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ABSTRACT

The objective of this study was to invéstigate the
essential fatty acid (EFA) status in 16 patients with
liver «cirrhosis. Their ages ranged from 40-68 yrs and
were randomly devided into 2 groups. All ofv them
participated in a 4-wk metabolic study, wks 1-3 at
clinical Research Ward, 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 g protein, 10.5 g fat, and 630 Kkcal,
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 proyiaing

40 g protein and 2130 kcal. Only soybean oil was used for



cooking 1in the aforesaid conventional 1liver diets and
contributed 20 % of dietary energy. The results indicate
that both groups of patients at wk 0 had significant lower
20:3 n-6, 20:4 n-6, and 20:0 of total serum lipids than
healthy men whereas opposite results were observed for
serum 14:0, 16:1 n-7, and 18:1 n-9. They also had signi-
ficantly lower 20:4 n-6 and 20:0 but significant higher
18:1 n-9, 16:1 n-7, 14:0, and 16:0 1in 'total erythrocyte
lipids. The linoleate intakes in both groups during the

study were adequate: 6.4-8.3 % of total energy intake.

Their linoleate and arachidonate intakes influenced these

two EFAs 1levels in serum and erythrocyte total 1lipids
evidenced by the significant positive correlations between
their linoleate and arachidonate intakes and the two EFAs'
levels 1in serum and/or erythrocyte total 1lipids. Their
20:3 n-9/ 20:4 n-9 ratio of less than 0.2 reflects that
thef were 1in the state of biochemical arachidonate
depletion. The changes in serum arachidonate level also
determined 1its content in erythrocyte evidenced by the
significant positive correlation between arachidonate
levels 1in serum and erythrocyte total 1lipids. | Though
their alpha-linolenate intakes were adequate: 0.74-1.10 %
of total energy intake they exhibited biochemical
depletion of 20:5 n-3, 22;5 n-3, and 22:6 n—-3 evidenced by

their lower composition of these n-3 fatty acids in serum

and erythrocyte total lipids than healthy Subjects. The

iv



decrease 1in PUFA derivatives of 1linoleic and alpha-
linolenic acids may be due to both deficientd 6 desaturase
and C18-C20 elongase activities. Our clinical observation
revealed that the patients could tolerate the diets
prescribed evidenced by their écfual intakes were closed
to the assigned levels. Hematological = and biochemical
assessment did not find any deterioration oﬁ their

hematological, hepatic, and renal functions.
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CHAPTER I

PROBLEMS AND "'OBJECTIVES

Statement of the problems

The liver plays a central role in the maintenance
of metabolic homeostasis. The majér biochemical functions
of the liver include the intermidiate metabolism of amino
acids, glucose, and fatty acids, synthesis and degradation
of proteins and glycoproteins, regulation of 1lipid and
cholesterol metabolism, and metabolism of hormones and
drugs. Thus the development of clinically important liver
disease is accompanied by diverse systemic = manifestations
of disordered metabolism (1).

The essential morphologic features of cirrhosis
are an increase in fibrous tissue and nodular
regeneration. Thesev processes cause progressive
distortion of the 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 when liver tissue is examined. The
network of scars, the regenerating cell masses, and the
changes in hepatic‘circulation develop secondarily. Less
constant pathologic features of most types of cirrhosis

include intralobular or portal inflammation, focal or



widespread choléstas{s, and proliferation of bile
ductules.. |

The morphologic elements of cirrhosis often have
dramatic clinical connterparts. Progressive reduction of
liver cell mass may produce jaundice, ascites and edema,
central nervous system dysfunction, and céchexia—the
syndrome of hepatic insufficiency. The advancing
fibrosis leads to distortion of the intrahebatic
vasculature, which in turn contributes to the development
of portal venous hypertenison with resultant 'esdphageal
and gastric varices and splenomegaly. Nodular
regeneration'often leads to distortion of. liver shépe and
compression of intrahepatic venous and ‘lymphatic radicles,
which also contribute to portal -hypertension and

ascites (2)
Objectives and specific aims.

Nutritional management 1is important for the
maintenance of the well-compensated stage and for long-
term survival in cirrhotic patients. Protein-calorie
malnutrition (PCM) is frequently observed in decompensated
cirrhotic patients (3). Tanphaichitr et al. (4) have
shown that 1linoleate deficiency usually coexists in
patients with PCM. Thué we are. interested in
investigating esseniial fatty acid (EFA) status in

cirrhotic'patients.



The specific aims of the study are to assess the
effects of nutritional management on
1. essential fatty acid status
2. serum lipid and lipoprotein igvels
3. hemétological parameters and

4. biochemical functions of the liver



CHAPTER II

MATERIALS AND METHODS

Experimental design and treatment

The study was conducted in 9 male and 7 female
patients with 1liver cirrhosis admitted at Clinical
Research Ward, Ramathibodi Hospital, from August 1988 to
October 1989.Table 1 shows their initial characteristics.
The diagnosis4 of cirrhosis was established by the
hepatologists of Ramathibodi Hospital. Only,Z patients
showed grade I hepatic encephalopathy when they entered
the study.

The patients were randomly divided into 2 groups :
group A and B according to the sequence of dietary feeding
show in Table 2. Period I covered wkl and 2, Period 1T
covered wk2 énq 3 and period III covered wk4. Only during
wk 1-3 patients were'hospitalized: Table 3 shows the
nutrient content of Aminoleban EN (Otsuka Pharmaceutical
Co.,Ltd., Tokyo), a soft 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 amino acid/aromatic
amino acid (BCAA/AAA) molar ratio of 38.2, 62.1 g of
dextrin and 7 g of rice bran oil per 100 dg. Group A
received 150 g of Aminoleban EN togethef with conventional
liver diet providing 40 g of protein and 1500 kcal dailyk

during periods I and III and conventional 1liver diet
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Table 3. Composition Aminoleban EN

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

Potagsium chloride

3.845 g
4.074 g
3.204 g
0.147 g
-0.485 g
0.266 g
0.604 g
0.375 g
13 g
1.0 g
27.3 g
44.3 g
932 I.U
2.33 ug
(93.2 I.U
0.29 mg
0.31 mg
0.49 mg
1 ag
0.1 mg
0.0138 g
18.6 mg
0.011 mg
2.38 nmg
3.03 mg
0.05 mg
0.0246 g
0.41 g
0.61 g
0.39 g
0.025 g
1.03 mg
7.51 mg
0.025 mg
1.63 mg
0.375 g

Amount of spray-dried fat S$-118 is contained in

amount of dextrain



providing 80 g of protein and 2130 kcal alone daily during
period IT. Group B received conventional liver diet
providing 40 g of protein andv2130 kcal during the fifst
week of period T and 150 glof aminoleban EN together with
conventional liver diet providing 40 g of protein and 1500
kcal daily during the second week of period I and the
whole periods of II and III (Table 2). Aminoleban EN was
administered by dissolving 50 g (1 packagef in 175 ml of
jukewarm water and served to the patients as a drink with
each meal. Energy content and its distribution per
package of Aminoleban EN are shown in Table 4 whereas
those of the 3 conventional liver diets are shown in Table
5. Tt should be noted that only soybean oil was used for
cooking in the aforesaid conventional liver diets and
contributed 20% of dietary energy. The patients were
followed up at wk6. During wks 5-6, thevaere advised to
consume conventional liver diet providing 80 g of protein

and 2130 kcal.
Dietary assessment

During periods I and II daily dietary intake in
each patient was assessed by weighing all foods consumed
whereas that during period III was assessed by dietary
record. Daily energy, protein, fat, carbohydrate, and
other nutrients in eéch patient were then caiculated,

using published references (5-10).



