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ORIGINAL. ARTICLE.

" INDUCTION OF HEPATIC DRUG—METABOLIZ!NG
ENZYMES BY PROPGXYPHENE '

Amnuay. Thithapandhat . Wattana Boonkong} Krongtong Chawalit*
: and:-_Punya Témbharo'eﬁ:-k-'_ o
*Department of Pharmacology and tDepartment of Pathobiology

Faculty of'SCienéé;{Mahiééi'Uﬂiﬁéfsftg,ﬁBaHQKOk.
SURARY

Pretreatment of mice with propoxyphene napsylate(PN, 200 mg/kg;
PO, twice daily for 5 days) shortened hexobarbital sleeping time without
affectlng the brain barbiturate concentrations. It also. produced an
increase in liver weight, mlcrosonal protein, hepatic microsomal cyto-
chrome P-450 content and aminopyrine N-demethylase activity. These in-
creases were prevented by simultaneous administration. of actinomycin D
(200 ug/kg,IP) or puromycin ditiydrochloride (80 mg/kg, IP). The induc-
tive effect was found tc be dose-dependent up to 200-250 mg/kg; at -
higher doses the effect was less apparent. The effect reached its max-
imum in 3 days and then regressed to normal in about 4 days after cess-
ation of the drug. Kinetic studies prov1ded support for the concept
that the enzymes from both normal. and; PN-treated liveérs were the same.
However, this dosage schedule of PN had no sffect on aniline hydroxylase
activity except at a maximum inductive dose of 200 mg/kg, PO. When
examined under an electron microscope, PN could cause proliferation of
the smooth endoplasmic reticulum of the hepatocytes as well as a high
degree of accumulation of 1lipid droplets. All of these findings thus
suggest that the narcotic analgesic. when given subacutely may not only
possess several microsomal inductive propertles 51m11ar to phenobarbltal
but also a‘'certain degree of hepatotoxicity.-

Propoxyphene is a common analgesic drug widely used throughout
the world. Its use, however, is frequently associated with suicide and
acc1denta1 deaths, espec1a11y when taken in conJunctlon with other drugs
(1- 3] ' Severe pr0poxyphene 1ntox1cat10n is assoc1ated with rapid onset

T
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of generalized central nervous system depression, respiratory depressiom,
cardiotoxicity and convulsions (3-5). Recently, Peterson et al (6) have
found that pr0p0xyphene when glven acutely can behave as a potent inhi-
bitor of hepatic mlcrosomal mlxed functlon 0x1dases, actlng in a manner
similar to SKF 525-A. Thls flndlng thus prov1des evidence that deaths
related to propoxyphene overdose could be a consequence of pharmacokin-
etic drug interactions in which propoxyphene or its metabolites, by in-
hibiting the metabolism of other drugs, may produce more profound toxic
effects than those due to the sum of the pharmacﬁdynamlc eEfects of the
1ngested drugs Furthermore these 1nvest1gators (6) have also reported
that chronic admlnlstratlon of propoxyphene could increase the rate of
its own metabolism as well as that of aminopyrine and aniline, thus sug-
gesting the drug as an enzyme iﬁduéef;

_ In this cdﬁmﬁhicaﬁioﬁ,:fhs.inductiséséffects'of'ﬁropoxyphene
on mouse mlcrosomal drug metabollzlng enzymes and-liver cell morphology
are descrlbed ' Ev1dence is. presented to. suggest that this ana1g651c
when glven subacutely possesses ‘a number of microsomal 1nduct1ve ‘prop-
erties, 51m11ar to phenobarbltal as well as. a certain degree of hepatﬂw

toxicity.

MATERTALS AND METHODS ~ -

Experimental Animals

Adult ‘male New Zealand mice. oﬁsabout 60 days of age and _
welghlng 30-35 g were used in the study. The animals were supplled by
the Animal Center of the Faculty of Sc1ences Mahldol Unlver51ty All
animals were allowed to access to food and tap water ad libitum until
724 hours before sacrifice, during which time they were allowed access

to water only.

Propoxyphene napsylate (PN) was freshly prepared everyday,

before use, as a 10 mg/ml solution in distilled water. Mice were given
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the drug PO at the doses indicated, twice daily at 8-9 A.M. and 4-5 P.M.
for 5 consecutive days sxcept whers specifically noted. Approximate
volumes of the vehicles (distilled water) were administered to the con-

trol animals. The animals were killed 24 hours after the last dose of PH.

Studies with Inhibitors of Protein Bicsynthesis

1, Actinomycin D

Actinomycin B, an inhikitor of m-BHA synthesis, was administ-
ered intraperitoneally to male mice st the dose of 200 yg/kg (once daily
at 4 P.M, for three days) 30 minuvtes prior to the administration of pro-
poxyphene napsylate (200 mg/kg, twice daily for 5 days). Actinomycin U
(20 yg/ml) was freshly prepdred in 5 % ethanol just prior to use, It was
found that this 5 % ethancl smployed had no effect on aminopyrine N-de-
methylase astivity, The animals were sacrificed by abdominal asorta
drainage under light ether anesthesia 24 hours after the last dose of

propoxyphene napsylate.

2. Puromycin dihydrochloride

Puromycin dihydrochloride (80 mg/kg, 1P, once dzily for 5 days)
was given at 30 minutes before propoxyphene napsylate. The animals were
then intubated with 200 mg/kg propoxyphene napsylate, twice daily for 5
days as before. The inhibitor of protein biosynthesis was freshly pre-
pared in distilled water (10 mg/ml} just before use. Control animals
received an equal volume of the vehicle. The animals were killed as

described above.

Sleeping Time

The sleeping time is considered as the time interval betwsen
the loss and the regain of righting reflex (7). In this study, hexo-
barbital sleeping time was determined by an intraperitoneal administra-

tion of 120 mg/kg hexobarbital sodium to the contrel and PN-treated
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groups, The animals were pretreated orally with 200 mg/kg propoxyphene.
napsylate, twice daily for 5 days. Hexobarbital sodium solution(l0 mg/

ml). was prepared in distilled water just-before use.

Determination of Brain Hexobarbital

The awakening brain hexobarbital levels were determined from:
animals killed by decapitation by the method of Vesell (8) which is a

modification of that of Cocper and Brodie (9).

Enzyme Agsays'

All enzyme assays ware done accordlng to the method descrlbed
prev:ously(l@ 13); gee Unch&rn and Thlthapandha(ZO) Micresomal prcteln WES
determlned by the method of Lowry et al (12}, w1th bovine serum albumln
as the standard Cytochrome P 450 in the mlcrosomal pellet was estlmw
ated by the method of Omura and Sato (13).

Electron Microscopic Study

Mice were fasted overnight and Sacrificed by ether anesthesia
in the following morning. A small strip. of liver was cut off by a sharp
scissor and immediately transferred into the fixative (2% glutaraldehyde
in Millonig buffer, pH:7.4). The strip was divided by a razor into
small pieces of about 1 cubic mm each and placed in a vial containing
about 3 ml of the cold-fixative for 1 hour; then they were postfixed:in
cold 1. % 0504 in 0.1 M phosphate buffer, pH 7.4 for another hour. Sub-
sequently, the tissue blocks were dehydrated in graded series of ethanol
and infiltrated with propylene oxide plastic mixture of 1:2 overnight.
The tissues were embedded in Epon 812 poured into a polyethylene capsule
and polymerized at 6(°c for 48 ﬁoursg The polymerized block were trimmed
and thin sections were cut by a Sorvall "Potter-Blum" MT-1 ultramicro-
tome fitted with a glass knife. The sectioms (1-2 yu}- were mounted on

carbon coated copper grids and dried at room temperature. They were
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stained with uranyl acetate and counter-stained with lead citrate.
The ultra structures were examined and the micrographs were obtained

by using a Hitachi electron microscope, type H5-8, operated at 50 KV.

Statistical Analysis

All statistical anlyses were performed according to the multiple
comparison technique as described by Newman and Keuls'test (14), with
the level of significance P< (.05, Regression analysis was used in
drawing lines in Lineweaver-Burk plots and determinations of kinetic

constants.

RESULTS

Effects on Hepatic Drug-Metabelizing Enzymes

The experiment described in Table 1 indicates that the inter-
action between propoxyphene napsylate (PN) and hexobarbital is pharma-
cokinetic in nature. Mice pretreated with PN (200 mg/kg, PO, twice
daily for S days) were found to display statistically shorter hexobar-
bital sleeping time than that of the control group. The brain barbit-
urate levels on awakening of these two groups were not different (Table
1). These findings thus suggested that the shortening effect of PN

on hexobarbital sleeping time was possibly due to an enzyme induction.

