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Purpose: Bilirubin is a biomarker for the diagnosis of liver diseases or bile duct dysfunction. This study assessed the
physiological changes in the blood bilirubin level infusing ω-3 enriched parenteral nutrition (PN) and ω-3 free PN in
healthy male subjects.
Materials and Methods: This study was a randomized, open-label, two-treatment, two-way crossover trial. Sixteen
subjects were assigned randomly to one of two sequences of the two treatments: ω-3 enriched PN or ω-3 free PN
was infused via aperipheral venous catheter for six hours at 3 mL/kg/h. Blood samples were collected every one hour
from 0 to 12 hours after starting an intravenous infusion for bilirubin concentrations. The total bilirubin and direct bilirubin
concentrations in the blood were analyzed using an enzymatic method.
Results: The bilirubin concentration in the blood was reduced while infusing the ω-3 enriched PN and ω-3 free PN.
When it stopped infusing, the bilirubin concentration was recovered. A similar pattern was observed, but there was a
further decline and recovery in ω-3 free PN.
Conclusion: When ω-3 enriched PN and ω-3 free PN are infused in healthy male subjects, the blood bilirubin level
decreasedand there is no difference between the two groups. (Surg Metab Nutr 2019;10:20-26)
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INTRODUCTION

caused concern because of the potential adverse effects
involving oxidative stress, inflammation, and immune re-

Intravenous lipid emulsion (ILEs) are administered

sponse probably caused by undesirable fatty acid compo-

through parenteral nutrition (PN), providing an abundant

sition and enhanced bile acid excretion. Thus, the emer-

source of non-protein calories, and being indispensable

gence of different types of ILEs has been postulated for

for supplying the requirements of essential fatty acids.[1]

different clinical situations. New ILEs include other oils

Traditionally, the soybean oil – based ILEs have been the

such as medium chain triglycerides (MCT) or olive oil

standard formula. The soy bean - based emulsions, have

which is contained lower polyunsaturated fatty acid
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(PUFA), so called ω-6. Finally, the third generation ILEs,

study was provided, and written informed consent was

fish oil is mainly composed of ω-3 PUAFs, especially ei-

obtained from all participants prior to screening.

cosapentaenoic acid and docosahexaenoic acid providing
anti-inflammatory and immunomodulatory effects.[2]

1. Subjects

The development of significant hepatic dysfunction is

Healthy male volunteers aged 30∼55 years were en-

a well-recognized complication associated with ILE

rolled in the study. The volunteers’ health was confirmed

administration.[3,4] Though ILE associated liver disease is

by physical examination, measurement of vital signs, and

well established in patients, the mechanisms are unclear

routine laboratory assessments (hematology, chemistry,

and are likely to be multi-factorials. Cholestasis and hy-

and urinalysis). Volunteers were excluded if they had par-

perbilirubinemia result in impaired bile secretion in re-

ticipated in another clinical study within 2 months pre-

sponsible for inflammatory cytokine.

ceding the first dose of study medication. Volunteers were

In infants, especially unbound bilirubin is increased in
administration of parenteral nutrition including lipid

restricted to administrate another drug within 10 days before first study dosing.

emulsion lead to bilirubin encephalopathy. Some evidence has suggested that, in pediatric patients, the ad-

2. Study design

ministration of fish oil - based ILEs, is useful on liver

This study was conducted as a randomized, open-label,

disease.[5] Also, A few studies show that administration

single-dose, 2-sequence, 2-period crossover trial at the

of fish oil - based ILEs improve liver function.[6] In a pre-

center for clinical pharmacology of Chonbuk National

vious report, the switch from soybean oil-based ILE to a

University Hospital. All subjects were randomly assigned

fish oil-based ILE in children with cholestasis and dyspli-

to 1 of 2 sequences of 2 treatments. This study was con-

pidemia was associated with a dramatic improvement in

ducted to compare the bilirubin kinetic profiles between

serum triglyceride and reduction of concentration of

ω-3 enriched PN and ω-3 free PN, manufactured JW

bilirubin.[7] Also, A lipid emulsion based on ω-3 fatty

Pharmaceutical in Korea. The test drug was Winuf peri

acids decrease conjugated bilirubin.[8] The exact mecha-

as ω-3 enriched PN (dextrose water, amino acid and

nism of action is unclear.

electrolyte solution, and lipid solvent such as fish oil, soy-

Ⓡ

The effect of fish oil - based ILEs in children with hy-

bean oil, olive oil, MCT oil and reference drug was

perbilirubinemia and adult with liver disease has been

Combiflex lipid periⓇ as ω-3 free PN (dextrose water,

studies. However, there is no study about physiological

amino acid and electrolyte solution, and soybean oil).

change of serum bilirubin level in healthy adults.