Table 4. - Energy content and its distribution per

package (50 g) of Aminoleban EN

Protein

Carbohydrate

Fat

Total calorie

o Amewnt ® Of total calorie
13.5 g 25.8
31.05 g 59.2
3.5 g 15.0
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11
Anthropometric measurement

Body weight, height, triceps (TSF), biceps (BSF),
subscapular (SSF), and sdbrailiac (SISF) skinfold
thicknesses, mid upper arm circumference (UAC), waist,
and hip circumferences in each patient were measured by"
using the standard technique (11,12,13). The upper arm
muscle circumference (UAMC) was calculated from the
formula : UAMC = UAC-TITSF (14). Standard of TSF, UAC,
and UAMC were taken from the standard source (11).
Standard of weight for height was based on Metropolitan
Life Insurance Company (15). Body mass index (BMI) was
derived from weight in kg divided by height in m2 (16).
Percentage 6f body fat was estimated by the sum of the 4
skinfold thicknessess described by Durnin and Womersley
(17). Height was measured at day 1 of period TI. 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 12-
14 hr fast at days 1,8,15,22, and 29 for biochemical and

hematological determination.
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Fecal collection

Fecal samples were collected during days 3-5 of
wks 1-3 in patient N.K. Carmine dye was given twice to
him as a fecal marker to indicate the beginning and the
end of each 3 day fecal collection. each fecal sample was
collected in preweighed container and weighed after each
collection. The sample was stored frozen until the 3 day
samples of each week were pooled and homogenized for

analysis of total fat.
Hematological parameters

Hemoglobin (Hb), hematocrit (Hct), red blood cell
(Rbc), white blood cell (Wbc), and platelet cell counts
were measured by Hemalog 8 and Hemolog D (Technicon
Instruments Corp, Tarrytown). The mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and» total 1lymphocyte

count were calculated as follows:

MCV (fL) = Het (%) x 10
12
Rbe (10 /L)
MCV (pg) = Hb (g/dL).x 10
12
Rbc (10 /L)
MCHC (g/L) = Hb (g/dL) x 1000

Het (%)
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9
Total lymphocyte count (10 /L) =

9
Wbc (10 /L) x lymphocyte (%)
100

Prothrombin time was measured by standard . technique (18).

Blood glucose, renal function tests, serum mineral levels

and carbon dioxide content

Fasting blood glucose, serum urea‘ nitrogen,
creatinine, uric acid, sodium, potassium, chloride,
calcium, phosphorus, and carbon dioxidev content were
measured by SMA-12 at General Clinical Chemisfry

Laboratory, Ramathibodi Hospital.
Nephelometric analysis of lipoproteins

The Thorp micro-nephelometer was developed
principally for the quantitative measurement of serum
lipoprotein (19). The serum was diluted 10 times with
physiological saline and then the 1light scattering
intensity was read by the Thorp micro-nephelometer (LSI A).
The solution was then filtered through Sartorious membrane
MF 12 (Cat. No 11328) and was read again (QSI B). The
response of the 1ight scattering intensity depended upon

the particle size of the suspension.
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Calculation: LSI = LSI A - LSI B

1. For LSI B <50

L-particle = LSIx0.9 mg/dL
M-particle = (LSI B x 11.2)-58 mg/dL
S-particle = (2.1XTC)-0.19xM-particle -10 mg/dL

2. For LSI B >50
L-particle = LSIx0.9 mg/dL

(LSI B x 5.7)+210 mg/dL

M-particle

a.If TC <350

S-particle (2.1xTC)-0.19xM-particle -10 mg/dL |

b.If TC >350

S-particle (1.14xTC)—0f14xM—partic1e mg/dL

where, L-particle chylomicron

M-particle very low density lipoprotein (VLDL)

low density lipoprotein (LDL)

1

S-particle

TC total cholesterol

Nephelometric measurement of plasma fibrinogen

Plasma which was separated from whole blood
anticoagulated with EDTA was analyiéd immediately after
blood collection by diluted with 0.2% MES fz—(N—
morpholino) ethane sulphonic acid)] buffered saline pH 6.3

and the light scattering intensity was read on the Thorp
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micronephelometer (LB). The solution was then heated in a
water Dbath at 56.c for 15 min and was read again after
cooling to room temperature (LT) .

The dilution of plasma used for normal levels. of
fibrinogen (200-400 mg/dL) is preferably about 1/40, 1/20
dilution for lower concentration (<200 mg/dL), and 1/100
dilution for higher concentration (>400 mg/dL) (20) .

Calculation: Fibrinogen (mg/dL) = (LT-LB) xa+bx0.054
a

where, a volume of plasma

b = volume of MES-buffered saline

Determination of serum cholesterol
Serum total cholesterol

Enzymatic-colorimetric method was used to measure
serum total cholesterol by usingr Boehringer Mannheim
Monotest Cholesterol Kit (Cat. No. 236691). The optical
densities of samples and cholesterol standard were
measured against reagent blank with spectrophotometer at
wavelength 500 nm (21). The enzymatic reactions were as

follows:
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cholesterol

cholesterol ester+H O —~——————————— > cholesterol+RCOOH
2 esterase

cholesterol

cholesterol + O = —-———————————-— > 4-cholestenone+H O
2 oxidasee 2 2
2H O +phenol+ 4H O+4- (p-benzogquinone-
2 2 peroxidase 2

4-aminophenazone S — > monoimino) -phenazone

Serum high density lipoprotein-cholesterol (HDL-c)

Chylomicron, VLDL, and LDL weré precipitated by
adding phosphotungstic acid and magnesium chloride to the
sample by the methods of Burstein (22) and Lépes—Virella
(23). HDL was left in the supernatant after centrifuga-
tion and cholesterol content of HDL was determined
enzymatically by the aforesaid method for  total

cholesterol determination.
Determination of serum triglyceride

Enzymatic hydrolysis of triglyceride (TG) Qith
subsequent determination of the 1liberated glycerol by
Boehringer Mannheim Triglycerides GPO-PAP Kit (cat. No.
701912) was used to measure serum triglyceride (24). The .

enzymatic reactions were as follows:
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lipase
triglyceride+3H O  -—————————~ > glycerol+3RCOOH
2

glycerol Kkinase ‘
glycerol+ATP —-————————==——-~-="~ > glycer01—3—phosphate+ADP

glycerol phosphate .
glycerol-3-phosphate —————— > dihydroxy acetone

+0 oxidase phosphate+H O
2 2 2
H O +4-aminophenazone 4- (p-benzoquinone-
2 2 peroxidase monoimino)-phenazone
+4-chlorophenol - —-——————————- > +2H 0 + HC1
2

The optical densities of gsample and glycerol
standard were measured against reagent blank by

spectrophotometer at 500 nn.
Estimation of LDL-c concentration

LDL-c¢ 1levels were calculated from Friedewald's
formula (25):

LDL-c = total cholesterol - HDL-c - TG/5
Analysis of fatty acid pattern
Fatty acids in total serum lipids

Five hundred uml of serum were added to screw-cap
tubes containing 200 ml of ¢-=15 (1 mg/ml of hexane), which
was used as the internal standard. Two ml of methanol-

hexane 4:1 (v/v) was added to the serum samples which were
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then mixed in Vortex vigorously. The amount of 0.2 ml of
acetyl chloride was slowly added to the stirring tube over
a peroid of 1 hin. Tubes were tightly closed with Teflon-
lined caps and subjected to methanolysis at 100.c fér 1
hr. After tubes had been cooled at room temperature, 5 ml
of 6% K CO solution was slowly added to. stop reaction
and neu?ralgze the mixture. The tubes was then shaken
vigorously and centrifuged at 2000 rpm for 5 min, and an

aliquot of the hexane upper phase was injected into

capillary gas liquid chromatograph (GLC) (26).
Fatty acids in total erythrocyte lipids

EDTA blood were'centrifuged at 800 g for 5 min to
remove plasma and buffy coat. Red blood cells were washed
3 times in ice-cold isotonic Nacl solution and centrifuged
at 800 g for 3 min for each washing. Then red blood cells
were suspended in an equal volume of isotonic NaCl
solution.

