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Gastric Acid Inactivation of Erythromycin Stearate in

Solid Dosage Forms

B. G. BOGGIANO * and M. GLEESON

Abstract 0 The effect of hydrochloric acid at pH 1.2-3.2 on eryth-
romycin stearate and commercial dosage forms of erythromycin
stearate was studied. Under all conditions examined, erythromycin
was readily dissolved from the stearate as hydrochloride, and rap-
idly lost its biological activity in solution. The inclusion of pepsin
in the test systems did not affect the results. Although formulation
differences somewhat affected the rate of destruction, acid lability
was exhibited by all products examined, except enteric-coated tab-
lets. Amounts of acid considered to be normal in the fasting stom-
ach contents of adults during the time likely for a dose to remain
in the stomach caused 70-90% destruction within 15 min after the
shells started to rupture. Amounts of hydrochloric acid apprecia-
bly less than 1 mEq, representing abnormally small quantities
even in the fasting state, caused destruction ranging from 30 to
70% of the doses in 15 min. These results are not reconcilable with
published statements that the sensitivity of erythromycin to gas-
tric acid is overcome by providing the antibiotic in the form of
stearate salt.

Keyphrases O Erythromycin stearate—effect of hydrochloric
acid at gastric pH, commercial dosage forms O Gastric acid inacti-
vation—erythromycin stearate, effect of hydrochloric acid at gas-
tric pH, commercial dosage forms 0O Antibiotics—erythromycin
stearate, effect of hydrochloric acid at gastric pH, commercial dos-
age forms

Current knowledge appears to have rationalized
most bioavailability issues with erythromycin. How-
ever, there remains the perplexing question of erratic
blood levels from the stearate, particularly in the
nonfasting stage. In a four-way crossover study on 12
subjects, the average peak serum level of erythromy-
cin from the stearate was less than half that from the
estolate following single 250-mg doses in fasting
subjects (1). In the presence of food, the estolate
showed no decrease in average peak serum levels but
the levels from the stearate were greatly decreased,

seven of the 12 subjects failing to show any absorp-
tion. Similar results were later found in a crossover
study of 30 subjects in the nonfasting state (2).

BACKGROUND

The reduction in serum levels from the stearate in the presence
of food could be due to increased gastric acidity or to the food per
se. In one study (1), the presence of food did not reduce the ab-
sorption of the estolate; this finding suggests that the more likely
reason for the reduced stearate levels could be increased gastric
acidity.

The destructive effect of gastric acidity on unprotected erythro-
mycin base has been known since Josselyn and Sylvester (3) re-
ported an in vivo study in 1953. In the same year, they also, re-
ported a study on the stearate salt of erythromycin taken in sus-
pension form, buffered with sodium citrate (4). They found that
food did not reduce the absorption of erythromycin from the stea-
rate and concluded that the less soluble stearate salt was resistant
to gastric acid when taken in this form. Since then, unprotected
solid dosage forms of erythromycin stearate have been marketed
extensively.

The literature contains conflicting statements on the effect of
gastric acidity on the stearate. In 1970 the Medical Letter (5) and
in 1971 Wade (6) stated that erythromycin stearate is acid labile.
However, more recently, Garrod and O’Grady (7) and Tolhurst et
al. (8) claimed that the stearate is stable in the presence of gastric
acid and that the base is liberated from it in the duodenum where
it is absorbed. This divergence of published opinion and the low
and erratic blood levels reported for solid dosage forms of the stea-
rate suggested that an in vitro study of the effect of gastric acid on
a range of solid pharmaceutical formulations of erythromyecin stea-
rate was warranted.

