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ABSTRACT. Horseradish peroxidase (HRP) is a versatile oxidative enzyme 
with multiple practical applications. Furthermore, peroxidase activity is common 
in many other proteins, extending far beyond the class of peroxidases. As such, 
methods for assaying peroxidase activity have been sought for various 
applications. Here, a review of these methods is given, showing an inventory 
of almost 200 compounds employed as substrates in such assays, and with 
methods ranging from chronometric to colorimetric, fluorescent, polarography, 
or electron paramagnetic resonance (EPR) spectroscopy. 
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Horseradish peroxidase (HRP) is the archetypal heme peroxidase.[1-3] 
It is a globular glycoprotein with a mass of 42000, of which the protein moiety 
is approximately 34000, the rest of the molecular weight being accounted 
for by the prosthetic group (b-type heme), two calcium ions and some surface 
bound glycans.[4] The HRP structure (including a view of the active site) is 
shown in Figure 1. There are two similar, well-defined, domains within the 
apoprotein. Each domain contains one calcium ion, which provides structural 
stability and implicitly controls the enzyme’s activity. The two domains 
provide a hydrophobic crevice in which the heme lies. A histidine occupies 
the fifth coordination position of the iron. This situation is very similar to that 
encountered in hemoglobin and myoglobin, so that the histidine is termed 
proximal histidine, and the protein domain providing this ligand is termed 
the proximal domain. The other domain is analogously named the distal 
domain and contains one relevant non-coordinated histidine, which is 
termed the distal histidine.[4] 

The HRP general mechanism (Figure 2)[2,5,6] is initiated from the 
pentacoordinated ferric heme, binding peroxide. One of the H2O2 oxygen 
atoms then leaves as water, while the other is retained as a ferryl group to 
generate Compound I, featuring an Fe(IV) center coupled to a porphyrin cation 
radical.[7] Compound I then accepts one electron from a substrate molecule 
(typically an aromatic compound – phenolic or aminic), yielding Compound II, 
which still contains a ferryl group, but no porphyrin radical cation.[7] 
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Compound II then accepts one electron from a second substrate molecule, 
yielding the enzyme native state (ferric). As to the fate of the substrate, loss of 
one electron, usually accompanied by loss of a proton, leads to the formation 
of a radical. The high reactivity and low selectivity usually associated with 
organic radicals make the chemistry of the peroxidase products particularly 
complicated.[4] 

 
Figure 1. The HRP structure. The heme and the essential calcium ions  

are shown as sticks and spheres, respectively. 
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Figure 2. HRP general mechanism. Shown with a dashed arrow is the alternative 

peroxygenase reaction (R is typically an organic molecule). 
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Some substrates are oxidized by HRP in a single two-electron step: 
guaiacol (can be oxidized in either mono- or bi-electronic fashion), iodide, 
thyocyanate, and thioanisoles. There are also some (very few) instances 
where HRP acts as a peroxygenase, transferring an oxygen atom from the 
peroxide to the substrate (e.g., thioanisoles, hydroxylamine derivatives).[4,8] 

One of the easiest ways to evaluate the HRP content of a preparation 
is by examination of its UV-VIS spectrum and determining the value of RZ 
(A403/A280, with 403 nm specific for heme and 280 nm specific for general 
protein material). For activity determinations, over 200 substrates, listed in 
Table 1, together with the type of method employed) have been used. These 
substances span most of the classes of substrates used by HRP, and 
employ several instrumental techniques – with UV-vis spectroscopy being 
the most widely-applied, as expected since many peroxidase substrates 
and products are colored.[4] 

 
Table 1. Substrates and methods for HRP activity determination 

Substrate Method Observations 
ABTS (2,2’-azino-di[3-ethyl-
benzothiazolin-(6)-sulfonate]) 

