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There is no longer any doubt that the bioavailability of drug products may vary. 
Rather, the question now is whether the variation in the absorption of marketed 
products has any therapeutic consequences, be they production of toxic effects or 
reduction in therapeutic effects. These alterations in effect may be due either to 
changes in the rate and/or extent of absorption from the dosage form, that is, 
bioavailability . 

Previous reviews (1-3) have concentrated on the biopharmaceutical and method­
ological aspects of bioavailability testing. Instead, we plan to document any thera­
peutic consequences that have occurred as a result of alterations in bioavailability. 
The expert panel on drug bioequivalence of the Office of Technology Assessment 
(4) recently stated there were few documented reports of clinical problems asso­
ciated with bioavailability. They cautioned, however, that since the vast majority of 
products had not been studied, it could not a priori be stated no problems exist. The 
latter point should be emphasized in any review on the therapeutic implications of 
bioavailability. 

How much change is needed in the bioavailability of a product before clinical 
consequences will ensue? The answer to this question will vary with the drug. Small 
differences in bioavailability are more likely to alter the therapeutic response of 
drugs that have either a steep dose-response curve or a small therapeutic-toxicity 
ratio. Most clinically useful drugs have relatively flat dose-response curves making 
it likely that only marked differences in bioavailability will alter the therapeutic 

'Studies by authors were supported, in part, by grant OM 15956 from the United States 

Public Health Service. 
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54 AZARNOFF & HUFFMAN 

response. Variation in bioavailability will produce a greater alteration in the thera­
peutic response at the lower than at the upper end of the curve (5). Bioavailability 
differences also become more important with drugs that have significant first-pass 
effects or capacity-limited absorption or metabolism. 

Except for an occasional example, we do not intend to discuss variations due to 
chemical differences, such as salt or ester formation, since it is assumed that when 
a physician prescribes by generic name the pharmacist will fill the prescription with 
the same chemical form prescribed. Likewise, although controlled-release prepara­
tions pose significant bioavailability problems, they will not be discussed to any 
extent. An example of both types of problems can be seen in the studies of Svedmyr, 
Harthon & Lundholm (6) who demonstrated a direct relationship between the 
plasma concentration and pharmacological effects of nicotinic acid. Nicotinic acid 
given orally as regular tablets was absorbed and eliminated rapidly, resulting in large 
fluctuations in plasma nicotinic acid concentrations. In contrast, irregular and 
transitory elevations of nicotinic acid levels in the plasma occurred 5 hr after 
administration of an enteric coated tablet. A third preparation, pentaerythritol 
tetranicotinate produced moderate but consistent and prolonged levels. With equiv­
alent doses of nicotinic acid, the acid form produced a greater free fatty acid (FF A) 
decrease of shorter duration as well as a more pronounced flush than the ester (7). 
The decrease of FF A produced by the acid form was followed by a secondary 
prolonged FFA elevation which was not seen with the ester. There is also evidence 
that the sodium salt of most barbiturates is more rapidly absorbed than the acid 
form (8). 

ANTIBIOTICS AND CHEMOTHERAPEUTIC AGENTS 

A number of investigations have been reported demonstrating varying degrees of 
bioavailability inequivalence of antibiotics determined by the area under the plasma 
concentration x time curve (AVC), peak plasma levels, or excretion in urine. 
However, documentation of therapeutic inequivalence is not readily available and 
must be inferred. Even infectious disease specialists have not decided whether the 
peak height or AVe is the important determinant of therapeutic efficacy. The 
clinical trial is not sensitive enough to determine significant differences in relative 
efficacy of antibiotics (9), since it is not possible in many studies to determine if the 
antibiotic had an effect on the course of the disease in as many as one fourth of the 
patients. 

The purpose of chemotherapy is to hinder bacteria from multiplying for an initial 
period during which the animals' natural defenses are inadequate (10). After this 
initial period of low resistance, antibiotic therapy becomes less important as animals 
acquire a greater endogenous resistance to infection. With bacteriostatic agents the 
results of studies in mice are consistent with the hypothesis proposed by Kriiger­
Thiemer & Burger (II) that an adequate concentration of drug must be maintained 
uninterruptedly. The optimal effect with bactericidal antibiotics, however, is to be 
expected even if the level intermittently falls below the minimum inhibitory concen­
tration (MIC). 
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THERAPEUTIC IMPLICATIONS OF BIOAVAILABILITY 55 

The MIC range for common pathogens is 0.10--12.5 /kg/ml (12-14). For a given 
organism, the in vitro MIC is thought to be a rough index of in vivo serum levels 
required for satisfactory therapeutic response (12). Comparing in vitro sensitivity 
of bacteria to antibiotics and the concentration of these drugs in serum with clinical 
results, Pullen (15) stated therapeutic blood levels should be maintained 2-5 times 
in vitro MIC. When the peak titer of bacteriostatic activity in serum was equal to 
or greater than 1 :8, the infection was cured in at least 80% of the cases. The cure 
in patients with urinary tract infections was 90% if the titer of bacteriostatic activity 
in urine was equal to or greater than 1:4 (16). However, efficacy also depends on 
the ability of a drug to reach the site of inflammation. The peak blood level gives 
little indication of tissue levels, the latter often being as much as 50% less (17). If 
the antibiotic is rapidly excreted, the concentration in tissue fluid is particularly 
unpredictable. With drugs of this type, constant serum levels should be maintained 
to assure that tissue concentration is satisfactory (17). 

