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Abstract

Purpose: The design of biorelevant conditions for in vitro evaluation of orally administered drug products
is contingent on obtaining accurate values for physiologically relevant parameters such as pH, buffer
capacity and bile salt concentrations in upper gastrointestinal fluids.

Methods: The impact of sample handling on the measurement of pH and buffer capacity of aspirates from
the upper gastrointestinal tract was evaluated, with a focus on centrifugation and freeze-thaw cycling as
factors that can influence results. Since bicarbonate is a key buffer system in the fasted state and is used
torepresent conditions in the upper intestine in vitro, variations on sample handling were also investigated
for bicarbonate-based buffers prepared in the laboratory.

Results: Centrifugation and freezing significantly increase pH and decrease buffer capacity in samples
obtained by aspiration from the upper gastrointestinal tract in the fasted state and in bicarbonate buffers
prepared in vitro. Comparison of data suggested that the buffer system in the small intestine does not
derive exclusively from bicarbonates.

Conclusions: Measurement of both pH and buffer capacity immediately after aspiration are strongly
recommended as “best practice” and should be adopted as the standard procedure for measuring pH and
buffer capacity in aspirates from the gastrointestinal tract. Only data obtained in this way provide a valid

basis for setting the physiological parameters in physiologically based pharmacokinetic models.
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1. Introduction

The design of biorelevant conditions for the in vitro evaluation of orally administered drug products is
contingent on obtaining accurate values for physiologically relevant parameters such as pH, buffer capacity
and bile salt concentrations. For this purpose, samples are often aspirated from the upper gastrointestinal
(GI) tract. As values that have been reported for these parameters differ substantially among studies
reported in the literature, the question arises as to whether the results may be influenced by the
methodology used to collect and process the samples. If so, the aspiration study design needs to be
harmonized to “best practices” in order to assure that meaningful and comparable results are reported.
While Fuchs and Dressman(1) have discussed in general how various aspects of sampling can affect results
(e.g. pooling of aspirates, location of aspiration etc.), in this study we focus specifically on the question of
how sample handling procedures can influence pH and buffer capacity measurements in aspirates

collected in the upper Gl tract.

The buffer capacity of Gl fluids, i.e. their resistance to change in pH, can be important to the in vivo
dissolution of ionizable active pharmaceutical ingredients (APIs) and the release of APIs from
pharmaceutical products with pH-dependent release mechanisms.(2—4) The buffer capacity of Gl fluids is
determined by the physiological pH-regulating agents that are present in the region of interest as well as
any food and drink that is ingested by the patient. Further, the impact of the transfer of gastric contents
to the small intestine and the contribution of various protein-based pancreatic secretions to the buffer

capacity of the fluids in the upper intestine should be taken into consideration.

The intragastric pH in fasted, healthy adults is mainly regulated by the concentration of hydrochloric acid.
Using perfusion techniques, hydrogen ion concentrations have been measured to range from 56 to 160

mM.(5-8) There is also a potential contribution of pepsin, lipase, or other protein-based components to

3
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the buffer capacity of bulk gastric contents. Under conditions of reduced gastric acid secretion there may
also be some contribution from bicarbonate ions. Bicarbonate concentrations in the acid-suppressed
stomach using the carbon dioxide partial pressure and pH (pCO,/pH) method (which is based on the
Henderson-Hasselbalch equation and in which the total concentration of bicarbonates is considered to be

the sum of carbon dioxide and free bicarbonates) have been reported to range from 1 to 20mM.(9,10)

In the fasted small intestine, on the other hand, the pH is considered to be mainly controlled by
bicarbonates, which are secreted by the pancreas and the enterocytes and are also present in the bile.(11-
14) Using the pCO,/pH method, the bicarbonate concentration in the upper intestine (duodenum and
jejunum) of fasted adults has been measured to range between 2 and 20 mM, and the influx of
hydrochloric acid into the upper small intestine has been shown to result in a significant increase in
bicarbonate secretion rates.(6,15-18) Here it should be mentioned that pCO,/pH measurements have
been criticized as sometimes leading to an underestimation of bicarbonate concentration,(19) in which
case values at the upper end of the reported ranges for the stomach and upper intestine are likely to be

closer to the true intraluminal values.

The buffer capacity of the Gl contents can be estimated by aspirating the luminal contents from the region
of interest and titrating the sample with a strong acid or base. Handling of aspirates and any storage prior
to titration appear to have an impact on the measured value, since both sample handling techniques and
reported values for pH and buffer capacity vary widely among studies. It has been reported that the pH of
samples aspirated from the upper intestine drift to higher values when the samples remain on the bench
at room temperature.(20) The authors attributed the drift to the transformation of bicarbonates to carbon
dioxide.(20) Moreover, Litou et al. demonstrated that subjecting the samples to a freeze-thaw cycle
significantly reduces the measured buffer capacity values in both the stomach and in the upper

intestine.(21)
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To resolve the various issues described above and thus assist in achieving a standardized methodology for
sample handling of Gl aspirates, this study had three specific objectives: First, to investigate the impact of
sample handling on values of pH and buffer capacity measured in gastric and intestinal aspirates. In several
studies reported in the literature, the pH and buffer capacity values were determined after centrifugation
of the aspirated samples and/or after subjecting the aspirates to a freeze-thaw cycle (22-26), while in
others these measurements were made immediately after obtaining the sample (20,21). Second, to
compare the impact of freeze-thaw cycling and centrifugation on the pH and buffer capacity of bicarbonate
solutions prepared in the laboratory with the impact of these sample handling procedures on aspirated
samples. Third, to evaluate the impact of drug administration on buffer capacity via locally and/or

systemically mediated mechanisms, based on literature data.(21,23)
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2. Methods

2.1 Data from published human intubation studies that were considered in the present work

For each clinical study published to date, the protocol as well as the aspirate collection and handling
procedures prior to the ex vivo measurements are summarized in Table 1. In this work, data from the
studies of Litou et al.,(21) Pedersen et al.,(24) Kalantzi et al.(20) and Persson et al.(26) were used to
evaluate the impact of a freeze-thaw cycle on the buffer capacity values in gastric aspirates and in aspirates
from the upper small intestine. In all these studies, the adult volunteers were healthy, had fasted overnight
prior to the study day and had received no treatment prior to the aspirations. In each of these studies the
buffer capacity was measured with NaOH in gastric aspirates and with HCl in aspirates from the upper
small intestine. In the study by Kalantzi et al.(20) 10 mg/mL PEG 4000 was used as a non-absorbable
marker. Data from the studies of Kalantzi et al. and Litou et al. were reported as individual values.(20,21)
Data from the study of Pedersen et al.(24) were reported as mean (SD) values, resulting from six
measurements in one pooled sample of gastric contents aspirated from three healthy volunteers, whereas
data from the study of Persson et al.(26) were reported as a single value corresponding to one pooled

sample of intestinal fluids aspirated from six healthy volunteers.

