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Iron metabolism and anemia
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Abstract
Iron is essential for all living organisms. Iron is taken up from the foods by enterocytes

of the duodenum and proximal jejunum, and then released into the plasma and transported

to whole body by binding to transferrin. Transferrin—bound iron is utilized mainly for
erythropoiesis at the bone marrow, in which iron is essential for the formation of heme.
Recently, a new anti—microbial peptide, named hepcidin, was identified, and hepcidin is
found to function as the regulator of body iron metabolism by inhibiting iron uptake at

enterocyte and iron release from reticuloendothelial macrophages. Hepcidin is produced

by hepatocytes, and the expression is modulated by inflammation so that hepcidin is

thought to be involved in the pathophysiology of anemia of chronic disease. Research in

the iron metabolism field has been developing rapidly these years, and the new innovational
therapies for the disease caused by the dysregulation of iron metabolism are expected.

Key words: anemia, iron metabolism, hepcidin, anemia of chronic disease(ACD),
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TIR1: transferrin receptor 1, TfR2: transferrin receptor 2, DMT]1. divalent metal transporter 1,
ALAS: aminolevulinic acid synthase, ALAD: aminolevulinic acid dehydratase, PBGD: porphobilinogen
deaminase, URQ3S: uroporphyrinogen III synthase, UROD: uroporphyrinogen decarboxylase, CPO:
coproporphyrinogen oxidase, PPO: protoporphyrinogen oxidase, FECH: ferrochelatase.
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RNXEE
Effect of a nutritional supplement before abdominal
ultrasonography on energy metabolism

Kazutomo Suzuki"*, Hiroshi Takada",
Kagemasa Kagawa", Hajime Kuwayama",
Yoshitaka Takizawa®, Yuuji Okuzumi®,
Kenya Kawamura®, Kosuke Haruki®

The serum free fatty acid levels were 571+240 pEq/
L in patients with chronic hepatitis and 780 = 240 uEq/
L: the serum free fatty acid levels were significantly
higher in chronic hepatitis than in chronic hepatitis
than in cirrhosis. The elevation of serum free fatty acid
in cirrhosis is caused by starvation.

The serum free fatty acid levels were significantly
decreased after the meal. 200 kcal of a nutritional sup-
plement (Calorie Mate JERRY: Otsuka Pharmace-
utical, Japan) was given to the patients before abdomi-
nal ultrasonography.

The free fatty acids levels were significantly de-
creased after a nutritional supplement.

Calorie Mate JERRY as a nutritional supplement im-
prove metabolic disorder caused by fasting before ab-
dominal ultrasonograhy.

Key words: non-esterified fatty acid, liver cirrhosis,
free fatty acid, supplement
Kanzo 2009; 50: 736—737
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Table 1 Change of serum NEFA level
meal At fasting 3t hr after meal
¢ NEFA (uEq/L) NEFA (uEq/L) p
Diet 555.9 £ 328.3 73.3+58.2 < 0.0001
Calorie Mate JERRY 097.8 £454.6 3538=3210 0.0054
US: Ultrasonography
NEFA: non esterified fatty acid
NEFA (normal range: 140 ~ 850 uEq/L)
1) Department of Gastroenterology & Hepatology, Medical University Koshigaya Hospital
Dokkyo Medical University Koshigaya Hospital *Corresponding author: s-kazu@dokkyomed.ac.jp

2) Department of Laboratory Medicine, Dokkyo
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Effects of late evening snack on diurnal plasma glucose
profile in patients with chronic viral liver disease

Kazutome Suzuki,' Kagemasa Kagawa,' Kazuhito Koizumi,' Kazuyoshi Suzuki,’

Hiromi Katayama' and Miwa Sugawara?

'Department of Gastroeneterology & Hepatology and *Department of Nutrition, Koshigaya Hospital, Dokkyo

Medical University, Saitama, Japan

Aim: Glycemic control is important to improve the prognosis
in cirrhotic patients with complications from diabetes. A late
evening snack (LES) has been recommended for cirrhotic
patients. We investigated the effects of LES on diurnal plasma
glucose levels.