As shown in Table 2, the oral administration of 100, 200 and
300 mg/kg PN, twice daily for 5 consecutive days, to adult male mice
produced a significant increase in liver weight, microsomal protein,
cytochrome P-450 content, aminopyrine N-demethylase and aniline hydro-
xylase activities. Indeed, the increase in enzymatic activities produced
by PN was maximal at the dose of 200 mg/kg, PO, twice daily for 5 days
(Table 2, Fig. 1),and this dosage schedule was chosen for studies in
subsequent experiments. At the higher doses (250 and 300 mg/kg), PN

produced a somewhat decreased response and its stimulatory effect on
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Table 1 Hexobarbital Sleeping Time and Awakening Brain Levels

in Contrel and Propoxyphene Napsylate-Pretreated Mice

Treatment Sleepi?g Time Awakening Brain Level
: (min) (pg/g)
Control - 48.05 + 2,01 (13) 38.71 + 1.82 (5)
. x
Propexyphene napsylate 17.07 + 1.22 (13) 39.20 + 2,41 (5)

Male mice weighing 30-35 g were treated orally with 200 mg/kg
propoxyphene napsylate, twice daily for 5 days. Control animals were
given an equal volume of distilled water. Twenty hours after the last
dose, 120 mg/kg hexcbarbital sodium was given intrsperitoneally; both
the sleeping time and awakening hexobarbital brain levels wers then
recorded. Each value represents mean + S.E. of animals as indicated in
parentheses. *Pe §,05 (from control)

aminopyrine N-demethylase disappeared at doses higher than 350 mg/kg
(Fig. 1}. As shown in Table 3, it was found that prior intraperitoneal
administration of actinomycin D or puromycin completely abolished the
PN-stimulated increase in aminopyrine N-demethylase activity, thus

suggesting PN as an enzyme inducer.

Characterization of the Induced Aminopyrine N-Demethylase

The activity of aminopyrine N-demethylase from PN-treated
mice at various time intervals during and after the treatment is hown
in Fig. 2. The inductive effect of PN was apparent even at 1 day of
pretreatment, and maximum induction (180 % of control) was attained
with the 3-day pretreatment schedule (Fig. 2). At 2 days after the
5~day pretreatment, the significant increase in enzyme activity was
still evident (120 % of contrel). It was found that the increased
enzyme activity gradually declined to normal during the 2-4 days

after cessation of the 5-day PN treatment.
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Table 2 Effects of Propoxyphene Napsylate Tresatment on Various

Parameters of Drug Metébolizing Enzyme Systems

Propoxyphene Liver Weight Microsomal Aminopyrine Aniline
Hapsylate (PO, twice (% Body Weight) Protein N.Demethylase Hydroxylase Cytochrome P-450
daily for & days) Aetivity ® Activicy ©
ng/ke % mg/g liver rmole/mg protein
Control 4.87 £ 0,03 71,50+ 1.21 197.41 % 13.64 41,93 + 3.8% 0.410 % 0.045
«
100 5.70 & 0.,06‘a¥ 27.60 = 1.29 218,66 = 11.28. 43,72 & 1,77 0.384 & 0,075
# # * *
200 5.60 & 0,06  27.70 % 1,64 270,29 &+ .54 51,36 & 2,45 0,807  0.061
& ® & #
300 6.30 + 0.06 28.90 = 2.09 254.83 & 21,60 46.69 1+ 4,24 1,009 ¢+ 0.075

Values are expressed as mean +SE. from 4 determinations. a= nmole
formaldehyde formed/mg protein/30 min; b= nmole p-aminophenscl formed/mg
protein/20 min., * p < 0.05 (from control)

Table 3 Effects of Inhibitors of Protein Biosynthesis on the Propoxypeie-

Stimulated Increase in Aminopyrine N-Demethylase Activity

 Aminopyrine N?ﬁemethylase

Treatment (nmoles HCHO formed/mg protein/30min)
Control | 209.63 + 10.20
Propoxyphene napsylate (PN) 287.38 + 14¢55*
Propexyphene napsylate + Actinomycin D 218.36 + 20.43
Propoxyphene napsylate + Puromycin
dihydrochloride 171,79 + 4.85

Male mice weighing 30-35 g were treated intraperitoneally with
200 ug/kg actinomycin D or 80 mg/kg puromycin dihydrochloride, once daily
daily for 5 days at 30 minutes prior to the gdministration of PN (200
mg/kg, twice daily for 5 days). Twenty hours after the last dose of PN,
the animals were sacrificed for the determination of aminopyrine N-de-
methylase activity. Each value represents mean + S5.E. from 4 separate
determinations. * Pie (0,05 (from control) - B

“
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Fig.l Dose-response increase in aminopyrine N-demethylase activity
produced by PN in mice. The animals were treated with PN at the
doses indicated, twice daily for 5 days. Each point represents
mean * 5. E. from 4 separate determinations. The asterisk‘indic-
ates a significant difference (P < 0.,05) from control.

80—

é [filvas
5L el
o §
=
w R
ZW 1
E 120
5 €
=z
EE 160
o &
: : . . : "
(!J i 5 = 7 9

In—— Durtng  Pretrectment ——ar—Aﬂw Pretreatmant _’1

TIME N DAYS
Fig.2Z Time-course of induction of hepatic aminopyrine N-demethylase
activity in male mice. The animals were treated with PN (200 mg/
kg, PO, twice daily) for 1, 3 and 5 days. They were sacrificed
24 hours after the last dose, and at 2 and 4 days after the last

dose of the 5-day pretreatment schedule. Each point is mean* S.E.
from 4 separate determinations.
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Fig. 3 Lineweaver-Burk ﬁiot'of aminopyrine N-demethylase in hepatic
microsomes from control and propoxyphene napsylate-treated
mice.

Each point is mean i S.E. from 3 separate determinations
in a single microsomal pool obtained from 4 control and 4 PN-
treated animals (200 mg/kg, PO, twice daily for 5 days}

The Lineweaver-Burk plots for the activities of aminopyrine
Nudeﬁethylase from livers of control and PN-treated mice are shown
in Fig. 3. It can be seen that the apparent Km values obtained for
the enzymes from both sources are almost the same. It must be pointed
out here that, although aminopyrine N-demethylase is well known to have
biéxfonential kinetics in both normal and control animals, our kinetic
studies as shown in Fig. 3 reveal only monoexponential kinetics for
the enzyme . This is simply due to the fact that a low range of sub- -+
strate concentrations (0.5-4 mM) were used in our experiments.
Biexponential.behavior of this enzyme is seen only when a wider and

higher range of aminopyrine concentrations is used (15}.
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Fig, 4 Electron micrograph of a normal mouse hepatocyte. Note the
parallel stacks of endoplasmic reticulum (RER) which are
commonly seen in most cells, All organelles show regular
appearance. N, nucleus; M, mitochondria; GLY, glycogen;
RER, rough endoplasmic reticulum (x 6,100).
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Fig. 5 Electron micrograph of the liver of mouse treated with
propoxyphene napsylate. Note the extensive proliferation
of the smooth endoplasmic reticulum (SER) and the presence
of several lipid droplets (L) of different sizes throughout
the entire cytoplasm (x 6,100).



1IFITIAFEINeN Propoxyphene § enzyme inductions

W o« sl o 12

u.n,-f.m, wewa ahuae figius wazAne

Ultrastructural Changes in Liver Cells

Representative eleciron micrographs of liver cells from control
and PN-treated mice are shown in Figs. 4 and 5. The hepatocyte from PN-
treated animals reveals marked differences from that of the controls. As
can be seen in Fig, 5, extensive proliferation of the smooth endoplasmic
reticulum (SER) is noted and the majority of the liver cell population
contains a moderate to large number of fatty droplets ‘of varying sizes,

some of which are about half of the nucleus.

