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The total plasma bilitubin concemtration (Br) increased by 23 o 3342 in 12
ind*viduals (10 healthy volunteers and 2 patieats with Gilbert's syndrome) wh

asted for 1 to 3 days. Eighty-six per cen¢ of the riss ixn ¥r was “ue 2 an i
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STUDIES ON THE MECHANISM OF FASTING HYPERBILIRUBINEMIA

U

Josertt R. Broomer, M.D., Perer V. Baukerr, M.D. F. Lee Rovkey, PUD.,
AND Natuasien 1 Beaws, M.D., PaD.

National Cancer Insitute, National Institutes of Health: Naval Medical Reseach Insiiute,
Bethesda, Mariland; and Harbor General Hospital, Turrance. California

Ao A O o

The 1otal plasma bilirubin concentration (Br) increased by 23 to 3347,
in 12 individuals (10 healthy voiunteers and 2 patients with Gilbert's
syncérome) who fasted for 1 to 3 days. Eighty-six per cent of the rise in

: Br was due to an increase in plasma uncurijugated bilirubin. The per-
: centage increase in Br did not correlate with the magnitude of the base
) line concentration. Studies with bilirubin-*H in 5 subjects showed
that the hepatic clearance of bilirubin from the plasma (C,,) was re-
duced by 28 to 534 during fasting, accounting for the increase in Br.
The ratio of the plasma bilirubin tumover during fasting to that
in bhase line state was 0.99 -: 0 16{mean = sb} for these five individuals.
indicating that increased jv4sma bilirubin turnover did not contribute
z to the rise in Br. In 5 additional subjects the mean change in carbon
monoxide production with fasting was only 24, whereas Br increased
by 188.. Further studies were done to determine why Cu decreases
with fasting. The plasma disappearance rate of indocyanine green in
3 subjects afier a 48-hr fast was unchanged from base line. Nine homo-
zygous Gunn rats had a 41 5 10% (meen = sk} increase in Br over con-
trol values wit: 48 hr of fasting. Bilirubin-*H clearange studies in 2
homozygous Gu: 1 rats demonstrated 43 and 447 decreases in the
whole body clearance of bilirukin during fasting, with return to control
rates on refeeding. Multicompartmental analysis of the human bilirubin
clearance data showed that the ratio of the hepatic bilirubin peal 10
plasma bilirubin pool decreased during fasting. These rest:lts are most
consistent with the hypothesis that Cu. decreases with fasting because
of reduced hepatic ability to extract bilirubin from the plasma.

The effect of caloric intake on the serum  tration was higher when individual: were
bilirubin concentration was noted as early fasting. More recently, Barrett? and Fel-
as 1906 by Gilbert und Herscher.! Thev sher et al.? have shown that caloric restric-
observed that the serum bilirubin concen- tion for 24 to 48 hr causes a significant in-

Received March 12, 197! Accepted May 27,
1971, States Public Health Senvir+ Grant AM. 12306 and

Part of this work was presented at the annual  CHC RR.00425 from the Nav. nal Institutes of Health
meeting of the Amcrican Feacration for Clinical Re-  {Dr. Barrett} and hy the Hureau o7 Medisine and Sur-
search, May 1971, in Atlantic City, New Jersey. zery. Research Task M4206.0240BARKY iDr. Rad-
Address roquests for seprints to: Dr. Nathaniel 1. kevl. The opinion or assertions contained herein are : e
Berlin, National Cancer Institute. Metabolism Branch,  those of the authoss and are not fo be construed a<
Building 10, Room 4N1I7. Narional Institutes of  official or reflecting the views of the Navy Department
Health, Bethesda, Manvhnd 20014, 1 the naval service: at large.
This investigation was supported in part by United . Bloomer's present address is; Liver Unit, Yale-
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crease in the serum bilirubin concentration
of both normal ind! “dusls and patients
with a variety of types of hepatie dysfune-
tion,

This investigation was designed to de-
termine the mechanism responsibie for the
hyperbilirubinemia of fasting. The results
indicate that hepatic clearance of bilirubin
from the plasma decreases during fasting,
causinig the increase in the plasnia bilirubin
concentration. Additional studies were
done to determine why hepatic bilirubin
clearance is altered by fasting.

