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Abstract O There have been few studies conducted to determine the
efficiency of ascorbic acid absorption in humans. Differences in the extent
of its absorption among individuals may contribute to the outcome of
clinical trials. Ascorbic acid absorption in four subjects was investigated
from several oral dosage forms containing 1 g of the vitamin (solution,
tablet, chewable tablet, and timed-release capsule). Approximately 85%
of an intravenous dose was recovered in the urine as ascorbic acid and
its major metabolites. In contrast, only ~30% of the dose was recovered
from the solution and tablet forms. A considerably smaller fraction of
the dose (~14%) was recovered from the timed-release capsule. There
was considerable intersubject variation in ascorbic acid absorption and
there appeared to be good and poor absorbers of the vitamin. Consider-
ation should be given to the influence of the extent of ascorbic acid ab-
sorption on the results of clinical trials.
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Since the claim (1-3) that the daily consumption of large
quantities of ascorbic acid may have beneficial effects for
such conditions as the common cold, numerous investi-
gations have been conducted to evaluate the efficacy of
large doses of this vitamin for reducing the frequency and
duration of cold symptoms (4-8). The results of these
studies remain controversial (9, 10) although there is-at
least some tentative support for the clinical claims. Several
studies have been criticized for lack of adequate control
and for poor experimental design, factors which may have
substantially influenced their results and conclusions.
Perhaps equally as important is an understanding and the
proper control of variables that may affect the absorption
or bioavailability of the vitamin from the oral form. At
present little is known about the absorption and disposi-
tion of ascorbic acid administered exogenously. Since
ascorbic acid appears to be absorbed in humans by a spe-
cialized process (11, 12), the rate and extent of its ab-
sorption may be influenced by the relative efficiency of
different oral dosage forms, size of the dose, and physio-
logical conditions along the GI tract. The present study was
designed to examine ascorbic absorption from various
commercially available oral dosage forms.

EXPERIMENTAL

Protocol—Four healthy adult subjects participated in the study (three
males and one female, 25-32 years of age) after giving informed written
consent. Each subject ingested 1 g of ascorbic acid/day for a period of not
less than 2 weeks prior to the experiments, in order to saturate body stores
of the vitamin. Saturation of body stores was determined in the following
manner. After the 2-week dosing period, 1 g of ascorbic acid (powder
dissolved in water) was ingested on an empty stomach. Total urine was
collected for the subsequent 24 hr and assayed for total vitamin. This
procedure was repeated 3-7 days later. Between these two test doses the
subjects ingested 1 g of ascorbic acid/day. The body stores were accepted
as being saturated if the total amount of vitamin excreted during 24 hr
from each test dose was within £10% of each other.

Two days prior to and during an experimental day the subjects avoided
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the ingestion of ascorbic acid either in the form of vitamin preparations
or foods known to be high in ascorbic acid content. One day prior to the
experiment, blank urine samples were obtained by collecting total urine
for several hours during two collection periods {one in the morning and
one in the afternoon). The bladder was voided at the beginning of the
collection period and the exact time of the collection interval and urine
volume was noted.

On the experimental day the subjects ingested the assigned dosage form
of the vitamin on an empty stomach after an overnight fast. Food was
withheld for the next 3-4 hr. The dosage forms were ingested with 200
ml of water. The chewable tablets were thoroughly chewed prior to
swallowing. The dosage forms ingested were:

A. 1 g of ascorbic acid powder dissolved in water!

B. 1 g of ascorbic acid tablets? (two 500-mg tablets)

C. 1 g of ascorbic acid chewable tablets? (two 500-mg tablets)

D. 1 g of ascorbic acid timed-release capsulest (two 500-mg cap-
sules)

Each subject was randomly assigned to a specific schedule for ingestion
of the different dosage forms according to a 4 X 4 Latin square design.
In addition to the above dosage forms, 1 g of ascorbic acid was given in-
travenously 1 week after the completion of these experiments. The in-
jectable solution® (4 ml) was injected into an arm vein over 3—4 min (500
mg/2-ml vial).

The bladder was voided immediately after drug administration. Urine
was then collected during frequent and known time intervals during the
subsequent 24 hr. The total volume of each collection was recorded and
a 15-ml aliquot was taken and transferred to a vial which contained suf-
ficient metaphosphoric acid such that a 4% solution of the acid was ob-
tained with 15 ml of urine. The vial was shaken to dissolve the acid and
stored in a refrigerator and assayed within 4 days. After the 24-hr col-
lection period, the subjects resumed daily ingestion of 1 g of ascorbic acid
until 2 days prior to the next experiment. A period of 1 week elapsed
between successive experiments.

