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Abstract
Histamine2-receptor antagonists (H2RAs) are available 
over-the-counter (OTC) for the treatment and preven-
tion of heartburn, but more than occasional, single-
dose use can lead to rapid development of tachyphy-
laxis. The aim of this review is to assess the published 
evidence regarding the development of tachyphylaxis 
with repeat usage of H2RAs. PubMed and SCOPUS were 
searched across all years to identify clinical studies that 
examined the development of tachyphylaxis with re-
peated dosing of H2RAs. Although a single (first) dose 
of an H2RA can be effective for controlling gastric acid 
and preventing or relieving food-related heartburn, nu-
merous studies confirm that tachyphylaxis, also known 
as tolerance, is consistently detected at the first time 
point assessed after the first dose, including the sec-
ond day and/or second dose. Even if symptom relief is 
achieved with an H2RA, it may be due to desensitization 
of the esophagus to acid exposure, potentially providing 
symptom relief without significantly decreasing esopha-
geal acid exposure. When recommending OTC drugs 
for treatment of frequent heartburn, clinicians should 
be aware of the potential for rapid development of 

tachyphylaxis in patients who use H2RAs for 2 or more 
consecutive days. Even if symptom relief is achieved, it 
may be due to desensitization of the esophagus to acid 
by the H2RA, potentially providing symptom relief with-
out significantly decreasing esophageal acid exposure. 
Other strategies, such as an OTC proton pump inhibitor, 
may be needed to optimize management of frequent 
heartburn.
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Core tip: Histamine2-receptor antagonists (H2RAs) are 
available over-the-counter (OTC) for the treatment and 
prevention of heartburn, but recommendations for use 
should be limited to those with infrequent heartburn. 
A single dose of an H2RA can be effective for control-
ling gastric acid and preventing or relieving heartburn, 
but tolerance (tachyphylaxis) develops rapidly, and is 
evident by the second day/second dose. Even if symp-
tom relief is achieved, it may be due to desensitization 
of the esophagus to acid by the H2RA, potentially pro-
viding symptom relief without significantly decreasing 
esophageal acid exposure. For frequent heartburn (≥ 
2 d/wk), an OTC proton pump inhibitor should be con-
sidered.

McRorie JW, Kirby JA, Miner PB. Histamine2-receptor antago-
nists: Rapid development of tachyphylaxis with repeat dosing. 
World J Gastrointest Pharmacol Ther 2014; 5(2): 57-62 Available 
from: URL: http://www.wjgnet.com/2150-5349/full/v5/i2.57.htm  
DOI: http://dx.doi.org/10.4292/wjgpt.v5.i2.57

INTRODUCTION
Heartburn is a common complaint[1-4]. In a recent review 
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of  29 published studies, the range of  prevalence for ex-
periencing heartburn at least once per week was estimat-
ed at 18%-28% in North America, 9%-26% in Europe, 
3%-8% in East Asia, 9%-33% in the Middle East, 12% in 
Australia and 23% in South America[5]. More than 50 mil-
lion Americans experience frequent heartburn, defined 
as occurring at least 2 d a week[2]. The majority of  adults 
with frequent heartburn have consulted a healthcare pro-
vider[6], but they primarily rely on over-the-counter (OTC) 
heartburn remedies to manage their symptoms. There-
fore, it is important that healthcare providers understand 
the benefits and limitations of  different heartburn rem-
edies. 

