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The production of formaldehyde from tris(hydroxymethy1) aminomethane(Tris) by interaction with 
hydroxyl radicals(.OH) was studied, since the reaction mixture from the Fenton reaction performed in 
Tris/HCI buffer was found to be color-developed by colorimetric determination of formaldehyde. The 
absorption spectrum of chromogens was identical to that of  authentic formaldehyde. Color development, 
which required the presence of Tris, hydrogen peroxide and cupric ions in the Fenton reaction mixture, 
was inhibited by the addition of hydroxyl radical scavengers such as glucose or hyaluronic acid. These 
results indicated that formaldehyde was produced when Tris interacted with .OH. With structures similar 
to Tris, Good's buffers were also found to produce formaldehyde by interaction with .OH. Analysis 
of formaldehyde derived from these buffers may provide a simple and convenient assay for detecting 
.OH generation. In evaluating effects of .OH on the biological system in Tris/HCI buffer or certain 
Good's Buffers, .OH loss may be due to interactions of .OH with these buffers. The formaldehyde 
produced as a result of such interactions may affect biological systems. 

KEY WORDS: Fenton reaction; hydroxyl radical; Tris(hydroxymethy1)aminomethane; Tris; Good's 
buffers; Formaldehyde; HEPES. 

INTRODUCTION 

Dimethyl sulfoxide (DMSO) is a potent hydroxyl radical scavenging agent.' For- 
maldehyde production from DMSO by interaction with .OH has been used to 
indicate an *OH generating system.2 While determining formaldehyde produced 
from DMSO by the copper-catalyzed Fenton reaction3 with the colorimetric 
method of the Hantzsch r e a ~ t i o n , ~  we observed color development in the reaction 
mixture, even in the absence of DMSO. However, this phenomenon was observed 
only after the copper-mediated Fenton reaction3 was performed in Tris(hydrox- 
ymethyl)aminomethane/hydrogen chloride (Tris/HCl) buffer. 

If formaldehyde is produced from Tris by interaction with .OH, this pheno- 
menon may provide a basis to develop a simple and convenient assay for detecting 
the presence of .OH in certain biological systems. In evaluating effects of .OH on 

Correspondence address: J .  Umemoto, Research Laboratory, Maruho Co. Ltd., 1-8-23 Oyodo-naka, 
Kita-ku, Osaka, 531 Japan. 
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certain biological systems in Tris/HCI buffer, the buffer should not be considered 
as an inert medium. In other words, *OH loss may occur because of the interaction 
of .OH with Tris. The formaldehyde produced as a result of such an interaction 
may affect the biological systems. 

The present study attempted to detect the formaldehyde derived from Tris by 
interaction with .OH, which formed during the copper-mediated Fenton reaction.’ 
Formaldehyde formation from certain Good’s b ~ f f e r s ~ . ~  by interaction with * OH 
in the copper-mediated Fenton reaction’ was also studied since the structures of 
certain Good’s buffers ’ -7  resemble that of Tris. 

MATERIALS AND METHODS 

Tris, Good’s buffers’.’ and catalase (EC 1.1 1.1.6, 40,000 units/mg protein) were 
obtained from Wako Pure Chemicals Co. (Osaka, Japan). Hyaluronic Acid(Mr 
= 1.81 x lo6) was a gift from Shiseido Co. (Tokyo, Japan). All other chemicals 
used were of analytical grade. The copper-mediated Fenton reaction’ was per- 
formed in two kinds of rea:tion mixtures. Reaction mixtured (I) was composed of 
50 mM potassium phosphate buffer (pH 7 .9 ,  0.1 mM or 0.5 mM Tris, or certain 
Good’s 0.1 mM cupric sulfate and 5 mM hydrogen peroxide, adjusted to 
a final volume of 1.5 ml. Reaction mixture (11) was composed of 0.5 mM or 20 mM 
Tris/HCI buffer, or Good‘s and the above concentrations of Cu2+ and 
hydrogen peroxide were used. The pH of the reaction mixture (11) was adjusted to 
the midpoint of the buffering range of each Incubation was carried out 
in triplicate at 37°C for 30 min. Reactions were initiated by adding hydrogen per- 
oxide and the incubation at 37°C was terminated by incubation with 10 pl catalase 
(250 units) for 5 min. Blank control solutions were incubated without hydrogen 
peroxide. An 1.5 ml aliquot was then assayed colorimetrically for the presence of 
formaldehyde by the Hantzsch r e a ~ t i o n . ~  An another aliquot (1 .O ml) was assayed 
following a colorimetrical reaction with chromotropic acid.’ Amount and absorp- 
tion spectrum of chromogens depicted by the test solution were determined and 
compared using the blank as a reference. Hydrogen peroxide was determined col- 
orimetrically by the iodine-starch method.’ 