UV-vis[9-24] the method of choice, also used in 
ELISA 

pyrogallol UV-vis[25-47] (the result is also known as P.Z.-
Purpurogallinzahl) 

 fluorimetric[47-49]  
 polarographic[25]  
 titrimetric[25]  
 gasometric[25,50]  
guaiacol UV-vis[9,17,18,51-64]  
 chronometric[65]  
 titrimetric[25]  
hydroquinone polarographic[25,52,66-

68] 
the residual H2O2 or substrate 
concentration are determined 

 fluorimetric[69] the residual hydroquinone is 
detected with silver halides 

 chronometric[70] together with ascorbate 
o-tolidine UV-vis[23] also in ELISA 
5-aminosalicylic acid UV-vis[15,23,64] also in ELISA 
o-phenylenediamine UV-vis[15,22,23,25, 

52,71-75] 
also in ELISA; reducing agents such 
as sulfite stabilize the system by 
reacting with excess H2O2 after the 
enzymatic reaction has been 
terminated 

 UV-vis[76,77] in reversed micelles 
 pH changes are 

measured[78] 
 

p-hydroxy-
benzensulfonate 

UV-vis[79] coupled to 4-aminoantipyrine 
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Substrate Method Observations 
4-aminoantipyrine UV-vis[79] coupled to p-

hydroxybenzensulfonate 
 UV-vis[80] coupled to N-ethyl-N-(2-hydroxy-3-

sulfopropyl)-m-toluidine 
 UV-vis[21,23,57,81-85] coupled to phenol; also in EIA 

(Trinder reagent) and also  
applied for model systems 

 UV-vis[86] coupled to N,N-diethyl-aniline 
 UV-vis[87] coupled to 2,4-diclorophenol 
3,3’,5,5’-tetramethyl-
benzidine 

UV-vis[12,15,23,52, 
75,88-95] 

also in ELISA; surfactants, cyclo-
dextrin, penicillin (or derivatives 
thereof) may be used as additives 

  after electrophoresis[96] 
phenol EPR[97]  
 UV-vis[21,23,85] coupled to 4-aminoantipyrine, in 

EIA (Trinder reagent) 
 UV-vis[52]  
5-phenyl-4-pentenyl-
hydroperoxide (PPHP) 

UV-vis[98] selective peroxidase reagent, used 
together with a reducing substrate 

fluorescein fluorimetric[99,100]  
p-anisidine UV-vis[46]  
3-methyl-2-
benzothiazolinon 
hydrazone (MBTH) 

UV-vis[79] yields an indamine when reacting 
with m-dimethylaminobenzoic acid 

 UV-vis[15] ELISA 
m-dimethyl-aminobenzoic 
acid 

UV-vis[79] yields an indamine when reacting 
with MBTH 

luminol fluorimetric[61,101-103] in EIA; an impressive number of 
substances may be used as 
activators 

L012 (luminol analog) fluorimetric[104] same as above 
N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-m-toluidine 

UV-vis[105] coupled to 4-aminoantipyrine 

3,3’-diamino-benzidine UV-vis[82,106-109]  
p-phenylene-diamine UV-vis[51,52,88,110]  
m-phenylene-diamine UV-vis[52]  
pyrocatechin UV-vis[25,52]  
 polarographic[25]  
 iodometric[12] enzymatically produced quinone  

is titrated with iodine 
o-dianisidine UV-vis[88,110-116] free or dextrane-bound 
caffeic acid fluorimetric[17]  
ferulic acid fluorimetric[17]  
p-coumaric acid fluorimetric[17]  
coniferyl alcohol 
 

fluorimetric[17]  
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Substrate Method Observations 
5-(5'-azoluciferinyl)-2,3-
dihydro-1,4-phtalazindione 
(ALPDO) 

fluorimetric[117]  

p-hydroxy-phenylpropionic 
acid 

fluorimetric[17,77,118-
122] 

also in ELISA; alone or together 
with a surfactant (CTAB or CTAC) 

homovanillic acid fluorimetric[123,124] o-dianisidine may be used as 
activator 

N,N-diethylaniline UV-vis[77,86] also coupled to 4-aminoantipyrine; 
also used for model systems 

