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Drug Interactions

* Are considered adverse drug reactions.

* An interaction occurs when the effects of one
drug are altered by the co-administration of
another drug, herbal medicine, food, drink or
other environmental agents.

* Increased in importancg becaﬁe of the
. o Jpe sgrme di o¢ o - diseages .
widespread use of poW-Eﬁarmacyﬂfmultlple
drug use ), non-prescription use of herbal and
complementary medicines, and food- and drink
— drug interactions.



Drug Interactions

* Although rational use of more than one drug at
a time can greatly benefit patients, adverse
interactions are not uncommon, and may be
catastrophic.

A.
ISUAllV avolidaDie {W)&

* The greater the number of drugs taken, the
more likely there will be an interaction.
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Figure 12.7: Relationship of number of drugs administered to

(a) adverse drug reactions, (b) mortality rate and (<) average
duration of hospital stay. (Redravwn by permission of the British
Medical Journal from Smith JW et al. Annals of Internal Medicine
1966; 65: 631.)



Drug Interactions

Epidemiology:

* |t is difficult to obtain an accurate estimate of
. . . . - du b Juad reportng
the incidence of drug interactions.

* In hospital in-patients, the incidence of drug

interactions range fro

* In out-pateints, incidence of interactions ranged

from2-8 % duc o lncke o chsenscdinn

* Other studies reported much higher incidence
rates (7% and 22%, respectively).




Drug Interactions

* The frequency of such interactions is probably
underestimated.

* Epileptic patients suffer from much greater
rejection rates of transplants than non-
epileptics, due to induction of the metabolism
of immunosuppressant corticosteroids by . /- iLs.

antiepileptic drugs. Vo ar
Q@bﬂ.




Drug Interactions

Susceptible patients:

1.
2.
3.

Those with poly-pharmacy. 7 4.4 .- more.
Those with hepatic or renal disease.

Those with long-term therapy for chronic diseases
(HIV infection, epilepsy, diabetes, patients in
intensive care, transplant patients, patients
undergoing complicated surgical procedures ..).

Those with more than one prescriber.wmdmzm fach

. Critically ill and elderly patients (altered

homeostatic mechanisms).
Elderly patients. u 1o fw povisws above oz i W



Drug Interactions

* Drug interactions can be: useful, of no
consequence, or harmful.
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A. Increased therapeutic effect:

Drugs can be used in combination to enhance
their effectiveness.

Disease is often caused by complex processes,
and drugs that influence different components
of the disease mechanism may have additive
effects:

. An antiplatelet drug with a fibrinolytic in

treating myocardial infarction.



Drug Interactions

2. The use of a B, agonist with a glucocorticoid in
the treatment of bronchial asthma to cause

bronchodllatlon and suppress inflammation,
respectively.

3. Drug resistance via synthesis of a microbial
enzyme that degrades an antibiotic
(penicillinase-producing staphylococci) can be
countered by using a combination of the
antibiotic (amoxicillin) with an inhibitor of the
enzyme (clavulanic acid).




Drug Interactions

4. Combinations of antimicrobial drugs are used
to prevent the selection of drug-resistant  *
. . .o miniawn of Sfos are given in Mﬂ(&k}é
organisms in tuberculosis. ju. 2pbs T "
Srood speciquns PAactamn . o 5
5. Imipenem'is partly inactivated by a

dipeptidase in the kidney. This inactivation
can be overcome by administering imipenem
in combination with cilastatin, a specific renal
dipeptidase inhibitor.
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6. Thvgset.’;ﬂ e of the combination of ritonavir andb Smply,
s%“gumawr in antiretroviral therapy. =

* Ritonavir increases the systemic bioavailability
of saquinavir by:

a. inhibiting its first-pass gastrointestinal effect
(CYP3A) B viimp enzgme responsible G udebolgnn of 50 % of M’(’*’*&%
* usehd dugs

b. inhibiting its fecal elimination by blocking the

Qﬁﬁémmn that pumps it back into the
" intestinal lumen.

v ICYPEA (P
yorem S Lives+ smald micghne.§
l-'/v'ﬂ have anvmwnon adswvates, iwducers, inbibirors

®
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Drug Interactions
*. py{:AI-’XM-—)—; pyridoxal

B. Minimize adverse effects: * thas compentive binding by 1

of pyidering is needed .