RESULTS AND DISCUSSION 

Detection of Formaldehyde Derived from Tris by Interaction with - OH 

In view of the report ’ describing copper ions as a more effective catalyst than Fe2+ 
under physiological conditions, the copper-catalyzed Fenton reaction was used for 
the .OH generation system. Reaction mixture(1) was used for examining products 
derived from Tris during the copper-catalyzed Fenton reaction.’ Figure 1 (A) 
illustrates the absorption spectra of chromogens derived from a solution of authen- 
tic formaldehyde (0.01 mM) by the Hantzsch reaction4, and from products derived 
during the copper-mediated Fenton reaction-’ in the presence of Tris. Similar spec- 
tra with an absorption peak at 412 nm were observed. Figure 1(B) shows the absorp- 
tion spectra of chromogens formed by another color reaction for formaldehyde.* 
Similar spectral patterns with maximum and submaximum absorption were detected 
at approximately 570 nm and 480 nm, respectively. These results indicated that the 
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FIGURE 1 Absorption spectra of chromogens formed by Hantzsch reaction (A) and by the reaction 
with chromotropic acid(B) from formaldehyde( - - -) and from products (-) of the copper-mediated 
Fenton reaction. Reaction mixture of the copper-mediated Fenton reaction was composed of 50 mM 
potassium phosphate buffer(pH 7 . 9 ,  0.5 mM tris(hydroxymethy1)arninomethane. 0. I mM cupric sulfate 
and 5 mM hydrogenperoxide. Incubation was carried out at 37°C for 30 min. Reaction was initiated 
by adding hydrogen peroxide and was terminated by incubation with catalase (250 units) at 37°C for 
5 min. 

product formed by the copper-catalyzed Fenton reaction’ was formaldehyde. 
Figure 2 shows the time course of formaldehyde production during the copper- 
catalyzed Fenton reaction.’ Increase in formaldehyde production in the reaction 
mixture was observed over time. However, formaldehyde production was not seen 
when Cu2+ or Tris was omitted from the reaction mixture or when 250 units of 
catalase were added at time zero. The results showed that formaldehyde was formed 
from Tris with participation of hydrogen peroxide, although formaldehyde for- 
mation was not a result of direct interaction between Tris and hydrogen per- 
oxide. Glucose10. I ’  and hyaluronic acid 1 2 * ”  are -OH scavengers. D-glucose and 
hyaluronic acid were used to examine their effects on formaldehyde production 
derived from Tris during the copper-mediated Fenton reaction.’ As demonstrated 
in Figure 3(A) and (B), D-glucose and hyaluronic acid inhibited the production 
of formaldehyde in a dose-dependent manner. More potent inhibitory effects of 
D-glucose were observed in reaction mixtures with lower Tris concentrations. This 
result indicated that formaldehyde was produced by the interaction of .OH with 
Tris, whereas D-glucose and Tris might have competed to react with .OH. 
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FIGURE 2 Time course of formaldehyde production derived from tris(hydroxymethy1)aminome- 
thane(Tris) during the copper-mediated Fenton reaction. Reaction mixture was composed of 50 mM 
potassium phosphate buffer (pH 7 . 9 ,  0.5 mM Tris, 0.1 mM cupric sulfate and 5 mM hydrogen peroxide 
(a ) ,  without cupric sulfate (0). without Tris (0) or with the addition of 250 units catalase at time zero 
(A). Reactions at 37°C were initiated by adding hydrogen peroxide and terminated by incubation with 
catalase(250 units) a t  37°C for 5 min. 

