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Summaw intestinal secretion. rather than malabsomtion of dietarv carbo- 

Jaundice phototherapy is associated with a significant incidence 
of watery diarrhea. We have postulated that acute intestinal 
secretion, rather than malabsorption of dietary carbohydrate, is 
an effect of a photoproduct of bilirubin upon the intestinal mucosa. 
Because a major effect of phototherapy is the hepatic excretion of 
nonconjugated bilirubin, we investigated the effect of bilirubin on 
small intestinal function in the hamster in vivo. 

The entire small intestine was luminally perfused in vivo with 
solutions containing bilirubin (0.125 to 0.75 mmole/liter) and net 
water and sodium fluxes were measured. Control animals absorbed 
both water (J,":? = 58.9 pl/min/g) and sodium (JEZt = 4.55 pEq/ 
min/g), but animals perfused with bilirubin (20.25 mmole/liter) 
exhibited secretion of water (J:$ = -39.0 - -85.9) and sodium 
(JEZt = -9.91 - -18.24). The rate of water secretion was positively 
related to the concentration of bilirubin in the infusate (r = 0.749; 
P < 0.001). The concentration of bilirubin in ultrafdtrates of 
perfusate was likewise positively related to its concentration in the 
infusate (r = 0.844, P < 0.001), indicating the potential importance 
of soluble forms of bilirubin in inducing secretion. possible epithe- 
lial injury was studied by measuring the concentration of DNA in 
the perfusate and the activity of disaccharidases in postperfusion 
mucosa, and the possible role of cyclic adenosine monophosphate 
as a mediator of the secretory process was investigated by deter- 
mining its concentration in postperfusion mucosa. Perfusion with 
0.5 mM bilirubin, which produced significant secretion, did not 
cause loss of DNA (0.284 versus 0.244 mg/liter) or mucosal lactase 
activity (56 versus 53 units/g) or enhancement of cyclic adenosine 
monophosphate concentration (14.9 versus 14.12 pmoles/mg pro- 
tein). 

Speculation 

These data seem consistent with the hypothesis that jaundice 
phototherapy causes watery diarrhea by enhancing the hepatic 
excretion of nonconjugated bilirubin, which, in turn, causes intes- 
tinal secretion. 

A recent survey has estimated that 10% of infants born in the 
United States receive phototherapy for neonatal jaundice (16). 
Such therapy is associated with a significant (9.5%) incidence of 
watery diarrhea (19), characterized by increased fecal water loss 
(26) and decreased gut transit time (29). The pathogenesis of this 
diarrhea has not been established, but a photoproduct of bilirubin 
is presumed to be involved in the mechanism because both light 
and hyperbilirubinemia are required for its development (29). 
Although intestinal lactase deficiency has been found in affected 
infants (I), recent data indicate that lactose intolerance cannot be 
demonstrated in these infants (13, 14). We have observed diarrhea 
to develop within a few hours of light exposure and in the absence 
of oral intake. These observations lead us to postulate that acute 

hydrate, is an effect of a photoproduct of bilirubin. 
Phototherapy induces hepatic excretion of nonconjugated bili- 

rubin through a postulated mechanism involving configurational 
isomerization of bilirubin, Z-Z bilirubin IXa, to "photobilirubin," 
composed of the two Z-E and the E-E bilirubin IXa configura- 
tional isomers, a pigment which is readily excreted by the liver. 
The kinetics of reversion of photobilirubin to bilirubin have not 
been elucidated, but the Z-E isomers are presumably unstable and 
revert to Z-Z bilirubin within the biliary tract or the gut (6,20,24, 
27). Overall, a major effect of phototherapy is the hepatic excretion 
of nonconjugated bilirubin into the gut. 