3-amino-9-ethylcarbazole UV-vis[15] ELISA 
mesidine UV-vis[9,25,125-128]  
ferrocyanide [9]  
malachite green UV-vis[25,41,52,129]  
guaiac resin chronometric[65]  
 UV-vis[25] guaiaconic acid is the main product 
benzidine chronometric[45] ascorbate is also needed 
 UV-vis[25,52,58,62, 

130-135] 
 

2,6-dichlorophenol-
indophenol 

UV-
vis[25,29,62,136,137] 

 

2,3’,6-trichlorophenol-
indophenol 

UV-vis[25,138]  

pyrogallic acid UV-vis[64,139] yields gallopurpurin 
phenolphtalein UV-vis[25,52,64,140]  
o-toluidine UV-vis[25,77,141]  
 chronometric[25,41] ascorbate is also needed 
guaiaconic acid UV-vis[25]  
p-toluidine UV-vis[25,77,141]  
acetylguaiacol UV-vis[25]  
o-cresol UV-vis[25,77,141]  
p-cresol UV-vis[25,77,141]  
m-cresol UV-vis[25,77,141]  
α-naphtol UV-vis[25,142,143] also coupled with dimethyl-

phenylendiamine (NADI reagent) or 
with p-phenylendiamine (Guthrie 
reagent) to yield indophenols 

aniline UV-vis[52,77,144]  
ascorbate UV-vis[25]  
 chronometric[25] iodide, o-toluidine, or benzidine are 

used as second substrates 
 polarographic[25]  
iodide chronometric[25,145] ascorbate is used as a second 

substrate 
 chronometric[146] starch, thiosulfate and iodide are 

also needed 
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Substrate Method Observations 
 UV-vis or titrimetric[25]  
2,7-diaminofluorene UV-vis[25]  
p-aminobenzoic acid UV-vis[25,52]  
brilliant green UV-vis[25]  
N,N-dimethyl-p-phenylene-
diamine 

UV-vis[52,147]  

thymol UV-vis[52]  
resorcin UV-vis[52]  
orcin UV-vis[52]  
fluoroglucine UV-vis[52]  
benzoic acid UV-vis[52]  
salicylic acid UV-vis[52]  
pyrocatechuic acid UV-vis[52]  
galic acid UV-vis[52]  
adrenaline UV-vis[52]  
tyrosine UV-vis[52]  
tryptophane UV-vis[52]  
flavones UV-vis[52]  
2-methyl-6-(p-
methoxyphenyl)-3,7-
dihydroimidazo-[1,2-a]-
pirazin-3-one 

chemiluminescence[148] luciferin analog 

acetaminophen and its 
derivatives 

fluorescence[120] fluorescent 5,5’-diacetamido-2,2’-
bisphenol formation 

p-phenyl-phenol, p-cresol, 
1-naphtol or aniline 

fluorescence[149] a second compound is used to trap 
HRP-generated substrate radicals 

2,4-dichlorophenol UV-vis[77,150] also in ELISA 
Lumigen PS-3 chemiluminescence[151] western, southern 
2-methyl-1-propenol chemiluminescence[152] coupled to a lipase 
acridan-9-carboxylic 
derivatives 

chemiluminescence[152]  

tyramide derivatives fluorescence[153]  
homogentisic acid γ-lactone chemiluminescence[154] ELISA 
3-(10-phenothiazinyl)-
propanesulfone 

 employed together with 
luminol[155] 

4-(4-hydroxy-
phenylcarbamoyl)-
butanoate 

fluorimetric[156] ELISA 

acetanilide and its 
derivatives 

fluorimetric[157]  

p-hydroxy-benzoic acid 
/terbium 

chemiluminescence[158]  

alloxantin chronometric[41] ascorbate is also needed 
1-amino-2-naphtol azo-
derivatives 