Methods

Plasma bilirubin concentrations in huwman
sybjects were measured by the method of Weber
and Schaim.¢ Plasma bilirubin concentrtions in
homozygous Gunn rats were measured by *he
method of Malloy and Evelyn® on 0.05 to 0.15
ml of blood collected from the tail vein in
heparinized micro-blood collecting tubes (Arthur
H. Thomas Co., Philadelphia. Pa.).

The plasma disappearance rate of hili-
rubin-*H in Luman subjects was determined
foilowing intraenous administration of 15 to 30
pe of bilirubin-*H in 0.5 mg of bilirubin. < using
the methods of Barrett et al.” and Berk et al.*
The following indices of bilirubin metabolism
were calculated from parameters of the plasma
dizappearance curve of bilirubin-?H and the
nlasma conceniration of unconjugated bilirabun
(Bri* % (1} Cy,. the volume of plasma cleared
of unconjugated bilirchin each minute by the
liver; (2) BRT, the plasma bilirubin tumever in
milligrams per day: and (3) the percentage e
tention of labeled bilirubin in the plasma at 4 ibr.

Cr (ml per min} = initial distribation volume
of biliruhin.*H >
1
area under bilicubin.*H plasma disappeazance
curve (1)

BRT img per das) = Ciz (inl per min}

X Br‘ i}
X 16 mz per m

X 1400 {min per dayi
)

LIVER PHYSIOLOGY AND DISEASE

New Haven Hopital, New Haven, Connectiout
NE514.
The authors thank Mr. Jodbn Verzalla, Haseld

Vel, 61, N, 4, Fart }

The bilirubin-?H clearance data were also
analyzed by muiticompartmental annlysis in
terms of a three-pool model previously described
by Berk et al.” In this model the plasma pool of
unconjugated bilirubin i~ considered 10 ex-
change with a hepatic bilirubin pool and extra-
vascular extrahepatic bilirubin pool. The pool
sizes and fractional transfer rates between pools
were determined.

I abeled bilirubin clearance studies in homo-
zygous Gunn rats were done with bilirubin.’H
dissolved in male Sprague-Dawleyv rat plasma.
The solution (0.5 to 1.0 ml), containing 0.} ta
0.2 1z of irubin, was injected inte a tail vein.
Pla-ma samples for sadioactivity were ¢htained
frem bivod collected at the end of the tail in
heparinized micro-blood cullecting tubes.,

The ratze of carbon menoxide production in
human subjects was measured in a closed re-
breathing system. The methods of Collison et
al.” and Rodkey et al.'® were used.

The plasma disappearance rate of indo-
cyanine green (ICG} in human subjects «wax de-
termined by the method of Cherrick et al.®?
following intravenass administration (&5 mg
per kg of body weight).

The water content of rat liver was determined
as the difference between the wet weight and
the dry weight of tissse. The protein content
was measured on trichloroacetic acid precipi-
tates of fiver homogenates by the method of
Lowry et al.'? Bilirabin glucuronyl transierase
activity in  liver homogenates from male
Sprague-Dawiey rats was measured by the
wmethod ol Black et al.™*

Subjects

Twelve individuals participated in these
studies. AR} individuals except H. G. and K. S.
wese healthy volunteers. H. G. had Gilbert's
syndiome and an undefined congenital hemo-
Ivtic anemia (red cell life span measured with
tritiated  diisopropyifiuorophosphate wax 30
dayvs), K. 8. had Gilbert’s ssndrome. Informed
consent was obtained from each individual,

During periods of fasting both human suhjects
and rats undzrwent tatal calovic vestriction, with
only water ntake allowed. During bhase line
studies the human subjects were o an e {ib.
itum die:, and rats were fed unlimited Purina
rat chow,

Results
The plazma hilirubin concentration of
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with the magmiude of the base line value
{r = 0.19). Eighty-six per cent (range- 69
to 93°.) of the increase in the total plasma
bilirudin concentration was due to an in-
crease in the unconjugated fraction. The
greatest increase occurred during the first
24 to 34 hr of fasting, with a smaller in-
crease over the subsequent 24 hr of fasting.
The plasma bilirubin concentration in each
individual retumed (0 the base line value
within 24 to 48 hr of refeeding.

