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{Brief Note>

Urinary excretion of biopyrrin in unconjugated
hyperbilirubinemia

Hiroshi Thara, Takayuki Matsumoto, Takashi Kakinoki, Yoshikazu Morita,
Kiyoshi Takamiya and Makoto Suzuki

Summary We determined the urinary excretion of biopyrrin, an oxidative metabolite of bilirubin,
in three jaundiced subjects with unconjugated hyperbilirubinemia and in eight normal controls.
We used an enzyme-linked immunosorbent assay (ELISA) and an anti-bilirubin monoclonal antibody,
24G7 (Shino-Test Corporation, Kanagawa, Japan). The biopyrrin excretions, expressed as the ratio
in urine of biopyrrin to creatinine, were measured in random urine specimens from jaundiced adults
and were compared to the same in random urine specimens from normal adults. The central 95% of
the distribution range, defined by us as the reference range for the urinary biopyrrin/creatinine
excretion, was 0.5 - 3.3 2 mol/g in presumably healthy adults. The biopyrrin/creatinine excretions from
the jaundiced adults were significantly higher than the reference range (p<0.05). We found that for
the 24-hr biopyrrin excretion from normal subjects, and that the central 95% of the data was 0.9 - 1.5
1 mol/day; the amounts in the jaundiced adults were significantly higher than the reference range
(p<0.05). Our observations suggest that there is an enhanced bilirubin catabolism to biopyrrin in

subjects with unconjugated hyperbilirubinemia.
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1. Introduction

Biopyrrin is an oxidative metabolite of bilirubin".
Biopyrrin is a tripyrrol moiety of bilirubin, including
two regioisomers (biotripyrrin-a, 1,14,15,17-
tetrahydro-2,7,13-trimethyl-1,14-deoxy-3-vinyl-16H-
tripyrrin-8,12-dipropionic acid and biotripyrrin-b,
1,14,15,17-tetrahydro-3,7,13-trimethyl-1,14-deoxy-
2-vinyl-16H-tripyrrin-8,12-dipropionic acid: Fig. 1).

For many years, bilirubin was regarded as a potentially

toxic waste product formed during heme catabolism.
However, recent evidence suggests that bilirubin is a
physiological antioxidant that may scavenge oxygen
and peroxyl radicals as efficiently as « -tocopherol®.
Circulating bilirubin functions as a suicide antioxidant;
it is catabolized to biopyrrin and is excreted in urine.
We now have an assay method for biopyrrin in urine
that uses an enzyme-linked immunosorbent assay
(ELISA) and an anti-bilirubin monoclonal antibody,

24G7”. The antibody has an epitope in the dipyrrole
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region of bilirubin, and it reacts with biopyrrin.
Because biopyrrin is formed from bilirubin, it was
of interest to us to learn whether urinary excretion of
biopyrrin is increased in jaundiced subject. To this end,
we evaluated the urinary excretion of biopyrrin in

three subjects with unconjugated hyperbilirubinemia.

2. Materials and Methods

1. Subjects

For two successive days, we collected random
urine specimens from the three jaundiced subjects.
Two were women aged 31y (W1) and 60 y (W2) and
one was a man aged 41 y (M1), all of whom were
presumed to be in good health except for the uncon-
jugated hyperbilirubinemia. Their serum concentra-
tions of unconjugated bilirubin were 19, 24, and 16
mg/L, respectively. Serum conjugated bilirubin was
not detected using an HPCL method”. Random urine
specimens were also collected from eight presum-
ably healthy, non-jaundiced adults (three men, aged
26, 37 and 53 y and five women, aged, 22, 30, 33, 34
and 39 y). Written informed consent was obtained
from all subjects, and our study was in compliance

with our institution's rules for human experimentation.
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Fig. 1 Structure of bilirubin (A) and biopyrrins (B).

Biotripyrrin-a: Ri= -CH;, R,= -CH=CH,,
Biotripyriin-b: Ri= -CH=CH,, R,= -CH.

2. Methods

We measured concentrations of biopyrrin in urine
by ELISA using an anti-bilirubin monoclonal
antibody, 24G7 (Shino-Test Corporation, Kanagawa,
Japan)”. We standardized the ELISA method with
unconjugated bilirubin, and expressed the concentra-
tion of biopyrrin in terms of the equivalent unconju-
gated bilirubin concentration. For example, 1.0 x«
mol/L biopyrrin is equivalent to 1.0 .z mol/L uncon-
jugated bilirubin. The ELISA test was linear from
0.1 to 3.2 g mol/L. A within-day assay for five
consecutive days yielded a mean £ SD of 0.66 *
0.039 1« mol/L. The between-day assay for those five
days showed a mean & SD of 0.57 &£ 0.040 .« mol/L.
We also measured the creatinine in urine, and
expressed the biopyrrin excretion in random urines as
the ratio of the biopyrrin to the creatinine concentra-
tions.

