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using the technic of hepatic vein catheteriza-
tion. The catheter was introduced into a
right hepatic vein and after measuring wedged
pressure withdrawn to midway between the
wedged position and the ostia of the hepatic
vein.!* One gram of either the meat or milk
protein test meal was incubated with 10 ml.
of gastric juice or juice from the small intestine
at 37°c. in a Dubnoff Shaker for three hours
and 1 cc. aliquots were removed at hourly
intervals to determine the ammonia content.

Effects of Therapy on Meat Protein Tolerance

Meat protein tolerance studies were per-
formed before and after a period of medical
treatment in five patients who exhibited an im-
provement in clinical and routine laboratory
tests. Effects of antibiotics on protein tol-
erance were evaluated in ten patients main-
tained on a 40 gm. protein diet by feeding the
test meal before and after ten days of therapy
with either 8 gm. of neomycin or 400 mg. of
intramuscularly administered oxytetracycline.
A comparison of the effect of neomycin and
oxytetracycline was made in three of these sub-
jects.

The influence of 1-arginine hydrochloride and
combined l-arginine hydrochloride and sodium
glutamate was investigated in subjects main-
tained on antibiotics by performing meat pro-
tein tolerance tests before and during infusion
of these substances in four subjects. Forty
grams of arginine and 25 gm. of l-arginine hy-
drochloride with 25 gm. of sodium glutamate
were given as a slow intravenous drip for one
hour prior to the ingestion of the test meal and
for four hours afterward.

Effects of changing colonic flora by giving
acidophilus milk!* and tablets (Lactinex®) on
protein tolerance was investigated in three
normal subjects and in three patients with
severe liver disease. Acidophilus milk and
Lactinex tablets were given for a period of six
weeks to three months while obtaining daily
stool cultures to evaluate effects of this therapy
on bacterial intestinal flora. '

RESULTS
Blood Arterial Ammonia Patterns

Each of the normal subjects had a fasting

TABLE 1

Comparison of Effects of Glucose and Protein Feedings
on Blood Ammonia

l Net Change in NH;-N (ug./100 ml.)

No. |
' After i After Meat | After Milk
Glucose l Protein Protein
Normal Subjects
1 0 i + 12 + 4
2 0 + 4 0
Mean 0 + 8 + 2

Patients with Mild to Moderate Cirrhosis

3 -10 + 30 0
4 -15 + 10 + 40
5 0 + 20 + 20
6 +10 + 10 + 10
7 -10 - 20 - 20
é
Mean -5 + 10 ] + 10
Patients with Severe Cirrhosis
8 | +8 + 30 +140
9 0 + 30 + 50
10 0 + 50 + 70
11 +10 + 20 +100
12 +10 +130 + 80
13 =20 + 70 + 30
14 +20 +120 + 50
Mean + 4 +64 | 4+

arterial ammonia of 20 to 60 pg. per 100 ml.
blood. No significant changes in blood am-
monia were noted in this group after the inges-
tion of either glucose, meat protein or milk
protein. Fasting levels of blood ammonia
were likewise normal in selected patients with
mild to moderate cirrhosis and did not change
after the ingestion of either test meal. Meat
and milk protein feeding in patients with
severe cirrhosis caused a pronounced increase
in blood ammonia and precipitated lethargy,
disorientation or coma; whereas ingested
glucose produced no significant change (Table

).
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Fic. 1. Blood NH;-N patterns after ingestion of 60 gm. of protein.

Correlation of Ammonia Response with
Other Studies

The magnitude of blood ammonia elevation
after the ingestion of protein was related to the
severity of signs and symptoms of liver disease
(Table 11). Each of the patients who ex-

hibited a flapping tremor, sensorial depression,
constructional apraxia or hepatic fetor had a
marked increase in blood ammonia following
ingestion of the test meal. Eleven of twelve
patients with ascites, and each of those with
ascites and juandice, had abnormal tolerance.

