PHARMACOKINETIC
DRUG INTERACTIONS

DRUGS REMOVED FROM THE MARKET

DURING THE 1990s

REASON

DRUG CATEGORY
Astemizole antihistamine
Bromfenac analgesic
Dexfenfluramine anorectic
Felbamate anticonvulsant
Flosequinan vasodilator
Grepafloxacin antibiotic
Mibefradil Ca channel blocker
Temafloxacin antibiotic
Terfenadine antihistamine

Travafloxacin

antibiotic

serious metabolic
drug intxns
hepatotoxicity
cardiovascular tox
aplastic anemia
increased mortality
proarrhythmic
serious drug intxns
severe ADR
serious drug intxn
hepatotoxicity

Source: J Clin Pharmacol 40:1093, 2000

. GENERAL CONSIDERATIONS
A. CONCEPT OF A THERAPEUTIC WINDOW
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B. EPIDEMIOLOGICAL CONSIDERATIONS

HOSPITALIZED PATIENTS EXPERIENCING AN
ADVERSE REACTION

Drug Class % Pts with Reaction
Antihypertensives 12
Anticoagulants 1

Antimicrobials
Antiarrhythmics
Antiinflammatory
Diuretics
Analgesics

NWWAO

Data from: May FE et,al. Drug interactions and multiple drug administration. Clin
Pharmacol Ther 22:323, 1977.

B. EPIDEMIOLOGICAL CONSIDERATIONS

Effect of the Number of Drugs a Patient Receives on
the Frequency of Adverse Drug Reactions

Number Antihypertensives Anticoagulants
0-5 9 7
6-10 9 8

11-15 18 15

16-20 23 18

Data from: May FE et,al. Drug interactions and multiple drug administration. Clin
Pharmacol Ther 22:323, 1977.

B. EPIDEMIOLOGICAL CONSIDERATIONS

Prospective study of 237 patients treated with warfarin
analyzed for determination of whether or not a drug
interaction occurred with concurrent chloral hydrate

All patients who received chloral hydrate 237
during warfarin therapy
Those patients who received chloral hydrate

for at least 3 consecutive days 69
Impossible to evaluate (unstable/change therapy) 28
Potentiation of anticoagulant action 22
No observable interaction 19

Data from: Koch-Weser J. Hemorrhagic reactions and drug interactions in 500 warfarin
treated patients. Clin Pharmacol Ther 14:139-146, 1973.




C. TYPE OF INTERACTION

Unidirectional
A B
Bidirectional
A B

D. CLASSIFICATION OF MECHANISM

ALTERATIONS IN ABSORPTION

Complexation/Chelation
Example: antacids + tetracycline
Impact: tetracycline complexes with

divalent cations forming an insoluble
complex

D. CLASSIFICATION OF MECHANISM
ALTERATIONS IN ABSORPTION

Complexation/Chelation

Altered GI Transit

Example: anticholinergics + acetaminophen

Impact: delay in absorption of acetaminophen




D. CLASSIFICATION OF MECHANISM
ALTERATIONS IN ABSORPTION

Complexation/Chelation
Altered Gl Transit

Altered Gastric pH
Example: H-2 blockers + ketoconazole

Impact: dissolution of ketoconazole is
decreased, resulting in reduced
absorption

D. CLASSIFICATION OF MECHANISM
ALTERATIONS IN ABSORPTION
ALTERATIONS IN HEPATIC METABOLISM
Induction of Metabolism
Example: phenobarbital + warfarin
Impact: phenobarbital increases the

metabolism of warfarin, resulting in
reduced anticoagulation

D. CLASSIFICATION OF MECHANISM

ALTERATIONS IN ABSORPTION
ALTERATIONS IN HEPATIC METABOLISM

Induction of Metabolism

Inhibition of Metabolism
Example: cimetidine + theophylline
Impact: cimetidine reduces the clearance

of theophylline causing an increase in
adverse effects




D. CLASSIFICATION OF MECHANISM

ALTERATIONS IN ABSORPTION
ALTERATIONS IN HEPATIC METABOLISM
ALTERATIONS IN RENAL CLEARANCE

Increase in Renal Blood Flow
Example: hydralazine + digoxin

Impact: hydralazine increases the renal
clearance of digoxin

D. CLASSIFICATION OF MECHANISM

ALTERATIONS IN ABSORPTION
ALTERATIONS IN HEPATIC METABOLISM
ALTERATIONS IN RENAL CLEARANCE
Increase in Renal Blood Flow
Inhibition of Active Tubular Secretion
Example: probenecid + penicillin

Impact: probenecid prolongs the half-life
of penicillin, allowing single dose therapy

