antihypertensive drugs.. 400
4.3, Cardiotonic agents....
4.4, Beta-blocking agents..
4.5, Antiepileptic drugsiicescessesssssesssssssosss 401
4.6. Analgesics and anti-inflammatory drugs... 402
4.7. Oral contraceptiveS......
4.8, Estrogens........ .
4.9. Progestogens... .
4.10. Anti-gout drugs....
4.11. Bronchodilator drugs.. 402
4.12. Cardiac analeptic drugs... 402
4413, Vitaming. coe oo ee 403
4.14, SugarsS........ 403
4,15, Miscellaneous... 403
TRIGLYCERIDES. . ccvcecoccsacsansns sesesscsasnsees .. 405

METABOLLC BACKGRKOUND. ....ivvsvnvnasasnsnssnnass 405
KEFERENCE LIMLTS, AND PREANALYTLCAL, PHYSIOLO-

GLCAL, AND PATHOLOGLCAL VARLIATLONS... . 406

. ANALYTLCAL INTEKFERENCES.......000evavns v.. 408
3.1. A summary of the main methods of quantifying

triglyceridess oo ioeies s ifsisiosss ioenn s .. 408

2. Interference by free glycerol. . 408

.3. Interferences by drugs...... . 408

PHARMACOLOGLICAL EFFECTS . . 415

.1. Lipid-lowering drugs.......... « 415




4.2, Hypoglycemic agentS..sevessssossssssnsaneanes 417
4.3, Antihypertensive drugs. . 417
4.4, Oral contraceptives.. . 419
4.5, Antiepileptic drugs.. . 422
46, Migcellantouss . oo oeoscensonsnrdanesnnssosee 22
URATES. ccoccecsccnsoscsccscsscssossnssnsancscscnss 423
1. METABULLIC BACKGROUND.....ceesennennssncnsasesss 423
2. REFERENCE LIMITS, AND PREANALYTICAL, PHYSLOLO-
GLCAL, AND PATHOLOGLCAL VARIATLIONS............. 423
3. ANALYTLICAL INTEKFERENCES.....ceecveevnsncaneess 426
3.1. Sources of interferences in the phospho-
tungstic acid reduction method....eevvesenss. 426
3.2. Sources of interferences in other chemical
MethodS..cuceeereccsceacscnsconcansassenannes 432
3.3. Sources of interferences in enzymatic methods 432
3.4. Analytical interferences in high-performance
liquid chromatography..cecceeesscsscssssscsasss 434
4. PHARMACOLOGLICAL EFFECTS...civevvavnnss . 435
4.1. Increase in blood urate concentrations . 436
G.lol. DINCALICS . cmeommmsiovssvncmnnenvon . 436
4.1.2. Drugs used to treat tuberculosis. . 436
4.1.3. Anti-cancer agents,... wele . 436
4.1.4, Drugs acting on the ca ovascular system.. 436
4.2. Drugs that lower blood urate concentrations.. 437
8.2.1. Dricosurics. .convewenossnsasseassasnsessoss 437
4.2.2. Xanthine oxidase inhibitors . 437
4.2.3. Ascorbic acid......uvvnnnnn . 437
4.2.4. Acetylsalicylic acidii.ss.. . 437
852,85, DIUCEEICE..owse o omomsanesaveesseovessees $I8
seesessccsssssasscssnssesssnsessecsencsnses 439
1. METABOLLC BACKGROUND......0uvevvansannsnnannsss 439
2. KEFERENCE LIMITS, AND PHYSIOLOGLCAL, AND
PATHULOGLCAL VARIATIONS...civteveannonannnnnsss 440
3. ANALYTICAL METHODS....... . 442
3.1. Diacetylmonoxime methods. . 442
3.2. Urease methods.,. . 442
3.2.1. Nessler reaction.. . 442
3.2.2. Berthelot reaction..... vee . 442
3.2.3. Totally enzymatic method.vsveseesnas . 443
3.3. Method using paradimethylaminobenzaldehyde... 443
3.4. Method using o.phthalaldehyde-methoxyqui-
Nolineeceeseccrecvocnscnaones 443

4. ANALYTICAL INTERFERENCES..
4.1, The main sources of analytical interferences.
4.1.1. With the diacetylmonoxime method......cuuus
4.1.2. With the urease method..
4.1.3. With the method using paradimethylamino
benealdeliylec..cencsssesinesveisosessevsenes
4.1.4, With the method using o.phthalaldehyde-
methoxyquinoline.......
4.2. No analytical interference
5. PHARMACOLOGICAL EFFECTS.....
5.1. Decreases of blood urea...
5.2. Increases of blood urea...
5:2:1. I hypertenswe gubjects. ieoves
5.2.2. In subjects with cancer or leukenla...
5.2.3. In other subjects..icisscsessnsssccsncsssnsss

CONSTRUCTION OF THE INTERMEDIC DATABASE:
PHYSIOLOGICAL VARIATICNS AND EFFECTS OF DRUGS ON
LABORATORY TESTS....ccocvucnscssncsccsnsssssnsanans