TABLE
Effects of Improvement in Hepatic

Protein Tolerance Clinical Features
Blood NH;-N (ug./100 ml.)
No. Biopsy Diagnosis
|
Fasting 1 | 2 3 | 4 Icterus I Ascites Sensorium
\ i
48 135 205 190 150 140 Portal cirrhosis 0 4+ Depressed
95 125 140 135 125 0 14+ Normal
47 130 160 140 125 130 Portal cirrhosis 0 3+ Depressed
85 100 95 95 100 0 0 Normal
24 90 170 160 160 190 Subacute fulminant + 0 Somnolent
hepatitis
70 85 90 90 90 0 0 Normal
52 130 140 170 130 150 Portal cirrhosis 0 3+ Somnolent
105 110 125 125 110 0 0 Normal
46 130 130 170 170 160 Portal cirrhosis + 3+ Somnolent
75 90 100 105 75 0 0 Normal
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The degree of hyperammonemia after pro-
tein feeding was correlated with the level of
fasting arterial ammonia and biochemical
liver function tests. The tests meal had no
effect in patients with a normal fasting level of
ammonia, whereas abnormal tolerance was
noted in those with fasting ammonia levels
greater than 100 ug. per 100 ml. Sulfobro-
mophthalein retention of more than 20 per cent,
an albumin of less than 3 gm. per 100 ml., and
a 3 to 4 plus cephalin flocculation test were
usually accompanied by altered protein toler-
ance in patients with cirrhosis. No correla-
tion could be established between the serum
transaminases and effects of the protein test
meal.

Hepatic Venous Blood Studies

Fasting hepatic venous ammonia in normal
subjects was slightly higher than either arterial
or brachial venous levels and the rise in hepatic
venous level after the ingestion of a protein meal
was slightly greater than that in arterial blood
(Fig. 1A). Three general patterns were noted
in patients with cirrhosis. Three subjects
with cirrhosis in whom hepatic vein-arterial
oxygen difference suggested the presence of
functioning intrahepatic arteriovenous shunts
had a greater elevation of hepatic venous than
arterial ammonia after receipt of the protein

I
Function on Meat Protein Tolerance

NH3-N
¥ /Mt
25

20

i 4
T |l

(4
TIME O | 2 3 HCUTS

S——9GASTRIC JUICE @~ = = —®|RTESTINAL JUIrE

F16. 2. In vitro release of NH;-N during incubation
of meat protein with gastric and intestinal juice.

load (Fig. 1B). These patients had normal or

- only slight increase of the fasting arterial blood

ammonia. A similar pattern was noted in
patients with active liver cell necrosis and fast-
ing hyperammonemia in whom decreased
parenchymal cell uptake of ammonia produced
a discordent increase in hepatic vein ammonia
(Fig. 1C). Two patients with end to side

Biochemical Tests

Serum l . Alkaline |

Bilirubin | 43 Min. | Tpp 07 Choles- . .| Cephalin

(mg. <) I stl?l;Z;:i-" phatase terol Fr;tger?;’je) ?gl:]‘":“:; ?gll(l)lbu‘lit; Flmfcula- | SGOT | SGPT
———r A (Boda‘n~ (mg. %) ’ e tion i |

Total | Direct f sky units) l | ‘ |
1.0 | 05 | 135 4.3 134 |77 29 L7 b1+ 21 21
0.5 | 03 | 10.0 2.0 : [ 3.1 22 | 1+
0.1 ‘ 0.0 6.0 2.5 64 29 3.8 1.8 1+ | 21 6
03 | 01 | 10.0 3.9 3.6 1.9 1+ {

30.0 23.0 5.2 38 21 3.3 2.5 44 I 474 501
0.0 0.0 | 0.0 3.2 250 160 3.6 2.5 1+ ‘ 50 | 39
0.1 | 0.1 500 | 1.8 299 120 2.4 2.9 24+ | 385 i 32
0.1 o1 | 50 | 26 3.2 2.5 2+ } !

2.2 1.4 | 11.5 @ 2.3 25 51 2.5 2.8 3+ 17 i 39
0.0 0.0 ! 0.0 | 3.0 | 224 127 3.4 2.9 3+ ‘ 17 | 10
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portacaval shunts and two with numerous
intrahepatic collaterals demonstrated by splen-
oportography had a more pronounced rise
in the arterial ammonia after ingestion of the
test meal (Fig. 1D).

In Vitro Studies

Specimens of gastric and intestinal juice
obtained for in vitro studies contained 0.045
to 0.115 mg. per 100 ml. of free ammonia.
Incubation of meat with these juice increased
the ammonia content of the solution from ten
to fifteenfold (Fig. 2).

Influence of Therapy

A decrease in blood ammonia response to
ingested meat protein was noted with improve-
ment in clinical, biochemical and histologic
abnoramlities in patients with viral hepatitis

and in those with cirrhosis (Table 11). In one
patient, protein tolerance improved without a
significant change in biochemical or histologic
findings. Neither gradual increments in in-
gested protein nor elevation of circulating
albumin with infusion of salt poor albumin
influenced tolerance for the standard test meal.

