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ABSTRACT

The objective of this study was-fo investigate the.
effect of branched-chain amino acids (BCAA) enriched diet
;ompared with conventional liver diet -on protein~calorie
status in 16 patients with liver cirrhosis assessed by
anthropometric measuremeq}, nitrogen balance, serum
transport protein.levels, carnitine, creatinine,-and.urate
status. Their ages ranged from 40-68 yrs and were
randomly divided into 2 groups. All of them participated
in a 4-wk metabolic study, wks 1-3 at Clinical Research
Ward, Ramathibodi Hoséital and wk 4 at homé. AIIHQf them
received 150 g of Aminoleban EN (a soft powder nutrient-
mixture containing high content of BCAA) providing 40 g

protein and 630 kcal, together with the conventional liver



iv

diet providing 40 ¢ of protein &nd 1500 kcal daily dﬁring
wks 1, 2, and 4 for group A and during wks 2-4 for group .
B. For group A, during wk 3 ‘they reéeivgdv the
conventional 1liver diet providing 80 g protien and 2130
kcal. For group B, during wk 1 they  received the
conventional liver diet providing 40‘g protein and 2130
kcal. The results indicaté that both groups could achieve
the-assignedvdietary intake during recéiving Aminolebaﬁ EN
supplementation better than during receiving conventional
1iver diet aloné. Group a exhibitedlpositive- nitrogen
balance throughout the study. Higher nitrogen balancé waé
observed during‘receiving Aminoleban EN -supplementation
than during receiving conventional liver diet alone.
Group é showed negative nitrogen balance during wk 1 due
to their low protein intake of 40 g daily. Their nitrogen
balanée became positive after réceiving Aminoléban EN
supplementation. = Both groups exhibited singificant
incréase in serum transferrin 1levels during recéiving
Aminoleban En which may indicate correction of impaired
protein synthesis in the cirrhotic lever, probably due to
BCAA supplementation and normalization of the plasma amino
acid pattern. ft is possible that the increased urinary
carnitine excretion during receiving Aminoleban EN (wk; 1-
2 in group A) is due to a rapid in vivo conversioﬁ of
orally administered lysine to carnitine; Sincg carhitine

is required for.long-chain fatty acid oxidation this may



explain higher serum acyl carnitine levels but lower qcyl
carnitine . cle#rance in our cifrhotic patients than those
in healthy adults.. Serum creatinine levels in our
cirrhotic patients were within normal‘limit throughout the
study and there was significant positive correlation
between UAMC and wurinary creatinine excrétion; The
influence of the levels of protien and purine inﬁake on
serum and urinary uric acid levels in also evidént in our
study. The -patients could tolerate the diet prescribed
evidenced by their actual intakes were closed to the
assigned levels. Biochemical assessment did not find an&
deterioration of their hepatic function. Besides, blood
ammonia levels were decreased in 13 out of 16 pafieﬁts
following consuming conventional liver diets supplemented

with Aminoleban EN.
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CHAPTER I
PROBLEMS AND OBJECTIVES

Statement of the problems

The liver plays a centfal'role in the maintenance
of metabolic homeostasis. The major biochemical functions
of the liver include the intermediate metabolism of amino
acids, glucose, and fatty acids, synthesis and degradation
of proteins and'glycéprofeins. retulatidn of lipid and
cholesterol metabolism, and metabolism of hormones and
drugs. Thus the development of clinically important liver
disease is accompanied by divetse systemic manifestations
of disordered metabolism (1).

The essential morphologic features of cirrhosis
are 'an increase in fibrous tissue and nodular
regeneration. These processes cause progressive
distortion of thev vascular bed of the liver and
disorganization of the normal lobular architecture. The
basic precursor of cirrhosis is believed to be diffuse
liver cell death; however, evidence of necrosis may no
longer be apparent ﬁhen liver tiésue is examined. The
network of scars, the regenerating cell masses, gnd the
changes in hepatic circulation deﬁelop secondarily. Less
constant pathologic features of most types of éirrhbsis

include intralobular or portal inflammation, focal or



widespread cholestasis, -~ and proliferation of bile
ductules.

The morphologic elements of cirrhosis often have
dramatic clinical counterparts. Progressive reduction of
liver cell mass may produce jaundice, ascites and edema,
central nervous system dysfunction, and cachexia-the
syndrome of hepatic insufficiency. The advancint‘
fibrosis leads to distortion of the intrahepatic
vasculature, which in-turn contributes to the development
of portal venous hypertension with reanltant esophageal
and gastric varices and splenomegaly. Nodular
regeneration often leads to distortion of liver Shape and
compression of intrahepatic venous and lymphatic radicles,
which also contribute to portal hypertension and

ascites (2)
Objectives

Nutritional management is important for the
maintenance of the well—coipensated stage and for long-
term survival in cirrhotic patients. Protein—-calorie
malnutrition (PCM) is frequeptly'observed in decompensated
cirrhotic patients (3). Provision of inadequate amount of
protein results ‘in suboptimal support of hepatic protein:
sﬁnthesis. permitting continue protein catabolism, and
therefore is of limited value. Alternatively,

administration of large amount of protein to the failing



liver precipitate hepaéic encephalophy. Thus the amount
of protein supply.nust not only be adequate for hepatic
regeneration but also avoiding the development of
encephalopathy (4). An abnormal profile of plasma amino
acids, low levels of.branched—chain amino acids (BCAA:
valine, leucine and isoleucine) and vhi(h levels of
aromatic amino acids (AAA: phenylalaniﬁe'and tyrosine),
free tryptophan and methionine have been reported in
advanced cirrhosis of liver (5.6). A plasma amino acid
imbalance, low serum albumin and elevated blood ammonia
1§vels indicate impaired netabslisn of nitrogen and
protein. Correction of decreased plasma BCAA levels by
BCAA supplementation of-the diet resulted in improvement
of protein synthesis in cirrhotic liver (7,8). Normaliza-
tion of the plasna amino acid inbﬁlance also prevents
hepatic encephalopathy (9).

BCAA-enriched nutrient mixture (nutrient-mixture)
is a specially prepared nutritional product for patients
with severe liver disease such as fulminant hepatitis and
liver cirrhosis, which contains high levels of BCAA and
diminished AAA, free tryptophan and methionine. Thus we

are interested in investigating the effect of BCAA
| enriched diet compared with conventional liver diet on
protien-calorie statﬁs in patients with 1liver cirrhosis

assessed by anthropometric measurement, nitrogen balance,



serum transport protein levels, carnitine, creatinine, and

urate status.



CHAPTER 11
MATERIALS AND METHODS

Experimental design and treatment -

The study was conducted in 9 male and 7 female
patients with liver cirrhosis admitted® at Clinical
Research Ward, Ramathibodi Hospital, from August 1988 to
_October 1989.Table_1 shows their initial characteristics.
The diagnosis of cirrhosis was established by the
hepatologisté of Ramathibodi Hospital. Only 2 patients
showed grade.I hepatic encephalopathy when they entered
the study.