* Predictable adverse effects can sometimes be

1.

2.

averted by the use of drug combinations.

Aor Te. ] . . |
Isoniazid neuropathy is caused by pyridoxine Vi¥R6.

deficiency, and is prevented by the prophylactic use
of this vitamin. & bt sl

lewdopa — 4ienc. 4 i~

The combination of a peripheral dopa T bt — Vi el
decarboxylase inhibitor (carbidopa) with levodopa
permits reduction of dose of levodopa, while
reducing the dose-related peripheral adverse

effects (nausea and vomiting ..).[ |codpa.




Drug Interactions

C. Block acutely an adverse effect:

* Drugs can be used to block an undesired or
toxic effect:

1. A cholinesterase inhibitor to reverse
neuromuscular blockade. 5/ syl holing.

2. Naloxone to treat opioid overdose.

3. Vitamin K or fresh plasma to reverse the effect
of warfarin.



Drug Interactions

Harmful interactions:

* Itis impossible to memorize the many clinically
important drug interactions, and prescribers
should depend on suitable references to check

for them.




Drug Interactions

Some Severe adverse drug interactions:

1. Unwanted pregnancy, from failure of the
contraceptive pill due to concomitant
medication, usually enzyme inducers.

2. Stroke, from hypertensive crisis in patients on

monoamine oxidase inhibitors. /""" “=7
hermotrhage Sholse (dwe,wim...em)%

3. Gastrointestinal or cerebral hemorrhage, in
patients receiving anticoagulants (warfarin).



Drug Interactions

4. Cardiac arrhythmias, secondary tgainteractions
leading to electrolyte disturbances%r\’ Pifpot LA

. - (\3 hcdpomagn/&’lm'a-
prolongation of the QTc interval’vill cune PyT Hust
fﬂwg Aororoaliies 1y blood . — Gan beceme T (reqy rd),
5. Blood dyscrasias, from interactions between

allopurinol and azathioprine, L’TQQJA
Br |ni3\'\ uvic acd MU Suf reant /anh- (ance agNt-- A/ULS J

; dnugs arc
eq (—.wwt)‘ l/\@’ -3\{\&, m’ﬁm k:gd(n-
hypemreemia N\\“ \“J[N\ &\\ o( . 'duc
duets chemsd  \, 7/)’“ - i 7%3‘15‘: i
ot cancer a;‘:p&ioegbé. arrhydnmi
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Drug Interactions

Mechanisms of drug interactions:

1. Chemical (Pharmaceutical) interactions

Aﬂlﬁ VG@@}DTS .. ]
2. Pharmacodynamic interactions
Absorphor, &is yabh wha~— \wuabo kv, exceh b -

3. Pharmacokinetic interactions

* A drug interaction can result from one or a

combination of these mechanisms.? a’»mp"‘wf'ﬂns

18



Chemical Interactions

* Mainly these interactions occur outside the

body if the drugs are mixed to EV ﬁﬁt{'er before
V\ (s 6) e).:c,
injection: (it 341in “

S,
1. Inactivation of heparin with gentamicin.
2. Inactivation of heparimydrocortisone.

3. Inactivation of gentamicin with

hydrocortisone.J@ o

4. Inactivation of penicillin with hydrocortisone.



Chemical Interactions

S O

v N

5. Aminoglycosides and penicillins inactivate
each other.

6. Diazepam can be precipitated by infusion
fluids.

7. Phenytoin can be precipitated by infusion
fluids.



Pharmacodynamic Interactions

o (1.3) —b Pgenihe Micaclkons
o 9 —bAn fagonishc inkGackduis,

.Wc/ %dﬂ}\'g\/\.

e Common.