Formation of Formaldehyde from Tris and Good’s Buffers by interaction 
with .OH 

The reaction mechanism involved in formaldehyde formation from Tris is unclear 
as yet. However, formaldehyde is evidently derived from trishydroxymethyl residue 
of Tris because formaldehyde is formed from deoxyribose by interaction with 
*OH.’4 It is possible that formaldehyde is produced from the Good’s buffers’.’ by 
-OH formed during the copper-mediated Fenton reaction3 because, similar to 
Tris, Good’s buffers5-’ such as N-Tris-(hydroxymethyl)methyl-3-aminopropane- 
sulfonic acid (TAPS), N-Tris-(hydroxymethyl)methyl-2-hydroxy-3-aminopropane- 
sulfonic acid (TAPSO), N-Tris(hydroxymethy1) methyl-2-aminoet hanesulfonic acid 
(TES), and Tris(hydroxymethy1)methylglycine (Tricine) have a trishydroxymethyl 
residue in their structures. Formaldehyde formation from these buffers by interac- 
tion with -OH was examined. In addition to these, buffers with a N,N-Bis-2- 
hydroxyethyl residue such as N,N-Bis-(2-hydroxyethyl)-2-aminoethanesulfonic acid 
(BES), N,N-Bis(2-hydroxyethyl)glycine (Bicine) and 3-[N,N-Bis(2-hydroxyethyl) 
amino]-2-hydroxypropanesulfonic acid (DIPSO), buffers with a N-2-hydroxyethyl 
residue such as N-2-Hydroxyethylpiperazine-N’-3-propanesulfonic acid (EPPS), 
N-2-Hydroxyethylpiperazine-N’-2-ethanesulfonic acid (HEPES) and N-2-Hydroxy- 
ethylpiperazine-N’-2-hydroxypropane-3-sulfonic acid (HEPPSO), or buffer with 
both trishydroxymethyl and N,N-Bis-2-hydroxyethyl residues such as Bis(2- 
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FIGURE 3 Inhibitory effects of D-glucose and hyaluronic acid on formaldehyde production derived 
from tris(hydroxymethyl)aminomethane(Tris) during the copper-mediated Fenton reaction. Reaction 
mixture was composed of 50 mM potassium phosphate buffer (ph 7 . 3 ,  0.1 mM cupric sulfate and 5 mM 
hydrogen peroxide and Tris. Incubation was carried out at 37°C for 30 min. Reactions were initiated 
by adding hydrogen peroxide and terminated by incubation with catalase (250 units) at 37°C for 5 min. 
D-glucose was added to the reaction mixture containing 0.1 mM (0) or  0.5 mM ( 0 )  Tris (A), and 
hyaluronic acid was added to the mixture containing 0.5 mM ( 0 )  Tris (B). 

hydroxyethyl) iminotris(hydroxymethy1)methane (Bis-Tris) were also examined. 
Table 1 shows the results of formaldehyde formation from Tris or Good’s 
 buffer^^-^ when the copper-mediated Fenton reaction’ was carried out in reaction 
mixture(1). Formaldehyde production was seen in the reaction mixture containing 
Tris, TAPSO, DIPSO, HEPES, EPPS or HEPPSO, showing that these buffers 
were effective in trapping .OH in such reaction systems. Similar studies with reac- 
tion mixture(I1) revealed formaldehyde was produced from Tris or Good’s 
buffers 5-7 other than Tricine, Bis-Tris and Bicine at both buffer concentrations. 
Tricine, Bis-Tris and Bicine were poor reactants of .OH in both reaction mixtures, 
but Good’s  buffer^^-^ such as TES, TAPS and BES have different reactivity with 
.OH in the two reaction mixtures (Tables 1 and 2). The relationships between buffer 
structures and their reactivity with respect to interaction with .OH are not yet clear. 
The radical, .OH, has been detected chemically with methional,” benzoic acid,“ 
DMSO’ or salicylic acid l 7  and quantified chemically with p-nitrosodimethyl- 
anilineI8 and DMS0.I9 Although it is not yet clear whether Tris or the Good’s 
buffer5-’ is the more sensitive index of .OH generation, the production of for- 
maldehyde from Tris or some of Good’s buffers5-’ by interaction with .OH may 
provide a simple and convenient assay for detecting *OH generation. Further studies 
on the application of these buffers as an index for *OH quantification are 
warranted. 