We have tested the possibility that bilirubin causes intestinal 
secretion by measuring the effects of bilirubin on the small intes- 
tinal function of hamsters. The results indicate that bilirubin itself 
can induce intestinal secretion and suggest that the watery diarrhea 
often witnessed in jaundiced infants treated by phototherapy may 
be a consequence of the high concentrations of bilirubin within 
the intestinal lumen. 

MATERIALS AND METHODS 

PERFUSION TECHNIQUE 

Fed, male Syrian golden hamsters (Sprague-Dawley, Madison, 
WI) weighing between 80 and 110 g were anesthetized with 10 mg 
of intraperitoneal pentobarbital sodium, the abdomen was opened 
in the midline, and the bowel was ligated just distal to the entry 
of the common bile duct and at the ileocecal junction. Incisions 
were made in the duodenum and in the distal ileum, and the small 
bowel was irrigated was 10 ml of warm 0.9% NaCl solution. 
Polyvinyl chloride cannulae were secured at the ligament of Treitz 
and in the distal ileum for purposes of infusion and collection of 
fluid. Perfusion flow was controlled at 0.73 to 0.83 ml/min, 
determined gravimetrically before each animal perfusion by a 
four-channel peristaltic pump. All perfusions were performed in 
dim tungsten lighting, and the perfusion solutions were maintained 
at 37°C in the dark. 

Because bilirubin is sparingly soluble at physiologic pH (2, 28), 
a neutralization technique was used to deliver pigment to the 
bowel. Infusates consisted of two solutions, an alkaline solution 
(A), 70 mM NaCl and 42 mM Na2C03, in which bilirubin was 
readily dissolved, and an acid solution (B), 154 mM NaCl and 42 
mM HC1. The solutions were pumped at identical rates on two 
channels of the pump in tubes A and B. Tube A penetrated tube 
B, and the catheters terminated simultaneously so that mixing of 
the solutions occurred upon entry into the bowel. The mixture of 
C03= and H+ produced a physiologic perfusate containing 21 mM 
HC03-. 

Crystalline bilirubin, obtained from Sigma Chemical Co. (St. 
Louis, MO) (Lot 104C-0144) was dissolved in solution A. The 
final concentration of bilirubin in the infusates was 0.125 to 0.75 
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mmole/liter; although the solubility of bilirubin was clearly ex- 
ceeded, concentrations are expressed as mM. The bilirubin con- 
tained greater than 99% IXa-isomer by thin-layer chromatography 
(23), and the infusate contained no bile salts as determined by a 
3a-steroid dehydrogenase method sensitive to 1 nmole/ml (15). 

The adequacy of mixing of the perfusate within the lumen and 
the control of luminal pH in the perfused animal were of concern. 
To investigate these potential problems, two groups of animals, a 
control group and one receiving 0.5 mM bilirubin, were perfused 
for 30 min, and perfusate was rapidly and sequentially obtained 
from 20, 10, 5, and 1 cm distal to the infusate site. The bowel was 
punctured with a 23 gauge scalp vein needle, and fluid (0.4 ml) 
was collected by gravity-assisted flow. The P C O ~  and pH of 
perfusate retained within the scalp vein apparatus were irnmedi- 
ately determined by micro blood gas analyzer (Instrumentation 
Laboratory Micro 13). The osmolality of the collected fluid was 
measured by freezing point depression (Osmette S., Precision 
Systems), and the total CO2 content was determined by Van Slyke 
(Natelson Microgasometer model 600). Blood was obtained from 
the inferior vena cava, and serum osmolality was determined at 
the termination of the perfusion in both groups. 

