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ABSTRACT. The toxicity of bilirubin was investigated in 
2 neural cell lines NBRlOA and N115 using a quantitative 
dye assay 3-(4,s dimethylthiazol-2-yl)-2,5-diphenyl tetra- 
zolium biomide (MTT) as  a measure of cell viability and 
[%]thymidine incorporation as  a measure of DNA synthe- 
sis. Short exposures (up to 2 h) to bilirubin, even up to a 
bilirubin-albumin molar ratio of 1.5, yielded no evidence of 
toxicity using these assays. At longer exposure times (24 
h) a decrease in cell viability and I3H]thymidine incorpo- 
ration was detected at  a molar ratio of 0.8 when the 
bilirubin concentration was 0.1 m M  or higher, whereas 
lower bilirubin levels a t  this molar ratio showed no dele- 
terous effect. The effect of bilirubin is more pronounced a t  
a molar ratio of 1.5 with longer incubation periods. The 
M T T  assay showed the N115 cells appeared to be more 
resistant to bilirubin cytotoxicity than NBRlOA cells, a 
finding which was not obtained from ['Hlthymidine incor- 
poration studies. This discrepancy can be explained by the 
fact that we are measuring two different variables; the 
M T T  assay estimates the number of viable cells a t  the end 
of the experiment by measuring mitochondria1 function 
whereas the [%)I]thymidine assay measures the rate of 
DNA synthesis during the last 2 h of the experiment. The 
concentration effect of bilirubin is evident from the ['HI- 
thymidine studies in that a t  a molar ratio of 1.5 and 
bilirubin concentration of 0.075 m M  or higher, there is 
both cell kill (decrease in DNA) and inhibition of [3H]- 
thymidine incorporation (decrease in specific activity). 
When the bilirubin concentration is reduced to 0.03 mM, 
there is little or no cell death (no change DNA) but 
inhibition still exists (42% decrease in specific activity). 
Thus, cell viability and function of these two neural lines 
is dependent not only on the bilirubin albumin molar ratio, 
but also on the absolute concentration of bilirubin and 
albumin as  well a s  the time of exposure. (Pediatr Res 19: 
908-9 1 1,1985) 

Abbreviations 

MTI', 3-(4,5 dimethylthia~ol-y-y1)-2,s-diphenyl tetrazo- 
lium bromide 

DMEM, Dulbecco modified Eagle's medium 
PBS, phosphate-buffered saline 

Hyperbilirubinemia is a common occurrence in the newborn 
period, particularly in premature infants, and it has been asso- 
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ciated with irreversible nuclear damage in the brain (kernicterus) 
(I). The toxic effect of bilirubin in tissue culture cells have been 
reported in a number of studies including histologic damage in 
dissociated rat cerebellum (2), decrease in glucose consumption 
in human fibroblasts (3), decrease in viability and ATP content 
(4), and increase in potassium leakage in modified L-929 mouse 
fibroblasts (5). Thaler (6) reported a decrease in DNA synthesis 
in hepatoma cells. Cell viability in most of these studies was 
assessed by the exclusion of either trypan blue or erythrocin B. 
The dyes will only stain those cells which are nonviable and 
leaky. A qualitative assessment of viable to  nonviable cells is 
usually done by counting under the microscope. 

T o  our knowledge, n o  studies have been done on the cytotox- 
icity of bilirubin on neural cell lines in culture. In the present 
study, we evaluate the effects of bilirubin in the presence or 
absence of albumin on cytotoxicity in two established neural cell 
lines, namely N1 15, a rat neuroblastoma cell and NBRlOA a 
murine neuroblastoma hybrid cell line. 

Cell viability is determined by the ability of active mitochon- 
dria to  cleave a yellow dye, MTT, to  form a dark blue formazan. 
The amount of dye incorporated is proportional to the number 
of viable cells. Even freshly dead cells would not cleave M T T  
(7). This provides a method in which the toxic effects of bilirubin 
on tissue culture cells can be quantitatively assessed. The incor- 
poration of ['Hlthymidine into DNA and total DNA levels are 
also studied in these 2 cell lines under the same conditions as 
M T T  assay, thereby allowing comparison of similarities and 
differences of these two approaches. 

MATERIALS A N D  M E T H O D S  

MTT assay. N 1 15 cells are grown in standard DMEM plus 
8% fetal calf serum, and NBRlOA cells are grown in DMEM 
plus 8% fetal calf serum, plus a HAT supplement (hypoxanthine 
136 mg/liter, aminopteryine at 1.8 mg/liter, thymidine at 72.6 
mg/liter) in 6 cm culture dishes at 37°C in a 5% C 0 2  humidified 
atmosphere. Cells (5000/well) are then seeded in 96-well flat 
bottomed tissue culture trays of good optical quality (e.g. Falcon). 
Final volume of media in each well is 100 111. The cells are 
adapted to grow in a protein free media (8) for 24 h before the 
experiments with bilirubin are set up. 

