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SWY: Biliverdin has been observed to occur in the blood plasma of 

a 90% hepatectomized rat. It is also shown that the bile pigment 

induces a rise in mitotic index in the hepatic parenchymal cells of an 

intact rat at about 30 h and an elevated rate of hepatic DNA synthesis 

at 26 h after a single intraperitoneal injection. Hemoglobin, biliru- 

bin, hemin, and protoporphyrin exhibited some of the inducing activity 

at lower degrees. It is hypothesized that biliverdin initiates the 

liver-cell-multiplication. 

A normal human liver is capable of conjugating and excreting three 

times as much bilirubin as the amount present in the daily physiologic 

load and still can maintain within normal range the concentration of it 

in the blood (1). Gn the other hand it is said that biliverdin, the 

precursor of bilirubin, does not occur in normal sera (2) but it can be 

detected in the serum of patients with obstruction of common bile duct, 

liver cirrhosis, catarrhal jaundice, etc. (3-S). This may mean that a 

normal liver does its best to eliminate biliverdin from the serum but 

once the liver fails to remain normal, some amount of biliverdin starts 

appearing in the blood as a result of the reduced capacity of the organ 

except in the case of obstruction of cormnon bile duct, in which the 

cause of appearance of biliverdin in the serum is a re-oxidation of 

bilirubin. Taking these relationships into consideration and specu- 
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.lati.@ on the mechanism of onset of liver regeneration after partial 

hepatectomy, which has been a subject of rmch research (e.g. 6-8), the 

first author has reached a hypothesis that the pigment biliverdin might 

be the initiating factor for the regeneration. 

Among circumstances supporting the above hypothesis are the follow- 

ing: 

1. It has been demonstrated that the initiating factor appears to 

be humoral (e.g. 8-11). 

2. Senescent red blood cells are destroyed and hemoglobin is re- 

leased at a constant rate. The life spans of red blood cells of man, 

dog, and rat range 108-135, 90-135, and 50-60 days, respectively (12). 

3. Since biliverdin is formed from hemoglobin, the rate of bili- 

verdin production should also be constant except for diseases. 

4. It is likely that Nature has chosen as. the controller of liver 

size a.compound that gives the organ a load that is quantitatively con- 

stant and requires the organ’s full and consistent activity. 

The purpose of this cosnmmication is to demonstrate the brief pres- 

ence of biliverdin in the rat blood-plasma after a 90% hepatectomy and 

the rises in the mitotic in&x. and .in the. rate of DNA synthesis.. in 

liver, cells of rats that have been intact except for- the intraperito- 

neal injections of the pigments mentioned above as well as hemin and 

protqorphyrin. 

MATERIALS AND METHODS 

FemaleWistar rats were obtained either from Nakajima Experimental 

Animal Institute (Kasugai, Aichi, Japan) or from Chubu Kagaku ‘Shizai. 

Compq (Nagoya, Japan), freely given food and water at all. times, and 

were used when they weighed 300-400 g in the plasma biliverdin experi- 

ment-and when they were about 130 g..in the mitotic index-and.DNA synthe- 

sis -es. Biliverdin, bilirubin, henmglobin (bovine), ‘and heinin 

were purchased from Sigma Chemical Company, protoporphyrin from Nakarai 
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Chemicals (Kyoto, Japan), globin from Tokyo Kasei Industries (Tokyo), 

and W-~]thymidine fromNew EnglandNuclear. 

The plasma biliverdin was estimated by reading absorbance at 660 

nm (13) as follows: 

The rat was decapitated at a scheduled time either after a sham 

operation (opening and closing the hypochondria1 area with no liver 

excision) or after a 90% hepatectomy, in which only the accessory lobe 

had been left intact (8), and blood was collected in a test tube con- 

taining 0.05 ml of heparin solution, 5,000 1-U. per ml. The tube was 

centrifuged at 600 x g and 4" for 10 min and 0.8 ml of the supematant 

was mixed with 2 ml of chilled methanol in a stoppered tube. The tube 

was kept ice-cold for 10 min, centrifuged at 5,000 x g and 4O for 10 

min and the supernatant combined with 1 ml each of benzene and Ccl4 and 

0.05 ml of 1 MNaCH in another stoppered tube which was then vigorously 

shaken 100 times at 4'. The optical density of the final supematant 

at 660 nmwas measured in Hitachi Spectrophotonmter and the absorbance 

was compared with the reference which had been obtained with lcnown 

amounts of biliverdin added to normal rat plasma. The reference absorb- 

antes for 10 and 20 ug of the pigment in each milliliter of plasma were 

0.035 and 0.070, respectively. 