The therapeutic response to isoniazid (INH) is better with a moderate dose 
(400 mg) than a small dose (200 mg); a single 400 mg dose is better than the same 
dose given as 200 mg twice a day (18). The higher peak level and better therapeutic 
response with the single dose are compatible with animal studies in which the best 
bacteriostatic and bactericidal effect is obtained when actively growing organisms 
are exposed to high concentrations of the drug (19). In treatment with INH alone, 
increasing the dosage enough to raise the peak concentrations 600% only produced 
a 50% improvement in therapeutic response (18). A complicating factor in the 
therapeutic use of INH is that some patients are slow and some fast acetylators of 
this drug. In one study (20), by six months, mycobacteria were still found in the 
sputum of only a few patients receiving INH, PAS, and intermittent streptomycin. 
The only significant difference among the patients occurred at 2-3 months when 
more than 50% of the patients with an INH blood level greater than 0.4 /kg/ml at 
6 hr following a dose had converted to a bacteriologically negative sputum, whereas 
only approximately 35% of those with levels less than 0.4 ,...g/ml had converted. 
The higher levels were found in the slow acetylators and the lower levels in the rapid 
acetylators. 

Slow and fast acetylators may respond differently depending upon the dosage 
form. Controlled-release tablets given at 30 mglkg in fast acetylators produced the 
same blood level as 10 mglkg of the regular formulation in slow acetylators. The 
matrix preparation had a lower peak level, however, than regular INH in the slow 
acetylators (21). Levy & Gelber (22) in an excellent review declared 50% greater 
dosage is needed for fast acetylators and that the greatest efficacy with the least 
toxicity will be obtained when the absorption characteristics of the formulation 
maximizes the peak while minimizing the AVC. No difference in AVC or peak 
levels was observed in an evaluation of six commercial INH formulations (23). 
Efficacy of any INH regimen in the treatment of tuberculosis is increased by addi­
tional drugs. making it unlikely that any but the most marked bioavailability differ­
ences in INH formulation will be therapeutically significant. 

In a study by Barr et al (24) brand A of tetracycline produced blood levels of 
3-5 ,...g/ml compared to 2-3 /kg/ml for brand B. The authors stated that if the MIC 
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were greater than 3.0 fLg!ml, patients would respond better to A than B. They also 
found marked variation in absorption between subjects and felt the poor absorbers 
would do better with A than B. They also suggested that more drug remained within 
the gastrointestinal tract with product B, increasing the possibility of nausea, local 
irritation, and alteration in normal flora with overgrowth of nonsusceptible organ­
isms. Poor and good absorbers of tetracycline have been noted by others (25) and 
with drugs other than antibiotics (26, 27) and may be particularly important with 
drugs of marginal bioavailability. 

Peak plasma levels below the usually accepted 0.6 fLg!ml MIC were observed 
with 7 of 16 lots of 250 mg oxytetracycline dosage forms given to fasting subjects. 
In 6 of the 7 the levels were lower than the TerramycinS standard at all four time 
points studied (28). Seven comparison products were also markedly lower and more 
variable than Terramycin at 2, 3, and 6 hr after ingestion in another study (29). 
Although the mean level attained with all six products being compared to Terramy­
cin in another study (30) was above the MIC, mean levels can be misleading as 
demonstrated in the evaluation of 7 oxytetracycline and 2 tetracycline products 
marketed in Norway (31). Even though the mean value appeared satisfactory, 

. insignificant or nondetectable levels were found in 2-3 of the 10 volunteers with 
some products. 

Mean peak chloramphenicol plasma levels were 2.7,6.3,5.2, and 10.9 fLg/ml and 
AVC 34,61,53, and 100% (ChloromycetinGll) in a study of four formulations of this 
antibiotic (32). The peak levels attained by Chloromycetin ranged from 8.9-12.9 
fLg!ml, whereas the product with the poorest absorption was 0.7-5.1 fLg/ml. This 
study was in healthy volunteers, but One can assume that poor therapeutic results 
have occurred in an occasional patient using the latter product since levels greater 
than 10 fLg!ml are required for in vitro bacteriostasis of the majority of sensitive 
organisms (33, 34). However, single-dose studies may also be misleading. When 
Chloromycetin was compared with Amphicol, the mean concentration of chloram­
phenicol was greater following Chloromycetin than following Amphicol® for the 
initial 1-2 hr of the initial two dosing periods. With continued dosing, however, 
Amphicol produced higher levels than Chloromycetin (35). 

Suspensions of micronized and "regular" sulfadiazine produced considerable 
differences in single-dose blood levels in humans (36), but again therapeutic differ­
ences can only be inferred. In another study, Van Petten et al (37) found differences 
in the bioavailability among four different brands of sulfadiazine and a suspension 
they did not consider therapeutically important. These investigators, however, 
stressed that at least during the loading phase of treatment in patients with a 
life-threatening infection, a completely and rapidly bioavailable product should be 
used. 

Studies with griseofulvin have included correlations of bioavailability with clinical 
effects. One hundred and twenty-five mg tablets of griseofulvin particles with a 
specific surface area of 1.0 m2/g given twice daily for 4 weeks produced a 95% cure 
rate in patients treated for favus. A similar dose of griseofulvin with a specific surface 
activity of 0.4 produced cures in only 65% (P < 0.02) (38). Similar results were 
reported by others (39) utilizing a historical comparison to the product containing 
the coarser material rather than a comparative trial. 
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Pascorbic@ (PAS crystallized from a solution of ascorbic acid) supposedly has 
fewer gastrointestinal side effects and greater AUC than other forms of PAS permit­
ting lower doses in the treatment of tuberculosis. However, Pentikiiinen et al demon­
strated that the AUC was less for Pascorbic (40) than for rapid dissolution sodium 
p-aminosalicylic acid tablets. The faster rate of absorption allows more PAS to 
escape acetylation by the capacity-limited enzyme activity during the first pass. 

Other substances in the tablet besides active ingredients may result in therapeutic 
problems. Renal tubular acidosis may result from chemical changes that occur with 
prolonged storage of tetracycline. Degradation may be accelerated by citric acid and 
decreased by lactose (41), substances frequently found in dosage forms. Contami­
nants, such as allergenic residues in penicillin preparations, may also vary among 
products (42). 