Analytical—All dosage forms were assayed to determine ascorbic acid
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Figure 1-—Urinary excretion rate of ascorbic acid as a function of time
in one subject after the intravenous injection of 1 g of ascorbic acid. The
solid line represents the best fit of the data.
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Table I—Bioavailability of Ascorbic Acid from Various Dosage
Forms

Table II—Maximum Ascorbic Acid Excretion Rate (ERnax)
from Various Dosage Forms

Percentage of Dose Recovered

Maximum Excretion Rate, mg/hr

Dosage Form Dosage Form
Chewable Timed-Release Chewable  Timed-Release
Subject Solution Tablet Tablet Capsule Intravenous Subject  Solution Tablet Tablet Capsule
1 16.1 10.7 12.2 6.2 81.3 1 35.8 20.2 25.5 6.4
2 34.9 44.2 26.1 17.4 84.6 2 54.5 49,7 455 24.0
3 23.4 19.0 24.6 10.9 85.7 3 46.9 43.0 43.5 16.6
4 54.2 45.3 58.8 22.6 87.3 4 96.2 7.5 98.1 30.1
Mean 32.1 29.8 30.4 14.2 84.7 Mean 58.4 47.6 53.1 19.3
+SD 16.6 17.6 19.9 7.2 2.5 +SD 26.4 23.6 31.3 10.2

content according to USP methods (13). Urine was assayed by the 2,4-
dinitrophenylhydrazine method outlined by Pelletier (14) to determine
concentrations of ascorbic acid and its two major metabolites, dehydro-
ascorbic acid and diketogulonic acid. This assay method is based upon
the formation of a colored osazone from dehydroascorbic and diketogu-
lonic acids and it offers a means of differentiating the three compounds.
The final solutions were measured colorimetrically at 520 nm. Concen-
trations of the compounds were determined from previously prepared
standard curves and amounts excreted during a collection interval were
calculated from the product of concentration and urine volume. The
urinary excretion data were corrected for blank values determined from
the urine samples collected on the day prior to each experiment.

Data Analysis—Urinary excretion data were used to calculate ascorbic
acid excretion rate as a function of time. Initial estimates of the absorp-
tion rate constant (K;) and the elimination rate constant (K) were ob-
tained from semilogarithmic graphs of excretion rate versus time by the
method of residuals. Using these initial estimates, the data obtained after
the oral administration of ascorbic acid were fit by nonlinear regression
analysis employing the equation appropriate for a one-compartment
mode! and assuming first-order absorption and elimination. Since the
urinary excretion data suggested the existence of a lag time (T') between
the time of dosing and the time when ascorbic acid excretion began, the
equation incorporated Tisg as a parameter to be estimated. The com-
puter-generated values for the above parameters were used to calculate
the maximum excretion rate (ER yax) and the time of occurrence of this
maximum (T'max). The excretion rate versus time data obtained after
intravenous administration of the vitamin were fit to the equation ap-
propriate for a two-compartment model. Initial estimates of the coeffi-
cients and exponents of the equation were obtained graphically using the
method of residuals. These data were then fit by nonlinear regression
analysis as already mentioned.

The bioavailability or extent of ascorbic acid absorption from each of
the forms administered was determined from the total amount of the
vitamin excreted into the urine during 24 hr (i.e., the sum of ascorbic,
dehydroascorbic, and diketogulonic acids). This value was then corrected
for the actual dose ingested based on the assay of the dosage forms.
Similarly, since ER na, depends on the actual dose ingested, this value
was corrected for the actual assayed content of the vitamin. The extent
of ahsorption was expressed either as a percentage of the dose recovered
or as a percentage of the intravenous dose recovered.
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Figure 2—Urinary excretion rate of ascorbic acid as a funetion of time
in one subject after the ingestion of 1 g of ascorbic acid as a solution (@)
or as a tablet (0). The solid lines represent the best fit of the data.

The percentage availability of ascorbic acid, ERmax and Tmas, were
statistically analyzed to determine any differences among the dosage
forms examined. These data were analyzed according to a 4 X 4 Latin
square design (15). Variance ratios were calculated for comparisons
among dosage forms, subjects, and sequence of administration. Scheffe’s
test (16) was also employed to contrast these parameters.

