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Summary. Golden brown bile is promptly turned green, even under oil, by addition of 
various aliphatic and aromatic aldehydes: formaldehyde, paraldehyde, chloral hydrate, iso- 
butyraldehyde, glyoxal, glyoxalic acid, glutaraldehyde, benzaldehyde, p-dimethylaminobenzal- 
dehyde and vanillin. In the case of formaldehyde this color change is accompanied by 
spectroscopic alterations and by a decrease in bilirubin assay by the Malloy-Evelyn technic. 
Brown yellow icteric liver tissue is similarly colored green by immersion in formaldehyde, 
paraldehyde, chloral hydrate, benzaldehyde and p-dimethylaminobenzaldehyde. This color is 
returned to yellow by reducing agents: sodium bisulfite or thiosulfate, ferrous salts, acetone 
and alcohols: methyl, ethyl and ethylene glycol. Thus reduced tissue is again colored green 
by reexposure to aliphatic and aromatic aldehydes. This color cycle may be repeated at least 
three times. Formaldehyde also oxidizes ferrous salts to ferric, as well as reducing ferric 
salts to ferrous, incompletely in both instances, so that ferroso-ferric mixtures result. On 
weighing of ferrous ferricyanide precipitates an oxidation of about 16% of a ferrous sulfate 
solution and a reduction of 30% of a ferric chloride solution was indicated. These two salts 
respectively reduced biliverdin to bilirubin and oxidized bilirubin to biliverdin in reported 
histochemical studies. 

Introduction 

Tha t  the mucosa of the gal lbladder and  the icteric liver and  k idney assume a 
green color after formol f ixat ion is common knowledge among pathologists, yet  
it  is seldom ment ioned  in  the current  textbooks (Baker, 1961; McManus and  
Mowry, 1960). McManus found i t  difficult to unde r s t and  how a reducing agent  
like formaldehyde could effect the oxidat ion of b i l i rubin  to bil iverdin.  B lum 
(1903), summariz ing  reports after his (1893) in t roduc t ion  of formol f ixation,  did 
no t  men t i on  the green coloration of icteric liver or gallbladder mucosa. Nor does 
I-Ianser (1930) ment ion  it  in  the:  Henke-Lubarsch,  t t a n d b u e h  der speziellen patho- 
logischen Anatomic.  

lkTo record of an  aldehyde react ion with bi l i rubin  was found in  Lemberg and  
Legge's monograph  (1949), or in  tha t  of Wi th  (1968). 

Material 
Material utilized in this study was strongly icteric livers, fixed for histologic and histo- 

chemical studies reported elsewhere (1967, 1968, 1969a, b, 1970), derived largely from the 
necropsy service of the U.S. Veterans Administration Hospital. As noted in those studies 
neutral 10% formol fixation was used in all cases, in many one in mixtures of methanol 
and chloroform partly at 60 ° C, in others anhydrous acetone, an equal volume ethanol ether 
mixture, 80% ethanol and others. Fresh bile was obtained from normal gallbladders at necrop- 
sy and solutions of bilirubin were also used on occasion. Bilirubin assays were done in the 
Veterans Hospital laboratory by a standard Malloy-Evelyn technic. Spectra were recorded 
on a Beckman DB recording spectrophotometer. 
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Experimental and Observations 
Our experience confirmed the reports of McManus and Mowry (1960) and of 

Baker (1961). With these multiple fixations, icteric liver bloe~ks placed in 10% 
formol were generally green after 2--3 days, those fixed in acetone, in methano]d- 
chloroform, in aleohold-ether, 80 % alcohol and similar fixatives usually remained 
grossly golden brown. Some blocks fixed in 10% formol containing 5% sodium 
thiosulfate were green at 48 hours, others yellow brown. Deep green coloration 
of the liver is sometimes present in the fresh state, and a few blocks were gray 
green after 24 hours in acetone or methanolS-chloroform. 

Some biliverdin might be natively present in these green formol fixed livers, 
its color masked in the fresh state by the presence of red blood. The color of 
blood changes from red to yellow brown on formol fixation and this color change 
should unmask the green of biliverdin. The alternative was that  in some manner 
formaldehyde changed bi]irubin to biliverdin or some closely related substance. 