1. Drowsiness caused by anH.-blo
—— . . ‘:Mmssi\fb
antihistamine’and @lcohoi

* Patients must be warned of the dangers of
consuming alcohol concurrently when
antihistamines are prescribed, especially if they
drive or operate machinery.

21



Pharmacodynamic Interactions
nMW(C
* Such interactions can be produced also by %usahj‘;];lcf
antidepressants, hypnotics, and some antl-;f

epileptics leading to excessive drowsiness. ’;*m"‘”m
Non didvptr dine CCB 4+ Dltjazem.
Z.Q-blockeDand(j_er%amﬂrﬁay preapltatea{ At

heart failure in patients with supra-ventricular
, “tachycardia, because both have negative
i inotropic effects. The combination may also
cause heart block and asystole.




Pharmacodynamic Interactions

+ Diurefics .
3. Antihypertem may be less effective by

1 H Wdﬂma e.
concurrent use of non-steroidal anti- 7.7 /)" &

inflammatory drugs) because of inhibition of >k

biosynthesis of vasodilator prostaglandins in

the kidney, and because of sodium and water
\("Etention.m’ blood wolume .. 4 BP) :

23



Pharmacodynamic Interactions

4. Warfarin\inhibits the coagulation cascade,

whereas @spirininfluences hemostasis by
inhibiting platelet function.

* Therefore, the concomitant use of these drugs
may cause excessive bleeding.

» (Aspirinjalso predisposes to gastric bleeding by

direct irritation and by inhibition of
prostaglandin E, biosynthesis in the gastric

mucosa. wlh wyfaiin I exeqazmied.




Pharmacodynamic Interactions

5. One potentially important type of
pharmacodynamic drug interactions involves
the interruption of physiological control loops.

* The use of B-blocking drugs)in patients with
[insulin-dependent diabetics deprive them of
insulin-induced hypoglycemia warning signs,
which are mediated by sensations initiated by
activation of B-receptors. They mask the signs
and symptoms of hypoglycemia.

25
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Pharmacodynamic Interactions

6. Combined use of diuretics with actions at
different parts of the nephron (indapamide or
metolazone with furosemide) is valuable in the
treatment of resistant edema, but such
combination readily cause excessive oL

. ey SOx, .
mtravascularﬁu@depletlon, electrolyte loss,

and “pre-renal” renal failure. =p : wonwr HET
and dﬁoxm joxicity.

26



Pharmacodynamic Interactions

* Thiazide and loop diuretics commonly cause

Ohypokalaemla which increase the binding of
digoxin to plasma membrane Na*/K*-ATPase,
and hence digoxin toxicity is increased.

7. Bz-Agonlsts (salbutamol) also may reduce the

@Iasma potassium concentration.
:;f-dwr&hcs hure Y\MM lote] B level s, [ 'owd;\;;j)xm
cllwlar Sace ( duws o Shi f ﬂ"m AW — kA '
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Pharmacodynamic Interactions

8. Conversely,(potassium-sparing diuretics may
cause hyperkalemia if combined with
(potassium supplements)and/orangiotensin

" _converting enzyme inhibitors{which reduce
[,j"”:'arculatmg aldosterone), especially in patients
@ With renal impairment.

* Hyperkalaemia is one of the most common
causes of fatal adverse drug reactions.

28



Pharmacodynamic Interactions

o BTN : DM, idnsoy diseasy — ACE
sndiahn Pmpw vasalas diase => 50“1

. Antagonistic interactions: | s i, N0 blockes. F

The bronchodilator action of selective 3,-agonists
will be antagonized by B-blockers.

The opioid antagonist naloxone blocks actions of
opioids.

Flumazenil blocks the action of benzodiazepines.

Vitamin K blocks the action of oral anticoagulants
(warfarin).

levo-Dopa antagonizes the action of
antipsychotics.