DISCUSSION

Propoxyphene napsylate (PN) has recently been shown to have a’
biphasic action similar to the prototype inhibitor of drug metabolism,
SKF 525-A, acting as a potent inhibitor of miCrOSbmal.drug metabolism
when given acutely and as an inducer when given subacutely (6).. When
used in vitro, PN was found to inhibit aminopyrine N- demethylase com-
petitively (Ki, 4.6+ 0.9 x 10° M) and 1nh1b1t an111ne hydroxylase |
noncompetitively (Ki, 6.1+ 1.2 x 107 M] When given in vivo, an IP
administration of this drug (100 mg/kg) to mice could not only inhibit
the act1v1t1es of those two hepatic mlcrosomal drug-metabolizing enzymes
but also prolong the ph&rmacologlc action of both hexobarbltal and
zoxazolamine (6). When PN was given subacutely (300 mg/kg, PO, once daily,
for 3:déyéj;‘the oxidative metabolism of aminopyrine, aniline and pro-
poxyphéhé'was enhanééd {6). In the present studies, the nature of enzyme
inductidn.by-propoxyphene was elaBOraféd.and motre fully described. As-
shown in_TaBle'l, when PN (200 mg/kg, PO, twice daily for 5 days) was
administéféd'fo mice, hexobarbital sleeping time in the pretreated animals
was significantly shortened than that of éontrol while the brain barbitu-
rate levels in both groups were essentially the same. Since the duration
of action of hexobarbital has been shown to correlate well with its rate
of metabolism (10), the shortening effect of PN on hexobarbital sleeping
time was most likely due to an enzyme induction. This was further

supported by the results of experiments shown in Table 2, in which this
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dosage regimen of PN was found to increase liver weight, microsomal
protein, cytochrome P-450 content and the activities of aminopyrine-N-
demethylase and aniline hydroxylase. Indeed, the dose-response of
hepatic drug-metabolizing enzymes due to PN exhibits certain charac-
teristics (Fig. 1). At low doses the drug could stimulate liver
growth and produce an increase in microsomal protein without any
effect on aminopyrine N-demethylase, aniline hydroxylase or cyto-
chrome P-~450 content (Table 2). At 150 mg/kg, PN pretreatment result-
ed in 2 130 % elevation of aminopyrine N-demethylase activity and

the effect reaches its maximum at the doses of 200-250 mg/kg (140 %
of control). At higher doses (300 mg/kg or more), PN further
increased hepatic cytochrome P-450 content but had ne effect on
aniline hydroxylase activity and could not produce higher stimula-
tory effect on aminopyrine N-demethylase than that produced by the
200 mg/kg dosage (Fig. 1 and Table 2). The effect of high doses of
PN given subacutely on the activities of these two drug-metabolizing
enzymes has not been investigated but could very well be due to a
direct inhibitory effect of the accumulated drug or its metabolites
on the ernzyme preparations from the pretreated livers., In all
experiments for enzymatic determinations reported herein, enzyme
preparations were obtained from livers removed from mice killed at

24 hours after the last dose of PN pretreatment. Thus, at lower
doses of the drug little or no parent drug as well as its metabolites
would be expected in the enzyme preparations. However,at higher doses,
there is a good possibility that enough concentration of PN and/or
its metabolites might be present in the preparations to exert a2
significant inhibitory effect on the two enzymes. That PN is a
potent inhibitor of drug metabolism and it can accumulate in appre-
ciable amount are well documented (6, 16-18). Further, Peterson and
Lehman (19) have rvecently shown that the N-demethylated metabolite

of PN (norpropoxyphene) was a weak inhibitor for aminopyrine N-demethy-

lase but a potent one for aniline hydroxylase.
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The stimulatory effect of PN on hepatic drug-metabolizing enzymes
is most likely due to enzyme induction, inasmuch as its effect was com-
pletely blocked by prier or simultaneous administration of actinomycin D

and puromycin dihydrochloride (Table 3}.

The possibility that alteration of the sex horwmonal status of
the animals, as & result of PN pretratment, might be responsible for in-
creased aminopyrine N-demthylase activity remains to be investigated.
However, enzyms induction by cyprbheptadine hydrochloride in rats was

found without any change in the circulating testosterone level{20).

The inductive property of PN as considered from aminopyrine N-
demethylase activity shows some similarity to that of phenobarbital.
The time required for maximal induction by the barbiturate was 2-3 days
and the effect returned to normal lével within 4-5 days after discontin-
vation of the drug {21). 1In the case of PN, the peak induction was
reached in 3 days and the effect lasted for about 4 days after withdrawal
of the drug {Fig. 2).

The kinetic studies on aminopyrine N-demethylase from normal
and PN-pretreated rais leﬁd support to the concept that the emhanced
activity produced by the drug is due to a quantitative increase in the
content of the pre-existing enzyme. The apparent Vmax of the enzyme was

significantly increased while the Km was not affected (Fig. 3).

Like phenobarbital, PN can aiso cause proliferation of the smooth
endoplasmic reticulum in the mouse liver (Fig. 5)}. This effect was
discerned with any dose of PN greater than 150 mg/kg, PO, twice daily
for 5 days. Moreover, the ultrastructural changes observed in PN-treated
liver cells are of interest; accumulation of lipid droplets of varying
sizes is seen in almost every cell. This finding is similar to that
observed with cyproheptadine hydrochloride (20) and might be responsible
for its toxicity on hepatic cells, especially when the Liver has already
been exposed to other hepatotoxins or other toxic chemicals such as CC14G

Whether these ultrastructural chanpges observed are due to the direct
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action of propoxyphene napsylate or its metabolites on the liver cells,
or are a normal reaction to some altered hormonal status induced by the

drug, awaits future investigation.
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A drug interaction is the alteration of the sffect of one drug
by another drug or chemical. More generally, essential components of
the normal diet (including carbohydrates, lipids, proteins, minerals
and vitamins) may also alter drug effects, and drugs may also interact
with both disease states and laboratory tests. However, only drug-drug

interactions will be considered here.

Interactions may be desirable or undesirable., Desirable interact-
ions are integral factors in the combination therapy of some diseases -
e.g., in the treatment of hypertension, asthma, infectlons, and malignancy
where, by using several drugs, one can increase therapeutic effects
while reducing toxicity. Undesirable interactions come under the

general heading of one of several causes of adverse drug reactions.

A critical examination of lists of adverse drug interactions
indicates that many interactions are neither scientifically valid nor
clinically important. The standards of proof required to assess the
validity reported in the literature must be made more vigorcus. We
should concern ourselves more with the clinical significance of drug
interactions rather than elaborate long lists which focus excessively

on the mechanisms of unimportant interactions.

* Permanent Address: Department of Pharmacology, Faculty of Science,
Mahidol University, Bangkok 10400, Thailand.
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A review of the data from the Boston Collaborative Drug Surveill-
ance Program (1) which involves the prespective surveillance of
hospitalized medical patients suggested that drug interactions are a
relatively minor part of the overall problem of adverse drug reactions.
However, books exist.which list over 400 pages of drug interactions.
The number of potential drug interactions is too large to be readily
handled by the human brain or listed in easy-to~read tables. Most of
the interactions reported have not been scientifically verified in
both man and laboratory animals (2). Contradictions and misinformations
of the data occur frequently in the drug literature, and so far, there
has not yet been proposed a proper method to assess the validity of

adverse drug interactions scientifically.

A CRITICAL EXAMINATION OF SELECTION INTERACTIONS

In this section some of the drug interactions, especially the
pharmacokinetic type, will be critically examined. Interactions
between commonly used drugs, or drugs often given in combination-for
the treatment of certain conditions, will obviously be more frequent
than interactions between rarely used drugs. Most reported interac-
tions involve drugs with low therapeutic indices (e.g., digoxin,
phenytoin) or drugs for which the therapeutic endpoint is carefully

monitored (e.g., oral anticoagulants, antihypertensives) (3).

A. Drug Absorption Interactions

Drug absorption interactions are not often considered to be of
clinical importance and have received relatively little attention,
Since the absorption of drugs from gastrointestinal tract is a
complex process that depends on many physiological and physiochemical
factors, other less complex mechanisms are often thought to be
responsible for - the interactions. For example, in the interaction

between phenobarbital and griseofulvin, it was initially suggested
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that phenobarbital enhanced the metabolism of griseofulvin by inducing
liver enzymes. However, the data in a randomized crossover trial
strongly suggested that concurrently administered phenobarbital actually

reduced the absorption of griseofulvin (4).

In general, drugs are absorbed by the process of passive diffusion
(5). The passive diffusion is a pH-dependent process, hence a weakly
acidic drug would be absorbed across the gastrointestinal epithelium
more rapidly at low intraluminal pH because most of the drug is present
in the unionized state. The reverse is true for basic drugs. But
these theoretical concepts are not necessarily important in practice,
There are two other important factors that may limit the rate of

absorption of drugs: the dissolution rate and gastric emptying time.

The dissolution rate, i.e., the rate at which the drug dissolves
into solutions from tablets or capsules, is the important rate-limiting
step of the process of absorption of drugs in solid dosage forms.
According to the pH partition hypothesis, alkalinization would enhance
the absorption of basic drugs from the stomach, but in fact sodium
bicarbonate has been shown to decrease rather than increase the
absorption of some basic drugs through its effects on decreasing

solubility (6).

