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Ammonia is produced when urea passes from
the blood into gastric secretion, a reaction cata-
lyzed by a urease, present in the gastric mucosa of
man and several animals (1-14). Fitzgerald and
Murphy (15) have suggested that the ammonia
formed in this process may have an important
protective function by neutralizing gastric acidity.
This concept was based on the observation in man
that administration of urea in amounts sufficient
to raise temporarily the blood urea level by 12
mg. per cent was followed by a decrease of gastric
acidity. Burke and Page (16) were unable to
confirm these findings, and Kornberg, Davies and
Wood (17-19) presented evidence which sug-
gested that, at least in the cat, the urease found in
the stomach is of bacterial origin and does not in-
fluence gastric acid secretion.

This paper compares gastric ammonia and acid
contents in normal and uremic subjects, the latter
known to exhibit an elevated gastric ammonia
concentration (20-22). Because of the influence
of antibiotics on intestinal ammonia production
(23-25), their effects on gastric ammonia and acid
concentration were studied.

MATERIALS AND METHODS

Fifty hospitalized subjects were studied, 24 without evi-
dence of renal dysfunction, 25 with uremia due to chronic
renal disease, and one with azotemia due to obstructive
uropathy. The blood urea concentration in the patients
with uremia varied from 40 to 174 mg. nitrogen per cent
with an average of 100.5 mg. N per cent. The patients
were fasted for 16 hours and gastric juice collected by a
Levine tube with the patients placed in the left lateral
position, as proposed by Henning (26), to facilitate the
quantitative recovery of gastric secretion (27). After
a 45 minute period of stabilization, gastric juice was as-
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pirated every 15 minutes and collected for examination.
Basal secretion was studied using the four specimens col-
lected during the first hour. At the end of this period,
0.005 mg. per Kg. histamine dihydrochloride was ad-
ministered subcutaneously, and the effect of this drug on
volume and composition of gastric secretion was deter-
mined on the four specimens collected during the second
hour. This procedure was performed before and after
administration of various antibiotics.! Twenty mg. per
Kg. oxytetracycline was given orally for four to seven
days to five nonuremic and six uremic subjects; 300 mg.
of the same drug was injected intramuscularly daily for
three to eight days to three nonuremics and three uremics.
Five uremic and five nonuremic subjects received 20 mg.
per Kg. chloramphenicol orally for four to seven days
and six nonuremic and five uremic subjects were treated
similarly with 20 mg. per Kg. erythromycin.

Venous blood urea was measured by the urease method
(28), gastric juice was analyzed for chlorides (29) and
free and total acid (dimethyl-aminoazobenzol and phe-
nolphthalein as indicators). Ammonia and urea were
measured (28) in neutralized gastric juice.

RESULTS

A. Comparison between gastric juice in uremic
and nonuremic subjects

Increased blood urea was associated with high
gastric urea and ammonia concentration. This
was found both in the basal state and after admin-
istration of histamine. In addition, the free and
the total acid concentrations were significantly
lower (p < 0.05) in uremic patients as compared
to nonuremic individuals (Table I).

B. Action of antibiotics on gastric ammonia and
urea contents

Mean ammonia concentrations of basal and post-
histamine gastric secretions were lowered sig-
nificantly (p < 0.05) in the patients treated by
oral oxytetracycline (Table II). In both non-

1The authors wish to thank the following companies
for making these antibiotics available: Lepetit (chloram-

phenicol), Lilly (erythromycin) and Pfizer (oxytetra-
cycline).
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TABLE I
Comparison between gastric secretion of uremic and nonuremic subjects

Free Total Gastric Gastric
acid acid Chlorides ammonia urea Blood urea
mEq. HCI/L. mEq.HCI/[L.  mEqg./L. mMole/L. % mMole/L. 3 mMole/L.
. (or mg. N %)
Basal secretion 22.0 39.6 102.3 5.7 2.