RESULTS AND DISCUSSION

Standard curves for ascorbic acid in urine were linear and reproducible
over the concentration range of 2-40 ug/ml. By repetitively assaying urine
containing a known concentration of ascorbic acid (with 4% metaphos-
phoric acid and stored in a refrigerator) it was determined that the vi-
tamin was stable for at least 4 days.

The mean assayed contents of ascorbic acid determined from 20
samples of the oral dosage forms were (expressed as percent of label
claim): powder, 99.9%; tablet, 107.8%; chewable tablet, 101.2%; and
timed-released capsule, 104.3%. The injectable solution contained 108.7%
of the label claim based on the assay of three vials, The urinary excretion
data were corrected for these values of actual ascorbic acid content.

The results of the intravenous experiments were previously reported
elsewhere (17). Figure 1 is a representative graph of ascorbic acid excre-
tion rate as a function of time after intravenous administration to one
subject. The data appear to be consistent with a two-compartment model.
The average elimination ¢1/2 associated with the log-linear terminal ex-
ponential phase (§-phase) was 3.5 hr (range, 2.7-4.3 hr). The percentage
of the intravenous dose recovered in the urine averaged 84.7% (range,
81.3-87.3%) as shown in Table 1. Figures 2-4 are representative graphs
of ascorbic acid excretion rate as a function of time after the oral ingestion
of the various dosage forms studied. For comparison, the data obtained
from the oral solution are included in each graph. The excretion rate—time
profiles are similar for the oral solution, tablets, and chewable tablets.
A comparable pattern is not seen, however, for the timed-release pre-
paration. In the latter case, the rate of absorption and ER,ax are con-
siderably smaller compared with the other oral dosage forms.

The bioavailability of the vitamin from these dosage forms is sum-
marized in Table I. The solution, tablet, and chewable tablet are absorbed
to approximately the same extent (~30% of the dose) although there is
considerable intersubject variation in the percentage of the dose recov-
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Figure 3— Urinary excretion rate of ascorbic acid as a function of time
in one subject after the ingestion of 1 g of ascorbic acid as a solution (®)
or as a chewable tablet (0). The solid lines represent the best fit of the
data.
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Figure 4—Urinary excretion rate of ascorbic acid as a function of time
in one subject after the ingestion of 1 g of ascorbic acid as a solution (®)
or as a timed-release capsule (% ). The solid lines represent the best fit
of the data.

ered. Absorption from the timed-release capsule is considerably less than
from the other dosage forms (~14% of the dose). Based on analysis of
variance there is a statistically significant difference among subjects with
respect to the percentage of the oral dose recovered (p < 0.01) but there
was not a statistical difference with respect to sequence of administration
(p > 0.25). Percentage recoveries among the oral dosage forms were not
statistically different (0.05 < p < 0.10), probably as a result of the large
variation in these values among the subjects. Since the urinary recovery
data suggested that the timed-release capsule was considerably different
from the other oral dosage forms, Scheffe’s test (16) was used to compare
the means obtained from the timed-release capsule versus the other
forms. As with the analysis of variance, the difference was close to but
did not reach statistical significance.

A comparison of maximum ascorbic acid excretion rate (ER max) among
the different dosage forms is presented in Table II. These values have
been normalized for the assayed content of ascorbic acid in each form.
Analysis of variance indicated significant differences among the products
(p <0.01) and among subjects (p < 0.01), while there was no significant
difference with respect to sequence of administration (p > 0.25). The
timed-release capsule had a substantially lower ER max value compared
to the other oral dosage forms.

Table III summarizes the times needed to achieve maximum excretion
rates {Tmax). Consistent with a slower absorption rate noted for the
timed-release capsule, T nax for this form was significantly prolonged (p
< 0.01) compared with the other oral dosage forms. There were no sta-
tistically significant differences among subjects or as a result of admin-
istration sequence.

Prior to the evaluation of ascorbic acid absorption from the various
dosage forms examined, all subjects were shown to be saturated with the
vitamin. This approach is necessary in evaluating the absorption of the
vitamin from urinary excretion data, since the retention of the vitamin
in the body is influenced by the nutritional status of the individual
(18-20).