The concentration of nitrofurantoin in urine, not blood, is paramount in impor­
tance in the effective use of this drug. In contrast. nausea and vomiting are adverse 
effects which appear to be related to dos€; and blood level (43). Since nitrofurantoin 
has limited water solubility, dissolution and the rate of absorption are directly 
related to crystal size. Therefore, the administration of the macro crystal should 
decrease the peak concentration in plasma as well as the incidence of nausea and 
vomiting without significantly altering the concentration of the drug in the urinary 
tract. Less gastrointestinal intolerance was reported with the large crystal prepara­
tion in 112 patients with a previous history of this side effect. A direct comparison 
was not done and these complaints are quite·subjective; therefore, one must wonder 
about the validity of the interpretation because in 287 patients without previous 
intolerance, no difference was observed in the incidence with regular and macroni­
trofurantoin (14 vs 8%). The cure rate was better than 80% with both (44). Signifi­
cantly greater amounts of nitrofurantoin were found in the urine after ingestion of 
tablet than after a capsule formulation; however, both achieved a concentration of 
at least 30 J.tg/ml, a level that will eradicate at least 90% of most strains of 
Escherichia coli (45). This concentration was achieved within 4 hr regardless of 
whether the formulation consisted of regular or macro crystals (46). Two of 14 
nitrofurantoin products. however, did not produce minimally acceptable concentra­
tions of the drug in urine (47). 

MacLeod et al (48) evaluated three brands of ampicillin in a crossover study in 
healthy volunteers. Brands B and C had 78% and 72% of the mean AUC of Brand 
A. The peak levels were 4.21 J.tglml for A and 3.13 and 2.87 for B and C respec­
tively. These authors point out that the Canadian Health Protection Branch consid­
ers 80% or more of a reference standard as satisfactory (49). We cannot determine 
the therapeutic basis for such a standard. This statement is interesting in view of 
the observation that a minor modification in the fraction of dispersing agent im­
proved the performance of Novoampicillin8 (B) so that it became 17% better than 
Penbritin8 (A) (50). Obviously, the product with the best absorption should be the 
reference standard since products that are incompletely absorbed have the greatest 
potential for erratic absorption. even within the same individual. It has been sug­
gested that pro drug forms of ampicillin (hetacillin) could be utilized to improve 
ampicillin absorption since the former is hydrolyzed to ampicillin in the plasma 
(51). 
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Variable results have been reported for the bioavailability of erythromycin formu­
lations studied in a variety of ways (single vs chronic dosing, food vs fasting, etc) 
(52-57). In general, the estolate is better absorbed than the stearate in single- and 
multiple-dosing schedules (53) and food does not appreciably alter estolate absorp­
tion whereas the absorption of the stearate is significantly reduced. In some in­
stances, differences may be seen after a single dose such as in a study of various 
formulations of erythromycin stearate, 250 mg every 6 hr before meals. However, 
after 5 doses no differences were seen in steady state (57). Even though higher serum 
levels of erythromycin were obtained with the proprionate than the stearate, the 
authors' clinical impression was that both drugs were equally satisfactory (58). In 
view of the high natural cure rates of infections for which erythromycin is appropri­
ate therapy, it is unlikely a single comparative therapeutic trial for efficacy would 
reveal a difference bet�een formulations. We must keep in mind, however, that only 
the estolate appears to be associated with significant hepatotoxicity (59). 

If a physician does not observe a satisfactory clinical response when treating 
patients for infections with an antibiotic he is more likely to change the antibiotic 
than adjust the dose upward. This approach to treatment somewhat reduces the 
importance of differences in bioavailability of antibiotics except in the critically ill 
patient. 

L-DOPA 

Lander (60) reported three parkinsonian patients who were well controlled with 
minimal nausea on capsules on L-DOPA (Synodopall!». When deterioration in the 
patients' condition occurred over a 3- to 5-week period, it was found that they had 
been changed to a tablet dosage form (Larodopa®). In one patient a return to the 
original satisfactory effect was obtained by increasing the dose of Larodopa from 
3 to 4 g per day. 

STEROIDS 

Campagna et al (61) reported a patient with familial Mediterranean fever who had 
repeated attacks of peritonitis in which the clinical symptoms were routinely aborted 
by the prompt use of 20 mg prednisone taken orally daily for 2-3 days. On one 
occasion after taking 20 mg daily for 3 days there was no improvement. It was noted 
that the patient had received a generic brand of prednisone, so he was again given 
the brand used previously with "almost complete resolution of the clinical syn­
drome" within 24 hr. In another report (62), a patient adequately controlled with 
prednisolone tablets for arthritic pain failed to respond when a generic form was 
dispensed even though the patient increased the dose fourfold. His arthritis again 
responded when tablets of the original brand were administered. 

THYROID 

Lack of a clinical effect of USP thyroid tablets was noted by Catz et al (63) in a 
number of patients over a 9-month period. Several patients became euthyroid when 
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tablets of another brand were administered; the effect was substantiated by changes 
in the protein bound iodine (PBI). In another report, two myxedematous patients 
had relapses traced to substitution of enteric coated thyroid tablets for the uncoated 
tablets that had been prescribed (64). 

DIURETICS 
• 

Tannenbaum and his associates (65) studied a fixed ratio combination of hydro· 
chlorothiazide and triamterene formulated in tablets and capsules with quite differ­
ent pharmaceutical ingredients. Absorption of both diuretics was twofold greater 
from the tablet than from the capsule. The tablets consistently produced an effect 
on sodium excretion that was greater than the capsule (P < 0.01). Although the 
12 hr sodium excretion was greater following the tablets, the rapid onset and 
marked effect of this dosage form invoked compensatory mechanisms for conserva· 
tion of the sodium. A similar situation was not observed with capsules. As a result, 
the 24 hr naturetic effect of the two dosage forms was essentially the same. 

