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ABSTRACT

The effect of various over-the-counter antacids on the rate of gastric

emptying was evaluated in both in vivo and in vitro studies using riboflavin

as a test drug. In ino studies, using five male volunteers, showed that
only aluminum hydroxide gel had any significant effect (p<0.05) on two of
three categories observed (time of peak riboflavin excretion and peak rate

of riboflavin excretion). No differences in bioavailability of riboflavin
were noted with co-administration of the antacids. The percent of riboflavin
binding to antacid as a function of both riboflavin concentration and ant-
acid amount was determiﬁed in the in vitro studies along with the effect of
antacid and hydrochloric acid concentration on the pH of riboflavin-antacid
suspensions. Magnesjum hydroxide exhibited the highest percent binding and
pH readings. The smooth muscle relaxant properties of aluminum hydroxide may
account for the significant level of delayed gastric emptying noted with

this antacid. Although magnesium hydroxide showed no significant difference
in riboflavin absorption compared with control values, higher values were
observed in 4 out of the 5 subjects for time of peak riboflavin excretion,
peak rate of riboflavin excretion, and bioavailability of riboflavin. This
suggests that additfona] studies are needed to evaluate the potential of

magnesium hydroxide to alter gastric emptying-and drug absorption.
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INTRODUCTION AND LITERATURE.SURVEY

Drug interaction is the phenomenon which occurs when the effects of
one drug are modified by the prior or coﬁcurrent administration of another
drug (1). It is an area of considerable importance in the pharmacy profession.
There are a number of mechanisms of drug interactions which can occur between
two or more drugs that can significantly influence the course of drug therapy

for a patient on a multiple drug regimen. Among these mechanisms are:

1) an increase in drug absorption, 2) a decrease in drug absorption,

3) atterations in drug distribution, 4) changes in drug metabolism,

5) changes in the excretion rate of drugs, 6) synergistic interaction, and
7) antagonistic interaction.

An increase in drug absorption can lead to a greater incidence of side
effects and toxicity if the drug has a narrow therapeutic index. For exam-
ple, increased drug absorption has been demonstrated by Peterson and Finland
(2) in male subjects from 16 to 60 years of age for sulfadiazine when it is
given concurrently with sodium bicarbonate after a meal.

A decrease in drug absorption may present a serijous-problem for those
drugs which are dependent on a specific plasma concentration for therapeutic
effect. A classic example of decreased drug absorption occurs when tetracy-
cline is administered with antacids containing divalent or trivalent cations.
0f 10,818 patients receiving tetracycline, 572 (5.3%) also received antacids
containing calcium, aluminum, or magnesium, with resultant decreased serum
tetracycline levels (3). This reduction in gastrointestinal absorption of
tetracycline can result in subtherapeutic levels of the antibiotic in the
body.

Anather example of decreased drug absorption due to a drug interaction
is decreased intestinal absorption of thyroxine and triiodothyronine by choles-

tyramine., Studies on two hypothyroid patients and five normal volunteers



showed that cholestyramine binds to thyroid hormones preventing their absorp-
tion across the gastrointestinal tract (4).

The drug interaction between oral anticoagulants and phenylbutazone is
a classic example of an alteration in drug distribution leading to an alter-
ation in pharmacologic effect. In vitro experiments have shown that phenyl-
butazone displaces warfarin from plasma proteins. The increase in plasma
lTevels of free warfarin Teads to an increased anticoagulant effect. Phenyl-
butazone has also been shown to increase warfarin disappearance from the
plasma in studies done on three normal adult men aged 18 to 52, a 58-year-
0ld man with coronary artery disease, and a 78-year-old man with coronary
artery disease resistant to coumarin anticoagulant drugs (5).

A change in drug metabolism occurs when allopurinol is administered
with azathioprine. Nies and Oates (6) attributed the death of a sixty-one
year old black male due to hypoplasia of the bone marrow to this interaction.
Allopurinol, a xanthine oxidase inhibitor, prevented the conversion of aza-
thioprine to inactive metabolites. Instead, large amounts of 6-mercaptopurine
accumulated to cause the toxic effects of thrombocytopenia and leukopenia (6).

An example of a drug interaction involving changes in drug metabolism
is the interaction between pyridoxine (vitamin 86) and Tevodopa. Pyridoxine
accelerates the metabolism of levodopa in the peripheral blood circulation,
thus preventing levodopa from reachihg the central nervous system. In the
central nervous system, levodopa's active metabo]ite; dopamine, acts to
treat the tremors and rigidity caused by Parkinson's disease. This type.of
dfug interaction was demonstrated in a study population consisting of three
men and one woman with Parkinson's disease who had achieved stable improve-
ment (7).

The interaction between acetohexamide and phenylbutazone is an example

of an interaction resulting in the alteration of the excretion rate of a



drug. The excretjon rate of the active metabolite of acetohexamide
(hydroxyhexamide) is reduced by phenylbutazone, although the half-1ife

of acetohexamide itself is unaffected. Experiments involving nine patients,
seven with mild diabetes and two without diabetes, supported these findings
(8).

A synergistic interaction takes place when ethacrynic acid is given
with aminoglycoside antibiotics. Increased ototoxicity in the form of moa—
erate to severe permanent hearing loss was observed by Mathog and Klein (9)
inlthree uremic patients after administration of ethacrynic acid and small
doses of aminoglycoside antibiotics.

Salicylates administered with probenecid inhibit the uricosuric effects
of each medication in an antagonistic interaction. This was shown in tests
done on seven gouty and nine nongouty subjects (10).

While not well investigated, drug absorption interactions may present
a serious problem in drug therapy, especially in view of the large number
of over-the-counter medications taken by the public. An interaction of this
nature is more difficult to detect and may be viewed as a therapeutic fail-
ure by the physician if the interaction results in decreased absorption of
the drug and decreased activity (11).

There are several possible mechanisms of drug absérption interactions.
‘These mechanisms include pH effects on dissolution and ionization; changes
in gastric emptying and gastrointestinal motility; formation of complexes,
jon pairs and chelates; interference with active transport; disruption of
Tipid micelles; changes in portal blood flow; toxic effects on gastrointest-
inal mucosa; changes in volume, composition, and viscosity of secretions;
effects on mucosal and bacterial drug metabolism; changes in membrane perme-
ability; and unknown mechanisms (12)}.