Drugs which alter gastrointestinal motility or the rate of
gastric emptying can have significant effects on the absorption
of other drugs. However, in fact this is not always the case,
Propantheline, which decreases, and metoclopramide, which increases
gastric motility, have been shown to accelerate and retard, respectively,
the absorption of digoxin (7). This apparent paradox is best explained
by slow dissolution and absorption of digoxin, since this Interaction
does not occur with liquid preparations of dipoxin or with the tablet
preparations that release drug quickly {8). Also, demonstrating the

complex explanation of some imnteractions, rapidiy moving dissolved
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digoxin past its usual absorptive site in a short segment of the upper

small bowel will decrease absorption.

The drug may also interact with specific ions or other drugs in
the gut to produce a mnon-absorbable complex, for example, tetracycline
and iron salts or aluminum, calcium, or magnesium containing antacids
{(9). Some drugs have ion exchange properties, For example, cholesty-
ramine is an anionic exchange resin with a strong affinity for acidic
molecules., As a result, cholestyramine can interfere with the intestinal

absorption of phenylbutazone and warfarin (10).

The complex mechanisms of drug absorption interactions discussed
above make prediction of drug absorption interactions difricult.
However, based on the facts of the interaction, physicians and patients
may frequently avoid these interactions through modification of medic-

ation schedules.

When dealing with drug absorption interactions, it is important
to differentiate between interactions which alter the rate of drug
absorption and those which alter the extent or the total amount of
drug absorbed, since the consequences are different (11,12). A change
in the rate of absorption of a long-acting drug such as warfarin would
probably have little or no effect, whereas a change in the total amount
absorbed may result in serious undesired outcomes. In contrast, if h
the rate of absorption of a drug with a short biological half-life such
as procainamide is reduced, therapeutic plasma concentrations may never
be reached. When a rapid effect is required, e.g., with analgesics
and hypnotics, the rate of absorption must be fast enough for the drug

to exert its desired effect.
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B. Displacement From Plasma Protein Binding

This is one of the most popular mechanisms implicated in drug
interactions in the literature. Many protein-bound drugs have heen
claimed to displace, or be displaced by, other protein-bound drugs.

The resulting rise in the concentration of free or unbound drug is then

usually said to cause transient potentiation of the drug's effects.

These phenomena definitely exist, since many acidic drugs are
highly bound to plasma albumin and may displace one another depending
on their relative plasma concentrations and particular binding charac-
teristics (13). Although many basic drugs dre also highly protein-
bound, protein binding displacement interactions for them have not
been documented. This could be explained by the fact that most basic
drugs have a large volume of distribution and relatively smail amounts

of drug are present in the plasma.

It is often postulated that if,for example, a drug is 99% bound
in the plasma, displacement of only 1% of the protein-bound drug will "
double the free concentration. This would apply omnly in the unlikely
event that both bound and free forms were wholly confined to the intra-
vascular compartment. What will actually happen is that the 1iberated
drug will distribute into other compartments, thus dissipating the rise

in the concentration of free drug.

The displacement interactions which are likely to be of c¢linical
significance are those involving highly bound drugs which have a small
apparent volume of distributjon. Drugs present in the plasma in high
concentration would tend to displace those in low concentrations (13).
For drugs with large volumes of distribution, where only a small fraction
of the drug is present in the plasma, redistributional interactions
involving plasma proteins could have only trivial direct effects on

the concentration of free drug.
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Some of the clinically important interactions ascribed to this
displacement mechanism are the warfarin interactions, in particular
those with phenylbutazone (14,15), chloral hydrate (16), and clofibrate
(17). Others include the precipitation of kernicterus by sulfonamides
displacing bilirubin in neonates (18) and the precipitation of hypogly-

cemia when sulfaphenazole is added to tolbutamide (19,20).

One should always exclude or allow other pharmacokinetic inter-
actions in'dealing with the displacement interactions. A fall in the
concentration of total plasma drug, or a rise in free drug, could
stem from processes other than displacement from plasma protiens.

The very presence of a distributional drug interaction makes it necess-
ary, but at the same time difficult, to evaluate any other pharmacckine-
tic effects that might be occurring simultaneously. The most important
factors to exclude are other types of redistributional effects (e.g.,

at the tissue level) and interactions at the pharmacokinetic levels of

absorption, metabolism, and excretion (12}.

The phenomenon of displacement interaction is temporary, unless
clearance of the drug is also altered (4). Subsequent to the displace-
ment, free drug would be mofe available for metabolism and urinary
excretion. Thus, the concentration of total and free drug in the plasma
will decrease progressively until a new steady-state is reached.

Even without dosage adjustment, the free drug concentration and intensity
of effect would eventually be the same as before the addition of
displacing drug. However, total plasma concentration of the drug will

be lower. Thus, this process eventually corrects itself, but may result
in serious effects before it can do so, especially with drugs having

a low margin of safety such an anticoaguiants. When clearance of the
drug is also decreased, progressive accumulation might occur as a

consequence of protein binding displacement if dosage is not reduced,
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£. Drug Interactions At the Cell Transport Level

Many poorly 1lipid soluble drugs utilize active membrane transport
systems to reach the site of action., Adrenergic neurone blocking drugs
are concentrated over a thousand-fold from plasma into the adrenergic
nerve ending by the "active amine pump" (21). Therefore, one drug may
interfere with the uptake and transport of another to intracellular sites
of action. A well-known and important interaction illustrating the point
occurs between guanethidine and antidepressants. Certain other drugs
share this antagonistic effect --e.g., phenothiazines and certain
sympathonimetic amines, all of which prevent uptake of guénethidine to

its site of action (22,23).

Starr and Petrie (24) examined interactions of adrenergic-neurone
blocking drugs in outpatients. Theoretical potential interactions were
noted in 22 out of 64 patients, but actual loss of hypotensive effect
was secen in only 3 patients {14% of those at risk}. TFor individual
drugs the figures were more impressive--one out of six patients on
tricyclic antidepressants, and 2 out of 4 patients on ephedrine had
clinically detectahle antagonism. However, these figures may be

underestimated because of the retrospective nature of the study,.

This analysis teaches us several things. First, it is drugs
with powerful, dose-related effects that are predominantly involved
in important interactions. Second, it cannot be assumed that
interactions will necessarily occur in all patients recelving a given
combination of drugs having a potential interaction in man, Third,
if an interaction is not looked for it will not be found. Conversely,
it the patient's response is monitored, then the interaction wili be
detected, in this case, as a lack of effect. Some response will be
made by the physicians. Either the antihypertensive drug will be

changed, or the interacting drug will be stopped until something is
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found which works without causing an interaction., Careful clinical
follow-up and knowledge of drug interactions will suffice to detect
and react to a drug interaction of this sort.

D. Drug Interactions At the Receptor Site or On the Same Physiological

SXstem

Drugs with appropriate chemical structures can bind to the same

receptor and modify response. Some interacting drugs are actually
pharmacologic antagonists, i.e., drugs which have a high affinity for
the receptor, elicit no effect themselves, but prevent other pharmaco-

logically active drugs from reaching receptor sites,

There are also drugs whose mechanisms of zction are not precisely
known or which may not act through the same receptor mechanisms, but
which produce the same pharmacclogical effects by acting on the same
physiological systems at different sites. Combinations of drugs acting
at the same site or influencing the  same physiological system may either
decrease or increase responses. Anticoagulant-aspirin interactions are
partially of fhis type. Affecting hemostasis in the same direction

can cause serious interactions, regardless of the mechanisms involved.

Drug interactions involving additive, synergistic or antagonistic
effects of drugs acting on the same receptors or physiological systems
are probably the most obvious, but have not received enough attention,
According to the data from the Boston Study (1) the greatest problem of
pharmacodynamic interactions appear to be caused by drugs acting on the
central nervous system, This is obviocusly due to the fact that the

adverse effects produced are easy to recognize.

In contrast to pharmacokinetic interactions, extrapolation of
interactions demonstrated with one compound to other closely related
drugs may be relevant, even though confirmation in man is lacking.

However, a single drug may have more than one pharmacological action
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or interact with more than one receptor, For example, phenothiazines
have been shown to have dopaminergic-blocking, alpha-adrenergic block-
ing, and antihistaminic properties (25). Therefore, it would be

difficult to ascertain the c¢linical significance of drug interactions

in terms of receptor mechanisms in this case.

Some well-known pharmacological properties may, in fact, not
account for the mechanisms of drug interactions. Imipramine has been
shown to antagonize the hypotensive effect of clonidine, an a-receptor
agonist (26). Thelpossible mechanism of interaction is thought to be

due to the fact that tricyclic compounds are weak a-receptor antagonists.

Receptor interactions are predictable with drugs having well-
defined mechanisms of action, and should be avoidable with knowledge
of the mechanisms of drug action. Reports of such interactions reflect
the ignorance of the prescriber and confirm the known pharmacological

effects of the drugs.