UV-vis[159]  
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Substrate Method Observations 
6-hydroxy-dopamine UV-vis[160] O2 may oxidize the substrate, to 

yield H2O2; peroxidase accelerates 
the oxidation 

eosine chemiluminescence[161]  
4-methoxy-1-naphtol UV-vis[162]  
4-and 5-substituted o-
phenylendiamine derivatives 

UV-vis[162]  

4-chloro-1-naphtol UV-vis[162]  
2-hydroxy-2,4,6-
cyclohepta-trienone 
(tropolone) 

UV-vis[163] coupled to 3-methyl-2-
benzothiazolinone hydrazone 
(MBTH) or its derivatives 

7 amino-indazole UV-vis[164]  
5 amino-indole UV-vis[164]  
7 amino-indole UV-vis[164]  
5 amino-benzimidazole UV-vis[164]  
7 amino-benzimidazole UV-vis[164]  
5 amino-benzothiazole UV-vis[164]  
7 amino-benzothiazole UV-vis[164]  
5 amino-benzoxazole UV-vis[164]  
7 amino-benzoxazole UV-vis[164]  
5 amino-indazole UV-vis[164]  
7-dimethylamino-naphtalen-
1,2-dicarboxylic acid 
hydrazide 

UV-vis[165]  

2-phenylamino-5-amino-
pyridine 

UV-vis[166]  

2-(4-hydroxy-3,5-
dimethoxyphenyl)-4,5-
bis(4-methoxyphenyl) 
imidazole, 

UV-vis[167] a phenolic derivative is used as 
mediator 

2-(3,5-dibromo-4-
hydroxyphenyl)-4,5-
diphenylimidazole 

UV-vis[167] a phenolic derivative is used as 
mediator 

2-(3-bromo-5-methoxy-4-
hydroxyphenyl)-4,5-bis(4-
methoxyphenyl) imidazole 

UV-vis[167] a phenolic derivative is used as 
mediator 

4,5-bis(4-
dimethylaminophenyl)-2-
(4-hydroxyphenyl) imidazole 

UV-vis[167] a phenolic derivative is used as 
mediator 

4,5-bis(4-
dimethylaminophenyl)-2-
(4-hydroxy-3-methoxy 
phenyl) imidazole 

UV-vis[167] a phenolic derivative is used as 
mediator 

2-(4-hydroxyphenyl)-4,5-
bis(4-methoxyphenyl) 
imidazole 

UV-vis[167] a phenolic derivative is used as 
mediator 
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Substrate Method Observations 
4,5-bis(4-
dimethylaminophenyl)- 
2-(4-hydroxy-3,5-
dimethoxyphenyl) 
imidazole 

UV-vis[167] a phenolic derivative is used as 
mediator 

m-aminosalicylic acid UV-vis[168]  
6-carboxy-3-
methylbenzothiazolone-
hydrazone 

UV-vis[169] coupled to aniline derivatives:  
N,N-(biscarboxymethyl)aniline; 
N,N-(biscarboxymethyl)-4-
methoxyaniline; N,N-(bis-beta-
carboxyethyl)aniline; coupled  
to aniline derivatives: N,N-
(biscarboxymethyl)aniline;  
N,N-(biscarboxymethyl)-4-
methoxyaniline; N,N-(bis-beta-
carboxyethyl)aniline; N-ethyl-N-phenyl 
glicine; N-ethyl-N-carboxyethylaniline; 
N-phenylpiperidinyl succinate; N-
ethylanilinopropanamine; N-
methylanilinopropanamine; N-methyl-
N-carboxyethylaniline; N,N-(bis-beta-
carboxyethyl)2,5-dimethylaniline; N-β-
carboxyethylaminobenzoate 

N,N-disubstituted aniline 
derivatives; 4-amino-
antipyrine, 4-(dimethylamino) 
antipyrine, 4-(ethylamino) 
antipyrine, 4-(methylamino) 
antipyrine, 4-(sulfonato-
methylamino)antipyrine, 4-
)sulfonatomethyl)(isobutyl)
aminoantipyrine, 4-(sulfonato-
methyl)(methyl)amino 
antipyrine, 4-(isopropyl)-
amino antipyrine 