The amount of 500,ML of the suspension were added
to screw-cap tubes containing 100 mL of c-15 (1 mg/ml of
hexane), which was used as the internal standard. Samples
were transesterified by heafing the tubes under nitrogen
at 90' ¢ for 2.5 hr after adding 2 mL of methanol in 6 N
HC1 (V/v, 5:1) and were mixed vigorously in Vortex.
Lipids were extracted by sﬁaking with 4 mL of hexane with

butylated hydroxytoluene (BHT, 50 mg/L of hexane). and 100
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aL of amyl alcohol followed by centrifugation for 2 min at
2500 g. After evaporation under nitrogen the fatty acids
were methylated by heating with 0.5 mL of'140 g/L boron
trifluoride in methanol for 10 min at 60 c. The fatty
acid methyl esters were extracted into 5 mL ofvhexane with
BHT, Qashed twice in saturated NaCl solution dried with
anhydrous sodium sulphate. After evaporation under
nitrogen, resuspended in 100 mL of hexane and stored in
scaled ampoules at —20.c until analysis was performed by

capillary GLC (27).
Determination of fatty acid pattern by GLC

The fatty acid methyl ester residue was dissolved
with a small amount of hexane and separated by GLC (Model
5890 Hewlett Packard) with a 12 m x 0.2 mm x 0.33 um film
thickness of fused-silica capillary column and a flame
ionization detector. Nitrogen was used as a carrier dgas
at the rate of 39 ml per minute. The column temperature
was programmed from 150.c to 170.c at 2" ¢ per minute, from
170.c to 192 ¢ at 1'¢ per minute, and from-192'c ‘to 200" c
at 10° ¢ per minute with a final hold of 15 minutes. The
detector temperature was 250’0.

The emergent peaks were identified by comparing
their retention time with the standard fatty acid methyl
esters. The relative proportion éf fatty acid was derived

by determining the area under each peak divided by fhe
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total area under peak of all fatty acids appeared in the
chromatogram. The value was expressed as percent of total

fatty acids.
Fecal fat.content

Total fat in feces were analysed by the modified - ’
van de Kamer method (28) Fat absorption was calculated as
follow:

% fat absorption = fat intake-fecal fat x 100
fat intake

Statistical analysis

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

also computed (29,30).



CHAPTER III :

RESULTS

Dietary assessment

Table 6 shows mean (+SEM) daily energy, protein,'
fat, and carbohydrate intakésyas well as the dietary
energy distribution for each week during the study periodl
of 4 wks in each group bf patients. Their fat intakes
were derived from structural animal fat, vegetable fat
derived from soybean oil, and Aminoieban EN derivéd from
rice-bran oil (Table 7). Table 8 and 9 show the individual
fatty acid and cholesterol intake in groups A and B, res-

pectively.
Anthropometric assessment

Table 10 shows body weight and BMI in both groups
of patients during the study. Their TSF, UAC, and UAMC
are shown in Table 11. Table 12 shows percentage of body
fat derived from sum of the 4 " skinfold thicknesses.
Table 13 shows their waist, and hip circumferences "and

,waist/hip circumference ratio.
Hematological and biochemical parameters

Hematological parameters in both groups of

patients are shown in Tables 14-16 whereas biochemical
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Body weight and BMI in patients with liver

Table 10.
cirrhosis
Mean+SEM
Group Wk -~ —————————— e ————
Body weight BMI
_ 2
kg %$std kg/m
60.86+4.37 113.38+7.90 23.58+1.65
61.41+3.98 114.46+7.16 23.82+1.53
61.06+3.97 113.83+7.23 23.68+1.53
b3,c2
60.10+3.80 112.10+7.04 23.32+1.48
b2,c1,dl b2,cl,d2 b2,cl,d2
62.59+3.81 116.66+6.86 24.27+1.46
d3 d3 d3
62.11+3.77 115.82+6.84 24.10+1.45
53.84+3.51 105.66+4.73 22.04+1.08
53.56+3.64 105.26+5.53 21.97+1.27
bl - bl bl
55.08+3.65 108.24+5.57 22.60+1.29
. b2 b2 b2
54.96+3.69 107.95+5.46 22.54+1.26
54.60+3.58 107.34+5.20 22.38+1.17
54.95+3.14 108.05+4.38 22.55+1.02
4 - 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<0.01; p<0.05
dl d2 ,
Significant difference from wk 3: p<0.005; p<0.01

d3
p<0.025
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Table 13.

Waist and hip circumferences,

29

and waist/ hip

circumference ratio in patients with liver cirrhosis

85.26+3.05
85.83+2.93
86.03+2.64
85.36+2.84
b2
87.45+2.85
a2,bl,d2
87.44+2.70
82.18+3.21
84.30+4.12
84.68+4.28
85.76+4.67
84.39+4.37

84.90+4.05

93.00+2.77
93.14+2.85
93.10+2.77
92.83+2.87
al,b2,c,dl
94.40+2.49
az2,d2
94.25+2.45
87.96+2.81
88.20+2.80
88.34+2.62
89.03+3.30
88.43+2.56

a2
89.98+2.67

0.92+0.02
0.92+0.02
0.93+0.02
0.9240.02
0.93+0.01

0.9340.02

0.93+0.02
0.96+0.03
0.96+0.03
0.96+0.03
0.95+0.03

0.94+0.03

Significant difference from

Significant difference from

Significant difference from

Significant difference from

wk 0: p<0.025;
bl b2
wk 1: p<0.025;

c
wk 2: p<0.025

dl d2

wk 3: p<0.025;

p<0.05

p<0.05

p<0.05 .
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Table 14. Hb, Hct, RBC count and hematological indices

in patients with liver cirrhosis

Mean+SEM
Group WK  —=—-——-——-——-————————————————ooooom o e m T
Hb Hct RBC MCV MCH MCHC
A 12
g/dL % 10 /L fL pg g/L
A 0 12.4+0.5 38+1 3.9+0.2 100+3 32+1 325+6

Significant difference from wk O: p<0.025; p<0.05

Significant difference from group A at the corresponding
e : '
types of diets: p<0.05



Table 15.

blood cell,

lymphocyte,

counts in patients with liver cirrhosis

31

" platelet

5.2+0.5
5.5+0.5
6.4+1.0
5.2+0.6

4.8+0.4

1205+36

182+30
166+27

227+47
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. oy s . :
parameters reflecting their liver and renal functions as

well as mineral status are shown in Tables 17-19.

Lipid status

Serum 1lipid llevels, plasma lipoprotein . levels,
EFA and NON-EFA composition of total serum lipid, and EFA
and NON-EFA composition of total'erythrocyte' lipids 1in
both groups of patients are shown in Table 20-25.

Table 26 shows percentage of }dietary fat

absorption in patient N.K.

16729
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Table 18.