According to the pH-partition theory, drugs that are weakly acidic are



best absorbed in the stomach, and drugs that are weakly basic are best absor-
bed in the small intestine (13, 14). This is because, in most jnstances,
drugs are more rapidly absorbed as the unionized drug molecule since they
are more 1ipid soluble in this state. Weakly acidic drugs, therefore, would
be predominately unionized in the stomach because of the pH 1-3 of gastric
fluid. Weakly basic drugs would have greater unionization at the pH (5-8)
found in the small intestine. ATthough the stomach should be the favored
area for absorption of weak acids, recent studies have shown these drugs to
be well absorbed from the smail intestine. For example, aspirin, although
weakly acidic, has been reported to be absorbed more rapidly from the small
intestine than from the stomach (15).

The gastrointegtina1 absorption of propantheline, a weak base, is in-
creased when given with sodium bicarbonate (16). Presumably, this is due
to an increased rate of gastric emptying which results in propantheline
reaching the site of optimum absorption more rapidly in the small intestine.

The formation of complexes, ion pairs or chelates, may result in an
increased or decreased absorption for a drug. The absorption of tetracycline
is inhibited when it chelates with metals such as calcium or iron (17).
On the other hand, when dicumarol chelates with magnesium hydroxide, a more
so]ub]é chelate is formed which enhances the oral absorption of dicumarol
(18). Ion-pair formation of a quarternary ammonium antiarrhythmic agent
with salicylate or trichloroacetate increases absorption of the agent (19).
Adsorption of drugs onto kaolin or charcoal (20); or binding to ionic ex-
change resins (21), can result in a reduction of the gastrointestinal absorp-
tion of drugs.

Several drugs are absorbed by an actiye transport process across the
small intestine. Competition at the active site between drugs and nutrients

sharing the same transport mechanism may result in a decrease in drug



absorption. For example, their absorption could be blocked by competition
at the active site with levodopa or phenylalanine (22). It has been
suggested - that chlorpromazine may inhibit enzymes involved in the active
transport of levodopa (23).
Neomycin inhibits the formation of micelles to Timit the solubility of
1ipids and decrease the absorption of cholesterol, bile acids, and vitamin
A (24). A clinically significant interaction could result from a drug which
exhibits direct effects on local gastrointestinal blood flow (25) since
splanchnic blood flow could be a rate-1imiting step in drug absorption (26).
Neomycin, p-aminosalicylic acid, and colchicine may impair the absorp-
tion of other drugs due to a toxic effect on intestinal mucosa (27). Drug
absorption may also be affected by drugs which change the viscosity, volume,
and/or composition of gastrointestinal secretions (28). The reduction of
intestinal bacterial flora by some antibiotics can affect drugs that are
normally metabolized by the gastrointestinal mucosa or bacterial flora.
Danysz and Wisniewski (29) have reported that insulin alters the permeability
of the gastrointestinal epithelium and increases the absorption of isoniazid.
The rate of gastric emptying, or the rate at which the stomach empties
its contents into the small intestine, may have a significant effect on
drug absorption from the gastrointestinal tract. This is especially true
of drugs that are weak bases or are absorbed by an active transport process
from the small intestine, since absorption from the stomach is insignificant.
Some weak acid drugs, such as aspirin, warfarin, barbiturates, and ethano]l
are also absorbed more rapidly from the small intestine because of the larger
surface area in the small intestine (30).
Food delays gastric emptying (31). Because of this, the intestinal

absorption of many drugs can be delayed if administered on a full stomach.



Dilute solutions of a drug have been shown to be absorbed more quickly
than concentrated solutions of the drug at the same dose due to a more
rapid rate of gastric emptying (32).

Propantheline, an anticholinergic agent which delays gastric emptying,
decreases the rate of absorption of acetaminophen (33). Acetaminophen is a
weakly acidic drug that is largely unionized in gastric and intestinal fluids.
Its rate of absorption is directly related to its gastric emptying rate.

In contrast, metoclopramide, a drug which accelerates gastric emptying,
increases the rate of absorption of acetaminophen (33).

Opposite effects are seen when propantheline and metoclopramide are
administered with digoxin (34). This may be due to the slow dissolution of
digoxin or its absorption from a Timited area of the intestine. The slower
rate of gastric emptying induced by propantheline could give digoxin suffic-
jent time to dissolve in the intestine and allow it to remain in contact
with its specific area of absorption for a longer period of time. Oppositev
effects would be expected with metoclopromide.

Antacids are a therapeutic class of drugs which have great potential
for drug absorption interactions. Since they may be purchased over-the-
counter, they are widely used by the public and may be taken concurrently
with a great number of other drugs.

Different types of antacids may have differing effects on the rate of
gastric emptying. Aluminum ions have been shown to delay gastric emptying,
and a combination antacid containing aluminum and magnesium jons appears to
influence gastric emptying less than an antacid containing aluminum
hydroxide alone (35). Also, buffered acetylsalicylate test meals (pH 7.0)
are emptied more rapidly from the stomach than test meals containing unbuf-

fered (pH 2.8) acetylsalicylic acid (36). An aluminum-magnesium oral sus-



pension antacid (Maa]of33 increases the rate of absorption of enteric-coated
aspirin (Ecotriﬁg3 when compared to the case where the aspirin product is
administered alone (38). A possible explanation for this effect is that

the antacid (Maa1o£R)in this case) increases the rate of gastric emptying

so that the enteric-coated aspirin can be dissolved sooner in the small
intestine for faster absorption.

The proposed research will attempt to determine what effects, if any,
various antacids have on gastric emptying rate. The antacids that will be
examined are aluminum hydroxfde, magnesium hydroxide, and a magnesijum-
aluminum hydroxide combination.

Table I lists some of the common proprietary over-the-counter antacids
containing aluminum or magnesium hydroxide, or both (38).

In order to examine the effect various antacids have on gastric emptying
rate, riboflavin will be utilized as the test drug. beof]aVin's suitability
as a test drug for this study stems from the fact that riboflavin is absorbed
by an apparent active transport process from the proximal portion of the
small intestine (39, 40). Because riboflavin absorption occurs only from a
certain portjon of the small intestine and is dependent on some kind of a
carrier enzyhe system across the intestinal mucosa, riboflavin absorption
is greatly affected by the rate of gastric emptying. The greater the rate
of gastric emptying, the less will be the extent of riboflavin absorption

and vice versa.



TABLE I.