The patients were randomly divideé into 2 groups
group A and B according to the sequence of dietary feeding
shown in Table 2. Period I covered wkl and 2, Period 1II
covered wk2 and 3 and period III covered wkd4. Only during
wk 1-3 patients were hospitalized. Table 3 shows the
nutrient content of Aminoleban EN (Otsukﬁ Pharmaceutical
Co.,Ltd., Tokye), a sofi powder nutrient-mixture. It
contains 13 g of peptide, 13 g of free amino acids and 1 g
of casein, with a high branched-chain émino acid/aromatic
amino acid (BCAA/AAA) ;olar ratio‘éf 38.2, 62.1 g of
dextrin and 7 g of rice bran oil per 100 ¢g. Group A
received 150 g of Aminoleban EN together with conventional

liver diet providing 40 g of protein and 1500 kcal daily
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Table 3. Composition of Aminoleban EN

T o G > = Y G G S S S D S W S SR T S T D G T U D S D

L-isoleucine
L-leucine

L-valine
L~tryptophan

Lysine HC1
L-threonine
L-arginine HC1
L-histidine HC1
Gelatin hydrolysate
Sodium casein
Spray-dried fat S-118

Dextrin

Retinol palmitate
Ergocalciferol

Bisbentiamine
Roboflavin
Pyridoxine HC1
Cyanocobalamin
Folic acid

Sodium L-ascorbate
Tocopherol acetate
Phytonadione
Calcium pantothenate
Nicotinamide '
Biotin

Choline bitartrate

Magnesium sulfate

Calcium glycerophosphate

Calcium phosphate (crystal)

Iron and sodium succinate-citrate
Cupric sulfate

Zinc sulfate

Potassium iodide

Manganese sulfate

Potassium chloride

- - — S50 S S " . G R A A oS it O S G S B D S AR W D S D S GRS SO e G S S S

- e W o S W S~ o

- — — — . e — e s =

3.845 ¢
4,074 ¢
3.204 g
0.147 ¢
0.485 ¢
0.266 ¢
0.604 ¢
0.376 ¢
13 g
1.0 g
27.3 £
44.3 g
932 I.U.
2.33 ug
(93.2 1.U0.)
0.29 =g
0.31 mg
0.49 nmg
1l ug
0.1 mg
0.0138 ¢
18.6 ng
0.01]1 mg
2.38 mg
3.03 mg
0.05 mg
0.0246 ¢
0.41 g
0.61 g
0.39 g
0.025 ¢
1.03 nmg
7.51 mng
0.025 mg
1.63 mg
0.375 ¢

Amount of spray-dried fat S-118 is pontained in

amount of dextrin



during period I and III and conventional liver diet
providing 80 g of protein and 2130 kcal alone daily during
period 1II. group B received copventional liver diet
providing 40 g of protein and 2130 kcal during the first
week of period I and 150 g of aminoleban EN together with
conventional liver diet providing 40 g of protein and 1500
kcal daily during the aecond week of period I and thev
whole periods of II and III (Table 2). Aminoleban EN was
administered by dissolving 50 g (1 packaze).in 175 m1 of
lukewarm water and served to the patients as a drink with
each meal. Table 4 shows composition of amino acids in
Aminoleban EN. Energy confent and its distribution per
package of Aminoleban EN are show in Table 54whereas those
of the 3 conventional liver diets are shown in Table 6.
It should be noted that only soykean oil was used for
cooking in the aforesaid conventional 1liver diets and
contribﬁted 20% of dietary energy. The patients were
followed up at wk6. During wks 5-6, they were advised ' to
consume conventional liver diet providing 80 g of protein

and 2130 kcal.
Dietary assessment

During periods I and II daily dietary intake 1in
each patient was assessed by weighing all ‘the foods
consumed whereas that during period III was assessed by

dietary record. Daily energy, protein, fat, carbohydrate,



Table 4. Composition of amino acids in Aminoleban EN

—— - ———— —— — ——_— " w—~ — - —-— S S > S D S > = A= =

Valine 3.57 0.85
Leucine ~ 4.50 1.07
Isoleucine 4.08 ' 0.97
Threonine 0.58 0.14
Tryptophan 0.16 , 0.04
Methionine ' - 0.12 0.03
Phenylalanine 0.33 ' 0.08
Alanine 1.50 0.36
Arginine ' 1.76 0.42
Histidine 0.54 0.13
Proline 1.96 0.47
Serine _ 0.43 0.10
Tyrosine | 0.09 0.02
Lysine 1.19 0.28
Aspartic acid 0.89 0.21
Glutamic acid 1.69 0.40

Glycin 3.43 0.82



Table 5. Energy

content and its distribution per

package (50 g) of Aminoleban EN

Protein
Carbohydrate
Fat

Total calorie

50 g of Aminoleban Bﬁ

-_fnount ‘f of tdtgl caloiif
13.56 ¢ : 25.8
31.05 g 59.2
3.5 ¢ 15.0

100

- e - - - = e el ad

11
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and other nutrients in each patient were then calculated,

using published references (10-15).

. Anthropometric measurement

Body weight, height, triceps (TSF), biceps (Bsf);_
subscapular (SSF), and supariliac (SISF) 'skinfold.
thicknesses, -mid upper arm circunfefehce (UAC). waist,
hip circumferences in each patient were measured by using
the standard technique (16,17,18). The upper af. muscle
circumference (UAMC) was calculated from the formula :
UAMC = UAC-TTSF (19). Standard of TSF, UAC, and  UAMC
were taken from the standard source (16). Standard of
weight for height was Sased on Metropolitan L{fe Insurance
Company (20). Body mass index (BMI) was derived from
weight in kg divided by the square of height in m (21).
Percentage of body fat was estimated by the sum of the 4
skinfold thicknesses described by Durnin and Womersley
(22). Height was measured at day 1 of period 1I. Body
weight was recorded daily before breakfast whereas the
remaining measurements were carried out . at weekly

intervals.
Blood collection

Venous blood of each patient was drawn after a i2-
14 hr fast at days 1,8,15,22._and 29 for biochemical and

hematological determination.
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Urine collection

Twenty—-four hour urine samples were collected
daily, wusing toluene as pfeservative throughout the

study.
Fecal collection

Fecal samples were collected during days 3-5 of
wks 1-3 in patient N.K. Carmine aye was given twicé to
him 'as a fecal marker to indicate the beginning and the
end of each 3 day fecal cdllection. Each fecal sample was
collected in preweighed container and weighed after each
collection. The sample was siored frozén-until the 3 day
samples of each week were pooléd and homégenized for

analysis of fecal nitrogen and fecal carnitine.
Liver and renal function tests

Serum total protein, albumin, urea nitrogen,
bilirubin, aspartate aminotransferase (SAST), alauine.
aminotransferase (SALT), alkaline phosphatase, creatinine
and uric acid levels were measured by SMA-12 at General

Clinical Chemistry Laboratory, Ramathibodi Hospital.
Other serum biochemical parameters

Serum transferrin, apoprotein A-I, and apoprotein

B were measured by the immunochemical reaction with
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specific antibodies. The turbidity developing on mixing
of serum and reagént {Turbiquant) was measured by
Turbitimer (Behring, Marburg, W. Germany). Serum retinol-
binding protien (RBP) was determined by single radial
immunodiffusion technique, using LC-partigen (Behring,
Marburg, W. Germany). Blood ammonia was determined by
Ammonia-test Wako {(Wako Pure Chemical Industries Ltd.,
Osaka, Japan) which is based on the formation of
indophenol after the addition of phenol and nitroprusside
followed by potassium hydroxide and sodium hypochloride to
the blood sample. The absorbance of indophenél (blue

colour) formed was measured at 630 nm.
Determination of urinary nitrogen and nitrogen balance

Urinary and fecal total nitrogen were determined
by Kjeldahl method (23), using Kjeltec system (Tecator,
Sweden). Nitroéen balance was calculated from nitrogen
intake-urinary nitrogen-2 (24).

Fecal nitrogen was determined only in patient
N.K.. His nitrogen balance was calculated from nitrogen
intake-urinary nitrogen-fecal nitrogen—unmeasured nitrogen

8 mg/kg/day (25).
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Determination of serum, urinary, and fecal carnitine and

carnitine balance

Serum and urinary carnitine levels were determined
by the modified enzymatic-radioisotopic method of McGarry
Foster (26). |

Fecal carnitine was extracted by the le£hod of
Tanphaichitr et al (27) and determined by the modified
enzymatic~radioisotopic method of McGarry Foster (26).
Fecal carnitine was determined only in patient N.K.. His
dietary preformed carnitine absorption was calculated from

carnitine intake-fecal carnitine..
Determination of urinary céeatinine and uric acid

Urinary creatinine was determined by Jaffe
reaction (28) and urinary uric acid by wuricase method

(28).

Calculation of creatinine, carmnitine, and uric acid

clearances

Creatinine clearance (Ccr) in ml/min was
calculated from Ucr x V/Scr where Ucr = urinary creatinine
concentfation in mg/ml, Scr = serum creatinine concentra-
tion in mg/ml, and V = urinary volume in ml/min (28). The

factor 1.73/body surface area in square meter was used to
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nornalize creatinine clearance for average body surface
area. The same principle was ’ailo applied for the

calculation of carnitine and uric acid clearances.
Statistical analysis

The data of each week were reproted as mean (+SEM)
values. Comparisons were made within each group 'weekly
and between the 2 groups at the corresponding periods
using Student’s t test. Linear retression analysis was

also computed (29,30).