Blood glucose,

serum urea nitrogen,

35

creatinine

and uric acid levels in patients with liver cirrhosis

Mean+SEM
Group WK  ——————————m oo e
Glucose SUN Creatinine Uric acid
{-==--— mmol/L —-———~ > {ro=m==—= amol/L ——-—————- >
A 0 5.9+0.4 4.9+0.7 114.9+10.2 397.8+37.0
al _ a5
1 5.4+0.4 6.3+0.8 106.1+8.0 347.2+35.6
ab V ad
2 6.3+0.3 6.3+0.6 107.2+8.6 345.0+32.6
a4 c
3 6.1+0.4 7.0+0.9 116.0+9.8 394.8+44.1
3 ad,d2. .a2,d1
4 6.9+1.2 5.8+0.6 98.4+8.8 322.7+34.7
B 0 5.2+0.4 5.2+1.3 112.2+14.6 414.9+40.0
il 5.0+0.4 6.3+1.8 - 109.9+12.8  435.7+42.0
ab - a4,b2
2 5.3+0.5 7.4+1.5 111.6+10.8 361.3+34.9
a3,b2 ’ " bl
3 5.7+0.6 9.4+2.1 107.8+13.7 372.5+44.4
ab b2
4 5.4+0.5 8.7+2.1 120.5+17.2 375.5+44.6
al a2 a3
Significant difference from wk 0: p<0.001; p<0.005; p<0.01
a4 ab
p<0.025; p<0.05
bl b2 '
Significant difference From wk 1: p<0.001; p<0.005
_ c
Significant difference from wk 2: p<0.05
: dl a2
Significant difference from wk 3: p<0.025; p<0.05
Glucose : mg/dL = mmol/L/0.05551
SUN : mg/dL = mmol/L/0.3570
Creatinine: mg/dL = umol/L/88.40

Uric acid

: mg/dL

umol/L/59.48
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Table 21. Plasma lipoprotein levels in patients

liver cirrhosis

Significant difference
significant difference
Significant difference

Significant difference

with
MeaniSEM'
MFparticle S-particle
mg/dL ——--————-————=——== >
59.6+13.6 323.1+24.6
al
42.8+8.7 287.9+22.2
a2
47.0+10.4 268.8+22.0
51.2+11.5 295.0+22.0
al,b2,c,d
51.2+11.5 252.0+20.0
51.2+7.9 308.1+38.3
45.6+11.4 315.0+55.9
a3’
38.6+9.7 279.8+37.6
38.6+9.5 272.7+38.1
, b2
43.4+49.6 277.6+48.0
al a2 a3
from wk 0: p<0.005; p<0.01;
bl b2
from wk 1: p<0.005; p<0.025
c
from wk 2: p<0.05
d
from wk 3: p<0.01
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p<0.05
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Table 26. Percentage of dietary fat absorption in patient N.K.

Days Fat intake Fecal fat Fat absorption

T T g period —m—=s .
3-5 136.90 8.10 94.08

10-12 133.63 17.26 87.08

17-19 109.33 13.44 87.70




CHAPTER IV

DISCUSSION

Though the degree to which nutritional factors
contribute to the progress of the hepatic lesion is not
clear at present and underStanding‘ of the‘ possible
nutritional implications of liver disease is crucial to
most therapeutic maneuvers undertaken in this conditions.
PCM 1is frequently observed in decompensated cirrhotic
patients (3). O'Keefe et al (31) reported impaired
nutritional status in 66 cirrhotic patients of any cause,
i.e., 14% had weight for height <80% std, 49% had TSF <60%
std, 66% had serum albumin <35 g/L, and 42% had. lymphocyte
count <1000 cells/mm3. The discrepancy between the
kprevalence of PCM based on weight for height and TSF 1in
their patients may be explained by common problem of fluid
retention in cirrhotic patients. These findings indicate -
that the true incidence of PCM may be masked if body
weight alone is.monitored.

In oﬁr study, prptein—calorie status assessed by
anthropometric measurement includes weight for height, BMI
(Table 10) TSF, UAC, UAMC (Table 11), and percent body fat
(Table 12). Besides, we also assessed the regional fat
distribution by waist/hip circumference ratio (Table 13).
Based on the criteria of less than 90% std values (32),

the prevalences of PCM in our 16 cirrhotic patients at wkO
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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 indicate that weight for height 1is an
unreliable parameter to assess protein—calorig status in
our cirrhotic patients because of their fluid retention.
Edema was detected clinically in 8 out of our 16 cirrhotic
patients. The results agree with the study of O'Keefe et
al (31). our study also shows that the energy gstatus
assessed by TSF in cirrhotié.patients was more affected
than somatic protein status assessed by UAMC. It should
also be noted that 6 out of 16 patients had the sum of the
4 skinfolds less than 40 mm. This value is considered to
be the upper normal limit in both men and women and
equivalent to weight fbr height valueé shown 1in Fogarty
table for men and women within the acceptable ranges (33).

Serum proteins provide.a more sensitive index of
protein status than anthropometric parameters. Virtually
all serum proteins decrease as a consequence of PCM. The
extent to which different serum proteins deérease 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 vaiue to
be usefully employed. Besides, serum protein levels may
be influenced by factorsvother than protein intake. In
general, the rate of total body protein synthesis,

breakdown, and turnover decreases in patients with PCM and
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returns to normal in parallel with nuritional récovery.
Visceral protein-analysis includes measurement of serum
albumin, transferrin, retinol-binding protein;' and
thyroxine-binding prealbumin (34). In our 16 cirrhotic
patients at wk 0, 87.5% had serum albumin <35.g/L. The
result indicates their inadequate visceral pfotein status.
Besides, impaired cell-mediated immune reSponse assessed
by lymphocyte countv<1500 cells/mm3 (35) was also present
in 50% of our patients at wk 0. (Table 15).

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 1is how
much protein should be given. The dietary goal is to avoid
overloading the liver which may lead to hepatic . encepha-
lopathy, and at the same time to give sufficient protein
and energy intake to maintain adequéte protein-calorie
status and to allow tissue repair (35). Besides, optimal
amount of fat intake and appropriate types of fatty acid
intake are necessary in maintaining energy and EFA status
in cirrhotic patients. |

The precursor unsaturated fatty acids, dietapy
linoleic (18:2.n—6) and alpha-linolenic (18:3 n-3) acids
as well as‘exogenous and endogenous oleic (18:1 n-9) and
palmitoleic (16:1 n-7) acids can be transformed by a

series of desaturation and elongation reactions, giving
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rise to 4 families of polyunsaturated fatty acids (PUEA)
that are not ihtefconvertible. The important metabolic
derivatives of 18:2 n-6 are dihomo-gammalinolenic (20:3 n-
6) and arachidonic (20:4 n-6) acids, whereas those of 18:3
n-3 are eicosapentaenoic (20:5.n—3) and docosahexaenoic
(22:6 n-3) acids. Linoleic acid is the principal PUFA in
vegetable seed oils and more prevalent in the diet thén
18:3 n-3. However, foods of marine origin are rich
sources of 20:5 n-3 and 22:6 n-3, whereas meat, liver, and
brain provide 20:4 n-6. Only the n-6 and n-3 PUFA are EFA
for man. They serve as the structural component of
biological membranes, precursors of the eicosanoids which
include proStaglandins, prostacyclins, thromboxanes, and
leukotrienes, and regulators of 1lipoprotein metabolism
(36-38).

The determination of fatty acid compoéition of the
appropriate tissues provides information on the adequacy
of EFA sfatus. Human specimens used for this purpose
include serum, erythrocyte and adipose tissue. Four major
steps, 1i.e. extraction of tbtal lipids, saponification,
methylation of fatty acids, and determination of fatty:
acid pattern by gas-liquid chromatography, are required
for fatty acid analysig. Besides total l1lipids, fatty acid
pattern can also be determined in phospholipids,
triglycerides, cholesteryl esters, and free fatty acids by

separating the total lipids into these lipid classes using
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thin layer chromatography. The levels of individual fatty
acid - are expressed as reldtive composition or absolute
amount of total fatty acids in total 1lipids or 1lipid
classes (39-41). 1In ouf study, EFA status in cirrhotic
patients was assessed biochemically‘by fhe determination
of  EFA composition of total serum and total erythrocyte
lipids. Besides, the distinction between linoleate and
alpha-linolenate status was considered in our study.