There has been no reported study on this topic. However, Ste-
phens et al. (9) reported a measurement showing that unprocessed
erythromycin stearate was rapidly inactivated by gastric acid. This
finding contrasted markedly with their results on propionyl eryth-
romycin lauryl sulfate (erythromycin estolate), which retained vir-
tually full activity after prolonged exposure to gastric acid. The
authors summarized the chemistry by explaining that propionyl
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Table I—Test Solutions

Hydrochlaoric
Solution pH Volume, ml Acid, mEq

1 1.2 50 4.2a
2 1.2 50 4.2

3 2.2 50 0.37
4 2.2 100 0.74
5 3.2 50 0.05
6 3.2 100 0.1

2 With pepsin.

erythromycin (and erythromycin) dissolve in gastric juice and
quickly lose their antibiotic activity. Carboxylic acid salts of these
substances, even though water insoluble, behave similarly because
the hydrochloric acid of gastric juice displaces the carboxylic acid
and dissolves the antibiotic as the soluble hydrochloride salt. How-
ever, the estolate is a salt of the very strong acid, lauryl sulfuric
acid, and gastric acid is not strong enough to displace the acid rad-
ical from the insoluble estolate; hence, it remains undissolved and
potent for prolonged periods in gastric acid.

The following study was designed to expand on the observation
by Stephens et al. (9) by examining in vitro the effect of acidity
conditions on erythromyecin stearate and solid pharmaceutical for-
mulations of it. The purposes were to clarify conflicting published
statements and to find a basis for understanding reported blood
level results.

EXPERIMENTAL

Design—The study was divided into three parts: Study 1, the
effect of hydrochloric acid on pure (unprocessed) erythromycin
stearate, i.e., the rate of dissclution of erythromycin from the stea-
rate as hydrochloride; Study 2, the rate of inactivation of erythro-
mycin when dissolved in hydrochloric acid; and Study 3, the rate
of dissolution of erythromycin from commercial solid dosage forms
when treated with a range of simulated gastric fluids.

Test Solutions—Approximately 4 mEq of hydrochloric acid
was selected as a realistic simulation of the amount of gastric acid
likely to be present over a 30-min period in a fasting adult, i.e., the
acid level expected to be present in the resting stomach contents
(1-2 mEq) plus the average amount generated during 30 min with-
out stimulation (~ 1 mEq every 15 min). In practice, larger
amounts of hydrochloric acid could be present if the dose had been
taken shortly before or after food. In selecting this amount of acid,
several reference sources were used (10-12).

The effect of lower amounts of acid was also studied, including
the very low level of 0.05 mEq to represent the situation in
subjects markedly deficient in acid. The pH range of the test solu-
tions was 1.2-3.2. A volume of 50 ml was selected for most tests, al-
though in some cases 100 m] was used to obtain the desired bal-
ance of pH versus total acidity.

Six test solutions were selected (Table I). Several of these solu-
tions were used for all three studies, depending on the pH and
amount of hydrochloric acid required in each case. Solution 1 was
simulated gastric fluid USP, containing pepsin and sodium chlo-
ride. Solution 2 was simply hydrochloric acid at the same pH and
concentration for comparison with Solution 1 to assess whether
pepsin contributed to breakdown. Solutions 3-6 were also dilu-
tions of hydrochloric acid.

Exposure Times—There are ample references to stomach
emptying times and to the ¢;/2 (time for half the gastric contents to
be emptied) following a meal. Buckler (13) quoted 2-6 hr for the
former, and the latter was measured at slightly more than 1 hr (14,
15). However, times for which a single dose of medicament could
be exposed to the gastric contents in the fasting state were more
difficult to define. Based on previous work (16, 17), 30 min was se-
lected as a conservatively realistic simulation of the time a solid
dose would remain in an empty stomach. However, longer expo-
sure times were also studied since doses could sometimes be taken
in the presence of food and probably retained longer in the stom-
ach.

Test Method—A test method was devised to give relatively
quiescent conditions of exposure of the dose to the continuously
moving solution, with no direct agitation applied to the dose itself.
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Figure |—Inactivation of erythromycin (250 mg, 0.34 mEq) in
hydrochloric acid at different pH values. Key: B, pH 1.2, 4.2 mEq;
O, pH 2.35,0.74 mEqg;and ®, pH 2.9, 0.45 mEq.

For Studies 1 and 3 (see Design), the test solution was placed in a
100- or 200-ml round-bottom flask! and warmed to 37°. Erythro-
mycin stearate (392 mg, equivalent to 250 mg of erythromycin), or
a dose unit, was added and the stoppered flask was inclined at 45°
and rotated at 30 rpm in a water bath controlied at 37 £ 0.5°. Cap-
sules were prevented from floating by means of a glass loop made
from a capillary tube.