Pharmacodynamic Interactions
@T, lc p Mmﬁm\m
10. Neuroleptics and tricyclic antidepressants (TCAs)
given with drugs producing electrolyte imbalance
(diuretics) may cause ¥entricular arrhythmias)

11. Drugs that prolong the QTc interval if used
concurrently can cause fatal polymorphic
ventricular tachycardia (torsade de pointes).

12.(Serotonin syndrome)occurs with combinations
that increase serotonin. (Selective serotonln y
reuptake inhibitors and MAOIs). ¥ fZL ‘Zﬁ i Q(s»wc\ ‘

of P
 Linezolid is an antibacterial with MAOI actlv&y




Pharmacodynamic Interactions

12.MAOIs can prevent metabolism of tyramine in
the gut which is taken up by adrenergic nerve
terminals, releasing catecholamine and causing
hypertensive crisis, fatal intracranial
hemorrhage and cardiac arrest.

* The same applies to amphetamines,
phenylpropanolamine, and pseudoephedrine.

 Tyramine is found in cheese and red wine...



Pharmacokinetic Interactions

Absorption: 9

1. Changes in gastric pH due to antacids,
histamine H,-antagonists, or proton pump

inhibitors may affect weak acidic drugs
absorptiony: “onzed drgs will be mere absocbed (acid aud 1oty

v

of\INaling dmgs Want be a%deA H"ﬁu be absorbed (in veatr
* Drugs affected include aspirin, itraconazole..**"

2. Some drugs within the GIT form ccl'lelates that

)
are not absorbed: w,;/;’;e eXerefef

7] éws.
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Pharmacokinetic Interactions
i o P(mjﬂ)f | e ciprobluxacn
Tetracyclines and fluoroquinolones can
complex with iron, and antacids containing

calcium, magnesium, and aluminium.

Bisphosphonates are often co-prescribed with
calcium supplements for treatment of
osteoporosis and they reduce the
bioavailability of each other, leading to

therapeutic failure. . ey ;5,%@*2

Al J(Lu ;]% Q/DQWLCJ H/u/‘/\
l};;tt b\'S()h/)ﬁ(pW 33



Pharmacokinetic Interactions

will perervabsophou of wgas and wrry dogp exeq)

‘onized o

3. Adsorbents such as charcoal or kaolin, or <.

) \wipeips &mié*ﬂlq's e dac:d bindn 9 reging de»w-ﬁ,
anlon-exchange rESIrIS—(E (0] estyram ne an

colestipol) may reduce the absorption of many
drugs (propranolol, digoxin, warfarin, TCAs,
cyclosporine, L-thyroxine, ..).

These effects can be avoided or reduced if an
interval of 2-3 hours is allowed between
administration of interacting drugs (spacing of
drug administration).




Pharmacokinetic Interactions

4. Drugs that affect the rate of gastric emptying
can affect absorption of other drugs absorbed
in the upper part of the small intestine. .

(Ans—imsadim'c <\w.<5]s WKe

* Drugs with anticholinergic effects (TCAs,.  #Pne.
3 . for psudnosis . H1 blodker
phenothiazines and antihistamines) decrease

gut motility and reduce gastric emptying.

* This can decrease or increase absorption of
? VH{ d¢ on g o e Sike 015a,bwl(’b?:nfwfi
drugs. (HOW )@ﬁj‘%z i/fA@?W aweihsorbed in Hushomeaihe MM
- Redued gash’fc \mp(y»’y WS% 4 mégofp}l'em.

@&?: a abswlscd in Hae Integhnes , reduced gwsw-‘amphdfnkj lasds m
Jda;;? dnyg abgorpron . 35



Pharmacokinetic Interactions

TT el ba - g bohwcen Jewdepa and
Heduces GLI mokily by - N comack sime ;\wg&;h

v’ Anticholinergics reduce the bioavailability of s
levodopa, as a result of increased metabolism in
the intestinal mucosa.

v Opioids inhibit gastric emptying and reduce the
absorption rate of paracetamol, without affecting

the extent of absorption.
Prokinesic dng . .
v’ Metoclopramide increases gastric emptying and

increases the absorption rate of paracetamol,
propranolol, mefloquine, lithium and cyclosporine.