3. Analysis of data

We tested for statistically significant differences
using the Mann-Whitney U test for non-Gaussian
variables. We defined a statistically significant differ-

ence or agreement to be present if p<0.05.

3. Results

Our non-jaundiced subjects collected 4 to 12

random urine specimens (8 times on average) in 24
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Fig. 2 Distribution of biopyrrin excretion (biopyrrin/

creatinine ratio) in random urine specimens from
non-jaundiced adult subjects. The 95% distribu
tion range, i.e., reference ranges, was 0.5 -
3.3 £ mol/g.
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Fig. 3 The 24-hr excretion pattern of biopyrrin in

random urine specimens from three adult subjects
with unconjugated hyperbilirubinemia for two
successive days.

All values are corrected for creatinine in the
same urine: (), W1; (&), W2; and (@), M1.
Horizontal line indicates upper reference limit

of 3.3 1 mol/g.

hours. A total of 240 random urine specimens were
obtained. The biopyrrin/creatinine ratio in the random
specimens ranged from 0.2 to 3.2 ;2 mol/g (median,
1.31 y2 mol/g and mean, 1.39 2 mol/g). Significant
gender differences were not found. The frequency
distributions of biopyrrin excretion in the random
urine were non-Gaussian (Fig. 2). Because the distri-
bution was log-normal, and therefore the use of a
geometric mean appeared better suited for this study,
we calculated the central 95% distribution range, i.e.,
the reference range being defined by: antilog of [log
mean £ (2 log SD)]. We obtained a reference range of
0.5 - 3.3 « mol/g for biopyrrin/creatinine excretion
in random urine specimens.

We also investigated the urinary excretion of
biopyrrin in the three subjects with unconjugated
hyperbilirubinemia. Biopyrrin excretion in each of
the random urine specimens varied with the time of
day; we found no trends or correlations (Fig. 3). We
made the same observation in the reference population.
When biopyrrin/creatinine excretion in random urine

specimens from jaundiced subjects were compared
to those from non-jaundiced subjects, the excretion
ratios from random urine specimens obtained from W1
were all above the upper reference limit (p<0.001). An
increased excretion was also found once in W2 and
twice in M1 during two successive days.

The total amounts of biopyrrin excreted in a 24-hr
urine were calculated for our subjects as follows: On
first morning we started the collections, the first urine
was discarded. We then collected all urine voided
for the next 24 hours, including the first from the
next morning. We calculated the amounts of biopyrrin
excreted in urine in 24 hours from the sum of the
biopyrrin obtained in the random urine specimens
described above. The total amounts of biopyrrin
excreted in 24-hr urine from the jaundiced subjects
were significantly higher than those from the normal
subjects (p<0.05). The total amounts excreted were 6.6
and 7.1 x mol/day from W1; 1.5 and 2.2 x mol/day
from W2; and 5.4 and 5.5 « mol/day from M1. Each
pair (e.g., 6.6 and 7.1) lists data from day 1 and day 2,
respectively. In normal subjects, the 95% distribu-
tion range for total biopyrrin excretion was 0.9 - 1.5 ¢
mol/day.

4. Discussion

The urinary excretion of biopyrrin in conjugated
hyperbilirubinemia could not be measured using the
anti-bilirubin monoclonal antibody, 24G7, since that
antibody reacted with both biopyrrin and conjugated
bilirubin®. Therefore, we investigated the urinary
excretion of biopyrrin in unconjugated hyperbiliru-
binemia. The latter type of hyperbilirubinemia exclu-
sively observed in some of neonates, hemolytic
diseases, and in congenital nonhemolytic jaundice
(i.e., Gilbert and Crigler-Najjar syndromes) showed
elevated serum unconjugated bilirubin. Those subjects,
however usually showed little or no detectable conju-
gated bilirubin in serum or urine”, due to the lowered
activity or deficiency of the conjugating liver enzyme,
bilirubin UDP-glucuronosyltransferase™®. Our three
subjects would be considered mild cases of Gilbert
syndrome. In healthy adults having normal bilirubin

glucuronidation, most or all the bilirubin is rapidly
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excreted into bile, with little or no conjugated bilirubin
observed in urine.