For Study 3, the time of the first disruption of the shell and the
appearance of the contents was recorded as the “disintegration
time."” Exposure periods were timed from the same point. After the
appropriate exposure period, the solution was decanted quickly
from the solid through Whatman 541 filter paper, the contents of
the flask were washed with 15 ml of cold (18-20°) distilled water,
and the washings were decanted through the filter. Four more
washings were performed, i.e., until free from acid, and the solid
residue in the flask was transferred to the filter. The residue on the
filter was dried to constant weight at 20° under vacuum. In Study
3, each residue was well mixed in an agate mortar to ensure homo-
geneity.

For Study 2, erythromycin base (250 mg, 0.34 mEq) was dis-
solved in the test solutions in a stoppered flask immersed in a 37°
constant-temperature water bath. At intervals up to 30 min, 1.ml
samples were removed and immediately diluted with 19 ml of pH
8.0, 0.8 M phosphate buffer. Solutions 2 and 4 were used (4.2 and
0.74 mEq of acid, respectively), and their final pH values were 1.2
and 2.35, respectively. A special solution also was used containing
0.45 mEq of hydrochloric acid in 100 ml. This was the lowest acid-
ity-volume system capable of dissolving 250 mg of erythromycin,
the final pH being 2.9.

Assays—Biological assays were performed on the dose residues
and test solutions according to the cylinder-plate method of USP
XVIII (p. 858), using Sarcina lutea as the test organism. The assay
has the lower detectable limit of approximately 0.02 ug/ml.

Products Tested—A range of products was tested: nonenteric
Capsule A from Source X, nonenteric Capsule B from Source Y,
nonenteric Capsule C from Source Z, nonenteric film-coated Tab-
let A from Source X, and enteric-coated Tablet B from Source Y.

The same batch of each product was used throughout except for
enteric-coated Tablet B; several batches of Tablet B were exam-
ined to check the reproducibility of its resistance to coat shedding
in an acid medium. A separate dose unit was required for each in-
dividual experiment, i.e., for each exposure period in each test so-
lution. Thus, in addition to the normal limitations in experimental
and assay reproducibility, each result contained a “deviation po-
tential” because of the permitted variation in drug content be-
tween individual doses.

! Quickfit.



Table II—Erythromycin Surviving in Residues after Treatment of Erythromycin Stearate (392 mg, 0.34 mEq)

with Solutions 2, 3, and 5

Solution 2 (4.2 mEq)

Solution 3 (0.37 mEq)

Solution 5 (0.05 mEq)

‘Surviving Surviving Surviving

Exposure Residue, Erythro- Survival, Residue, Erythro- Survival, Residue, Erythro- Survival,

Time, min mg mycin, mg % mg mycin, mg % mg mycin, mg %

5 117 Nil Nil 205 79 32 — — —

10 119 Nil Nil 168 42 17 310 184 74

15 118 Nil Nil 157 31 12 — — —

20 117 Nil Nil 151 25 10 312 186 74

40 119 Nil Nil 126 Nil Nil 314 188 75

60 118 Nil Nil 127 Nil Nil 308 182 74
RESULTS it is apparent that considerably less than 1 mEq of hydrochloric

Study 1: Rate of Dissolution of Erythromycin from Unpro-
cessed Erythromycin Stearate—The weights of the dried resi-
dues are given in Table II, together with weights and percentages
of surviving erythromycin after treatment with Solutions 2, 3, and
5. All residues after testing against Solution 2 (pH 1.2, 4.2 mEq)
and the 40- and 60-min residues after treatment with Solution 3
(pH 2.2, 0.37 mEq) were identified as pure stearic acid from their
IR spectra (potassium bromide disk). The remaining residues were
mixtures of erythromycin (stearate) and stearic acid.