UV-vis[170] coupled to 3-methyl-2-
benzotiazolinon hidrazone,  
1-methyl-2-quinolin hidrazone,  
N-methyl-pyridon-4-hidrazone,  
N-methyl-pyridon-2-hidrazone,  
N-methyl-quinolin-2-hidrazone,  
N-methyl-quinolin-4-hidrazone,  
N-methyl-2-benzotiazolinon 
hidrazone, N-methyl-thiazolinon- 
2-hidrazone, N-methyl-thiazolinon-
2-hidrazone, N-methyl-4-
phenylthiazolinon-2-hidrazone,  
N-methyl-oxazolinon-2-hidrazone, 
N-methyl-benzoxazolinon-2-hidrazone, 
1,3-dimethyl-benzimidazolinon-2-
hidrazone, 3-(C1-4 alkyl)-2-
benzotiazolinon hidrazone 

methylen-bis (N-ethyl-N-
sulfopropyl-3,5-
dimethylaniline) 

UV-vis[171]  

p-phenylendiamine 
derivatives 

UV-vis[172]  

dicyanoethylaryl 
derivatives 

UV-vis[173]  
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Substrate Method Observations 
3,3'-di-carbonyloxy- or 
sulfonyloxy-benzidine 

UV-vis[174]  

3-amino-pyrazole 
derivatives 

UV-vis[175]  

p-chlor-phenol UV-vis[77]  
2,4-dibromophenol UV-vis[77]  
p-bromophenol UV-vis[77]  
2,3-dichlorophenol UV-vis[77]  
2-nitrophenol UV-vis[77]  
3-nitrophenol UV-vis[77]  
2-aminophenol UV-vis[77]  
m-aminophenol UV-vis[77]  
2-bromoaniline UV-vis[77]  
3-bromoaniline UV-vis[77]  
2-chloroaniline UV-vis[77]  
3-chloroaniline UV-vis[77]  
m-toluidine UV-vis[77]  
dimethylaniline UV-vis[77]  
o-anisidine UV-vis[77]  
m-anisidine UV-vis[77]  
2-methyl-2,6-dinitrophenol UV-vis[77]  
2-methoxy-5-nitroaniline UV-vis[77]  
2-methyl-5-nitroaniline UV-vis[77]  
3,5-dihydroxytoluene UV-vis[77]  
3-methoxyphenol UV-vis[77]  
2-amino-5-methylphenol UV-vis[77]  
2-hydroxy-3-methylbenzoate UV-vis[77]  
2-hydroxyphenylacetate UV-vis[77]  
2,3-dimethylphenol UV-vis[77]  
2,5-dimethylphenol UV-vis[77]  
2-ethylphenol UV-vis[77]  
3-ethylphenol UV-vis[77]  
2-methoxymethylphenol UV-vis[77]  
2,3-dimethylaniline UV-vis[77]  
2,5-dimethylaniline UV-vis[77]  
3,5-diethylaniline UV-vis[77]  
3-(dimethylamino)-phenol UV-vis[77]  
3-methoxy-N,N-
dimethylaniline 

UV-vis[77]  

N,N-diethyl-1,3-
phenylendiamine 

UV-vis[77]  

3,5-dimethyl-1,2-
phenylendiamine 

UV-vis[77]  

N-ethyl-N-(3-methylphenyl)-
N'-acetylethylendiamine 

UV-vis[77]  
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Substrate Method Observations 
fluorophenols [176] the liberated fluoride is quantitated 
aromatic urea derivatives UV-vis[177]  
2,4-dichloro-1-naphtol UV-vis[178]  
phenoxazine derivatives UV-vis[179]  
2-(2-phenyl-3-indolyl)-4,5-
di[4-(dimethylamino)-
phenyl]imidazole and 
similar imidazoles 