Methods: Subjects comprised 47 patients with chronic viral
liver disease (chronic hepatitis, n=11; cirrhasis, n=36)
treated in the Department of Gastroenterology & Hepatology,
Dokkyo Medical University Koshigaya Hospital. Diurnal varia-
tions in plasma glucose were first investigated with three
meals/day, in accordance with the European Society for Clini-
cal Nutrition and Metabolism (ESPEN) guidelines. Starting the
next day, patients were given four meals including a LES,
without changing meal content. Diurnal variations in plasma
glucose were examined on day 7, and urine C-peptide immu-
noreactivity (CPR), and homeostasis model assessment
insulin resistance (HOMA-IR) were investigated.

Results: with a LES, plasma glucose levels in patients with
chronic hepatitis were significantly lower 2 hours before
and 2 hours after dinner. In cirrhotic patients, significant
decreases in plasma glucose levels were seen 2 hours after
breakfast, before lunch, and before dinner. Significant
decreases were noted in average plasma glucose levels and
highest plasma glucose levels with four meals including a LES
in patients with liver cirrhosis. This decrease was greater
when maximum plasma glucose levels were higher on the
three-meal regimen.

Conclusions: Improvements in plasma glucose levels were
seen with four meals per day, including a LES, in viral chronic
liver disease, particularly cirrhosis.

Key words: chronic liver disease, diabetes, late evening
snack, plasma glucose

INTRODUCTION

HIGH RATE OF complications have long been
known to occur with diabetes against a background

of chronic liver disease, particularly hepatitis C virus
(HCV)-related chronic liver disease. Patients with non-
alcoholic chronic liver disease and diabetes are also
known to show a high rate of liver cancer,"? and cir-
thotic patients with complications of diabetes show an
increased frequency of liver disease-related death and
worsened prognosis.’ However, prognosis can be
improved with strict glycemic control in HCV-related
cirrthosis patients with diabetes.* Glycemic control in
patients with chronic liver disease with diabetes is there-
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fore crucial for preventing the onset of liver cancer and
improving prognosis. Patients with liver cirrhosis are
in a hypermetabolic state and can thus reach a state of
extreme hunger during morning fasting, and the non-
protein respiratory quotient (npRQ) decreases because
of an increased fat-burning rate. A late evening snack
(LES) to improve the morning starving state® is recom-
mended for patients with liver cirrhosis.® However,
dietary management of diabetes in patients with
method of diet intake in patients with diabetes is not
clear. We therefore investigated the effects of LES on
diumal fluctuations in plasma glucose in patients with
chronic viral liver disease.

METHODS

Subjects

UBJECTS COMPRISED 11 patients with chronic
viral hepatitis (hepatitis B virus (HBV), n=2; HCV,
n=9) and 36 patients with viral cirrhosis (HBV, n=8§;

887
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Table 1 Data are expressed mean standard deviation. Turkey’s method was used for statistical analysis

n Age (years) § Male Female HBV HCV BMI (kg/m?)§
Chonic hepatitis 11 56+14 8 3 2 9 235+37
Liver cirrhosis 36 66 * 8t 21 15 8 28 229+37
Grade A# 10 69t4 6 4 1 9 23514.0
Grade B,C# 26 65%5 4 11 7 19 226136

tChronic hepatitis vs liver cirrhosis, P = 0.003. $Child-Pugh classification. §Meantstandard deviation. BMI, body mass index; HBV,

hepatitis B virus; HCV, hepatitis C virus.