Individual data from the study of Litou et al.(21) were used to evaluate the impact of a freeze-thaw cycle
on the estimated buffer capacity values in the stomach after treatment with famotidine to elevate the
gastric pH. In that study the adult volunteers were healthy, had fasted overnight prior to the study day,
and had received a treatment with famotidine prior to aspiration. In this case, the buffer capacity in the
stomach was estimated immediately upon aspiration by titrating with NaOH and additionally after one

freeze-thaw cycle by titrating with NaOH and by titrating with HCI (i.e. in both directions).
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Data from the study of Hens et al.(23) were used to evaluate the impact of administration of ibuprofen (a
weak acid) prior to initiation of aspiration on the pH and buffer capacity in the stomach and upper small
intestine. In that study aspirates collected from another study by the same group were used(27). In the
Koeningsknecht et al. study(27) the healthy adult volunteers fasted overnight prior to the study day and
received 800 mg ibuprofen prior to aspiration. 25 mg of phenol red were used as a non-absorbable marker.
Buffer capacity was measured with NaOH in aspirates collected from the stomach and with HCl in aspirates
collected from the upper intestine, after centrifuging at 21000 g for 5 min and then freezing the samples
at -80 °C. At an undisclosed time-point during the sample handling and the buffer capacity measurement,
pure mineral oil was added to the sample. In the Hens et al. study the mean buffer capacity and pH values
were reported at each aspiration time. Relevant data from this study were digitalized from the published

figures using WebPlotDigitizer (v. 4.0, Texas, USA).

Bergstrom et al. reported a median value for jejunal buffer capacity, but provided no information about
either the protocol of the clinical study or of the sample handling procedures.(28) Perez de la Cruz Moreno
et al. did not clarify whether the titrations were performed with NaOH or HCI.(22) Fadda et al. did not
clarify which samples were measured immediately upon aspiration and which after freezing and

thawing.(25) Therefore, data from those three studies could not be used in the present analysis.

Pairwise statistical comparisons were performed in all cases using parametric or distribution-free tests,
depending on the results of the normality and equal variance tests, using SigmaPlot 11.0 (Systat Software

Inc. Chicago, IL, USA) and setting the Type | error at 0.05.
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2.2 Impact of centrifugation on the pH of aspirates from the fasted upper small intestine

In a further study (29), eight successive aspirates were collected from the upper intestine of a fasted
volunteer between 5 and 70 minutes after administration of 30 mg dipyridamole as an aqueous solution.
The aspirates were centrifuged at 37 °C for 10 min and 12560 g immediately after aspiration, and the pH
after centrifugation was compared with the pH measured immediately upon aspiration. On a separate
occasion, eight successive aspirates were collected over 5-70 minutes from the same volunteer after
administration of 90 mg dipyridamole as an aqueous solution. These samples were placed in centrifuge
vials, which were immediately sealed and then centrifuged at 37 °C for 10 min and 12560 g: here, too, the
pH values after centrifugation were compared with the pH measured immediately upon aspiration. The
comparative data are presented in this work for the first time. The differences between the pH values
before and after centrifugation were evaluated using either the paired t-test or Wilcoxon Signed-Rank test,
depending on the results of normality and equal variances testing, with the Type | error set at 0.05. The
statistical analysis of the data was performed using the SigmaPlot 11.0 software (Systat Software Inc.,

Chicago, IL, USA).

2.3 Titration methodologies for determining buffer capacity

In all studies identified in the literature the buffer capacity of samples aspirated from the stomach was
determined by titration with NaOH. In the case of samples aspirated from the upper small intestine, most
published buffer capacity values were determined by titration with hydrochloric acid. It should be noted
that the contents of the upper intestine are more resistant to a decrease in pH value when a strong acid is

added than to an increase in pH when an equivalent molar amount of a strong base is added.(21,26)
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2.4 In vitro experiments with bicarbonate solutions

Bicarbonate buffers of 10, 20, 30, 50 and 100 mM were prepared using the appropriate amount of sodium
hydrogen carbonate (Alfa Aesar, LOT: Z07C065, ThermoFisher GmBH, Kandel, Germany) and adjusting the
final pH of the buffer to 6.5 with HCI with the aid of a pH electrode (pHenomenal®, VWR Int. Leuven,
Belgium). Buffer capacity measurements were performed by dropwise addition of HCl after various storage
conditions and sample handling procedures, as follows:

a) immediately upon buffer preparation,

b) after freezing the sample in a sealed vial (-20 °C, 10 d),

c) after centrifuging (20 °C, 21000 g, 5 min) and freezing the sample in a sealed vial (-20 °C, 10 d), and

d) after leaving the sample in a sealed vial on the bench for 4 or for 24 h.

Frozen samples were allowed to thaw on the bench at room temperature for about 1 h before measuring
the pH and buffer capacity. Experiments were performed at least in triplicate. The statistical evaluation of
differences was performed with one-way ANOVA or the Kruskal-Wallis test, depending on the results of
normality and equal variance testing, and post hoc comparisons were carried out using the Tukey test

(SigmaPlot 11.0, Systat Software Inc., Chicago, IL, USA). The Type | error was set at 0.05 in all cases.
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3. Results

3.1 Impact of sample handling on pH and buffer capacity of aspirates from the upper gastrointestinal tract

of healthy adult volunteers in the fasted state

3.1.2 Gastric aspirates

For aspirates collected from the fasted healthy adult stomach,(20,21,24) measurements immediately after
aspiration, or after one freeze-thaw cycle indicate that the pH is not significantly different (pH 1.73, n=60
(20,21) vs. pH 1.92, n=16 (21,24), Mann-Whitney, p=0.078). There appears to be a relation between the
buffer capacity and gastric pH (Figure 1). As can be observed from the insert graphs in Figure 1, there is a
linear correlation between the measured buffer capacity value and the hydrogen ion concentration
(calculated according to the measured pH value), independent of whether the measurement was
performed immediately after aspiration (R? = 0.85) or after one freeze-thaw cycle (R? = 0.82). The outlying
datum for buffer capacity after one freeze-thaw cycle (Figure 1B) from the study of Pedersen et al.(24)
could be related to the fact that no water was administered in that study prior to aspiration, unlike in the
studies by Kalantzi et al.(20) and Litou et al.,(21) in which 240 mL of water had been administered prior to
aspiration (see Table 1).