D. CLASSIFICATION OF MECHANISM

ALTERATIONS IN ABSORPTION
ALTERATIONS IN HEPATIC METABOLISM
ALTERATIONS IN RENAL CLEARANCE
Increase in Renal Blood Flow
Inhibition of Active Tubular Secretion
Alterations in Tubular Reabsorption
Example: antacids + aspirin
Impact: antacids reduce the tubular
reabsorption of salicylate via an increase
in urine pH




D. CLASSIFICATION OF MECHANISM

ALTERATIONS IN ABSORPTION

ALTERATIONS IN HEPATIC METABOLISM

ALTERATIONS IN RENAL CLEARANCE

ALTERATIONS IN PLASMA PROTEIN
BINDING

Example: phenytoin + valproic acid

Impact: protein binding of valproic acid is
reduced and total Css decreased

Il. ALTERATIONS IN ABSORPTION

A. Mediated by binding or chelation of drug in
the gastrointestinal tract
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Effect of ferrous sulfate (325 mg) on plasma levodopa and carbidopa
ations after ingestion of Si t (100/25) in patients with

Parkinson's disease. Concentrations shown are mean values without
(tirangles) and with (circles) ferrous sulfate administration simultaneously.
Adapted from Campbell NRC et al: Br J clin Pharmacol 30:599-605, 1990




Effect of Antacids on Iron Absorption from a Multivitamin. Antacid was
ingested immediately after multivitamin ingestion. Data from: O'Neil-Cutting
MA, Crosby WH. The effect of antacids on the absorption of simultaneously
ingested iron. JAMA 255:1468- 1470, 1986.

80
= g
g 2o 60 O Control
S S5 40 .
- @ Antacid
ESE 2
& £
= 0
i Q (]
e b
g T 8
(= 5] 1]
) o
© ©
= o o

COMPOUNDS DEMONSTRATED
TO BIND WITH IRON

ACETAMINOPHEN MINOXIDIL
AMPICILLIN NALIDIXI ACID
CAPTOPRIL NORFLOXACIN
CARBIDOPA PENICILLAMINE
CIPROFLOXACIN RIFAMPIN
ETHAMBUTOL TETRACYCLINE
FOLIC ACID THYROXINE
INDOMETHACIN SALICYLIC ACID
LEVODOPA

METHYLDOPA

B. Mediated by alterations in gastric emptying
or gastrointestinal transit

11
ol Effect of food on
gastric residence time
71 (GRT) of the
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! administered to
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P et al. Effect of food on the
31 absorption of enteric coated
= aspirin: Correlation with
gastric residence time. Clin
1 Pharmacol Ther 41:11-17,
i 1987.
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1995, p.271
Effect of sumatriptan on acetaminophen
absorption in patients with migraines
Parameter APAP alone with Sumatriptan p value
Cnax (Mg/L) 36.3 (10.9) 18.3 (6.7) 0.001
toax (h1) 1.4 (0.4) 2.7 (1.0) 0.001
t,, (hr) 2.3(0.7) 3.0 (1.4) NS
AUC, 5 26.9 (9.5) 11.8 (3.7) 0.001
AUC; 62.3 (14) 33.1 (12.9) 0.001
AUC 5 109 (37) 78.8 (31.3) NS

Data from: Rani PU, et al. Sumatriptan delays paracetamol
absorption in migraine patients. Clin Pharmacokinet 11:300-304,

1996.




lll. ALTERATIONS IN DRUG METABOLISM
A. Induction
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Effect of phenobarbital (60 mg qd) on dicumarol plasma concentrations and
prothrombin time. From: Cucinell SA, et al. Lowering effect of phenobarbital on plasma levels
of di and di ion. Clinical & Therapeutics 6:420-429, 1965.
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Figure 1. Mean Plasma Quinidine Concentrations in the Four

Subjects Who Received Oral Quinidine Sulfate, 6 mg per

Kilogram, before (Control) and after Oral Rifampin, 500 mg
Daily for Seven Days.

Reproduced from: Twum-Barima Y, Carruthers SG. Quinidine-rifampin interaction. NEJM 304:1466, 1981.
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From: Rowland M, Tozer TN. Ibid. p. 282.

B. Inhibition
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Effect of cimetidine on the clearance on diazepam (D),
desmethyldiazepam (DZD), chlordiazepoxide (CZD) and

oxazepam (OXM). CZD values are x10, while OXM values are
1/10. Data from: Somogyi A, Gugler R: Drug interactions with cimetidine. Clin

Pharmacokinet 7:23, 1982.
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Figure 2 Impact of ritonavir on the pharmacokinetics of saquinavir. Shown a
concentration-time profiles in human subjects (mean * standard error of the mean) for
oral saquinavir at 400 mg alone (closed circles), 400 mg of saquinavir plus 600 mg of
ritonavir (open circles), and 600 mg of ritonavir alone (open squares). (Reprinted from
Reference 52, with permission.)
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Norfloxacin

Ofloxacin

Pefloxacin

Ciprofloxacin

Enoxacin y

0 20 40 60 80

% Decrease in
Theophylline CL

S y of studies ing effect of quinolones on theophylline
clearance. Data from: Edwards DJ, Bowles SK, Svensson CK, Rybak
MJ. Clin Pharmacokinet 15:194, 1988.