HCV, n = 28) hospitalized in the Department of Gastro-
enterology & Hepatology, Dokkyo Medical University
Koshigaya Hospital between June 2002 and May 2004
(Table 1). Diagnoses were made comprehensively by
liver specialists using blood biochemistry and abdomi-
nal ultrasonography. HCV-related hepatitis was diag- -
nosed based on positive results for HCV-RNA from
RT-PCR (real time polymerase chain reaction), and
HBV-related hepatitis was diagnosed based on Hepatitis
B surface antigen (HBsAg) positivity from enzyme
immunoassay (EIA). This study was conducted in accor-
dance with the Helsinki Declaration of the World
Medical Association in 1975. Diurnal fluctuations in
plasma glucose were monitored only in patients who
had provided consent after receiving full explanations
regarding chronic liver disease and glucose metabolism
disorders. Patients complicated with liver cancer,
patients with a history of taking branched-chain amino
acid preparations and gastrointestinal tract surgery, and
patients currently taking diabetes medications were
excluded from this investigation.

Methods

In accordance with The European Society for Clinical
Nutrition and Metabolism (ESPEN) guidelines,” diet
therapy was conducted with 25-35 kcal/day of non-
protein and 1.0-1.2 g/day of protein per 1 kg of stan-
dard weight in three meals/day. Diurnal fluctuations in
plasma glucose were measured on day 7 after starting
diet treatment with three meals (early morning fasting
(0600), 2 h after breakfast (0900), before lunch (1200),
2 h after lunch (1400), before dinner (1800), 2 h after
dinner (2000), and 4 h after dinner (2200). Diet treat-
ment with four meals including a late evening snack
(LES) was started on the day after diurnal fluctuations in
plasma glucose were measured in all subjects. We served
LES at 2200. To maintain the same daily energy intake
with four meals, 70 kcal was taken from each of the
three meals and that reduction of approximately
200 kcal was provided in the LES.> Seven days after

© 2010 The Japan Society of Hepatology

starting diet treatment with four meals including LES,
diurnal fluctuations in plasma glucose were again mea-
sured, and the effects of four meals including a LES on
these fluctuations were investigated. Average plasma
glucose levels were taken as the mean levels of the seven
measurements within a day, and the highest level within
the daily fluctuations was used as maximum plasma
glucose level. Changes in average and highest plasma
glucose levels before and after starting LES were investi-
gated. In addition, plasma insulin levels were measured
by chemiluminescent enzyme immunoassay during the
morning fast, and insulin resistance was investigated
before and after LES. Insulin resistance was calculated as
fasting glucose level (mg/dL) x fasting insulin level (nU/
mL) using homeostasis model assessment insulin resis-
tance (HOMA-IR).® To investigate effects on insulin
secretion of four meals including LES, 24-h urine collec-
tion was conducted on the day diurnal fluctuations in
plasma glucose were measured, and urinary C-peptide
(CPR) was measured by EIA.

Statistical analysis

All statistical tests were performed using SPSS soft-
ware (SPSS, Chicago, IL). Data are expressed as
mean * standard deviation. Analysis was performed

using the paired t-test and Tukey's test. The level of
statistical significance was taken as P < 0.05.

RESULTS

Intakes of energy and three main nutrients

N PATIENTS WITH chronic hepatitis, non-nitrogen

energy intake was 31.7 * 3.6 kcal/kg/day per standard
body weight, protein intake was 1.1 + 0.1 g/kg/day, fat
intake was 50.9 + 5.4 g/day, and carbohydrate intake
was 278.2 £ 16.6 g/day. In patients with liver cirrhosis,
non-nitrogen energy intake was 32.3 £ 3.5 kcal/kg/day
per standard body weight, protein intake was
1.1 £ 0.2 g/kg/day, fat intake was 49.2 +6.5 g/day,
and carbohydrate intake was 276.9 + 15.8 g/day. No
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significant difference in intake of either energy or these
three main nutrients was seen between groups.