24 subjects  S. D. 4.5 49 5.0 0.9 0.5 114 + 0.6
without (16.0 £ 0.8)
uremia Posthistamine secretion  51.5 65.3 121.9 5.1 2.5

S.D. 7.4 7.6 5.5 0.9 0.5
. Basal secretion 8.1 28.2 119.1 374 15.9
26 subjects  S. D. 4.1 4.3 5.1 5.2 3.7 1.8 4+ 4.9
with (100.5 £ 6.9)
uremia Posthistamine secretion  32.8 55.4 137.7 31.8 17.4
S. D. 6.0 6.6 2.5 5.0 4.0

uremic and uremic subjects the ammonia concen-
tration was reduced by about 80 per cent of the
pretreatment level. An increase of gastric juice
urea concentration was associated with the change
inammonia. Both changes were of the same order
of magnitude. In five of the six patients with ure-

mia receiving oxytetracycline the drop of ammonia
was accompanied by a rise of acidity, while in sub-
jects without renal dysfunction no change in acid-
ity was detectable. Similar results were obtained
when the values were calculated on the basis of
hourly gastric output (Figure 1). No change in

TABLE II
Gastric secretion before (I) and after (II) oral administration of oxytetracycline

G Free acid Total acid Chlorides Ammonia Urea Blood urea
nur:slfer I II I 1I I 1I I 1I I II I 1I
mEq. HCI/L. mEq. HCI/L. mEq./L. mMole/L. 4 mMole/L. 4 mMole/L.
. . (or mg. N %)
Nonuremic subjects
1 32 2 62 23 81 97 11.7 2.0 6.2 11.2 17.4 (24.4) 22.0(30.8)
2 84 112 102 120 140 134 40 1.8 0.6 3.6 10.5 (14.7) 12.8(17.9)
Basal 3 26 23 37 36 107 119 1.9 1.2 24 3.5 16.6 (23.3)
secretion 4 0 0 10 15 94 112 119 1.0 1.9 10.3 14.0 (19.6) 11.9 (16.7)
0 4 5 14 72 81 2.7 0.8 3.5 6.6 8.2 (11.5) 11.4(16.0)
Mean 284 28.2 43.2 41.6 99 109 64 14 29 170 13.3(18.6) 14.5(20.3)
1 89 61 108 78 143 128 76 1.2 8.6 7.8
3 51 66 62 78 116 137 2.2 0.7 21 29
Posthistamine 4 0 3 10 26 108 119 143 09 1.2 9.8
secretion 5 31 34 43 44 100 126 26 08 24 438
Mean 43 41 56 57 117 128 6.7 09 3.6 6.3
Uremic subjects
6 0 26 24 47 127 119 79.0 12.0 0.6 70.0 110 (154) 124(174)
7 740 34 0 48.6 103 (144) 108 2151)
Basal 9 0 0 10 13 98 96 27.6 140 5.2 45.6 52 (73) 82 (115)
secretion 10 0 17 14 34 128 119 61.0 25.6 2.7 15.1 75 (105) 73 (102)
11 0 10 13 20 122 329 20 0.3 224 54 (76) 33 (46)
Mean O 13 15 29 119 111 549 114 1.8 40.3 78.8 (110.3) 84 (117.6)
6 0.6 44 42 74 136 136 71.0 10.0 0.6 68.0
7 67 129 97 138 156 145 65.0 3.0 0.5 39.4
) 8 81 109 98 128 134 145 39 0.7 23.2 35.1 52 -(73) 73 (102)
Posthistamine 9 51 87 73 108 139 148 34.7 144 1.2 271
secretion 10 45 37 64 60 136 134 42.0 24.8 0.5 13.1
11 0 7 11 13 133 84 30.5 19 1.5 23.5
Mean 41 69 64 87 139 132 41.2 9.1 4.6 34.3
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chloride content or volume of gastric juice was
observed. Intramuscular administration of oxy-
tetracycline was less effective than when given by
mouth, both in reducing gastric ammonia and in-
creasing acidity.