E. Metabolic Dfug Interactions

Hundreds of drugs have been shown experimentally to stimulate
either their own metabolism, that of other drugs, or both (3). These
drugs include analgesics, oral hypoglycemic agents, CNS depressants,
anticonvulsants, and anti-inflammatory agents. More recently it has
been shown that rifampicin enhanced the metabolism of quinidine (27)
and of corticosteroids (28). 1In general, the ability of a drug to
induce the metabolism of other drugs in the liver depends on its con-
centration, and its duration of exposure to liver tissues. Drug meta-
bolizing enzymes generally differ from enzymes involved in intermediary
metabolism because they lack substrate specificity explaining nonspec-

ific nature of enzyme induction,

A drug may also be capable of inhibiting the metabolism of other

drugs. Such inhibition may lead to exaggerated and prolonged pharmaco-
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logical effects increasing the risk of toxicity., Examples of drugs

that can inhibit hepatic metabolism are disulfiram, phenylbutazone,
metronidazole, oral contraceptives, griseofulvin, dextropropoxyphene,
allopurinol, sulphonamides, isoniazid and cimetidine (3,10,29,30).

Some interactions may arise through inhibition of non-microsomal enzymes.

The classieal example is monoamine oxidase inhibition,

This is a case where-enzyme inhibition is itself a desired property.
Inhibitors of monoamine oxidase have been used as antidepressants in
psychopharmacotherapy and as antihypertensive agents. However, the
interactions between monoamine oxidase inhibitors (MAOI} and other
drugs or foodstuffs and beverages are widely appreciated. Administra-
tion of adrenergic drugs (e.g., phenylpropanolamine in cold medications)

to patients taking MAOI may cause severe hypertension (31).

A drug may also alter the metabolism of other drugs by altering
hepatic blood flow (32). This mechanism is important for those drugs
which are mainly and rapidly removed from the plasma by liver.
Propranolol is a good example. The beta-blocking effect of propranolol
decreases cardiac output. This in turn decreases hepatic blood flow
and affects the drug's clearance, and also decrease the metabolic
clearance of other concurrently administered drugs (e.g., lidocine,
morphine, nitroglycerin) with a high hepatic extraction ratio (11).

For drugs which do not have a high hepatic first pass clearance,
metabolic drug interactions mainly alter the duration of action and

steady-state blood concentrations of the drugs.

There are some differences in the time course of changes due
to inhibition and to induction (33). Enzyme inhibition occurs rapidly
since i1t requires only the presence of the interacting drug. Induction
of drug metabolizing enzymes, on the other hand, may require 2-3 weeks

to achieve its maximal effect since it involves new enzyme synthesis,
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Metabolic drug interactions, like other pharmacokinetic interac-
tions, are not easily predicted by animal studies. Whether a drug is
an enzyme inducer in man cannot always be predicted in laboratory
animals. Tolbutamide has been shown to be a potent inducer of oxidative
drug metabolizing enzymes in rats and dogs, but it has little or no
enzyme~inducing effect in man (34). The concept of metabolic inhibitors
can lead one to overlock other interactions which may be even more
important clinically. MAOI's have been shown to interact with drugs

which are not themselves metabolized by this enzyme (35).

F, Drug Interactions At the Level of Urinary Excretion

Urinary excretion of several drugs may be changed by alteration
of pH or electrolyte concentrations. Interactions of this type may be
unwanted or may be desired, particularly to enhance the elimination of
a toxic substance, Diuretics are the drugs which most oftem alter
urinary pH and electrolyte concentrations., Such changes may not only
produce major alterations in renal clearance of other drugs, but also
alter their pharmacodynamic actions; e.g., diuretics enhance the toxic

effects of digitalis by producing hypokalemia,

The renal clearance of drugs may be modified by urinary pH
changes only with weak organic bases having pKa values of 7.5 - 10 and
weak organic acids having pKa values of 3.0 to 7.5 (33). The clearance
of weak organic acids is higher in alkaline than in acid urine, and
vice versa with organic bases. The clearances of strong acids and
bases are not affected by changes in pH, since they are almost comple-

tely ionized over the physiological range of urine pH.

Another major drug interaction involving the kidney is the effect
of one drug on the renal tubular secretion and subsequent excretion of
another drug. In general, tubular transport mechanisms exist separately

for organic acids and organic bases. Organic acids will be able to
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compete with other organic acids for tubular excretion, The same goes
for organic bases. However, this concept may not be readily extrapol-
ated, since organic bases have also been shown to increase urinary

acid excretion (36).

Drugs which may interact by competing with tubular active trans-
port systems include sulphonamides, thiazides,salicylates, probenecid,
methotrexate, penicillins and phenylbutazone. These drugs are all
organic acids; thus, they may also displace each other from plasma
protein-binding sites. This makes it difficult to assess drug inter-

actions solely by examining urinary excretion.

However, it can be assumed that this type of interaction is
generally important when the kidney is mainly responsible for dispos-
ition of active metabolites of the drug to a significant extent (e.g.,

#20% or so). When a drug is excreted by extrarenal as well as renal
pathways, a decrease in renal excretion may be compensated for by an

increase in extrarenal excretion.

GUIDELINES FOR COPING WITH THE PROBLEM OF DRUG-DRUG INTERACTIONS

The mechanisms of drug-drug interactions are highly complex and
may involve several simultaneous phenomena. It is also difficult to
distinguish a drug interaction from all the others that alter response
to therapy. The evidence is still lacking to support the validity of
many of the adverse interactions reported in the literature. Pharmaco-
kinetic interactions shown with one drug combination may not necessarily

occur with other combinations involving closely related drugs (11).

There are two crucial points to keep in mind for dealing with
the problem of drug interactions. First, only the more clinically

significant interactions should be of concern. Second, virtually all
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known adverse interactions are avoidable if the drugs are administered
properly and the mechanisms of interactions are known. Knowledge of
drug interactions enables a physician to prevent or minimize drug
toxicity without losing the ability to simultaneously administer drugs

with beneficial therapeutic effect.

SUGGESTIONS FOR PHYSICIANS

1. Take a drug history so that you know what the patient is
getting from other prescribers and what OTC medications he takes as

well as the drugs you prescribe for him.

2. Prescribe as few drugs as are needed to achieve a desired

effect. Avoid unnecessary combinations.

3. Know the effects (both wanted and unwanted) of all the
patient's drugs. The spectrum of drug interactions will often be
contained within these effects. Know the slope of dose-response
curves for each drug; i:e., is the drug one for which the dose"doesn't
matter much, or is it a drug whose dosage has to be finely tuned?

It is the drug of the latter sort that will be troublesome.

4. Observe and monitor the patient for drug effects, particularly.
after any alteration in regimen (e.g., starting or stopping a drug).
Some interactions may take weeks to appear, e.g., metabolic effects

depending on drug induction. Other may appear promptly.

5. Consider drug interactions as possible cause of any unexpla-

ined change in the patient's course.

6. The prescriber should be particularly aware of the more
predictable clinical drug interactions where modification of the
pharmacological activity can be serious or lead to ineffective therapy,
e.g., those interactions involving antihypertensive drugs, anticoagul-

ants, anticonvulsants, oral hypoglycemic agents, cardiac glycosides,
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antidepressants and cytotoxics.

7. If clinical responses are unexpected, measurement of blood
levels may help to explain pharmacokinetic interactions. Consult the
literature or someone who has an interest in drug interactions., But,
the most appropriate response is to alter the dose of the drug until
the desired effect is obtained; and if this fails, change the drug

to one that theoretically will not interact.

SUGGESTIONS FOR A CLINTCAL SCIENTIST
FACED WITH SORTING OUT A POSSIBLE DRUG INTERACTION

1. Document all disease states and all drugs being taken,
including OTC medications and alcohol.

2. Search the literature on related drugs for possible mechanisms
of interactions and epidemiological studies of the clinical importance
of these interactions.

3, Perform the necessary animal and then human experiments to
elucidate mechanisms and determine the severity of adverse interactions.