Influence of four meals including LES on
diurnal plasma glucose profile for patients
with chronic liver disease

In patients with chronic hepatitis, significant decreases in
plasma glucose levels were seen before the evening meal
and 2 h after the evening meal (P = 0.0281, P = 0.0406)
with four meals including LES. In patients with liver
cirrhosis, plasma glucose levels were significantly
decreased 2 h after breakfast, before lunch, and before
dinner (P=0.0160, P = 0.0004 and P = 0.0440, respec-
tively) with four meals including LES. However, no sig-
nificant differences in minimum plasma glucose levels
during diurnal fluctuations were apparent between the
3- and 4-meal regimens. In patients with liver cirrhosis
(Child-Pugh grade A), no significant decreases in plasma
glucose levels were seen after the evening meal with four
meals including LES. However, in patients with liver
cirrhosis (Child-Pugh grades B and C) plasma glucose
levels were significantly decreased before lunch and
2 h after lunch (P = 0.0268 and P = 0.0006, respectively)
with four meals including LES (Table 2).

Changes of average plasma glucose levels
and highest plasma glucose levels in
patients with liver cirrhosis

In patients with chronic hepatitis, average plasma
glucose levels were 204 + 75 mg/dL in three meals/day
and 167 + 46 mg/dL after LES. Highest plasma glucose
levels were 256 + 100 mg/dL on three meals/day and
212 +56 mg/dL after LES. No significant differences
were seen in patients with chronic hepatitis. In patients
with liver cirrhosis, highest plasma glucose levels
were 232 + 97 mg/dL on three meals/day and 222+
98 mg/dL after LES. No significant differences were seen.
However, in patients with liver cirrhosis, average plasma
glucose levels were decreased significantly after LES
(182 + 82 vs. 168 £70) (P=0.0099) (Fig. 1). Besides,
in patients with chronic liver disease (HCV), average
plasma glucose levels were 181+ 80 mg/dL in three
meals/day and 1163 %65 mg/dL after LES. Highest
plasma glucose levels were 231+ 99 mg/dL on three
meals/day and 212 + 90 mg/dL after LES (P = 0.0215).
In patients with chronic liver disease (HBV), average
plasma glucose levels were 209 + 82 mg/dL for three
meals/day and 186+ 64 mg/dL after LES. Highest
plasma glucose levels were 261 + 93 mg/dL for three
meals/day and 249 * 84 mg/dL after LES. No significant
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Table 2 Trends in diurnal changes of plasma glucose before and after LES in patients with chronic liver disease. Data are expressed mean standard deviation. A paired

t-test was used. Before LES, 3 meals]day; After LES, 4 meals/day including LES

Effects of LES on plasma glucose levels 889

Liver cirrthosis Child-Pugh grade A Child-Pugh grade B,C

Chronic hepatitis

P-value
0.9935

125£50 0.0875
161 +£82 0.0268
190+ 93 0.0006
143+74 0.1824
201+ 83 0.0800
189 £86 0.8622
110+46 0.6963

36

125+ 50
187 +91
163+ 82
193 +94
120+52

P-value Before LES After LES
26

0.2565 20396

0.2589
0.2781
0.3602
0.1487 202+92
0.5198
0.4849

10
106 £21

176 £119 0.3029 227+100 200%+91
149 £ 84
179+ 97
129 £ 47
178 £ 66
173£70
101 £24

10
117 £37

163 £ 107
190+ 116
144 + 81
182 £103
108 £ 40

0.0004
0.5280
0.0661

36

120+45 04766
193+98 0.0160 205%112

194+78 0.3522 203199

139+ 68 0.0440
184 £ 81
108 + 41

187+93 0.0928

158 £ 81

123 +47
199+ 101
158 £ 81

177 +58 0.0406 20393

173149 0.1682
113+23 0.1055

181+ 94
190 £ 95
117 £49

36

0.7681

11

138 £ 51
201+64 0.1985 2214102

16386 0.3838
183+52 0.1147
136 £35 0.0281

Before LES After LES P-value Before LES After LES P-value Before LES After LES

142+ 37
197 + 101
228+ 98
18065
23078
216178
132 £32

11

(mg/dL)
LES, late evening snack.

2 h after breakfast (mg/dL) 239 +93

Before lunch (mg/dL)
Minimum plasma glucose

Fasting glucose (mg/dL)
2 h after lunch (mg/dL)
Before dinner (mg/dL}

2 h after dinner (mg/dL)
4 h after dinner (mg/dL)

Cases (n)
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differences were seen in patients with chronic liver
disease (HBV).