A stock solution of human serum albumin (fraction V essen- 
tially free fatty acid free, Sigma) is made up at a concentration 
of 1 mM in DMEM and sterilized by filtration. Immediately 
before use, a stock solution of 10 mM of bilirubin (lot number 
13F0846) obtained from Sigma was verified by high-pressure 
liquid chromatography to contain 92% of the IXn moiety and 
the rest being X 1 1 1 CY and 1 1 1 a. No other bile pigments were 
detected and the bilirubin preparation was used in the expen- 
ments without further purification and was made up  by dissolv- 
ing 5.85 mg of bilirubin in 0.5 ml 0.1 N NaOH. Once bilirubin 
is in solution, 0.5 ml of diluent at pH 7.8 containing 0.45% NaCl 
and 0.45% Na2C03 is added. The bilirubin and albumin solu- 
tions are mixed in various volumes to achieve bilirubin to 
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albumin molar ratio of 0 to 1.5 with albumin concentration 
varying from 0.2 to 0.01 mM and bilirubin levels to 0.3 mM to 
0 (control). Twenty-five microliters of each solution is added to 
100 ~1 of protein-free media per well. A minimum of eight wells 
is used under each test condition. 

MTT (Sigma) made up as a 5 mg/ml solution in PBS (pH 7.4) 
is then filtered to sterilize. This yellow solution is stable for 
several weeks when stored in the dark at 4" C. Just before use, 
one part MTT is mixed with nine parts of protein-free media. 

After incubation for 2 and 24 h, respectively, the media 
containing bilirubin is removed by suction, replaced with fresh 
media containing MTT (see above) with a multichannel pipettor 
and incubated for another 2 h. The cleaved dye which can now 
be seen as fuzzy blue crystals at the bottom of the well is dissolved 
in 100 PI of isopropanol-HC1 (0.04 N) by agitation with re- 
peated pipetting with a multichannel pipettor until a blue solu- 
tion is obtained. The absorbances of the individual wells is then 
read in a multichannel plate reader with a test wavelength of 570 
nm and a reference wavelength of 630 nm. 

('Hlthymidine incorporation into DNA. For the experiments 
with ['Hlthymidine incorporation into DNA the cells are seeded 
at a concentration of 1 x 10' cells on 3-cm culture dishes and 
allowed to grow in standard DMEM for 24 h. The media is then 
removed by suction and replaced with 2 ml protein-free experi- 
mental media (see above) for a further 24 h. Stock solutions of 
albumin ( I  mM) and bilirubin (10 mM) are prepared as previ- 
ously described. The bilirubin albumin preparations, 0.5 ml, are 
added to the media, mixed gently, and incubated for 2 and 24 
h. The cells are then pulse labeled with i3H]thymidine (NEN), 1 
pCi per dish for 2 h. Triplicate analysis are performed for each 
experimental condition. At the end of the incubation period the 
medium is removed and the cells washed three times with PBS. 
The cells are suspended in I ml PBS then scraped off with a 
rubber policeman and pipetted into an ep~endorf test tube with 
a paste& pipet. After a brief centrifugation, the supernatant is 
suctioned off and replaced with 0.4 ml PBS. The cells are 
fragmented by sonication with a microprobe for 5 see. Two 
hundred microliters are removed for counting using ACS as the 
scintillant. The remainder is used for DNA estimation (9). The 
incorporation of ['Hlthymidine is expressed as ~ p m / ~ g  DNA. 
The pH and bilirubin (10) level in the media were monitored at 
0, 2, and 24 h respectively, in the presence or absence of cells. 

RESULTS 

MTT a.r.say. Both the NBRIOA and N1 15 cell lines seem to 
be very resistant to the toxic effects of bilirubin at bilirubin- 
albumin molar ratios of 1 or less for incubations of up to 24 h. 
Beyond a bilirubin/albumin molar ratio of 1, percentage viability 
decreases to a minimum of 20% of control at bilirubin/albumin 
molar ratio of 1.5 (Fig. 1). Figure 2 shows the effect of different 
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Fig. 1. Albumin concentration is maintained at 0.1 mM. The points 
are compiled as mean k 1 S D  from absorbances of eight wells. The cells 
have been incubated with the bilirubin solutions for 22 h and then 
incubated with M T T  for a further 2 h. NBRIOA u, N115 
e- - -.. 

bilirubin concentrations on cell viability while maintaining a 
molar ratio of 1.5 and a bilirubin concentration of 0.15 mM. At 
2 h the effect of bilirubin on cell viability is minimal, whereas at 
24 h the highest concentration of bilirubin causes the most 
pronounced effect on viability, less than 10% of cells remain 
viable. A similar, but less pronounced affect was seen with N 1 15. 