In 1963, Shaldon et al (66) demonstrated in eight patients with stable ascites 
secondary to cirrhosis of the liver controlled by administration of chlorothiazide and 
spironolactone (Aldactone�) that a preparation of smaller particles (Aldactone 
A�) was effective at one fourth the dose. Plasma levels and excretion in the urine 
of the major metabolite, canrenone, were also equivalent at the reduced dose. The 
importance of particle size was further defined in a study in dogs by utilizing the 
appearance of canrenone in blood as well as the ratio of sodium/potassium excreted 
in urine (67). These studies make it obvious that dose·related therapeutic and 
adverse effects may be affected by significant differences in bioavailability of prod· 
ucts of spironolactone. 

Potassium supplementation is frequently required with chronic diuretic use. Tab· 
lets of KCI have been associated with more than 300 cases of severe ulceration, 
hemorrhage, and stenosis of the small bowel thought to be due to the local effect 
of a high concentration of KCI in the bowel following release from the tablet (68). 
Solutions of KCI are available but patient compliance is poor because of the un pleas· 
ant taste and minor gastrointestinal complaints. Solutions of potassium gluconate, 
bicarbonate, citrate, and acetate taste better, but chloride is essential for effective 
supplementation of potassium (69). Ben·lshay & Engleman (70) compared a single 
40 meq dose of a 10% KCI solution and a slow-release tablet (Slow-K) in ten normal 
subjects. The amount of K+ in the urine increased sooner and to a greater peak with 
the solution. However, after four days of administration no difference in net potas­
sium excretion in urine was noted following equivalent doses. Although much better 
tolerated, under unusual circumstances, an occasional case of stenosis still occurs 
with the slow-release preparations (71). 

ANTICONVULSANTS 

Unusual central nervous system symptoms in patients receiving one brand of pheny­
toin sodium (Dilantin�) were described in letters to the Medical Journal of Australia 
in 1968. The symptoms occurred primarily in patients stabilized on a high dose of 
this drug product (72-75). In 87% of the patients, plasma phenytoin levels were 
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above the therapeutic range and reduction of the dose ameliorated the symptoms 
(76). Subsequently, it was determined that the excipient in the capsules had been 
changed from CaS04 dihydrate to lactose and the amount of magnesium silicate and 
magnesium stearate increased slightly. Direct evidence for the increased absorption 
of phenytoin from the new formulation was obtained by measuring blood levels in 
a crossover study of 13 subjects (77). This study further demonstrated an increased 
fecal loss of phenytoin, apparently secondary to decreased solubility of phenytoin 
in the presence of calcium sulfate. 

ANTI-INFLAMMATORY DRUGS 

Katz and co-workers (78) carried out an extensive therapeutic trial with indometha­
cin in 97 patients with rheumatoid arthritis and other rheumatoid disorders. They 
noted a 37% incidence of adverse reactions including six patients who developed 
peptic ulcers. Doses of 100-400 mg of hard-pressed tablets later shown to have 
variable and erratic absorption were used in this study. Subsequent studies were 
done with a 25 mg capsule containing ultrafine milled powder. This formulation was 
associated with a more uniform rate of absorption and more predictable blood levels 
(79). Doses of75-150 mg of this preparation produced 61 % improvement compared 
to 42% in the previous high-dose studies. The adverse reactions decreased from 37 
to 12% and no serious complications occurred. 

The bioavailability of nine brands of phenylbutazone was studied in 10 healthy 
volunteers given a light, standard breakfast 1-1.5 hr before dosing (80). The percent 
absorption relative to an oral solution varied from 56.8 (Brand E) to 100.6 (Brand 
A). Based on theoretical considerations, the authors concluded that with chronic 
dosing all brands would achieve peak levels between 94 and 155 ILg/ml by 36 hr. 
Brand E was the only brand significantly lower than A. Because of induction of its 
own metabolism, Burns et al (81) found that the limit of the plasma concentration 
with chronic dosing is 60-150 ILg/ml. Five brands did not achieve peak levels until 
4-8 hr so that the first dose of these preparations might nqt relieve the patients' 
discomfort satisfactorily. Otherwise, all tablets tested produced blood levels consid­
ered within the therapeutic range. Two of 23 brands of phenylbutazone tablets 
resulted in what the authors considered inadequate blood levels; this interpretation 
is questionable and based on only two healthy volunteers. Therefore, it is impossible 
to extrapolate the results to therapeutic response (82). 

In 1963, a series of letters to the editor appeared in the Canadian Medical 
Association Journal reporting experiences with diabetic patients whose blood sugars 
were controlled by brand name tolbutamide preparations. A change to generic 
tolbutamide preparations was associated with hyperglycemia (83, 84). As a result, 
doubt was cast on the efficacy of three brands of tolbutamide sold in Canada by 
nonproprietary name. To evaluate this problem, two brand and three generic prod­
ucts were studied in a crossover design in 22 diabetic patients given 1-2 g tolbuta­
mide per day (85). Fasting, midmorning and midafternnon blood sugar and 
tolbutamide levels were measured in addition to excretion of carboxy tolbutamide 
in a 24 hr urine. The only difference observed was better control of the fasting blood 
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sugar by one brand. No clinical differences were observed by the investigators. It 
must be remembered that secondary failures (8% per year) as well as temporary 
resistance to tolbutamide occur not uncommonly in response to a variety of emo­
tional and physical stresses (86). 

Variation in tolbutamide bioavailability caused by minor pharmaceutic variation 
has been demonstrated by Varley (87). Ten healthy and 9 diabetic volunteers were 
studied in a double-blind, crossover study comparing a tablet of Orinase® with a 
similar tolbutamide tablet containing half as much Vee Gum®. The 8 hr AVe 
for Orinase was 3.57 times greater than the other tolbutamide tablet (P < 0.001). 
The pharmacological effect determined as the AVe of blood sugar lowering was 
2.09 times greater with Orinase, the difference in effect occurring, however, only in 
the first 3 of the 8 hr. It must be remembered the tablets with inadequate bioavaila­
bility were not a marketed product. 

