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Acetylsalicylic acid in tablet form, in buffered tablets, and effervescent buffered solu- 
tion, has been compared with regard to the effect upon gastric acidity and pH. As- 
pirin and buffered aspirin have little or no effect as compared to controls, whereas 
the effervescent pre aration reduces free acidity and raises gastric pH significantly 
for 30 minutes. TRis elevation of gastric pH correlates well with the more rapid 
absorption and reduced gastric irritaaon which has been reported for various soluble 

and buffered forms of salicylates. 

ISADVANTAGES of .rcctylsalicylic acid as an 

solubility, which delays ahsorlition ( I ) .  and 
gastric irritation and Ideeding which may result 
from the erosive action of the crystals o f  the 
drug ($, or possibly from its acidity (3) ,  as well 
as a neurohumoral action (4). It has been 
shown by Alvarez and Summerskill (5) that  there 
is a causal relationship between salicylate con- 
sumption and massive gastrointestinal hemor- 
rhage associated with peptic ulcer. For these 
reasons, there are a niimhcr of proprietary prep- 
arations of acetylsalicylate available which are 
buffered so as to iiiinimizc these problems. 
Several investijptors have noted that such 
buffered preparations are niore rapidly absorbed 
(6, i). There are also scattered reports that  
soluble preparations nf acetylsalicylic acid i lr 

salicylic acid are less irritating and less prone 10 

produce gastric heinorrhage (X. !I) .  The preseiit 
investigations were designed to  compare the 
effects of such buffered preparations upon free 
and total gastric acidity and gastric p11, as 
compared to unbuffered aspirin. 
- _ _  - 
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PKOCEDURE 

For the initial experirnents, subjticts were selected 
;it random froiii available laboratory personnel and 
iiicluded six inale and clnc fcinale subject. They 
wcre fastcd for 12 Iic~urs prior to the experiment and 
then givcn a test meal consisting of 50 ml. of cldd 
Wg, alcohol, to stiinulate gastric secretion. Fiftcen 
ininutes after the test meal each subject swallowed a 
strnnach tube, and 5 minutes later withdrew a zero- 
hour sample of 10 ml. of fluid. lnittiediately after 
reinoval of  this control saniplc the drugs were 
:rdministered. Over a penid of 2 wrekseach subject 
received each drug and performed one experiment 
where only watcr was administered (contra~l). 
Effervescent aspirin’ was iidniinistcred dissolvetl in 
water. two tablets in 2.50 ml. of  water; buffered 
aspirin’ and aspirina were taken whole, two tablets 
k~llowed by 250 ml. of watcr. All doses were equiva- 
lent to 850 mg. of acetylsalicylic acid. Controls re- 
ceived 2 3  nil. of water only. 

Ten-milliliter simples of gastric juice were re- 
moved 10, 20, 30, and 40 iiiitiutes after adininistra- 
tion of the drugs. All samples were tested for pH 
using pHydrion paper; for frre acid by titration with 
0.01 N sodium hydroxiclc to il. chatige in color with 
Topfers reagent (pH 3.5); and for total acidity by . 
titration to the end point of  phendplithalein (pH 8.4). 
Free and total acidity arc reported in clinicnl iinits 
(inillilitrrs o f  0 . 1  N siwiiurii Itydnisiilc rcquirctl to 
neutralize 100 ml. o f  gastric juice). 
.. - .. 

1 Marketed us Alka-Seltzer by Miles l.:ibiiraLories. 
2 Marketed as Buffcrin by Bristiil.Myrrs Co. 
a Bayer Aspirin. 
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free acidity drops sharply after the adiniiiistration o f  
nt  drug, tlic tliffercncc Ixiiig Iiiglily 

siguificant ( I '  < O . O I )  at 10, 20, and niinutcs, ; i11(1  

probably significant a t  40 minutes (1' = 0.05). 
Total acid levels were also compared by ttie analysis 
oF variance technique, and no differcnces were found 
among ttie drugs. 

The second series of  expcrinients, employing a test 
meal of greater stimulatory capacity and selected 
subjects, was much more uniforni. Effervescent 
aspirin again produced a marked elevation in pH ;is 
compared to aspirin (Table 11, Fig. 1) and a 
marked drop in free acidity (Table 11, Fig. 2) .  h i  

analysis of variancc was again performed, followed 
hy comparisons a t  tlie individual times by the tecti- 
nique of Sclieffe (10) The pH differences were 
Iiighly significant througli 3) miiiutes ( P  < 0.001) 
and probably significant ;it 40 minutes. Differences 
in free acidity were also significant a t  10, 20, and 30 
minutes f P  <0.01). Total acidities differed only at 
the 40-minute nieasurernent at a low level o f  
significance (P <0.05). 