The median buffer capacity of gastric fluids measured immediately upon aspiration (17.4 mmol/L/ApH,
n=60 (20,21) was far higher than after one freeze-thaw cycle (6.6 mmol/L/ApH, n=16 (21,24); Mann-

Whitney, p=0.007).

Data measured in aspirates collected from the stomach after pretreatment with famotidine indicated that
one freeze-thaw cycle did not affect the pH significantly (paired t-test, p=0.301). The absence of a clear
relationship between pH and buffer capacity in this case can be attributed to the lack of HCl and the

presence of other components in the gastric aspirates (Figure 2).(30-32)

10
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The mean buffer capacity of gastric fluids after treatment with famotidine was significantly higher when
measured immediately after aspiration (0.62 mmol/L/ApH), than after one freeze-thaw cycle (0.21

mmol/L/ApH; paired t-test, n=16, p<0.001).

3.1.2 Intestinal aspirates

When vials containing aspirates from the fasted upper small intestine were not sealed prior to
centrifugation, the centrifugation procedure (37 °C, 12560 g, 10 min) increased the median (range) pH
values significantly from 6.11 (2.67-6.74) to 6.70 (2.67-7.29) (p=0.008).(29) When the vials were sealed
prior to centrifugation, the effect was reduced, with the pH rising from 5.84 (4.38-7.03) to 5.89 (4.38-7.48),

but still statistically significant (p=0.031).(29)

pH values of aspirates from upper intestine were not significantly affected by one freeze-thaw cycle (6.35,
n=47 vs 6.86, n=18, Mann-Whitney, p=0.168)(20,21,26). The median buffer capacity measured
immediately upon aspiration (7.0 mmol/L/ApH, n=45(20,21)) was significantly higher than that after one

freeze-thaw cycle (4.8 mmol/L/ApH, n=17(21,26)) (Mann-Whitney, p=0.019) (Figure 3).

3.2 The impact of ibuprofen together with centrifugation/freezing of samples on the pH and buffer capacity

in aspirates from the upper gastrointestinal tract of healthy adult volunteers in the fasted state

3.2.1 Gastric aspirates

Administration of 800 mg ibuprofen significantly elevated the gastric pH value; median pH values were
1.73 (n=60)(20,21) measured immediately upon aspiration without prior drug administration compared
with pH 2.63 (n=13)(23) measured immediately upon aspiration after administration of ibuprofen (Mann-
Whitney, p<0.001). However, the buffer capacity of the gastric contents measured after administration of
ibuprofen and after centrifuging/ freezing the samples was not significantly affected. In aspirates that were
obtained from volunteers who had not received ibuprofen and which underwent a freeze-thaw cycle prior

to measurement the median value was 6.6 mmol/L/ApH (n=16) (21,24), whereas in aspirates that were

11
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obtained from another set of volunteers who had received ibuprofen and which had undergone both
centrifugation and a freeze-thaw cycle, the median value was 4.7 mmol/L/ApH (n=13) (23) (p=0.283,

Mann-Whitney) (Figure 4A).

3.2.2 Intestinal aspirates

The pH values measured immediately upon aspiration in samples collected from the upper small intestine
after administration of 800 mg ibuprofen (median 5.51, n=26 (23)) were significantly lower than those
measured immediately upon aspiration with no prior drug administration (median 6.35, n=47 (20,21))
(p=0.002, Mann-Whitney). The observation is in line with data reported by Hoffman et al. (33) who
measured the intestinal pH with a Heidelberg capsule in eight healthy volunteers. In that study, values
reported after administration of an ibuprofen suspension at various infusion rates were lower than
average population data. However, the exact region of the upper small intestine at which the pH was
measured was not confirmed in this study.(33)

Given that the pH values in aspirates collected from the upper small intestine are significantly lowered by
prior administration of ibuprofen and/or centrifuging of aspirates, the buffer capacity values are also
expected to be affected. Indeed, the buffer capacity measured in aspirates under ibuprofen administration
combined with centrifugation/freezing sample handling (median 1.0 mmol/L/ApH, n=26 (23)) was
significantly lower than in other studies in which no ibuprofen was administered and the samples were
frozen without having been centrifuged (median 4.72 mmol/L/ApH, n=16(21,26)) (p<0.001, Mann-

Whitney) (Figure 4B).
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3.3 The impact of handling and storage on buffer capacity of bicarbonate solutions prepared in the

laboratory

Data with respect to the impact of sample handling procedures and storage conditions on the buffer
capacity of solutions of bicarbonate prepared in the laboratory at concentrations of 10 mM to 100 mM
are presented in Tables 2 and 3.

At a 10 mM concentration of bicarbonate, subjecting the samples to centrifugation followed by one
freeze—thaw cycle increased the pH (Kruskall-Wallis, p=0.004) and decreased the buffer capacity (one-way
ANOVA, p=0.021) significantly. By contrast, subjecting the samples to just the freeze—thaw cycle (without
centrifugation) did not affect either the pH or the buffer capacity significantly (Table 2). Keeping the
sample on the bench for 4 h or 24 h (Table 3) led to a statistically significant increase in pH with an
attendant decrease in buffer capacity (one-way ANOVA, p<0.001 for both parameters, all pairwise
comparisons were significantly different for both parameters).

At a bicarbonate concentration of 30 mM buffer, centrifuging and/or freezing the sample significantly
increased the pH and decreased the buffer capacity (one-way ANOVA, p<0.001, for both parameters).
Keeping the sample on the bench for 24 h significantly increased the pH (one-way ANOVA, p<0.001, all
pairwise comparisons) and decreased the buffer capacity (one-way ANOVA, p=0.012).

At a very high bicarbonate concentration of 100 mM buffer, centrifuging and/or freezing the sample did
not affect the pH or the buffer capacity (one-way ANOVA, p=0.197). While keeping the sample on the
bench for 24 h significantly increased the pH (6.50 vs. 7.04, (Kruskal — Wallis, p=0.004), the buffer capacity

was not significantly altered (one-way ANOVA, p=0.123).