4, The investigator's goal should include confirming or denying
the importance of a drug interaction and providing guidelines for pres-

cribers for avoiding the unwanted effects of drug interactions,

CONCLUSION

A critical examination of lists of the published drug interactions
indicates that many interactions are neither scientifically valid nor
clinically important. The standards of proof required to assess the
validity of interactions reported in the literature must be made more
vigorous. We should concern ourselves more with the clinical signif-

icance of drug imteractions rather than elaborate long lists and focus
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excessively on the mechanisms of unimportant interactions. Only if
the clinical significance of an interaction is established should
its wmechanisms be investigated. For convenience, interactions can
be divided into direct and indirect types. Direct interactions
involve drugs having similar actions and should be predictable based
on their cumulative effects. Indirect interactions involve drugs
having dissimilar actions and cannot be automatically predicted.
However, both types of interactions can lead to an unexpected amount

of the expected effect,
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PHARMACOKINETICS WITHOUT EQUATIONS : FACTORS
MODIFYING DRUG EFFECTS IN INDIVIDUALS
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Asspciate Dean for Graduate Biomedical Science Studies
Division of Medical and Dental Sciences

Boston University School of Medicine, Boston, MA 02118

The majority of people respond to most drugs in a similar
enough fashion to permit the calculation of a standard therapeutic
dose of a drug. This statistically derived "average' dose, however,
only represents the starting point from which to estimate the dose
appropriate for a given subject. The many variables contributing to
the individuality of a complex living organism, or associated with
the conditions present at the time of drug administration must be
considered as potentially capable of modifying the anticipated drug
effect (Figure 1}.

We shall be concerned here ohly with those factors that modify
the pharmacokinetics of a drug, i.e.: the absorption, distcibution,
biotransformation and excretion. Factors that can alter genetically
controlled rates of drug disposition in normal subjects include: age;
sex; diurnal thythms ; diet; exposure to inducing or inhibiting
compounds, such as ethanol and cigarette smoking; stress; concomitant
administration of other drugs, and even the simple factor of body

position, e.g.; the influence on absorption of lying on the right
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Fig. 1 Factors modifying the quantity of drug reaching a site of
action after a single oral dose.

(From R.R., Levine, Pharmacology: Drug Actions and Reactions, Znd ed.,
1978, p.206. Courtesy of Little-Brown and Co., Publisher, Boston, MA.)
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side versus the left side. Disease states not only introduce new
factors that can modify drug response but also can change the nature
and extent of the impact of the factors affecting normal subjects,

In general, however, all of these factors produce quantitative, rather
than qualitative change in drug response, since they affect the
quantity of drug reaching a site of action and not the site of action
itself.

Let us now look at the ways in which these factors affect the
separate processes of absorption, distribution, biotransformation and
excretion, To put the influence of these factors on drug dispesition
into proper perspective, we shall stress their clinical and biological

significance rather than their statistical significance.

ABSORPTION

Differences in the rate and extent of absorption account in
large part for the quantitative differences in response to drugs
after different routes of administration. It is very likely that
differences in absorption; particularly after oral administration,
also account for much of the commonly observed biologic variation in

Tesponsiveness to drugs.

The rate of stomach-emptying is one of the principal factors
which influence rate of absorption, since the largest portion of the
oral dose of most drugs is absorbed in the upper small intesting,
This is well illustrated by some of our work on the absorption of
methadone {Walsh et al, 1975). Studies carried out in the intact rat
show that absorption from the ligated stomach is extremely slow-the
half-time of absorption of methadone being about 10 hours. This
contrasts sharply with the rate of methadone absorption from the

small intestine where the half-time is about 15 minutes.
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That the stomach is not an important site of absorption for this
basic drug, is to be anticipated from the pH partition hypothesis.
But what is frequently overlooked and is contrary to established
teaching, is that both the pH partition hypothesis and the stomach do
not play a major role in absorption from the gastrointestinal tract

regardless of the basic, acidic, or neutral nature of the drug.

For example, if we increase the pH of the gastric contents to
correspond to that in the upper small intestine, we do indeed

increase the rate of methadone absorption (Table 1). However,

Table 1 Effect of pH on the Gastric Absorption of

Mgzgadone

A 100 mg dose of methadone in water or Milk of Magnesia was
administered into the rat stomach occluded at the pylorus.
After a 1-hr absorption period, pH and stomach methadone
content were determined. The range of pH values is given.
Absorption data are given as the mean 2 5D.

pH of Stomach Percent Absorbed
Vehicle contents from Stomach in
1 Hr.
Water 3.0 9.2 + 4.9
Mitk of Magnesia 6.5-9.5 29.2 + 9.7

‘this rate is still markedly lower than that made possible by the
relatively huge absorbing surface of the duodenum. Therefore, the
rate-limiting step in absorption of most drugs given by the oral

route is the gastric emptying time,
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Under ordinary conditions, the rate of stomach emptying follows
first-order kinetics and is relatively slow with a tk% in excess of
2 hours. 1In addition, gastric emptying is influenced by many factors

only some of which are shown in Table 2 ,

Table 2 Factors Influencing the Rate of Gastric
Emptying

Decreased Emptying Rate Increased Emptying Rate
PHYSIOLOGIC

Solids . Liquids

Acids Gastric Distention

Fat Pos ture {Lying on Right Side}
PATHOLOGIC

Trauma and Pain Gastroenterostomy

Gastric Ulcer
Myocardial Infarction

Migraine PHARMACOLOGIC

Anticholinergics Metoclopramide
Ganglionic Blockers Reserpine

Narcotic Analgesics Anticholinesterases
Isoniazid Sodium Bicarbonate

Aluminium Hydroxide

Alterations in rate of gastric emptying ordinarily only affect
the rate of drug absorption and not the total amount of drug
absorbed from the gut. This is certainly the case for drugs that
are slowly absorbed sucli as the digitalis glycosides. However, a
decrease in the rate of absorption as a result of slower gastric
emptying may produce a decrease in the intensity of drug effect, and
in some cases, even a complete absence of drug effect, i.e.:
effective blood concentrations may never be reached, when the
absorption rate is made so slow that drug entering the body cannot

offset drug being lost by elimination, This becomes clinically
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significant for drugs such as propranolol which are rapidly degraded
on their "first-pass' through the liver (Heagerty et al, 1981). In
contrast, increasing gastric emptying rate usually increase the rate
of drug absorption and the intensity of drug effect of those drugs
rapidly absorbed from the gut. Increased gastric emptying rate can,
however, lead to decreased bioavailability of those drug formulations
requiring gastric acidity for dissolution (Romankiewicz, 1976)., This
problem has been noted with various digoxin preparations and
tetracycline formulations, Recent studies indicate that the bio-
availability of the oral formulation of chloramphenicol may be superior
to the I.V. preparation-but this bicavailabiiity is dependent on the
hydraelysis of chloramphenicepl palmitate to the active free drug in the
acid medium of the stomach (Kauffman et al, 1981). Of course, a drug
such as cimetidine which reduces the acidity of the gastric fluid can
and has been shown to decrease the amount of poorly water soluble drugs

that depend on an acid medium for dissolution (Somogyi and Gugler, 1982},

Given the fact that: 1) Gastric absorption accounts for little of
total amount of drug absorbed; 2) Gastric emptying is sporadic and
easily influenced by a host of different factors; 3) The greatest
absorptive capacity resides in the small intestine; 4} Absorptive
capacity of the gut resides in all sections of the small intestine;

5) Transit time through the intestine is apparently not markedly altered
in the presence of food, one may legitimately ask "Why aren't all drugs,
except those that are dependent on the existence of an acid medium for
dissolution, given as enteric-coated preparations that would disinte-
grate on entering the duodenum where they would be immediately exposed
to the surface with the greatest absorptive capacity and at the highest

attainable concentration gradient?"

In contrast to the influence of gastric motility on drug absorp-

tion, changes in intestinal motility produce little effect on the rate
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and extent of absorption until transit time through the intestine is
markedly shortened by the use of laxatives or the presence of diarrhea
(Table 3). For example, the use of laxatives, particularly their
chronic use by the elderly, has been shown to produce clinically
significant decreases in the biocavailability of digoxin and increased
toxicity of other digitalis preparations as a result of excessive loss

of K in the stool {Cooke, 1977)

Chemically inert powders used in the treatment of diarrhea, such
as kaopectate or bismuth subsalicylate, or even other drugs used as
adsorbants, such as cholestyramine, can adsorb not only bacteria and
toxins but also nutrients, enzymes and drugs. Such drug interactions
become clinically significant when the biocavailability of antibiotics,

or essential medications, such as the digitalis glycosides and the oral

Table 3 Interactions Affecting Drug Asborption

) Effect on
Drug Affected: Affected By: Mechanism Absorption
Thyroxine Cholestyramine 4
Acetylsalicylic Acid oo 4
Warfarin ! " Removal v
Chlorothiazide " " From 4
Cardiac Glycosides " " ' Solution 4
FESO4 1 1] 3
Vitamins B12 and K " ! J
Tetracycline Mg++ and A1+++ Chelation ¥

Antacids
Dicoumarol Mg (OH)2 Chelation A
Tetracycline NaHCO3 + Dissolution ¥
Digoxin Laxatives + Tatestinal i
Motility