The concept of EFA was established in 1929 by Burr
and Burr (42), who showed that 18:2 n-6 was required for
the growth of rat. It took several years before Hansen et
al. (43) identified the linoleate requirement of infants.
However, not much attention was paid to the role of 18:2
n-6 in human nutrition until the introduction of fat-free
total parenteral nutrition (TPN) in 1968. Subsequently,
reports of linoleate deficiency in pediatric and adult
patients receiving such fegimens appeared in the litera-
ture (41,44,45). Deleterious effects of human linoleate
deficiency include scaly dermatitis, impaired growth,"
fatty liver, thrombocytopenia, delayed wound healing, and
impaired resistance to infection. Among these findings,
scaly dermatitis, consisting of flaky and circular
patterns, 1is the most common'clinicel sign. Linoleate-
deficient patients always demonstrate biochemical evidence
of inadequate 1linoleate status 1long before developing

scaly dermatitis. Biochemical assessment in such patients
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re?eals a decrease in serum 18:2 n-6 and 20:4 n—é levels,
an increase in serum 16:1 n-7 and 18:1 n-9 1e§els, and a
rise in serum 5,8,11-20:3 n—§/20:4 n-6 ratio (41,44,45),
which is a very useful index of linoleate status for most
species and tissues studied (46). Thelincrease in the
concentration of 20:3 n-9 in serum and cell membrane
lipids is caused by increased desaturation and elongation-
of 18:1 n-9 in the presence of inadequate linoleate
intake. -

In a recent study, 20:3 n-9/20:4 n-6 ratio was
measured 1in 236 Americansbhospitalized for non-metabolic
causes and the ratio was found to be 0.1+0.08 (mean+SD) ;
none had a ratio as high as 0.4 which was the 1limit of
normality set in 1964 with a less hrecise method (47).
However, several studiesrstill use the ratio of 0.4 as the
criterion for the diagnosis of linoleate aeficiency
(48,49). Tanhpaichitr (45) have shown that mean (+SD)
20:3 n-9/20:4 n-6 ratio measured in 83 normal Thai adults
is 0.02+0.18. Thus, the value of 0.2 (mean+1SD) should
be used as the upper limit of normality for this ratio
(41,45). Besides, patients on fat-free TPN have
significantly decreased serum 18:2 n-6 and 20:4 n-6 levels
prior to the increased 20:3 n-9/20:4 n-6 ratio (41).
Thus, the biochemical diagnosis of 1linoleate deficiency
based on serum‘20:3 n-9/20:4 n-6 rétio alone may not be

appropriate if the subject\is in a state of depletion but



50

not deficiency. Based on studies of Tanphaichitr e; at
(41,45;50,51), inadequate linoleate status can Dbe
sequentially categorized into 3 stages. Biochemical
linoleate depletion is diagnosed by the decrease in serum
18:2 n-6 level with concomitant increase in serum 18:1 n-9
level whereas serum 20:4 n-6 level may be normal or
decreased. Biochemical linoleate deficiency - is
characterized by serum 20:3 n-9/20:4 n-6 rgtio of greater
than 0.2 in addition to the decrease in serum 18:2 n-6 and
20:4 n-6 levels. Clinical linoleate deficiency consists
of clinical manifestations including scaly dermatitis and
biochemical findings of linoleate deficiency.

Free-living populations with fat .intake of 1less
than 15% of their fotal energy intake who do not consume
vegetable seed oils (51,52), and patients with PCM
(41,50), are prone to develop biochemical iinoleate
depletion. Subjects on fat-free TPN (39,41,44,45,48,49,
53) or fat-free enteral nutrition (53) are suscéptible to
manifest clinical linoleate deficiency. Since children on
baby food which provides 18:2 n-6 corresponding to 0.4-0.6
% of total energy do not have linoleate deficiency, a
linoleate intake of 0.5-0.6% of calories would' be
sufficient to avéid deficiency (54). However, it has been
recommended that the ﬁinimal daily requirement of 18:2 n-6
in infants and children is 1% of calories (39,47). For

the general population, 3% of total energy as 18:2 n-6
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should be a satisfactory minimum recommended intake for
groups with relatively low fat intakes (less than 25% of
calories) (55.) For lowering serum cholesterol level,
linoleate intake of 10% of calories is recommended
(55,56) .

Linoleate status in cirrhotic patients has been
reported by several invés;igators. In 1977, Gunnlaugsson
and Berkowitz (57) reported that the mean serum 18:2 n-6
and 20:4 n-6 composition of free fatty acids in 12
cirrhotic patients were lower than.those in 8 normal
subjects whereas opposite results were observed for serum
18:1 n-9, 16:1 n-7, 16:0, and 18:0. No significant .
changes were noted in the percent composition of
individual free fatty acids followihg ingestion of amino
acids and dextrose.

In 1978, Wilcox et al (58) reported linoleate
status in 52 cirrhotic batients compared with 8 healthy
men. Fatty acid composition of the subjects were
determined in plasma FFA, triglyceride, phospholipid, and
cholesteryl ester. The distribution pattern of fatty
acids in most plasma lipids in cirrhosis varied
significantly from normal in that the percentages of 18:2
n-6 and 20:4 n-6 were decreased and those of 16:1 n-7,
18:1 n-9 and 16:0 increased.

In 1984 Riggio et al (59) found that serum 16:0

and 18:0 composition of FFA in 21 cirrhotic patients were
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significantly lower than 9 healthy volunteers whereas
oppooite results were observed in serum 16:1 n-7 and 18:1
n-9. There were no significant differences in serum 18:2
n-6 and 18:3 n-3 composition of FFA between cirrhotic
patients and nofmal subjects, as well as no significant
differences 1in fatty acid composition between well-
nourished and malnourished patients. Serum 20:4 n-6 level
was not reported in their study.

In 1985, Johnson et al (60) assessed EFA status in
16 cirrhotic patients without alcoholism, 9 alcoholics
with cirrhosis and 29 controls in Montreal Dby the
determination of fatty acid composition of serum
phospholipid. Cirrhotics without alcoholism exhibited
normal leveis of 18:2 n-6 and of its product 18:3 n-6.
The 20:2 n-6 was significanoly increased (P<0.05) but 20:4
n-6 was significantly deficient (77%, P<0.05). The total
n-6 acids were significantly below control 1levels (89%,
P<0.05). Alpha-linolenic acid was not significantly
affected. The 1level of 20:3 n-9 was increased (227%,
P<0.01), indicating that A5 deésaturation was not impaired.
When alcoholic cirrhotics were compared to controls,
impairment in the metabolism of both 18:2 n-6 and 18:3 n-3
was observed, which was not seen in the comparison of
alcoholics vs controls. The levels of these dietary PUFA
precursors were norma} (98% and 147%, respectively),

whereas 1levels of most products were below normal; only
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20:4 n-6 was depréssed significantly (65%; P<0.01). ‘The
20:3 n-9 was increased (P<0.01), indicating no‘ inhibition
of A 5 desaturation by which 20:4 n-6, 20:5 n-3, and 20:3
n-9 are produced, and suggesting that the defect in n-6
and n-3 metabolism could be étructure specific, probably
at the elongation step from C18 to C20. To confirm and
extend the aforesaid findings they had carried out the
study 20 American male patients with alcoholic cirrhosis
and 33 healthy males. Dietary EFA was adequate because
the 1levels of 18:2 n-6 and 18:3 n-3 were within control
range. The A 6 desaturation of 18:2 n-6 was functional
because 18:3 n-6 was at control level. Metabolic products-
beyond this step were deficient, notably 20:3 n-6 (84%;
P<0.05) and 20:4 n-6 (74%; P<0.001), which are the
products of greatest relative abundance and best Kknown
function. The products of 18:3 n-3 (20:5 n-3, 53%,
P<0.01; 22:5 n-3, b55%, P<0.001; and 22:6 nf3, 60%,
P<0.001) were significantly below normal, indicéting a
parallel blockage in this pathway. Oleic acid was
elevated (154%, P<0.001) as was its product 20:3 n-9
(180%, P<0.01), indicating that A 5 desaturation was . not
impaired. Impairement of metabolism may occur at
elongation from C18 to C20. Profiles for serum PL_of
alcoholic cirrhotics vs controls for both studies indicate
significant relative deficiencies of arachidonate; and in

the 1larger more discriminating in 20 male patients with
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alcoholic cirrhosis, 20:3 n-6, 20:5 n-3, 22:5 n-3,and 22:6
n-3 were also significantly deficient in the serum PL.