The results of bilirubin-*H clearance
studies in 5 subjects in the base line state
as compared with fasting are shown in table
1. The fasting bilirubin.?H clearance study
was started after 40 to 57 hr of total caloric
restriction. Caloric restriction was con-
tinued for the duration of the study (an
additional 24 te 30 hr). In four of the in-
dividuals the plasma bilirubin concentra-
tion hud reached a new constant level by
the time the fasting bilirubin-*H clearance
study was started {the ratios of the plasma
hilirubin concentrations at the end of the
study 1o those at the beginning were 0.89,
0.99, 1.00, and 1.09). This indicates that a
new steady state with respect to tne plasma
bilirubin concentration was present during
the fasting bilinibin-*H clearance study.
Tho plasma bilirubin concentration in H.

(. was constant over the first 15 hr of the
fasting bilirubin-*H cleararice study, but
then increased by 28°, during the last 9 hr
of the study. However, the measurement
of hepatic bilirubin clearance was well de-
termined in this subject (uncertainty in the
measurement was =5 %),

The difference between the plasma disap-
pearance of bilirubin-*H in the base line
state compared with that during fasting is
shown in figure 1. Indices of bilirubin
metabolism obtained from parameters of
the curves are given in table 1. In each in-
dividual the hepatic clearance of unconju-
gated bilirubin decreased during fasting,
and the plasma retention of labeled bili-
rubin at 4 hr increased. The average uncer-
tainty in the clearance measurement for the
5 subjects was -+ 8 both during base line
state and fasting.” The decreases in hepatic
bilirubin clearance (hy 28 to 347) ac-
counted for the increases in the plasma
unconjugated bilirubin concentration. The
ratioc of the plasma bilirubin turnover
during fasting io that during base line was
0.99 = 0.16 {mean z: sn) for the 5 subjects,
indicating that an increase in plasma bili-
rubin tumover did not contribute tn the
increase in the plasma unconjugated bil:-
rubin  concentration. The increase in

Tawr 1. Rifirudin-*H clearonce datc®

Placna hdulan coecenttatsen’

!
Sbert | e - R v i o
: Conmgvied Unenimated § learanee Mteion 1 turesrr
: =z i mpem - =z dn
TG Baelne 0.0 2 0.0 006 | 38 E] 23
Fasting 4N . 002 + 0.9 | e ] 5
LA - Rase line Q.08 = 001 = 0.06 | o8 il 330
;o Fadting - 628 4 8,01 = 606 | IX 17 391
B.C. : Base line 06 x 00 ! 0,97 &« 005 et 9 497
i Fading 014 - 006 ] 117 = 008 - e KEN
K.5. | Haeline 007 2 0.02 | 1302008 | 1 21 285
i Fasting 013 2 a9 ) Lew 2 82 : o 37 m
H.G. : Baseline 023 - 001 1 879 . 0X% ER t T -]
i Fasing 066 > 00T 11547 2 062 | 3 2 w6

——— e e = e

|
|

* Indices of bilirubin metalnlicn calailatad = m parameters of the bilirshsin.H disappearancer curve and the
plasma omcentration of unconfugated bilinubin are sleman. The fasting studics in K. 8. and H. G. wore saned

aftet 30 br of tatal calorts retriction. The fting = udies in the cther three individuals wore started after 37T he of

total «al wic restriction,

* The plasma concentrtion listed for hoth conjugated hilinubin and inompugated hilirubin is the mean = 5y

of seven to eizht samples obtained during the =3 sy,
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plasma conjugated bilirubin during fasting,
which forms a small percentage of the total
increase. may alse be due to decreased
hepatic clearance, although this could not
be studied by the present method.

The rate of carbon monoxide production
was measured in 5 additional subjects
during fasting (table 2). Carbon monoxide
and hilirubin are hoth produced by carta-
bolism of heme compounds.'*?* An in-
crease in bilirubin production resulting
from increased heme degradation wiii be
accompanied by an equimolar increase in
carbon monoxide production, s ** although
the converse may not be true.'? Since the
plasina unconjugated bilirubin concentra-
tion is directly propertional to the plasma
bilirubin tumover.'* carhon monoxide
froduction must change hy at least the
same percentage as the plasma bilirubin
concentradion during fasting, if augmented
heme degradation alone is to account for
the increaze. This was not observea. The
mean increase in the plasma bilirubin con-