CHAPTER IIIX
RESULTS

Dietary assessment

Table 7 shows mean (+SEM) daily energy, protein,
fat, and carbohydrate intakes as well as the dietary
energy distribution for each week during the study period
of 4 wks in both groups of patients. Their protein intake
were derived from animal, vegetable, and Aninoieban EN
(Table 8). Tables 9 and 10 show the individual essential
and non-essential amino acid intake in groups A and B,

respectively.
Anthropometric assessment

Table 11 shows body weight and BMI in both groups
of patients during the study. Their TSF, UAC, and UAMC
are shown in Table 12.. Table 13 shows percentage of body
fat derived from sum of the 4 skinfold thicknesses.
Table 14 shows their waist and hip <circumferences and

waist/hip circumference ratio.
Biochemical tests in serum and blood

Table 15 shows serum total protein, albumin,
transferrin, and RBP in both groups of patients whereas

Table 16 shows their serum apoprotein A-I and B levels.
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Table 11. Body weight and BMI in patients with liver
cirrhosis
Mean+SEM
Group Wk - —————— ‘
Body weight - BMI
2
kg xstd kg/m
A 0 60.86+4.37 113.38+7.90 23.58+1.65
1l 61.41+3.98 114.46+7.16 . 23,82+1.53
2 61.06+3.97 113.83+7.23 23.68+1.53
b3,c2 .
- 3 60.10+3.80 112.10+7.04 23.32+1.48
b23c1.d1 b2’c1gd2 bz.f:l.dz
4 62.59+3.81 116.66+6.86 24.27+1.486
' d3 43 d3
8 62.11+3.77 115.8216.84 24.10+1.45
B 0 53.84+3.51 105.66+4.73 22.04+1.08
1 53.56+3.64 105.26+5.53 21.97+1.27
bl bl bl
2 55.08+3.65 108.24+5.57 22.80+1.29
b2 ‘ b2 , b2
3 54.96+3.69 107.95+5.46 22.54+1.286
~4 . 54.60+3.58 107.34+5.20 22,38+1.17
6 54.95+3.14 108.05+4.38 22.55+1.02
bl b2
Significant difference from wk 1: p<0.001; p<0.025
b3
p<0.05
cl c2
Significant difference from wk 2: p<0.01l; p<0.05
dl . 42
Significant difference from wk 3: p<0.005; p<0.01
d3
025

p<0.
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Table 14.

Waist and hip circumferences,
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and waist/ hip

circumference ratio in patients with liver cirrhosis

—— . o — — — — — o> .

—— o —— — — — — — -

Significant
Significant
Significant

Significant

Mean+SEM
Waist Hip Waist/hip
< ——— ~ CH —mmemseeese—sc————— >
85.28+3.05 893.00+2.77 0.92+0.02
85.83+2.93 93.14+2.85 0.92+0.02
B6.03+2.64 93.10+2.77 0.93+0.02
' 85.36+2.84 82.83+2.87 0.92+0.02
b2 al,b2,c,dl
87.45+2.85 94.40+2.49 0.93+0.01
a2,bl,d2 ' az2,d2
B7.44+2.70 94.25+2.45 0.93+0.02
82.18+3.21 87.96+2.81 0.93+0.02
84.30+4.12 88.20+2.80 0.96+0.03
84.68+4.28 88.34+2.62 0.96+0.03
B5.76+4.67 89.03+3.30 0.96+0.03
B4.39+4.37 B88.43+2.56 0.95+0.03
a2
84.90+4.05 89.98+2.67 0.94+0.03
al a2
difference from wk 0: p<0.025; p<0.05
, bl b2
difference from wk 1: p<0.025; p<0.05
c
difference from wk 2: p<0.025-
dl d2
difference from wk 3: p<0.025; p<0.05
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Table 15. Serum transport protein levels in patients with

liver cirrhosis

MeantSEM
Group Wk -~———-————ocsssesss —— - -
Total protein Albumin Transferrin RBP
{mmmm e e g/1 ———==> ng/L
A 0 77.2+3.7 31.6+2.3 2.06+0.21 18.95:4.20
' \ a2
l 77.1+#3.7 31.0+2.3 2.23+0.23 20.52+4.90
al
2 77.14#3.7 31.6+2.2 2.36+0.21 20.39+5.03
3 81.0+5.7 32.8+2.3 2.28+0.23 22.56+5.70
) a3.b4
4 74.9+2.3 31.5+2.5 2.43+0.26 19.514+4.71
B 0 75.33+3.2 28.5+1.2 2.05+0.30 15.09+2.26
1 74.2+2.2 28.1+1.6 +2.01+0.33 14.19+2.21
' - b3
2 74.0+3.0 28.1+1.9 2.16+0.31 14.47+2.72
: a2,bl,c2 c3
3 75.3+2.4 28.8%+1.6 2.14+0.33 15.94+2.97
' c2 al,b2,cl
4 756.9+2.2 29.7+2.0 2.44+0.29 15.38+2.56
al . a2
Significant difference from wk 0: p<0.005; . p<0.01
a3
p<0.025
. bl b2
Significant difference from wk 1: p<0.0005; p<0.005
b3 b4
p<0.01; p<0.05
cl - c2
Significant difference from wk 2: p<0.005; p<0.01
c3 :

p<0.05



Table 186.

liver cirrhosis

_ ‘MeantSEM
Group Wk = -—=m=e—- e tnintetiet ettt
Apo A-1 Apo B
(————apmmmm ag/dL —————=me=—o== >
A 0 118.53+11.66 73.95+7.43
1 109.49%+10.49 64.93+6.06
] a2
2 105.74+10.02 59.69:5.04
3 109.73+7.86 64.18+5.78
iy al,b.c .
q 107.13+9.23 54.75+4.11
B 0 94.29+12.63 85.74+12.42
1 89.38+12.48 80.56+13.26
o a3 .
2 89.94+11.20 72.33+10.20
) a2
3 92.56+9.82 68.24+9.32
: al,b
4 98.51+11.22 67.71+10.19
-al a2
Significant difference from wk 0: p<0.01; p<0.025
a3 )
"p<0.05
b
significeant difference from wk 1: p<0.05
c
Significant difference from wk 2: p<0.01

—— e o o > T

Apoprofein A-I and B in patients with

- — " A S Y T o

a2 o
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Tables 17 and 18 show biochemical tests reflecting their
liver function whereas Table 19 shows their blood ammonia

levels.
Nitrogen balance

Mean daily nitrogen balancés according to the
schedule of dietary feeding (Table 2) in both ¢groups of
patients are shown in fable 20. The mean urinary nitrogen
values in each group of each diefary period were dé;ived
from summation of daily urinary nitrogen gxcretion during
each study period of 8 pgtients divided by number of
arinary samples obtained from these patients. The same
principle was applied for the calculation of nitrogen
intake and nitrogen balance. Table 21 shows nitrogen
balance in pafient N.K. whose fecal nitrogen was

analysed.
Body temperature and surface area

Table 22 show their body surface area and the
2

percentages of these values compared with 1.73 m , the
reference of body surface area. Body surface area of each
subject was calculated, using DuBois’ formula: S=71.84
0.425 0.725
W X H where S equals surface area in square
centimeters, W equals body weight in kg, and H equals

height in centimeters (31). Their body temperature is

shown in Table 23.