Good’s buf- 
fer,5-7 especially HEPES, is often added to the cell or tissue culture medium as a 
buffer. HEPES reportedly stimulates *OH generation by copper ions and hydrogen 
peroxide.” In evaluating the biological effect of *OH in these biological reaction 

Reactions involving *OH have been studied in Tris/HCl 
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320 H. SHlRAlSHI ET AL. 

TABLE 1 
Formaldehyde formation from 0.5 mM Tris and Good‘s buffer by .OH formed during copper-catalyzed 

Fenton reaction in 50 mM potassium phosphate buffer (ph7.5) 

Buffer Formaldehyde production(nmoVm1) Reactive residues 

Tris 50.7 trishydroxymeth yl 
TES 4.0 
TAPSO 30.7 
TAPS 2.0 
Tricine I .3 

Bicine 
BES 
DIPSO 

HEPES 
EPPS 
HEPPSO 

Bis-Tris 

0.7 
2.0 

24.7 

45.3 
58.7 
52.0 

2.0 

N,N-bis-2-hydroxyet hyl 

N-2-hydroxyet h yl 

trishydroxymeth yl 
N,N-bis-2-hydroxyethyl 

Buffers used were Tris(hydroxymethy1)aminomethane (Tris); N-Tris(hydroxymethyl)methyl-2-amino- 
ethanesulfonic acid (TES); N-Tris(hydroxymethyl)methyl-2-hydroxy-3-aminopropanesuIfonic acid 
(TAPSO); N-Tris-(hydroxymethyl)methyl-3-aminopropanesulfonic acid (TAPS); Tris(hydroxymethy1) 
methylglycine (Tricine); N,N-Bis(2-hydroxyethyl)glycine(Bicine); N,N-Bis(2-hydroxyethyl)-2-amino- 
ethanesulfonic acid (BES); 3-(N ,N-Bis(2-hydroxyethyl)amino]-2-hydroxypropanesulfonic acid (DIPSO); 
N-2-Hydroxyethylpiperazine-N’-2-ethanesulfonic acid(HEPES); N-2-Hydroxyethylpiperazine-N’-3-pro- 
panesulfonic acid (EPPS); N-2-Hydroxyethylpiperazine-N’-2-hydroxypropane-3-sulfonic acid 
(HEPPSO); Bis(2-hydroxyethyl)iminotris(hydroxymethyl)methane (Bis-Tris). 

TABLE 2 
Formaldehyde formation from Tris/HCL buffer and Good’s buffers by .OH formed during copper- 

catalyzed Fenton reaction 

Formaldehyde production(nmol/ml) 

Buffer PH 
Concentration 

0.5 mM 20 mM 
~ 

Tris 
TES 
TAPSO 
TAPS 
Tricine 
Bicine 
BES 
DIPSO 
HEPES 
EPPS 
HEPPSO 
Bis-Tris 

8.2 
7.6 
7.6 
8.4 
8.3 
8.4 
7.3 
7.5 
7.5 
8.0 
8.0 
6.5 

44.0 
45.3 
29.3 
20.7 
7.3 
I .3 

23.3 
22.1 
28.1 
37.3 
45.3 
0.7 

66.0 
189.3 
152.0 
500.7 

8.0 
0.7 

114.7 
282.7 
203.3 
210.0 
352.7 

0.7 

systems, it should be considered that these buffers are not inert; loss of .OH might 
have resulted from the interaction of *OH with the buffer, and that the for- 
maldehyde resulting from such a reaction might affect the biological system. 
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