4b4
4bb
bbb
bbb

444
445
450
450
451
451
452
452

454




FOREWORD

J. Frei

The directors and staff of clinical chemistry laboratories, as well as
physicians, are confronted daily with a problem of whose consequences
they are largely unaware: the interference of drugs with many consti-
tuents of blood and urine. In recognition of the importance of the pro-
blem, the International Federation of (Clinical Chemistry created the
Expert Panel on Drug Effects in Clinical Chemistry, of which Professor
Gérard Siest is appointed chairman, The first major work in this field
was D.S. Young's computerized list (Clin, Chem., 1972, 18, 1041-1303),
and other publications have followed. However the topic is so impor-
tant and our knowledge has progressed so steadily, that the present
contribution, by Professor Siest and his co-workers at the Center for
Preventive Medicine in Vandoeuvre-les-Nancy, France, is particularly
welcome., The authors wish to heighten the awareness of clinical che-
mists and at the same time to offer them a reference work. Their
approach is novel, including much of their own work., They have sought
to help the reader to understand a difficult and often confused field,
by means of a scientific, didactic, and pragmatic approach. They have
taken into consideration the latest publications, and have drawn on
their wide experience gained over many years at the Center for Preven-
tive Medicine and in a specialist working group of the European Econo-
mic Community., The original version was published in French but consi-
dering the importance of the matter the authors estimated necessary to
publish an English version which was reviewed by Dr D.S. Young, a spe-
ciaiist in the field of drug interferences. The group at Vandoeuvre

has created a data bank concerning drug interferences, which is descri-
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bed in the last chapter: the data bank is also accessible through the
"Minitel" system of the "Société Frangaise de Biologie Clinique".

More than twenty chapters of this book are devoted to the analytical
(in vitro) and pharmacological (biological; in vivo) effects of drugs
on the concentrations of the most commonly estimated biochemical cons-
tituents (metabolites, electrolytes, enzymes, etc.) and on some hemato-
logical parameters., The authors also review physiological and patholo-
gical aspects of each constituent, the reference intervals for each,
and the preanalytical factors that can affect the results,

The drug effects discussed in the book are part of the vast background
of factors that can interfere with clinical laboratory investigation
of patients, Unforeseen and often serious consequences may follow if
these factors are poorly understood, or ignored. Thus this book is
recommended to those who provide and those who use clinical laboratory

results, as well as to teachers of clinical chemistry and medicine,



LABORATORY TESTS AND DRUGS

G. Siest

The administration of drug(s) to humans (or to animals) can alter labo-
ratory tests, which are widely used to monitor the effects of taking
these very drug(s) (300). We have developed different approaches to
study the undesirable effects and the optimal use of laboratory
tests:

(i) drugs or their metabolites can affect laboratory tests by either
analytical or pharmacological means. This problem must be placed in
its proper perspective, And conversely,

(ii) laboratory tests are widely used to assess toxicity of drugs in
animals, and then during clinical trials in humans; and they are also
used to monitor therapy.

The interpretation of laboratory test values in the presence of drugs
will be different in these two situations., Drugs must be included
among the variables affecting laboratory tests. They are factors which
must be understood so that their effects may be eliminated or control-

led,

1. EFFECTS OF DRUGS ON LABORATORY TESTS

A drug taken before the collection of a blood specimen can induce

an increase or a decrease in the concentration of a plasma consti-
tuent, This effect can arise in two ways (750). One is purely analy-
tical: the drug and/or its metabolites may at any stage affect the
measurement of a constituent, In laboratory medicine this is called
"analytical interference".

The second means 1is biological: the drug induces a change in a bio-
logical parameter by a physiological, pharmacological, or toxicolo-

gical mechanism, This constitutes what is customarily called the
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effects of a drug on laboratory tests (744). This very general (too
general) term therefore encompasses the unexpected secondary ef-
fects, desirable or undesirable, of drugs. It also sometimes inclu-
des the results of drug interactions, a term which has been propo-
sed but which should be restricted to pharmacology.

These effects may remain unnoticed, since laboratory tests are
often ordered without knowledge of the drugs being taken by a per-
son, Yet laboratory procedures may be used to investigate the li-
ver, the kidney, or the phosphorus/calcium metabolism of a patient
who 1is undergoing unrelated treatment with tranquillizing, hypno-
tic, or contraceptive drugs, This is one more reason to make a
great effort to educate clinicians and clinical chemists, Of the
factors that cause variation in laboratory test values, drugs are

thought to be as important as age or excess weight (754, 755, 758).

For more than 10 years three organizations have considered this pro-
blem:

First of all, in 1974 the European Economic Community set up a wor-
king group on "Drug Interference in Clinical Chemistry", which pro-
duced a report (738) and general recommendations. (The members
were: G. Siest, W. Appel, G.B. Blijenberg, B. Capolaghi, M.M.
Galteau, C, Heughem, M., Hjelm, K.L. Lauver, B, Le Perron, V.
Loppinet, C. Love, R.J. Royer, G. Tognoni, and P. Wilding.).