Overall, it was observed that keeping the sample on the bench for 4 h leads to a significant increase in the
pH and to a significant decrease in the buffer capacity at bicarbonate concentrations up to 30mM.

Likewise, freezing and/or centrifuging the sample affects the pH and buffer capacity significantly at

13
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concentrations of up to 30 mM (i.e. within the physiological range of bicarbonate concentrations that have
been observed). The observed differences are greater when the sample has been both centrifuged and
frozen than when it is simply frozen before storage. The results are in general agreement with the study
of Leijssen et al., in which the “loss of label” (i.e. decrease in concentration) of bicarbonate solutions was
investigated in vitro. The authors reported that different stirring rates (when the bicarbonate solution was
placed in a beaker) resulted in a loss of label up to 58% in one hour and that that the percentage loss could
be reduced by increasing the bicarbonate buffer concentration from 1 to 10 mM.(34)

In summary, at bicarbonate concentrations in the physiological range of values observed in the fasted state
in the small intestine, both the pH and buffer capacity become very sensitive to the sample handling

procedure, so it is imperative to ensure that the sample handling procedure is closely controlled.
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4. Discussion

A general comment on the studies with aspirates from the stomach and upper intestine is that the sample
handling, use of marker compounds and pretreatment with drugs all vary from study to study. Although
this is to be expected to some extent because of the different aims of the studies, it impedes a
straightforward comparison of the results. At least for the purposes of determining inter-subject variability
in parameters like pH and buffer capacity (and other relevant upper Gl parameters such as bile salt

concentrations), it would be extremely helpful to have a harmonized protocol.

4.1 pH in aspirates

It can be concluded that the pH of the samples aspirated from the fasted stomach and upper small
intestine is not significantly affected by a single freeze-thaw cycle (section 3.1). By contrast, centrifugation
of intestinal aspirates upon collection increases the pH of the sample (section 3.1). It has been reported
that the pH of samples aspirated from the upper small intestine drifted to higher values when the samples
were kept on the bench at room temperature. The authors attributed the drift to the transformation of
bicarbonates to carbon dioxide.(20) Taken together, these observations suggest that different sample

handling procedures can have an effect on the measured pH values.

4.2 Buffer capacity in aspirates

The data presented here show that the buffer capacity of samples aspirated from the either the fasted
stomach or the fasted small intestine is lowered significantly by subjecting the sample to a freeze-thaw
cycle (section 3.1). Further, comparing studies in which ibuprofen was administered and the samples were
centrifuged before freezing with studies in which no drug was administered and samples were frozen
without having been centrifuged (section 3.2), it appears that centrifugation also leads to a decrease in
buffer capacity. Thus, it is evident that the accuracy of the buffer capacity measurements of fluids

aspirated from the upper Gl tract is compromised when they are not performed immediately upon
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aspiration. Since centrifugation or leaving the sample on the laboratory bench for several hours both affect
the pH, these sample handling procedures are expected to have a knock-on effect on the accuracy of the

measurement of the buffer capacity as well.

Similar concerns with respect to the effects of sample handling on pH and buffer capacity have been made
for other body fluids. For example, Gittings et al. performed pH and buffer capacity measurements in
human saliva collected from healthy volunteers, immediately upon collection and after storing the samples
at -80°C, respectively.(35) The authors recognized that bicarbonate buffer is a dynamic system and opined

that in saliva samples carbon dioxide may be lost from the system.

4.3 In vitro testing

Comparison of the in vivo and in vitro observations provides experimental evidence for non-exclusivity of
bicarbonates in the regulation of pH in the fasted upper small intestine as well as in the fasted stomach at
elevated pH. The results from the in vitro experiments indicated that both the buffer capacity and the pH
of bicarbonate solutions up to 30 mM are affected by subjecting the samples to a freeze-thaw cycle. Since
subjecting the samples to a freeze-thaw cycle does not significantly affect the pH of aspirates from the
upper small intestine or from the stomach when the subjects are pretreated with famotidine (section 3.1),
the question of whether bicarbonate is the sole contributor to the buffer system in the upper
gastrointestinal tract arises. It appears that in these aspirates, species other than bicarbonates e.g.
enzymes and/or mucin glycoproteins, may play an important role in regulating the intraluminal pH. This
possibility is also supported by recent data concerning the importance of bicarbonates in biorelevant
media simulating the conditions in the stomach under elevated gastric pH conditions and in the upper

small intestine in the fasted state.(21,36)
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Proteins are present both in gastric and intestinal fluids. Lindahl et al. reported, among others,
concentrations of proteins in the fasted gastric fluids of 2.1 £ 1.2 mg/mL.(37) This value is in general
agreement with the study of Litou et al., where concentrations of 0.27 £ 0.14, 0.53 £ 0.18 and 0.71 £ 0.35
mg/mL at 10, 20 and 35 min after administration of 240 mL of water, respectively, were reported.(21) With
regard to the upper small intestine, Lindahl et al. reported protein concentrations in jejunal fluids of 1.8 +
0.7 mg/mL.(37) Similar values were reported by Kalantzi et al. for the fasted duodenum (3.1 mg/mL),(20)
Persson et al. (1 £ 0.1 mg/mL)(26) and Litou et al. (1.00+0.37,1.8+1.2,2.7+1.7and 3.7 £+0.11 mg/mL at
5, 10, 30 and 50 min after administration of 240 mL of water).(21) Since the freeze-thawing process can
denature or destabilize proteins,(38) it is important to measure their contributions to buffer capacity by
titrating immediately after collection of the aspirate. From the observations in this study as well as the
literature data on other physiological fluids (39—44), it seems that bicarbonates may not be the only
contributors to the buffer system of the luminal fluids in the upper gastrointestinal tract and that proteins

likely have an important role.

4.4. Effects of drug administration on pH and buffer capacity

Some authors have administered a drug prior to aspirating samples from the upper Gl tract and it is quite
clear that the administration of some drugs prior to the initiation of aspirations can have an effect on the
measured pH and/or buffer capacity of the luminal aspirates.

