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The efficacy of administration of oral paromomycin sulfate on serum albumin and y-globulin levels
was studied in cirrhotic patients. After an observation period of 3 months, paromomycin sulfate at
2.0g per day or a placebo was administered for 6 months, and changes in serum albumin and in
v-globulin levels were examined every three months. Out of 16 cirrhotic patients treated with
paromomycin, 11 (68.8%) showed significant increases in serum albumin compared with one out
of 16 in the placebo group. Concerning y-globulin, seven (43.8%) patients in the paromomycin group
showed significant decreases compared with one in the placebo group. In addition, among the 11
cirrhotics whose endotoxemia decreased after paromomycin administration, eight (72.7%) showed
significant increases in albumin level. It was suggested that paromomycin improves the serum albumin
and y-globulin levels in cirrhosis through the alleviation of endotoxemia caused by intestinal bacteria.
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INTRODUCTION

A number of studies have suggested that antibiotic treatment may protect
against liver injury. Leach et al. (6) and Gyorgy (4) demonstrated that some
absorbable and non-absorbable antibiotics were protective against hepatic
necrosis caused by carbon tetrachloride and choline deficiency respectively.
Subsequently, Broitman et al. (1) demonstrated that neomycin limited the
development of cirrhosis in choline deficient rats. Since this preventive ef-
fect was abolished when purified endotoxin was added to the drinking water
during the period of choline deficiency, they concluded that intraluminal
endotoxin contributed to the cirrhotic process, and that eradication of
endotoxin-producing bacteria was the mechanism involved in the neomycin
effect.

It has been well established that endotoxemia develops frequently in pa-
tients with cirrhosis (2, 3, 8, 10), and we have demonstrated that the mor-
tality in cirrhotics with endotoxemia is higher than in those without endotox-
emia (10). These findings suggest the possibility that endotoxin might be a
factor in the development of cirrhosis in man, and that nonabsorbable an-
tibiotics might therefore be beneficial in the treatment of cirrhosis. Since
serum albumin levels are closely related to the severity of cirrhosis, we con-
ducted a controlled, double-blind trial on the efficacy of long-term administra-
tion of paromomycin sulfate, a non-absorbable antibiotic, on serum albumin
levels in cirrhotic patients.
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MATERIALS AND METHODS

Thirty seven clinically stable cirrhotics were selected because it was mon-
datory that their general hepatic status did not change rapidly in the course
of the study as determined by clinical examinations and liver function tests.

Each had been hospitalized in Tokai University Hospital between April
7, 1981 and November 3, 1981, but were outpatients when the study was
carried out. The diagnosis of cirrhosis was made by laparoscopy and liver
biopsy in all cases. They had not received any antibiotics previously for at
least one month prior to the study.

The nature, purpose, and hazards of this study were explained to the
patients and to their next of kin, and their written, informed consent was
obtained. The protocol had been approved by the committee on human in-
vestigation, and the research was carried out according to Declaration of
Helsinki.

After a three month control period without any antibiotics, the patients
were randomly assigned to a schedule prepared from a table of random
numbers and given either paromomycin sulfate (2.0 daily) or placebo (made
of crystallized cellulose) for 6 months in a double-blind manner. Paromomycin
sulfate or placebo was administered four times daily, 250mg after each meal
and 250mg at bedtime. High calorie intake (40Cal/Kg) with a high protein
diet (2g/Kg of protein) was indicated throughout the study in all cases.

Biochemical laboratory tests were performed every two weeks in all pa-
tients throughout the study period, and the mean and standard errors of serum
albumin and vy-globulin levels every three months were calculated.

Biochemical laboratory tests included: total protein (biuret method, nor-
mal: 6.8 to 8.0g/dl), serum albumin (based on cresol green method,
4.2-5.2g/dl), serum alkaline phosphatase (method of the German Society for
Clinical Chemistry, 79-219m U/ml), serum glutamic oxaloacetic transaminase
(SGOT, mehtod of the Scandinavian Society for Clinical Chemistry, 9-27
I U/I), total bilirubin (modified Michaélssson method, 0.5-1.0mg/dl) and
serum electrophoresis.

Coagulation studies were also performed at the beginning of the study:
plasma fibrinogen was estimated by the biuret method, and fibrinogen
degradation products (FDP) by the staphylococcal clumping test. Platelets
were counted by phase microscopy, and prothrombin time and activated par-
tial thromboplastin time were also measured.