Tamk 2, Corbon rmonnxide (COY production=

Suniear Neutds
mr i :q!i =57 mida
LV Base Jine 0.79 | loa 122
Base line 0.583 " 10a8 {148
After 24.br fasti 2,01 HUEEE 1504
R H Bave line a6 1305 (204
After 48hr fas1: L} 1415 ;215
P.H- Bace lit. - 2,028
After &b faz 1095 ;8
f.R Haee liw 0o ¢ 8215 9.
; After 24:-hr fast i 0,85 79% (100
| feriShram] 096 , TTI:
£ R K. 1 Base line 950 H1m@3 il
After J4-hrfast | 2,06 | 18§
After 480y fast i .56 )

*The carbon mwwoxide production mte dunng
fasting iz compared with that duting ad libitum caloric
ntake, A closed rebreathing syxtem st used 10
measure the CO production mate. All studies exeept
thane in P, B. were petformed on conserutice days,

*The total plasma bilindhin concentration & the
mean of at least two samples obinined during the
sy,

A huse line plasma bilirubin concentration ans
oot etablinhed.,

Yol. 61, No. 4. Part |

centration in the 5 subjects was 188°,,
whereas the mean change in the carbon
monoxide production rate was enly 4247,
The coefficients of variation seen on several

Tanx 3. Indocranine greet O plasma dearatice®

8 4 Toal phaens 106 plaveas
Subsest Mighy “‘:n;“n.:;::: o helt fite
=z limrml i
C. Q. Base line 0.40 1.0
Fasting  : 1.12 2.8
M. C. i Baseline: @.55 3.1
Fasting ; .78 1.6
B.C. i Rueline] 0.81 5.6
faxing §.47 3.6
4R, Base fine 0,73 2.7
Fasting | LR S T 3.6
R H. | Haseline] 4,53 4.0
~ i Fasting } 1.4 1.3
Mean Base hme | 0.62 & 0.16{3.5 = 0.4
£ sb Fasting .10 = 0% 3.6 = 0.5

“The plasma ciearance of ICG during fasing is
compared with control cleatance. The base line atudy
was done following an & hr overnight fast émidnight to
8 aml. Each subject was thea fasted an additicnai 4&
hr and the fasting study oas performed. There was
no difference in the plasma halflife of 1CG during
{asting compaved with base jine.

*The tetal plasma hilirubin cuncentration is the
mean of at least two samples obtained during the
study.
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Fi:, 1. The plasma disappezrance of lirubin-*H
it subjevt L. S, while faving i mpared with tiat
during ad libitum cabraic intake (hase line studvy, Indi-
vidual daid points are shown as s foaGion of the ex
trapolated value at zero time. The sof’d Faes sepes
senit computer fits to thie data. The riz~ma dbapar-
ance mte of bilitulan- *H decreased with fasting.
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replicate determinations of the base Lne
carhon monoxide production rate in two
individuals were =9%¢ and =+16%. These
results suppeet the hypothesis that a re-
duction in hepatic Lilirubin clearance is
mainly responsible for the hyperbilifubi-
nemin of fasting.

The plasma disappeararice rate of ICG
was determined in 5 subjects in the base
line state and during $asting (table 3). Since
ICG is extiacted from the plasina by the
liver with an efficiency of 43 to 88%. meas-
urement of its plasma disappearance raie
has been used to estimate hepatic blood
flew indirectly.*2°? In tke individuals
studied there was no difference in the
plasma clearance of ICG in the fasting state
compared with control values. These re.
sults indicate that a decrease in hepatic
blood flow does not occur during fusting.

“The total plasma bilirubin concentration
in each of 9 homozygous Gunn rats with un-
conjugsted hyperbilirubinemia increased
during fasting. The base line concentration
in these rats was 10,0 + 2.5 mg per 100 mi
{mean - snt. During 48 hr ef fasting, the
mean plasma bilirubin concentration in-
creased by 417 (range, 12 to 88%) of the

LIVEK PHYSIOLOGY AND DISEASE
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. 2. The plasma clearsnce of bilirubin*H in
bomozygous Gunn rats decreasex during fasting.
retuming fo contrel values on refeeding. ndividual
data points are shown as & fraciion of the oxtzapolated
value at zetn time. The least oquares fits to the bili.
rubin-*H cleatance data during od libitum calodc in.
take and fasting are shown by the solid lites and
dashed lines respectively.

Tamt: 8. Rai fiver conypasition chenges during fasting®

Bae empeniteon

[
¥

GransL 110
pergefine

Grame of prraen

Laver weight et gaf Sier

#
s
&

1
IO L I

—
= .