Relationship between fasting plasma
glucose levels before LES and changes of
average plasma glucose levels after LES in
patients with liver cirrhosis

Relationship between fasting plasma glucose levels
before LES and changes of average plasma glucose levels
after LES were investigated in patients with liver cirrho-
sis. Average plasma glucose levels were significantly
decreased (P = 0.0034) after starting LES, when fasting
plasma glucose level was higher before LES (Fig. 2), but
no significant change was seen in patients with chronic
hepatitis.

n=36
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Figure 2 Relationship between fasting plasma glucose levels
in 3 meals/day and changes of average plasma glucose levels
after LES in patients with liver cirrhosis. The investigation was
performed using Pearson's correlation coefficient.
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Relationship between highest plasma
glucose levels in three meals/day and
changes of average plasma glucose levels
and highest plasma glucose levels after LES

The highest plasma glucose levels in diurnal fluc-
tuations before LES and changes in average plasma
glucose levels and highest plasma glucose levels
before and after LES were investigated (Fig. 3). In
patients with chronic hepatitis, there were no signi-
ficant changes in average plasma glucose levels and
highest plasma glucose levels before and after LES
in patients with chronic hepatitis. However, decreas-
ing degrees of average plasma glucose levels and
highest plasma glucose levels were significantly
greater (r=0.830, P=0.0016, r=0.826, P=0.0017) in
proportion to the degree of highest plasma glucose
levels.

The highest plasma glucose levels in diurnal fluctua-
tions before LES and changes in average plasma glucose
levels and highest plasma glucose levels before and after
LES were investigated in patients with liver cirrhosis
(Fig. 4). Decreasing degrees of average plasma glucose
levels and highest plasma glucose levels were sig-
nificantly greater (r=0.558, P=0.0004, r=0.373,
P=0.0250) in proportion to the degree of highest
plasma glucose levels.

Effects of four meals with LES on
insulin resistance

In patients with chronic hepatitis patients, insulin resis-
tance (HOMA-IR) was 3.28 £ 1.37 before LES and
4,37 + 1.55 with four meals including LES, showing no
significant change. HOMA-IR in patients with liver cir-
rhosis was 5.75 £ 8.69 before LES and 3.77 £ 2.41 with
four meals including LES, again showing no significant
change.
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Figure 3 Relationship between highest plasma glucose levels in 3 meals/day and changes of average plasma glucose levels and
highest plasma glucose levels after LES in patients with chronic hepatitis. The investigation was performed using Pearson’s

correlation coefficient.

Effects on insulin secretion of four meals
including LES

In patients with chronic hepatitis urine C-peptide was
96.6 + 17.2 pg/day before LES and 92.3 +34.1 pg/day
with four meals including LES. Similarly, in patients
with liver cirrhosis urine C-peptide was 97.6 = 104.1 ug/
day before LES and 90.4 + 93.5 pg/day with four meals
including LES. Neither change was significant. In addi-
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tion, no significant differences were seen after stratifying
the patients according to average plasma glucose levels
and highest plasma glucose levels.

DISCUSSION

HIGH RATE OF complications is seen with diabe-
tes in patients with liver cirthosis, and diabetes in
patients with liver cirrhosis reduces long-term survival
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Figure 4 Relationship between highest plasma glucose levels in 3 meals/day and changes of average plasma glucose levels and
highest plasma glucose levels after LES in patients with liver cirrhosis. The investigation was performed using Pearson’s correlation