The theoretical weight of stearic acid in each 392-mg sample of
erythromycin stearate was 142 mg. The bulk of the stearic acid was
deposited as an insoluble residue with part of it remaining in solu-
tion. Taking the undissolved portion as 126 mg (vide the final resi-
due after treatment with Solution 3), the amount of erythromycin
in the other residues was calculated by difference. Assays were not
done for this series of tests, since this study was simply a pilot as a
guide to the study on dosage forms.

In Solution 2, the acid represented a 12-fold stoichiometric ex-
cess. At this pH and excess acidity, full dissolution had occurred
within 5 min. In Solution 3, which represented only about a 10%
excess of acid, full dissolution of the erythromycin required 30-40
min. However, approximately 70% had been dissolved in 5 min. In
Solution 5 (pH 3.2, 0.05 mEq), the amount of acid represented
only about 15% of the stoichiometric equivalent of the test sample
(0.34 mEq).

Although full dissolution of the erythromycin could not occur
under these conditions, the actual proportion dissolved was in ex-
cess of the theoretical (26 versus 15%), with equilibrium being
reached within 10 min. This finding can be explained on the basis
of the intrinsic solubility of erythromycin base and some degree of
catalytic behavior by the small level of hydrochloric acid. This par-
ticular experiment indicates the rapidity at which a trace of acid at
relatively high pH could destroy at least its own equivalent of the
stearate.

Study 2: Rate of Inactivation of Erythromycin at Three pH
Values—The rates of inactivation of the erythromycin under the
three test conditions are given graphically in Fig. 1. Under each
condition, 90% or more of the antibiotic was inactivated in the first
5 min. The pH 1.2 condition (4.2 mEq) represented a relatively
large excess of acid, but one that would not be abnormal in vivo
even in the fasting state. The pH 2.35 (0.74 mEq) and pH 2.9 (0.45
mEq) conditions represented acidity levels appreciably lower than
the average in vivo fasting situation with a relatively small excess
of acid over antibiotic; but even under these conditions, the de-
struction of the antibiotic was almost as rapid as at pH 1.2

If it is assumed that 0.34 mEq of hydrochloric acid displaces the
stearic acid component and dissolves the erythromycin (Study 1),

acid can concurrently dissolve and destroy at least two-thirds of a
dose in 5 min.

Study 3: Rate of Dissolution of Erythromycin from Com-
mercial Solid Dosage Forms—All products, except Tablet B,
started to disintegrate at varying times in the test solutions. Tab-
let B had not shed its coat after 2 hr at 37° in the pH 1.2 medium.
This product was checked for disintegration in simulated intesti-
nal fluid BP, and disintegration was complete in times ranging
from 10 to 22 min for 20 samples from different production batch-
es. For the other products, the times of incipient disintegration are
given in Table II1.

Because it resisted disintegration in the acid medium, Tablet B
was excluded from further study. All four of the remaining prod-
ucts were tested against pepsin-containing simulated gastric fluid
USP (Solution 1, pH 1.2), but only Capsules A and B were tested
against the nonpepsin-containing pH 1.2 medium (Solution 2) to
obtain the comparative data on the effect of pepsin. All four prod-
ucts were tested against Solutions 3 and 4, but Solution 5 was ex-
cluded from this study. Only Capsule B was tested with Solution 6
(pH 3.2) since the very small amount of acid (0.1 mEq) made this
information of minor interest.

100 g
80 |

60

40

SURVIVAL, %

20
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Figure 2—Dissolution of erythromycin from nonenteric erythro-
mycin stearate dosage forms treated with Solution I (pH 1.2, 4.2
mEq of hydrochloric acid, plus pepsin and sodium chloride). Key:
®—®, Capsule A; |- - - -, Capsule B; 0——0, Capsule C; and
A----A, Tablet A,

Table III—Times of First Rupture of Shells or Coats of Nonenteric Dosage Forms

Minutes Mean
Time,
Product Solution 1 Solution 2 Solution 3 Solution 4 Solution 6 min
Capsule A 6,4,2,2,2 2,3,2,2,2 3,3,3,6 4,9, 3,10,10,10 — 4.4
Capsule B 2,2,1,2,2 2,2,2,2 2 3,2,2,2,2,2 2,3,2,2,2,3 4,2,2,2,2,2 2.1
Capsule C 2,2, 2 — 3,2,3,3 2,3,3,3 — 2.5
Film-coated 22, 20,16, 11 — 13,6,7,14,10 7,11, 3,14 — 12.2
Tablet A
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Figure 3—Dissolution of erythromycin from nonenteric erythro-
mycin stearate dosage forms treated with Solution 2 (pH 1.2, 4.2
mEq of hydrochloric acid, no pepsin). Key: @——@®, Capsule A;
and B- - - -@, Capsule B.