In 1988, Cabre' et al (61) reported PUFA
deficiency 1in liver cirrhosis. ?1asma fatty acidS'}from
C14:0 to C22:6 n-3 were measured in five healthy subjects
and in 27 patients with liver cirrhosis. According to the
assessment of TSF, UAMC, and serum albumin concentration,
patients were prospectively included in 3 groups: group A
(n=7) with acceptable nutritional status (including ggod
nutrition and mild malnutrition), group B (n=10) with
moderate malnutrition, and group C (n=10) with. severe
malnutrition. Plasma levels of total fatty acids,
saturated fatty acid linoleic acid, and n-6 > 18C and n-3
518 PUFAs were lower in cirrhotics than in controls.
Linoleic : arachidonic ratio was 1increased and - 5
desaturation precursors: products ratio did not change,
suggesting a feduction inA 6 des'aturatse and/or  C18-C20
elongase activities. 1In addition, a stepwise fall in
plasma levels of all but saturated FA was found as the
nutritional status worsened, suggesting that, in
cirrhosis, impairment in PUFA biosynthesis is related to
the severity of associated malnutrition.

In 1989, Okita et al (62) reported EFA status in
23 cirrhotic patients and 47 healthy controls.
significantly lower 18:3 n-6, 20:4 n-6, 20:5 n-3, and 22:6

n-3 in plasma total lipids in cirrhotic patients than



55

healthy controls were observed.

In our study, both groups of patients at wk 0 had
significantly lower 20:3 n-6, 20:4 n-6, and 20:0 of total
serum lipids than healthy men whereas opposite results
were observed for serum 14:0, 16:1 n-7, and 18:1 n-9
(Tables 22-23). Our patients also had significantly lower
20:4 n-6 and 20:0 but significant higher 18:1 n-9, 16:1 n-
7, 14:0, and 16:0 in total erythrocyte lipids (Tables 24-
25). Thus the data indicate that our cirrhotic vpatieﬁts
at wk 0 had adequate linoleate status but inadequate
. arachidonate status. Our results agree with the étudiés
of Johnson et al (60) and Okita et al (62). These authors
concluded that arachidonate deficiehcy in their cirrhotic
patients was due to impaired liver function in
synthesizing 20:4 h—6 from 18:2 n-6.

The éerum 18:2 n-6 and 18:3 n-3. levels in man
depend on the amount of dietary intake and release from
their storage site, i.e., adipose tissue. However, serum
20:4 n-6, 20:5 n-3, and 22:6 n-3 levels depend not only on
the aforesaid exogenous and endogenous sources but also on
the biosynthetic activity from their precursors, i.e.,
18:2 n-6 and 18:3 n-3. In our study, we had examined the
influence of various fatty acid intakes in cirrhotic.
patients during wks 1-4 on fatty composition of their
serum and erythrocyte total lipids.

The normal 18:2 n-6 levels in serum and
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erythrocyte total lipids at wk 0 in our cirrhotic patients
reflect linoleate bioavailability from dietary sourcés and
adipose tissue. Pakpeankitvatana and Tanphaichitr (63)
have shown that the mean (+SEM) percentage of dietary fat
absorption in 8 healthy men on the daily fat intake of
101.2+6.0 g was 96.5+0.5. The total fat intakes in both
groups of our patients were 18.2-20.4% of dietary fat
energy (Table 6). The percentages of fat absorption
determined in patient N.K. on the daily fat intakes of
36.4-45.6 g were 87.1-94.1 (Table 26). Thus the data
suggested resonable fat absorption in our cirrhotic
patients. ’

It should be noted that linoleate intakes in group
A at wks 1-4 (Table 8) contributed 7.0, 7.1, 6.4, and 7.0%
of their total energy intakes, respectively,. whereas the
corresponding figures in group B were 8.3, 6.8, 6.5, and
7.6 % (Table 9). Thus linoleate intakes in both groups
during the study were adequate (55). This.is supported by
the findings that the amount of their 1linoleate intakés
influenced not only 18:2 n-6 levels in serum but also in
erythrocyte total lipids, evidenced by the significant
positive correlations between their linoleate intakes and
serum linoleate 1levels (y=16.96+0.37x, r=0.2810, df=61,
P<0.05) as well as between their 1linoleate intakes and
erythrocyte linoleate levels (y=6.60+0.24x, r=0.4036,

df=45, P<0.005). The importance of adipose tissue as
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linoleate source is recognized by the fact that 11.1% of
total fatty acids in adipose tissue is 18:2 n-6 and " there
is a significant positive correlation of 18:2 n-6 in serum
and adipose tissue (45). Besides, high plasma FFA 1levels
due to 1lipolysis in cirrhotic patients have been
reported (57—59,54). The changes in seruﬁ linoleate levels
also determined the linoleate content in erythrocyte total
lipids evidenced by the significant positive correlation
between this EFA levels in serum and erythrocyte total
lipids (y=4.44+0.25x, r=0.5902, df=61, P<0.0001).
Biochemical arachidonate depletion was identified:
in both groups of patients evidenced by their
significantly lower 20:4 n-6 1in total serum and.
erythrocyfe lipids at wkO than healthy subjects (Tables 22
and 24). Our results are consistant with the reports of
Johnson et al (60) and Okita et al (62) who also found
biéchemical arachidonate depletion despite of adequate
linoleate status. The arachidonate intakes in groups A at
wks 1-4 (Table 8). contributed 0.04, 0.03, 0.08, and 0.03%
of their total energy intakes, respectively, whereas the
correspoﬁding figures in groups B were 0.04, 0.03, 0.03,
and 0.04 % (Table 9). The influence of arachidonate
intakes on serum arachidonate levels 1in our cirrhotic
patients is evident by the significant positive
correlation between the arachidonate intakes and its.

levels in total serum lipids (y=4.43+9.93x, r=0.3413, df
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61, P(0.0l) and significantly higher serum arachidonate
level at in group A at wk 3 than wks 1, 2, and 4 as well
as significanfly ﬁigher serum afachidonate level in group
B at wk 1 than wks 2-4 (Table 22). The changes in serum
arachidonate level also determined the arachidonate
content in erythrocyte total lipids evidenced by the
significant positive correiation between arachidonate in
serum and erythrocyte total 1lipids (y=8.30+0.43x, r=.
0.2933, daf 61, P<0.025). However, arachidonate
bioavailability from adipose tissue is less imﬁortant than
linoleic acid because only 0.3 % of total fatty acids in
adipose tissue is 20:4 n-6 and there is no correlation
between serum arachidonate levels and arachidonate content
in adipose tissue (45).

Though our study shows the influence of
arachidonate intake on arachidonate status in our
cirrhotic patients the limitation in the biosynthesis from
linoleic acid should also be considered. This is
suppofted by the significantly lower serum 20:3 n-6 in
cirrhotic patients than healthy subjects (Table 22).