Table 17.

patients with liver cirrhosis

30

Serum urea nitrogen and bilirubin levels in

Mean+SEM
Group Wk - - -
SUN Total bilirubin Direct bilirubin
mmole/l (~~—————e~———- umole/L —~~——===-- >
A 0 4,9+0.7 48.3+10.3 19.9+5.8
al
1 6.3+0.8 47.5+12.7 22.0+7.7
ad : ad
2 6.3+0.6 - 42.5+10.1 14.5+4.0
a3 :
3 7.0+0.9 49.0+11.0 19.2+45.1
' ﬂ3.d ’ d
4 5.8+0.86 36.8+7.5 16.3+4.4
B 0 5.2+1.3 41.3+8.0 18.0+3.9
1 6.3+1.8 41.9+6.4 17.3+3.9
ad b2
2 7.4+1.5 35.145.3 14.3+2.6
aZ.bl
3 9.4+2.1 356.7+45.5 14.8+3.1
a4
4 B.7+2.1 32.7+4.8 13.9+2.5
, al a2
Significant difference from wk 0: p<0.001; - p£0.01
: : a3 ad
p<0.025; p<0.05
bl b2

Significant difference from wk 1: p<6.001; "p<0.05
d

Significant difference from wk 3: p<0.05
SUN : mg/dL = mmole/L/0.3570
Bilirubin : mg/dL = umole/L/17.10
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Table 18B. Serum liver enzyme levgls in patients with

liver cirrhosis

MeantSEM
Group Wk --
SAST SALT AP
--------------- e |14 - - >
A 0 80.9+19.8 45.5+9.6 167.64+48.2
1 68.3+13.0 35.917.21 184.3+76.5
2 70.4%+14.4 34.616.:2 136.4+36.1
3 79.0+17.1 44.4311.4 139.9:30}0
q 87.0+22.5 45.5%+11.6 186.3+88.8
B 0 108.0+18.2 750.339.2 192.4+47.4
1 94.0+17.6 46.6+9.4 167.3143.22
2 98.1+17.5 ‘38.9+5.8 164.8+37.6
3 110.1+20.2 45.515.7c 179.6% 43.9
4 1b0.4t21.2 38.6+5.8 159.5+35.2
_________________________________ :;--__-__
Significant difference from wk 0: p<0.025; p<0.05
c

Significant difference from wk 2:

p<0.025



Table 19. Blood ammonia level in patients

with liver cirrhosis

: MeantSEM
Group Wk -—— ——————
Blood ammonia
) ) ug/dL
A 0 117.15+7.53
1 101.83+10.95
2 88.741-9.20a
3 114.91+12.68
4 106.50+22.51
B 0 100.66+7.11
1 88.68+11.66
2 84.89+3.19
3 86.21+23.49
a . 92.82%10.25
_________________________________ ;-__-____--_

Significant differehce from wk 0: p<0.025

32
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- #1001, et
Table 20. Nitrogen balance in patients with liver
cirrhosis
Mean+SEM
Group Wk No —~—mmemmmmem—— s oo —————
-N.Intake Urinary N. N.balance
e i P g/day ———————~————-—= >
A 0 8 - 5.71+0.84 -
az .
1-2 112 12.64+0.12 8.63+0.20 2.11+1.42
: al
3 56 12.03+0.16 8.78+0.20 1.26+1.43
a4, c
4 19 11.90+0.84 7.72+0.46 3.61+0.53
B 0 7 — 3.93+0.36 -
. dl dl
1 49 5.87+0.14 4.07+0.21 -0.12+0.21
b a2,b,dl b,d2
2-3 98 12.46+0.20 6.30+0.17 - 4,26+0.18
b a3,b,d2 b
4 17 11.52+0.63 6.36+0.45 4,33+0.55
al a2 ,
Significant difference from wk 0: p<0.0001; = p<0.001
a3 ad
p<0.005; p<0.05
b
Significant difference from wk 1-2 or wk 1: p<0.0001
c
Significant difference from wk 3 or wk 2-3: p<0.025
Significant difference from group dl dé
A at the corresponding type of diets: p<0.0001; p<0.05
16469 1 wiwsos
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Table 22. Body surface area in patients with liver

cirrhosis .
Mean+SEM
Group Wk - -
Body surface area
2 .2
=B % of 1.73 m
A 0 1.63+0.07 94.44+3.74
1 1.64+0.086 94.80+3.51
2 1.64+0.06 - 94,.51+3.44
3 1.683+0.06 93.93+3.37
bz,c’d bz.c,d
4 1.65+0.06 95.59+3.41
B 0 1.52+0.06 87.79+3.59
1 1.521+0.086 87.57+3.53
bl bl
2 1.53+0.06 88.51+3.53
bl bl
-3 R ‘1.533+0.06 88.44+3.55
4 1.56+0.08 89.96+4.88
bl b2
Significant difference from wk 1: p<0.025; p<0.05
c
Significant difference from wk 2: p<0.025
d

Significant difference from wk 3: p<0.025



Table 23. Body temperature before blood

collection in patients with liver cirrhosis

Mean+SEM
Group Wk , -
Temperature
———————————————— .c
A 0 37.06+0.09
1 37.05+0.08
2 ' 36.89+0.13
. a’b
3 36.80+0.11
B 0 36.99+0.12
1 37.13+0.22
2 | 37.20+0.15
3 37.10+0.12
a
Significant difference from wk 0: p<0.025
b

Significant difference from wk 1: p<0.05

36
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Carnitine status

Table 24 shows mean serum free, acyl, and total
carnitine levels in both groups of patients whereas Table
25 shows their mean urinary free, acyl, and total
carnitine excretion. Table 26 _shows their preformed
carnitine . intake. Table 27 shows fecal carnitine
excretion in patient N.K. whereas Table 28 shows his
dietary preformed Qarnitinq absorption. Table 29 shows
their carnitine clearﬁnce expressed as ml/min and

2
ml/min/1.73 m .

Creatinine and urate status

Serum creatinine leyels. urinary creatinine
excretion, and creatinine clearance in these patients are
shown in Table 30. Their serum uric acid levels, urinary
uric acid excretion, and uric acid clearance expressed as

2 4
ml/min and ml/min/1.73 m are shown in Table 31.



Serum carnitine levels in patients

38

with liver

——— "> o > G - — = o=

Meant+SEM

Free carnitine

Acyl carnitine Total carnitine

Table 24.
cirrhosis
Group Wk
A 0

1 .

2

3

)

B 0
"1

2

3

4

iy Sy o T S T o - T S S o~ T S = S S — S 5 e S . AP M S

Significant difference from wk 2:

Significant difference from group A at the:
corresponding types of diets

- = — - = " - S w— s eu—

59.38+4.13
61.23+7.81
65.52+7.80

61.84+6.05
cl
53.94+6.76

e4
44.65+4.87

ed
43.03+5.28

43.38+4.40
el

41.78+4.71
c2

39.45+5.00

umole/L ->
74.21+8.36 133.58+10.89
67.02+7.24 128.24+13.30
80.07+10.27 145.59+16.19
c2

66.42+8.11 120.36+11.28
e3 e2

44.40+7.05 89.04+8.76
e2

45.21+7.30 8B.25+6.24
ed

46.64+6.59 90.02+8.72
el el

37.74+3.28B 79.52+5.93
e3

47.81+6.49 87.06+6.39

cl
p<0.005; p<0.05
e2
p<0.005; p<0.01
ed '
p<0.025; p<0.05
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Table 26. Preformed carnitine intake in’ patients

with liver cirrhosis

— > AL WS SED W GED TP GmS GED A D G il G S S W - e o—n o

Mean+SEM
Group Wk ————— ———
‘ Carnitine intake
umole/day
A 1 : : 181.36+3.51
2 184.63+2.58
al .bl
3 248.92+3.28
‘ ' © a2,b2,c
4 201.19+5.59
- dl
B 1 180.70+4.51
2 179.78+6.45
3 176.05+8.05
q 182.36+9.20
| al a2
Significant difference from wk 1: p<0.000X; p<0.01
bl b2
Significant difference from wk 2:° p<0.0001; p<0.005

c
Significant difference from wk 3: p<0.0001

dl
Significant difference from group A at the: p<0.0001
corresponding types of diets

- 40
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Table 27. Fecal carnitine excretion in patient N.K.

——— - — W S S S -

- - - -

Day Free carnitine Acyl carnitine Total carnitine
< ———— - umole/day ~-—- - >
3-5 4,54 18.95 21.49
10-12 4.20 10. 27 14.47
17-19 3.03 19.39 22.42
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Table 28. Dietary preformed carnitine absorption in

patient N.K.