MEASUREMENT OF NET WATER AND SODIUM FLUX 

Net water flux was determined using a nonabsorbable marker, 
polyethylene glycol (4000 mw) (PEG), in the perfusion solution. 
Solutions contained 2 pCi of [14C]PEG and 0.5 g PEG per 100 ml. 
The first 30 rnin of perfusate was discarded, and perfusate was 
collected for three succeeding 20-min periods. At the end of the 
collection period, the small bowel was removed and dried to 
constant weight at 100°C. Perfusates were centrifuged at 1000 x 
g for 10 min, and 2 ml of the supernatant were decolorized by the 
addition of 20 pl commercial laundry bleach to reduce scintillation 
quenching. Duplicate 200 pl aliquots were mixed with 3.0 ml of 
water miscible scintillation fluid (Aquasol; New England Nuclear, 
Boston, MA) and were counted for 14C in liquid scintillation 
spectrometer (Packard Tri-carb 3255) with an efficiency of 70 to 
85%. Counts were corrected to dpm by inclusion of an external 
standard. Sodium concentrations were measured by flame pho- 
tometry (Instrumentation Laboratory model 343), and C1- con- 
centrations were determined in a chloride analyzer (Beckman 
model 015-083993). 

Net water flux, expressed as pl/min/g dry bowel, and net 
sodium flux, expressed as pEq/min/g, were calculated for each of 
the three 20-min perfusion periods by standard formulae (5). Net 
flux for the total 60 rnin perfusion period was computed as the 
arithmetic mean of those calculated for the three individual 20- 
rnin collection periods. 

Marker ([14C]PEG) recovery was determined in six control and 
six experimental animals (0.5 mM bilirubin). Total effluent vol- 
ume over 60 rnin was determined gravimetrically. The total 14C 
recovery (the product of the perfusate 14C and volume), when 
expressed as a percentage of the 14C infused (the product of the 
infusate 14C, flow rate, and time) was 100.10 f 2.72 (S.D.) %, 
control, and 100.19 & 2.41, experimental. 

BIOCHEMICAL ASSESSMENT OF MUCOSAL DAMAGE AND 
MEASUREMENT OF CYCLIC ADENOSINE MONOPHOSPHATE (CAMP) 

Hamsters were perfused for 90 min with control solutions or 0.5 
mM bilirubin in these experiments. 

The concentration of DNA in the perfusate was used as a 
measure of the rate of cellular loss into the gut lumen (5). Perfusate 
was collected in 50 ml centrifuge tubes maintained on ice contain- 
ing 0.5 ml of 0.3 M EDTA, pH 8.0, and analyzed for DNA by the 
method of Croft and Lubran (10). Results are expressed as mg 
DNA per liter. 

Epithelial brush border damage was quantitated by measure- 
ment of the activities of mucosal lactase and sucrase. The bowel 
was removed immediately upon termination of the perfusion and 

was placed in cold 0.9% NaCl solution. Mucosa, scraped from 
inverted bowel, was weighed, diluted 1:100 w/v with 0.9% saline 
solution, and homogenized in a Waring blender for 30 sec. Mu- 
cosal homogenates were stored at -20' until analyzed for lactase 
and sucrase activity by the method of ~ a h l ~ v i s t  (11). Enzyme 
activitv was measured in all sam~les simultaneouslv and within 2 
wk o i  collection. The results &e expressed as ;moles glucose 
liberated per rnin per g protein of mucosal homogenate (units/g). 
Protein was measured by a modification of the method of Lowry 
(32) using bovine serum albumin as the reference standard. 

The concentration of cAMP in mucosa after perfusion was 
measured to investigate its role as an intermediate in the secretory 
process. Bowel, removed immediately after perfusion, was rinsed 
with an iced solution of 8 mM theophylline in 0.1 M Tris (pH 
7.4). The mucosa was scraped free, and the mucosal proteins were 
precipitated by homogenizing in 5.0 ml of 6% trichloroacetic acid 
at 4OC. cAMP concentrations were determined by radioimmu- 
noassay (New England Nuclear cAMP lZ5I RIA Kit) and expressed 
as pmoles/mg protein. 