ANALGESIA 

Two dosage forms of naproxen suppositories were found essentially the same except 
for the rate of absorption, which may be important if rapid analgesia is required (88). 
Phenacetin produces central nervous system side effects in volunteers, which were 
well correlated with phenacetin blood levels and bioavailability of the preparation. 
The adverse effects came on rapidly, primarily after administration of a fine suspen­
sion (less than 75 ,..,) of the drug and seldom after the preparations containing 
particles greater than 150 ,.., (89). 

No difference was found in buffered and unbuffered aspirin in either efficacy or 
gastrointestinal tolerance in 160 patients receiving the products acutely and chroni­
cally (90). Similar results were obtained in a study of 1434 patients (91). A soluble 
form of aspirin (Alka Seltzere) did cause less gastrointestinal bleeding than plain 
aspirin (92). Physiological differences secondary to variation in aspirin formulations 
were found by Pfeiffer et al (93) utilizing monopolar-integrated electroencephalo­
graphic changes to quantitate effect. 

It is difficult to evaluate the efficacy of drugs that influence the central nervous 
system since even the color of the product may influence the effect (94). The 
evaluation process is further complicated by the presence of slow and fast absorbers 
of acetaminophen (26) and aspirin (27). Bioavailability differences between 
acetaminophen products were only detected in the slow absorbers (95). 

TOPICAL PREPARATIONS 

Bioavailability problems are also likely with topical preparations. Aware that there 
is a good correlation between blanching and alleviation of inflammation (96), Wood­
ford & Barry (97) tested 30 proprietary hydrophylic topical corticosteroid prepara­
tions for their ability to produce blanching in 10 volunteers. All the preparations 
were within 90% of each other except for one with 78% and one with 54% 
effectiveness. In 50 patients with chronic bilateral inflammatory dermatoses (eczema 
and psoriasis) a solution of fluocinolone acetonide in propylene glycol dispersed in 
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soft paraffin (A) was compared to a microcrystalline powder (B) suspended in soft 
paraffin (98). In 32% of the patients with eczema there was no difference between 
the two preparations, whereas 82% of the remaining patients had better results with 
A compared t6 12% with B (P < 0.02). Fifty-two percent of patients with psoriasis 
did equally well with A or B. However, 36% of the remaining patients did better 
with A compared to 12% with B (P < 0.15). Overall there was no difference in 42% 
of the patients. In the remaining patients 79% did better with A than B (P < 0.(05). 

CARDIAC GL YCOSIDES 

Following the report by Lindenbaum et al (99) of variation in the bioavailability of 
digoxin tablets from different manufacturers and even different lots of the same 
manufacturer, there have been other studies demonstrating that digoxin tablets are 
incompletely (20-75%) and variably absorbed (100-108). A good correlation exists 
between the serum digoxin concentration and the patient's clinical response to the 
drug ( l09). Since a narrow margin exists between the therapeutic and toxic digoxin 
levels ( l10-1I2), differences in bioavailability may have significant therapeutic con­
sequences. 

A prime example of the therapeutic consequences of variation in bioavailability 
of digoxin tablets occurred in the United Kingdom where in 1969 a "minor change" 
in the manufacturing process of Lanoxin® was installed. During the latter half of 
1971 a number of patients with atrial fibrillation developed either congestive heart 
failure or a rapid ventricular response despite continuing the same dose of Lanoxin 
(113-116), which previously controlled their cardiac disorders satisfactorily (117). 
Considerable variation in absorption from the "new" and "old" tablets was mani­
fested by an unpredictable increase in digoxin levels when the patients were changed 
from one to the other (114). The experience in Great Britain leaves little doubt that 
changes in bioavailability of digoxin tablets result in important alterations in the 
therapeutic response to digoxin (116). 

The bioavailability of digoxin is also altered by certain types of malabsorption 
(118) and the coadministration of other drugs (119), particularly those that affect 
gastrointestinal motility (120). The administration of either metaclopramide and 
propantheline significantly alter the absorption of digoxin tablets; the altered ab­
sorption of digoxin secondary to the latter drugs is not significantly affected when 
the digoxin is given as a solution or a rapidly dissolving tablet (121). Similarly, Iusko 
et al (122) reported a low serum digoxin concentration in a patient maintained on 
digoxin tablets following radiation therapy to the small· bowel. The concentration 
was increased to the therapeutic range when the same dose of digoxin was adminis­
tered orally as an elixir. 

ANTICOAGULANTS 

Bleeding during treatment with oral coumarin anticoagulants is directly related to 
an excessive decrease in prothrombin activity (123) or to inhibition of platelet 
aggregation in an anticoagulated patient. Because of the poor solubility of dicumarol 
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in water, formulation changes may markedly affect the therapeutic effect as mea­
sured by the prothrombin time. Both hemorrhage and ineffectiveness of previously 
satisfactory doses have occurred in some patients. Simply adding filler to change the 
tablet size to make it easier to break in half led to bioavailability problems due to 
differences in the dispersion and thus the rate of dissolution of the drug (124). Even 
when comparing one manufacturer's product it was found that five 5 mg warfarin 
sodium tablets were absorbed twice as fast as one 25 mg tablet; the latter tablet was 
only 80% absorbed compared to the five smaller tablets (125). However, bioavaila­
bility problems are less likely with warfarin sodium than with dicumarol because 
of the significant water solubility and long plasma elimination T liz of the former. 

VITAMINS 

There are several reports of marked differences in the bioavailability of water- and 
fat-soluble vitamins (126-128). The therapeutic importance of such differences is 
difficult to assess since vitamins are usually taken in great excess of actual require­
ments and by individuals who are not actually deficient. 