Pharmacokinetic Interactions

5. Induction or inhibition of drug tranﬁﬁloor:sP
proteinsB: Drugs that inhibit P-glycoprotein such
as veracﬁamil may increase bioavailability of

and thus its toxicity.

6. Malabsorption:
Oral am'nnog\g.'

* Neomycin may cause a malabsorption
syndrome causing reduced absorption of drugs.

e Orlistat, an inhibitor of pancreatic lipases,
reduces absorption of co-administerd fat-

soluble drugs and vitamins.

noh used anymore b it GUES  Sleanithea (whidn © sudden and @ant be c‘fSh:/;Z'WJLM{
from Slatus ).
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Pharmacokinetic Interactions

F ot
Metabolism:

* Is the most important target of drug interactions.
A. Enzyme inhibition:

 The time-course is often more rapid than that
for enzyme induction, since it depends on the
presence of high-enough concentration of the ?
inhibiting drug at the metabolic site.

 Enzyme inhibition is responsible for many
clinically significant drug interactions.



Pharmacokinetic Interactions

v’ Concurrent administration of an enzyme
inhibitor leads to reduced metabolism of the
drug and an increase in its steady-state
concentration.

v’ Enzyme inhibition is dose-related.

v'The inhibition effect will be seen faster when
the inhibitor half-life is short, and will be

delayed for drugs with long half-lives. (\Why?)
&mse we vweé 4 t\/z to reach He S‘rCﬂLcLS_ $ e
drug A tY, . Lwinwke — veeds U minures b veach 5

whe ba B LYy o Lday— weeas U days L _
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Pharmacokinetic Interactions

o Recause a0y SinPlC nhigihon ,,F WCVI‘MdW wl lead hg\in\n\- bm' lpxic cFﬁdr of Hhe MM-WU#JJJFZ(A Jmud

v'Such interactions are most likely to affect drugs
with narrow therapeutic range such as:
theophylline, phenytoin, cyclosporine, and oral
anticoagulants.

v Erythromycin, an inhibitor of CYP3A4, may lead

to carbamazepine toxicity due to inhibition of its

metabolism leading to higher concentration.
> theds why has
Many dwui,
MrRUINS
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Pharmacokinetic Interactions

drotease, i loivoy - (s BTV
v’ Ritonavir (an enzyme inhibi,tor) in patients
. . G@n ey diotgXiahy and b\\wﬁl\eg W Yoyl doses -
receiving sildenafil could increase plasma

concentrations of sildenafil markedly.

v’ Grapefruit juice, an inhibitor of CYP3A4, can
markedly increase the bioavailability of nifedipine
and felodipine given orally.

v' A single glass of grapefruit juice can cause
inhibition of CYP3A for 1-2 days, while regular
consumption may continuously inhibit enzyme
activity. (simvastatin, tacrolimus, and cyclosporine).




Pharmacokinetic Interactions

v Enzyme inhibition usually results in increased

pharmacologlcal eff %’E bb}'tawen the affected

drug is a pro- rug, a reduced pharmacological

effect may result.

Anyi-plevelet
. Cloplcjogrel is metabolized to an active

metabolite by CYP2C19 which is inhibited by a
proton pump inhibitor (lansoprazole) leading to

luced effect;  clopidogrel

42



Pharmacokinetic Interactions

v Xanthine oxidase is responsible for inactivation
WU MOSUPV feSSenkc
of 6-mercaptopurine, a metabolite of

azathioprine./Allopurinol)markedly potentiates

these drugs by inhibiting xanthine oxidase.
Yordes

v'Theophylline is not inactivated by xanthine

oxidase, but rather by several CYPs (CYP1A2).
mekakolizzs dmgs and
ACHPAIE CaNTINOYMS .

Julibiwern o OYPIfT — A -H(u,oq)k\ﬂ,(,j;l\t .