DETERMINATION OF THE PHYSICAL STATE OF BILIRUBIN IN THE 
PERFUSATE 

The amount of soluble bilirubin in the luminal fluid was 
quantitated to help to explain the observation that increases in the 
infusate concentration produced increasing secretory effects. Per- 
fusate was collected from the ileal cannula without exposure to air 
and was centrifuged at 3000 x g for 30 min. The supernatant was 
centrifuged at 20,000 x g for 1 hr. Total bilirubin concentrations 
in perfusate and in both supernatants were determined. 

Because the acid of the bicarbonate buffer system is volatile, 
difficulty was encountered in maintaining the pH of the aspirated 
perfusates during centrifugation. Ultrafiltration of the perfusates 
under controlled concentrations of gaseous CO2 was subsequently 
used. Concentrations of 0.25, 0.5, or 0.75 mM bilirubin were 
infused in these experiments. After 30 rnin of perfusion, the bowel 
was gently cannulated sequentially at 20, 10, and 1 cm from the 
infusion site. Six ml of perfusate were collected in a tube gassed 
with 5% C02:95% 0 2 .  The Pcoz and pH of the fluid were deter- 
mined, and the remaining fluid was passed through a previously 
gassed 0.25 pm Millipore filter. The filtration pressure was pro- 
vided by the above gas mixture. Spectral curves of filtrates of fluid 
from six animals demonstrated absorbance maximum at 440 nm 
and sharply declining shoulders, the curve of free aqueous biliru- 
bin. Absorbance at 600 nm was also recorded in the ultrafiltrates 
and used as a measure of light scattering. Conjugated bilirubin 
was determined by reacting with diazotized ethyl anthranilate 
(1 8). Total bilirubin concentrations in the infusates and perfusates 
were measured by the method of Malloy and Evelyn (22); diazo- 
tized p-iodoaniline (18) was used to determine bilirubin concen- 
tration in those fluids containing less than 17 pm bilirubin. 

STATISTICAL ANALYSIS 

Differences between means of grouped data were analyzed by 
Student's t test, and the t test for paired samples was used for 
comparison of within group data. 

RESULTS 

PERFUSION TECHNIQUE 

Pcoz, pH, and total CO2 content were determined at several 
positions along the length of perfused intestine (Table 1). No 
differences were found between experimental and corresponding 
control values, and the data demonstrate that the system of 
perfusion is physiologic with respect to acid-base characteristics. 

The electrolyte content of infusates and perfusates was mea- 
sured in a control group (n = 8) and in an experimental group (n 
= 7). The perfusion system accurately delivered physiologic con- 
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Table 1. P coz, pH, and total COz content of perfuate obtained at various distances from the site of infusion in a control group (n = 11) 
and an experimental (0.5 mM bilirubin) eroup (n = 9) 

Distance from site of infusion (cm) 

1 5 10 20 

Control 

Pco2 (mm Hg) 
pH (units) 
CO2 (mEq/liter) 

Experimental 

Pco2 (mm Hg) 
pH (units) 
CO2 (mEq/liter) 

' Z + S.D. 

centrations of Na' and C1- to the intestine; no experimental value 
was different from the corresponding control value. In both animal 
groups, there was a slight increase in the concentration of Na+ in 
the perfusate over the infusate: control, 153.3 f 0.6 versus 151.8 
f 1.1 mEq/liter, P < 0.01; experimental, 152.3 + 1.0 versus 150.9 
f 1.2 mEq/liter, P < 0.01. Chloride concentration was slightly 
lower in perfusates than in infusates of control (129.6 f 3.6 versus 
13 1.6 & 1.8 mEq/liter, P > 0.10) and experimental animals (13 1.1 
f 1.7 versus 133.4 f 3.1 mEq/liter, P < 0.10). 

The osmolalities of the infusates and perfusates obtained from 
several positions along the intestinal length are given in Figure 1. 
Control values were not different from the corresponding experi- 
mental ones. The osmolality of the aspirates increased with dis- 
tance from the site of infusion in both groups. Serum osmolality 
was measured in nine hamsters and was 344 f 12 mOsm/kg. The 
increasing osmolality of the perfusates from both groups presum- 
ably resulted from water moving down an osmotic gradient and 
is consistent with the current hypothesis that water movement in 
the small intestine is passive following osmotic or activity gra- 
dients. 