To eliminate the factor of blood color, the action of formaldehyde was tested 
on fresh gallbladder bile from a routine autopsy not involving hepatic disease. 
A mixture of 1 ec bile, 8 cc distilled water and 1 cc 37 % formaldehyde began to 
show a greenish color within an hour, and by 3 days had acquired a dark green 
color, without sediment. A control 10% aqueous dilution of 1 cc of the same bile 
sample remained golden yellow for at least a week at 25 ° C. Similar samples, 
kept under mineral oil remain golden yellow to orange for at least l0 weeks. The 
test tubes were about 2/3 full and were closed with rubber stoppers. 

Recalling the reactivity of p-dimethylaminobenzaldehyde with the active 
CtI 2 group of the iudolenine tautomers of the indoles, it was thought that the 

central CH 2 bridge of bilirubin, situated also between unsaturated, essentially 
aromatic linkages might be similarly reactive according to the suggested formula- 
tion below in Fig. 1, proceeding from bilirubin (II) through a methylene bilirubin 
(III) to a methyl biliverdin (IV) which is again reducible to a methyl bi]irubin (V). 

To check further on this possibility ten aldehydes were reacted with diluted 
bile from a normal gallbladder. Bile was added in 1 cc quantities to 9 cc distilled 
water dilutions of 1 ec 37 % formaldehyde I (400 mg HCHO or 1.33 M concentra- 
tion), 2.2 g and 220 mg chloral hydrate (1.33 M and 133 raM), 2 ce para]dehyde 
U.S.P. (about saturated, 1.988 g/10 ce, 1.54 M), 5 ce 25% glutaraldehydc ~ (1.25 g/ 
l0 cc~1.25 M), 1 cc benzaldehyde 2 ~ 2  cc ethanol (about 0.95 M), 149 mg 
(1 mmol) p-dimethylaminobenzaldehyde 2 with 0.1 ce 12 iV HC1 and 1 ec ethanol 
(0.1 M), 152 mg vanillin 2 with 2 cc ethanol (0.1 M), 1 ec isobutyraldehyde 2 (ca. 
600 mg/10 ce : 1.03 M), 2 cc 40% glyoxalie acid S (ca. 1 M), 2 ce 30% g]yoxal 
(ca. 600 mg/10 cc ~ 1.03 M), and control distilled water, all to final l0 cc volumes. 

Immediate moderate greenish reactions, as compared with the control, ap- 
peared with all but one of the aldehydes, p-Dimethylaminobenzaldehyde formed a 
bulky brick red curdy precipitate filling the fluid. By 24 hours this separated 
into a clear red supernatant fluid and a dark green precipitate. The formal- 
dehyde, chloral hydrate and vanillin mixtures formed no 2¢ hour precipitates, 
remaining deep green, deep green and yellowish green respectively. The isobutyr- 
aldehyde, the paraldehyde, the glyoxal and the glyoxalic acid mixtures also 

1 Baker analyzed with 11.8% methanol 
2 Eastman Distillation Products Co. 
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Fig. i. Formulation of proposed formaldehyde bilirubin condensation reaction to form a hypo- 
thetical methyl biliverdin and reduction to a methyl bilirubin 

formed greenish black to deep green precipitates with greenish yellow, deep green, 
faintly greenish yellow and clear yellow supernatants in tha t  order. GlutarMde- 
hyde returned to brown yellow fluid and brown orange precipitate, while benzal- 
dehyde yielded a green fluid and greenish sediment. 

Except  glutaraldehyde, all the aldehydes tested yielded green precipitates or 
green fluids, suggesting that  the previously reported green coloration of bile 
pigment by  formaldehyde is a more or less general aldehyde reaction. 
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Confirming the results of Tiedemann and Gmelin (1826) the untreated bile 
control turned green in a few days. But addition of 1% sodium thiosulfate or 
0.2 % sodium metabisulfite to fresh bile prevented the color change for 28 days, 
even with air exposure. 

A parallel test was conducted on "purified bilirubin" as furnished for stand- 
ardization of the Hijmans van den Bergh reaction. I t  was found that the un- 
treated distilled water control also yielded a dark green precipitate only slightly 
less in amount than with formaldehyde. I t  was found that  the stock 1% solution 
in 1 N NattC03 required a 3 day treatment with an equal volume of 0.2 M 
Na2S20 a to change precipitate color from dark green to dark brown, with a deep 
yellow supernatant. Paraldehyde similarly reduced the initial green precipitate 
to yellow in a brown yellow supernatant. No red color was seen at any stage 
with p-dimethylaminobenzaldchyde. The glutaraldehyde precipitate remained 
dark green up to 8 days, in contrast to its behavior with fresh bile. 