We have limited this review primarily to single-entity products, to similar chemi­
cal entities, and to similar-dosage forms. Controlled-release dosage forms are a 
special problem. We conclude that documentation of therapeutic consequences of 
differences in bioavailability have been few. However, a significant number of studies 
in healthy volunteers clearly demonstrate that the potential for alteration of thera­
peutic effect due to variation in bioavailability is quite significant. The lack of 
documentation of therapeutic alterations may be due to (0) the fiat dose-response 
curve of many therapeutic agents, (b) physicians' lack of awareness of the potential 
effects of alterations in bioavailability, (c) the small number of patients any physi­
cian sees using one drug product, (d) the similarity of toxic effects of some drugs 
and the disease being treated (e.g. cardiac arrhythmias due to myocardial disease 
and digitalis), (e) concomitant use of more than one drug or mode of treatment (e.g. 
digitalis and diuretics for congestive heart failure), and if) use of specially prepared, 
nonmarketed products in healthy volunteers in many of the studies designed to show 
differences. 

The potential for therapeutic inequivalence of dosage forms due to variation in . 
bioavailability emphasizes the need for compendial standards to minimize the prob­
lem. A

nn
u.

 R
ev

. P
ha

rm
ac

ol
. T

ox
ic

ol
. 1

97
6.

16
:5

3-
66

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 C
en

tr
al

 C
ol

le
ge

 o
n 

12
/1

4/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



64 AZARNOFF & HUFFMAN 

Literature Cited 

1. Barr, W. H. 1969. Drug In! Bull Jan.! 
June:27-45 

2. Chasseaud, L. F., Taylor, T. 1974. Ann. 
Rev. Pharmacol 14:35--46 

3. Schumacher, G. E. 1973. Am. J. Hosp. 
Pharm. 30:150-54 

4. Drug Bioequivalence Study Panel­
Office Technol. Assessment. 1974. Drug 
Bioequivalence. Washington DC: GPO 

5. Levy, G. 1972. Pharmacology 8:33-43 
6. Svedmyr, N., Harthon, L., Lundholm, 

L. 1969. C/in. Pharmacol Ther. 10: 
559-70 

7. Svedmyr, N., Harthon, L. 1970. Acta 
Pharmacol Toxicol 28:66-74 

8. Sjogren, J., Sjovell, L., Karlsson, I. 
1965. Acta Med. Scand. 178:553-59 

9. Waisbren, B. A. 1965. Am. J. Med. Sci. 
250:406-23 

10. Sackmann, W. 1971. Chemotherapy 16: 
203-10 

II. Kriiger-Thiemer, E., Burger, P. 1965. 
Chemotherapia 10:61-73 

12. Kunin, C. M., Finland, M. 1961. Clin. 
Pharmacol. Ther. 2:51-69 

13. Steigbige1, N. H., Reed, C. W., Finland, 
M. 1968. Am. J. Med. Sci 225:296-312 

14. Hirsch, H. A., Finland, M. 1960. Am. J. 
Med. Sci. 239:288-94 

15. Pullen, F. W. 1960. Arch. Surg. Chicago 
81:942-52 

16. Klastersky, J., Daneau, D., Swings, G., 
Weerts, D. 1974. J. Infect. Dis. 
129:187-93 

17. Chisholm, .G. D., Waterworth, P. M., 
Calnan, J. S., Garrod, L. P. 1973. Br. 
Med. J. 1:569-73 

IS. Fox, W. 1962. Lancet 2:413-17 
19. Gangadharam, P., Cohn, M. L., Mid­

dlebrook, G. 1963. Am. Rev. Resp. Dis. 
88:558-62 

20. Harris, W. 1961. Trans. VA-AF 
Chemother. Con! 20:39--45 

21. Eidus, L., Hodgkin, M. M., Hsu, A. 
H. E. 1973. Int. J. Clin. Pharmacol. 
8:154-59 

22. Levy, L., Gelber, R. 1969. Drug In! 
Bull Jan.!June:S2-92 

23. Gelber, R., Jacobsen, P., Levy, L. 1969. 
Clin. Pharmacol Ther. 10:841--48 

24. Barr, W. H., Gerbracht, L. M., Letcher, 
K., Plaut, M., Strahl, N. 1972. Clin. 
Pharmacol. Ther. 13:97-108 

25. Davis, C. M., Vandersarl, J. V., Kraus, 
E. W. 1973. Am. J. Med. Sci. 265:69-74 

26. Gwilt, J. R., Robertson, A., Goldman, 
L., Blanchard, A. W. 1963. J. Pharm. 
Pharmacol 15:445-53 

27. Levy, G., Hollister, L. E. 1964. NY 
State J. Med. 64:3002-5 

28. Brice, G. W., Hammer, H. F. 1969. J. 
Am. Med. Assoc. 208:1189-90 

29. Blair, D. C., Barnes, R. W., Wildner, 
E. L., Murray, W. I. 1971. J. Am. Med. 
Assoc. 215:251-54 

30. Butler, K. 1973. Rev. Can. BioI. 32: 
Suppl., 53-67 

31. Bergan, T., Oydvin, B., Lunde, I. 1973. 
Acta Pharmacol. Toxicol. 33:138-56 

32. Glazko, A. J., Kinkel, A. W., Alegnani, 
W. C., Holmes, E. L. 1968. Clin. Phar­
macol Ther. 9:472-83 

33. Hewitt, W. L., Williams, B. Jr. 1950. N 
Engl. J. Med. 242:119-27 

34. Roy, T. E. et al 1952. Antibiot. J. 
Chemother. 2:505-16 

35. Bartelloni, P. J., Calia, F. M., Minchew, 
B. H., Beisel, W. R., Ley, H. L. 1969. 
Am. J. Med. Sci. 258:203-8 

36. Reinhold, J. G., Phillips, F. 1., Flippin, 
H. F. 1945. Am. J. Med. Sci. 210: 
141-47 

37. Van Petten, G. R., Becking, G. C., Wi­
they, R. J., Lettau, H. F. 1971. J. Clin. 
Pharmacol. 11:27-34 

38. Pettit, J. H. S. 1962. Br. J. Dermatol. 
74:62-65 

39. Harvey, G., Alexander, J. O'D. 1967. 
Lancet 1:327-28 

40. Pentikliinen, P., Wan, S. H., Azarnoff, 
D. L. 1973. Am. Rev. Respir. Dis. 
108: 13<ID-70 

41. Fulop, M., Drapkin, A. 1965. N Engl. 
J. Med. 272:986-89 

42. Stewart G. T. 1967. Lancet 1:1177-83 
43. Halliday, A., Jawetz, E. 1961. Antimi­

crob. Agents Chemother., pp. 317-23 
44. Hailey, F. J., Glascock, H. W. 1967. 