— - —— o - o

Mean+SEM
Day -—— ——— —— -—— - -
Carnitine intake Fecal carnitine Absorption
{mmmmm umole/Period ——=--===- > X
3-5 523.71 64.47 87
10-12 530.47 43.41 92

17-19 616.04 87.26 89

—.——.—_———-.——-——-——.-——._—--———-—-————..--.—.—-——---—-——----———————-—-
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- - CHAPTER IV

DISCUSSION

Though the degree to which nutritional factors
contribute to the progress of the;hepatic-lesion iS not
clear at fresent and understanding of the possible:
'nutritional implicationé of liver disease is crucial to
most therapeutic maneuvers undertaken in thié‘copditions.
PCM is frequently observed in decompensated cir:hotic
patients (3): O0'Keefe et al (32) reported impaired
nutritional status in 66 cirrhotic patients of.any cause,
i.e., 14% had weight for height <80% std, 493\had TSF <60%
std, 66% héd serum albumin <35 g/L, and 42% hadllymphocyte
count <1000 cells/mms. The discrepénCy between thg
prevalence of PCM based on weight for height and TSF in
their patients may be explained by common problem of fluid
retention in cirrhotié patients. These findings indicate
that the true incidence of PCM maﬁ be masked 1if body
weilght along_is monitored. ;

In our study, protein—calorie status asgessed by
anthropométric measurement includes weight for height, BMI
(Table 11) TSF, UAC, UAMC (Table 12), and percent body fat
{(Table 13). Besides, we also assessed thé regional fat
distribution by waist/hip circumference ratio (Table 14).
Based on the criteria of less than 90% std values (33),

the prevalences of PCM in our 16 cirrhotic patients at wk
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0 were as follows: 12.5% based on weight for height, 56.2%
based on TSF, 31.2% based on'UAC, and 18.8% based on UAMC.
The data indicafe that weight for height is an unreliable
parameter to assess protein-éalofie status in cirrhotic
patients bgcause of fluid retention. Edema was detected
clinically in 8 out of our 16 cirrbotic patients. The
results agree with the study of O’Keefe et al (32). Our
study also shows that the energy sfatus assessed by TSF in
cirrhotic patients was more affected fhan somatic protein
status assessed by UAMC. It should also be noted»thht 6
out of 16 patients had the sum of the 4 skinfolds less
than 40 mm. This value is considered to be the wupper
normal limit in both men and women and egquivalent to
weight for height values shown in Fogarty table for men
and women within the acceptable ranges (34).

Serum proteins provide a more sensitive index of
protein status than anthropometric data. parameters.
Virtually all serum proteins decrease as a consequence of
PCM. The extent to which different serum proteins
decrease is largely A function of the half-life of the
protein measured. Knowledge of the half-life of various
serum protein allows interpretation of their absolute
value to be usefully employed. Besideq. serum protein
levels may be influenced by factors other than protein
intake. In general, the rate of total body protein

synthesis, breakdown, and turnover decreases in patients
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with PCM and returns to normal in parallel with nuritional
recovery. Visceral protein analysis includes measurement
of serum albumin, transferrin,: retinol-binding protein,
and thyroxine-binding prealbumin (35). In our study, only
the first three serum proteins and total protein were
measured. In our 16 cirrhotic patients at wk 0, 87.5% had
serum albumin <35 g/L, 50% had serum transferrin <2 ¢g/L
and 100% had serum RBP <35 mg/L. The result indicates
their inadequate visceral protein status. Besides,
impaired cell-mediated immune response assessed by
lymphocyte count <1500 cells/nQ3 (36) was also present in
50% of our patients at wk 0.

| The nutritional assessment reveals - inadequate
protein-calorie status in our cirrhotic patients. Thus
appropriate nutritional management should be provided.
The major nutritional dilemma in liver cirrhosis is how
much protein should be given. The dietary goal is to
avoid overloading the liver which may 1lead to hepatic
encephalopathy, and at the same time to give sufficient
protien and energy intake to maintain adequate protein-
calorie status and to allow tissue repair (36).

The beneficial effect of BCAA enriched diet in
cirrhotic . patients has previousl§ been shown by Okita et
al (3). Thus group\A was assigned to receive a: daily
supply of 80 g of protein initially because half of the

amount was derived from Aminoleban—EN whereas group A
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received a daily supply of 40 g of protein initially
because it was derived from the conventional 1liver diet
only (Table 2) in orﬁer to avoid the problem of protein
intolerance. Durini wks 1~4 both troupi were assigned to
receive a daily supply of isocaloric intake whereas their
daily protein intake was isonitrogenous during wks 2-4
only. However, the dietary record revealed that mean
daily energy intakes in group'A were 94, 97, 90 and 100%
of the assigned intake of 2130 kcal for wks 1, 2, 3, and
4, respectively, whergas the corresponding figures in
group B were 85, 92, B9 and 92% (Tables 2 anq.,V). The
actual mean daily protein intakes during wks 1-4 in group
A were 99, 100, 94, ahd 1005 of the assigned intake of 80
g‘ whereas the corresponding fizuresbin ¢rbup B were 91,
96, 94 and 96% of the assigned intake of 40 g for wk 1 and
80 g for wks 2-4 (Tables 2 and 7). The results indicate
that both groups could achieve the assigned dietary intake
during receiving Aminoleban EN sgpplenentation better than
during receiving conventional liver diet alone. The
energy and protein intakes during receiving Aminoleban EN
in group A were higher than those in group B. This was
due to the different amount of coﬂventional liver diet
consumed. All of the patients in group A could consume
all of the amount of Aminoleban EN. In group B during
wk 2, one patient at dinner of day 11 consumed 197 ml out

of 215 ml Aminoleban EN served whereas another patient at
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dinner of day 8 consumed 170 ml out of 215 ml Aminoleban
EN served; during wk 3, one patient at dinner of day 15
consumed 195 ml out of 215 ml Aminéleban EN served whe}eas
another patient refused to consume Aminoleban EN for the
whole day of day 23.

The current.safe level of protein intake derived
from highly digestible proteins such as those of eggs,
milk, meat or fish for health adult is 0.75 g/kg/day (37).
Gabuzada and Shear (38) showed that with an intake of at
least 1500 to 3500 calories per day, nitrogen balance is
maintained by taking only 35 to 50 g protein daily.or 0.6
to 0.7 g/kg ﬁody weight/day. In a more recent study in
cirrhotic pafients, the ~ average minimum protein
requirement was 48 g/day or 0.74 g/kg/day whether natural
or BCAA enriched protein was used. At 60 g protein/day,
the patients were in positive nitrpgen balance with an
average of +1.2 géday (39). 1In our study, the mean daily
protein intakes in group A during wks 1-4 were 78.2, B0.1,
75.2, and 82.4 g or 1.29, 1.31, 1.25, and 1.32 g/ke
whereas the corresponding figures in(group B were 36.5,
76.6, 75.0 and 77.7 g or 0.68, 1.39, 1.36g and 1:42 g/kg
(Tablesv 7 and 11). The adequacy of their protein intake
was assessed by nirogen-balance technique involving the
determination of the difference between nitrogen intake
and urinary nitrogen excretion in all of the patients. A

figure of 2 g was used to estimate fecal and cutaneous
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losses of nitrogen. Table 20 shows that group A
exhibited positive nitrogen balance throughout the study.
Higher nitrogen balance was observed during receiving
Aminoleban EN supplementation than» during receiving
conveniional liver diet alone. However, the difference
did not reach statistical significance. Group B showed
negative nitrogen balance during wk 1 due to their 1low
protein intake of 40 g daily. This was supported by the
finding of positive . nitrogen balance in group A during wk
3 whose energy and protein intakes were 107% and 206% of
group B during wk 1 (Table 7). Nitrégep bélance in
group B became positive after receiving Aminoleban EN
supplementétion (Tablé 20).

‘It should be noted that the more positive nitrogen
balance in group A during receiving Aminoleban EN
supplementation than during receiving conventional liver‘
diet alone (Table 20) is consistent with the study ‘of
Okita et al (3) who also used Aminoleban EN. However, the
difference in nitrogen balance in their study reached
statistical significance. This is due to the significant
difference 1in enefgy and protein intakes between their
control diet and Aminoleban EN supplemented diet. The
mean daily energy and protein intakes in their 10 patients
with liver cirrh§sis during receiving the control diet for
the first 2 weeks were 1,621 kcal and 74.3 g, during

receiving Aminoleban EN supplemented diet for the next 2
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weeks were 1,932 kcal and 85.1 g, and during receiving
control diet. for the laéf 2 weeks were 1604 Akcal and
73.2 g. | | |

The beneficial effect of Aminoleban EN is ‘aiao
well illustrated in patient N.x; whose fecal nitr&(en was
determined (Table 21). He achieved positive nitrogen
balance only during receiving Aminoleban EN. His
percentages of nitrogen absorption during days 3-5, 10-12,
and 17-19 were 94, 83, and 80X%, respectively.