Each of the sequence groups consisted of 8 subjects. This

Therefore, we assessed the physiological change of serum

descriptive and exploratory study were designed without

bilirubin level infusing ω-3 enriched PN and ω-3 free

using power analysis to set sample size.

PN in healthy male subjects.

All subjects were hospitalized at the center for clinical
pharmacology on the day before dosing (day 1). At 8 AM

MATERIALS AND METHODS

on day 1, each subject received the investigational products assigned to his sequence group: intravenous con-

The study was approved by the Institutional Review

tinuous infusion test product or reference product at 3.0

Board of Chonbuk National University Hospital (Jeonju,

mL/kg flow rate for 6 hours after an overnight fast of at

Republic of Korea) and was conducted according to the

least 10 hours, respectively. Blood samples were collected

Declaration of Helsinki (IRB: 2014-12-002) for biomedical

before dosing and 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and

research involving human subjects and the Guideline for

12 hours after dosing for both the test and the reference

Good Clinical Practice. A detailed explanation of the

drug for analysis of bilirubin by vanadate oxidation
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method.

before and after the vanadate oxidation. The plasma sam-

The subjects were discharged on the evening of day 1

ples were analyzed after the correlation, regression, and

(12 hours after dosing). The washout period was 1 week,

precision studies. Since lipid components can cause ana-

and the second study period was conducted on the same

lytical interference in the analysis of bilirubin by vanadate

schedule as the first study period, with the exception for

oxidation method.

the assignment of the investigational product to be injected to each group (Fig. 1). During the hospitalization

4. Safety and tolerability assessment

periods, smoking, alcohol, heavy exercise, consumption

Subjects were continuously monitored by investigators

of caffeinated food and beverage and concomitant drugs

throughout the study period. Adverse events (AEs) were

were not allowed. This trial is registered at https://

identified by asking general health-related questions, such

clinicaltrials.gov/ct2/show/NCT02468713 (NCT02468713).

as any discomfort or unexpected experience as well as
through self-reporting by the subjects during the study.

3. Bilirubin concentration assessments

Physical examinations, routine laboratory assessments

Blood was collected into EDTA tube and centrifuged

(hematology, chemistry, serology and urinalysis), and the

within 1 hour of collection at 3,000 rpm (1,811 g) for 10

measurements of vital signs, such as blood pressure and

min at 4°C. The separated plasma samples were stored

heart rate, were performed at predefined regular intervals

at -70°C until analysis. Direct bilirubin and total bilirubin

throughout the study.

were analyzed by ADVIA 1200 chemistry system (Siemens
Healthcare Diagnostics Inc., Tarrytown, NY, USA) with
reagents for ADVIA chemistry direct bilirubin_2 and total
bilirubin_2 (Siemens Healthcare Diagnostics Inc.).

5. Statistical analyses
Since the total and direct bilirubin are endogenous substances, the plasma concentrations of total and direct bi-

When a plasma sample is mixed with the reagent con-

lirubin were corrected for baseline endogenous levels by

taining the detergent and the vanadate, at pH 3, total bi-

subtracting the value of pre-dose levels. P-values of total

lirubin in the sample is oxidized to biliverdin. This causes

bilirubin and direct bilirubin between ω-3 enriched PN

the absorbance of yellow, specific to bilirubin, to

group and ω-3 free PN group were calculated by SAS

decrease. Therefore, the total bilirubin concentration in

software (Version 9.4, SAS Institute Inc., Cary, NC, USA).

the sample can be obtained by measuring the absorbance

Fig. 1. Study design in healthy Korean
male subject.
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the PN, and the level recovered after infusion. The total
bilirubin and direct bilirubin decreased significantly when

1. Subject population

compared with the baseline in ω-3 enriched PN group

From 18 screened subjects, 2 withdrew their uncon-

and ω-3 free PN group. The decrease in ω-3 free PN

formable qualification before participating in period 1.

group showed larger than in ω-3 enriched PN group

Finally, 16 healthy male subjects completed this study.