OVER-THE~-COUNTER ANTACID PREPARATIONS
CONTAINING MAGNESIUM OR ALUMINUM HYDROXIDE®

Product Dosage Antacidb
(Manufacturer) Form
A]ketég)(Upjohn) Tablet MH
A]udrofg)(Wyeth) Tablet, Suspension AH ,MH
Alurex® (Rexa]]) Tablet, Suspension AH,MH
A1uscop (O Neal, Jones Capsu]e; Suspension AH,MH
& Feldman)

Amphoje1® (Wyeth) Tablet, Suspension A
A. M. 'FGD(Wyeth) Tablet, Suspension AH
Antacid Powder (DeWitt) Powder AH
BanacuﬂD(Buff1ngton) Tablet AH ,MH
Basa]je1® (Wyeth) Suspension, Capsule AH

. ® Tab]e?
Basaljel Extra Strength Suspension AH
(Wyeth)
BiSoDo1® (Whitehall) Tablet, Powder MiH
cama1ox® (Rorer) Suspension, Tablet AH ,MH
Creama11QD(W1nthrop) Tablet AH,MH
De]c1&g)(Merre11 National) Suspension AH ,MH
Dialume® (Armour) Tablet AH,
D1—Ge1®>(Plough) Tablet, Suspension AH,MH
Estomu1-ME)(Riker) Tablet, SuSpensfon AW
F]aciJRkAmfre-Grant) Tablet AH,MH
Ge]uminéR)(Amer. Pharm. ) Tablet AH
Gelusi1® (Warner-Chilcott)  Tablet, Suspension AH
Gelusil F]avor—Pacﬂ@ Suspension AH
(Warner-Chilcott)
Ge]usi]-Lag@ Powder AH
(Warner-Chilcott)
Gelusil O Tablet, Suspension AH,MH
(Warner-Chilcott)
G]ycogelg)(Central Pharmacal) Tablet AH
Kessadrox® (McKesson) | Syspension AH,MH
kolanty1® (Merrel1-National) Gel, Tablet, Wafer AH,MH

EAdapted from reference 38.
AH = Aluminum Hydroxide, MH =

Magnesium Hydroxide



Table I continued

Product Dosage Antacidb
(Manufacturer) Form

Kudrofg)(Kremers-Urban) Tablet, Suspension AH,MH
Liquid Antacid® (McKesson) Suspension AH ,MH
Maa]ofg)(Rorer) Suspension AH ,MH
Maalox #1® (Rarer) Tablet AH,MH
Maalox #fg)(Rorer) Tablet AH,MH
Maalox P1us® (Rorer) Tablet, Suspension AH,MH
Magna Ge]g)(North American) Suspension AH ;MH
Magnatri]qa (Lannett) Tablet, Suspension AH,MH
Magnesia and Alumina Oral Suspension MH
Suspensioﬁg)(Phi1ips Roxane)

Ma1coge1@)(Upjohn) Suspension AH
Marb]eﬁg)(F1eming) Tablet, Suspension AH
Maxamag Suspensioﬁg)(VTtarine) Suspension AH,MH
My]antSR) Tablet, Suspension AH,MH
Mylanta - IfE)(Stuart) Tablet, Suspension AH ,MH
Nora]aég)(North American) . Tablet AH
Nu’cr‘aje]® (Cenci) Suspension AH
Nutramedg)(Cenci) Suspension MH
Pamad (North American) Tablet AH
Philtips' Milk of MagnesiéE) Tablet, Suspension MH
(Glenbrook )

Sa1cedro£g)(8eecham Labs) Tablet AH
silain-Ge1® (Robins) “Tablet, Suspension AH ,MH
syntrogel® (Block) Tablet AH,MH
Trimage]ﬁ)(Columbia Medical) Tablet AH
Trisogel® (Li1y) Capsule, Suspension AH,MH
Win Ge1®)(w1nthrop) : Tablet, Suspension AH,MH



PHARMACOKINETICS

The use of urinary excretion data to assess the absorption aspects of
drugs from the gastrointestinal tract has been we11 documented (41). The
use of urinary excretion rates to study the pharmacokinetic and bjopharma-
ceutic characteristics of a drug may be examined by observing the following
scheme. ‘

kg ke
Xa — X —Xu
Scheme: 1
Where Xa represents the amount of drug at the absorption site in the gastro-
intestinal tract; ka is the rate of absorption of drug across the gastroin-
testional membrane; X is the amount of drug in the body at a certain time,

"t"; k. is the rate of elimination of drug by urinary excretion from the

e
body; and Xu represents the amount of drug in the urine.

First-order absorption and elimination by more than one route of elimina-
tion, such as by renal or biljary excretion, and drug metaboljsm can be

illustrated by the following scheme:

Y
k ki <
Xa —3aX _J"'
K, .
\e\ Xu
Scheme: 2

Where k, is the rate of elimination of a drug by extrarenal processes, and
Y is the amount of drug eliminated by extrarenal processes.

The rate constants that apply to these pharmacokinefic models are nor-
mally considered to be first-order.

The differential equation for the rate of drug absorption is shown
.in équation 1, and the integrated equation for the amount of drug
absorbed from an absorption site is represented by equation 2. In the inte-
grated equation, F represents the fraction-of oral dose absorbed, and X is

the oral dose of the drug.



dXa/dt = -kaXa » (Eq. 1)

The differential and integrated equations for the amount of drug in

Ka = FX e

the body according to Scheme 2 are presenfed in equations 3 and 4 respectively:

dX/dt = k X, - KX (Eq. 3)

X = kaFX, (e—Kt - e-kat) (Eq. 4)
K
where K = ke + k]

Equation 5 represents the differential equation for the rate of change of
unchanged drug in the urine, while equation 6 is the integrated equation for

unchanged drug in the urine.

qu/dt = keX (Eq. 5)
~Kt -kat
Xu = kekaFXo [ ] e - Ke ] (E
e A - - - q. 6)
K ka + K ka ka(K ka)

In the theory of a one-compartment model of drug distribution with first-
order kinetics of drug absorption and elimination, the rates of absorption
and elimination are directly proportional to drug concentration at the site
of each process. Urinary excretion rate data can be used to evaluate the
rate of drug absorption as well as its bioavailability characteristics.

This can be seen by examination of equation 5, where it is shown that urinary
excretion rate is directly proportional to the amount of drug in the body.

In turn, the amount of drug in the body is directly proportional to the
‘amount of drug being absorbed, as indicated in equation 4. In essence,
urinary excretion rate data reflects body levels of a drug and, therefore,
absorption and elimination characteristics of the drug.