In 1974, huse et al (40) reported the use of the
24 hr urinary nitrogen excretion as a validity test for
dietary nitrogen intake. In his study, diet interview .
data obtained from patients with coronarf heért disease
were not reliaBle; only 16 of 60 patients gave accurate
diet histories; there was no significant relationship
between their dietary nitrogen levels and urinary nitrogen
excretion. After 4 days in the Clinical Research Center,
however, a highly significant correlation was found
between dietary nitrogen intake and urinary nitrogen
excretion in these 60 patients (y= 1.757+0.896 x, r=.0.60,
p<0.01). In 1980, Isaksson (41) ﬂelonstrated that nitro-
gen intake estimated from 24 hr uriﬁary nitrogen excretion
agreed with nitrogen intake derived from dietary history
or dietary record whereas there was a systematic underes-
timation using the 24-hr recall method. In 1985, Bingham

and Cummings (42) also verified urinary nitrogen excretion
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as an independent validating dietary method of leasufeing
nitrogen intake in individuals. The authors had measured
nitrogen intake and excrefion in 8 healthy subjects on
their usualg varying, diets for 28 days. The mean daily
energy intake of these subjects ranged from 2,020 to 4,340
kcal with an average of 2,930 kcal. Their mean daily
nitrogen intake ranged from 11.6 to 21.3 g with an average
‘of 16.9 g whereas their mean daily urinary nitrogen excre-
tion ranged from 9.67 to 17.16 g with and average of 12.85
g The within person variation in niirozen intake ranged’
from 14 to 26X (coefficient variation, CV) while urinary
nitrogen was more constant varying from 11 to 18% (cv)
within individuals. In 1989, Leelahagul anleanphaichitr
(43) have shown that urinhry nitrogen excretion in healti
adults reflect the amount of their nitrogen intake (§=‘
5.08+0.20 x, r= 0.5180, df= 33, p<0.005). This is also
found in our study (y= 6.06+0.56 x, r= 0.6191, df= 42,
P<0.005) (Tables 7 and 20). Besides, we have also
observed the following factors affecting urinary nitrogen
excretion: body temperature (y= 51.45-1.20 x, r= 0.20585,
df= 328, p<0.005) and somatic protein status assessed by
UAMC (y= 0.23+0.27 x, r= 0.3214, df= 71, p(0.025).

The beneficial effects of Aminoleban EN on
visceral protein statu; in our cirrhotic patients were
assessed by the determination of serums albumwin,

transferrin, and RBP. Group A exhibited significantly
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higher serum transferrin lévels dufing receiving Amino~
leban EN than their initial levei. Both groups exhibited
significant increase in serum transferrin levels during
receiving Aminoleban EN (Table 15) which may indicate
correction of impaired protein synthesis in the cirrhotic
liver, probably due to BCAA supplementation and normaliza-
tion of the plasma amino acid pattern. BCAA, particularly
. leucine, has been reported to stimul&£e protein
synthesis and, additionally, to reduce protein catabolism
in the muscle and liver (44-486). Okita et al (3) also
reported the ;ise of serum prealbumin concentration in
their cirrhotic patients receiving Aminoleban EN. Thg
lack of significant changes in serum albumin 1levels 1in
their andAour patients were most likely due to the longer
half-life of serum albumin than that of serum transferrin,
i.e., 17 vs 7 days (47, 48). It should also be noted that
the initially low serum RBP levels im our cirrhotic
patients tended to increése during receiving adequate
energy and protein intakes (Table 15).

The apoproteins (49) from the major proteins found
in high density lipoprotein (HDL), but thay are also found
in chylomicrons. Approximately 50% of HDL mass is
protein, and Apo A-I and A-II constitute nearly 90$ of it.
Although the exaét site of synthesis is still unclear,
experimental evidence suggests that Apo A-I and A-II

originate in the intestine or liver or both. After they
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enter the circulation as a component of chylomicrons, Apo
. A-I and A-II transfer to and accumulate in HDL. Apo B‘is
the major protein moiety of all lipoproteins other than
HDL. Two forms of Apo B dre_found in humans. The most
abundant form is known as large B or B—-100 and constitutes
the Apo B found in lipoprofeins Synfhesized in the liver.
The other form of Apo B, small B or B-48, is belived to be
synthesized in the intestinal wall. In normal subjects,
very - little if any B-48 is found in fasting plasma;
however, in subjects with defects in clearance of
chylomicron remnants (e.g., with chronic renal failure),
levels of B-48 are increased. The mean(+SEM) of serum apo
A-1I and apo B levels in 18 healthy adults (Leelahagul and
Tanphaichitr: ﬁnpﬁblished data) were 120.94£5.26 and
92.50+6.79 mg/dL, respectively. Thus the initial serum
apo A-I and B levels in our cirrhotic patienfs were lower
than those in healthy adults (Table 16). This should be
related to the impairment of their hepatic function. The
significant changes of their serum apo A-I and .apo B
levels during the study were related to those of their
serum HDL-cholesterol and low density lipoprotein (LDL)-
cholesterol 1levels evidenced by significant positive
correlations between serum LDL-C and apo B 1levels (y=
15.26+0.58 x, r= 0.9122, df= 78, p<0.0001) as well as
between serum HDL-C and apo A-I levels (y= 23.72+2.03 x,

r= 0.9272, df= 78, p<0.0001).
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In general, our patients did not exhibit striking
changes in their somatic protein status assessed by UAMC
(Table 12) and percent body fai (Table 13). However, we
observed significant 'poaitive correlations between UAMC
and serum transferrin level (j= 4.01-0.07 x, r= 0,2816,
df= 71, p<0.05) as well as between UAMC and serum RBP
levels (y= 56.25-1.60 x, r= 0.4040, df= 71, p<0.005).

Carnitine controls not only .the oxidative
utilization of fatty acids and ketone bodies but also that
of glucose and brgiched—chain amino acids. Carnitine in
the bod& is derived from the intake of preformed exogenous
carnitine and biosynthesized carnitine via trahsfornation
of 1lysine and methionine metabolism in liver and kidney.
Animal tissues contain very much higher carnitine levels
_than plants. The enzymes involved in carnitine biosynthe-
sis require ascorbic acid, pyridoxine, niacin, and iron as
cofactors. Human carnitine déficiency can be hereditary or
acquired. Hereditary carnitine deficiency is classified
into systemic and myopathic. Acquired carnitine deficiency
has been reported in neonate, protein-calgfie malnutrition
(PCM), and p#tients on long-term carnitine-free total
parenteral nutrition, renal dialysis, or valproic acid
therapy. PCM is coinoq in rural Thais whose protein and
energy intaké are mainly supplied from a rice-based diet.
Since rice is 1limiting not only in lysine but also ip

carnitine acquired carnitine deficiency usually coexists
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in these population. Serum and urinary carnitine levéls
for assessing carnitine status are regulated Dby
nutritional and endocrine factors. Urinary carnitine
excretion is a good index to assess both protein-calorie
status and fluctuation of muscle protien catabolism.
Decreased urinary carnitine excretion is found 1in PCM
whereas opposite results is observed in subjects under
stress stimuli including infection, tissue injury, and
lack of dietary protein and carnitine intake. Since only
' 0.1% of lysine is converted to éarnitine. dietary carni-
tine intake is necessary to prevent carnitine deficiency.
The estimated safe and adequate daily carﬁitine intake for
children of 9 .years and below is 28-54 mg/1000 kcal
whereas for adolescents and adults is 24-81 ng (50-56).
Since PCM is commonly found in cirrhotic patients
and acquired carnitine deficiency usually coexists in PCM,
cirrhotic patients are susceptible to carnitihe
deficiency. In 1977, Rudman et al (57) reported carnitine
deficiency in cachectic cirrhotic patients évidenced by
hypocarnitinemia. The mean(+SEM) of serum free, acyl, and
total carnitine levels in 6 healthy men were 20.49+6.34,
58.74+4.63, and 79.23+5.73 umoles/L, the <corresponding
figures in their 24-hr urine were 150.37+19.61,
v239.21156.53, and 389.58+61.57 umoles/day, and their mean
respectiﬁe carnitine clearances were 1.92, 8.16, and

2. :
3.53 umoles/min/1.73 m (Leelahagul and Tanphaichtr:
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unpublished data). Both groups of our cirrhotic patients
had loﬁer urinary free, acyl, and total carnitine
excretion than healthy adults (Table 25). In group A,
their urinary carnitine excretions during receiving
conventional liver diets at wk 3 at Clinical Research Ward
and during receiving Aminoleban EN supplementation at wk 4
at their home‘were significantly lower than that during
receiving Aminoleban EN supplementation'ét wks 1-2 at
Clinical Research Ward (Table 25).