The injected compounds were dissolved in 0.14 y NaCl containing 

0.1 MNaOH. Injections were made intraperitoneally under a light ether 

anesthesia except for those of [3H]thymidine which were made in the jug- 

ular vein. The control rats received 1 ml per 100 g body weight of the 

above solvent. 

For evaluations of the mitotic indexes the rats were killed by cer- 

vical dislocation and the right lateral lobe of the liver was fixed in 

Carnoy's solution, 99.8% ethanol, and absolute ethanol and embedded in 

paraffin. Sections of 5 w  in thickness were stained with hematoxylin 

and eosin. bfitotic indexes were measured according to Brues and Marble 
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(14) except that the parenchymal cells that were seen in 120 fields un- 

der a light microscope at the magnification of 200 were checked. The 

average number of parenchymal cells seen in each of these fields counted 

with 12 of them was 1,185 + 30 (mean + S.E.) which was used throughout 

the mitosis study. 

DNA synthesis in vivo was estimated by the incorporation of -- [Wile-$]- 

thymidine into nuclear DNA. Ten &i of [Me-3H]thymidine were injected 

in the right jugular vein of the rat fixed on a metal board, which had 

been &vised by Dr. Asaharu Kanetake, Laboratory of Biological Products, 

Institute of Medical Science, University of Tokyo, at either 26 or 26.5 

h after the single intraperitoneal injections of the compounds. After 

2 h of the pulse period the animals were killed and the liver nuclei 

were isolated with the citric acid method according to Lieberman et al. -- 

(15). The nuclei were washed with about 10 ml of 0.3 E trichloroacetic 

acid on a filter covered with approximately 200 mg of cellulose powder 

at 4”. The filter cake was dried up, dispersed in 0.5 ml of 0.68 E per- 

chloric acid, incubated at 70’ for 20 min, and counted in a phosphor so- 

lution . The counting efficiency was approximately 37%. Concentration 

of DNA in the phosphor solution was measured with the diphenylamine meth- 

od (16) . 

RESULTS AND DISCUSSION 

Ihe anrtunt of biliverdin in the blood plasma of intact or sham op- 

erated rats was practically nil, i.e. the final supematant prepared as 

&scribed in the previous page had absolutely no absorbance against wa- 

ter nor against methanol-water mixture treated in the same way as for 

the above supernatants. 

Those values for 90% hepatectomized rats killed at 5, 10, 20, 30, 

45, 60, 120, and 180 min after the time of ligation of the blood vessels 

and bile ducts serving the right lateral and caudate lobes (all of these 

vessels were ligated in a bundle and the left lateral and median lobes 
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had been removed immediately beforehand) were 3.2, 2, 1.3, 1.3, 2, 1.7, 

0.7, and 0.7 u-g per ml plasma, respectively. Another series of experi- 

ments gave the comparable values of 4.2, 0.7, 0.7, 1.3, 1, 1.7, 0.7, and 

0.3, respectively. They vary a great deal presumably because of various 

conditions under which the rats were put during the operation, individu- 

al differences between the animals, or both, however, it seems safe to 

say that certain amounts of biliverdin do exist in the blood plasma of 

90% hepatectomized rats at least during the period between 5 and 180 min 

after the operation. Those values for 70% hepatectomized rats (17) were 

even more inconsistent ranging from zero to 2.3 ug per ml plasma. It 

may be useful to add that none of the supernatants for amasurement of 

absorbance was turbid and that those with some absorbance were slightly 

but definitely greenish. 

