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Unexpected Early Response in Oral Bioavailability of Ascorbic Acid

Vitamin C Blood Levels can be Higher from Oral Intake than Intravenous Infusion in the Early
Minutes

© Owen Fonorow and Steve Hickey

INTRODUCTION

Repeatable and inexpensive experiments have cast doubt on the hypothesis that only 200 mg of vitamin C taken orally can
be absorbed. We measured vitamin C blood plasma levels every minute for the first 40 minutes using a novel approach. By
contrast to the prevailing paradigm, our results suggest that up to 4,000 mg of ascorbic acid taken by mouth can produce the
same rapid increase in plasma concentration as an intravenous infusion. Previous studies did not sample blood levels during
this early stage of oral intake. We confirmed that specific glucose meters do provide a reproducible measure of ascorbate
(Vitamin C) concentration. Researchers had previously demonstrated the ability of specific glucose meters to measure high
levels of ascorbate during and after Intravenous Vitamin C infusions (IV/C) (Ma, Sullivan, Schrick, Choi, He, Lierman,
Chen, 2013). Our initial aim was to confirm the adequacy of the method. However, we observed that the meters are
responsive to lower oral intakes, and discovered an initial high rate of oral absorption, which may add to understanding of
the pharmacokinetics of ascorbate and have clinical and nutritional implications.

METHODS

In 2012, we observed that the Abbott Laboratories FreeStyle® Lite glucose meter was responding quantitatively to vitamin
C in blood plasma. This is consistent with the similarity of glucose and ascorbate molecules. Biologically, this similarity
leads to the cellular uptake of dehydroascorbate by GLUT (Biirzle & Hediger, 2012), (Corti, Casini, Pompella, 2010),
(Szarka & Lérincz, 2013). Hence, the sensitivity to ascorbate in glucose meters is expected. The potential “error” due to
high vitamin C is mentioned in the glucose meter product's user manuals. Initially, the quantitative response was based on
direct observations and reports from members of the Vitamin C Foundation (Fonorow, 2015). The observations suggested
that there is a practical and inexpensive way of estimating in vivo vitamin C levels

Data was obtained using three Abbott FreeStyle® Lite glucose meters that were purchased locally between 2013 and 2015.
Each Abbott device was checked to confirm that it responded linearly and proportionately to ascorbate concentrations in test
solutions comparable with the concentrations expected while the subject was undergoing intravenous infusions of vitamin
C. The data estimation was the result of three different meter readings alternated so that glucose meter A measured minute
1, and minute 4, etc. The mg/dl are the units that USA glucose meters report. These numbers are not correct ascorbate
concentrations, but are used to show relative changes in blood ascorbate.

Plasma glucose levels were expected to be approximately constant over the period of data collection. The subject in these
experiments was a 61 year-old male, insulin-dependent diabetic. These experiments were run at on the same individual, at
the same time, early in the morning after fasting during sleep for at least 8 hours. The lack of endogenous insulin
production in this individual minimized any physiological insulin related response in the control of glucose or ascorbate
levels.

In our first experiment, we measured relative ascorbate levels during an intravenous vitamin C infusion directly into the
blood stream. As is required for vitamin C intravenous infusions, the vitamin was administered as sodium ascorbate.
Because the vitamin C is the ascorbate ion, we accounted for the sodium by adjusting the sodium ascorbate dosage to 11.3
grams. This adjustment ensured that 10 grams of vitamin C was endogenously introduced to the subject, allowing
comparison between all experiments.. Figure 1 plots the baseline data from all three meters during the sodium ascorbate IV/
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C infusion.

Experiment 2 measured the relative ascorbate levels while oral vitamin C (as ascorbic acid) was introduced at the same rate
(250 mg/minute) as the sodium ascorbate intravenous infusion. Plasma levels were again measured minute-by-minute,
alternating the meters, over the same duration as the short IV/C. Figure 2 compares the plasma response of the slow
introduction of oral vitamin C as ascorbic acid with the data from the first experiment, sodium ascorbate IV infusion. The
data from all three meters are averaged in the second plot. The baseline IV/C sodium ascorbate data are averaged.

Experiment 3 measured the relative ascorbate concentrations after a single, large 10 gram oral dose of ascorbic acid. The 10
grams is the equivalent vitamin C to the amount given by intravenous infusion in the first experiment. Measurements were
minute-by-minute over the same 40 minute period as the baseline IV/C. Figure 3 compares the plasma response of the
single oral dosage of vitamin C as ascorbic acid with the data from the first experiment, sodium ascorbate IV/C infusion.
The data from all three meters is plotted to show the rapid changes in blood levels from the ascorbic acid gulp. The IV/C
baseline data are averaged.