(3Hf~hymidine incorporation into DNA. Figures 3 and 4 rep- 
resent the effect of different concentrations of bilirubin at bili- 
rubin/albumin molar ratios of 0.8 and 1.5 on [3H]thymidini: 
incorporation into NBRlOA and N 1 15, respectively. Both cell 
lines respond similarly, i.e. the higher the concentrations of 

Time of Incubation (hours)  

Fig. 2. Cells-NBRIOA. u, albumin = 0.2 mM,  bilirubin == 

0.3 mM; U, albumin = 0.1 mM, bilirubin = 0.15 mM; A-A,, 
albumin = 0.05 mM,  bilirubin = 0.075 mM; +-+, albumin = 0.01 
mM,  bilirubin = 0.015 mM.  The cells are incubated with the above 
solutions for 2 and 22 h and then incubated with M T T  for a further 2 h. 
The points are the mean of eight wells. Absorbances of controls (no 
bilirubin) are taken to be 100%. 

B~lirubin/Albumin (molar ratio) 

Fig. 3. Cells-NBRIOA. u, albumin = 0.2 mM; U, al- 
bumin = 0.1 mM; A----A, albumin = 0.02 mM. The cells at-e 
incubated with the bilirubin albumin solutions in experimental med1,a 
for 22 h and then pulse labeled with ['Hlthymidine for a further 2 h. 

Bilirubin/Albumin (molar ratio) 

Fig. 4. Cells-N1 15. U, albumin = 0.2 mM; U. a l b u m ~ n  
= 0.1 mM: A---A, albumin = 0.02 mM; +---+, albumin = 0.002 
mM. Thc  cells arc incubated with the bilirubin albumin solutions in 
experimental media for 22 h and then pulse labeled with [)H]thyrnidine 
for a further 2 h. 
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bilirubin, the more suppressed is the [3H]thymidine incorpora- 
tion. The effects of bilirubin are much more pronounced at the 
higher bilirubin albumin molar ratio. Figure 5 represents the 
dose response curve obtained from the [3H]thymidine incorpo- 
ration on cell line NI 1 5  at two bilirubin albumin molar ratios,,, 
0.8 and 1.5, following a 22-h incubation with bilirubin. At high 
bilirubin to albumin molar ratio (above 1.0), bilirubin is highly 
toxic at levels as low as 0 . 0 1 0  mM, whereas a t  ratios less than 
1.0, toxicity of bilirubin can only be seen at levels in excess of 
0.1 to 0.15 mM. 

Fig. 5. This figure represents dose response curve for cell line N115. 
B, bilirubin-albumin molar ratio of 0.8; @. bilirubin-albumin molar 
ratio of 1.5. Cells have been incubated with the bilirubin-albumin 
solution in experimental media for 22 h and then pulse labeled with ['HI 
thymidine for a further 2 h. 

Table 1 outlines in detail the raw data from which the figures 
are derived. In addition, the effect of bilirubin on DNA content 
as well as specific activity, is included for both cell lines. For 
example, with N1 15 cells at a bilirubin/albumin molar ratio of 
0 .8  and bilirubin concentrations of 0.08 mM, there is no change 
in DNA content, but there is a decrease in specific activity. 
Whereas at molar ratio of 1.5 and bilirubin concentrations of 
0 .03  mM, there is a decrease in the DNA content and specific 
activity. 

Figure 6 shows the changes in total bilirubin levels during the 
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Time (hours) 
Fig. 6. Cells-N 1 15. A-A, albumin = 0. l mM,  bilirubin = 0.08 

mM; 09, albumin = 0.1 mM,  bilirubin = 0.1 5 mM; A-A, 
albumin = 0.05 mM. bilirubin = 0.04 mM; @=a, albumin = 0.05 
mM, bilirubin = 0.075 mM. The bilirubin concentrations are done on  
the media at 0, 2, and 24 h after incubation with (----) and without (- 
- - -) cells. 

Table 1. Effect of bilirubin on PHlthymidine incorporution into DNA* 

Bilirubin Albumin 
concentration concentration Specific activity 

(mM) ( m M )  cpm DNA (1%) ( c p m / ~ g  DNA) % Control 

* The cells are incubated with the bilirubin-albumin solution as indicated for 22 h and then pulse labeled with ['Hlthymidine (1 pCi per dish) for 
a further 2 h. Note that in both cell lines there is increase in toxicity at the same molar ratios when both the bilirubin and albumin concentrations 
are simultaneously increased. 
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course of the experiments, i.e. from 0 to 24 h in the presence or  
absence of N 1 15 neuroblastoma cells. Even when incubated in 
the dark at 37" C there was a decrease of 20 to 30% in bilirubin 
concentration when no cells were present. The decrease in bili- 
rubin levels was more accentuated in experiments with cells (up 
to 60%) especially at  higher bilirubin to  albumin molar ratios. 