0.68 0.004
n.E63 = 0.007
0.68 + 0,00

Hedoeuten sheurmd tramfrw

Rdirghin oonspaten

rer wngh

Mdligrans
m:x(h.’hn

”

LI =]

??3
KRS -

do T 3
-3
L TR

HoW BB
- )
=
[}

0.03 PR 0.3
02 4.8 = 0.6
- 0.1 5.9 » 1.2

+ 6.2 2 =50

* Seven groupn of 4 rats each were wed in these studies. Veluex listed are the mean = s for the entire
greup. Groups 1, 4, and & were contred groups, Groupe 2, & and 7 were studicd after 48 he of 10wl caboric restric-
tiogt, Group 3 was fasted for 48 hir, then refed for 48 bir before study.
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=ontro]l valve. In 6 rats which were fasted
an addit 31 24 hr there was a further in-
o7 "ase imeau increase at 73 hr was 55, of
« -o12 o} valup), The total boas weight in
U+ e rais decreased by an average a0 114
dunng this period of fasting, whereas the
mean hamatocrit rose slightly from 4, to
417,

La"~led bilirvhin clearance siudies i 2
happezygous (Gunon rats are shosn in figu.e
2 Hat 1 was a M4 fomale with g toal
piasma bilirubin concentration of 15.7 mg
per 107wl Bat 2 was a 196-¢ iepale with
a bilirubin toncent-ation of 14.6 myg per
100 =l The fract: 4wl tumover of the tetal

Jseible Wlirubin pool. deter:..ined rom
¢ terminal lope of the plasma disap-

arancks curvae® vas 0397 pr duy in
aat 1 and 0,401 per day in zat 2 during nor-
mal caloric iatake. The rate decreased to
{1.228 per day in sat 1 and to 0.221 per dayv
in rat 2 during fasting, with retumn to con-
trol rates on refeeding. These results in an
animal which lacks bilirubin glucuronyl
transferase indicate that a decreaze in the
rate of bilirubin conjugation is unlikely to

explain the increase in the plasma uncod.
jugated bilirubin  concentration  swhich
oeculs during fasting.

In male Sprague-Dawley rats a deqrease
in botn total body weight (by 13 to 24'. ' =nd
liver weight (hy 24 to 30°,) occurred during

18 br of fasting (see 1able ). The coneen-
tsation of protein in the jiver rose approxi-
mately 5. during fasting o < Q01 by
Student’s £-1est). The water content lgrams
of B, per gram of liver (wet weight}] did
ot ¢ ange, Identical changes in hepatic
protein and water omtent occurred in
Gunn rats during fasting, The changes in
tilirabin glucuron:] transferase activiey in
male Sprague-Dawley rat livers were the
same as for total protein. and activity per
gram of protein dig not change.

The bilirubin-"# dearance data frem
human subjects were subjected o mmltic
compartmemal anaiysis in an atizmpt 1o
define the specific step in hepatic bilirubin
excretion which is altered by fasting.® The
model used (see fig. 31 considers the plasna
pool of encospigated biliruhin {3 v ex-
change wizh a hepatic poel (M) and ex.

i
oy = T

Fiz, 3 Three compafiment model for the metabe

olistir of 5, wonpgsited bilirubin, Vajaex for the A,
ahich are the fractional tramder mtex between com.
partments, and for the pool sizexs are caleulated from
the phema disappearance curve of bdimbin-*H and
the plasma concertration of unconjugated bilirchin,

Tamr 5. Multicumpartmeniaf analsis of bilingbin-*H clearance studiss

a.m9
(851}
a2
4.0l
(LR 134
LR
&, 0615
39,008
Fasting 0.0

[V RS
0616
8.008
0.516
0.0t - 0.5
0012 1 0,014
0.006 ’ D0
0003 : .00
0,008 0,506
o0 1 0006 . i