As for the mitosis study most rats were killed at 30 h after injec- 

tion because maximal mitotic index was observed at this time as tested 

with 10 mg per 100 g body weight of biliverdin as shown in Table I. 

The reason why the maximal mitotic index is observed at 30 h in- 

stead of 24-28 h as in the case of 70% hepatectomy (7, 14, 17-21) is 

not known but it may be because of the absence of the increased portal 

blood pressure which accompanies the 70% hepatectomy (22) and may accel- 

erate the distribution of the initiating factor for the regeneration to 

the remaining liver cells. 

The effects of other compounds that were more or less related to 

biliverdin were also examined besides that of biliverdin at various 

doses and most of the results are shown in Table II. 

Not shown in Table II are the results with 1 ml per 100 g body 

weight (the last five words will be omitted hereafter) of 0.14 E NaCl 

containing 0 .l g NaCH (the control), 15 and 20 mg of biliverdin, 40 mg 

of hemoglobin, 10 mg each of hemin and protoporphyrin, and 4 mg of 

globin, which were 3.7 + 2.1 (2)) 507 (1)) 484 (l), 411 (1)) 176 + 20 
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TABLE I 

Mitotic Indexes per 100,000 Hepatic Parenchymal 

Cells at Various Times after Single Intraperitoneal In- 

jections of 10 mg per 100 g Body Weight of Biliverdin 

28 h 30h 32 h 

466 + 118 (2) 862 + 68 (5) 224 + 8 (2) 

Means + S.E. (nun&er of animals) are given. 

(2), 73 + 33 (2), and 3.3 + 0.4 (2), respectively. Among the compounds 

tested, i.e. biliverdin, bilirubin, hemoglobin, hemin, and protoporphy- 

rin, biliverdin was the most potent in forcing the normal liver cells 

to divide, hemoglobin being the second most potent. In order to check 

the possibility that the globin moiety in hemoglobin should be respon- 

sible for the potency, the effect of globin was tested and found nega- 

tive . 

‘Ihe question of whether these active compounds besides biliverdin 

are converted to biliverdin before displaying their activities of in- 

ducing the liver-cell-multiplication or they originally possess the 

activity has not been investigated, however, it may be of interest to 

note that all of these compounds can be converted to biliverdin while 

biliverdin cannot change into any of these except bilirubin. 

No sign of cell damage was detected in any of the cells observed 

under a light microscope and few figures of mitosis were found among the 

hepatic cells besides parenchymal cells. Mitotic in&x was also checked 

with a remnant liver at 28 h after a 70% hepatectomy, which turned out 

to be 397 per 100,000 parenchymal cells. 

As another line of evidence for biliverdin as well as for hemoglobin 

to induce an elevated frequency of hepatic cell-division, the effects of 
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TABLE II 

Mitotic Indexes per 100,000 Hepatic Parenchymal Cells at 30 h after 
Single Intraperitoneal Injections of Various Compounds at Various Doses 

Biliverdin Bilirubin Hemoglobin 

Dose 

0.1 

0.4 

1 

4 

10 

130 + 47 (2) 129 + 2 (2) 26 + 2 (2) _ 

44 + 4 (2) 14 + 8 _ (2) 

92 + 5 (21 106 + 1 (2) 87 + 5 (21 _ 

194 + 108 (2) 603 + 148 (2) 

862 + 68 (51 20 + 8 (6) 681 + 134 (2) 

Doses are expressed as mg equivalent biliverdin per 100 g body weight. 
'Ihe doses of hemoglobin were calculated with the molecular weight of 
68,000 and the ntier of heme moieties per mole of 4. Means + S.E. 
(number of animals) are given. 

these compounds on the rate of synthesis of hepatic nuclear DNA were ex- 

amined as already described. Results are expressed as dpm per mg DNA. 

The results with the rats who received 10 mg per 100 g body weight of 

biliverdin, were pulsed at 26 h, and were killed 2 h later were 7250 + 

550 (2) dpm per mg DNA (mean + S.E. (number of animals)). Comparable 

data of 10 mg biliverdin and the pulse time of 26.5 h were 2440 + 60 (2). 

