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Potential Benefits of pH 8.8 Alkaline Drinking Water as an
Adjunct in the Treatment of Reflux Disease

Jamie A. Koufman, MD; Nikki Johnston, PhD

Objectives: At the cellular level, tissue-bound pepsin is fundamental to the pathophysiologic mechanism of reflux dis-
ease, and although the thresholds for laryngeal damage in laryngopharyngeal reflux and for esophageal damage in gas-
troesophageal reflux disease differ, both forms of damage are due to pepsin, which requires acid for its activation. In
addition, human pepsin remains stable at pH 7.4 and may be reactivated by hydrogen ions from any source. Thus, most
tap and bottled waters (typically pH 6.7 to 7.4) would not be expected to affect pepsin stability. The purposes of these in
vitro studies were to investigate whether artesian well water containing natural bicarbonate (pH 8.8) might irreversibly
denature (inactivate) human pepsin, and to establish its potential acid-buffering capacity.

Methods: Laboratory studies were performed to determine whether human pepsin was inactivated by pH 8.8 alkaline wa-
ter. In addition, the buffering capacity of the alkaline water was measured and compared to that of the two most popular
commercially available bottled waters.

Results: The pH 8.8 alkaline water irreversibly inactivated human pepsin (in vitro), and its hydrochloric acid-buffering
capacity far exceeded that of the conventional-pH waters.

Conclusions: Unlike conventional drinking water, pH 8.8 alkaline water instantly denatures pepsin, rendering it perma-
nently inactive. In addition, it has excellent acid-buffering capacity. Thus, the consumption of alkaline water may have
therapeutic benefits for patients with reflux disease.

Key Words: acid reflux, alkaline water, Barrett’s esophagus, gastroesophageal reflux disease, laryngopharyngeal reflux,
pepsin.

INTRODUCTION toms of heartburn and indigestion.!0

Gastric reflux, popularly termed acid reflux, is an
expensive, high-prevalence disease.!”” Esophageal
reflux and airway reflux — gastroesophageal reflux
disease and laryngopharyngeal reflux (LPR), respec-
tively — are epidemic.!2 In 2007, an analysis of 17
prevalence studies? revealed that reflux disease had
increased an average of 4% per year since 1976. At
present, 40% of Americans have reflux — 22% with
gastroesophageal reflux disease and another 18%
with LPR! (also unpublished observations).

During this same period of time (ie, since the
1970s), the incidence of esophageal adenocarcino-
ma has increased 850%, according to US National
Cancer Institute data,!s” and this is now the fastest
growing cancer in the United States.!’-% In addition,
in the past 25 years, esophageal cancers have trend-
ed toward more poorly differentiated pathologic fea-
tures.3 Finally, the prevalence of Barrett’s esopha-
gus has been found to be equal in patients with LPR,
who have symptoms such as hoarseness and chronic
cough, and in patients with GERD, who have symp-

The reflux epidemic, and the related epidemic in
esophageal cancer, are usually attributed to the obe-
sity epidemic; however, patients with airway reflux
are typically not obese.!! Other factors, such as He-
licobacter pylori and extensive proton pump inhibi-
tor use, have been suggested as possible explana-
tions, as well; however, there are no significant data
to support these factors as causative.

Koufman et al!-12 were the first to suggest a re-
lationship between the reflux/cancer epidemic and
excessive acid in the American diet. Since 1973, all
bottled and canned foods and beverages (except wa-
ter) have been required by law to have a pH of lower
than 4.6, and most are well below pH 4.0.12-14 In ad-
dition, it has been reported that a low-acid diet is of
therapeutic benefit to patients with recalcitrant LPR
(resistant to proton pump inhibitors).!

The cell biology of LPR supports the rationale
for recommending a low-acid diet for patients with
LPR, because virtually all patients with LPR dem-
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onstrate tissue-bound pepsin 3b on laryngeal biop-
sy.15-21 In addition, because pepsin 3b, which com-
prises more than 90% of human pepsin, remains sta-
ble to pH 6.5,52! it may be reactivated by hydrogen
ions from any source, including dietary sources.!2
The biology of reflux suggests that alkalinization of
the diet of reflux sufferers may be an effective thera-
peutic strategy.!-12-14

All studies on the mechanisms of laryngeal and
esophageal tissue injury concur that it is a peptic,
not acid, tissue injury.!-6:1427 The confusion in the
medical literature and the lay press about acid reflux
may exist because pepsin requires acid for activa-
tion.>-2! Johnston et al!” reported that 19 of 20 pa-
tients with pH-documented LPR, and only 1 of 20
controls, were found to have tissue-bound pepsin by
Western analysis. Once pepsin is tissue-bound, it is
associated with depletion of key cellular protective
proteins, including carbonic anhydrase, E-cadherin,
and stress proteins.!3-18:22 [n addition, Johnston et
al?3 recently reported that pepsin produces up-regu-
lation of the genetic markers associated with laryn-
geal cancer.

Important in understanding LPR is consideration
of the stability and spectrum of activity of human
pepsin.21-24-27 [n the past, it was believed that pep-
sin was inactive at pH 4.2 Those early experiments
were done with porcine pepsin, not human pepsin.
(Pig pepsin is inactive above pH 4.5-2%) Human pep-
sin 3b, however, retains proteolytic activity up to pH
6.5; for example, it can still break down collagen at
pH 6.5.21 Peak (100%) pepsin 3b activity occurs at
pH 2.0, and laryngeal damage in patients with LPR
occurs at pH 5.0 or less.!02! Pepsin is remarkably
stable at in vivo pH levels, and it is not inactivated
at pH 7.4.21 After reacidification of pepsin from pH
7.4 to pH 3.0, 72% of peptic activity remains.2! In
the human aerodigestive tract, a pH above 7.4 is vir-
tually never seen.’