NET WATER AND SODIUM FLUXES 

Inclusion of bilirubin in the infusate altered net water and 
sodium fluxes (Table 2). Control animals exhibited positive net 
flux (absorption) of both water and sodium. Animals which were 
perfused with 0.25 to 0.75 mM bilirubin had secretion (negative 
net flux) of both water and sodium. Significant negative correla- 
tions of net water flux (r = -0.749; P < 0.001) and net sodium 
flux (r = -0.732; P < 0.001) with increasing concentrations of 
bilirubin in the infusate were demonstrated. Of interest was the 
apparent discrepancy between water and sodium flux which was 
most easily seen in animals perfused with 0.125 mM bilirubin, a 
simple calculation demonstrated that in all groups there was a 
constant absorption of water in excess of sodium or secretion of 
sodium in excess water. This finding was consistent with passive 
water movement down an osmotic gradient as noted above. Water 
presumably passively followed sodium, either absorbed or se- 
creted, and at the same time moved down the osmotic gradient 
existent from lumen to serosa. 

The time course of water flux was examined for evidence of 
decay in the rate absorption or of cumulative bilirubin toxicity 
(Fig. 2). No difference was found in net water flux for any time 
period within animal groups, illustrating stability and lack of 
cumulative dose effect. 

BIOCHEMICAL ASSESSMENT OF MUCOSAL INTEGRITY AND 
MEASUREMENT OF MUCOSAL (CAMP) 

Mucosal lactase and sucrase activities were not different in 12 
control from 12 experimental animals. The values for sucrase are 

I 

0 5 10 15 20 
DISTANCE cm 

Fig. 1. The osmolalities (F + S.E.) of the luminal perfusate as a 
function of length (distance from the infusion site) of perfused bowel in 
experimental (A, 0.50 mM bilirubin, n = 9) and control (B, n = 11) 
animals are illustrated. The osmolality of perfusate from all positions was 
higher ( P  < 0.01) than that of the infusate. 

for control: 142 f 31 (S.D.) units/g; and experimental: 171 f 35; 
lactase values are for control: 53 f 9; and experimental: 56 f 9. 

The loss of DNA into the lumen was not different in experi- 
mental from control animals; the DNA concentration in the 
perfusate from five control animals was 0.244 f 0.158 (S.D.) mg/ 
liter and in five experimentals was 0.284 f 0.163 mg/liter. 

Table 3 illustrates the mucosal cAMP concentrations measured 
after perfusion with 0.5 mM bilirubin, 4 mM ricinoleate, 10 mM 
deoxycholate (all of which produce secretion in the hamster), and 
10 mM taurocholate (which does not cause secretion) (5, 17). In 
contrast to ricinoleate and deoxycholate, perfusion with bilirubin 
did not result in enhancement of mucosal cAMP concentration. 

DETERMINATION OF THE PHYSICAL STATE OF BILIRUBIN IN THE 
PERFUSATE 

Experiments (n = 3) using centrifugation to elucidate the phys- 
ical state of bilirubin in the perfusate demonstrated that the total 
concentration of bilirubin in perfusate collected from the ileal 
cannula averaged 50% of the infused concentration. Presumably 
the concentration was reduced through absorption, precipitation, 
adsorption, and, to a lesser degree, dilution. Some of the bilirubin 
formed flocculent precipitates which could be sedimented at low 
centrifugal force (3000 x g for 30 min), but 78% remained in 
suspension despite centrifugation at 20,000 x g for 1 hr. The 
20,000 x g supernatants uniformly also exhibited absorbances at 
600 nm > 2.0, indicative of microaggregates of bilirubin that were 
not sedimented. 
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Table 2. Net water flux and net sodium flux measured with increasinz concentration o f  bilirubin in the infusate 

Bilirubin concentration (mM) 

Net water flux @l/min/g) 

Net sodium flux @Eq/min/g) 4.55 + 4.12 -1.76 & 7.84 -9.91 + 10.68 -14.10 & 8.64 - 18.24 + 6.95 
P >  0.1 P < 0.05 P < 0.01 P < 0.001 

' Numbers in parentheses, number of animals tested. 
2 - x k S.D. 