In  view of the ready oxidation of bilirubin demonstrated in our tissue sections 
(1968), and the rather laborious preparation method involved in the isolation of 
bilirubin, it did not seem worthwhile to attempt the preparation of a sample of 
reduced, biliverdin free bilirubin for the repetition of these tests. 

Total Bilirubin estimations by a standard Malloy-Evelyn technic were done 
on 13 samples, without and with additions of 0.5, 1 and 2 ec formo] to 10 cc 
aliquots of 10% bile. Some samples presented a pronounced decrease of bili- 
rubin in formol treated samples, others showed little Significant alteration. Aver- 
ages for the 13 samples were 6.77 rag/100 cc for tl~e control, 4.66, 4.74 and 
4.34 for the samples receiving 0.5, 1 and 2 ce formol respectively. In  a total 
of 13 assays on samples of high total bilirubin content direct assays were also 
done. These averaged 70.6% of the total bilirubin. 

Spectroscopically, fresh human bile yields a broad absorption band between 
about 380 and 500 m~, whose maximum is a plateau at 410--430 m~. Addition 
of formaldehyde occasions a relatively small decrease in absorption in the 400--  
450 area, a fairly pronounced decrease in the 450--500 zone with appearance 
of a shoulder or even a secondary peak at about 480, and a quite moderate 
second absorption band in the 590--600 area. The presence of absorption bands 
in the violet (410) and red orange (590--600) areas is usual for green dyes in 
solution. 

Fig. 2 illustrates the effect of addition of graded doses of 40 % formaldehyde 
in 10% fresh human bile at 24 hours reaction time. Curve 0 is that  of the bile 
sample run at once after dilution, Curve 1 is the same solution at 24 hours 
to illustrate that  alterations on standing are relatively slight. Curves 2, 3 and 4 
show the effect of inclusion of 0.5, ] and 2 ee formol in the l0 ee dilute bile. 
During the 24 hour reaction period all specimens were protected from air by 
a 2--3 em layer of mineral oil. Final dilutions of 1:250 were made for spectro- 
scopy. 

Changes on air exposure of diluted fresh bile have on occasion presented two 
peaks at about 400 and at about 480 m~, with a deepening depression between 
as aging progresses. This again indicates passage of more blue and blue violet, 
so that the previous orange yellow changes to green. 
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Fig. 3. Standard bilirubin solution effect, of air oxidation 

The control 10 mg/100 cc hydromethanol ic  bilirubin solutions exposed to air 
1 rain, l,  12, 24, 44, 65 and 89 hours (Fig. 3) presented an increasing depression 
hi the 450 area so tha t  a fairly sharp peak appeared at  about  487 m~ and a 
broader  vaguer  one at  about  400--410,  diminishing at  65 hours almost  to a mere 
shoulder. 

Gross Color Changes in Fixed Tissue. Since it was not  readily practical  to 
s tudy  the effect of al ternate  oxidation and reduct ion in solution, and as the pri- 
m a r y  topic of investigation was the gross color changes produced in liver tissue, 
the bulk of the investigation was conducted on blocks of s trongly icteric liver 
tissue fixed primari ly in formol and in formol free fixatives. I-Iere the removal  
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of the previous reagent, washing, and substition of a second reageht ate Simple 
and the effects on gross color are readily followed. 

Tissue blocks previously fixed 24 hours in anhydrous acetone and in equal 
volumes of ethanol and ether were yellow to brown and both fixing solutions 
were light to moderate yellow in color, indicating some extraction of bile pig- 
ments. Blocks were transferred to neutral phosphate buffered 10% formol about  
10 cm deep in a 15 cm test tube. In  one such tube the surface of the formol 
was exposed to air, in a second it was covered by a 3 cm layer of mineral off. 
Control blocks remained in the original fixative in a similar tube dosed with a 
rubber stopper. The control block in acetone remained yellow brown for 3 months. 
The control alcohol ether block slowly assumed a greenish yellow color and the 
covering solvent also changed to greenish yellow. The four blocks transferred to 
formol, both those under off and those exposed to air assumed a green color in 
about 5 hours, this deepened to deep green by the next day. No further color 
change occurred in 3 months and the formol solutions remained uncolored. 

tIistologic examination of such material did not prove profitable, colors being 
too faint on a histologic level for significant evaluation. 