Evidence exists that riboflavin {s absorbed by an active transport
process across the gastrointestinal tract (39, 40) and is primarily excre-
ted in the urine (42). Therefore, at doses below concentrations at which

saturation of its active transport process occurs, riboflavin will exhibit



the properties of first-order absorption and elimination indicated in the
overall discussion given above. At higher doses, riboflavin concentration
will be above the saturation point for its active transport process. This
means that riboflavin absorption will proceed by a zero-order process in-
dependent of riboflavin amount at the absorption site. Because the urinary
excretion rate of riboflavin is directly proportional to the amount of
riboflavin in the body, which, in turn, is directly proportional to the
amount of riboflavin being absorbed at its active transport site, riboflavin
1s a suitable drug to use for determining antacid effects on gastrointestinal
motility.

This case of zero-order absorption and first-order urinary excretion
of a drugimay be represented by Scheme 3:

Scheme 3

where k  represents the zero-order rate constant for absorption.

The differential and integrated equations for Scheme 3 and drug absorp-
tion are shown in equations 7 and 8. In equation 8, Xo represents the
oral dose of the drug.

an/dt = -k, (Eq. 7)
Ay = Xo ~ kot (Eq. 8)

The differential and integrated equations for drug in the body follow-

ing zero-order absorption are indicated in equations 9 and 10.

dX/dt = ko = KX (Eq. 9)
k
- _0 _ o-ket
X o= R (1-e ) (Eq. 10)

The first-order urinary excretion rate equation is the same as equation 5.
Equation 11 shows the integrated equation for the amount of drug in the

urine following zero-order absorption.

u = kot ke (- e_ket) (Eg. 11)

Ke

X



METHODOLOGY

Both in_vivo and in_vitro studies were planned to examine the possible

interaction between antacids and riboflavin.

Stability. To determine what effects, if any, storage of urine sam-
ples in a refrigerator or freezer over a period of time would have on ribo-
flavin concentration in the storage containers, the following in vitro
experiment was devised. Two one liter solutions were prepared, one solution
containing approximately 0.25 mcg./ml. of riboflavin, the other solution
being a control with distilied water. Each solutjon contained 30 ml. of
glacial acetic acid. One hundred milliliters of each solution were placed
in ten plastic urine bags. One plastic bag sample of each solution was
assayed for riboflavin. following preparation of the solutions. For the
remainder of the plastic bag samples, half were placed in a freezer at
-35o C. and the other half in a refrigerator at 7o C. The times for assay-
ing the other samples were 24 hours, 72 hours, one week, and two weeks
following preparation of the solutions. Three samples from each plastic
bag were aésayed for riboflavin content.

In Vivo Studies

Subjects. Five healthy male subjects, ranging in age from 22 to 30 years,
and in weight from 145 to 178 1bs., volunteered for the study. None of
the subjects was taking vitamin preparations for at Teast one month prior
to the start of the study. The study was conducted over a period of four
consecutive weeks in a random cross-over manner with each subject receiving

riboflayin control, riboflavin with aluminum-magnesium hydroxide oral



], ribeflavin with aluminum hydroxide ge12, or riboflayin with

suspension
. . .3
magnesium hydroxide oral suspension”.

Riboflavin Absorption Study. Each subject collecting riboflavin con-

trol urine samples observed the following procedure: A two to four hour
blank urine sample was collected the day before taking the riboflavin. The
subject fasted overnight. One hour and one-half hour before administration
of the drug, 50 ml. of water was ingested. At the time of riboflavin admin-
istration, the bladder was voided. Thirty milligrams of riboflavin was
suspended in water and ingested with water in one or more rinsings for a
total volume of 100 ml. Total urine samb]es were collected in plastic bags4
at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, and 16 hoursAafter administra-
tion, and at convenient intervals up to 36 hours after taking the drug. Food
was not ingested for four hours after taking the riboflavin. Fifty milli-
Titers of water was ingested after each collected urine sample for as long

as necessary in order to maintain adequate urinary output. Three milliliters
of glacial acetic acid were added per 100 ml. of collected urine for purposes
of protecting the riboflavin from decomposition. The urine samples were
stored in a freezer (—35°C.) or refrigerator (7°C.) until assayed.

Antacid-Riboflavin Absorption Study. For the riboflavin with ajum-

inum-magnesium hydroxide or aluminum hydroxide urine samples, the blank
urine sample procedure was repeated by each subject as for the riboflavin

control urine samples. One hour before taking the riboflavin with aluminum-

Maalox,®w. H. Rorer Cq.
Amphojefgz Wyeth Laboratories
Milk of Magnesiad, C. H. Philips Co.

1
2
3
Ynir1-pa®, Nasco



magnesium hydroxide or aluminum hydroxide, 50 ml. of water was ingested.
One hé]f hour before taking the riboflavin with the antacid, 20 ml. of the
antacid along with 30 ml. of water was ingested. At the time of riboflavin
ingestion, 20 ml. of antacid followed by 30 mg. of riboflavin in a total

of 80 ml. of water was ingested. The collection procedure was identical

to that followed for the riboflavin control samples.

During the riboflavin co-administered with magnesium hydroxide portion
of the study, the same procedure for collecting urine samples of riboflavin
with aluminum-magnesium hydroxide or aluminum hydroxide was followed except
that 10 ml. of magnesium hydroxide was taken one half hour before and at
the time of riboflavin. ingestion. The Tower dose of magnesium hydroxide
was necessary in order to minimize the possibility of a laxative effect from
magnesium hydroxide. At least one week separated each of the riboflavin
absorption studies.

Assay. The urine samples were assayed using a modified USP assay for
riboflavin (39, 43). One ml. of 2 N acetate buffer (pH 4.8) was placed in
each test tube, and five ml. of a diluted urine sample was added. One ml.
of 4% w/v potassium permanganate solution was placed in each test tube and
mixed. Two minutes later, 1 ml. of 3% v/v hydrogen peroxide solution was
added and the solution shaken on avvortex mixer until the solution cleared.
Approximately 4 ml. were transferred to cuvettes and fluorometric readings
were obtained with a filter ﬂuorometer5 at a sensitivity of 1, using
primary filter 478 and secohdary filter 2A-12. A few mg. of sodium hydro-
sulfite were then added to each cuvette containing the samples to select-

ively reduce the riboflavin for purposes of obtaining a true riboflavin

5M0de1 117, G.K. Turner Associates, Inc.



fluorometer value. This reading was subtracted from the initial reading.
Using the above assay procedure, a Beer's Law plot was obtained using
riboflavin concentrations from 0.1 to 0.5 mcg./ml.

In Vitro Studies

Procedure. Fluorometric and pH readings were recorded for twelve
different combinations of riboflavin, antacids, and water or hydrochloric
acid. The various studies performed are listed in Table II.