The aims of antireflux therapy are to restore nor-
mal pharyngoesophageal physiology and to help
remove (“wash out”) tissue-bound pepsin from tis-
sue.! For years, the senior author (J.A K.) has rec-
ommended a low-acid (and low-fat) diet for reflux
patients.!-12 It now appears that this is a beneficial
adjunct in the treatment of LPR,! because although
the benefits of a low-acid diet have not yet been con-
clusively proven, the diet is easy to recommend to
patients because of the potential therapeutic benefits
and lack of associated risks. The newest idea for ad-
junctive therapy is alkaline drinking water. If alka-
line water denatures pepsin in vitro, it might sim-
ilarly denature pepsin in the aerodigestive tract of
human reflux sufferers.

MATERIALS AND METHODS

There were two parts to these laboratory stud-
ies: 1) pepsin stability assays for assessment of the
effects of alkaline water on the stability of pepsin
3b (compared to normal-pH water); and 2) deter-
minations of the buffering capacity of pH 8.8 alka-
line water. The alkaline water tested was Evamor
natural artesian water (pH 8.8; Covington, Loui-
siana). For the comparison, the two conventional-
pH waters tested were the best-selling bottled water
brands in the United States: Dasani (pH 6.9; Coca-
Cola Company, Atlanta, Georgia) and Aquafina (pH
7.1; PepsiCo Inc, Purchase, New York).

Human pepsin 3b was diluted to 1.5 pg/mL in
phosphate-buffered saline solution pH 8.8, Evamor
(pH 8.8), phosphate-buffered saline solution pH 7.0,
tap water (pH 7.0), and 0.1 mol/L glycine (pH 3.0).
After incubation, the pepsin was then diluted in an
equal volume of 0.2 mol/L glycine pH 3.0. Synthetic
pepsin substrate containing paranitrophenylalanine
(PNP) chromophore at the site of pepsin cleavage
(Lys-Pro-Ala-Glu-Phe-PNP-Arg-Leu-COOH) was
reconstituted to 20 mmol/L in methanol and diluted
to 140 pmol/L in 0.2 mol/L glycine pH 3.0. The syn-
thetic pepsin substrate was added to the pepsin solu-
tion, and the A300 was recorded every 12 seconds
for 15 minutes.

The control study without pepsin was performed
in substrate/glycine solution. A graph of the mean
hydrolysis rate (n = 5) from the initial reaction pe-
riod was plotted. Statistical significance was deter-
mined by #-test (2-tailed; 2-sample; unequal vari-
ance). The pH levels of Evamor, Dasani, and Aqua-
fina bottled waters (25 mL volume) were recorded
after sequential addition of 1 mol/L hydrochloric
acid (HCl;n=1).

RESULTS

Pepsin was irreversibly inactivated in Evamor
water, but not in pH 7.0 water (p < 0.001); this ef-
fect was instantaneous. The peptic activity at pH 3.0
following dilution in Evamor or in phosphate-buf-
fered saline solution of pH 8.8 was not significantly
different from that of the control with no pepsin (p >
0.05). Pepsin diluted in pH 7.0 phosphate-buffered
saline solution or in tap water retained near-maxi-
mal activity when the pH was reduced to 3.0 in gly-
cine (Fig 1).

More than 8 mmol/L of HCl is required to reduce
the pH of Evamor water to that at which pepsin is
maximally active (pH 2.0).21-27 Approximately 4
mmol/L of HCI is needed to reduce the pH of Eva-
mor water to that at which pepsin has 50% activ-
ity (pH 4.5). Dasani and Aquafina, America’s most
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Fig 1. Hydrolysis of synthetic peptide substrate (70
umol/L) shows stability of pepsin in phosphate-buffered
saline solution (PBS) pH 8.8, Evamor (pH 8.8), PBS pH
7.0, tap water (pH 7.0), and 0.1 mol/L glycine (pH 3.0).

popular bottled water brands, have virtually no buf-
fering capacity against HCI (Fig 2).

DISCUSSION

Alkaline water (pH 8.8; Evamor natural artesian
water) rapidly and irreversibly denatures human
pepsin 3b in vitro and demonstrates moderate HCI
buffering capacity. We have previously shown that
pepsin is not denatured at pH 7.4.2! Because almost
all tap and bottled waters in the United States are pH
6.7 to 7.4 and do not contain bicarbonate, one would
not expect conventional waters to have any thera-
peutic benefits for reflux.

The authors recognize that the therapeutic bene-
fits of alkaline water and of a low-acid diet in the
treatment of reflux disease must be systematically
studied, and we believe that randomized clinical tri-
als should assess the impact of a low-acid diet (with
and without alkaline water) on treatment outcomes.
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Fig 2. Results of buffering capacity experiments.

Nevertheless, as of this writing, the preliminary clin-
ical data from our patients with LPR suggest that al-
kaline drinking water does indeed have therapeutic
benefits.

We have initiated three alkaline water—related re-
search protocols: 1) the impact of alkaline water on
therapeutic outcomes (symptoms and findings) in
patients with LPR; 2) the impact of alkaline water
consumption on real-time reflux episodes assessed
during pH monitoring studies; and 3) a longitudinal
study of the impact of acid suppression with a low-
acid diet and pH 8.8 alkaline water on 20 patients
with biopsy-proven Barrett’s esophagus.

CONCLUSIONS

Naturally alkaline artesian water at pH 8.8 instan-
taneously and permanently denatures (inactivates)
human pepsin 3b, and it also appears to effectively
buffer acid (HCI). These in vitro data suggest that
alkaline water may be a useful, risk-free adjunctive
treatment for reflux disease.
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