Though Burr and' Burr (42) in 1929 had revealed
that both 18:2 n-6 and 18:3 n-3 could meet the EFA
requirement for growth in the rat, it was not recognized
until recently that 18:3 n-3 is essential for humans. In
1982, Holman et al (65) reported the first case of alpha

linolenate deficiency in a 6-year-old girl who lost 300 cm
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of intestine and was maintained by TPN. After 5 months on
a fat emulsion rich in 18:2 ﬁ—6 but lowrin 18:3 n-3 she
developed peripheral neuropathy and blurred vision which
disappeared upon changing to a fat emulsion containing
18:3 n-3. The fatty acid composition of her plasma
phospholipids when she was receiving the alpha-linolenate
deficient formula showed some depression in 18:2 n-6,
absent 18:3 n-3, markedly reduced 20:5 n-3, but only
slightly reduced 22:6 n-3. The n-3 fatty acid levels
increased after receiving the alpha—linolenate rich
formula. The visual disturbance in this girl was
consistent with the animal studies relating alpha-
linolenate deficiency to a depletion of 22:6 n-3 in retina
and brian (38). The alpha-linolenate requirement in this
girl was estimated to be 0.54 % of Acalories or 44
mg/kg/day.

in adults, 5 women were diagnosed to be alpha-
linolenate defigient by Bjerve et al in 1987 (66,67).
Three patients had cerebrovascular stroke, one had
myasthenia gravis, and the other was in coma after an
epidural anaesthesia. They were tube-fed with low fat and
alpha-linolenate deficient enteral formulas and presented
with skin atrophy and/or scaly dermatitis. It was not
possible to evaluate neurological manifestations in these
patients. Their plasma and érythrocyte lipids were

characterized by a reduced concentration of all n-3 fatty
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acids, normal to high amounts of 20:3 n-6, 20:4 n-6 and
22:4 n-6, and only slight increase inh 20:3 n-9. Supple-
menting with soya and cod 1liver oils in two cases,
changing to other formulas containing 18:3 n-3 1in two
cases, and treating with ethyl linolenate in one case gavé
a rapid normalization of skin <changes and of the
concentration of n-3 fatty acids. The estimated minimal
daily requirement of 18:3 n-3 and other n-3 PUFA is 0.2-
0.3 % and 0.1-0.2 %, respectively, of total energy intake.

The status of n-3 fatty acids in our cirrhotic
patients was also assessed. Their alpha-linolenate status
was adequate before and during the study evidenced by"
their significantly higher 18:3 n-3glevels in serum and
erythrocyte total lipids than healthly subjects (Tables 22
and 24). The alpha-linolenate intakes in group A at wks
1-4 were 0.80, 0.84, 0.83, and 0.83 % of their potal
energy intakes whereas the corresponding figureé in group
B were 1.10, 0.79, 0.74, and 0;82 % (Table 9). Thus their
alpha-linolenate 1intake were adequate. However, there
were no positive correlations between alpha-linolenate
intake and 18:3 n-3 levels in serum and erythrocyte btotal
lipids. However, there was positive correlation between
18:3 n-3 in serum and erythrocyte total 1ipids
(y=1.22+0.73x, r=0.5391, df=61, P<0.0001). Tanphaichitr
(45) has shown that the mean alpha-linolenate content _in

adipose tissue is 0.5 % of total fatty acids and there 1is
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a negative correlation 18:3 n-3 levels in serum and
adipose tissue total lipids.

Despite of adequate alpha—linolenate status, our
cirrhotic patients exhibited biochemical depletion of 20:5
n-3, 22:5 n-3 and 22:6 n-3 evidenced by their lower
these n-3 fatty acid levels in serum and érythrocyte total
lipids than healthy subjects (Tables 22 and 24). Our
results are consistent with the studies of Johnson et al
(60), Cabre' et al (61) and Okita et al (62) and indicate
a blockage of metabolic pathway of alpha-linolenic acid.

It can be concluded from our study that despite of
adequate linoleate and alpha-linolenate statﬁs, cirrhotic
patients have impaired 20:3 n;6, 20:4 n-6, 20:5 n-3, 22:5
n-3 and 22:6 n-3 status (Tables 22 and 24). The decrease
in these PUFA derivatives may bé due to both deficient 6-
desafurase and C18-C20 elongase activities. The
deficient in C18-C20 elongase activity is supported by the
singificantly 1lower 20:0 in serum and erythrocyte total
lipids in cirrhotic patients than healthy subjects (Tables
23 and 25).

The mean 12:0, 14:0, 16:0, 16:1 n-7, 18:0, 20:0,
18:1 n-9, and 20:3 n-9 in human adipose tissue £ota1
lipids are 1.9, 4.3, 25.0, 6.0, 3.9, 0.3, 46.0, and 0.2 %
total fatty acids and there are‘positive correlations of
the following non- EFAs in serum and adipose tissue total

lipids: 12:0 (y=2.52-0.73x, r=0.33, df 41, P<0.025), 16:1
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n-7 (y=2.63+0.74x, r=0.47, 4f 41, P<0.0025), and 18:1 n-9
(y=37.8+0.27x, r=0.28, df 41, P<0.05) (45). Our study
also showed the influence of the following nonQEFA intakes
on their levels in serum and/or erythrocyte total. lipids:
18:1 n-9 (serum: y=23.93-0.63x, r=0.3632, df 61, P<0.005),
14:0 (serum: y=1.65-3.74x, r=0.3526, df 61, P<0.005;
erythrocyte: y=1.07-3.13x, r=0.4702, daf 45, P<0.001), 18:0
(serum: y=6.97+2.24x,‘r=3858, df 61, P<0.005; erythrocyte:
y=12.66+1.87x, r=0.3478, df 45, P<0.025), and 16:i n-7
(serum:y=4.31-4.50x, r=0.3631, 4df 61, P<6.005; erythro-
cyte: y=1.17-1.13x, r=0.3207, 4f 45, P<0.05). Besides,
positive correlations of the following non-EFAs were
observed in serum and erythrocyté total iipids: 14:0
(y=0.18+0.38x, 1r=0.6192, df 61, P<0.0001), 16:1 (y=0.33+
0.17x, r=0.6887, 4f 61, P<0.001), 16:0 (y=18.67+0.35x,
r=0.3730, df 61 P<0.005), and 18:0 (y=10.05+Q.54x,
r=0.5959, df 61, P<0.0001). | |

The significantly higher 16:1.n-7 and 18:1 n-9
compositi&n in serum and erythrocyte total'lipids in our
cirrhotic patients than healthy . subjects with 20:3
n-9/20:4 n-6 ratio of less than 0:2 reflects that they
were 1in the state of biochemical arachidonate depletion
(Tables 22-25) (45,68). |

The n-6 and n-3 PUFA are EFA for mén. They serve
as the ‘structural component of biological membranes’,

eicosanoid precursors including prostaglandins,
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prostacyclins, thromboxanes, and leukotrienes, énd
regulators of lipoprotein metabolism (68). Thus further
studies are necessary to establish the health consequences
of these PUFA deficiency in cirrhotic patients and the’
beneficial effects of the éupplementation with these PUFA.

The following cut-off points are employed for
diagnosing dyslipidemic serum total cholesterol of 5.2
mmol/L and above, LDL-c of 3.4 mmol/L and above, HDL-¢ of
less than 0.9 mmol/L, and triglyceride of 1.8 mmol/L
are considered to Dbe hypercholesterolemia, hyperLDL-
cholesterolemia, hypoHDL—cholesterolemia and hypertrigly-
ceridemia, resﬁectively (56) . The 1low serum total
cholesterol and triglyceride levels in both groups of our
cirrhotic patients at wkO are consistent with the previous
reports (62,69 ). It should be noted that in group A
at wk 0, 1 patient was hypercholesterolemia, 2 patients
were hyperLDL—cholesterolemia, 2 patients were hypoHDL-
cholesterolemia and none was hypertriglyceridemié whereas
the corresponding figures in group B were 2, 3, 4, and o
patients. Further decreases in their serum total
cholesterol and LDL-c levels during receiving nutritional
management (Table 20) are related to low cho%esterol
intake with appropriate intake of dietary fatty acid
composition (Table 8) (70). The saturated fatty acid
intakes in group A at wks 1-4 were 3.0, 3.0, 3.2, and 3.0

% of their total energy intakes whereas the corresponding
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figures 1in group B were 2.9, 3.0, 2.9, and 3.1 %. The
total monounsaturated fatty acid intakes in group A at wks
1-4 were 5.5, 5.5, 5.2, and 5.4 % of their total energy
intake whereas the corresponding figures in group B were
5.2, 5.4, 5.2, and 5.6 %. Their PUFA intakes were 7.9,
8.0, 7.4, and 8.0 % for group A and 9.4, 7.6, 7.3, and

7.9 % for group B.