Experiment 4 measured the relative ascorbate concentrations after a single, large, 11.3 gram oral dose of sodium ascorbate.
This dosage provided the equivalent 10 grams of vitamin C. Measurements were minute-by-minute, alternating meters,
over the same 40 minute period as the baseline IV/C. Figure 4 compares the plasma response of a large dose of oral sodium
ascorbate with the equivalent large oral dose of ascorbic acid. The data from all three meters are averaged.

The amount of vitamin C administered in all the experiments was the same (10 grams of ascorbate.)

Experiment 5 measured a 10 gram single oral dose of glucose for comparison against the oral ascorbic acid gulp.
RESULTS

Experiment 1 - 10 gram IV/C infusion (11.3 gram sodium ascorbate)
The first experiment measured “glucose” levels during an intravenous vitamin C infusion, where no glucose was present.

The chart in Figure 1 shows the steady rising blood levels, until the IV/C bag emptied and the relative blood levels then
began to decline. Three Abbott meters were used to minimize a random measurement error in one meter.

We performed a regression analysis using Microsoft Excel 2007 Data Analysis package on the meters which provided
significant support for the good agreement on visual inspection of the measurements. The multiple R value for meters A-IV
and B-IV was 0.82 (F=30.69; P=5.66x10-5). With A-IV and C-IV the R was 0.72 (F=14.89; p=1.74x10-3). For B-IV and C-
IV the R was 0.91 (F=66.58; p=1.09x10-6).

The consistency among these measurements suggest that these meters measured vitamin C blood levels. However, these
measurements are mg/dl in terms of glucose, and are not accurate vitamin C concentrations.
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Fig 1. Measurements at one-minute intervals during a 10 gram intravenous infusion of vitamin C.

The IV bag emptied at minute 34, and the line drained and the needle was removed at minute 40. The increase in
concentration from the IV is also consistent with our in vitro measurements. The decline at the end of the IV illustrates the
short 30-minute half-life of the vitamin. To a first approximation, we take the fasting subject's glucose levels to be constant
over this period.

Experiment 2 — Oral Ascorbic Acid at the Same Rate as [V

The second experiment introduced vitamin C orally at the same rate (250 mg/minute) as the intravenous infusion in
Experiment 1. There was little difference in Vitamin C blood levels between oral ascorbic acid and intravenous sodium
ascorbate for the first 15-16 minutes (4,000 mg). After this period, concentrations from oral intake dropped off. This
experiment shows that 4 grams of oral vitamin C as ascorbic acid enters the blood stream as well as vitamin C introduced
directly by vein. Indeed, the initial oral measurements appear slightly greater than were obtained with the IV/C suggesting
an efficient absorption through the stomach wall.

The subject was administered vitamin C at the same rate as the infusion, i.e., 250 mg of ascorbic acid by mouth every
minute for 40 minutes.
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Figure 2 compares the response from oral ascorbic acid when given to match the rate of the intravenous infusion.

The results of the experiment show comparable blood levels between oraln IV/C for the first fifteen minutes. After this
period, the oral blood levels declined, relative to the IV/C. The decline in the rate of absorption may reflect the increase in
stomach pH as ascorbic acid buffered the stomach contents (Hcl).

Experiment 3 — 10 gram single oral dose of Ascorbic Acid compared to IV

The third experiment measured vitamin C after a single large (10 gram) dose of ascorbic acid taken by mouth. The data
showed that the blood levels spiked as early as minute 3 to levels higher than the intravenous infusion achieved over 40
minutes. The spiking blood level event was over by minute 12. Anecdotally these totally unexpected results suggest that
oral ascorbic acid can produce transient high blood levels of vitamin C. These transient high levels would be missed by any
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experiment with a longer measurement period. Rapid minute-by-minute measurements are required to observe these high
values.

In Figure 3, we measured the blood concentrations after a single oral dose of 10 grams of ascorbic acid.
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Fig. 3. Time series following a single oral dose versus IV —mg/dl versus time in minutes. All three meters are plotted.

Unexpectedly, blood levels of ascorbic acid spiked early and profoundly. The maximum levels appeared as early as minute
3, and varied slightly from minute 3 to minute 7. The initial peak had declined back towards baseline IV/C by the 15™
minute. This initial high level was consistent with the results in Experiment 2 in suggesting a rapid initial absorption of
oral ascorbic acid.

We investigated whether the quick entry into the blood stream was via the mucous membranes in the mouth or the stomach.
We did not find any significant blood “glucose” elevation holding the 10 gram vitamin C solution in the mouth for a long
period..

Our original finding is that during the first 12 minutes after a single large dose of ascorbic acid, blood concentrations of
vitamin C were substantially higher than the levels produced by the intravenous infusion. The entry into the blood during
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the first few minutes is most likely from the vitamin's passage through the stomach lining.