In  another experiment blocks of 3 mottled dark green formol fixed livers 
were stored 4 months in full stoppered tubes in 10% formol (control), in 0.2 M 
Na2S203, in 70% alcohol, in acetone and in 0.1 M ferrous sulfate in water and 
in 70% alcohol. The blocks stored in formol remained green, on transfer for 
a 24 hour period to 0.2 M (5 %) sodium thiosulfate their color changed to deep 
to pale yellow. Blocks stored in F e S Q  solutions, in 70% alcohol, in acetone or 
in thiosulfate were pale greenish yellow or yellow, and on retransfer to 10% 
formol for 24 hours again turned green. 

In  further series, green formol fixed hver blocks (8018) were subjected to 
alternating changes of 0.2 M Na2SuO 3 and 10% formol (phosphate buffered to 
pH 7), allowing each to act until a definite color change appeared, leaving one 
block behind in each fluid change while moving the remainder on. Reduction 
by thiosulfate on the first round was quite slow, requiring about 7 days to 
reach a light still very faintly greenish yellow. The green color was restored by 
formol and tissues were left there 6 days over the holidays. Transfer to 2% 
sodium metabisulfite gave an appreciable lightening of the green color in 2 hours, 
and by 18 hours blocks were bright yellow. Two hours washing in 4 changes of 
distilled water and retransfer to 10% formo] gave light green mottling on pale 
greenish yellow in 2 hours and in 24 hours the blocks were essentially equal 
in color to the original green formol stored control. Little further change was 
detected on longer formol storage. A third cycle of bisulfite reduction to bright 
yellow and formaldehyde reoxidation to green was performed, the color changes 
ensuing at about the same rate as on the second cycle. 

In  additional series on deeply icteric liver 691064 the formol fixed tissue 
exhibited dark green spots covering about 30% of the sectioned surface in a 
hght green background. On reduction the spots were brownish yellow, the back- 
ground light yellow. Blocks were oxidized in 10% formol (1.3 M HCHO), 5.9% 
paraldehyde (1.3 M CHsCHO), 22% (1.3 M) and 1.65% (0.1 M) chloral hydrate, 
10.6% (1 M) benzaldchyde in about 40% alcohol and p-dimethylaminobenzal- 
dehyde at 0.1 M in 30% alcohol with and without addition of 1% concentrated 
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hydrochloric acid. All oxidized liver blocks to green in  less t h a n  24 hours. These 
blocks were reduced 48 hours with 2% Na2S205 to match  control bisulfite stored 
blocks, washed and  reoxidized to complete 3 cycles of reduct ion and  reoxidation. 
The weaker chloral solution and  the unacidified Ehrl ich reagent  were somewhat  
slower to produce the green color t h a n  the others. 

Reduction by Alcohols. Blocks of deeply icterie liver 8018, used in  the cyclic 
oxidat ion reduct ion tests, were washed several hours in  distilled water to remove 
free formaldehyde and  placed in  60, 80 and  100 % methanol .  Reduct ion  to yellow 
color took abou t  18 days in  60%, and  40 days in  80%. Fur the r  tests showed 
al tera t ion from green to yellow in  50% ethanol  in  3 - - 6  days, in  70% glycol 
[C2H4(Ott)e ] in  10 days and  10% in 17--21 days. 

I n  t r ichloroethanol  blocks became a darker green and  a fa int  purplish color 
appeared in  the solvent,  which on s tanding  some days changed to brownish 
yellow in the upper  zone while remaining  pinkish below. 

The E]]ect o] Formaldehyde on Ferric and Ferrous Salt Solutions. We (1968) 
have reported on a histoehemical level tha t  ferric chloride acts ra ther  weakly to 
convert  yellow brown reduced bile p igment  to a green bi l iverdin phase and  tha t  
ferrous sulfate has a somewhat  greater reducing act ion to convert  green bile 
p igment  casts and  granules to a yellow brown bi l i rubin phase. This suggested 
t ha t  a s tudy  of the in terac t ion  of formaldehyde with the two iron salts might  
yield per t inen t  informat ion.  