In this study, we found that the urinary excretion
of biopyrrin in unconjugated hyperbilirubinemia was
significantly higher than that in normal subjects. If we
artificially measured conjugated bilirubin as biopyrrin,
the excretion would be lower in our jaundiced subjects
compared to normal ones. To our knowledge, this is
the first report on biopyrrin excretions in jaundiced
subjects. In another study, urinary excretion of
biopyrrin was reported to be elevated in several
diseases: sepsis, ischemic heart disease”, congestive

9, 10)

heart failure®, atopic dermatitis, surgical stress™'” and

psychological stress'™'?

, wherein oxidative injury or
"stress" was present. Our three cases were largely in
good health except for slight jaundice. In addition, they
suffered from no psychological stress during this
study. We can conclude that there was an enhanced
bilirubin catabolism to biopyrrin in subjects with
unconjugated hyperbilirubinemia. In other words,
bilirubin oxidation would be accelerated not only in
the presence of oxidative injury or "stress", but also in
response to the elevation of unconjugated serum

bilirubin.

Acknowledgment

We wish to thank Dr. John A. Lott, Professor of
Pathology, Ohio State University Medical Center,
Columbus, Ohio, for his helpful suggestions on this

manuscript.

References

1) Yamaguchi T, Shioji I, Sugimoto A, Komoda Y,
Nakajima H: Chemical structure of a new family of
bile pigments from human urine. J. Biochem., 116:
298-303, 1994

2) Stocker R, Yamamoto Y, McDonagh AF, Glazer AN,
Ames BN: Bilirubin is an antioxidant of possible physi-
ological importance. Science, 235: 1043-1046, 1987

3) Yamaguchi T, Shioji I, Sugimoto A, Komoda Y,
Nakajima H: Epitope of 24G7 anti-bilirubin monoclonal
antibody. Biochim. Biophys. Acta, 1289: 110-114,

— 351

4)

5)

6)

7)

3)

9)

10)

11)

12)

1996

Thara H, Nakamura H, Wu TW, Aoki Y, Aoki T,
Yoshida M: Unexpected presence of delta bilirubin in
the serum of a patient with type I Crigler-Najjar
syndrome observed by a Kodak Ektachem 700N
analyzer. Jpn. J. Clin. Chem., 21: 216-220, 1992
Costa E: Hematologically important mutations: Bilirubin
UDP-glucoronosyltransferase gene mutations in Gilbert
and Crigler-Najjar syndromes. Blood Cells Mol. Dis.,
36: 77-80, 2006

Costa E, Vieira E, Martins M, Saraiva J, Cancela E,
Costa M, Bauerle R, Freitas T, Carvalho JR, Santos-
Silva E, Barbot J, Dos Santos R: Analysis of the UDP-
glucuronosyltransferase gene in Portuguese patients
with a clinical diagnosis of Gilbert and Crigler-Najjar
syndromes. Blood Cells Mol. Dis., 36: 91-97, 2006
Morita Y, Takahashi H, Kamihata H, Yamamoto Y,
Hara K, Iwasaki T: Urinary excretion of biopyrrins,
oxidative metabolites of bilirubin, increases after spasm
provocation tests in patients with coronary spastic
angina. Int. J. Cardiol., 80: 243-250, 2001

Hokamaki J, Kawano H, Yoshimura M, Soejima H,
Miyamoto S, Kajiwara I, Kojima S, Sakamoto T,
Sugiyama S, Hirai N, Shimomura H, Nagayoshi Y,
Tsujita K, Shioji I, Sasaki S, Ogawa H: Urinary biopy-
rrins levels are elevated in relation to severity of heart
failure. J. Am. Coll. Cardiol., 43: 1880-1885, 2004
Tsujinaka T, Fujita J, Morimoto T, Ogawa A, Ebisui C,
Yano M, Shiozaki H, Monden M, Yamaguchi T,
Nakajima H: Increased urinary excretion of bilirubin
metabolites in association with hyperbilirubinemia after
esophagectomy. Surg. Today, 28: 1119-1123

Kozaki N, Shimizu S, Chijiiwa K, Yamaguchi K,
Kuroki S, Shimoharada K, Yamaguchi T, Nakajima
H, Tanaka M: Bilirubin as an anti-oxidant for surgical
stress: A preliminary report of bilirubin oxidative
metabolites. HPB. Surg., 11: 241-248, 1999
Yamaguchi T, Shioji I, Sugimoto A, Yamaoka M:
Psychological stress increases bilirubin metabolites in
human urine. Biochem. Biophys. Res. Commun., 293:
517-520, 2002

Miyaoka T, Yasukawa R, Yasuda H, Shimizu M,
Mizuno S, Sukegawa T, Inagaki T, Horiguchi J: Urinary
excretion of biopyrrins, oxidative metabolites of
bilirubin, increases in patients with psychiatric disorders.
Eur. Neuropsychopharmacol., 15: 249-252, 2005