LR R
A

3

BBYTURERAY

-~
[~

* Results of multionmpartmental analysis of hifirabin. "H clearance duta in faman subjects are dsowsi. X, -
the fractiuns] trander rate of wuwvnpied Bitekin (FTRI frem plesia pocd to hepatic pool, A, - VTR freaa
fiepatic poo! to phisms peal AL, = imevensbie fractional femoval rate of umorniugated hilinakin from hepatic
2ol (= comnjogation). M, M. = matio of hepatic ponl of unvosjugated bilingbin imilligramet to plasma poot
imilligrams), W, 30, -~ mtin of cunnasular extrabepatic pond of uncenjugated hirubis milligarws to

piasrat pool imilligramss.
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travascular extrahepatic pool (M) of un-
conjugated  bilirubin,  The fractional
transfer rates between pools are depicted
on figure 3 as A's In each individual a de
crease in the matio M. M, occurred during
fasting, indicaiing that the ability of ihe
fiver 10 extract bilirubin from the plasma
was reduced by fasting (table 5). This de.
crease in the ratio of pool sizes was associ-
ated with a decrease in the fractional
transfer rate of bilirubin from plisma to
fliver {\.:) and/or an increase in the frac.
tional tramsfer rate from liver 1o plasma
1A;2). The factional rate which represents
confugation. .. decreased by 33 m
subject K. 5. during fasting but was un.
changed or increased in the other 4 sub.
jects. The ratio My : M, vwos unchanged
in 2 subjests during fasting compared with
base line, and slightly decreased in the
other 3 subjects.

Discussion

The hyperhilirubinemia of fasting may
he due to ecither a decreaze in hepatic
clearance of bilirubin from the plasma or
an increase in plasma bilirubiin turnover re.
aulting from increased bilirubin production
tor & combination of hothl. In this investi-
wmtion evidence has been presented which
indicates that a reduction in hepatic bili.
rubin clearance during fasting is principally
respansible for the increase in the plasma
bilirubin concentration.

Measurements of the rate of carbon
moenoxide production in human individuals
during fasting (table 2. while supporting
the hvpothesiz that redured hepatic bili-
rubin clearznce is mainly responsible for
the hevperbilirubinemia of fasting. suggest
that an increased r=te of hemie degradation
may- alse occur. Bakken et al.?? have in
fact shown in mts that the activity of hepatic
heme oxyvgenase, the enzyvme respansible
for i conversios of heme to hilirubin and
carbon menoxide, is increased by fasting
and ny hormones released during hypo-
glrcerzin,  Tone  production of cathon
monoxide-**C {rom heme labeled with
givcine-2-3%C is also incressed.” The in-
creased rate of carbon monoxiae produc-
tion ebserved in our subjects during fasting
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may thus indicate an increased rare of
hepatic heme degradation. If this also re-
flects increased hepatic hilirubin produc-
tion, the pertion of hepatic bilirubin pro.
duction which tirculaies in the plasma prior
to excretion in the bile would contribute
to the hvperbilirubinemiz of fasting.?* It
is necessary to point out, however, that an
increase in the rate of carbon monozide
production does not always mean that there
i= an increase in bilirubin production. Lan-
daw et al.'” showed in mats with experi-
mental porphyria that hepatic heme may be
degraded along nonbilirubin  pathways.
fikewize, Schacter e1 al.?* have deacribed
a mechanism for the degradation of heme
and hemoprotein which results in the foz-
mation of carbon monexide but variable
amounts of bilirubin.

The physiological aheration  which
causes the decrease in hepatic bilirubin
ciearance during fasting seems to be in.
dependent of the base line clearance rate
and plasma bilirubin concentration, In 2
subjects with Gilbert's syndrome (K. S, and
H. G. in table 1), base line hepatic bili.
rubin clearance was well below the norma!
range previously descrived.” ‘Three other
individuals ¢(C. G.. L. S.. and B. C.) had
-alues for clearance which were within the
normal range, Subject L. 3. had a plasma
bilirubhin concentration whick was only 104,
of that for H. G.. and his base line hepatic
bilirubin clearance was 3-fold greater. Yet
hath individuals had nearly identical per-
centage changes in both the plasma bili-
rubin conceritration and hepatic bilirubin
ciearance with fasting. Muiticompartmen:
tal analvsis of the bilirubin clearance data
demonatrated that the ratio of the bepatic
bilirubin pool to plasma bilirabin ool de-
creased in each individual during fasting
{table 51,

It is unlikely that hepatic bilirubin
clearance decreases with fasting because
of a decrease in hepatic biood flow. In order
to explain the magnitude of the increase in
the plasma bitirubin  concentration. a
marksd reduction in hepatic blood flow
would be necesaarv, This woulkl wause a
decrease in the plasma clearance of ICG,
since the plesma disappearance rate of
ICG e%ers an indivec? measurement of he-
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patic blood flow which correlates very well
with direct measurements.''-**?' Such a
decrease was not observed in five individ-
uals (table 3).