Digitalis Laxatives 4 Absorption of (Digitalis

Glycosides K+ Toxicity)
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anticoagulants or essential vitamins,is decreased, For example, the
administration of a kaolin-pectin suspension 2 hours before digoxin
resulted in a 20% reduction and coadministration of the two agents
produced a 62% decrease in digoxin absorption. In other studies the
bivcavailability of tetracycline and deoxycycline was reduced about

35% by the administration of 60 ml of a bismuth subsalicylate mixture
{Feldman and Pickering, 198l)., The adverse effect of these adsorbants
on drug absorption can be averted, however, by selecting an appropriate
time interval between doses of the antidiarrheal preparation and other
medications. This is extremely important, since the physiologic
changes that occur during an’ episode of diarrhea are so profound that
they potentially could have greater effect on the gastrointestinal
absorption of drugs than antidiarrheal drugs. For example, the
biocavailability of digoxin tablets given to patients with diarrhea was
16% compared to 84% when given under normal conditions (Kolibash et al,
1971). It is interesting to note here, that diarrhea could he an
important consideration in the therapeutics of drugs administered by
routes other than oral ﬁhen enterohepatic circulation plays an
important role in the pharmacokinetics of the drug. For example, the
plasma clearance and the fraction of the total dose lost from the G.I.
tract of parenterally administered methotrexate was markedly increased
in a patient with severe vomiting and diarrhea as compared to other

patients {Van Den Berg, et al, 1980}.

Another critical factor that affects intestinal absorption is
intestinal blood perfusion, since the rate at which a drug diffuses
across a biologic barrier is a function of the concentration gradient-
and the rate at which blood flow removes the transferred material is

important to the maintenance of the gradient.

Different foods affect blood flow differently, For example,

splanchnic blood flow decreases after a liquid glucose meal and
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increase after a high protein meal (Romankiewicz and Reidenberg, 1978).
In elderly subjects intestinal blood flow has been demonstrated to
decrease by 40 to 50 per cent from that in young adults. This
reduction would be expected to slow drug absorption in the gut for
both passively diffused and actively transported drugs. Despite these
theoretical considerations suggesting reduced rates of gastrointestinal
drug absorption with age, age by itself appears to exert no significant
effect on either rate or extent of drug absorption., It appears that
rate of blood flow through the intestine, must be reduced more than 50%

before reduction in drug absorption is notable,

The gut is a particularly important site for drug biotranforma-
tion which can take place within the intestinal lumen as a result of
the exocrine secretions or the enzymic activity of the microflora, or
within the gut wall itself. Drugs likely to be affected by exocrine
secretions are generally not given by mouth, but until recently
little attention has been directed to the metabolic changes that can
influence drug absorption as a result of degradation by the

gastrointestinal mucosa or the intestinal microflora (Table 4).
Both phase I and phase Il reactions of the gastrointestinal mucosa

have been described (George, 1981), However, phase T reactions,
with the exception of oxidative deamination, appear to be quantita-
tively unimportant in contrast to the synthetic reactions. Sulfate
conjugation, in particular, limits the bioavailability of orally
administered f-adrenergic agents and probably accounts for the great
individual variability in absorption of the agents, Glucuronide
conjugation is also an important factor in the poor availability of

ethinyl estradiol,

In the case of the reactions carried out by the microflora, it
would appear that both hydrolysis and some special synthetic

processes play significant roles in drug absorption as noted in
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Table 4 Biotransformation Occurring in the Gut Wall

Reaction Substrate
Phase 1
Oxidation - Microsomal Flurazepam
Oxidation - Non-Microsomal Ethyl Alcohol
Tyramine _
Hydrolysis Acetylsalicylic Acid
Pivampicillin
Phase 11
Acetylation Hydrazaline
Isonfazid
PAS
Sulfate Conjugation Isoproterenol
Isoetharine
Terbutaline
Methylation Isoproterenol
Glucuronidation Estriol

Estrone

their decreased bioavailability or increased toxicity when the
activity of the microflora are inhibited by antibacterial agents.

For example, a decrease in the entero-hepatic cycling of methotrexate
can be brought about by inhibiting the drug metabolizing activity of
the microflora, and a clinically significant increase in the toxicity
of anticoagulants can occur as a result of a decrease in the
production of v¥itamin K by microflora that are inhibited by drugs
such as sulfonamides and broad spectrum antibiotics (Forick et al,

1967},
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BIOTRANSFORMATION

We are, of course, all aware that changes in the rate of drug
biotransformation play a major role in variability in drug response,
and that the activity as well as the quantity of enzymes that
participate in the chemical reactions can be influenced by many
factors inclﬁding age, genetic abnormalities, pathologic conditions
and the presence of more than one drug. The very young infant, for
example, may be significantly more sensitive than older individuals
to low doses of drugs because of the immaturity of enzyme systems
for drug inactivations, 1In the elderly, it is a general impaired
ability to carry out enzymic reactions effectively that may lead to
enhanced drug effect, However, because so many factors can influence
drug disposition concomitantly in elderly people, it is often
difficult to determine just what i1s responsible for altered
pharmacokinetics in a particular geriatric patient. The mechanisms
are frequently complex and involve more than depressed rates of
biotransformation. But the fact remadins that the physician needs
to exercise special care to avoid toxicity when drugs are administered
singly or in combination to geriatric patients-and especially when

the drugs have narrow margins of safety or are essential medication.

The important role that enzyme induction may play in drug therapy
has also been well recognized. Physicians are alert today to the
need for monitoring and adjusting dosage in chronic drug therapy
with single or multiple drugs when therapy is associated with
stimulation of the microsomal enzymes involved in drug biotransforma-
tion. What has not received as much attention and is, therefore, not
as well understood is the same need for caution in the use of multiple
drug therapy when one of the agents inhibits an enzyme system-
particulariy a microsomal system (Table 5}, The widespread and often

uncritical use of cimetidine, a potent inhibitor of various microsomal
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drug-metabolyzing enzymes, affords an excellent illustration of the
considerable potential for the occurrence of serious interactions in
multiple drug therapy with a microsomal enzyme inhibitor (Somogyi
and Gugler, 1982).

Table 5 Interactions Inhibiting Drug Biotransformation
Drug Affected: Affected By: Effect Produced:
Tyramine (from various foods) MAQO Inhibitors

Sympathomimetic Amines Hypertensive Crisis
(Appetite-depressing drugs;
cough, cold, sinus remedies;

nasal decongestants)

Coumarin Anticoagulants Allopurinol + Anticoagulation
Cimetidine

Phenytoin Isoniazid + Toxicity of
Cimetidine Phenytoin

Cimetidine inhibits the biotransformation of warfarin, various
benzodiazepines, phenytoin, theophylline and some 8-blocking agents
such as propranolol, After chronic dosing with cimetidine, for
example, warfarin clearance was reduced by about 25% and prothrombin
times significantly increased; diazepam, desmethyldiazepam and
chlordiazepoxide plasma c¢learance values were reduced 43, 28 and 63%,
respectively. Whereas a decrease in elimination of benzodiazepines
during cimetidine dosing may not necessitate dosage changes in most
patients, since benzodiazepines have a wide therapeutic concentra-

tion range, cimetidine-induced inhibition of metabolism of warfarin
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can have very serious consequences. It is to be expected that a
number of other drugs with narrow margins of safety which are
eliminated primarily by microsomal enzyme activity, will also be

"~ adversely affected by interactions with cimetidine. Patients with
.already impaired liver function would be at even grzater risk, since
the degree of inhibition of metabolism by cimetidine is more

pronounced in such patients.