Pharmacokinetic Interactions
foe aprea in pre-makue infants
Theophylline has serious dose-related toxicities,
which are increased by Inhibitors of the CYP450
system, such as cimetidine, ciprofloxacin,
erythromycin and clarithromycin. %

Severe exacerbations in asthmatic patients are
often precipitated by chest infections, so an
awareness of these interactions before
commencing antibiotic treatment is essential.

»Ir Orvwvul«ﬂ”j O(f}/‘*“"icl Preumopor +X — vacp Lides

o beaehil if W usphgtlin
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Pharmacokinetic Interactions

v'Hepatic CYP450 inhibition also accounts for
clinically important interactions with phenytoin

(isoniazid) and with warfarin (sulfonamides).
. . Bl RavE exiensive binding b plasma, profeins
v'Non-selective monoamine oxidase inhibitors

(phenelzine) potentiate the action of indirectly
acting amines such as tyramine, which is
present in a wide variety of fermented
products (cheese, wine, ..).



Pharmacokinetic Interactions

e Clinically important impairment of drug
metabolism may also result indirectly from
hemodynamic effects rather than enzyme
inhibition.

—>

heed motr% p bIocE)ers éfockers) reduce

,dx\

T

[

%
reduchon

el

flow;

e Lidocaine is metabolized in the liver and thﬁf«iﬂ:[t

hepatic extraction ratio is high. o€ ﬂﬁifgi"
* Drugs that reduces hepatic blood flow (negative

yhepatlc clearance of Ildocalne leading to its

accumulation and toxicity.
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Pharmacokinetic Interactions

o Stacks at Hne leel of DA
] . | (rraunseripton 5 transedon - -)
B. Enzyme induction: +# Simuation, .

* The most powerful enzyme inducers are the

el s as_ g dii- B, . .. .
antibiotic rlfaa%plcm and the antiepileptic drugs

ngonares (fe byile mh,ds{ms% . .
barbiturates, phenytoin and carbamazepine.

e Carbamazepine can induce its own metabolism

(autoinduction). ¢ Grigted Fod

. . . . over Chavepal.
* Other inducers include cigarette smoking, chronic

alcohol use, and the herb St John’s wort.

ok awte .
(vocaute auke Prridepressa ot -

LML iy tion).
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Pharmacokinetic Interactions

e The induction effect develops over several days

> or weeks because it requires new protein
synthesis.

> Similarly, the effect generally persists for the
same time period after withdrawal of the
inducing agent.

* Inducers with short half-life (rifampicin) will
induce metabolism more rapidly than those with
long half-life (phenytoin) because they reach
steady-state concentrations more rapidly.

48



Pharmacokinetic Interactions

* Enzyme induction usually results in reduced
pharmacological effect of the affected drug.

* There is a risk of therapeutic fallurehrm \patlents
taking cyclosporine, tacrolivhus, HIV- -protease

inhibitors, irinotecan, and imatinib when

patients take St John’s wort (for depression)."frcé;’,-%;’
indueds,

* |f the drug has active metabolites, induction
increases its pharmacological effect. ( Pm-f‘“ﬂ)
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Pharmacokinetic Interactions=»;..
V\A“CL{.
(exaple necr k)

* The dose of the drug may need to be increased
in the presence of the inducer to attain the
therapeutic effect.

* Withdrawal of an inducing agent during
continued administration of a second drug can
result in a slow decline in enzyme activity,
leading to an increase in drug concentration and
emergence of delayed toxicity. (The dose is NO
longer appropriate).

50



Pharmacokinetic Interactions

* When a patient receiving warfarin receives
treatment with an enzyme inducer for a new
medical event, the dose of warfarin may need to
be increased.

 When the inter-current problem is resolved and
the inducing drug is discontinued and the patient
is left with the larger dose of warfarin, bleeding
may result from an excessive effect of warfarin
days or weeks later, as the effect of the enzyme
inducer gradually wears off.