In normal copdition, urinary carnitine excretion
reflects excess of preformed carnitine 'intake, and
biosynthesized carnitine. In group A their preformed
carnitine intake was highest at wk 3 (Table 26).
However, the highest urinary carnitine excretion was
found during wks 1-2 tTable 25). Their mean lysine
intakes during wks 1-2 and‘3 were 4.867 and 5.92 g/day or
76.26 and 98.42 mg/kg/day (Table 9) which is higher than
the recommended lysine intake of 30 mg/kg/day (58) The
corresponding figufes for their methionine intakes were
1.035 and 1.87 g/day or 16.9 and 31.10 mg/kg/day which is
higher than the recommended methionine and cysteine intake
of 15 mg/kg/day (58). However, their dietary lysine and
methoinine sources during the aforesaia periods were
different. During wk 3 all of their lysine and methionine
intakes were derived from natural protein sources AS

peptide form whereas during wks 1-2 their "lysine and
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methionine intakes were derived from 2 sources. For
lysine, 38% was derived from Aminoleban EN as free lysine
and 62% from natural protein sourceé. éor methionine, 17%
was derived from Aminoleban EN as free methionine ﬁnd 83%
from natural protein sources. Khan-Siddiqui and Bamji
(59) have shown that maximum excretion of carmitine per
gram creatinine was observed in 24 to 48 hours collection
after an oral load 6f 5 gram lysine. This observation
suggested that there may be a rapid in a vivo conversion
of orally administered lysine to carnitine, a nonpeptidyl
pathway, 1in man. Thus it is possible that the increased
urinary carnitine excretion during wks 1-2 in group A is
due to the aforesaid mechanism. Similar findings were
also observed in group B during wks 2-3. The lower
urinary carnitine excretion in group B du£ing wks 2-3 than
group A during‘wks 1-2 could be due to less biosynthetic
capacity for carnitine in the former group than the latter
-~ group (Table 25). This is supported by the lower serum
albumin and RBP levels in group B than group A (Table 15).
In group A4, the significantly lower wurinary
carnitine excretion at wk 4 than at wks 1-2 might indicate
that the patients did not consume all of the amount. of
Aminoleban EN at home as reported. This is supported by
the lower urinary nitrogen excretion at wk 4 than at wks
1-2 (Table 20). It should be noted that we also observed

significant positive correlations between urinary nitrogen



60

excretion and urinary total carnitine excretion (y=
103.58+17.74 x, 'r= 0.3379, df= 328, p<0.005) as well as
between body température- and urinary total carnitine
excretion  (y= 2293.88-55.77 x, r= 0.1823, df= 328,
p<0.005). These are consistent with the previous ?epofts
{52,54).

The - finding of high plasma free fatty acids (FFA)
levels in cirrhotic patients hasAbeen.attributed either to
decreased hepatic clearance or to enhanéed fat mobiliza-
tion. Riggio et al (60) found that plasmallevels of FFA
and glycerol were influénced by the nutritional status,
significantly higher FFA levels being observed in the
- well-nourished than in the ﬁalnourished patients. Since
carnitine is required for long-chain fatty acid oxidation
this may explain higher serum acyl carnitine levels but
lower acyl cérnitine clearance in our cirrhotic patients
than those in healthy adults and significantly higher
serum acyl carnitine level in group A than in group B
(Tables 24 and 29).

Fecal carnitine was analysed. in patient N.K.
(Table 27). Acyl carnitine is the major form in his
feces. The percentages of dietary preformed carnitine
absorption at days é-s, 10-12, and 17-19, were 87, 92, and
89 respectively (Table 28). ‘

Leelahagul and Tanphaichitr (43) reported that 7

healthy men with the age 30-35 yrs and the mean(+SEM) UAMC
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of 24.9+0.3 cm had serum creatinine of 1.26+0.06 mg/dL,
urinafy‘ creatinine excretion of 0.98+0.08 g/day and
creatinine clearance of 59.1+5.5 ml/min/1.73 mz. Thef also
showed that these were posifive corrlations- between
urinary creatinine excretion and muscle mass. Thus 24-hr
urinary creatinine excretion can be used to assess the
degree of depletion of muscle mass. the lower uringry
creatinine excretion in Thai subjcets than that in
American subjects is related to lower muscle mass and
lower meat protein in Thai subjgcts.

Serum creatinine levels in our cirrhotic patients
were within normal limit throughout the study (Table 30).
Thus wurinary creatinine excretion can be used to assess
their somatic protein status. The higher urinary
creatinine excretion in group A than in ﬁroup B should be
due to better somatic proteiﬁ status in the former than
the 1latter (Tables 12 and 30). This is supported by the
significant posifive correlation between UAMC and wurinary
creatinine excretion (y= —0.7éi0.08 x, r= 0.5190, df= 71,
p<0.0001). The influence of protein intake on urinary
creatinine excretion is not seen in our study. In group
A, this is due to the small difference in the amount of
their protein intake at various periods. In group B, the
low protein intake of 40 g lasted for 7 days which was too

short to have the effect on urinary creatinine excretion.
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There were no striking changes in creatinine clearance
throughout the study (Table 30).

Leelahagul and Tanphaichitr (43) reported that the
mean (+SEM) serum uric acid, urinary uric acid exéretion,‘
and uric acid clearance were 5.09+0.57 mg/dL, 440+32
mg/day, and 6.88+0.91 ml/min/1.73 -2. The influence of
dietary protein and nucleié acid intake on urimary uric
acid level is evident in their study by the {findings
that the highest urinary uric acid excretion was detected
during the highest protein intake of the regular dietary
(RD) period whereas the lowest urinary uric acid excretion
was found during thQ.protein;free period as well as the
significant positive correlation between the protein
intake and urinary uric acid excretion. The only
difference between vegetarian diet (VD) and ovovegetarian
diet (OV) diets-was the bartial-replacenent of soybean by
edg, a purine—fr?e food, in the OV diet. Thus the purin¥
intake during the VD period was significantly higher than
that during the OV period which resulted in significantly
higher urinary uric acid excretion during the VD period
than the OV period. The positive effect of the levels
protein intake on uric acid clearance is also evident in
their study. The uric acid clearahces during the RD, vD,
and OV‘periods were significantly higher than that during

the baseline (BL) period.
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The influence of the levels of érofein.and purine
intake on serum .ahd'urinary uriC'ﬁcid levels is also
evidenced in our study. The highest serum uric acid level
and urinary uric acid eXdretioh were obseriediin group A
at wk 3 because they consumed conventional 1liver diet
containing both protein and purine whereas during-wks 1,
2, and 4 their diets were partially supplied by Aminoleban
EN which is purine—free. The significantly lower urinary
uric acid excretion in group B at wk 1 than that in group
A at wk 3 is due to the combined effects of low protein
énd purine intakes in group B (Table 31). However, in our
study no striking changes in uric acid clearaﬁce were
observed (Table 31).

'Our cl%nical observation revealed that the
patients cpuld tolérate the diet prescribed evidencéd by
their dietary intakes during the study were closed to the
assigned levels {Table 7). Besides, biochemical
assessment did not find any deterioration of their_hepatic
function (Tables 17-19). Blood ammonia levels were
decreased in 13 out of 16 patients following consuming
conventional liver‘diets supplemented Aminoleban EN though
the difference in their mean blood ammonia levels did not
reach statistical significant (Table 19). This iis

consistent with the sfudy of Okita et al (3).