coefficient.
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in liver disease patients. Cause of death in these patients
is often hepatic failure.* Variables that were found to
have a significantly increased hazard ratio of liver cancer
without the interaction term were sex, baseline serum
albumin level, concurrent diabetes, baseline BMI, and
baseline AFP level.® In hepatitis C, the virus itself is
related to insulin resistance, and this insulin resistance
has also been indicated to influence the progression of
liver fibrosis.!° In addition, HCV-related chronic hepati-
tis shows a high rate of liver cancer from complications
with diabetes,>'' and hyperinsulinemia in liver cancer
patients accelerates the rate of tumor growth for the liver
cancer. If insulin secretion is suppressed by administra-
tion of octreotide, the rate of tumor growth is slowed,
indicating a relationship between insulin secretion and
the rate of liver cancer growth. A relationship has also
been indicated between insulin therapy and postopera-
tive recurrence of liver cancer complicated with cirrhosis
when the patient has diabetes."® Therefore, controlling
plasma glucose to treat diabetes in patients with liver
cirthosis may reduce mortality rates related to liver
disease. Moreover, suppressing insulin secretion
through dietary measures may delay liver cancer recur-
rences and tumor growth rate.

Dietary measures for diabetes in patients with liver
cirrhosis are important in consideration of the hepatic
usage of glucose. In an investigation of glucose usage
using an indirect calorimeter in liver cirrhosis, glucose
usage was found to be slowed in liver cirrhosis, but
increased in peripheral skeletal muscle and increased
overall.'* Compared with three meals/day, four meals/
day including LES decreases the glucose intake per meal,
so glucose can be supplied gradually with four meals
including LES. Considering the state of glucose metabo-
lism in cirrhotic patients, frequent meals may be effec-
tive in controlling plasma glucose in patients with liver
cirrhosis.

We therefore investigated the effect of four meals
including LES in diurnal fluctuations of plasma glucose
in hospitalized patients. In patients with chronic hepa-
titis, the glucose contained in a single meal can be
adequately processed in the liver, even with three meals/
day, so we assumed that no major changes would be
seen in the diurnal profile of plasma glucose with four
meals including LES. In cirrhosis, however, uptake of
glucose in the liver is slower than that in patients with
chronic hepatitis, so with three meals the glucose con-
tained in a single meal cannot be completely processed
in the liver, and high plasma glucose is seen. With four
meals including LES, the glucose supplied in meals can
be processed in the liver because the amount of glucose

© 2010 The Japan Society of Hepatology
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per meal is decreased, so elevations in plasma glucose
can be kept down. Improvements in the diurnal profile
of plasma glucose were thus attributed to decreases in
overall plasma glucose with four meals including LES.
Therefore, average plasma glucose levels and highest
plasma glucose levels were significantly decreased after
four meals/day in patients with liver cirrthosis. However,
even with four meals including LES, no significant
decrease was seen in highest plasma glucose levels and
highest plasma glucose levels in patients with chronic
hepatitis, but a decreasing trend was seen.

No change in insulin secretion was seen with four
meals including LES. In patients with liver cirrhosis,

“ hepatic parenchymal cells decrease, tissue fibrosis occurs,

and the glucose absorbed to rebuild lobular structures
is not taken up by hepatic cells. As a result, glucose
not taken up in the liver is thought to be oxidized in
peripheral skeletal muscle and brain by the action of
insulin and used as an energy source, so hyperinsuline-
mia is expressed.” Thus, in patients with liver cirrhosis
eating three meals/day, the glucose that is not processed
in the liver is used in peripheral tissues through the
actions of insulin, and this increases insulin secretory
capacity. With four meals including LES, plasma glucose
is conjectured to decrease because glucose is processed
adequately in the liver, so the amount of glucose
transported to peripheral tissues is decreases, thereby
decreasing insulin secretory capacity. In our investiga-
tion, however, no significant difference was seen in
insulin secretion. This may have been because glucose
was processed in peripheral tissues via insulin, since the
amount of glucose supplied in 1 meal with a 4-meal
regimen exceeded the glucose-processing capacity of
the liver, and as a result no significant difference in
insulin secretion was seen. Investigation of increasing
the number of meals to more than 4 and decreasing the
amount of glucose provided per meal may be warranted.