In some cases endotoxin-like activity was measured immediately after
sampling by the Limulus assay as described by Levin et al (7). Blood-samples
were obtained under aseptic conditions with pyrogen-free syringes. All
glassware was rendered pyrogen-free by heating at 175°C for three hours (14).
All procedures were carried out under sterile conditions. The amoebocyte
lysate used in the Limulus assay was provided by Difco Laboratories (Detroit,
Mich.). Heparinized plasma was shaken vigorously with chloroform (1;0.25)
for four hours, the emulsion produced was centrifuged at 2,500 rpm for 10
minutes, and 0.1ml of the middle layer was taken and mixed with 0.1ml
of pyrogen-free distilled water containing amoebocyte lysate. The mixture
was incubated at 37°C for 24 hours and examined after 1, 4, and 24 hours.
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The test was considered positive when definite gelation occurred. A negative
control of pyrogen-free saline and a positive control of 10 ng of Escherichia
coli endotoxin per ml were processed simultaneously to ensure accuracy of
the assay. The sensitivities of all lots used were tested with the purified E.
coli endotoxin standard from Difco Laboratories in the following manner:
series 1: ten dilutions of standard endotoxin in saline were prepared and the
lot preparations were tested with solutions containing 0.1 to 100 ng per ml
of standard endotoxin. All the Limulus assays could detect as little as 0.5
ng of endotoxin per ml with good recovery. The results of each test were
read by two independent observers who did not know the medication of the
patients.

The statistical significance of differences was calculated by student’s test.

RESULTS

Out of 37 cirrhotic patients studied, 19 were in the paromomycin group
and 18 in the placebo group. Among the 19 patients in the paromomycin
group, two patients were withdrawn because of possible side effects of
paromomycin sulfate such as diarrhea, anorexia and abdominal pain, and
another one was also withdrawn on account of development of a hepatoma.
In the placebo group, one patient was withdrawn because of a rupture of
the esophageal varices, and another patient was also withdrawn on account
of a hepatoma. Finally, 32 patients completed the trial, 16 in the paromomycin
group (group A) and also 16 in the placebo group (group B). Group A con-
sisted of one case with alcoholic cirrhosis, 11 with posthepatitic cirrhosis and
four with cryptogenic cirrhosis. Group B consisted of 10 cases of posthepatitic
cirrhosis and six of cryptogenic cirrhosis. HBsAg was detectable in the sera
of four and three patients respectively in each group by radioimmunoassay.
There were no significant differences between the groups concerning age,
sex, clinical symptoms, biochemical laboratory tests and Child’s classifica-
tion of liver damage (Table 1), nor were there any differences in blood
coagulation studies between the two groups at the beginning of the study
(Table 2). At the time of investigation, seven of the 16 in group A and five
of the 16 in the group B were on diuretics.

Among the 16 patients in group A, 11 (68.8%) showed significant in-
creases in serum albumin (Figure 1) compared with one out of 16 in group
B (Figure 2). Of the 11 patients who showed significant increases in serum
albumin level in group A, eight already showed an improvement in the first
trimester. The amount of increment in serum albumin was more than 0.5g/dl
in 11 cases (Table 3). Concerning the relationship between endotoxemia and
serum albumin level, it was found that out of 11 cirrhotic patients whose
endotoxemia disappeared with long-term paromomycine sulfate administra-
tion, eight showed significant increases in serum albumin level (Table 4).

Concerning the globulin level, seven (43.8%) of the 16 cirrhotics in group
A showed significant decreases in serum y-globulin level (Figure 3) compared
with one out of 16 in group B (Figure 4).
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Table 1 Cirrhotic patient characteristics

Paromomycin Control
(n=16) (n=16)
Age (yr) 55.4+3.1 57.2+2.1
Male/Female 9/17 8/8
Symptoms
Jaundice (+)/(—)3/13 4/12
Ascites (+)/(=)0/16 0/16
Encephalopathy (+)/(—)2/14 1/15
Biochemical data
T. P. (g/dl) 7.5+£0.2% 7.4+0.3
albumin (g/dl) 3.7+0.1 3.8+0.2
v-globulin (g/dl) 2.4+0.1 2.2+0.2
GOT (INU) 104+ 16 146 + 26
GPT (INU) 85+19 105+28
Al-P (INU) 214 +£49 169+24
T. T. T. 11.2£1.5 9.7+2.1
ChE (Knedel, U/ ml) 2.1+04 2.4+0.7
Bilirubin (mg/dl) 1.6+£0.4 1.8+0.7
Child’s classification
A 8 9
B 8 7
C 0 0
*Mean + SEM
Table 2 Coagulation Study
Fibrinogen Fibrinogen Platelet Prothrombin Partial Comple-
Degradation Time Thromboplastin ~ ment
Patients Products Time
200~400 0.49~2.38 >100.000 10.5~12.5 40~100 30~40
mg/d/f png/mél seconds seconds CH50
Paromomycin
group 5/16 7/16 13/16 1/6 12/16
control
group 4/16 4/16 14/16 0/16 10/16

*The ratios indicate the number of abnormal tests to the total number of patients

studied.
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Fig. 1 Change in serum albumin level after paromomycin sulfate administration.

Each bar represents the mean of 3 months.
Figure under the horizontal axis show the month.
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Fig. 2 Change in serum albumin level after placebo administration.

Each bar represents the mean of 3 months.
Figures under the horizontal axis show the month.