The so]ufions, with the exception of those from studies four, eight,
ten, and twelve, were shaken in a shaker bath for 30 minutes. Afterwards,
the solutions were centrifuged for 10 minutes at 1500 RPM.6 One ml. of
the supernatant was diluted to a volume of 25 ml. for fluorometric reading
and assayed for riboflavin content. The pH of the supernatant solution was

also recorded on a digital pH meter.7

®IEC, Model HN-S centrifuge
7Beckman pH Meter, Model 4500



TABLE II. COMBINATION OF ANTACID AND RIBOFLAVIN a
MIXTURES USED IN THE IN VITRO EVALUATIONS.

Study Ribof]avinb Antacid® Water
No.
1 15 15 0
2 15 - 5 10
3 0 15 15
4 15 0 15
| 0.01 N HCI
5 15 15 0
6 15 5 10
7 0 : 15 15
8 | 15 0 15
Water
9 5 15 10
10 5 0 25
0.01 N HC]
N 5 15 10
12 5 0 25

aQuantities indicated are in milliliters
clen micrograms per millifiter
ATuminum-Magnesium Hydroxide (Maa10£85, Aluminum Hydroxide (Amphoje]g%,

or Magnesium Hydroxide (Milk of Magnesia



RESULTS

In Vivo. The Beer's Law data are listed in Table III, and the Beer's
Law plot is shown in Figure 1. The fluorometric readings are directly
proportional to the concentrations of the standard solutions, aqd the Beer's
Law plot exhibits the typical linear relationship between fluorescence and
concentration.

Calculation of riboflavin amount in each urine sample was made by divid-
ing the corrected fluorometer reading of each sample (initial minus quenched
reading) by the slope of the Beer's Law plot and multiplying by the volume
of the urine sample (volumes less than 100 ml. were made up to 100 ml.) and
the dilution factor.

The rates of urinary excretion of riboflavin for each sample were cal-
culated by dividing the riboflayin amount for a sample by the time interval
(hr.) during which the sample was collected. To obtain a true rate of ex;re-
tion for the riboflavin ingested in ea;h study, . the urinafy excretion rate
per unit time for riboflavin in the blank urine sample for each study was
subtracted from each sample rate per time period in each study.

The composite urinary excretion rate versus time plots for the antacid
treatment for each subject compared to control studies are shown in Figures
2-16. The plots show peak rates within 0.75-2.75 hours after administration
of riboflavin with or without-the antacids. The urinary excretion rates
declined, with some secondary peaks, from the time of peak excretion rate
until about 70-20 hours after administration of riboflavin. The rates of
decline for urinary excretion rate varied among the subjects, as ref]ected.
in the figures.

The composite cumulative amounts of riboflavin excreted yersus time

(mid-point) for each subject are shown in Figures 17-21. After initial sharp



TABLE III. FLUORESCENCE READINGS AS A FUNCTION
: OF RIBOFLAVIN CONCENTRATION

Riboflavin Concentration Fluoromefric
(mcg./ml.) Reading
0.1 16
0.2 32
0.3 48.5
0.5 82.5

8nitial minus quenched reading
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Figure 1. Fluorescence readings as a function
of riboflavin concentration.
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Figure 2. Urinary excretion rate of riboflavin as a function
of time for control (@ ) and aluminum-magnesium
hydroxide ( Q) studies in subject A.
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Figure 3. Urinary excretion rate of riboflavin as a function
' of time for control (@ ) and aluminum hydroxide
(O) studies in subject A.



EXCRETION RATE, mcg/h

5000.

500)

100,

23

Figure 4.

T IME, hours

Urinary excretion rate of riboflavin as a function
of time for control ( & ) and magnesium hydroxide
(A) studies in subject A.
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Figure 5. Urinary excretion rate of riboflavin as a function
: of time for control ( Q) and ajuminum-magnesium
hydroxide ( Q) studies in subject B.
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Figure 6. Urinary excretion rate of riboflavin as a function
of time for control (€ ) and aluminum hydroxide
([O) studies in subject B.
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Urinary excretion rate of riboflavin as a function
of time for control (€ ) and magnesium hydroxide
(A ) studies in subject B.
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Figure 8. Urinary excretion rate of riboflavin as a function
of time for control ( €@ ) and aluminum-magnesium
hydroxide (Q ) studies in subject C.
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Figure 9.. Urinary excretion rate of riboflavin as a function
of time for control (€ ) and aluminum hydroxide
(O) studies in subject C.
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Urinary excretion rate of riboflavin as a function
of time for control (@) and magnesium hydroxide
(A ) studies in subject C.
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Figure 11. Urinary excretion rate of riboflavin as a function
of time for control (€ ) and aluminum-magnesium
hydroxide (O ) studies in subject D.
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Figure 12. Urinary excretion rate of riboflavin as a function
. of time for control (@ ) and aluminum hydroxide
(O) studies in subject D.
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Figure 13. Urinary excretion rate of riboflavin as a function
of time for control (@ ) and magnesium hydroxide
(A ) studies in subject D.



EXCRETION RATE, mcg/h

5000

1000 |

500 A

1001

33

of time for control (@) and aluminum-magnesium
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Figure 14. Urinary excretion rate of riboflavin as a function
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Figure 15. Urinary excretion rate of riboflavin as a function
of time for control (& )} and aluminum hydroxide
(B8 ) studies in subject E.
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Figure 16. Urinary excretion rate of riboflavin as a function
of time for control ( ® ) and magnesium hydroxide
(A ) studies in subject E.
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Cumulative amount of riboflavin excreted as a function
of time for control (@ ), aluminum-magnesium hydroxide
(O), aluminum hydroxide (LI ), and magnesium

" hydroxide (A ) studies in subject A.
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Figure 18.
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Cumulative amount of riboflavin excreted as a function
of time for control ( @), aluminum-magnesium hydroxide
(O), aluminum hydroxide ( O), and magnesium
hydroxide (A ) studies in subject B.
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Figure 19. Cumulative amount of riboflavin excreted as a function

of time for control ( @ ), aluminum-magnesium hydroxide
(©O.), aluminum hydroxide (O ), and magnesium
hydroxide ( A ) studies in subject C.
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Cumulative amount of riboflavin excreted as a function
of time for control (€ ), aluminum-magnesium hydroxide
(O ), aluminum hydroxide ( OO ), and magnesium
hydroxide { A ) studies in subject D.
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hydroxide (4 ). studies in subject E.
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rises in amount of riboflavin excreted, the plots tended to level off at
Jater times. The times of peak urinary excretion rate of riboflavin for
each subject under each experimental condition, along with the means and
standard deviations for each study, are shown in Table IV. Based upon

the averaged data, aluminum hydroxide gel administration resulted in the
longest time to peak riboflavin excretion. This was fo]]owéd by time to
peak for magnesium hydroxide. The control studies with riboflavin alone
and the antacid treatment with aluminum-magnesium hydroxide resulted in the
shortest time to peak urinary excretion rates of riboflavin.