FACTORS WHICH ALTER HEPATIC BLOOD FLOW

Increased Flow Decreased Flow
*Glucagon *Propranolol
*Isoproterenol *Norepinephrine
*Phentolamine *Anesthetics
*Phenobarbital *Labetalol

*PGE *Upright posture
*Supine posture *Hypovolemia
*High-protein meal *CHF

«Viral hepatitis «cirrhosis

Effect of changing posture on liver
blood flow and lidocaine clearance

Parameter Supine  Sitting/tilted
Qy (mL/min) 1100 (167) 765 (106)
CL (mL/min) 602 (101) 475 (109)

Data presented as mean (SD)
From: Feely J, et al. Effect of hypotension on liver blood flow and lidocaine
disposition. N Engl J Med 307:866-869, 1982.
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V. ALTERATIONS IN RENAL CLEARANCE
A. Renal Blood Flow
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Effect of vasodilators on hemodynamics, renal function and digoxin renal
excretion. CI - cardiac index,; PAH - p-aminohippuric acid clearance; RBF -
renal blood flow; and Dig CLr - digoxin renal clearance. Data from Cogan JJ, et
al. Circulation 64:973, 1981.

B. Active Tubular Secretion

Gonrol Fig. 12-7. The plasma concentration

7 (on left), and hence the area under the

curve, for amoxicillin is increased when

500 milligrams are administered orally

in solution to fasting subjects in the ab-

sence (O) and presence (@) of proben-

s ecid (1 gram, 12 hours and then 1 hour

Probenccid before the antibiotic). The effect is due

to probenecid decreasing the renal clear-

ance of amaxicillin (o right), its primary

route of elimination. (One mgliter = 2.7

micromolar.) (Data from Staniforth,

D.H, Jackson, D., Clarke, H.L., and

Horton, R.; Amoxicillin/avulanic acid:

The effect of probenecid. J. Antimicrob
o » . o s Chemother., 12: 273-275,1983.)
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B. Urine pH
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Renal clearance of salicylate in 11 yo child with rheumatic fever treated
with an antacid. Data from Levy G, Lampman T, Kamath BL,
Garrettson LK. Decreased serum salicylate concentrations in children
with rheumatic fever treated with antacid. N Engl J Med 293:323-325,

1975.

VI. ALTERATIONS IN PROTEIN BINDING

Plateau Phenyloin Conc

Fig. 17-3. The valproate-phenytoin interaction in-
volves displacement only. Although plasma protein
binding of phenytoin is decreased when sodium val-
proate is administered chronically to a group of pa-
Hents stabilized on phenytoin, with a resultant fall in
the steady-state plasma phenytoin concentration
there was no substantial change in the unbound
phenytoin concentration. These observations are con-
sistent with a displacement interaction of phenytoin
by valproic acid. Note that the degree of phenytoin
displacement depends on the dose of sodium val-
proate. Of the 25 patients stabilized on phenytoin, 11
received 900 milligrams sodium valproate per day; 9
received a 1350-milligram daily dose; and some re-
ceived both. (One mg/liter = 4.0 micromolar.) (Taken
from Mattson, R.H., Cramer, J.A., Williamson, PD.,
Novelly, R.A. Valproic acid in epilepsy: Clinical and
pharmacological effects. Ann. Neurol., 3: 20-25,
1978.)

From: Rowland M, Tozer TN. Ibid, p. 274.

Fig. 17-5. Warfarin-phenylbutazone interaction. A
ubject received 10 milligrams warfarin orally each
day and 100 milligrams phenylbutazone three times
a day on days 13 to 22. As the phenylbutazone con
centration rose, bound warfarin was displaced and
the plasma warfarin concentration fell. The sustained
elevation in the unbound warfarin during phenyl
butazone administration implies inhibition of warta
rin elimination. (Ph azone: One mgliter = 3.2

g
g

micromolar; warfarin: One mg/liter = 3.3 micromo
lar) (Modified from Schary, W.L., Lewis, R.J., and
Rowland, M.: Warfarin-Phenylbutazone interaction
in man: A long term multiple-dose study. Res. Com
mun. Chem. Pathol. Pharmacol., 10:663-672, 1975

Reproduced from: Rowland M, Tozer TN.
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Displacer Drug
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Fig. 17-4. When constantly infused, the unbound concentration of a drug with a low extraction
ratio remains virtually unchanged if a displacer with a long half-life, relative to the drug, is either
infused or withdrawn. The change in plasma drug concentration reflects the displacement

From: Rowland M, Tozer TN. Ibid, p. 275.

14




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