Neither gastric ammonia, acid, nor chloride was
significantly influenced by chloramphenicol (p >
0.05) (Table III). Individual responses to eryth-
romycin varied (Table IV); in some subjects
gastric ammonia fell considerably, while in others
there was no change. The differences were not
found to be statistically significant (p > 0.05).

The observed antibiotic effect on gastric secre-
tion was reversible. In four patients with uremia
whose gastric ammonia had been reduced by anti-
biotics, it rose again after cessation of the treat-
ment.

C. Relationship between changes in ammonia and
actd concentrations in gastric secretion

The relationship between spontaneous changes
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Uremic patient (blood urea, 154 to 174 mg. N per cent).

studied in the patient in whom azotemia due to
obstructive uropathy was relieved by cystostomy.
The gastric ammonia content was lowered pro-
portionally and gastric acidity rose to a similar ex-

in gastric ammonia and acid concentration was tent with the fall of blood urea (Figure 2). Ad-
TABLE IIT
Gastric secretion before (I) and after (II) oral administration of chloramphenicol
c Free acid Total acid Chlorides Ammonia Urea Blood urea
number 1 I I I 1 1 1 11 I 11 I 1§
mEg, HCI/L. mEq. HCI/L. mEq./L. mMole/L. 4 mMole/L. § mMole/L.
. . (ormg. N %)
Nonuremic subjects
12 54 26 72 41 130 124 11.1 51 04 23 13.9 (19.5) 12.7(17.8)
13 21 16 46 22 126 124 11.5 5.4 1.5 3.0 15.4 (21.6) 10.0 (14.0)
Basal 14 36 60 47 68 105 123 35 3.1 1.8 04 10.0(14.0)0 6.0 (8.4)
secretion 15 0 7 6 22 55 107 26 3.0 39 33 14.0 (19.6) 10.9 (15.3)
16 0 0 1 4 72 146 48 0.5 89 93 15.9(22.3) 14.5(20.3)
Mean 20 22 36 31 97 125 6.7 34 3.3 37 13.8(19.3) 10.8(15.1)
12 92 99 110 111 155 160 7.1 3.8 1.2 09
13 63 44 78 73 143 134 94 6.3 0.7 21
Posthistamine 14 61 75 70 91 128 143 3.1 25 1.7 04
secretion 15 48 53 58 73 128 135 5.1 25 30 25
16 0 0 12 10 60 138 3.6 18 9.1 10.2
Mean 353 54 66 72 123 142 5.7 34 3.1 3.2
Uremic subjects
0 18 14 42 128 138 61.0 52.1 2.7 0.2 75.0 (105.0) 62.5 (87.5)
18 0 0 4 12 140 134 47.0 48.0 18.0 20.0 74.0 (104.0) 81.0(113.4)
Base}l 19 6 35 22 56 107 158 8.6 120 20.5 22.6 45.5 (63.7) 50.0 (70.0)
secretion 38 0 20 12 40 122 105 347 34 2.2 312 48.5 (67.9) 50.1 (70.1)
39 0 3 7 23 113 130 23.3 142 1.8 4.4 30.0 (42.0) 28.6 (40.0)
Mean 1.2 15.2 11.8 34.6 122 133 349 259 9.0 15.7 54.6 (76.4) 52.4 (73.4)
17 45 57 64 78 136 154 42.0 45.0 0.5 0.3
18 0 0 8 14 150 146 48.0 46.0 25.0 28.0
Posthistamine 19 46 74 66 95 141 160 109 8.5 13.2 159
secretion 38 0 25 11 38 122 106 346 3.8 3.5 358
Mean 22.8 39.0 37.3 56.3 137 142 339 25.8 10.6 20.0
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TABLE 1V
Gastric secretion before (I) and after (II) oral administration of erythromycin