A decrease in the activity of hepatic hili-
rubin glucurenyt tiansferase is also unlikely
to explain the hyperbilirubinemia of fasting.
The demonstratien that the plasma bili-
rubin concentration increases with fasting
in Gunn rats which luck this enzyme, direct
measurement of bilirabin glucuerony] trans.
ferase activity in homogenates of maie
Sprague-Dawley rat liver {table 1), and
multicompartmental analysis of human bili-
rubin clearance data {table 5) indicate that
a decrease in the activity of this enzyme
does not expiain the increase in the plasma
bilirubin concentration during fasting.

Two hepatic cytoplasinic protein fractions
which bind bilirubin and other organic
anions have been described.?** However.
the turnover rates of these proteins (half-
times of 19 days und 42 hr}?7 are too long to
account for the rapidity of rise in the plasma
bilirubin concentration during fasting, even
if synthesis of the proteins stopped with
fasting.

Dimintshed excretivn of bilirubin inte
bile during fasting could cause the increase
in plasma conjugated bilirubin. However.
this would not explain the increase in
plasma unconjugated bilirubin. since only
conjugated bilirubin is exc.eted into bile.

A mechanism to explain fasting hyper-
bilirubinemia whick is consistent with all
the data presented is that a material forms
{or increases) during fasting which inhibits
hepatic bilirubin clearance. Alternatively, a
material which facilitates kepatic bilirubin
ciearance couid be depleted. Several com-
pounds which may influence bhilirubin me-
taholism change rapidiy with fasting. For
example. the plasma plucagon level in-
creases to a peak by 3 days of fasting,
whereas the plasma insulin and gluceze
fevels decrease over the same time pe-
ried.** This is thought to reflect a period

of accelerated hepatic gluconeogenesis. If

hiepatic uptake of bilirubin is epenn-de-
pendent. such changes might be important.
Free fatty acids, which have heen showr: to
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affect the binding of bilirubin to albumin,
increase markedly with.in 24 hr of fasting
and retum rapidly to base line values on
refeeding.?* Although the plasma concen-
tration of free fatty acids attained during
fasting is not sufficient to cause disgiace-
ment of bilirubin from albumin in sitro,*®
the free fatty acids might compete effec-
tivelv with bilirubin for the hepatic evto-
plasmis binding proteins, since tie liver
actively metabolizes free fatty acids during
fasting.

Many other changes occur with fasting,
and further work will be required 10 define
the reason why hepatic bilirubin clearance
decreases. Such investigation should add to
the knowledge of bilirubin metabolism.

REFERENCES
I. Gilbert A, Herscher M: Sur len varintions de s
cholemic physiclogigue. Presse Med 14:29-211,
1906
. Barrett P: Hyperbilirubineniia of fasting, JAMA
£in presst
2 Febler BF. Rickard D, Redeker AG: The re-
ciprocal relation Ertwesn aaloric intake and the
degree of hyperbiliuhinemia in Gilbents am
drome. New Eng J Med 284:176-172, 1970
4 Weber AP, Schalm L: Quantitative separation and
determination of bilirubin ind conpzated bili
rub.n in humat serum. Clin Chim Acta 780 {0,
1962
. Malioy 1, Evelvn K: The determination of hili.
rubin with the photeelectric volurimetor. 1 Biol
Chem 119;18]1-39 1937
6, Hone RAE, Berk PD. Bloomer JR, et ai: Prepasa.
tion and properties of specifically faveled radie.
chemically stable *H-bilinubin, § Lab Ciin Med
TRV, a9t
3. Barreit PVD, Rerk PD. Menken M, et al- 8ili-
robin mimueaer studies in normal and pathalogic
ststes using hilircbin. *C, Aan Intern Med 6%;
Taa-lie, 1968
& Berk 11, Howe HE. Blo mer 3R, et 4} Studies of
ailirubin kinetics i normal adults. J Clin ovex
AN2176-2790), 1960
. Collisen HA, Hodkev FI. O'Neal JD: Determina.
tiem of carbart manexide in blod by gas chrma-
tography, Clin Chemr 14:162-171, 1968
10, Rodkey FL, O'Neal D, Collison HA: Oxsgen and
cathen monovide equilibria of human adult hemo-
glohin at atnewpheric and elevated pressure.
Hiood ILAT-85 1980
11, Cherrick GR. Stein SW. Leavv CM, ot 2z 'ndo.