CHAPTER V
SUMMARY

This study was carried out to in;estigate the
effect of BCAA enriched diet on protein-calorie status in
16 patients with liver cirrhosis. They were randomly
divided into 2 groups: groups A and'B. Group A éonsisted
of 5 males and 3 females, aged 40-67 yrs. Group B
consisted of 4 males and 4 females, aged 40-68 yrs. All
of them participated in a 4-wk metabolic study, wks 1-3 at
Clinical HeSearcthard, Ramathibodi Hospital and wk 4 at.
home. All of them received 150 g of Aminoleban EN (a soft
powder nutrient-mixture containing high content of BCAA)
providing 40 ¢ protein and:630 kcal, together with the
conventional liver diet providing 40 g‘of protein and 1500
kcal daily during wks 1, 2, and 4 for group A and during
wks 2-4 for group B. For group A, during wk 3 they
received the conventional 1liver diet providing 80 g
protein and 2130 kcal. For group B, during wk 1 they
received the conventional liver diet providing 40 g
protein and 2130 kcal. The protein-calorie status was
assessed by anthropometric measurement, nitrogen balance,
serum transport protein levels, carnitine, creatinine, and
urate status. |

In our study, protein-calorie status assessed by

anthropometric measurement includes weight for height, BMI
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TSF, UAC, UAMC, and percent body fat. Based on the
criteria of less than 90% std values, the prevalences of
PCM in our 16 cirrhotic patients at wk 0 were as foliows:
12.5% based on weight for height, 56.2% based on TSF,
31.2% based on UAC, and 18.8% based on UAMC. The data
indicate that weight for height is an unreliable parameter
to assess protein-calorie status in cirrhotic patients
because of fluid retention. Edema was detected clinjcally
in 8 out of our 16 cirrhotic patients. Our study glso
shows that the energy status assessed b& TSF in cirrhotic
patients was more affected than soﬁatic brotein status
assessed by UAMC.

In our 16 cirrhotic patients at wk 0, 87.5% had
serum  albumin <35 g/L, 50% had serum tran&ferrin <2 g/L'
and 100% had serum RBP <35 mg/L. The result indicates
their inadequate visceral protein status. Besides,
impaired cell-mediated 1immune response assessed by
‘lfmphocyte count <1500 cells{mm3 was also present in 50%
of our patients at wk 0.

During wks 1-4 both groups were assigned to
receive a daily supply of isocaloric intake whereas their
daily pfotein intake was isonitrogenous during wks 2-4
only. However, the dietary record revealed that mean
daily energy intakes in group A wefe 94, 97, 90 and 100%
of the aésigned intake of 2130 kcal for wks 1, 2, 3, and

4, respectively, whereas the corresponding figures 1in
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group B were 85, 92, 89 and 92%. The actual =mean daily
protein intakes during wks 1-4 in group A were 89, 100,
94, and 100% of the aspigned-intake ofVBO g whereas the
corresponding figures in group B were 91, 96, 94 and 96%
of the assigned intake of 40 g for wk 1 and 80 g for wks
2-4, The results indicate that both groups could achieve
the assigned dietary intake during rebeiving Aminoleban EN
supplementation better than during receiving conventional
liver diet alone. The‘energy and protein intakes during
receiving Aminoleban EN in groﬁp A were higher than those
in group B. This was due to the differént amount of
conventional liver diet consumed.
The meaﬁ daily protein intakes in group A during

wks 1-4 were 79.2, 80.1, 75.2, and B2.4 g or 1.29, 1.31,
1.25, and 1.32 g/kg whereas the corresponding figures ip
group B were 36.5, 76.6, 55.0 and 77.7 & or 0.68,. 1.39,
1.36, and 1.42 g/kg. Group A exhibited positive nitrogen
. balance throughout the study.- Higher nitrogen balance was
observed during receiving Aninoieban EN supplenentatibn
than during receiving conventional liver diet alone.
However, the difference di@ not reach statistical
significance. Group B showed ne¢ativ¢ nitrogen baiance
during wk 1 due to their low protéin intake of 40 g daily.
This was supported by the finding of positive nitrogen
balance in group A during wk 3 whose energy and protein

intakes were 107% and 206% of group B during wk 1.
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Nitrogen balance in group B became positive after
receiving Aminoleban EN supplementation. Besides, we have
shown fhe positive correlation between nitrogen intake and
urinary nitrocgn excretion. |

The Dbeneficial ‘effects of Aminoleban EN on
visceral protein status in our cirrhotic patients were
assessed by the determination of sérun albumin,
tragsferrin, and RBP. Group A exhibited significantly
higher serum transferrin levels during receiving Amino-
leban EN than their initial level. Both groups exhibited
significant increase in serum transferrin levels during
receiving Aminoleban EN which may indicate correction éf
impaired protein synthesis in' the cirrhotic livér.
probably due to BCAA supplementation and normalization of
the plasma amino acid pattern.

The initial serum apo A-I and B levels in our
cirrhotic patients were Ilower than those in healthy
adultas. This should be relafed to the impairment of their
hepatic function. The significant changes of tﬁeir serum
apo A-I and apo B levels during the study wé;e related to
those of their serum HDL-cholesterol dnd low density
lipoprotein (LDL)-cholesterol levels evidenced by
significant positive correlations between serum LDL-C and

apo B levels as well as between,serum HDL~-C and apo A-I

levels.
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Both groups of our cirrhotic patients - had lower
urinary free, acyl, and total carnitine excretion than
healthy adults. In group A, their urinary carnitine
excretions during receiving conventional liver diets at wk
3 at Clinical Research Ward and during receiving
Aminoleban EN supplementation at wk 4 at their ho.e were
signifiﬁantly lower than that during receiving Aminoleban
EN supplementation at wks 1-2 at Clinical ResearchFWard.
It is possiblé that the increased ﬁrinary carnitine excre-
tion during wks 1-2 in group A is due to a rapid in a vivo
conversion of orally administered lysine to carnitine, a
nonpeptidyl pathway, in man. Similar findings were also
observed in group B during wks 2-3. The lower urinary
carnitine e&cretion in group B during wks 2-3 than group A
during wks 1-2 could be due to less biosynthetic capacity
for carnitine in the former group than the latter group.
Thi$ is supported by the lower serum albnnin: and RBP
levels in group B than group A.

The finding of high plasma free fatty acids (FFA)
levels in cirrhotic patients has been attributed either to
decreased hepatic clearance or to enhanced fat mobiliza-
tion. Since carnitine is required for long-chain fatty
acid oxidation this may explain higher serun acyl
carnitine levels but lower acyl carnitine clearance in our

cirrhotic patients than those in healthy adults and
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significantly higher serum acyl carnitine level in group A
than in group B.

Serum creatinine levels in our cirrhotic patients
were within normal limit throughout the study.  Thus
urinary creatinine excretion can be used to assess their
somatic protein status. The higher urinary creatinine
excretion ih group A than in group B should be due to
better somatic ﬁrotein status in the former than the
latter. ‘This is supported by the ‘significant positive
correlation between UAMC and urinary creatinine excretion.

The influence of the levels of protein and purine
intake on serum and urinary uric acid levels is also
evident in our study. The highest serum uric aéid level
and urinary uric acid excretion were obsérved in group A
at wk 3 because they consumed conventional 1liver diet
containing both protein And puriné whereas during wks 1,
2, and 4 their di§ts were partially supplied by Aminoleban
EN which is purine-free. The significantly lower urinary
uric acid excretion in group B at wk 1 than that in ¢group
A at wk 3 is due to the combined effects ofvlow protein
and purine intakes in group B.

Our clinical observation revealed that the
patients could tolerate the diet prescribed evidenced by
their dietary intakes during the study were closed to the
assigned levels. Besides,‘biochemical assessment did not

find any deterioration of their hepatic function. Blood
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ammonia levels were decreased in 13 out of 16 patients
following consuming convehtional liver diets supplemented

Aminoleban EN.
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