(Table 2). Maximum reduction of total bilirubin compared

The subjects (with a mean age of 35.1±6.25 years, a

to baseline in ω-3 enriched PN and ω-3 free PN group

2

mean BMI was 24.3±2.57 kg/m , a mean height of

are 0.48±0.12 mg/dL and 0.57±0.13 mg/dL, respectively.

171.7±5.01 cm, and a mean weight of 71.6±7.97 kg)

Maximum reduction of direct bilirubin compared to base-

were assigned to the relevant sequence group by using

line in ω-3 enriched PN and ω-3 free PN group are

a randomization process. There were no significant dif-

0.25±0.06 mg/dL and 0.32±0.12 mg/dL, respectively

ferences in demographic characteristics between the se-

(Table 3).

quence groups (Table 1).

4. Safety assessment
2. Method development for bilirubin concentration
evaluation

One infusion site pain symptom was reported in 1 of
16 subjects infusing ω-3 free PN, and 3 infusion site pain

Total bilirubin and direct bilirubin concentrations in

symptoms were reported in 3 of 16 subjects infusing ω-3

human plasma by vanadate oxidation method were conducted along with the instructions of Advia 1200 system.
The linear range was 0.1∼35.0 mg/dL for total bilirubin
and 0.1∼15.0 mg/dL for direct bilirubin, respectively.
The vanadate oxidation method displayed an excellent
correlation (r=0.99∼1.0) for both total bilirubin and direct bilirubin in all subjects. The CV (%) in plasma samples was 1.3∼3.6% for total bilirubin and 1.2∼1.9% for
direct bilirubin. The assay showed no interference with
up to 50 mg/dL ascorbic acid, 1000 mg/dL hemoglobin,
and 1000 mg/dL triglycerides.

3. Bilirubin kinetic evaluation
The mean plasma concentration–time profiles of total
bilirubin and direct bilirubin are presented in Fig. 2. Total
bilirubin and direct bilirubin levels were reduced during

Fig. 2. Concentration profile of total bilirubin (TB) and direct bilirubin
(DB) in ω-3 enriched parenteral nutrition and ω-3 free parenteral
nutrition.

Table 1. Demographic characteristics of study subjects (mean±SD)

Ages (years)
Height (cm)
Weight (kg)
BMI (kg/m2)
1)

Group A (n=8)

Group B (n=8)

34.8±6.54
170.8±6.58
69.1±6.00
23.7±2.24

35.5±6.37
172.6±2.98
74.1±9.24
24.9±2.89

Total (n=16)
35.1±6.25
171.7±5.01
71.6±7.97
24.3±2.57

Independent t-test to test the hypothesis that the difference between the means of two groups is equal to 0.

P-value1)
0.820
0.504
0.214
0.383
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Table 2. Total bilirubin and direct bilirubin concentration in ω-3 enriched parenteral nutrition and ω-3 free parenteral nutrition (mean±SD)
Total bilirubin (mg/dL)
Time

ω-3 enriched
parenteral nutrition

ω-3 free parenteral
nutrition

0 (Baseline)
1
2
3
4
5
6
7
8
9
10
11
12

1.01±0.23
0.87±0.22*
0.82±0.24*
0.75±0.24*
0.68±0.22*
0.62±0.20*
0.57±0.18*
0.55±0.17*
0.55±0.16*
0.58±0.17*
0.63±0.16*
0.72±0.17*
0.82±0.19*

0.97±0.21
0.84±0.21
0.74±0.21*
0.62±0.18*
0.54±0.16*
0.47±0.13*
0.42±0.12*
0.40±0.11*
0.42±0.12*
0.45±0.13*
0.54±0.16*
0.63±0.17*
0.74±0.19*

Direct bilirubin (mg/dL)
P-value

1)