When mixtures of 1 cc 37 % formaldehyde are made with 5 cc amounts of 1% FeC13 • 6 H20 
and 1% FeSO(7 H20 and reacted after 24 hours with 1% solutions of K4Fe(CN)~'3 H20 
and of K3Fe(CN)6 in comparison with control untreated FeC12 and FeSO 4 solutions, the 
controls yielded the expected dark blue precipitates of ferrous ferricyanide and ferric ferro- 
cyanide and light green ferrous ferrocyanide and the clear orange ferric ferrieyanide solution. 
The formaldehyde ferric chloride mixture gave a decreased, but still blue reaction with 
ferroeyanide and a strong dark blue reaction with ferricyanide. And the formaldehyde ferrous 
sulfate mixture yielded a very dark green with ferricyanide and a dark blue with ferro- 
cyanide. Thus it appears that formaldehyde has acted to reduce Fe +++ and to oxidize Fe++; 
the action on the ferric salt appearing perhaps somewhat stronger. 

When 12 mmol (3.4 g) FeC13 • 6 H20 was treated 24 hours with equivalent 12 mmol (8.95 g) 
I{3Fe(CN)6 in a total volume of 70 cc H~O, no change in the deep orange solution occurred 
and there was no weighable precipitate. But when 1.8 cc 40% (w/v) tICHO (720 ing=24 mmol) 
was reacted 24 hours with the same amount of ferric chloride in 50 cc It20 and the ferricyanide 
then added in 20 cc water, a dark blue precipitate resulted which on drying at 60 ° C to constant 
weight weighed 1.150 g. This is about 30.5% of what resulted from the interaction of 12 mmol 
FeSO~ with K3Fe(CN) 6. 

Three equal portions (12 retool, 3.36 g FeSO4"7 H20 ) dissolved each in 50 cc preboiled 
distilled water were allowed to stand, under a 3 cm layer of mineral oil to prevent access 
of air, for 4 days, the one without aldehyde addition, the second with 24 mmol HCHO 
(1.8 cc 40% solution) and the third with 24 mmol (3.97 g) chloral hydrate. All three were then 
reacted with 8 mmol (2.634 g) portions of potassium ferricyanide (K3Fe(CN)6 in 20 cc H20. 
After settling overnight the overlying oil was removed by adding preboiled distilled water 
until the oil all overflowed into a sink, washing the surface of the water with ether and 
allowing ether vapor to dry off. The dark blue precipitates were transferred quantitatively to 
tared filters, washed with water until the wash water gave no reaction with FeSO 4 solution, 
then with 2--3 washes of absolute alcohol and of ether and dried to constant weight on 
a warm plate at about 50 ° C. The weights of ferrous ferricyanide recovered were 3.6770 g 
for the control, 3.0846 g for the formaldehyde treated sample, and 3.2034 g for the chloral 
treated. This represents a 16% conversion of Fe ++ to Fe +++ with formaldehyde and a 13% 
with chloral. 
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Discussion 

The demonstration that  green pigments are produced in bile by a variety 
of aliphatic and aromatic aldehydes as well as formaldehyde suggests that  the 
reaction is a general one of aldehydes with bilirubin (II) (see Fig. 1). 

Considering at this stage tha t  aldehydes are usually considered reducing 
rather  than oxidizing agents the hypothesis was evolved tha t  there was aldehyde 
condensation (III)  with an active methylene group forming the central bridge bet. 
ween pyrroles 2 and 3, and tha t  by rearrangement an alkyl (or aryl) biliverdin 
was formed (IV). While such a compound could again be reduced to an alkyl 
(or aryl) bilirubin, this substance (V) would not be susceptible to a new condensa- 
tion reaction with an aldehyde since the central group would now be alkyl or 
aryl substituted. 