It is alsc well-known that many drugs are rapidly bicotransformed
after leaving the intestinal lumen during their first passage through
the intestinal mucosa and liver. For some drugs, such as morphine,
this first-pass effect precludes their effectiveness by the oral
route (Walsh and Levine, 1975)}. Although propranclol is orally
effectiye, it also undergoes extensive first-pass hepatic metabolism
after oral administration. Until recently, however, little attention
was paid to the effect of enzyme inhibitors on the bicavailability of
drugs such as propranolol that are cleared on first-pass through the
liver after absorption from the G.T, tract, The recent demonstration
that cimetidine can produce a 2 to 3-fold increase in the bivavail-
ability of orally administered propranolol (Heagerty et al, 1981) has
indicated the need for extreme care in patients on such multiple drug
therapy - for what is true for pfopranolol may also be true for other
drugs that undergo first-pass extraction., To repeat-the clinical
consequences of inhibition of drug biotransformation by cimetidine as
well as by other drugs will be predominantly manifested in the cases
of those drugs which have a narrow therapeutic index - phenytoin,
warfarin,theophylline. The interaction will lead to higher steady-

state blood concentration associated with toxicity.
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DISTRIBUTION

Changes in the response to drugs attributable to modifications
in drug distribution are usually brought about by differences in
1) the ratio of total body water or fat to body mass, or 2) the
binding capacity of non-receptor proteins. One would anticipate
that obesity, for example, would profoundly alter drug distribution,
since total body water and muscle mass are a smaller percentage of the
total body weight in the obese compared to lean or ideal weight
individuals. Extremely lipophilic substances would be disproportiona-
tely distributed into bodyweight in excess of ideal bodyweight, whereas
non-lipophilic drugs would have distribution limited mainly to lean
body mass. Adjustment of drug dosage in the obese individual, however,
depends on the relationship hetween total metabolic clearance and total
bodyweight. At present there is need to exert caution in prescribing
doses of drugs that have narrow safety margins for the obese individual
but there is no predictable framework upon which such dosage adjustments

can be formulated,

In the very young infant and in the very lean individual, where
body water content is a larger percentage of bodyweight, one would
anticipate modifications of drug distribution quite different from
those in obese individuals. Again, however, no hard rules can bLe
set down for drug dosage adjustments, since we must remember that
tiepatic and renal clearance are so markedly affected by volume of

distribution,

Binding of drugs to plasma proteins is commonly believed to
play an important role in drug interactions, especially those
involving tightly bound substances. A great deal of emphasis has
been placed on the possibility of adverse drug reactions arising
from competition for plasma protein binding sites. Let us see just

how much of a problem such interactions pose,
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It is fairly apparent that the amount of drug in the tissue
compartments will depend strongly on the proportion of free drug in
the plasma compartment-on the amount of drug that is available for
exchange with tissues, Particularly in the case of highly bound
drugs, small changes in binding would be expected to cause relatively
large changes in concentration of free drug. The increase in amount
of free drug, in turn, resulting in more rapid elimination and a rise
in drug concentration in tissues. A decrease 1in the proportion of
Lound drug from 90 to 80%, for example, doubles the plasma concentra-
tion of free drug-but it does not double the tissue concentration.
The increase in tissue concentration depends on the volume into
which the newly freed drug is distributed. The greater the volume
of distribution-the smaller the change in tissue concentration
produced by the freed drug., Adverse drug reactions arising from
competitive displacement from plasma protein binding sites are likely
to occur only with those drugs with a narrow margin of safety and
with a volume of distribution greater than the extracellular fluid

compartment as indicated in Table 6.

Table 6 Interactions Affecting Drug Distribution by

Competition for Protein Binding Sites

Drug Affected: Affected By: Effect Produced:

Sulfonylureas Aspirin + Hypogiycemia
Sulfonamides + Hypogliycemia

Coumarin Drugs Aspirin + Anticoagulation

.

Indomethicin Anticoagulation
Clofibrate + Anticoagulation

Methotrexate Salicylates + Toxicity
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EXCRETION

Modifications which influence the excretion of a drug or its
metabolites produce only quantitative changes in the effects of
drugs, since it is only the rate of removal from the body which is
affected, The kidney, as the principal organ for drug excretion, is
also the site where most of these changes in rate of drug removal
take place. And almost all the factors which modify the rate of
urinary excretion produce a decrease in rate which, in turn, leads
to an increased duration of drug action. Only when drugs are
given by a route of slow-absorption, will a decrease in rate of
elimination result in highter blood levels of drug and, thus, in a
greater intensity of drug effect. 1In all instances, the persistence
of effective blood levels of drug for longer periods of time,
indicates the necessity of ‘adjusting dosage schedules to avert drug

accumulation and resultant toxicity.

Alterations in the rate of urinary excretion of drug may be
the result of changes in the rate of either glomerular filtration,
tubular reabsorption, or tubular secretion, In infants the decrease
in rates of both glomerular filtration and tubular secretion is
primarily responsible for their impaired ability to excrete drugs,
In infants, the filtration rate is decreased because less drug is
presented to the glomerulus. Not only is there less blood flowing
through the immature kidney, but also the volume of distribution of
drug is greater in the infant (total body water is 70% of body mass}
than in the adult. Incomplete development of active transport
process accounts for the decrease in rate of tubular secretion in

the infant.

In the healthy subject, the traditional normal range for

creatinine clearance values, which reflect the glomerular filtration
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rate, changes dramatically with age; i.e., as a normal person
progresses from middle to old age, the creatinine clearance declines
(Rowe et al, 1576}, Thus in the elderly even without overt renal
disease, glomerular filtration rate declines to approximately half

the value observed in normal young adults,

The influence that decreased glomerular filtration rate exerts
on the overall elimination rate of a drug depends on the drug and
the extent to which renal mechanisms control the drug's elimination

from the body (Table 7).

Table 7 Plasma Half-Life in Altered Renal Function
‘Normal Anuria
Hrs. Hrs.
Penicillin 0.5 8
Streptomycin 2.5 50-100
Chloramphenicol 2 to 3 3 to 4
Chloramphenicol Glucuronide 4 100

For drugs such as penicillin, streptomycin and digoxin whose elimination
depends mainly on renal function, impairment of renal function can
greatly prolong their sojourn in the body; For a drug such as
chloramphenicol, which is eliminated primarily by bhiotransformation,
impaired renal function has little effect on its duration of action,
Estimates of the degree of renal dysfuhttion.as Judged by reductions

in creatinine clearance form the basis for published nomographs that
permit selection of appropriately lowered doses of drugs with

relatively small therapeutic indices such zs streptomycin and digoxin
(Dettli,1976).
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Changes in the pH of the tubular urine will affect the rate
of reabsorption of ionizable drugs. Changes in urinary pH may be
brought about by disease, by drugs which influence the normal
formation of urine, as well as by the intake of larger quantities
of acids or bases, or foods which give rise to acidic or basic

excretory products.

Alterations in the rate of the renal tubular secretory
mechanisms affect the excretion of only those organic acids or bases,
either normal metabolic products or drugs, which are transported by
these processes. Decreased tubular secretion may be the consequence
of interaction of drugs competing for the same secretory mechanism,
or of pathelogic conditions which decrease renal blood flow or impair

the function of the secretory processes themselves.

In summary then, from the practical point of view, each patient
is unique and this individuality is determined by factors that are
both genetic and environmental. Factors may be operative simultanecusly
and have a variable effect on the net rate of drug disposition., Thus it
may be impossible for a physician to anticipate just how a given
patient will respond, Yet there is urgent need to select both the
appropriate drug and dose for each patient. To achieve this goal, the
physician must rely on his knowledge of the practical aspects of
pharmacokinetics and on quantitative assessment of individual drug

response.
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Pulmadil is quickly inactivated by the body. It has litdle
tendency to accumulate in. the blood even in circum- -
stances where the patient might overuse the inhaler,

Pulmadil Inhaler relieves bronchospasm very fast indcéd__-
~studies have shown  that relief begins within one.

minute, with full benefit of treatment achieved after just
five minutes. E

- Pulmadil Inhaler has no measurable effect on the heart.
‘at. normal dosage, and no significant cardiac effects are .
apparcnt even at many times the recormended dose. The
margin of safety with Pulmadil is such that cardiac’
stimulation is not apparent until doses representing gross -
FAaE overuse are reached. S

‘Pilmadil Prescribing Information. : ' -
Composition:

PUCMATIL inhaler conlains a suspension of Rimiterol Hydrabromide 10
‘mg’mi Eachvalve depressionreleases 25¢ meg of Rimiterol Hydrobromide.

Indications: B _ )
. Forthe acute relief of bronchial asthma and bronchospasm ocouring in
bronchitss and other branchpuimonary conditions. Do sage :

Each valve actuation releases 250 meg PULMADIL. [T
1 or 2 innalations should pravide retiel. This treatment should not be repeated |

{es7 than one hour Not more than 8 treatments should ba taken inany 24 hour -,
penod except on the advice of a physician. R s
PULMADIL should be administered to children only. under the supervision of &
responsible adult. . .

Sidefflects: - o
No side effects of any significance have been reporied.

-Precautions:
Care shouid be taken inthe presence of hyperthyroidism, Cardiovascular, and
other sympathomimetic drugs. I a previously adequate dose of PULMADIL
gec'omes ineHeclive in relieving asthma, tha patient should again consult his

octor.

-Pregriancy:
Although no teratoganic affects have been cbserved in animal experiments

“gare with PULMADIL as with all drugs, is racommended in tha first trimsstar of
pragnancy.
et Adverse Aeactions;

B No major adverse reactions have beenreported.
Presentation:
Metered dose aerosol containing 400 doses supplied with disposable plastic
mouth piece and cap. Further information is avaitable on requast from Riker,
kab?ratories Australin Pty Ltd., 3-15 Chilvers Road, Thornleigh, 2120, -
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