Our clinical observation revealed that the
patients could tolerate the diets prescribed evidenced by
their dietary intakes during the study were closed to the
assigned 1levels (Table 6). Besides, hematological and
biochemical assessment did not find any deterioration of
their hematological (Tables 14 and 15), hepatic (Tableé 16

and 17) and renal functioné (Tables 18-19).



CHAPTER V

SUMMARY

This study was carried out to inVestigate4 the
essential fatty acid status in 16 patients with 1liver
cirrhosis. They were randomly divided into 2 groups:
group A and B. Group A consisted 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 Research Ward,
Ramathibodi Hospital and wk 4 at home. All of them
received .150 g of Aminoleban EN (a soft powdér nutrient-
mixture containing high content of BCAA) providing 40 g
protein, 10.5 g fat 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 grouva, during wk 3 they
received the conventional liver diet providing 80 g pro-
tein and 2130 kcal. for group B, during wk 1 they received
the conventional 1liver diet providing 40 g protein and
2130 kcal. Only soybean o0il was used for cooking in the
aforesaid‘conVentional liver diets and contributed 20 % of
dietary energy. |

in our study, protein—calorie status assessed by
anthropometric measurement includes weight for height,

BMI, TSF, UAC, UAMC, and percent body fat. Based on the
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criteria of less than 90 % std valﬁes, the prevalences of
PCM in our 16 cirrhotic patients at wk 0 were as follows:
12.5 % based on weight for height, 56.2 % based 6n 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 patiéhts
because of fluid retention. Edema was detecged élinically
in 8 out of our 16 cirrhotic patients. Our study also
shows that the energy -status assessed by TSF in cirrhotic
patients was more affected than somatic protein status
assessed by UAMC.

In our 16 cirrhotic patients at wk 0,87.5 % had
serum albumin <35 g/L. The result indicates their
inadequate visceral protein status. Besides, impaired
cell-mediated immune responée assessed by lymphocyte couﬁt
<1500 cells/mm3 was also present in 50 % of our patients
at wk 0. »

The nutritioﬁal assesgssment 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. However, optimal amount of
fat intake and appropriate types of fatty acid intake are.
necessary 1in maintain energy and EFA status in cirrhotic
patients.

During wks 1-4, we had examined the influence of
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various fatty acid'intakes in cirrhotic patients on fatty
composition of their serum and érythrocyte total 1lipids.
The total fat intakes in both groups of our patienfs were
18.2-20.4 % of their energy intakes. The 1linoleate
intakes in group A at wks 1-4 contributed 7.0, 7.1,
6.4, and 7.0 % of their  total energy intakes,
respectively, whereas the corresponding figures in éroup B
were 8.3, 6.8, 6.5, and 7.6 %. Thus linoleate intakes 1in
both groups during the study were adeqﬁate. This is
supported by the: fihdings that the amount of their
linoleate intakes influenced not only 18:2 n-6 levels in
serum but also in erythrocyte total lipids, evidénced by
the significant positive correlations between their
linoleate intakes and serum linoleate levels as well as
between their linoleate intakes and erythrocyte linoleate
levels.

Biochemical arachidonate depletion was identified
in both groups of patients evidenced by their significant-
1y lower 20:4 n-6 in total serum and erythrocyte lipids at
wk O than healéhy subjects. The arachidonate intakes in
group A at wks 1-4 contributed 0.04, 0.03, 0.08, and 0.03
% of their total energy intakes, respectively, where as
the corresponding figures in group B were 0.04, 0.03,
0.03, and 0.04 %. The influencé of arachidonate irtakes
on serum arachidonate levels in our cirrhotic patients is

supported by the significant positive. correlation between
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the /arachidonate intakes -and its levels in total serum
1ipids‘ and significantly higher serum arachidohaté level
in group A at wk 3 than wks 1, 2, and 4 as well as
significantly higher serum arachidonate level in group B
at wk 1 than wks 2-4. The changes in serum araéhidonate
level also determined the arachidonate content in
erythrocyte total 1lipids evidenced by the significanf
positive ~correlation between arachidonate in sérum and
erythrocyte total lipids. |

Besides the influence of arachidonate intake on
arachidonate status 1in our cirrhotic patients, the
limitation in the biosynthesis from 1linoleic acid is
supported by the significantly lower serum 20:3 n-6 levels
in cirrhotic patients than healthy‘subjects.

The n-3 fétty acid status was also assessed in our
cirrhotic patients. Their alpha-linolenate status was
adequate before and during the study evidenced by their
significéntly higher 18:3 n-3 levels in serum and -
erythrocyte total 1lipids than healthy subjects. = The ,
alpha-linolenate intakes'in group A at wks 1-4 were 0.80,
0.84, 0.83, and 0.83 % of their total energy intakes
whereas the corresponding figures in group B were 1.10,
0.79, 0.74, and 0.82 %. Thus their alpha-linolenate
intake .were adequate. However, there weré no positive
correlations between alpha—linolenate intake and 18:3 n-3

levels in serﬁm and erythrocyte total 1lipids. there was
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positive correlation between 18:3 n-3 in serum and
erythrocyte total lipids. Despite of adequate alpha-
linoleate status, our cirrhotic patients exihibited
biochemical depletion of 20:5 n-3, 22:5 n-3, and 22:6 n-3
evidenced by their lower composition of these n-3 fatty
acids 1in serum and ervthrocyte total 1lipids than healthy
subjects!

It can be concluded from our study that despite
of adequate 1linoleate and alpha-linolenate sfatus,
cirrhotic patients have impaired 20;3‘n—6, 20:4 n-6 20:5
n-3, 22:5 n-3 and 22:é'n—3 status. The decrease in these
PUFA derivatives may be due to ‘both deficient 6
desaturase and C18-C20 elongase activities. The deficient
in c18-C20 elongase activity ié supported by the
significantly lower 20:0 in serum and erythrocyte total
lipids in cirrhotiq patients than healthy subjects.

our study also showed the influence of the
following non-EFA intakes on'their levels in serum and/&r
erythrocyte total 1lipids: 18:1 n-9, 14:0, 18:0, and 16:1
n-7. Besides, positive correlations of the following non-
FFAs were observed in serum and erythrocyte total 1lipids:
14:0, 16:1, 16:0, and 18:0.

The significantly higher 16:1 n-7, and 18:1 n-9
composition in serum and erythrocyte total lipids in our
cirrhotic patients than healthy subjects with 20:3 n-9/

20:4 n-6 ratio of less than 0.2 vyreflects that they
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were in the state of biochemical arachidonate depletion.
The n-6 and n-3 PUFA are EFA for man. They serve

as the structural component of biological membranes,

eicosanoid precursors including prostaglandins,
prostacyclins, thromboxanes, and leukotrienes, and
regulators of 1lipoprotein metabolism. Thus further

studies are necessary to establish the health.consequences
of these PUFA deficiency in cirrhotics patients and the
beneficial effects of the supplementation with these PUFA."-

The 1low serum total cholestefol and triglyceride
levels 1in both groups of our cirrhotic patients at wk 0
are consistent with the previous feports. Further decrease
in their serum total cholesterol and LDL-c levels during
receiving nutritional management are related 'to low
cholesterol intake with appropriate intake of dietary
fatty acid composition.

Our clinical obser&ation revealed that the
patients couid tolerate the diets prescribed evidenced by
their dietary intakes during the study were closed to the
assigned levels. Besides, hematological and biochemical
assessment did not show any deterioration of their

hematological, hepatic and renal functions.
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