Experiment 4 — Single 11.3 gram oral dose of Sodium Ascorbate

The fourth experiment measured vitamin C after a single large (11.3 gram) dose of sodium ascorbate taken by mouth.
In Figure 4, we compare the blood concentrations after a single oral dose of 10 grams of Vitamin C as sodium ascorbate
with the single 10 gram dose of ascorbic acid data from experiment 3.
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Fig. 4. Time series following a single oral dose of 11.3 grams sodium ascorbate compared with 10 grams ascorbic acid
Date from all three meters are averaged.

Figure 4 illustrates the difference in relative vitamin C blood levels depending on whether the vitamin is taken as ascorbic
acid, or sodium ascorbate. The data showed a sodium ascorbate produces a slower rise in vitamin C blood levels. No high-
level transient spikes were measured.

This experiment with oral sodium ascorbate suggests that the form of the vitamin C may determine the rate at which vitamin
C enters the blood stream. The blood concentration pattern after oral sodium ascorbate is markedly different from the oral
ascorbic acid. Sodium ascorbate concentrations were lower, perhaps because sodium ascorbate requires more time for
absorption into the blood stream as the vitamin travels past the stomach to the intestines.

Our calibration measurements hinted that the glucose meters may report the same sodium ascorbate and ascorbic acid
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concentrations differently. (These calibrations were in water, not blood, making the glucose meter readings difficult and
prone to error.) Even if the blood levels are not directly comparable, the pattern of entry into the blood is markedly
different between the two forms of vitamin C. The mildly acidic ascorbic acid has a rapid entry effect in the blood, while the
rate of entry of the alkaline sodium ascorbate is slower and more like timed release..

Experiment 5 — 10 gram single oral dose of glucose

There was concern that somehow we were measuring glucose. As a control, in Figure 5, we measured the blood
concentrations after a single oral dose of 10 grams of glucose. The fifth experiment repeated the method after a single large
(10 gram) dose of glucose taken by mouth.

Figure 5 compares the oral ascorbic acid data from experiment 3 with the glucose experiment.
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Fig. 5. Time series following a single oral dose of 10.0 grams glucose compared with 10.0 grams of ascorbic acid— mg/dl
versus time in minutes. The average of all three meters are plotted.

In Figure 5, the blood levels of glucose were compared with vitamin C as ascorbic acid. The measurement values are
presumably accurate for glucose. While the actual vitamin C concentration is unknown, the pattern entering the blood
stream is different.

DISCUSSION

The vitamin C absorption into the blood stream findings reported here are generally practical because some glucose meters
are sensitive to and can be used to report ascorbate levels in the blood (Ma, Sullivan, Schrick, Choi, He, Lierman, Chen,
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2013). This sensitivity appears to give a linear quantitative response and reproducible measurements. While plasma glucose
is greater than ascorbate levels, in a fasting individual glucose levels are expected to be approximately constant over the
periods considered. Insulin may affect the experiments as the vitamin C (or glucose) is made available to enter cells. In this
diabetic subject, we had the opportunity to monitor blood levels without this confounding factor. We had previously
determined that the meters response to ascorbate was greater than that to glucose, presumably related to a redox aspect of
the measurement. These minute-by-minute measurements are new to the literature, partially because of the practical
difficulty in collecting, and then storing blood for so many measurements, but perhaps reflecting the unexpected nature of
the rapid oral response.

Not every brand or model of glucose meter is as sensitive to ascorbate, and the details of the mechanisms are commercially
sensitive. We tested several meters that did not provide a robust measure of ascorbate concentration. It is possible that the
FDA may consider a glucose meter that reacts to vitamin C flawed. For this reason, manufacturers may be forced to upgrade
their meters, rendering future versions of the Abbott and other meters unusable for vitamin C measurements. Ideally, a
low-cost finger-prick ascorbate (vitamin C) meter will be made available that makes accurate measurements. A new
company in New Zealand recently announced that they are developing such a meter.

We calibrated the Abbott FreeStyle® Lite glucose meters against accurately measured solutions of ascorbic acid equivalent
to concentrations in the blood over the range .5 to 1.5 mg/dl (Biirzle & Hediger, 2012). The meter provided a linearly
proportional response to the ascorbate concentrations measured. Here we are concerned with rapid changes in blood plasma
relative to baseline. These experiments compared relative blood concentrations between oral and intravenous, and different
forms of vitamin C

In this preliminary report, we show that during a slow intravenous infusion of 10 grams of vitamin C, three separate meters
report a steady increase in measured ascorbate, consistent with the increased concentration of vitamin C in the blood. At the
end of the infusion all three meters showed the decrease in blood levels consistent with ascorbate's 30-minute half-life and
the Dynamic Flow theory of ascorbate (Hickey & Roberts, 2004 & 2005).