c Free acid Total acid Chlorides Ammonia Gastric urea Blood urea
nut:beer I 0 1 I I I I 11 1 11
mEqg. HCI/L. mEq. HCI/L. mEq./L. mMole/L. 4 mMole/L. 4 mMole/L.
. . (or mg. N %)
Nonuremic subjects
21 0 0 16 17 102 138 6.7 2.3 1.1 5.2 10.6 (14.8) 10.0 (14.0)
22 32 31 44 46 102 116 1.3 1.7 44 71 8.3 (11.6) 9.9 (13.9)
23 0 1 7 13 98 89 8.5 3.5 0.8 14 11.5 (16.1) 9.0 (12.6)
Basal 24 0 0 5 7 80 90 35 21 49 5.8 9.3(13.0) 10.0(14.0)
secretion 25 28 22 45 35 120 77 18.3 6.2 0.2 0.5 15.2 (21.3) 12.6 (17.6)
36 5 34 15 45 94 104 43 1.3 1.8 1.1 7.2 (10.1) 9.2 (12.9)
Mean 10.8 14.5 220 27.2 99 102 7.1 39 22 35 10.4 (14.6) 10.1 (14.1)
21 0 30 27 57 108 136 53 08 1.0 34
22 67 86 74 95 126 146 09 09 3.5 45
23 27 50 43 67 109 119 8.8 3.5 01 14
Posthistamine 24 0 0 4 10 73 90 3.7 17 43 5.8
secretion 25 48 55 61 77 122 121 16.2 6.0 0.1 06
36 53 87 65 96 115 125 50 6.8 0.8 03
Mean 32.5 51.3 45.7 67 109 123 6.7 3.3 1.6 2.7
Uremic subjects
2 1 28 17 145 74 64.2 12.5 0 137 70 (98) 29 (41)
27 0 0 15 33 128 107 325 0.5 1.5 29.5 69 (97) 40 (56)
Basal 28 10 58 32 98 117 151 547 19 23.5 76.1 96 (134) 113 (158)
secretion 29 0 0 5 3 7.8 6.3 244 143 39 (55) 30 (42)
49 7 6 33 22 138 107 152 8.6 20.6 20.5 46 (64) 46 (64)
Mean 3.8 13 23 35 132 110 349 7.2 14.0 30.8 64.0 (89.6) 51.5 (72.1)
26 40 54 69 70 142 111 46.6 9.4 0 103
27 0 55 32 84 134 153 230 14 17.7 22.8
Posthistamine 28 54 68 81 102 136 152 320 89 46.0 83.5
secretion 29 0 0 10 8 8.2 6.0 124 12.6
49 38 46 58 66 150 141 15.5 109 144 13.2
Mean 26.4 44.6 50.0 66.0 141 139 251 7.3 18.1 28.5
ministration of antibiotics resulted in a significant
Blood Urea, Y mMol. /L. : : fore
00 | Gostric Am m;id' ol /L. df'op of ‘gastrxc ammonia (p .<.0.01) and a sig
Gastric Urea, % mMol. /L. nificant increase of gastric acidity (p < 0.05) in
eight patients with uremia due to a chronic glo-
50 r 7| merulonephritis in whom no change in blood urea
occurred during the period of investigation (Table
° - —  V, Group A). In a similar group (Table V,
Free Acid _ p _group .
150 = Total ACM}MEQ. /L. Group B) of nine patients with uremia, where
L OMorides no marked reduction of gastric ammonia occurred,
100 - 1  no change of acidity was observed.
50 = 7 DISCUSSION
ol ot Several authors (14, 15, 22, 30) have shown

1n-7-57 11-14-57 12-12-57

F1c. 2. EFrFects oF A DEcCrease 1IN Broop URea oN
GASTRIC AMMONIA AND AcipiTY (POSTHISTAMINE SE-
CRETION )

that the concentration of ammonia in gastric juice
is roughly proportional to the blood urea level;
this has been confirmed by our results.