Ta51e V shows the peak excretion rates for each subject under the dif-
ferent experimental studies plus the means and standard deviations for each
Study. With reference to the mean values, magnesium hydroxide administration
resulted in the greatest peak excretion rate for riboflavin, with aluminum
hydroxide and aluminum-magnesium hydroxide co-administration producing
approximately the same'peak excretion rates for riboflavin. The ribo-
flavin controls showed the Towest peak excretion rates in these studies.

Magnesium hydroxide administration resulted in the highest bioavail-
ability for riboflavin excretion as measured by the amount excreted in the
urine. This was followed, in order, by aluminum-magnesium hydroxide co-admin-
1stration; riboflavin control, and aluminum hydroxide gel. These results
are summarized in Table VI.

Paired-t tests were performed between the control and antacid with
riboflavin studies for each subject in each category of data: availability,
‘time of peak, and peak rate. Significant differences (p <0.05) were obser-
ved between the control and aluminum hydroxide treatment for the time of
peak and peak rate data.

From the in vitro experiments, the mean amount of riboflavin in each



TABLE IV. TIME TO PEAK RIBOFLAVIN® EXCRETION RATE IN
CONTROL AND ANTACID TREATED SUBJECTS (hr).

Subject Control Aluminum-Magnesium Aluminum Magnesium
‘ Hydroxide Hydroxide Hydroxide
A 2.25 1.75 2.25 1.75
B o 0.75 2.25 | 2.25 2.25
c 1.25 : 1.25 2.25 » 2.75
D 0.75 , 1.25 2.25 1.75
E 2.25 0.75 2.75 2.25
Mean 1.45 .45 2.35 2.15
S.D. 0.75 0.57 0.22 | 0.41

§R1b0f1avin Dose = 30 mg.
p < 0.05, Paired t - test compared to control.

7t



TABLE V. PEAK EXCRETION RATE OF RIBOFLAVIN® IN CONTROL
AND ANTACID TREATED SUBJECTS (mcg./hr.).

Subject Control ATuminum-Magnesijum Aluminum Magnesium
Hydroxide Hydroxide Hydroxide
A 2394 2811 2826 2337
B | 673 1476 822 1391
C | 1247 653 1301 1512
D : 787 1437 1010 2176
E 631 552 968 800
Mean 1146 1386 13860 1643
S.D. 739 904 824 624

§R1b0f1avin Dose = 30 mg.
p < 0.05, Paired t - test compared to control.

Ch



TABLE VI. BIOAVAILABILITY OF RIBOFLAVI[ga IN CONTROL
AND ANTACID TREATED SUBJECTS".

Subject Control ATuminum-Magnesium ATuminum Magnesium
Hydroxide . Hydroxide Hydroxide
A 38.0 43.7 29.1 31.1
B 12.1 .‘ 23.2 15.6 24.9
C 24.0 12.5 20.1 28.7
D 13.6 23.4 16.1 23.8
E 19.4 21.8 24.1 19.9
Mean 21.4 24.9 21.0 | 25.7
5.D. 9.3 10.2 5.1 3.9

JRiboflavin Dose = 30 MG.
Cumulative amount riboflavin excreted/dose X 100

B+
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study, the percent of riboflayin bound to antacid, and the mean pH of

each study were calculated from the five samples in éach'study. The amount
of riboflavin in each sample was calculated as described in the in vivo
studies except that the dilution factor was excluded. The percent of ribo-
flavin bound to antacid was calculated by subtracting the amount of ribo-
flavin free in the presence of antacid from the amount of riboflavin in a
control study and dividing that value by the amount of riboflavin .in the
appropriate control set.

The percent riboflavin binding in the presence of each antacid as a
function of riboflavin concentration and antacid amount is shown in Table
VII. Thé percent binding of antacid to riboflavin was comparable at both
riboflavin concentrations in each study. Riboflavin binding to magnesium
hydroxide was the highest followed by aluminum hydroxide and aluminum-
magnesium hydroxide.

The data for percent antacid binding to riboflavin as a function of ant-
acid amount, indicates that the greater the antacid amount, the greater
the binding of riboflavin to antacid. Once again, as in the preceding data,
magnesium hydroxide exhibited the highest percent of binding to riboflavin,
followed, in order, by aluminum hydroxide and aluminum-magnesium hydroxide.

The studies to examine the effect of adding 0.01 N HC1 on the pH of
the ribdf]avin—antacid mixtures are included in Table VIII. The inclusion
of magnesium hydroxide in the mixture resulted in the highest pH readings,
followed, in order, by aluminum-magnesium hydroxide and aluminum hydroxide.

In all of the above in vitro experiments, hydrochloric acid was added
to approximate the effect of the neutralizing capabilities of each antacid
and the effect on riboflavin binding. The effect of the addition of 0.01

N HC1 on the suspension pH is also included in Table VIII.



TABLE VII
PERCENT RIBOFLAVIN BOUND AS A FUNCTION OF RIBOFLAVIN
AND ANTACID CONCENTRATION AND VEHICLE.

Antacid Combination® Initial concentration of Riboflavin
1.7 mcg/mi 5.0 mcg/ml

AMH (15) -8.80 (3.83)P 2.20 (2.68
AMH (5) 0.20 (5.07)
AMH(15) + HC1(10) 4.80 (9.50) 7.00 (3.67)
AMH (5) + HC1(10) 0.60 (2.88)
AH (15) 27.4 (5.22) 29.0 (2.74)
AH (5) 5.60 (7.27)
AH (15) + HC1(10) 21.2 (7.12) 20.2 (6.91)
AH (5) + HC1(10) 9.72 (7.79)
MH (15) ' 75.8 (4.09) 77.4 (9.45)
MH (5) 69.6 (13.2)
MH (15) + HC1(10) 72.2 (5.07) 71.6 (9.26)

MH (5) + HC1(10) 64.6 (4.93)

ANumbers in parenthesis equal volume of antacid or 0.0IN HC1 used.

AMH = aluminum » AH = Aluminum » MH = Magnesium hydroxide
magnesium hydroxide
hydroxide

b

%ZRiboflavin Bound, Mean * S.D.