ω-3 enriched
parenteral nutrition

0.6409
0.3938
0.0911
0.0335
0.0394
0.0194
0.0303
0.0684
0.1045
0.3242
0.3721
0.5576

0.46±0.09
0.39±0.09*
0.34±0.09*
0.34±0.08*
0.30±0.09*
0.28±0.09*
0.27±0.09*
0.22±0.10*
0.28±0.09*
0.31±0.08*
0.33±0.07*
0.36±0.07*
0.40±0.08*

ω-3 free
parenteral nutrition
0.46±0.09
0.39±0.09*
0.32±0.10*
0.29±0.08*
0.25±0.09*
0.22±0.08*
0.21±0.06*
0.16±0.09*
0.24±0.08*
0.27±0.07*
0.30±0.07*
0.34±0.07*
0.39±0.09*

1)

P-value

0.5495
0.2889
0.0227
0.0053
0.0041
0.0022
0.0014
0.0300
0.0244
0.1090
0.2649
0.5315

1)

General linear mixed model with Sequence, Treatment, Time, Treatment.
*Time effect as fixed effect and subject effect as random effect.

Table 3. Maximum reduction of total bilirubin and direct bilirubin compared to baseline (mean±SD)
Total bilirubin (mg/dL)
Time

Maximum reduction
1)

ω-3 enriched
ω-3 free parenteral
parenteral nutrition
nutrition
0.48±0.12

0.57±0.13

Direct bilirubin (mg/dL)
P-value1)

0.0038

ω-3 enriched
ω-3 free parenteral
parenteral nutrition
nutrition
0.25±0.06

0.32±0.12

P-value1)

0.0060

General linear mixed model with Sequence, Treatment, Period effect as fixed effect and sequence nested subject effect as random effect.

enriched parental nutrition. The AE were mild to inter-

particles may displace bilirubin from red blood cell mem-

mediate as they all were resolved without medical

brane when the bilirubin: albumin molar ratio exceeds 2.

intervention. There were no clinically significant findings

Therefore, it is possible that fat particles exert a pro-

in the physical examinations, including the changes in vi-

tective effect against bilirubin encephalopathy. Second,

tal signs or clinical laboratory evaluations after test and

bilirubin as well as fatty acid are bound to serum albumin.

reference product.

In vivo, the high concentrated free fatty acids may encroach on the bilirubin-binding site on the albumin mole-

DISCUSSION

cule and displace bilirubin from albumin. Liberation of bilirubin is potentially increased the risk of encephalopathy.

The purpose of this study was to evaluate the effects

Third, membrane fluidity maintained by length of hydro-

of physiological change of serum bilirubin level by ω-3

carbon chain, degree of unsaturation, and temperature. If

enriched PN and ω-3 free PN in healthy male subjects.

the hydrocarbon chain is short, the fluidity is increased,

In this study, there was a decrease in the bilirubin level

while if it is long, the fluidity is decreased. Moreover, un-

during the ω-3 enriched PN, and the recovered the value

saturated fatty acids are present in cis form, which in-

after stopping the nutrition infusion.

creases fluidity, thus reducing red blood cell breakdown

Theoretically, parenteral fat emulsions may affect the

and reducing bilirubin production.

bilirubin metabolism.[9] First, fat emulsions are capable of

Lipid components can cause analytical interference in

binding unconjugated bilirubin in vitro.[10] In vitro, fat

the analysis of bilirubin by vanadate oxidation method,
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we have analyzed the same sample with HPLC and we
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CONCLUSION

obtained the same results in the two methods, it was suggested that there is no error in the method.[11] Bilirubin

Both ω-3 enriched and ω-3 free ILE affected blood

is a very unstable compound and is poorly soluble, highly

concentration of bilirubin in healthy Korean male

photosensitive, and readily oxidized, therefore it is diffi-

subjects. Parenteral nutrition showed a temporary de-

cult to establish for an accurate method of bilirubin

crease in total and direct bilirubin in the blood. In con-

concentrations. Many analytical methods have been de-

clusion, total and direct bilirubin profiles were not differ-

veloped for measuring bilirubin in serum sample. The

ent between ω-3 enriched and ω-3 free ILE infusion.

most widely used chemical method for determination of
the concentrations for total bilirubin and conjugated bilir-
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