AS compared to control value. 

I L  
20  40 60 

TIME min 
Fig. 2. Net water fluxes (f +. S.E.) of control animals (A; n = 8) and 

animals perfused with solutions containing bilirubin (0.125 mM (a,, n = 7) 
and 0.5 mM (0; n = 7)) are shown as functions of the duration of 
perfusion. The first 30 min of perfusate was discarded, and net water 
fluxes were determined during three succeeding 20-min periods. 

Ultrafiltration of perfusate obtained from three areas of the 
intestine (1, 10, and 20 cm distal to the infusion site) during 
infusion with three concentrations of bilirubin (0.25, 0.50, and 
0.75 mM) demonstrated a stepwise increase in the concentration 
of bilirubin in the ultrafiltrate with increasing infusion concentra- 
tion (Fig. 3). Thus, increasing the amount of bilirubin in the 
infusate resulted in increases in the luminal concentration of 
soluble, monomeric, or oligomeric bilirubin. However, there was 
considerable overlap between groups. A declining concentration 
of soluble bilirubin with increasing distance from the perfusion 
site was also evident (Fig. 3). 

The linear regression of the absorbance at 440 nm (y) versus 
mM bilirubin concentration (x) in the ultrafdtrates, y = 165.9~ + 
0.50, demonstrated a high degree of correlation (r = 0.927) be- 
tween the two measurements. No ultrafiltrate contained measur- 
able amounts of conjugated bilirubin, and the absorbance at 600 
nm never exceeded 0.010, indicating the absence of aggregates of 
bilirubin or of biliverdin (34) in the filtrates. 

The pH and Pcoz of the perfusates gassed during collection for 
these experiments were similar to those collected in a closed 
system. The range of the mean pH values for all nine groups 
(three positions x three concentrations) was 7.48 to 7.68. 

DISCUSSION 

These studies were conducted to explain the occurrence of acute 
diarrhea that occurs in some newborn infants treated with ~ h o -  
totherapy for neonatal jaundice. We elected to study the effe'ct of 
bilirubin on intestinal function because bilirubin is a major excre- 

tory product of phototherapy (6, 27). Lund and Jacobsen (21) 
measured the concentration of nonconjugated bilirubin in the 
duodenal bile of seven infants during phototherapy and found a 
mean concentration of 0.047 mM. However, one of the seven had 
a concentration of 0.127 mM which is equivalent to the lowest 
concentration (0.125 mM) tested in this study. This test group as 
a whole exhibited net absorption of water (Table 2), but three of 
seven experimental animals and zero of eight control animals 
demonstrated net secretion (X2 = 4.28; P < 0.05). Extrapolation 
from these numbers indicates that excretion of bilirubin at this or 
greater concentrations during phototherapy could account for the 
diarrhea which occurs in affected infants. 

Perfusion was performed in such a way that bilirubin in the 
bowel lumen would undergo transition from a solution to a 
complex mixture, comprising colloidal, oligomeric, and mono- 
meric forms, at physiologic pH (3). This system may have analo- 
gies to that existent in infants treated with phototherapy. During 
phototherapy bile contains photobilirubin (25), which is appar- 
ently water soluble (2), aqueous bilirubin in solution at alkaline 
pH, and bilirubin solubilized by incorporation into mixed micelles 
and by self-aggregation (4, 30). Within the duodenum, the follow- 
ing occur: bilirubin results from spontaneous configurational 
isomerization of photobilirubin; the pH falls; and because new- 
born infants frequently have less than micellar concentrations of 
bile salts, the micellar sink is lost (31, 33). This is a unique 
circumstance wherein significant concentrations of free noncon- 
jugated bilirubin might occur in the intestinal lumen. 