Curro Ther. Res. 9:600-605. 
45. Barry, A. L., Thrupp, L. D. 1968. 

Antimicrob. Agents Chemother., pp. 
415-22 

46. Twick, M., Ronald, A. R., Petersdorf, 
R. G. 1966. Antimicrob. Agents Che­
mother. 446-52 

47. Meyer, M. C. et a1 1974. J. Pharm. Sci. 
63:1693-98 

48. MacLeod, C. et aI 1972. Can. Med. As­
soc. J. 107:203-9 

49. Davies, R. 0., Zarowny, D. P., Robin, 
H. R. 1972. Can. Med. Assoc. J. 
107:183-84 

SO. Mayersohn, M., Endrenyi, L. 1973. 
Can. Med. Assoc. J. 109:989-93 

51. Jusko, W. J., Lewis, G. P., Schmitt, 
G. W. 1973. Clin. Pharmacol Ther. 
14:90-99, 1973 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
97

6.
16

:5
3-

66
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
4/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.



THERAPEUTIC IMPLICATIONS OF BIOA V AILABILITY 65 

52. Clapper, W. E., Mostyn, M., Meade, 
G. H. 1960. Antibiot. Med. Clin. Ther. 
7:91-96 

53. Blough, H. A., Hall, W. H., Hong, I. 
1960. Am. I. Med. Sci. 239:539-47 

54. Griffith, R. S., Black, H. R. 1964. Am. 
I. Med. Sci 247:69-74 

55. Perry, D. M., Hall, G. A., Kirby, W. M. 
1958-1959. Antibiot. Ann .• pp.375-81 

56. Hirsch, H. A., Finland, M. 1959. Am. I. 
Med. Sci. 237:55-71 

57. Bell, S. M. 1971. Med. I. Aust. 2: 
1280-83 

58. Triggs, E., Neaverson, M. A. 1973. 
Med. I. Aust. 2:334 

59. Aust. Drug Eva!. Comm. 1971. Med. I. 
Aust. 1:1203-8 

60. Lander, H. 1971. Med. I. Aust. 2:984 
61. Campagna, F. A., Cureton, G., Miri­

gian, R. A., Nelson, E. 1963. I. Pharm. 
Sci 52:605-6 

62. Levy, G., Hall, N. A., Nelson, E. 1964. 
Am. I. Hosp. Pharm. 21:402 

63. Catz, B., Ginsburg, E., Salenger, S. 
1962. N. Engl I. Med. 266:136-37 

64. Corbus, H. F. 1964. Calif. Med. 
100:364-65 

65. Tannenbaum, P. J., Rosen, E., Flana­
gan, T., Crosley, A. P. Jr. 1968. Clin. 
Pharmacol. Ther. 9:598-604 

66. Shaldon, S., Ryder, J. A., Garsenstein, 
M. 1963. Gut 4:16-19 

67. Kagawa, C. M., Bouska, D. J., Ander­
son, M. L. 1964. I. Pharm. Sci 53: 
450-51 

68. Allen, A. C., Boley, S. J., Schultz, L., 
Schwartz, S. 1965. I. Am. Med. Assoc. 
193:1001-6 

69. Nordin, B. E., Wilkinson, R. 1970. Br. 
Med. I. 1 :433 

70. Ben-Ishay, D., Engelman, K. 1973. 
Clin. Pharmacol. Ther. 14:250-58 

71. Pemberton, J. 1970. Dr. Heart I. 32: 
267-68 

72. Rail, L. 1968. Med. J. Aust. 2:339 
73. Balla, J. 1968. Med. I. Aust. 2:480-81 
74. Eadie, M. J., Sutherland, J. M., Tyrer, 