A case in point is famotidine, a histamine 2 receptor antagonist, which like proton pump inhibitors is often
used to elevate the gastric pH. In the Litou et al. study(21) it was shown that a 40 mg dose of famotidine
(20 mg famotidine 14 h and 2 h prior to aspirations) elevates the gastric pH to values of pH 7 or more.
Under these conditions the buffer capacity is reduced to a very low value (mean 0.62 mmol/L/ApH) due
to the suppression of gastric acid secretion combined with the intake of a glass of water prior to aspiration.
Interestingly, even at these extremely low buffer capacities, subjecting the sample to a freeze-thaw cycle

prior to measurement resulted in a further decrease of the buffer capacity (section 3.1).
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Hens et al. reported that the buffer capacity decreased after administration of 800 mg ibuprofen.(23) This
can be partly explained by the decrease in pH when ibuprofen dissolves in the intestinal lumen to a value
far lower than the pKa of the bicarbonate buffer system, thus weakening the buffer capacity of the
bicarbonate. However, the pharmacological effect of ibuprofen should be also taken into consideration
when interpreting its effects on pH and buffer capacity in the gastrointestinal tract. It has been suggested
that bicarbonate secretion from the duodenal mucosa is regulated through cephalic-vagal stimulation,
non-humoral mediators activated by the presence of acid in the stomach, as well as locally produced
prostaglandins of the E-type (PGEs), which stimulate the bicarbonate secretion in the proximal and distal
duodenum and are released by the presence of acid in the intestinal fluids.(12,13,45-48) The suppression
of proximal and distal duodenal bicarbonate secretion after administration of an non-steroidal anti-
inflammatory drug (NSAID) has been investigated in healthy subjects (50 mg of indomethacin orally
administered 13 h and 1h prior to the study, or 50 mg of indomethacin rectally administered at identical
time intervals, n=10).(49) In that study, the authors concluded that administration of NSAIDs could cause
duodenal mucosal bicarbonate injury at least partly by decreasing mucosal prostaglandin generation.(49)
It seems, therefore, that the decrease in luminal pH and buffer capacity induced by ibuprofen is mediated

via both physicochemical interactions in the lumen and systemic pharmacological effects.
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5. Conclusions

Data collected from aspiration studies comprise the most valuable source of information with respect to
characterizing the gastrointestinal environment and the properties of the gastrointestinal fluids, as well as
the inter-subject variability in the associated parameters.

This study showed that sample handling procedures can significantly affect the pH and buffer capacity
measurements of samples aspirated from the fasted upper gastrointestinal tract. It is therefore
recommended that reporting of the physiological pH and buffer capacity values of fluids in the fasted
upper gastrointestinal lumen should rely exclusively on data collected immediately upon aspiration,
without prior drug treatment of the volunteers and without any additional sample handling.

There is a clear need for a standardized aspiration study protocol based on best practices to enable
accuracy of the measurements and comparability of results across aspiration studies. Only data obtained
in this way provide a valid basis for designing biorelevant test conditions and setting the physiological
parameters in Physiologically Based Pharmacokinetic (PBPK) models.

Since both pH and buffer capacity of bicarbonate solutions up to 30mM are more sensitive to a freeze-
thaw cycle than in aspirates, in addition to hydrochloric acid and bicarbonates, other substances may play
arole in regulation of pH in the upper Gl tract in the fasted state. In particular, further studies are needed
in order to better define the role of proteins, and possibly other components, in the buffer capacity of the

luminal fluids.

Acknowledgments
This work was supported by the European Union’s Horizon 2020 Research and Innovation Programme

under grant agreement No 674909 (PEARRL), www.pearrl.eu.

19


http://www.pearrl.eu/

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

REFERENCES

1.

Fuchs A, Dressman JB. Composition and Physicochemical Properties of Fasted-State Human
Duodenal and Jejunal Fluid: A Critical Evaluation of the Available Data. Vol. 103, Journal of
Pharmaceutical Sciences. 2014 Nov;103(11):3398—411. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25277073

Cristofoletti R, Dressman JB. FaSSIF-V3, but not compendial media, appropriately detects
differences in the peak and extent of exposure between reference and test formulations of
ibuprofen. Vol. 105, European Journal of Pharmaceutics and Biopharmaceutics. 2016
Aug;105:134-40. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0939641116302107

Liu F, Merchant HA, Kulkarni RP, Alkademi M, Basit AW. Evolution of a physiological pH 6.8
bicarbonate buffer system: Application to the dissolution testing of enteric coated products. Vol.
78, European Journal of Pharmaceutics and Biopharmaceutics. 2011 May 1;78(1):151-7. Available
from: https://www.sciencedirect.com/science/article/pii/S0939641111000087

EMA. Guideline on quality of oral modified release products [Internet]. 2014. Available from:
https://www.ema.europa.eu/documents/scientific-guideline/guideline-quality-oral-modified-
release-products_en.pdf

Allen A, Garner A. Mucus and bicarbonate secretion in the stomach and their possible role in
mucosal protection. Vol. 21, Gut. 1980 Mar;21(3):249-62. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/6995243

Jarbur K, Dalenback J, Sjovall H. Quantitative assessment of motility-associated changes in gastric
and duodenal luminal pH in humans. Vol. 38, Scandinavian journal of gastroenterology. 2003
Apr;38(4):392-8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12739711

Feldman M, Blair AJ, Richardson CT, Richardson CT. Effect of proximal gastric vagotomy on

calculated gastric HCO3- and nonparietal volume secretion in man. Studies during basal
20



416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

10.

11.

12.

13.

14.

15.

conditions and gastrin-17 infusion. Vol. 79, The Journal of clinical investigation. 1987
Jun;79(6):1615-20. Available from: http://www.ncbi.nIm.nih.gov/pubmed/3584462

Feldman M. Gastric bicarbonate secretion in humans. Effect of pentagastrin, bethanechol, and
11,16,16-trimethyl prostaglandin E2. Vol. 72, The Journal of clinical investigation. 1983
Jul;72(1):295-303. Available from: http://www.ncbi.nlm.nih.gov/pubmed/6135708

Rees WDW, Botham D, Turnberg LA. A Demonstration of Bicarbonate Production by the Normal
Human Stomach m vivo. 1982;961-6.