The amounts of erythromycin surviving in the residues are given
in Figs. 2-6. The percentage survival of erythromyein is quoted to
the nearest 1% and relative to the nominal content of 250 mg/dose.

Solution 1 (pH 1.2, 4.2 mEq Acid with Pepsin)—Figure 2 shows
that under these conditions all four nonenteric products were de-
stroyed to degrees ranging from 70 to 90% in the first 15 min after
the acid reached the contents. The most sensitive products were
Capsule C and Tablet A, probably due to a lower proportion of
buffering agent in these products. This amount of acid is approxi-
mately the amount likely to be available during a 30-min period in
the resting stomach contents of adults.

Solution 2 (pH 1.2, 4.2 mEq Acid, No Pepsin)—Capsules A and
B showed an almost identical destruction pattern (Fig. 3). Com-
parison with Fig. 2 does not suggest that pepsin significantly con-
tributed to degradation, certainly not within the first 15 min by
which time 70% of the erythromycin had been dissolved.

Solutions 3 and 4 (pH 2.2, 0.37 and 0.74 mEq Acid, Respec-
tively)—The results in Figs. 4 and 5 show that degradation was
again very rapid even at this higher pH and these low levels of
acidity. On the average, it was of the order of 40 and 70%, respec-
tively, in the first 15 min, apart from Capsule A which contained
the highest amount of buffering agent. At these very low levels of
acid, the presence of significant amounts of buffering agent could
hinder degradation appreciably, since the amount of acid used was
only slightly in excess of the chemical equivalent of erythromycin
stearate. However, these levels of acid are well below those normal-
ly found even in the fasting stomach. The results using Solutions 1
and 2 show that with more normal amounts of acid, the quantity of
buffers that can be incorporated in capsules or tablets fails to in-
hibit degradation significantly.

Solution 6 (pH 3.2, 0.1 mEq Acid)—The results on Capsule B
(Fig. 6) were very erratic, but this is understandable with such a
small amount of acid. Factors such as the rate of penetration of
acid into the individual capsules used in each test would affect the
results significantly, as would the permitted variation in content
between individual capsules. Nevertheless, the figures indicate
that approximately 30% of the erythromycin had been dissolved in
about 15 min. Since the amount of acid represented 29% of the
stoichiometric equivalent of erythromyecin stearate, even a trace of
acid at relatively high pH can rapidly dissolve approximately its
own equivalent of erythromycin from the stearate, even in a dose
containing a proportion of buffering agent.

DISCUSSION

The results show that erythromycin stearate is very sensitive to
gastric acid in vitro, and any reduction in the rate and degree of
inactivation is due to the nature of the pharmaceutical formula-
tion. The 4.2 mEq of hydrochloric acid produced 70-90% destruc-
tion of all nonenteric products tested within 30 min, which includ-
ed the time for disintegration of the shells. The period of most
rapid degradation was the first 5 min after rupture of the shells.
Furthermore, 0.74 mEq, which in vivo would represent a very low
amount of gastric acid even in the fasting state, produced an aver-
age of 50-60% destruction within 15 min of shell disintegration.