1

>

]

N g

b

I,

i i s

wadk:

b S T

)

=




R AT (L e L

T e w0 P

October 1971

cyvanine green: chservations o its physical progp.
erties, plase~ decay and Lepatic extraction, J Clin
Invest 9:592- 6k, 1964

. Lawry OH, Rosebrough NJ, Farr AL, et al: Pro-

tein measurement with the Folin phenol reavent.
J Biol Chem 193:265-275, 1951

. Black M. Billing BH. Heirnegh KPM: Deter-

mination of bilirubin UDP-glucunny?! transerase
activity in necdle-biopsy specimens of human
liver. Clin Chim Acta 29:27-35, 1970

. Sjetrand T The formation of carben monoxide by

the decomposition of haemeglobin in svo, Acta
Phasiol Scand 26:338-341, 1952

Ludwigg GD. Blakemore WS, Drabkin DI Pre
duction of carbon monexide by hemin oxidation.
J Invest 26:912 1957

. Engel R, Berh ¥D. Rodkey FL. et al: Estimution

of heme tumwver (HT and esthrooyte sunival
fRBCLS) in wan from cleasance of bilirubin
tBR1-3+C and from carbon momuxide production
(COP. Cin Res 17:225, 1969

landaw SA, Callahan EW Jr, Schmid R: Catab-
aolism of hemy¢ in vive: companson of the supul-
tanecus production of bilirubin and carbon mon-
oxide, J Clin Invest 49:414-925, 1970

Cobum RF, Wiiliams W, Kohn SB: Endogenius
carbon monoxide production in patients with
hemolvtic anemia. .1 Clin Invext $5:350-46%, 1985

. Berk PD Bloomer (R, Howe RB. and Berlin N5

Censstitutional hiepatic dyv-function tGilbert’s ssm-
dromei. A new definition based 1 kingtic studiss
with unconjugated rudiohilirubin . Amer J Med
19:2396-305, 1900

. fleomstama K, Hattinger GO, DeGraff AC, ot al:

The estimatien of hepatie blood fiow wing indo-
svanine green. Surg Gynee Obnter JII55R 336,
1o6h

2

. Schomid R Hy

LIVER PHYSICLOGY AND DISEASE 487

Caesar J, Shatden 8, Chiardust L. et al: The use
of indocvanine green in the measurement of
hepatic biood flow and us 8 1est of bepatic func-
tion, Cha Sei 21:43-57, 1961

aker L2 Metabolian and disprai-
tion of C*bilirubin in cmpenital neshemolvtic
jaundive. JJ Clin Iovent 42:1726- 171, 1563

. Bakken AF. Thalen MM. Schimid R: Hormonaf

cotitrul of hepatic beme eatabdlism. 3 Clin Invest
nhtm, 3050

Cdmmee EA, Bloomer JH Betk P, et al- The

measurement of bepatic ssmthenis of ilirubin and
its delivery to plasias in man. 4 Clin Invest 50504,

Hin)]

. Schacter 8A. Mever UA, Hildebrandt AG. «t al:

Micranamal lipid pervxidation: a new mechanism
for hemopratein catabwdism. Clin Res 19,429, 1571

5. bevi AL Satmaitan 7, Arias IM: Tao hepatic

ovtoplasmic protein fractions, ¥ and Z. and their
presible role in the hepatic untake of hilisubin,
sulfobromephthalein, and other aniens. JJ Ciin
Irvest R:22156- 2167, 1969

. Levi AL Gaumaitan Z. Arias IM: Study of the

rates of tunner and development of twe hepatic
(vtoplasmic prteins €Y and 71 which bind hili-
rubin and ~ulffobromphthalein iBRP: Gastro-
enteraiemy H6:401. 190

28, Marlixs EB. Aoki TT, Unzer RH, ! al. Gluepen

levelz and metabolic effeet~ in fasting man J Chin
Insest 42:7236- 2270, 1970

L Morse WL Mahabiz K Changes in glucose toler-

atices and plasma free falty acids after fasting in
obenity, Diabetes 11256 2), 1968

. Marinaks R, shafrie E: Displacement of albuanin-

bosnid hilirabin by tree fatts acids  Impheations
tor neonatal b-perbilirubienmin. Clin Chim Acta

J L IR LT