TABLE VIII
EFFECT OF ANTACID AND HCT CONCENTRATION ON
pH OF RIBOFLAVIN - ANTACID SUSPENSIONS

Antacid Combination® _ 5 m1b 15 m]b

C C
AMH 8.29 (0.05) - 8.26 (0.04)¢
AMH + HC1 (10) 7.61 (0.05) 8.21 (0.03)
AH ‘ 6.74 (0.12) 7.02 (0.10)
AH + HC1 (10) 5.98 (0.18) 7.07 (0.08)
MH 9.62 (0.13) 9.59 (0.08)

MH + HC1 (10) 9.58 (0.08) 9.65 (0.09)

ANumbers in parentheses equal volume of 0.01 N HC1 used. AMH = aluminum
magnesium hydroxide, AH = aluminum hydroxide, MH = magnesium hydroxide.
CVo]ume of antacid

Mean pH reading + S.D.



TABLE IX. STABILITY OF RIBOFLAVIN UNDER VARYING STORAGE CONDITIONS

Time (days) No. Refrigerator (7 oC) Freezer (-35 oC)
_ (mcg/m1) (mcg/m1)

0 3 ©0.248 + .07 0.248 + .01

1 3 0.230 + .007 0.245 + .009

3 .3 0.220 + .020 0.260 + .003

7 3 0.213 + .0122 0.232 + .010

14 3 0.228 + .009 0.265 + .016

8 <0.05, "t"-test compared to day "0"
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The stability data, presented in Table IX indicates the means and standard
deviations of the stock solution and the various riboflavin solutions under
the different time intervals and storage conditions. The controls (no

riboflavin present) had no fluorometric readings.



DISCUSSION

In order to investigate whether the storage of riboflavin in the plastic
bags would Tead to a problem in stability, the studies outiined in the
experimental section were run. From the data presented in Table IX it would
appear that storage conditions (freezer or refrigerator) or the time inter-
val before the riboflavin assay had no significant effect on riboflavin con-
centration in the urine samples, nor was there any significant binding of
riboflavin to the plastic bag under the stordge conditions. No fluorescence
due to leaching of plasticizers from the bags was observed. These studies con-
firm that riboflavin stability would not be a problem during the time period
from sample collection to assay.

The usual recommended daily allowance for riboflavin is 1-2 mg (44).
Because the dose of riboflavin given to the subjects in the in vivo experi-
ments was 30 mg., and because the subjects had not taken vitamins fof at
least 30 days and had an overnight fast, the urinary excretion data for
ribdf]avin can be said to reflect the elimination of riboflavin ingested
during the experiments.

The results presented in Figures 2-16 are similar to the data reported
by Levy and Jusko (39, 40) for riboflavin administered as a suspension to
man. Inspection of the data presented in these findings for all five subjects
reveals a number of smaller peaks in the excretion rate versus time profiles
after the intial peak. These peaks are most likely due to the bile - media-
ted enhanced absorption of riboflavin (42). It is of interest to note that
these "peaks" occur at the approximate time of meal ingestion (4 and 8 to
10 hours after the dose).

The cumulative amount of riboflavin excreted versus time plots

shown in Figures 17 to 21 clearly shows the differences in bioavailability



~ of riboflavin from each treatment. Riboflavin absorption from the control
studies ranged from 12.1 to 38.0 percent with a mean value of 21.4 percent.
This is in good agreement with the 15 percent recovery reported by Levy and
Jusko (40).

Aluminum hydroxide gel administration resulted in a significant (p <0.05)
delay in the time of peak excretion rate compared to control values (average
increase of 0.9 hour) based upon a paired "t"-~test. This is consistent
with the reported activity of aluminum ion as a smooth muscle relaxant (36).
The smooth muscle relaxing effect of aluminum hydroxide would reduce the
gastric emptying rate and result in a delay in the time of riboflavin reach-
ing the optimum absorption site in the small intestine. Corresponding to
the delay in time of peak excretion rate of riboflavin with co-administration
of aluminum hydroxide gel, an increase in the magnitude of the peak rate was
noted. This 1is consistent with a reduction in the amount of riboflavin
reaching the absorption site in the small intestine ber unit time period and
would aliow for greater absorption over a given time period. No increase in
bioavailability of riboflavin was noted in aluminum hydroxide gel treated
subjects.

The administration of magnesium hydroxide suspension produced the high-
est overall peak excretion rate and bjoavailability of riboflavin based
upon mean values. However, these differences were not significant when
evaluated by a paired "t"-test, although an increase in both peak excretion
rate and bioavailability was noted in four out of the five subjects studied.
Additional subjects would be necessary to determine if magnesium hydroxide
suspension does alter ribof]av%n absorption. It is important to note that
in studies in rats (45) which were administered magnesium hydroxide by

gastric intubation, gastric volume was increased by 99% over control values



following administration of the antacid. This was reportedly due to an
increase in water flux into the gastric pouch following antacid adminis-
tration (45). The increase in volume could result in a decrease in the
percenf of gastric contents entering the small intestine. A larger increase

in gastric volume (197%) was noted following aluminum hydroxide administration.

Also of importance are the in vitro binding studies (Table VII). These

studies have revealed a number of important facts. For example, the in vitro
data shows that riboflavin produced the highest percent binding to magnesium
hydroxide (approximately 70%). Therefore, less riboflavin should be avail-
able for absorption in the small intestine and a lower peak excretion rate
and Tower bioavailability of riboflavin shoﬁ1d result. However, it has

been reported (46) that many complexation or adsorption interactions of

drugs are completely reversible and therefore, do not alter drug absorption

or bioavailability. A similar case may be made for the in vitro binding of

riboflavin to aluminum hydroxide gel where between 6 and 27 percent of the
vitamin was'bound depending upon the initial éoncentration of antacid. No
ribofiavin concentration dependence was noted with magnesium or aluminum
hydroxide.. |

What is puzzling is the apparent absence of an interaction between ribo-
flavin and the magnesium-aluminum hydroxide combination. This may indicate
that the interaction of riboflavin with fhe suspension dose forms may involve
an interaction with some other ingredienf in the suspension containing the
antacids since if both‘magnesium and aluminum'hydroxide ihteract with ribo-
flavin one would expect the combination to also bind riboflavin. Further
studies are necessary to explore this phenomenon.

Another possibility for an alteration of riboflavin absorption in the

presence of antacids is the increased volume of the gastric contents due



to the antacids. If this occurs in man, the increased yalume may result in
an increase in dissolution rate of riboflavin in the gastrointestinal tract
and result in a change in bioavailability.