On the boarder topic of the effects of drugs, including both analy-
tical interference and pharmacological variations as undesirable ef-
fects, and on the other hand as a means of following and monitoring
drugs, International Federation of Clinical Chemistry (IFCC) set up
a group of experts (Expert Panel on "Drug Effects in Clinical Che-
mistry": G. Siest (Chairman), P.A.G. Malya, J.G. Salway, F.W.
Sunderman, G, Toganoni, and N, Tryding), and the Société Frangaise
de Biologie Clinique (SFBC) (French Society of Clinical Chemistry)
established a French-speaking commission (on "Effets des médica-
ments sur les examens de laboratoire'") (Drug Effects on Laboratory
Tests), comprising: G. Siest (Chairman), M. Azria, A. Clecarec, J.

Delattre, A. Galli, M.M. Galteau, D. Gouy, J.F. Guelfi, P. Jouanel,
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J. Migne, J. Nachbaur, M. Sergant, F. Trivin, M. Cortes, P.
pelwaide, and R. Galimany; with, as corresponding members, C.
Bachmann, J. Breuer, M, Dobrescu, J.G. Salway, T. Spiro, F.W.
Sunderman, G. Tognoni, and N, Tryding.

The SFBC has published, or will publish, the following documents:

. Document A, Notions générales concernant l'effet des médicaments
sur les examens de laboratoire (General concepts concerning the
effects of drugs on laboratory tests), Ann., Biol. Clin., 1981,
39, 91-98

. Document B, Lignes directrices pour 1'étude et 1la définition
d'une interférence analytique., Proposition d'un protocole (Guide-
lines for the study and definition of analytical interference:
Proposed protocol), Ann. Biol. Clin., 1984, 42, 137-144

. Document C, Lignes directrices pour la mise en évidence des
effets biologiques des médicaments sur les examens de laboratoire
(Guidelines for the demonstratioa of biological effects of drugs
on laboratory tests), Inform, Scient, Biol., 1984, 10, 160-163

. Document D, Les examens de laboratoire au cours des études de
toxicologie sur animaux de laboratoire (Laboratory tests during
toxicity studies on laboratory animals), Inform. Scient. Biol.,
1984, 10, 403-406

. Document E, Les examens de laboratoire au cours des essais clini-
ques chez 1'homme (Laboratory tests during clinical trials in
humans), Inform. Scient. Biol., 1985, 11, 52-55

. Document F, Utilisation des examens de laboratoire pour la sur-
veillance thérapeutique (Use of laboratory tests to monitor thera-
py), Inform, Scient. Biol., 1985, 11, 99-106

. Document G, Banques de données (Data banks), Ann., Biol., Clin.,

sous presse,

The International Federation of Clinical Chemistry has published or

will publish the following documents:

. Part 1, The basic concepts, J. Clin, Chem, Clin. Biochem.,, 1984,
22, 271- 274 and Clin, Chim, Acta, 1984, 139, 215F-221F
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Part 2, Guidelines for evaluation of analytical interference, J.
clin, Chem, Clin. Biochem., 1984, 22, 275-279 and Clin. Chim,
Acta, 1984, 139, 223F-230F

pPart 3, Evaluation of biological effects of drugs, submitted in
J. Clin, Chem, Clin, Biochem,

Part 4, Clinical laboratory tests on laboratory animals during
toxicity studies, submitted in J, Clin, Chem, Clin, Biochem.

Part 5, Laboratory tests during clinical trials, submitted in J.
Clin, Chem. Clin. Biochem.

Part 6, Laboratory tests in monitoring drug administration, sub-
mitted in J. Clin, Chem, Clin, Biochem,

Part 7, Data banks, submitted in J, Clin, Chem. Clin. Biochem,

Analytical interference

Analytical interference constitutes part of the total effects,
but represents only about 20 % of the cases in the list drawn up
by Young et al. (929). It may be due either to the drug itself or
to its metabolites, The effect may be because the interfering
substance has a structure similar to that of the compound being
estimated; thus, methyldopa is included in the measurement of
total catecholamines. Alternatively the interfering substance may
affect spectrophotometric reactions: (a) it may yield a similar
color as with salicylates which react the same way with Folin's
reagent as do urates (or may produce a different color); or (b)
it may have its own fluorescence or, more often, may inhibit ano-
ther compound's fluorescence (quenching); or (c) it may cause tur-—
bidity or a precipitate. This latter type of interference is com-
mon when the reactions take place in very acid or very alkaline
media,

Interference may also be due to the chemical properties of the
drugs present, but this type appears in general only at high con-
centrations, The reducing power of the drugs and/or of their meta-
bolites is often the main factor; thus, ascorbic acid interferes
with many determinations because of its pronounced reducing pro-

perties,