The mainstay of  pharmacologic therapy for frequent 
heartburn is acid suppressive therapy[7]. All OTC heart-
burn therapies may provide a benefit when taken as 
directed, but there are important differences among the 
available therapies. Antacids act to rapidly but transiently 
neutralize acid that has refluxed into the esophagus[8]. 
Histamine2-receptor antagonists (H2RAs) slow gastric 
acid production by competitively and reversibly binding 
to one of  the pathways for stimulation of  acid produc-
tion, the H2 receptors on parietal cells[9,10]. H2RAs act 
relatively quickly, with gastric pH rising within 30 min of  
a single dose, and have a longer duration of  action (up 
to 10 h) than antacids[9-11]. Proton pump inhibitors (PPIs) 
suppress acid production by binding to and inhibiting the 
H+/K+ ATPase enzyme system (“proton pump”, the final 
step in acid production) at the secretory surface of  the 
gastric parietal cell[11,12]. PPIs inhibit gastric acid secretion 
by all known stimuli and are more potent anti-secretory 
agents than H2RAs[11-14]. Proton pump inhibitors have a 
slower onset of  action (1-2 h), but exhibit comparable 
24-h acid control to H2RAs on dosing day 1, and reach 
peak effect after several days, providing sustained acid 
suppression throughout the 14 d course of  therapy (Fig-
ure 1)[14-16]. 

Owing to their pharmacodynamic profiles, both 
antacids and OTC H2RAs are indicated for on-demand 
therapy when relief  of  an existing episode of  heartburn 
is desired[8-10,17]. An OTC H2RA can also be useful for 
preventing symptoms that are associated with eating food 
or drinking beverages that cause heartburn[9,10]. Both ant-

acids and H2RAs are indicated for a maximum of  14 d of  
therapy, after which consumers with persisting symptoms 
should seek advice from a physician[9,10,17]. In contrast, 
the OTC PPIs are indicated to treat frequent heartburn 
(occurring 2 or more days weekly), and are indicated 
for once daily use every day for 14 d, with a repeat 14-d 
course every 4 mo[12,13]. As with antacid and OTC H2RAs, 
consumers with symptoms persisting beyond 14 d are 
encouraged to consult a physician. Any patient present-
ing with “alarm” symptoms (e.g., dysphagia, odynophagia, 
bleeding, weight loss, anemia)[6] may have a more seri-
ous condition and should be referred to a physician for 
further evaluation. With the availability of  OTC acid-
suppressive therapies, it is important for health profes-
sionals to appreciate the strengths and weaknesses of  
these agents in order to help guide effective consumer-
directed management of  heartburn. 

RESEARCH
We conducted a comprehensive search of  PubMed and 
SCOPUS scientific databases across all years to identify 
clinical studies that examined the development of  tachy-
phylaxis with repeated dosing of  H2RAs. The terms “his-
tamine receptor antagonist”, “H2RA”, “tachyphylaxis”, 
“tolerance”, “intragastric pH”, “gastric acid” and “heart-
burn” were used to identify clinical studies. Additionally, 
the reference section of  each identified publication was 
explored for publications not identified in the PubMed 
and SCOPUS searches. Published clinical studies that 
assessed intragastric pH and/or gastric acid production 
following multiple days of  dosing of  an H2RA were in-
cluded, and data regarding H2RA dose, timing of  dosing, 
sample size, gastric acid production and/or intragastric 
pH were extracted and examined.

RESULTS
Fifteen publications, reporting a total of  18 clinical stud-
ies, were identified for this review, and the details of  these 
studies are summarized in Table 1. With repeated doses 
of  an H2RA, tachyphylaxis was consistently observed by 
the first time period tested after the initial dose, includ-
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Figure 1  Famotidine vs omeprazole for 14-d gastric 
acid control. Mean percentage of time gastric pH > 4 
across 14 d of dosing in subjects with frequent heart-
burn[14] Famotidine (Fam) 10 mg or 20 mg was dosed 
twice a day. Omeprazole (Ome Mg 20) was dosed once 
a day (omeprazole-magnesium 20.6 mg). Gastric pH was 
assessed for 24-h on day 0 (baseline) and dosing days 
1, 3, 7 and 14. Both famotidine doses showed a rapid de-
cline in gastric acid control by dosing day 3, followed by a 
more gradual decline across 14-d of dosing. Omeprazole 
showed similar gastric acid control to famotidine 20 mg 
on dosing day 1, with an increase in gastric acid control 
over the first several days, followed by a sustained effect 
across 14-d of dosing (reprinted with permission[14]).
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ing the second day/second dose[14-16,18-32]. This effect was 
reported over a wide range of  doses of  H2RAs, including 
both prescription and OTC doses, and occurred regard-
less of  route of  administration (oral and Ⅳ). This phe-
nomenon has been observed under both fasting and fed 
conditions, and in various populations, including healthy 
subjects, patients with gastro-esophageal reflux disease, 
and post-surgical patients. While the mechanism for 
H2RA tachyphylaxis remains speculative, it may involve 
the up-regulation of  parietal cell receptors for other me-
diators of  acid secretion (i.e., acetylcholine, gastrin), the 
sensitization of  H2 receptors, the impairment of  inhibi-
tory neurohormonal control of  acid secretion, and/or an 
alteration in receptor turnover after chronic competitive 
inhibition[19-21].