Okosdinossian ET, El Munshid HA. Composition of the Alkaline Component of Human Gastric
Juice: Effect of Swallowed Saliva and Duodeno-Gastric Reflux. Vol. 12, Scandinavian Journal of
Gastroenterology. 1977 Dec 23;12(8):945-50. Available from:
http://www.tandfonline.com/doi/full/10.3109/00365527709181354

Allen A, Flemstrom G. Gastroduodenal mucus bicarbonate barrier: protection against acid and
pepsin. Vol. 288, American Journal of Physiology-Cell Physiology. 2005 Jan;288(1):C1-19.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/15591243

Hogan DL, Ainsworth MA, Isenberg JI. Review article: gastroduodenal bicarbonate secretion. Vol.
8, Alimentary Pharmacology & Therapeutics. 1994 Oct;8(5):475—-88. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/7865639

Seidler U, Sjoblom M. Gastroduodenal Bicarbonate Secretion. In: Physiology of the
Gastrointestinal Tract. Academic Press; 2012. p. 1311-39. Available from:
https://www.sciencedirect.com/science/article/pii/B9780123820266000488

Novak I, Wang J, Henriksen KL, Haanes KA, Krabbe S, Nitschke R, et al. Pancreatic Bicarbonate
Secretion Involves Two Proton Pumps. Vol. 286, Journal of Biological Chemistry. 2011 Jan
7;286(1):280-9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20978133

BUCHER GR, FLYNN JC, ROBINSON C. S. The action of the human small intestine in altering the

composition of physiological saline. Vol. 155, Journal of Biological Chemistry. 1944;155:305-13.
21



441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

16.

17.

18.

19.

20.

21.

22.

Available from: https://www.cabdirect.org/cabdirect/abstract/19441403289

Repishti M, Hogan DL, Pratha V, Davydova L, Donowitz M, Tse CM, et al. Human duodenal
mucosal brush border Na * /H * exchangers NHE2 and NHE3 alter net bicarbonate movement. Vol.
281, American Journal of Physiology-Gastrointestinal and Liver Physiology. 2001 Jul;281(1):G159-
63. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11408268

McGee LC, Hastings BA. THE CARBON DIOXIDE TENSION AND ACID-BASE BALANCE OF JEJUNAL
SECRETIONS IN MAN. Vol. 142, The Journal of Biological Chemistry. 1942;142:893—-904. Available
from: http://www.jbc.org/content/142/2/893.citation

Isenberg JI, Selling JA, Hogan DL, Koss MA. Impaired Proximal Duodenal Mucosal Bicarbonate
Secretion in Patients with Duodenal Ulcer. Vol. 316, New England Journal of Medicine. 1987 Feb
12;316(7):374-9. Available from: http://www.nejm.org/doi/abs/10.1056/NEJM198702123160704
Odes HS, Hogan DL, Steinbach JH, Ballesteros MA, Koss MA, Isenberg JI. Measurement of gastric
bicarbonate secretion in the human stomach: different methods produce discordant results. Vol.
27, Scandinavian journal of gastroenterology. 1992 Oct;27(10):829-36. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/1332183

Kalantzi L, Goumas K, Kalioras V, Abrahamsson B, Dressman JB, Reppas C. Characterization of the
Human Upper Gastrointestinal Contents Under Conditions Simulating
Bioavailability/Bioequivalence Studies. Vol. 23, Pharmaceutical Research. 2006 Jan 1;23(1):165—
76. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16308672

Litou C, Vertzoni M, Goumas C, Vasdekis V, Xu W, Kesisoglou F, et al. Characteristics of the Human
Upper Gastrointestinal Contents in the Fasted State Under Hypo- and A-chlorhydric Gastric
Conditions Under Conditions of Typical Drug — Drug Interaction Studies. Vol. 33, Pharmaceutical
Research. 2016 Jun 14;33(6):1399-412. Available from: http://link.springer.com/10.1007/s11095-
016-1882-8

Perez de la Cruz Moreno M, Oth M, Deferme S, Lammert F, Tack J, Dressman J, et al.
22



466 Characterization of fasted-state human intestinal fluids collected from duodenum and jejunum.
467 Vol. 58, The Journal of pharmacy and pharmacology. 2006 Aug;58(8):1079—-89. Available from:
468 http://doi.wiley.com/10.1211/jpp.58.8.0009

469 23. Hens B, Tsume Y, Bermejo M, Paixao P, Koenigsknecht MJ, Baker JR, et al. Low Buffer Capacity

470 and Alternating Motility along the Human Gastrointestinal Tract: Implications for in Vivo
471 Dissolution and Absorption of lonizable Drugs. Vol. 14, Molecular Pharmaceutics. 2017 Dec
472 4;14(12):4281-94. Available from: http://www.ncbi.nlm.nih.gov/pubmed/28737409

473 24. Pedersen PB, Vilmann P, Bar-Shalom D, Miillertz A, Baldursdottir S. Characterization of fasted

474 human gastric fluid for relevant rheological parameters and gastric lipase activities. Vol. 85,
475 European Journal of Pharmaceutics and Biopharmaceutics. 2013 Nov;85(3):958—65. Available
476 from: http://www.ncbi.nlm.nih.gov/pubmed/23727368

477 25. Fadda HM, Sousa T, Carlsson AS, Abrahamsson B, Williams JG, Kumar D, et al. Drug solubility in

478 luminal fluids from different regions of the small and large intestine of humans. Vol. 7, Molecular
479 pharmaceutics. 2010 Oct 4;7(5):1527-32. Available from:
480 http://pubs.acs.org/doi/abs/10.1021/mp100198¢q

481 26. Persson EM, Gustafsson A-S, Carlsson AS, Nilsson RG, Knutson L, Forsell P, et al. The Effects of

482 Food on the Dissolution of Poorly Soluble Drugs in Human and in Model Small Intestinal Fluids.
483 Vol. 22, Pharmaceutical Research. 2005 Dec 30;22(12):2141-51. Available from:
484 http://www.ncbi.nlm.nih.gov/pubmed/16247711

485 27. Koenigsknecht MJ, Baker JR, Wen B, Frances A, Zhang H, Yu A, et al. In Vivo Dissolution and

486 Systemic Absorption of Immediate Release Ibuprofen in Human Gastrointestinal Tract under Fed
487 and Fasted Conditions. Vol. 14, Molecular Pharmaceutics. 2017 Dec 4;14(12):4295-304. Available
488 from: http://www.ncbi.nlm.nih.gov/pubmed/28937221

489 28. Bergstrom CAS, Holm R, Jgrgensen SA, Andersson SBE, Artursson P, Beato S, et al. Early

490 pharmaceutical profiling to predict oral drug absorption: Current status and unmet needs. Vol. 57,
23



491 European Journal of Pharmaceutical Sciences. 2014 Jun 16;57(1):173-99. Available from:

492 http://www.ncbi.nlm.nih.gov/pubmed/24215735

493 29. Psachoulias D, Vertzoni M, Goumas K, Kalioras V, Beato S, Butler J, et al. Precipitation in and
494 supersaturation of contents of the upper small intestine after administration of two weak bases
495 to fasted adults. Vol. 28, Pharmaceutical Research. 2011;28(12):3145-58.