354 —K. TARAO and K. IWAMURA

Table 3 Increment in serum albumin after paromomycin sulfate administration
Case No. Increment of serum albumin
(1) 0.53 g/dl
(3) 0.56
(4) 1.08
(5) 0.64
(8) 0.47
(9) 1.41
(10) 0.38
(11) 0.36
(13) 0.67
(14) 0.70
(15) 0.91
Table 4 Correlation between endotoxemia and serum albumin in the paromomycin
group
endotoxemia L
significant

(Limulus lysate test)

increase in

Case No. before after administration serum
administ- Ibumi

cation 1 month 3 months 6 months atbumin

1) (++) () (-) (=) (+)
@) (++) (-) (=) (+) (=)
3) (+) (-) (-) (+++) (+)
4) (+) (-) (=) (=) (+)
(7) (+) (%) (=) (=) (=)
(8) (++) (=) (=) (=) (+)
9 (-) (-) (-) (+) (+)
a1 (++) () (=) (=) (+)
(12) (++) (=) (=) (+) =)
(18) (+) (-) (=) (=) (+)
(14) (+) (= (-) (=) (+)
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Change in serum vy-globulin level after paromomycin sulfate administration.

Each bar represents the mean of 3 months.

Fig. 3

Figures under the horizontal axis show the month.
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DISCUSSION

Leach B. E. et al, first demonstrated that sulfonamide drugs protected
against carbon tetrachloride-induced hepatic necrosis and death (6). Subse-
quently, Gyorgy P reported that aureomycin, streptomycin and neomycin
effectively prevented hepatic necrosis in choline deficiency (4). Studying the
development of cirrhosis in rats on choline-deficient diets, Rutenburg and
his colleagues regularly found diffuse hepatic fibrosis within 300 days, but
when absorbable antibiotics were added to the diet, cirrhosis was delayed
by about 100 days. Moreover, when neomycin, a non-absorbable antibiotic,
was used, significant fibrosis was prevented for as long as 750 days. They
concluded that nonabsorbable antibiotics were more effective in preventing
liver cirrhosis than the absorbable ones (9).

Broitman et al. confirmed this protective effect of neomycin administra-
tion against the development of dietary fibrosis and cirrhosis in rats fed choline-
deficinet diets.

They also showed that this could be abolished by adding purified
Salmonella typhosa endotoxin to drinking water during the period of the
choline-deficient diet, and concluded that the absorption of intraluminal en-
dotoxin contributed to the development of fibrosis and cirrhosis (1).

It is well known that endotoxemia develops frequently in patients with
cirrhosis (2, 3, 8, 10), and significantly increases the mortality in such pa-
tients (10). On this basis, it is possible that endotoxin absorbed from the gut
may be a factor in the development of cirrhosis in man, and that non-
absorbable antibiotics might delay or reverse cirrhosis in man by decreasing
endotoxemia. Long-term administration of non-absorbable antibiotics, such
as neomycin or paromomycin, is known to reduce the numbers of bacteria
in the intestine, especially gram-negative becteria (11, 13), resulting in a
decrease in the amount of endotoxin produced in and absorbed from the
intestine.

The present study suggested strongly that the severity of cirrhosis, as
assessed by the serum albumin level, was significantly improved compared
with the placebo group by the administration of paromomycin sulfate orally
for 6 months to previously stable humans with cirrhosis. In fact, about 70%
of the cirrhotics thus treated showed a significant increase in serum albumin
during paromomycin therapy compared with 6% in the placebo group. This
was generally correlated with the disappearance of endotoxemia since among
11 cirrhotics whose endotoxemia disappeared on paromomycin therapy, eight
showed a significant increase in serum albumin level. These findings war-
rant study in a larger group of patients, utilizing liver biopsies and more quan-
titative tests of liver functions (e.g. the aminopyrine breath test) for a more
reliable assessment of the status of the cirrhosis.

In our study, we also encountered a significant decrease in serum 7-
globulin levels during long-term administration of paromomycin sulfate. It
seems most likely that this decrease resulted from reduction of the number
of bacteria in the gut, decreasing the production of bacterial antigens as well
as endotoxin. Triger et al. reported a highly significant increase in titers of
antibodies to E. coli, Bacteroides and rat colon antigen in the serum of pa-
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tients with liver disease. They proposed that the diseased liver fails to sequester
a significant portion of antigens absorbed from the intestine, which then
become available to stimulate antibody formation accounting for the
hyperglobulinemia observed in liver disease (12). Koga et al. (5) likewise found
high titers of antibody to E. coli in the sera of cirrhotic patients, especially
those with high vy-globulin titers.

In summary, the effects we observed on serum proteins due to the long-
term administration of paromomycin sulfate to cirrhotic patients probably
resulted in part from the reduction in the bacterial population of the in-
testine. This decreases the production of both endotoxins and bacterial an-
tigens in the gut, with less available for absorption into the circulation. The
decrease in endotoxin improves the levels of serum albumin, and the decrease
in antigens in the circulation decreases the producation of antibody globulins.
Further trials seem warranted using this approach to the therapy of cirrhosis.
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