In a study assessing the gastric acid control of  OTC 
doses of  an H2RA, 31 healthy adults with frequent 
heartburn (occurring ≥ 2 d/wk) underwent 24-h gastric 
pH monitoring over a 14-d period while taking famoti-
dine 10 mg twice daily, famotidine 20 mg twice daily, or 
omeprazole 20 mg once daily, in a double-blind, 3-pe-
riod crossover fashion[14]. As depicted in Figure 1, the 
mean percentage of  time gastric pH > 4 was at its high-
est level on dosing day 1 for both doses of  famotidine, 
then decreased on subsequent days of  continued dosing, 
consistent with H2RA tachyphylaxis reported previously 
with prescription doses[20,22-24]. A similar loss of  H2RA 
antisecretory effect has been reported in other studies 
examining OTC doses of  famotidine (versus omeprazole; 
Table 1)[16,25]. In contrast to H2RAs, PPIs do not exhibit 
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  Ref. Design Treatment regimen Dosing 
duration

n Days pH recorded Tachyphylaxis 
observed

  Wilder-Smith et al[38], 1990 OL Famotidine 40 mg QD 28 d 14 1, 14, 28 Day 14
R, PC, DB, crossover Ranitidine 300 mg QID   7 d 10 1, 7, 28 Day 7

Ranitidine 300 mg QHS 21 d
R, PC, DB, crossover Ranitidine 300 mg TID 14 d 14 1, 14 Day 14

Ranitidine 300 mg QHS Day 14
  Smith et al[39], 1990 R, PC, crossover Famotidine 40 mg QD 28 d 13 0, 1, 14, 28 Day 14

R, PC, crossover Ranitidine 300 mg QID   7 d 13 1, 8 Day 8
Ranitidine 300 mg QHS 21 d Day 8

  Nwokolo et al[24], 1990 R, OL Cimetidine 800 mg QD 29 d 48 0, 1, 15, 29 Day 15
Nizatidine 300 mg QD Day 15 
Famotidine 40 mg QD Day 15 
Ranitidine 150 mg BID Day 15 
Ranitidine 150 mg QD Day 15 
Ranitidine 300 mg QD

  Nwokolo et al[40], 1991 R, DB, PC Ranitidine 150 mg QHS 5 mo 17 1, 29, 57, 85, 113, 141 Day 29
Ranitidine 150 mg prn Day 29

  Wilder-Smith et al[23], 1992 R, PC, blinded, 
crossover

Ranitidine Ⅳ 0.25 mg/kg per hour   6 d 10 1, 6 Day 6
Ranitidine Ⅳ by pH-feedback, up to 

800 mg/24 h
Day 6

Ranitidine 300 mg PO QID Day 6
  Merki et al[31], 1993 R, PC,  crossover Ranitidine Ⅳ ≤ 600 mg/24 h, pre/post 

300 mg QD for 9 d
  9 d 11 1, 9 Day 9

  Merki et al[30], 1994 R, DB, crossover Ranitidine Ⅳ, ≤ 576 mg/24 h   3 d 12 1, 3 Day 3
Omeprazole Ⅳ, ≤ 288 mg/24 h Not observed

  Hurlimann et al[22], 1994 R, DB, parallel Ranitidine 150 mg QID 14 d 28 1, 2, 7, 14 Day 2
Omeprazole 40 mg QD Not observed