J. H. 1968. Med. I. Aust. 2:515 
75. Landy, P. J. 1968. Med. J. Aust. 2:639 
76. Tyrer, J. H., Eadie, M. J., Sutherland, 

J. M., Hooper, W. D. 1970. Dr. Med. I. 
4:271-73 

77. Bochner, F. R., Hooper, W. D., Tyrer, 
J. H., Eadie, M. J. J. Neural. Sci. 
16:481-87 

78. Katz, A. M., Pearson, C. M., Kennedy, 
J. M. 1965. Clin. Pharmacol Ther. 
6:25-30 

79. Pearson, C. M. 1966. Clin. Pharmacol 
Ther. 7:416 

80. Van Petten, G. R., Feng, H., Withey, 
R. J., Lettau, H. F. 1971. J. Clin. 
Pharm. 11:177-86 

81. Bums, J. J. et at 1953. I. Pharmacol 
EJcp. Ther. 109:346-57 

82. Searl, R 0., Pemarowski, M. 1967. 
Can. Med. Assoc. I. 96:1513-20 

83. Caminetsky, S. 1963. Can. Med. Assoc. 
I. 88:950 

84. Carter, A. K. 1963. Can. Med. Assoc. I. 
88:98 

85. McKendry, J. B. R., Lu, F. C., Bicker­
ton, D., Hancharyk, G. 1965. Can. 
Med. Assoc. I. 92:1106-9 

86. McKendry, J. B. R., Kuwayti, K., Sa­
gle, L. A. 1957. Can. Med. Assoc. I. 
77:429-38 

87. Varley, A. B. 1968. I. Am. Med. Assoc. 
206:1745-48 

88. Sevelius, H. et al 1973. Eur. I. Clin. 
Pharmacol 6:22-25 

89. Prescott, L. F., Steel, R. F., Ferrier, 
W. R. 1970. Clin. Pharmacol Ther. 
11:496-504 

90. Batterman, R. C. 1958. N. Engl. I. Med. 
258:213-19 

91. Cronk, G. A. 1958. N. Engl I. Med. 
258:219-21 

92. Leonards, J. R. 1963. Gastroenterology 
44:617-19 

93. Pfeiffer, C. c., Goldstein, L., Murphree, 
H. B., Hopkins, M. 1967. I. Pharm. Sci. 
56:1338-40 

94. Schapira, K., McClelland, H. A., 
Griffiths, N. R., Newell, J. 1970. Br. 
Med. I. 2:446-49 

95. Prescott, L. F., Nimmo, J. 1971. Acta 
Pharmacol. Toxicol. 29:288-303 

96. Place, V. A., Velazquez, J. G., Burdick, 
K. H. 1970. Arch. Dermatol 101: 
531-37 

97. Woodford, R, Barry, B. W. 1973. I. 
Pharm. Pharmacol. 25:Suppl, 123P 

98. Portnoy, B. 1965. Dr. I. Dermatol 
Syph. 77:579-81 

99. Lindenbaum, J., Mellow, M. H., Black­
stone, M. 0., Butler, V. P. 1971. N. 

, Engl. J. Med. 285:1344-47 
100. Manninen, V., Melin, J., Hartel, G. 

1971. Lancet 2:934-35 
101. Huffman, D. H., Azamoff, D. L. 1972. 

I. Am. Med. Assoc. 222:957-60 
102. Wagner, J. G. et al 1973. I. Am. Med. 

Assoc. 224: 199-205 
103. Johnson, B. F., Greer, H., McCrerie, J., 

Bye, C., Fowle, A. 1973. Lancet 1: 
1473-75 

104. Shaw, T. R. D., Howard, M. R, Haner, 
J. 1972. Lancet 2:303-7 

105. Steiner, B., Christensen, V., Johansen, 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
97

6.
16

:5
3-

66
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
4/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.



66 AZARNOFF & HUFFMAN 

H. 1973. Clin. Pharmacol Ther. 14: 
949-54 

106. Shaw, T. R. D., Raymond, K., Howard, 
M. R., Haner, J. 1973. Br. Med. J. 
4:763-66 

107. Manninen, V., Korhonen, A. 1973. 
Lancet 2:1268 

108. Butler, V. P. Jr., Lindenbaum, J. 1975. 
Am. J. Med. 58:460-69 

109. Huffman, D. H., Crow, J. W., Pen­
tikiiinen, P., Azamoff, D. L. 1976. Am. 
H ea rt J. In press 

110. Smith, T. W., Butler, V. P. Jr., Haber, 
E. 1969. N. Engl J. Med. 281:1212-16 

Il l .  Beller, G. A., Smith, T. W., Abelwann, 
W. H., Haber, E., Hood, W. E. 1971. 
N. Engl. J. Med. 284:979-89 

112. Grahame-Smith, D. G., Everett, M. D. 
1969. Br. Med. J. 1:286-89 

113. Fa1ch, D., Teien, A., Bjerke1und, C. J. 
1973. Br. Med. J. 1:695-98 

114. Shaw, T. R. D., Howard, M. R., Haner, 
J. 1974. Br. Heart J. 36:85-89 

115. Shaw, T. R. D. 1974. Postgrad. Med. J. 
50:Suppl 6,24-29 

116. Shaw, T. R. D. 1974. Am. Heart J. 
87:399-401 

117. Chamberlain, D. A., White, R. 1., How­
ard, M. R., Smith, T. W. 1970. Br. Med. 

J. 3:429-36 
118. Heizer, W. b., Smith, T. W., 

Goldfinger, S. E. 1971. N. Engl J. Med. 
285:257-59 

119. Lindenbaum, J., Manlitz, R. M., Saha, 
J. R., Shea, N., Butler, V. P. Jr. 1972. 
C/in. Res. 20:410 

120. Manninen, V., Apajalahti, A., Melin, J., 
• Karesoja, M. 1973. Lancet 1:398-99 
121. Manninen, V., Apajalahti, A., Simonen, 

H., Reissel, P. 1973. Lancet 1:1118-19 
122. Jusko, W. J., Conti, D. R., Molson, A., 

Kreitzky, P., Giller, J., Schultz, R. 
1974. J. Am. Med. Assoc. 230:1554-55 

123. Rabiner, S. F. 1965. Am. J. Med. Sci. 
249:404-11 

124. Lozinski, R. 1960. Can. Med. Assoc. J. 
83:117-18 

125. Wagner, J. G., Welling, P. G., Lee, 
K. P., Walker, J. E. 1971. J. Pharm. Sci. 
60:666-77 

126. Chapman, D. G., Crisalio, R., Camp­
bell, J. A. 1954. J. Am. Pharm. Assoc. 
Sci. Ed. 43:297-304 

127. Middleton, E. J., Davies, J. M., Morri­
son, A. B. 1964. J. Pharm. Sci. 53: 
1378-80 

128. Sobel, A. E., Rosenberg, A. A. 1952. 
Am. J. Dis. Child. 84:609-15 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
97

6.
16

:5
3-

66
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
4/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.


	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Pharmacology and Toxicology Online
	Most Downloaded Pharmacology and Toxicology Reviews
	Most Cited Pharmacology and Toxicology Reviews
	Annual Review of Pharmacology and Toxicology Errata
	View Current Editorial Committee


	ar: 
	logo: 