Those for 4 mg equivalent biliverdin of hemoglobin and the pulse times 

of 26 and 26.5 h were 3620 + 1580 (2) and 2820 + 170 (2), respectively. 

The control rat receiving 1 ml per 100 g body weight of 0.14 g NaCl con- 

taining 0.1 E NaOH and the pulse at 26.5 h gave 600 dpm per mg DNA. 

These data are in accord with those of the mitotic index. 

MacDonald and Pechet (23) have reported that rat liver cells show 

a marked increase in DNA synthesis and in mitosis following ligation of 

the common bile duct beginning 2 days after obstruction and continuing 

as long as obstruction is present. They concluded as follows: The 
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cause of the marked liver cell proliferation was not determined although 

it was theorized to be due to the effects of bile. It may be said that 

their theory has been approved by the present study. However, the idea 

that biliverdin initiates the liver-cell-multiplication remains hypothet- 

ic because the possibility of intervention of some mediator(s) has not 

been excluded. 

ACKNOWLEDGMENT: The first author wishes to thank Prof. Irving Lieberman 
and Prof. mtsuyoshi Koga for their keen interests in the problem and 
their powerful influences upon the author. 

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 
11. 

12. 

13. 

14. 
15. 

16. 
17. 
18. 

19. 

REFERENCES 

WITH, T. K. (1949) Acta Med. Stand. Suppl. 234, 331-339 -- - 
LEMBERG, R. AND LEGGE, J. W. (1949) in Hematin Compounds and Bile 
Pigments, pp. 506-507, Interscience Publishers, New York 

LARSON, E. A. AND EVANS, G. T. (1945) 2. Lab. Clin. Med. 30, 384 - -- 
KANASAKI, K. (1933) Japan. 2. Gastroenterol. 5, 91-100 
WATSON, C. J. (1942) New w. J. Med. 227, 665-672 - 
BUU-JER, N. L. R. (1963) Intern. Rev. Cytol. 15, 245-300 -- 
HARKNESS, R. D. (1957) Brit. Med. Bull. 13, 87-93 --- 
SHORT, J., BROWN, R. F., HUSAKOVA, A., GILBERTSON, J. R., ZEMEL, R., 
AND LIEBERMAN, I. (1972) 2. Biol. Chem. 247, 1757-1766 -- 

MOLTEN, F. L. AND BUU-IER, N. L. R. (1967) Science 158, 272-274 
SAKAI, A. (1970) Nature 228, 1186-1187 
FISHER, B., SZUCH, P., LEVINE, M., AND FISCHER, E. R. (1971) 
Science 171, 575-577 

BERLIN, N. I., WALI&l4NN, T. A., AND WEISSUAN, S. M. (1959) Physiol. 
Rev. 39-, 577-616 

Gz, C. H., LIC.HTAROWICZ-KULCZYCKA, A., NICHOLSON, D. C., AND 
PETRYKA, Z. (1961) 2. Chem. Sot. 1961, 2264-2268 --- 

BRUES, A. M. AND MARBLE, B. B. (1937) J. Exptl. Med. 65, 15-29 - 
LIEBERMAN, I., ABRAMS, R., AND OVE, P. (1963) 2. Biol. Chem. 238, -- 

2141-2149 
BURTON, K. (1955) Biochem. J. 61, 473-483 - - 
HIGGINS, G. M. AND ANDERSON, R. M. (1931) Arch. Pathol. 12, 186-202 -- 
CATER, D. B., HOLMES, B. E., AND MEE, L. K. (1956) Acta Radiol. 46, -- 

655-667 
CATER, D. B., HOLMES, B. E., AND MEE, L. K. (1957) Biochem. J. 66, - - 

482-486 

519 



Vol. 81, No. 2, 1978 -BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

20. GRISHAM, J. W. (1962) Cancer Res. -- 2, 842-855 
21. WEINBREN, K. (1959) Gastroenterol. 37, 657-668 
22. LIEBERMM, I. AND SHORT, J. (1965) Amer. J. Physiol. 208, 896-902 -- 
23. MACDONALD, R. A. AND PECHBT, G. (1961) Arch. Pathol. 2, 133-141 -- 

520 