Anemia, lowered blood carbon dioxide content,
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TABLE V

Seventeen patients with stable uremia: Gastric secretion before and after antibiotic treatment with (A) and
without (B) significant reduction in gastric ammonia

Before antibiotic treatment After antibiotic treatment Difference
Gastric Free Gastric Free Gastric Free
ammonia acid ammonia acid ammonia acid
ml{?le/ mEqLHCl/ mML?lel mEqLHCI/ mL{ok/ mEqI.“HCI/
Basal secretion 49.8 1.4 7.6 18.7 —42.2 +17.3
Group A S.D. 6.6 1.4 34 7.5 5.2 6.3
(8 uremic
patients) Posthistamine secretion 41.0 21.6 5.6 52.2 —354 +30.6
S. D. 6.1 10.6 1.7 15.0 6.0 7.7
Basal secretion 26.7 12.8 23.1 12.7 — 3.6 - 01
Group B S. D. 6.9 9.8 6.7 6.7 2.1 12.3
(9 uremic
patients) Posthistamine secretion 24.0 46.2 19.2 47.4 — 48 + 1.2
S. D. 5.9 10.6 5.7 11.6 2.0 7.0

disturbances of water and electrolyte balance (31)
and gastritis (32) have been suggested previously
as causes for gastric hypoacidity in uremia. Al-
though it is possible that these factors may con-
tribute to the encountered low gastric acidity, no
experimental proof that they are responsible has
been presented.

The hypothesis that gastric ammonia reduces
acidity (15) seemed more plausible but has not
been supported previously by experimental evi-
dence in uremic patients.

The demonstration that reduction of gastric am-
monia after antibiotic treatment increased acidity
of patients with uremia and in vitro addition of
ammonia decreased acidity (33) clearly relates
hypoacidity to ammonia.

In uremic patients, reduction of gastric ammonia
causes gastric acidity to rise to a level similar to
that of nonuremic subjects. In the basal state,
where gastric acid secretion is normally low, the
decrease in ammonia may be greater than the in-
crease of acidity. After histamine stimulation, the
ammonia decrease parallels the increased acidity.

Administered antibiotics did not influence gas-
tric acidity in the absence of marked changes of
ammonia. This was seen in both control sub-
jects and uremic patients in whom antibiotics had
little or no effect on gastric ammonia. The en-
countered differences in ability of oxytetracycline,
erythromycin and chloramphenicol to influence
gastric ammonia are unexplained ; they may be re-
lated to the different antibiotic spectra or pharma-
codynamic effects. Since bacteria reside in the

stomach under physiological conditions (34, 35)
and urease activity of gastrointestinal organism is
reduced by antibiotics (36-39), it seems probable
that the ammonia-reducing effect of oxytetracycline
and erythromycin is related to their antibiotic
properties rather than to a pharmacodynamic
effect.

After use of oxytetracycline, an increased in-
cidence of blood in gastric juice was noted and
may be attributed to the occurrence of gastric ul-
cerations after such treatment (40). Theoreti-
cally, return of normal acidity coupled with the
effects of retained urinary excretory products on
mucous membranes may predispose to ulcerations
and gastroduodenal bleeding (41).

Effects of therapy on gastric ammonia and
acidity may also be of practical importance in pa-
tients with liver disease and azotemia who exhibit
an elevated gastric ammonia. Reduction of gas-
tric ammonia in patients with cirrhosis can be
achieved with oxytetracycline (42) or neomycin
(43).

SUMMARY

Twenty-six patients with uremia had high gas-
tric ammonia and low free and total acid concen-
trations, compared with 24 control subjects with-
out evidence of renal dysfunction.

Spontaneous and induced reduction of gastric
ammonia in patients with uremia was accompanied
by an equivalent increase in gastric acidity, indi-
cating the contribution of ammonia to hypoacidity
in uremia.
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