Our IV/C infusion data from vitamin C introduced directly by vein into the blood stream (experiment 1) provided an
approximation to a 100% bioavailability. Experiment 2 compared oral and intravenous vitamin C introduced at the same
rate. We expected that less vitamin C would enter the blood stream from oral absorption.

The minute-by-minute readings comparing the IV infusion for the first 15 minutes (4000 mg) is unprecedented, and leads to
the reasonable conclusion that a similar amount of vitamin C entered the blood stream. Some prior research had reported
that only about 250 mg can be absorbed before tissue saturation (Levine M, Conry-Cantilena, Wang, 1996), (Levine,
Padayatty, Espey, 2011). However, measuring vitamin C in the urine or waiting too long to begin blood measurements
would have missed the rapid absorption.

In the third experiment, a single dose of 10 grams of vitamin C as ascorbic acid was consumed all at once. Minute-by-
minute measurements were compared to the slow intravenous infusion. The surprising finding is that in the first few
minutes, the rapid oral absorption of 10 grams of ascorbic acid created higher blood levels than the low dose IV/C.

The measurements for ascorbic acid were unexpected. The blood concentrations between the baseline and oral ascorbic
acid at the same rate were comparable and showed equivalent bioavailability to 4000 mg. The bioavailability of a large
one-time dosage produced blood levels higher than the intravenous infusion of the same amount.

In the fourth experiment, a single dose of 11.3 grams of vitamin C as sodium ascorbate was consumed all at one time.
These measurements were compared to oral ascorbic acid. Another (unanticipated) finding was the unexpected difference
between the rates of absorption of the different forms of vitamin C.

While the ascorbic acid response was unexpected, it is consistent with known pharmacokinetics of weak acids. A weak acid
like ascorbic acid is in the associated relatively non-polar state in the low pH of the stomach becoming more lipid soluble.
Weak acids often absorb rapidly from the stomach. However, if the stomach acid is decreased the weak acid disassociates
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and the polarity inhibits transfer across cell membranes. The ascorbic acid would buffer the stomach pH (from pH ~1 to pH
~4) and inhibit its own absorption. Sodium ascorbate would be a more effective buffering agent and this would explain why
the initial absorption spike was not observed.

One objection to these case study data is individual variation in this preliminary study. This reservation is accepted and is
common to case studies, which nevertheless can convey interesting observational data. The measurement is direct, using a
technique established elsewhere (Ma, Sullivan, Schrick, Choi, He, Lierman, Chen, 2013). Moreover, it would appear that
some individual’s large intakes of vitamin C might be rapidly absorbed initially from the oral route. It remains to be
established how frequent this phenomenon is in the population. Moreover, if replicated the observations may provide an
alternative to IV administration of ascorbate now being clinically trialed in cancer (Chen, Stone, Sullivan, Drisko, Chen,
2011), Monti, Mitchell, Bazzan, Littman, Zabrecky, Yeo, Levine, 2012), (Wang, Yin, Wang, 2016), (Leckha, Gurjar, Tyagi,
Rizvi, Verma, 2016), (Back, Cho, Kim, Kim, Jung, 2017), (Campbell, Vissers, Wohlrab, Hicks, Strother, Bozonet, et al.,
2016), (Frajese, Benvenuto, Fantini, Ambrosin, Sacchetti, Masuelli, Giganti, Modesti, Bei, 2016), (Aguilera, Muiioz-
Sagastibelza, Torrejon, Borrero-Palacios, del Puerto-Nevado, Martinez-Useros, Garcia-Foncillas, 2016), (Jung, Lee, Moon,
Hong, Shin, Hwang, et al., 2016), (Chung, Kim, Ahn, Choi, Kim, Son, 2016), (Zhao, Wang, Song, Jin, Zhang, Gan, Yang,
2017), (Parro, Leshin, Levine, 2013). If the process we observed is one of rapid weak acid absorption from the stomach it
may be possible to maintain stomach acidity and promote rapid oral absorption of large doses of vitamin C, at least in some
individuals. Consistent with this interpretation we have observed that while ascorbic acid can be rapidly absorbed in to the
blood stream, sodium ascorbate raises blood levels more slowly.

Vitamin C blood levels must be measured repeatedly within 30 to 40 minutes to obtain an accurate reading of how much
vitamin C enters the blood stream. Cathcart described how people who are sick and under stress can tolerate very high oral
intakes of vitamin C (Cathcart, 1981). The Cathcart bowel tolerance amounts, sometimes as high as 200 grams daily, are
difficult to reconcile with the current paradigm if blood plasma saturates at 250 mg. Cathcart also reported that he could
only obtain “a clinical ascorbate effect” orally with ascorbic acid, not mineral ascorbates. We might speculate that an
increased stomach acidity in the sick can at least in part explain Cathcart’s observations.

The rapid early absorption and utilization of ascorbic acid presented here, previously unknown, may help explain what
Cathcart reported.
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