It is difficult to relate these results directly to the in vivo situa-
tion. However, the study was designed to simulate as realistically
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Figure 4—Dissolution of erythromycin from nonenteric erythromycin stearate dosage forms treated with Solution 3 (pH 2.2, 0.37 mEq
of hydrochloric acid). Key: @——@®, Capsule A; 8- - - -m, Capsule B; 0—O, Capsule C; and A- - - -A, Tablet A.
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Figure 5—Dissolution of erythromycin from nonenteric erythromycin stearate dosage forms treated with Solution 4 (pH 2.2, 0.74 mEq
of hydrochloric acid). Key: @——@, Capsule A; R- - - -, Capsule B; 0——0, Capsule C; and A- - - -a, Tablet A.
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Figure 6—Dissolution of erythromycin from Capsule B treated with Solution 6 (pH 3.2, 0.1 mEq of hydrochloric acid).

as possible the range of acidity conditions found in the human
stomach in the fasting state. The data show clearly that published
statements on the acid stability of erythromyecin stearate have
been in error, and it is likely that a comparable degree of acid de-
struction occurs in vivo. This situation could account for the low
serum levels found by Griffith and Black (1) compared to the esto-
late in fasting subjects and the much lower, or nonexistent, levels
found by the same authors (1) and Bell (2) in nonfasting subjects.
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14C.Fluphenazine Enanthate and Decanoate Esters

Administered in Sesame Oil to Dogs

JACQUES DREYFUSS %, JOHN J. ROSS, Jr., JAMES M. SHAW,

IRVING MILLER, and ERIC C. SCHREIBER

Abstract 0 The rates of release of “C-fluphenazine enanthate
and '4C-fluphenazine decanoate were compared in two groups of
five male dogs. Each dog was given a single dose (2 mg/kg im) of ei-
ther the enanthate or decanoate ester in sesame oil. The times re-
quired to attain maximum concentrations of radioactivity in plas-
ma were 3.8 + 0.5 days (£SE) for the enanthate ester and 10.6 +
1.1 days for the decanoate ester (p < 0.001); maximum concentra-
tions of radioactivity in the plasma at these times were 16.7 + 1.1
and 11.1 £ 1.2 ng/ml, respectively (p < 0.01). However, 35 days
after dosing, the concentrations of radioactivity in plasma were
greater for the decanoate ester than for the enanthate ester. The
times required for 50% of the dose to be excreted in the urine and
feces were 7.8 £+ 0.5 days for the enanthate ester and 22.6 + 4.4
days for the decanoate ester (p < 0.05). The total amounts excret-
ed in 35 days were 85.4 + 1.8 and 68.8 + 6.6% of the dose for the
enanthate and decanoate esters, respectively; the average half-
times for the rates of release of radioactivity from depot and body,
as calculated from the data for total excretion, were 5.55 days for
the enanthate ester and 15.4 days for the decanoate ester. Thirty-
five days after dosing, the amount of the dose present in the injec-
tion site was 4.6 + 1.6% for the enanthate ester and 18.6 + 5.7% for
the decanoate ester. Two groups of six dogs each were protected
against the emetic effects of apomorphine more than twice as long
by the decanoate ester than by the enanthate ester after the subcu-
taneous administration of single 8-mg/kg doses of either drug in
sesame oil (p < 0.05). Based on measurements of total radioactivi-
ty, it was concluded that the decanoate ester was released from the
depot at less than one-half the rate of the enanthate ester.

Keyphrases O0 Fluphenazine—enanthate and decanoate esters,
rates of release and elimination in urine and feces, dogs O Elimina-
tion—renal and GI, fluphenazine enanthate and decanoate esters,
dogs

Although many studies conducted in humans have
demonstrated the clinical efficacy of long-acting es-
ters of fluphenazine, there is little objective evidence
to enable one to quantitate their slow-release charac-
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teristics. Such studies are difficult to conduct in hu-
mans for the following reasons:

1. Sufficient radioactivity cannot be administered
to humans to allow for the detection of the low con-
centrations of the drug or its metabolites present in
the circulation during a prolonged time.

2. It is generally not feasible, even under the best
of circumstances, to collect excreta quantitatively
over a month, especially when most radioactivity is
excreted in the feces as it is with fluphenazine and its
esters (1-3).

3. At the conclusion of the study, it is not possible
to determine the amount of drug remaining in the
depot at the injection site.

The relative rates of release of the enanthate (Ia)
and decanoate (Ib) esters of “C-fluphenazine were
compared in dogs because this species could be given
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