We investigated the kinds of cases in which four meals
a day is effective, but in patients with chronic hepatitis,
average and highest plasma glucose levels were not
significantly decreased. However, decreasing degrees
of average plasma glucose levels and highest plasma
glucose levels were significantly greater in proportion to
the degree of highest plasma glucose levels. In patients
with liver cirrhosis, average plasma glucose levels and
highest plasma glucose levels were decreased signifi-
cantly after LES. In addition, decreasing degrees of
average plasma glucose levels and highest plasma
glucose levels were significantly greater in proportion to
the degree of highest plasma glucose levels. A regimen of
four meals including LES should thus be actively used
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with chronic liver disease patients showing high plasma
glucose especially in patients with liver cirrhosis.

The present investigation examined only a small
number of subjects, but was useful as an investigation of
dietary measures aimed at lowering plasma glucose in
cases of liver cirrhosis with diabetic complications.
However, no change in insulin secretion was seen with
four meals including LES. The present findings suggest
that frequent meals of >four meals/day will need to be
investigated in terms of dietary measures that also aim
to suppress insulin secretion.
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Evaluation of the effects of combination therapy with
branched-chain amino acid and zinc supplements on
nitrogen metabolism in liver cirrhosis
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Aim: Disorders of protein metabolism in liver cirrhosis can
affect prognosis or cause complications. Treatment with
branched-chain amino acid {BCAA) and zinc supplements has
been shown to be effective against abnormal nitrogen metab-
olism in liver cirrhosis. There are, however, few studies on the
effects of combining these supplements. In this study, the
effect of combining BCAA and zinc treatment in cirrhosis was
investigated.

Methods: Forty patients with liver cirrhosis who had blood
albumin levels of 3.5 g/dL or less and blood zinc levels of
70 ug/dL or less were randomized to receive either BCAA
alone or a combination of BCAA and zinc supplements. Blood
albumin, the Fischer ratio, and ammonia levels were com-
pared over 5-6 months of treatment.

Results: In the combination group, the post/pre treatment
change ratio in blood ammonia levels decreased significantly

(0.87 £ 0.26 vs. 1.22 £ 0.38, P = 0.0033), and the change ratio
in the Fischer ratio increased significantly {1.22+0.29 vs.
1.08£0.16, P=0.0165) in comparison with the BCAA
monotherapy group. The change ratio in blood albumin levels
showed no significant difference between the groups
(1.01 £0.07 vs. 1.03 £ 0.08, P = 0.4646).

Conclusions: More improvement in disorders of nitrogen
metabolism in liver cirrhosis occurred after administration of
BCAA with zinc than after BCAA alone over 5-6 months of
treatment. Further investigation is necessary to determine
mechanisms of the action and longer-term clinical efficacy.

Key words: albumin, ammonia, branched-chain amino
acid, Fischer ratio, urea-cycle

INTRODUCTION

IVER CIRRHOSIS IS associated with various meta-

bolic disorders, among which protein and energy
malnutrition plays a role in the reduction of prognosis
and the occurrence of complications such as hepatic
encephalopathy.'® Treatment using branched-chain
amino acid (BCAA) has been demonstrated to con-
tribute to improvement of the nitrogen metabolism,
decrease in the incidence of complications, and
improvement of prognosis.®® In liver cirthosis, BCAA is
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consumed in the skeletal muscle when ammonia that is
no longer processed by the liver is detoxified via gluta-
mine synthesis, resulting in BCAA deficiency.” Adminis-
tration of BCAA corrects the amino acid imbalance
and improves the protein metabolism, but BCAA
itself imposes a nitrogen load and does not alleviate
hyperammonemia.®

Liver cirrhosis is also associated with a high incidence
of zinc deficiency, which contributes to nitrogen metab-
olism disorder. In particular, the urea-cycle enzyme
ornithine-transcarbamylase, which plays a major role in
ammonia metabolism in the liver, is a zinc enzyme. The
activity of the urea-cycle enzymes is reduced by zinc
deficiency. Several factors such as poor dietary intake,
impaired intestinal absorption, and excessive urinary
losses may be responsible for reduced whole-bady zinc
content.”'? Supplementation of zinc mainly improves
nitrogen and ammonia metabolism in the liver,'*
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