The urinary recovery values of the vitamin were very similar among
the subjects after intravenous administration. An average of 85% of the
dose was ultimately recovered in the urine. The remainder of the dose
may be accounted for by other minor metabolites of the vitamin not de-
tected by the assay method (e.g., oxalic acid and ascorbate-2-sulfate) (21,
22) or a portion of the dose may remain in the ascorbate pool.

In contrast to the intravenous data, there was considerable variation
in the urinary recovery of the vitamin after oral ingestion (Table I). With
any given oral dosage form there is large variation in the excretion of the
vitamin among the subjects. There appeared to be a trend in this variation
in that subject 1 consistently excreted less vitamin and subject 4 con-
sistently excreted more vitamin than the other subjects. While the con-
clusions presented here are necessarily limited by the number of subjects
that participated, the data suggest that there may be “poor” and “good”
absorbers of ascorbic acid. This trend is best supported by the oral so-
lution data where there are no dosage form effects {(e.g., disintegration
and dissolution processes) to mask the inherent ability to absorb the vi-
tamin. When dissolved in water the vitamin'is presented to absorption
sites of the GI tract in a form optimal for absorption.
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Table III—Time of Maximum Ascorbic Acid Excretion Rate
(T max) from Various Dosage forms

Time of Maximum Excretion Rate, hr
Dosage Form

Chewable  Timed-Release
Subject  Solution Tablet Tablet Capsule
1 3.1 2.3 2.6 4.9
2 2.3 3.8 24 3.8
3 2.1 2.5 3.1 3.5
4 3.0 2.7 2.5 4.5
Mean 2.6 2.9 2.7 4.2
+SD 0.5 0.6 0.3 0.6

It was suggested that ascorbic acid is absorbed in humans by a spe-
cialized transport mechanism (11, 12). Differences among individuals
in the values of the parameters associated with this transport process may
partially account for the variation noted in the extent of absorption.
Furthermore, differences in physiological variables along the gut (e.g.
gastric emptying rate) may contribute to this intersubject variation. The
absolute absorption of the vitamin from oral solution may be calculated
by the ratio of urinary recoveries from the solution to the intravenous
dose. Approximately 40% of the dose ingested as a solution is absorbed
(range, 20-62%). Compounds transported by specialized processes are
generally absorbed only at certain sites along the GI tract. This has been
shown, for example, for riboflavin where absorption proceeds from the
upper regions of the small intestine (23). The same observation is likely
to apply to ascorbic acid. As a result, factors altering gastric emptying
and intestinal transit rates (e.g., food and drugs) may influence the ef-
ficiency of absorption from the oral dosage form. This effect was ade-
quately illustrated for riboflavin (23, 24) and appears to be the case for
ascorbic acid as well (25).

The urinary recovery data indicated that the vitamin was absorbed
to approximately the same extent from the solution, tablet, and chewable
tablet. The timed-release capsule, however, was absorbed to a much
smaller extent compared with the other oral forms. The absolute per-
centage of the dose absorbed from this capsule was ~17%, which is less
than one-half the amount absorbed from the solution (~40%). Several
reasons may be suggested to account for the poor absorption of the vi-
tamin from the timed-release capsule. The vitamin may be incompletely
released from the formulation resulting in reduced absorption compared
with a solution. An additional explanation may be that, to be well ab-
sorbed, the vitamin must be released from the formulation and be in
solution before the vitamin passes its sites of maximal absorption. Since
timed-release formulations are designed to release a compound slowly
over an extended period of time, a substantial portion of the dose of the
vitamin may not have been released before passing this site. This would
be particularly true if, as it appears (26), the major site for absorption is
in the upper region of the small intestine,

Further insight into the absorption of ascorbic acid may be obtained
by reference to Tables II and III. While the ER ,,x values are similar
among the solution, tablet, and chewable tablet forms, the timed-release
capsule provides considerably smaller values (Table II). These smaller
values for the capsule indicate slower and less complete absorption of the
vitamin. The slower and prolonged rate of absorption in contrast to the
solution is illustrated in Fig. 4. Also consistent with this slower rate of
absorption is the fact that it takes longer for the timed-release capsule
to achieve the maximum excretion rate compared with the other oral
forms (Table 1II and Fig. 4). The average value of Tmax for the timed-
release product (4.2 hr) is similar to the value of 4.9 hr reported (27) for
a different timed-release formulation of ascorbic acid. Consistent with
this discussion are the differences in the apparent first-order absorption
rate constant among the dosage forms. The apparent absorption rate
constants for the solution (1.4 hr™1), tablet (1.4 hr—1), and chewable tablet
(1.3 hr~!) forms are about three times larger than that for the timed-
release product (0.4 hr™1).