After the administration of antibiotics to
patients with severe liver disease, the blood
ammonia response was lower but remained
abnormal in each of ten patients (Table 1v).
Oxytetracycline given orally or parenterally
had the same effect as neomycin given orally
(Fig. 3). Both agents caused an improvement
in mental status and disappearance of fetor;
however, the ingestion of a protein test meal
evoked sensorial changes in four of the ten
patients. Infusion of l-arginine hydrochloride
and l-arginine hydrochloride combined with

TABLE 1v
Effects of Antibiotics Added to 30 Gm. Protein Diet on Meat Protein Tolerance

Protein Tolerance
Blood NH;-N
No. | Time* (ug./100 ml.) Fetor I‘{Irilcth Fll: ;:;g‘g Sensorium
‘ Fasting 1 2 3 4
49 B 210 275 230 230 230 Present Positive Present Abnormal
A 95 180 145 150 140 Negative Negative | Negative Normal
B 200 325 340 320 260 Present Positive Present Abnormal
A 90 130 175 140 150 Negative Negative | Negative Normal
47 B 130 160 140 125 130 Negative Negative | Negative Normal
A 95 110 95 95 90 Negative Negative | Negative Normal
44 B 135 185 180 185 200 Present Positive Present Occasionally
abnormal
45 A 95 130 130 160 170 Negative Negative | Negative Normal
B 105 180 190 185 190 Present Positive Negative Normal
60 A 110 120 150 165 185 Negative Negative | Negative Normal
i B 175 175 200 220 235 Occasionally | Positive Occasionally | Confused
present present
61 A 115 143 143 145 145 Negative Negative | Negative Normal
B 195 : 235 260 290 280 Occasionally | Negative | Present after | Lethargic
i present test
M | A 110 120 120 170 160 Negative Negative | Negative Normal
B 195 240 260 255 245 Present Positive Present Confused
A 95 115 125 135 140 Negative Negative | Negative Normal
58 B 195 270 205 205 240 Negative Positive Negative Lethargic
A 120 140 150 160 195 Negative Negative | Negative Normal
70 B 95 140 160 170 130 Negative Negative | Negative Normal
A 80 95 115 110 120 Negative Negative | Negative Normal
59 B 130 220 160 140 140 Negative Positive Occasionally | Normal
present
[ A 100 140 130 130 120

* B, before therapy; A, after therapy.
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sodium glutamate did not improve meal toler-
ance beyond that observed with antibiotics
although their administration was associated
with a significant increase in blood urea
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Fi1c. 3. Effect of terramycin and neomycin on meat tolerance.

(Table v).

Investigations with lactobacillus milk dem-
onstrated that this therapy only produced
conversion of flora in normal subjects and in
patients with cirrhosis when a high carbohy-

drate, low protein diet was also administered.

TABLE v

Effects of Antibiotics, 1-Arginine and 1-Arginine and Sodium Glutamate on Meat Protein Tolerance

44

61

NH:-N Blood Urea Nitrogen
D (ug./100 ml.) (mg. %)
‘}y Histologic T
© Diagnosis herapy
Swdy| gast- ||y | 5 | o, [Fast] 2 3 4
ing ing
30 200 | 240 | 230 | 260 | 280 14 14 . 15 15 Portal 30 gm. protein diet daily for 30
cirrhosis days
41 120 140 | 150 | 160 | 195 15 16 17 Diet plus 1 gm. oxytetracycline
(orally) daily for 11 days
43 115 130 | 185 | 205 | 200 13 20 22 24 25 Diet plus oxytetracycline plus I-
arginine given intravenously
14 180 215 | 230 | 230 | 250 5 6 5 6 6 Portal 30 gm. protein diet daily for 2
1 cirrhosis weeks
25 80 110 | 130 | 130 | 190 5 7 9 Diet plus 1 gm. oxytetracycline
(orally) daily for 11 days
28 100 80 | 105 | 190 | 175 6 8 10 14 15 Diet plus oxytetracycline plus I-
arginine given intravenously
30 145 190 | 180 | 210 | 220 11 12 13 13 Portal 30 gm. protein diet daily for 30
cirrhosis days given
41 115 150 | 175 | 180 | 200 11 12 13 14 Diet plus 1 gm. oxytetracyclinc
orally daily for 11 days
44 120 145 | 165 | 180 | 195 10 15 25 38 30 1-Arginine given intravenously
46 85 163 | 180 | 217 | 230 11 14 16 18 19 1-Arginine and sodium glutamate
given intravenously
30 175 175 | 200 | 220 | 235 60 60 61 62 Portal 30 gm. protein diet daily for 30
cirrhosis days
37 115 143 | 143 | 145 | 145 32 33 33 Diet plus 0.1 gm. oxytetracycline
given intramuscularly twice a
day for 1 week
44 95 120 | 135 | 140 | 145 33 33 33 Diet plus 1 gm. oxytetracycline
(orally daily for 7 days)
47 90 120 | 140 | 130 | 140 37 38 39 40 41 Diet plus oxytetracycline plus 1-
arginine given intravenously
49 90 135 | 163 | 163 | 180 47 49 50 51 58 Diet plus oxytetracycline plus 1-
arginine and sodium glutamate
given intravenously
30 195 235 | 260 | 290 | 280 Portal 30 gm. protein diet daily for 30
cirrhosis days
37 110 120 | 170 | 170 | 160 13 14 15 15 Diet plus 1 gm. oxytetracycline
(orally) daily for 7 days
40 120 140 | 120 | 160 | 160 15 17 . 20 25 Diet plus oxytetracycline plus 1-
arginine given intravenously
46 90 150 | 180 | 180 | 175 11 13 14 14 16 Diet plus oxytetracycline plus I-