The results of the present study would indicate that administration
of antacids may result in a change in gastric emptying and theréfore may
produce a chénge in the absorption of a second drug administered in the
presence of the antacids. The potential importance of this interaction

needs further study.



BIBLIOGRAPHY

(1) E. A. Hartshorn, "Handbook of Drug Interactions," 2nd ed., Drug
Intelligence, Hamilton, I11., 1973, p. 4.

(2) 0. L. Peterson and M. Finland, Amer. J. Med. Sci., 204, 581 (1942).

(3) Anon, J. Amer. Med. Ass., 220, 1287 (1972).

(4) R. C. Northcutt, J. N. Stiel, J. W. Hollifield, and E. G. Stant,
J. Amer. Med. Ass., 208, 1857 (1969).

(5) P. M. Aggeler, R. A. O'Reilly, L. Leong, and P. E. Korwitz, New Engl.
J. Med., 276, 496 (1967).
(6) A. S. Nies and J. A. Oates, Amer. J. Med., 51, 812 (1971).

(7) A. S. Leon, H. E. Spiegel, G. Thomas, and W. B. Abrams, J. Amer. Med.
Ass., 218, 1924 (1971).

(8) J. B. Field, M. Ohta, C. Boyle, and A. Remer, New Engl. J. Med., 277,
889 (1967).

(9) R. H. Mathog and W. J. Klein, Jr., New Engl. J. Med., 280, 1223 (1969).

(10) L. R. Pascale, A. Dubin, D. Bronsky, and W. S. Hoffman, J. Lab. Clin.
Med., 45, 771 (1955).

(11) L. F. Prescott, in "Drug Interactions," P. L. Morselli, S. Garattini,
and S. N. Cohen, Eds., Raven, New York, N. Y., 1974, p. 11.

(12) L. F. Prescott, in "Drug Interactions," P. L. Morselli, S. Garattini,
and S. N. Cohen, Eds., Raven, New York, N. Y., 1974, p. 12.

(13) B.B. Brodie, in "Absorption and Distribution of Drugs," T. B. Binns,
Ed., Williams and Wilkins, Baltimore, Md., 1964, pp. 16-48.

(14) T. B. Binns, Brit. J. Hosp. Med., 6, 133 (1971).

(15) ?. S1gra1a, 0. Mustala, and J. Jussila, Scand. J. Gastroent., 4, 269
1969

(16) D. M. Chaput de Saintonge and A. Herxheimer, Europ. J. Clin. Pharmacol.,
5, 239 (1973).

(17)

P. Neuvonen, G. Gothoni, R. Hackman, and K. Bjorksten, Brit. Med. J.,
4, 32 (1970).

(18) J. J. Ambre and L. J. Fischer, Clin. Pharmacol. Therap., 14, 231 (1973).

(19) M. Gibaldi and B. Grundhofer, J. Pharm. Sci., 62, 343 (1973).

(20) P. F. Binnion and M. McDermott, Lancet, 2, 592 (1972).



(21)
(22)

(23)
(24)

(25)
(26)

(27)

(28)
(29)
(30)
(31)

(32)
(33)
(34)
(35)

(36)
(37)
(38)

(39)
(40)

D. S. Robinson, D. M. Benjamin, and J. J. McCormack, Clin. Pharmacol.
Therap., 12, 491 (1970).

J. Bianchine, L. R. Calimlim, J. P. Morgan, C. A, Dujuvne, and L.
Lasagna. Ann. N. Y. Acad. Sci., 179, 126 (1971).

L. Rivera-Calimlim, Brit. J. Pharmacol., 46, 708 ((1972).

J. A. Barrowman, A. D-Mello, and A. Herxheimer, Europ. J. Clin.
Pharmacol., 5, 199 (1973},

B. P. Curwain and P. Holton, Brit. J. Pharmacol., 46, 225 (1972).

A. Haass, H. Liillmann, and T. Peters, Europ. J. Pharmacol., 19,
366 (1972).

D. J. Webb, R. B. Chodos, C. Q. Mahar, and W. W. Falcon, New Engl. J.

Med., 279 845 (1968).
G. Levy and B. K. Rao, J. Pharm. Sci., 61, 279 (1972).

A. Danysz and K. Wisniewski, Materia Medica Polona, 2, 35 (1970).

R. R. Levine, Digest Dis., 15, 171 (1970).

%. Kogima, R. B. Smith, and J. T. Doluisio, J. Pharm Sci., 60, 1639
1971).

J. L. Borowitz, P. F. Moore, G. K. W. Yim, and T. S. Miya, Toxicol.
Appl. Pharmacol., 19, 164 (1971).

J. Nimmo, R. C. Heading, P. Tothill, and L. F. Prescott, Brit. Med.
J., 1, 587 (1973).

¥. Ma?nfnen, A. Apajalahti, J. Meiin, and M. Karesoja, Lancet, 1, 398
1973).

A. Hurwitz, in "Drug Interactions," P. L. Morselli, S. Garattini,
and S. N. Cohen, Eds., Raven, New York, N. Y., 1974, pp. 27, 29.

A. R. Cooke and J. N. Hunt, Amer. J. Digest. Dis., 15, 95 (19700

S. Feldman and B. Carlstedt, J. Amer. Med. Ass., 227, 660 (1974).

W. R. Garnett, in "Handbook of Nonprescription Drugs," 5th Ed.,
R. P. Penna, Project Director, American Pharmaceutical Association,
Washington, D. C., 1977, pp. 13-17.

G. Levy and W. Jusko, J. Pharm. Sci., 55, 285 (1966).

W. Jusko and 6. Levy, J. Pharm. Sci., 56, 58 (1967).




JU

(41) M. Gibaldi and D. Perrier, "Pharmacokinetics," Marcel Dekker, New York,
N. Y., 1975, pp. 33-34, 40-41.

(42) G. Levy, L. L. Mosovich, J. E. Allen, and S, J. Yaffe, J. Pharm. Sci.,
61, 143 (1972).

(43) Anon, "United States Pharmacopoeia," T6th Revision, Mack, Easton,
Pa., 1960, p. 907.

(44) C. W. Taber, "Taber's Cyclopedic Medical Dictionary," 11th ed., F. A.
Davis, Philadelphia, Pa., 1970, p. App. 87.

(45) A. Hurwitz, J. Pharmacol. Exp. Therap., 179, 485 (1971).

(46) M. Gibaldi, "Introduction to Biopharmaceutics," Lea & Febiger,
Phitadelphia, Pa., 1971, pp. 31-33.