In view of tlie wide variability observed in tlicse 
subjects' results, thc cxperimcnts using aspirin : ~ n d  
effervescent aspiriii were repeated under niore care- 
fully controlled conditions and with more accurate 
procedures for measurement of p H  and free and total 
acidity. 

Some o f  the subjects in the first series of experi- 
ments had experienced a great deal of difficulty in 
swallowing the stomach tube. I n  order t o  eliminate 
the possibility of such trauma affecting the response 
to the test meal, 35 prospective subjects were tested 
as to  their ability t o  swallow the stornach tube with- 
out difficulty. Twelve were selected as having 
little or no difficulty and were used in this series of 
experiments; these included ten t i d e  and two fe- 
male subjects. Thc test meal was changed to oiic 
designed to give better stimulatiori and consisted o f  
50 ml. of 140; ethanol to which was added one-half 
teaspoonful of dry Cream of Wheat to  provide 
mechanical stimulation. The general procedure 
used was the same except that  the drugs were 
administered with only 150 ml. of water. The p H  
was measured using the Beckman Zeromatic p H  
meter. Free and total acidity were measured by 
titration with 0.01 N sodium hydroxide to p H  of 3.5 
and 8.4, respectively, as measured by the p H  mcter. 

RESULTS 

The subjects exhibited a widely varying and 
generally poor response to  the test meal used. In 
spite of this, marked differences were obtained with 
the drugs tested (Table I ) .  Effervescent aspirin 
caused an immediate elevation in gastric pH which 
reached a maximum of 2.2 p H  units above the water 
control at 20 minutes, and decreased thereafter. A 
statistical analysis revealed that  the gastric pH with 
the effervescent preparation was significantly higher 
at 10 and 20 minutes ( P  <0.05 and <0.001, respec- 
tively) than with the other three preparations. 
After 20 minutes no differences were seen. The 
other two salicylate preparations do not affect the 
pH significantly a t  any time, nor do they alter free 
acidity, as compared to the water control. The 

I I I 

0 10 20  30 4 0  

MINUTES 

Fig. i.-Comparison of the effects of 650 mg. of 
aspirin or effervescent aspirin upon the gastric pH of 
12 normal subjects after a standard test meal. X'er- 
tical bars represent the standard error of the mean. 
0 ,  Effervescent aspirin ; X , aspirin. 

5 0  

z 
3 

MINUTES 

Fig. 2.-Comparison o f  tlie effects of 650 mg. of 
aspirin or effervescent aspirin upou the free and total 
gastric acidities of 12 norrnal subjects after a stand- 
ard test meal. 1:ertical bars represent the standard 
error of the mean. 0 ,  Effcrvescent aspirin; X, 
aspirin; -total acidity; - -, free acidity. 