496  30. Urbansky ET, Schock MR. Understanding, Deriving, and Computing Buffer Capacity. Vol. 77,
497 Journal of Chemical Education. 2000;77(12). Available from:
498 https://www.researchgate.net/publication/231265068

499 31. Mioni R, Mioni G. A mathematical model of pH, based on the total stoichiometric concentration

500 of acids, bases and ampholytes dissolved in water. Vol. 75, Scandinavian Journal of Clinical and
501 Laboratory Investigation. 2015 Aug 18;75(6):452—-69. Available from:
502 http://www.ncbi.nlm.nih.gov/pubmed/26059505

503 32. Karow AR, Bahrenburg S, Garidel P. Buffer capacity of biologics-from buffer salts to buffering by
504 antibodies. Vol. 29, Biotechnology Progress. 2013 Mar;29(2):480-92. Available from:
505 http://www.ncbi.nIm.nih.gov/pubmed/23296746

506  33. Hofmann M, Thieringer F, Nguyen MA, Mansson W, Galle PR, Langguth P. A novel technique for

507 intraduodenal administration of drug suspensions/solutions with concurrent pH monitoring
508 applied to ibuprofen formulations. Vol. 136, European Journal of Pharmaceutics and

509 Biopharmaceutics. 2019 Mar;136:192—-202. Available from:

510 http://www.ncbi.nlm.nih.gov/pubmed/30659894

511 34. Leijssen DP, Elia M. Recovery of 13C0O2 and 14C0O2 in human bicarbonate studies: a critical review
512 with original data. Vol. 91, Clinical science (London, England : 1979). 1996;91(6):665-77.

513 35. Gittings S, Turnbull N, Henry B, Roberts CJ, Gershkovich P. Characterisation of human saliva as a
514 platform for oral dissolution medium development. Vol. 91, European Journal of Pharmaceutics

515 and Biopharmaceutics. 2015 Apr;91:16-24. Available from:
24



516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

36.

37.

38.

39.

40.

41.

42.

43.

http://www.ncbi.nlm.nih.gov/pubmed/25603197

Litou C, Vertzoni M, Xu W, Kesisoglou F, Reppas C. The impact of reduced gastric acid secretion on
dissolution of salts of weak bases in the fasted upper gastrointestinal lumen: Data in biorelevant
media and in human aspirates. Vol. 115, European Journal of Pharmaceutics and
Biopharmaceutics. 2017 Jun;115:94-101. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/28214603

Lindahl A, Ungell A, Knutson L, Lennernas H. Characterization of Fluids from the Stomach and
Proximal Jejunum in Men and Women. Vol. 14, Pharmaceutical Research. 1997;14(4):497-502.
Available from: http://link.springer.com/10.1023/A:1012107801889

Arakawa T, Prestrelski SJ, Kenney WC, Carpenter JF. Factors affecting short-term and long-term
stabilities of proteins. Vol. 46, Advanced Drug Delivery Reviews. 2001 Mar 1;46(1-3):307-26.
Available from: https://www.sciencedirect.com/science/article/pii/S0169409X00001447
Lilienthal B. An Analysis of the Buffer Systems in Saliva. Vol. 34, Journal of Dental Research. 1955
Aug 9;34(4):516-30. Available from: http://www.ncbi.nlm.nih.gov/pubmed/13242718

Holma B, Hegg PO. pH- and protein-dependent buffer capacity and viscosity of respiratory mucus.
Their interrelationships and influence on health. Vol. 84, The Science of the total environment.
1989 Aug;84:71-82. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2772626

Bardow A, Moe D, Nyvad B, Nauntofte B. The buffer capacity and buffer systems of human whole
saliva measured without loss of CO2. Vol. 45, Archives of oral biology. 2000 Jan;45(1):1-12.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/10669087

Carney LG, Mauger TF, Hill RM. Buffering in human tears: pH responses to acid and base
challenge. Vol. 30, Investigative ophthalmology & visual science. 1989 Apr;30(4):747-54.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/2703317

Izutsu KT, Madden PR. Evidence for the Presence of Carbamino Compounds in Human Saliva. Vol.

57, Journal of Dental Research. 1978 Feb 8;57(2):319-25. Available from:
25



541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

44,

45.

46.

47.

48.

49.

http://www.ncbi.nlm.nih.gov/pubmed/277528

Kim D, Liao J, Hanrahan JW. The buffer capacity of airway epithelial secretions. Vol. 5, Frontiers in
physiology. 2014;5:188. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24917822
Isenberg JI, Smedfors B, Johansson C. Effect of Graded Doses of Intraluminal H+, Prostaglandin E2,
and Inhibition of Endogenous Prostaglandin Synthesis on Proximal Duodenal Bicarbonate
Secretion in Unanesthetized Rat. Gastroenterology. 1985. p. 303—7.

Wallace JL. Prostaglandins, NSAIDs, and Gastric Mucosal Protection: Why Doesn’t the Stomach
Digest Itself? Vol. 88, Physiological Reviews. 2008 Oct;88(4):1547-65. Available from:
http://www.physiology.org/doi/10.1152/physrev.00004.2008

Isenberg JI, Hogan DL, Selling JA, Koss MA. Duodenal bicarbonate secretion in humans - Role of
prostaglandins. Vol. 31, Digestive Diseases and Sciences. 1986;31(2 Supplement):2116.