The results of this study are consistent with the findings of Richards.
et al. (28) who reported greater ascorbic acid plasma concentrations after
oral administration of a nonsustained-release product compared with
those achieved with a sustained-release product. Similar results were
reported by Allen (29) who examined the same timed-release product
used in this study. In that study, however, there was no crossover among
subjects and the body store of the vitamin was relatively low. The latter
point is supported by the small recovery of the vitamin in urine (~3% of
the dose for the regular capsule and 1% for the timed-release product).
The present findings disagree, however, with those of Zetler et al. (27)
who measured ascorbic acid blood concentrations and urinary excretion



after oral ingestion of a capsule and a sustained-release product. Their
results indicated that the extent of absorption from the sustained-release
product was almost twice that from a regular capsule. In addition, ~98%
of the sustained-release dose was absorbed compared to an intravenous
dose. The latter value is unusually high and we are not aware of any study
where an oral dose of ascorbic acid is virtually completely absorbed.
Another discrepancy is that the ascorbic acid half-life was determined
(27) to be ~11 hr prior to saturation and 29 hr after saturation. These
values are considerably greater than those reported for the half-life of
the vitamin after exogenous administration (11, 17, 26, 30). The reason
for the substantial differences in half-life and availability from the
timed-release products reported here and by Zetler et al. (27) is not
known.

The results of this study indicate that ascorbic acid absorption is in-
complete after oral ingestion and that there is considerable intersubject
variation in the extent of absorption. In addition, absorption of the vi-
tamin is considerably less efficient from the timed-release capsule ex-
amined here compared with the other oral forms. These findings have
several implications. From a practical point of view, efficient oral therapy
with the vitamin can be achieved by dissolving powdered ascorbic acid
in water. In addition, for the specific manufacturers’ products examined
in this study, tablets and chewable tablets appear comparable to a solu-
tion of the vitamin. This conclusion may not apply to tablets made by
all manufacturers but that can only be determined from the evaluation
of other products in a manner used in the present study. The timed-re-
lease capsule examined here appears to be a more expensive and less re-
liable means of providing oral vitamin therapy compared with other more
conventional dosage forms. This conclusion may apply to similar dosage
forms which attempt to delay or sustain the release of the vitamin;
therefore, bioavailability studies for such forms are essential.

A question that remains to be answered is to what extent does variation
in ascorbic acid absorption influence the results of large-scale trials de-
signed to examine the clinical effects of the vitamin? To the authors’
knowledge no consideration has been given to absorption as a parameter
potentially influencing the findings of such studies. Investigators
pursuing such trials should give some consideration to the possible in-
fluence of variation in ascorbic acid absorption on clinical outcome.
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24,24-Diphenyl-23-ene Derivatives of Cholic Acid
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Abstract O After electron impact in the mass spectrometer, 24,24-di-
phenyl-23-ene derivatives of cholic acid ejected the 17-sidechain as an
ionized 1,1-diphenyl-butadiene derivative, and the 12a-acetoxy group
activated this loss. This contrasts markedly with the mass spectrometric
fragmentation of typical sterols having unsaturated 17-sidechains that
are also devoid of functionality on the C-ring.

Keyphrases 0 Mass spectra—fragmentation of 24, 24-diphenyl-23-ene
derivatives of cholic acid @ Cholic acid—24, 24-diphenyl-23-ene deriv-
atives, fragmentation by mass spectra Ol Derivatives—24, 24-diphenyl-
23-ene derivatives of cholic acid, mass spectral fragmentation

During the course of other investigations (1), a number
of 24,24-diphenyl-23-ene derivatives of cholic acid having
structural similarities to known biologically active com-
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pounds were prepared. Since the Barbier—Wieland 17-
sidechain degradation is used extensively in steroid-ter-
penoid synthesis (2, 3) and electron impact induced loss
of the 17-sidechain is of both fundamental and diagnostic
importance (4-6), the ,observations concerning mass
spectral cleavage processes of the Barbier-Wieland mod-
ifje% 17-sidechain of steroids and terpenoids are summa-
rized.

RESULTS AND DISCUSSION

The preparation of the compounds in this study was unexceptional.
However, isolation of pure diene (1Va—1Vd) was difficult because un-
reacted monoene was invariably present. Also, it is likely that £ and Z
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