On the demonstration tha t  yellow brown nonformol fixed icterie liver blocks 
are turned green by  exposure to formaldehyde, that  green formol fixed ieterie 
liver blocks can be returned to a golden brown color by  exposure to sodium 
thiosulfate or bisulfite solutions, or even by ferrous salt solutions, alcohol and 
acetone, and finally on the demonstration that  thus reduced formol fixed blocks 
again resume their green color on reexposure to formol, the condensation hypo- 
thesis appeared untenable and we were forced to consider an oxidation by  alde- 
hyde. Carrying the green --~ yellow -~ green shift through three cycles by 
alternate use of HCHO and NaHSOa appears to confirm this conclusion. Repeti- 
tion of this cyclic experiment with chloral hydrate, paraldehyde, benzaldehyde 
and p-dimethylaminobenzaldehyde in parallel with formaldehyde further supports 
the thesis that  the aldehyde reaction with bilirubin in tissue is a simple, reversible 
oxidation. 

The change from yellow to green in tissue blocks is not a simple air oxidation 
in the presence of formaldehyde. I t  occurs with equal rapidity when the surface 
of the fluid is covered by a 2 cm layer of mineral oil. This precaution is adequate 
to preserve the golden brown color of fresh human bile for at  least 70 days. The 
formaldehyde color change appears in 1--3 hours and is maximal in 1--2 days. 

The recent demonstration (1968) tha t  the green-brown color shift of bile pig- 
ment  in tissue lay in a similar redox potential range to that  of the Fe+++--Fe ++ 
shift and the existence of differential reactions for Fe+++ and Fe++ suggested 
use of these reactions to assess any possible oxidation potential of formaldehyde 
toward bilirubin. On the histochemical level ferric chloride solutions oxidize the 
yellow brown (bilirubin) phase to the green (biliverdin) state and ferrous sulfate 
reduces the green pigment toward the yellow brown phase. 

Mixtures of ferric and ferrous salt solutions with ferricyanide and ferrocyanide 
solutions yielded the expected clear orange ferric ferricyanide solution, the dark 
blue precipitates of Tnrnbull 's and Prussian blue and the greenish white ferrous 
ferrocyanide. Addition of formaldehyde to ferric chloride and ferrous sulfate solu- 
tions caused them both to develop deep blue precipitates with both double iron 
cyanides. Since formaldehyde is thus shown to oxidize Fe ++ and to reduce Fe+++ 
it seems logical to conclude that  it can also oxidize bilirubin. Ethanol and methanol 
apparently reduce bfliverdin to bilirubin, perhaps more readily in the presence of 
some water. 
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T h u s  one m i g h t  wr i t e  a r e a c t i o n  as r eve r s ib le  B R - ~ H C t I O ~ - B V  ~- C H z O H ,  or  

as  b e t w e e n  c o m p o u n d s  I a n d  I I ,  Fig .  1, in wh ich  t h e  color  of t h e  p i g m e n t  

w o u l d  d e p e n d ,  b y  mass  ac t ion ,  on t h e  n a t u r e  of t h e  s to rage  f luid .  T h e r e  is 

a s low r e d u c i n g  ac t i on  b y  m e t h a n o l  a n d  m e t h a n o l  w a t e r  m i x t u r e s  as wel l  as  b y  

e t h a n o l  w a t e r  m i x t u r e s ,  a ce tone  a n d  a lcohol  e the r  m i x t u r e .  These  r e d u c t i o n s  a re  

s lower  a n d  a p p a r e n t l y  w e a k e r  t h a n  t h e  f o r m a l d e h y d e  ox ida t ion .  H e n c e  t h e  a b o v e  

r e a c t i o n  goes to  t h e  g r een  b i l i ve rd in  side. 

In  regard to the possibility of a Cannizzaro type reaction in the production of green pigment 
by action of an aldehyde on bilirubin, the Cannizzaro reaction requires presence of free alkali 
and usually the presence of an aromatic aldehyde. While mixtures of formaldehyde and benzal- 
dehyde in the presence of Ca(OH)2 or other suitable alkali do produce benzyl alcohol and 
calcium formate, the bilirubin biliverdin conversion occurs readily also in acid formaldehyde 
solutions. Since the Cannizzaro disproportionation reaction apparently requires the alkaline 
conditions, it is not believed that  this mechanism can be invoked in the present reaction. 
I t  is noted that  deliberately acidified Ehrlieh's reagent was a more rapid and active oxidant 
of reduced icteric liver than an unaeidified portion of the same solution. 

Acknowledgements are due to D. Walker, P. Donaldson and t~. Henderson for aid in 
performance of tests and to IV[. Carrick for preparation of manuscript. 
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