Konturek P., Konturek S., Hahn E. Duodenal alkaline secretion: its mechanisms and role in
mucosal protection against gastric acid. Vol. 36, Digestive and Liver Disease. 2004 Aug;36(8):505—
12. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15334769

Selling JA, Hogan DL, Aly A, Koss MA, Isenberg JI. Indomethacin inhibits duodenal mucosal
bicarbonate secretion and endogenous prostaglandin E2 output in human subjects. Vol. 106,
Annals of internal medicine. 1987 Mar;106(3):368-71. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/3468819

26



561 Table 1: Published median pH and average buffer capacity values for the gastric contents and the contents of upper intestine of fasted adults, clinical
562  study protocols and aspirate storage conditions and handling procedures.
H,O Sample handling Time of Median/Mean Average
Drug ] buffer .
volume Immediate . . . . measurement pH . Titrant | Reference
(mL) pretreatment measurement Pooling | Centrifugation | Freezing (min) (range/+SD)* capacity (+SD)
- (mmol/L/ApH)
250 | 0me v v 0-420 2.6 (1.8-3.7) 47(13) | NaOH (23)
ibuprofen
10 2.7 (1.9-3.9) 4.7 (4.6)
240 - 4 20 1.7 (1.3-2.0) 21.3(11.4) NaOH (21)
35 1.6 (1.1-2.4) 27.6 (15.7)
40m 10 7.2 (6.9-7.3) 0.5(0.2)
240 famotidgine v 20 7.1(6.0-7.2) 0.7 (0.2) NaOH (21)
Stomach 35 7.1(4.7-7.3) 13(0.7)
- - v v N/A 2.5 (1.40) 14.3 (9.5) NaOH (24)
2 2.4 7.
250 - v 0 0 NaOH (20)
40-60 1.7 18.0
250 800 me v v 0-420 5.1 (4.5-5.8) 1.4 (0.4) HCl (23)
ibuprofen
5 6.8 (6.4-7.2) 8.4 (2.9)
15 6.2 (2.3-7.1) 19.2 (33.7)
240 - v HCl 21
30 6.3 (3.0-7.0) 9.0 (3.8) (21)
50 6.5 (2.7-7.7) 14.2 (10.5)
Duod
vodenum 5 7.2 (7.1-7.6) 6.1(0.8)
40 mg 15 7.2(7.0-7.7) 9.0 (3.8)
240 4 HCI 21
famotidine 30 7.1(6.6-8.4) 7.7 (2.8) (21)
50 7.3 (6.2-8.0) 6.9 (2.7)
4.0-13.0
- v v
N/A N/A N/A (range) N/A (22)

27




250 - v 30 6.2 5.60 HCL [ (20)
250 800 me v v 0-420 5.6 (4.9-6.1) 0.8 (0.3) HCl (23)
ibuprofen
Jeiunum N/A N/A N/A N/A N/A N/A N/A N/A 4.0 N/A (28)
ejunu N/A - v v v N/A 7.1(0.5) 3.2(1.3) HCl (25)
- - v v 0-150 7.5 2.4 HCl (26)
- - v v 0-150 7.5 2.8 NaOH (26)
563  N/A: not available information
564 *In the Hens et al.,(23) Litou et al.,(21) Pedersen et al.(24) and Kalantzi et al.(20) studies pH was measured immediately upon aspiration. In the
565  studies of Persson et al.(26) and Fadda et al.(25) the exact timepoint of the measurement of the pH is not specified.
566
567

28




568
569

570

Table 2: The impact of freezing and of centrifuging and freezing on the pH and buffer capacity of bicarbonate buffer systems as a function of

concentration.

Buffer concentration

pH

Buffer capacity

Upon preparation

After freezing

After centrifugation and

Upon preparation

After freezing

After centrifugation and

(mM) freezing freezing
6.50 7.08 7.28 5.83 5.33 4.67
10
p>0.05 p<0.05 p=0.140 p=0.004
6.50 7.22 7.23 11.4 10.93 10.13
20
p<0.001 p<0.001 p>0.05 p>0.05
6.50 7.28 7.32 17.33 15.27 14.67
30
p<0.001 p<0.001 p<0.001 p<0.001
6.50 7.30 7.33 27.2 23.60 24.00
50
p=0.071 p=0.071 p=0.05 p=0.05
6.50 7.30 7.36 51.44 44.30 42.33
100
p=0.05 p=0.05 p>0.05 p>0.05
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571

572

573

Table 3: The impact of keeping the sample on the bench for 4 or 24 h on the pH and buffer capacity of bicarbonate buffer systems as a function of

concentration.
pH Buffer capacity
Buffer concentration Upon preparation After4 h After 24 h Upon preparation After4 h After 24 h
(mM)
6.50 6.78 7.10 5.83 557 5.83 vs 4.70
10
p<0.001 p<0.001 p<0.001 0.005
6.50 6.99 7.15 11.4 11.20 9.70
20
p<0.001 p<0.001 p>0.05 p>0.05
6.50 6.89 7.04 17.33 1727 15.13
30
p<0.001 p<0.001 p>0.05 p=0.008
6.50 6.87 7.03 27.2 26.80 21.07
50
p<0.001 p<0.001 p>0.05 p<0.001
6.50 6.89 7.04 51.44 50.80 49.67
100
p>0.05 p=0.004 p>0.05 p>0.05
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Figure Captions

Figure 1: Data on the buffer capacity of gastric contents in fasted healthy adults vs. the corresponding pH

values previously published by Litou et al.(21) (®, individual data), by Kalantzi et al.(20) (M, individual data),

and by Pedersen et al.(24) (¢, mean + SD data). (A) Data measured immediately upon aspiration; (B) data
measured after one freeze-thaw cycle. The inserts in the Figure represent the linear relationship between
the buffer capacity, measured immediately upon aspiration or after one freeze-thaw cycle, with the

concentration of hydrogen ions.

Figure 2: Data on the buffer capacity of gastric contents of fasted healthy adults after pretreatment with
famotidine vs. the corresponding pH values previously published by Litou et al.(21) (A) data measured

immediately upon aspiration; (B) data measured after one freeze-thaw cycle.

Figure 3: Data on the buffer capacity of contents of upper intestine of fasted healthy adults vs. the

corresponding pH values published previously by Litou et al.(21) (®), by Kalantzi et al.(20) (M), and by

Persson et al.(26) (X). (A) data measured immediately upon aspiration; (B) data measured after one freeze-

thaw cycle.

Figure 4: (A) Data on the buffer capacity of fasted adult gastric contents vs. the corresponding pH values

collected without prior treatment [Litou et al.(21) (®),and Pedersen et al.(24) (€)], and after

administration of 800 mg ibuprofen just before initiation of aspirations [Hens et al.(23) (A)].
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597

598

(B) Data on the buffer capacity of fasted adult contents of upper intestine vs. the corresponding pH

values collected without prior treatment of the volunteers [Litou et al.(21) (®),and Persson et al.(26) (X)]

and after administration of 800 mg ibuprofen just before initiation of aspirations [Hens et al.(23) (

All data were collected after one freeze-thaw cycle and/or centrifugation and a freeze-thaw cycle.

)1
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Figure 2
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Figure 3
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Figure 4
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