The pH of the experimental media was the same as standard 
DMEM (pH 8.1). Upon addition of bilirubin complexed with 
albumin to the media containing cells, the pH was 8.4 and 
stabilized to pH of 7.5 by 2 h and falls to  a final pH of 7.3 by 24 
h. In the absence of cells, no change in pH was observed at  2 h 
and a slight drop to pH 8.2 by 24 h. The concentration of 
bilirubin with respect to albumin did not influence the changes 
in pH. An attempt to measure free bilirubin in the media by the 
horseradish peroxidase method (I 1) was made. The results, how- 
ever, were inconclusive presumably due to the presence of inter- 
fering substances in the media. 

DISCUSSION 

The solubility of bilirubin has been estimated to be as low as 
7 nM in aqueous media at  physiological pH and a temperature 
of 37" C (12, 13). The low solubility makes it inappropriate to  
study the cytotoxic effects of bilirubin in protein-free media in 
monolayer tissue culture cell systems such as the cell lines used 
in the experiments. T o  investigate the relationship of albumin 
and bilirubin on these two neural cell lines, the cells are adapted 
to a protein-free medium in which they seem to thrive quite well 
during the course of the experiments. 

The M T T  assay provides a simple quantitative method for the 
assessment of cell viability to  bilirubin toxicity on cells in culture. 
The results obtained by this approach were supported by [3H]- 
thymidine incorporation studies that bilirubin has little o r  no 
toxic effect in short-term incubations (2 h) a t  bilirubin-albumin 
molar ratios of up  to 1.5 and bilirubin concentrations from 0.3 
to  0.0 15 m M  in both NBR 10A and N 1 15 cells. Longer exposure 
time (24 h) to  bilirubin under the same conditions resulted in a 
decrease in viability (Fig. 2), a decrease in specific activity (cpm/ 
fig DNA) and a decrease in DNA levels (Table 1) relative to  the 
bilirubin-albumin molar ratio and the absolute bilirubin levels. 
It was observed that when the bilirubin-containing media were 
removed after 2 h and the cells were incubated with fresh media 
containing no bilirubin for a further 22 h, an improvement in 
viability at 24 h was noted suggesting bilirubin toxicity in these 
cells is a time-related event. 

It is of interest to  note that with NBRIOA cells (Table 1) the 
higher albumin concentration in the media without bilirubin 
had an adverse effect on [3H]thymidine incorporation suggesting 
less than optimal conditions for growth for this cell line. This 
observation may explain in part the increase susceptibility of 
those cells to bilirubin cytotoxicity. 

Bilirubin is chemically unstable in alkaline solution and under- 
goes autooxidation (14). Complexed with albumin, the decom- 
position of bilirubin is slowed down but still occurred under the 
conditions in the incubator (Fig. 6). The further decrease in 
bilirubin concentration in the media when cells were present can 
be explained on  the basis of a decrease in pH, oxidation, uptake 
by the cells as evident by the yellow staining when they were 
harvested, or as in the case of the higher molar ratio of bilirubin 
to albumin, precipitation and aggregation of the pigment to  the 
walls of the container. The influence of a decrease in pH on 
tissue binding or toxicity of bilirubin was observed in red blood 
cells (1 5), mitochondria ( 16), and cerebellar culture cells (2), 
while tissue culture cells such as L-929 cells (5) seemed less 
susceptible to bilirubin toxicity when the pH was lowered from 
7.4 to 7.0. It is doubtful whether a decrease from pH 7.5 to pH 
7.3 in 24 h was a contributing factor in cell viability in the 
present experiments. 

The binding affinity of human serum albumin for bilirubin is 

very high at the primary site of binding (1 2, 17, 18). An additional 
1 or 2 mol of bilirubin can also bind but with less tenacity than 
the first. The lack of a toxic response to bilirubin bound tightly 
to albumin even at  high bilirubin levels ( I60 @mol/liter) concur's 
with results reported by Lie and Bratlid (3) working with fibro- 
blasts and at variance with those of Thaler (6) in hepatoma ~~11:;.  
This could be explained by the different responses of cells to 
bilirubin, as reported in this study and as previously reported by 
Pramanik and Horn ( 19) who showed variation in cellular uptake 
of bilirubin depending on cell type. 

The neural cell lines used in the experiments are of neuro- 
blastoma origin and may therefore react quite differently than 
normal nerve cells to  bilirubin toxicity. The ease to propagate 
and the homogeneity of the cultured cells provides the grouncl- 
work in setting up  the methodology for studies of primary brain 
culture cells which we will be pursuing in the near future. The 
question of whether "free" or "loosely bound" bilirubin is the 
driving force in the pathogenesis of bilirubin encephalopathy is 
still a matter of debate (20-22). 
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