DISCUSSION 

The results as presented in the tables and figures 
indicate clearly that  effervescent aspirin decreases 
the free gastric acidity aiid increases the pH for at 
least 30 minutes. I n  contrast, acetylsalicylic acid 
tablets and buffered aspirin increase tlie pH only 
slightly, and depress the acidity to a sirlall dcgree. 
This latter effect is presumably duc only to dilution 
of the gastric contents with the ingested water, since 
these effects did not differ from the controls. Kubin, 
Pelikan, and Kensler (11) measured intragastric pH 
lcvcls after the administration of  placebos, acctpl- 
salicylic acid, and buffered aspirin, and noted an 
increase of 0.24 to  0.29 pH units in all cases, these 
differences not being statistically significant. It 
will be noted that  tlie pH of those subjects ingesting 
acetylsalicylic acid tablets or buffered tablets never 
exceeded 3.i, falling t o  2.6 by 40 minutes. This 
might he expected since at this dosage the buffered 
aspirin had a neutralization equivalent of only 5 
meq. of hydrochloric acid (50 ml. of 0.1 N hydro- 
chloric acid). Since the pKa of acetylsalicylate is 
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:1.19. this n i ean~  that a large proportion of the drug 
is unionized and o f  relatively low solubility througli- 
out thc period of  measurement. The solubility of  
the tlriigis about 6.6 Gm./L. a t  37" a t  pH 3 in dilutc 
Iiydrocliloric acid, so that d l  of thc fi50 mg. could he 
i n  solution i n  the volume o f  water riscd. However, 
tlic 11)caI pH a t  the tnucosal wall :rnd thc diffusion 
constants of sdid acetylsalicylic acid as it goes into 
solution would modify the rate of solution. Edwards 
( 1) made theoretical calculations concerniug such 
factor:;, and Nelson and Schaldeniose ( 12) confirmed 
thesc ctxperinientally by showing that acetylsalicylic 
acid in aqueous solution was much more rapidly 
absorbed than a comparable amount in tablet form. 
I n  coiitrast, after the administration o f  effervcscerit 
aspirin, the pH remained above 4.5 up to 30 minutes 
so that the drug would be more than SO(?; in the 
ionized form throughout this period. The effervcs- 
cent preparation contains about 10 times more 
buffer, equivalent t o  48 rrieq. I t  will also be notcd 
that this largc amount is not reflected in the total 
acid i.itrations; in the second experiment a t  40 
minutes, the increase was only 0.9 meq./100 ml. of 
gastric juice. This must result froim the relatively 
rapid passage of a large proportion of the buffered 
gastric juice into the intestine. Moreover, Bolton 
( 13) lias demonstrated that citrate enhances solu- 
bility of acetylsalicylic acid, so that in pH 4.5 sodium 
citrate, acetylsalicylate is soluble to the extent of 
32.1 (:m./L. at 30". Obviously, solubility is not a 
problvm with this buffered preparation and probably 
accounts for its more rapid absorption, reaching a 
peak at 30 to 45 minutes (6, 7). The enhanced 
solubility may very well reduce the gastric irritation 
associated with plain aspirin. In  a group of 103 
patients, Alvarez and Summerskill (5) incriminated 
salicylates in over 40y0 of cases admitted for hema- 
temesis and melena connected with peptic ulcer. 
Stubbe (S), in studying patients with rheumatoid 
arthritis, observed that  about 70% of these patients 
and a. control population gave positive benzidine 
tests lor Gccult blood in the stool regardless of  the 
amounts of aspirin ingested. Enteric coated aspirin 
gave positive results also, but when positive patients 
(on aspirin) were changed to sodium salicylate, the 
henzidine tests became negative. In  recent work, 
Stubbe (14, unpublished) has shown that  positive 
benzidine tests for occult blood occurring when 
patients were on aspirin became negative when the 
medication was changed t o  effervescent aspirin. 
Pierson, et al. (S), employing chromium-tagged red 
cells, made similar observations with calcium as- 
pirin complex and choline salicylate. Muir and 
Cossar (2) have seen crystals of acetylsalicylate for 
as long as several hours after tablet administration. 
Daviwn and Guy (unpublished) observed more occult 
blood produced in pyloric pouch dogs at acid pH 
values after the administration of acetylsalicylate as 
opposed to  neutral pH. I t  would appear, therefore, 
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that  thc erosive properties of  the crystalline form of 
acctylsalicylie acid may xccount for at lenst a part of 
its hemorrhagic properties. 

Hurley ( 15, unpublished), using gastroscopic 
observations in dogs and substantiated by photo- 
graplis, has evaluated the local effects of  aspirin aiid 
soluble effervescent aspirin on the gastric fnucosa 
over a 2-week period. Aspirin produced initial 
characteristic erosions of the mucosa with henior- 
rhage, which cleared after 5 days and remained so 
for the balance of the dosage period. Administration 
of soluble effervescent aspirin over the same period 
had no effect on the mucosa. If aspirin is adminis- 
tered following a previous period of effervescent 
aspirin, the characteristic erosion and hernorrhage 
occur which clears up after 1 week. 

Winkelman (16) suggests that  while aspirin and 
associated salicylates are incriminated in bleeding, 
with or without peptic ulcer, no proved effect has 
been demonstrated, but proposed that factors re- 
sponsible for ulcer production, such as impaired 
mucosal resistance or increased acid-pepsin secretion, 
may enhance the development of acute ulceration 
from salicylate-induced gastritis in some patients. 

As Brodie and Hogben (17) have pointed out, i t  is 
apparently the unionized form of the drug which is 
absorbed, and Davison and Guy (unpublished) have 
confirmed this in dogs with pyloric pouches. Conse- 
quently, the buffered forms of acetylsalicylic acid 
should be absorbed more slowly on the ionic basis 
but, apparently, the enhanced solubility and conse- 
quent distribution over the entire stomach wall, as 
well as the more rapid penetration into the intestine, 
overcome this deficiency. Acetylsalicylic acid can 
even be absorbed within the intestine despite 
apparently unfavorable p H  since, according to  
Brodie and Hogben (17), the p H  of the intestinal 
wall can be as low as 5.3. 
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