  Lachman et al[41], 2000 OL Ranitidine 150 mg QID   5 d 28 1, 5 Day 5
  Komazawa et al[20], 2003 R, crossover Ranitidine 150 mg BID 14 d 7 1, 14 Day 14

Famotidine 150 mg BID Day 14
  Hsu et al[18], 2004 R, OL Cimetidine Ⅳ 1200 mg/24 h   5 d 80 1, 2, 3, 4, 5 Day 2

Ranitidine Ⅳ 200 mg/24 h Day 2
Omeprazole Ⅳ 40 mg BID Not observed

  Miner et al[14], 2006 R, PC, crossover Famotidine 10 mg BID 14 d 31 1, 3, 7, 14 Day 3
Famotidine 20 mg QD Day 3
Omeprazole 20 mg QD Not observed

  Shimatani et al[25], 2007 R, OL, crossover Famotidine 20 mg BID 15 d   8 1, 8, 15
1, 8, 15

Day 8
Omeprazole 10 mg QD Not observed

  Fändriks et al[16], 2007 R, crossover Famotidine 10 mg   8 d   8 1, 8 Day 8
Omeprazole 20 mg Not observed

  Ono et al[15], 2008 R, crossover Ranitidine 150 mg BID 10 d 7 -1, 1-7, 11-12 
(no dose 8-10)

Day 2
Rabeprazole 20 mg QD Not observed

Table 1  Intragastric pH studies demonstrating histamine2-receptor antagonists1 tachyphylaxis

1Includes only histamine2-receptor antagonists marketed in the United States. All doses were administered orally unless specified otherwise. BID: Twice 
daily; HS: Bedtime; IV: Ntravenous; OL: Open-label; PC: Placebo-controlled; PRN: As needed; QD: Daily; QID: Four times daily; QHS: Every bedtime; R: 
Randomized.
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infusion was increased by 29% (P < 0.05) and heartburn 
pain was decreased by 20% (VAS score, P < 0.06) and 
23% (Likert score, P < 0.02) compared with placebo. After 1 
wk of  ranitidine dosing, subjects still exhibited decreased 
sensitivity to esophageal acid exposure. In contrast, me-
chanical (balloon distention) sensory parameters were not 
altered by ranitidine[36]. These data show that an H2RA 
can significantly decrease esophageal sensitivity to acid 
exposure, potentially providing symptom relief  without 
significantly decreasing esophageal acid exposure.

Taken together, these data support that patients with 
frequent heartburn may be better managed by daily use 
of  an OTC PPI, rather than repeated doses of  H2RAs. 
Two well-controlled clinical studies showed that an OTC 
dose of  omeprazole was superior to OTC doses of  ra-
nitidine for the management of  frequent heartburn[28,37]. 

In a randomized controlled trial in 144 patients with en-
doscopically verified erosive esophagitis, Sandmark et al[37] 

found that symptoms had resolved in 51% of  patients 
treated with  omeprazole 20 mg daily by the end of  the 
first week of  treatment compared with 27% of  patients 
treated with ranitidine 150 mg twice daily (P = 0.009). 

Similar results were found in a larger controlled study in 
677 patients with heartburn and either no or mild erosive 
esophagitis[28]. Patients were randomized to one of  three 
treatment regimens, and omeprazole was found to be su-
perior to ranitidine, with 55%, 40%, and 26% of  patients 
symptom-free who were treated with omeprazole 20 mg, 
omeprazole 10 mg, or ranitidine 150 mg, respectively (P 
< 0.001)[28].

CONCLUSION
While a single dose of  an H2RA can be effective for con-
trolling gastric acid and preventing or relieving isolated 
heartburn episodes, repeat dosing for more frequent 
heartburn may lead to the rapid development and sus-
tained effects of  tachyphylaxis. Even if  symptom relief  is 
achieved with multiple doses of  an H2RA, it may be due 
to desensitization of  the esophagus to acid, potentially 
providing symptom relief  without significantly decreasing 
esophageal acid exposure.  Other OTC strategies, such as 
a PPI, may be needed to optimize management of  fre-
quent heartburn. 
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