arginine and sodium glutamate
given intravenously
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TABLE VI

Effect of Lactobacillus Milk and Tablets on Colonic Flora and Protein Tolerance

Protein Tolerance
. NHg-N
Duration and (ug./100 ml.)
No. Diagnosis Amount of Time* Colonic Flora
Therapy . .
Fasting Maximum .
Level Level Difference
65 Severe 3 months, 8 tablets, B E. coli predominant 160 220 60
active 4 times daily A E. coli and lactobacil- 111 155 44
cirrhosis lus
66 Severe 6 weeks, 8 tablets, B E. coli 155 259 104
active 4 times daily A E. coli and lactobacil- 95 156 61
cirrhosis lus
67 Severe 3 months, 8 tablets, B E. coli 126 184 58
active 4 times daily A E. coli and lactobacil- 195 270 75
cirrhosis lus |
|

* B, before therapy; A, after therapy.

Despite conversion of stools to a lactobacillus
flora and a lowering of fasting ammonia levels,
no significant effect on blood ammonia response
to the protein load was noted (Table vI).

COMMENTS

The reported investigations demonstrate
that neither current therapeutic approaches
which alter intestinal flora and decrease urea
splitting organisms, nor administration of
substances designed to facilitate urea synthesis
will prevent a rise in blood ammonia after
feeding a protein load. Meat and milk pro-
tein produced an equal rise in blood ammonia.
There was some reduction in the height of the
response in patients receiving neomycin, oxy-
tetracycline or lactobacillus therapy, attributed
to lower fasting level of ammonia. No change
in protein tolerance was noted with administra-
tion of l-arginine hydrochloride or l-arginine
hydrochloride plus sodium glutamate.

Effects of protein feeding on blood ammonia
are similar to those obtained after giving whole
blood! or ammonium chloride.'®:"? As dem-
onstrated by the in vitro studies, the rapid rise
in blood ammonia after protein feeding is pri-
marily due to absorption of ammonia readily
dissociated by digestive processes occurring
after contact of protein with gastric and small
intestinal juices. This is also responsible for
the initial rise in ammonia after ingesting

whole blood' since its free ammonia content
is quite low. Theoretically, agents designed
to alter intestinal flora should not influence
response to readily adsorable ammonia. Al-
though metabolismof protein may alter splanch-
nic blood flow and oxygen extraction,' this
did not appear to significantly affect blood
ammonia since no change was noted after
protein feeding in subjects without shunts
or severe liver disease.

The practical clinical value of the meat pro-
tein tolerance test is limited to a select group
of patients with hepatic disease. Evaluation
of protein tolerance greatly increases diagnostic
and therapeutic perspective in patients with
mild elevation of blood ammonia and in sub-
jects with cirrhosis or vascular shunts who
exhibit a normal fasting ammonia. This test
is also desirable in serial study of patients main-
tained on antibiotics and protein restriction
to determine when dietary protein may be in-
creased. Similar information is obtained by
using ammonium chloride; however, protein
as a test meal is more physiologic. In inter-
preting data, cognizance should be had of the
relationship of observed results to emptying
time of the stomach, intestinal absorption and
pancreatic function.

CONCLUSIONS

Protein restriction is necessary to maintain
normal blood ammonia levels in patients with
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severe liver disease or vascular shunts despite
use of antibiotics, lactobacillus therapy, ar-
ginine hydrochloride or sodium glutamate.
None of these therapeutic agents prevent
hyperammonemia resulting from the ingestion
of a standard 60 gm. protein test meal.

In vitro experiments and studies of blood
ammonia patterns indicate protein digestion
in the stomach and small intestines is important
in producing hyperammonemia. Subjects per-
mitted a liberal protein intake may derive as
much ammonia from this source as from deg-
radation of urea in the large intestine.

Animal and milk protein produce a similar
increase in blood ammonia. The chief value
of antibiotics and lactobacillus therapy in
patients maintained on a 30 gm. protein diet
is their ability to reduce a fasting level of
ammonia.
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