The perfusion data demonstrate that bilirubin induces secretion 
by hamster small intestine and is more powerful in this regard 
than are deoxycholate and ricinoleate (5, 17). The mechanism by 
which bilirubin induces secretion is not elucidated. It does not 
appear to induce AMP production (Table 3) or cause enterocyte 
damage as indicated by the normal brush border disaccharidase 
activity and the absence of DNA loss in the perfusates. These 
latter mechanisms seem important for surfactant induced secretion 
(9, 17). 

Extensive investigation of the neurotoxicity of bilirubin has 
shown that when free to enter cells it disrupts energy metabolism 
(7, 8, 35). Potentially, such an effect on absorptive cells could 
account for apparent secretion by interfering with normal absorp- 
tion in acute experiments such as these. 

Implicit in the observation that bilirubin induces intestinal 
secretion is delivery of bilirubin to the intestinal epithelium. 
Because the unstirred water layer would represent a significant 
diffusion barrier to colloidal bilirubin (12), the secretion rate may 
be related to the concentration of soluble bilirubin in these exper- 
iments. The current results demonstrate increased rates of secre- 
tion and stepwise increases in soluble bilirubin in ultrafiltrates of 
perfusate as bilirubin concentrations in the infusate are increased. 
Thus, even though the bilirubin concentrations in the infusates 
exceed its aqueous solubility at the pH of intestinal fluid, signifi- 
cant (1 or 2 pM) concentrations of ultrafilterable bilirubin are 
present in the perfusate throughout the perfused intestine (Fig. 3); 
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Table 3. cAMP concentrations in hamster intestinal mucosa after perfusion with control solution, bilirubin, and a variety of anionic 
surfactants 

Bilirubin Ricinoleate Deoxycholate Taurocholate 
Control (0.5 mM) (4 mM) (10 mM) (10 mM) 

(10)' (10) (5) (5) (4) 

CAMP (pmoles/mg protein) 14.12 + 7.772 14.91 + 6.85 37.68 + 18.27 3 1.73 + 12.70 13.13 + 3.22 
P > OX3 P < 0.05 P < 0.05 P > 0.7 

' Numbers in parentheses, number of animals tested. 
2 - x k S.D. 

AS compared to control value. 

0.50 

0 5 10 15 2 0  
DISTANCE cm 

Fig. 3. The concentration of bilirubin in ultrafiltrates of luminal per- 
fusate (2 * S.E.) is shown as a function of length (distance from the 
infusion site) of perfused bowel and as a function bf the concentration of 
bilirubin in the infusate (0.75 mM (0); 0.50 mM (A); 0.25 mM (0); n = 6 
at each concentration). A highly significant correlation existed between 
the concentration of bilirubin in the infusate and that in ultrafiltrates of 
perfusate obtained both proximally (1 cm; r = 0.844, P < 0.001) and 
distally (20 cm; r = 0.602; P < 0.01). 

potentially, a soluble fraction of the infused bilirubin results in 
alteration of intestinal function. 

Bilirubin concentrations in duodenal bile obtained from human 
neonates during jaundice phototherapy also exceed its aqueous 
solubility (21). Data regarding the physical state of this bilirubin 
and the amount of bilirubin which may have already entered the 
intestinal mucosa are lacking. Not withstanding the possible con- 
founding effects of other photoproducts of bilirubin (6 )  on intes- 
tinal function and the possible effects of luminal bile salts and 
phospholipids on the solubility of nonconjugated bilirubin (30), 
free nonconjugated bilirubin potentially results in intestinal secre- 
tion in these infants. 
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