Pharmacokinetic Interactions

Distribution:

* Displacement from protein-binding sites results
in increased free or unbound fraction
temporarily, but it falls due to enhanced
elimination or distribution (clearance).

* It is clinically important for highly protein-bound
drugS. 2010_6'5/- 4 p}ﬂl(f'n })J'Vidf’ilﬁ Ses.

 Examples: phenytoin, lidocaine, warfarin...
sufonamides , tiazide - --etc.-
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Pharmacokinetic Interactions

Elimination Interactions:
Renal Excretion: at the following levels:

1. Changes in urinary pH: Weakly acidic drugs are
ionized at alkaline pH, and thus, are unable to be
reabsorbed. Therefore, making urine more alkaline
enhances the excretion of acidic drugs. Conversely,
the elimination of weak bases is enhanced in acidic
urine.

* Change of urine pH can be used to enhance drug
elimination in cases of poisoning (salicylates,
amphetamine, etc). dudic dnryg

Basic A/vuﬂ




Pharmacokinetic Interactions
5 'Wﬂj"e Zimwh’

Sncranse dlne conc. of peniclla-
2.\ Changes in active renal tubule excretion:
Probenecid)increases plasma concentrations of
enicillins )by delaying their renal excretion.

e Salicylates and)g}ber NSAIDs can cause life-
threatening méthotrexate toxicity by inhibiting
this process.

3. Changes in renal blood flow: Inhibition of
synthesi§! 8}2 maodilator prostaglandins by

NSAIﬁs increases serum lithium levels and thus

— . vowi
toxicity. © 1 jounetuey 700
34 lithium  reabgerpron.




Pharmacokinetic Interactions

4. Many diuretics reduce sodium reabsorption in
the loop of Henle or the distal tubule. This leads
indirectly to increased proximal tubular
reabsorption of monovalent cations.

* In patients treated with lithium salts, increased
proximal tubular reabsorption of lithium can
lead to lithium accumulation and toxicity.

55



Pharmacokinetic Interactions

5. Biliary excretion and the entero-hepatic
circulation:

* Antibiotics which eliminate gut flora reduce the
metabolism of drug conjugates back into the parent
drug and thus it is quickly lost from the body
reducing its plasma concentration and its
pharmacological effect.

* This results in therapeutic failure as occurs in
patients taking oral contraceptive concomitantly
with broad-spectrum antibiotics.

* Be careful, this interaction is NOT well recognized!!



Pharmacokinetic Interactions

6. Drug transporter proteins:

* P-glycoprotein acts as efflux pump in renal
proximal tubules, hepatocytes, intestinal
mucosa, pancreas and blood-brain-barrier.

* It exports drugs into urine, bile and intestinal
lumen; and reduces drug accumulation in CNS,
respectively.



Pharmacokinetic Interactions

* P-glycoproteins can be induced or inhibited by
some drugs.

* There is also some overlap between P-
glycoproten and CYP3A4 substrates, inducers
and inhibitors.



Drug-food Interactions

* Food can cause clinically important interactions
via an effect on drug absorption and
gastrointestinal motility:

a) Iron & antibiotics should NOT ideally be taken
with food.

b) Tyramine and MAOIs.

c) Grapefruit juice and calcium-channel blockers
(inhibit CYP3A4 and P-glycoprotein).

d) Cruciferous vegetables (Brussel sprouts,
cabbage, broccoli) are inducers of CYP1A2.



Drug-herb Interactions

Up to 24% of hospital patients report use of herbal
remedies.

Extracts of Glycyrrihizin glabra (liquorice s <)
used for peptic ulcers can cause interactions in
patients taking diuretics and digoxin.

It may exacerbate hypokalemia induced by
diuretics and cause digoxin toxicity.

It also causes sodium and water retention like
aldosterone and exacerbate heart failure and
edema, and antagonize antihypertensive drugs
action.



Drug-herb Interactions

4. Enhancement of hypotensive effect by
hawthorn (Ls_s ).

* Take history of herbal product intake because
patients usually will NOT volunteer this
information.
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