UV-vis[180]  

4-methoxyphenol UV-vis[181]  
4-ethoxyphenol UV-vis[181]  
4-iodophenol UV-vis[181]  
4-hydroxyphenyl-acetic 
acid 

UV-vis[181]  

4-hydroxyhippuric acid UV-vis[181]  
tyramine UV-vis[181]  
chlorpromazine UV-vis[182]  
(3-acylaminobenzo 
(b)furan-2(3H)one) 

fluorimetric[183]  

hydroxycoumarines fluorimetric[184]  
nitroxides EPR[97] hydroxylamines are formed 
MeOOH UV-vis[185] in vivo estimation 
H2O2 polarographic[25] excess H2O2 is determined 
 manometric[186]  
 

 Besides the mentioned substrates, a very large number of compounds 
have been reported to be useful in the respective reaction mixtures (either 
as activators or stabilizers).[4] 
 
ACKNOWLEDGMENTS 

Funding from the Romanian Ministry of Education and Research, (grant 
PCCE 140/2008) is gratefully acknowledged. 
 
 

REFERENCES 
 

1. S.P. de Visser, S. Shaik, P.K. Sharma, D. Kumar, W. Thiel. J Am Chem Soc, 2003, 
125, 15779-88 

2. R. Davydov, R.L. Osborne, S.H. Kim, J.H. Dawson, B.M. Hoffman. Biochemistry, 
2008, 47, 5147-5155 

3. G.I. Berglund, G.H. Carlsson, A.T. Smith, H. Szoke, A. Henriksen, J. Hajdu. Nature, 
2002, 417, 463-468 



ASSAYS FOR PEROXIDASE ACTIVITY: THE HRP CASE 
 
 

 217 

4. R. Silaghi-Dumitrescu. Horseradish peroxidase - a versatile catalyst. Research Signpost, 
India, 2006  

5. R. Silaghi-Dumitrescu. Eur. J. Inorg. Chem., 2008, 5404-5407 
6. H.P. Hersleth, U. Ryde, P. Rydberg, C.H. Gorbitz, K.K. Andersson. J Inorg Biochem, 

2006, 100, 460-76 
7. R. Silaghi-Dumitrescu. J. Biol. Inorg. Chem., 2004, 9, 471-476 
8. R. Silaghi-Dumitrescu, F.D. Irimie, C. Paizs, C. Majdik, M. Tosa, P. Moldovan, A. Sas, 

L. Tamas. Studia Univ. Babes-Bolyai, Chemia, 2003, 48, 177-182 
9. Y.X. Ci, F. Wang. Mikrochim. Acta, 1990, I, 63-68 
10. A.R. Pokora. US1989000305311, IPC Class: C12N 009/08  
11. G.R. Schonbaum, S. Lo. J. Biol. Chem., 1972, 247, 3353-3360 
12. H.U. Bergmeyer, M. Grassl, H.E. Walter. "Methods of Enzymatic Analysis", 3rd edn., 

vol. 2, pp. 267-268, Verlag Chemie, Weinheim, 1983  
13. M.C. Shin, H.C. Yoon, H.S. Kim. Anal. Chim. Acta, 1996, 329, 223-230 
14. C.V. Kumar, G.L. Mclendon. Chem. Mater., 1997, 9, 863-870 
15. E.I. Tawn, M.I. Savenkova, D.I. Metelitza. Biokhim., 1995, 60, 1062-72 
16. R.A. Marinelli, J.M. Pellegrino, M.C. Larocca. Can. J. Physiol. Pharmacol., 1996, 74, 

89-96 
17. M. Urrutigoity, M. Baboulene, A. Lattes, J. Souppe, J.L. Seris. Biochim. Biophys. 

Acta, 1991, 1079, 209-13 
18. O. Ryan. Enzyme Microb. Technol., 1994, 16, 501-5 
19. I. Weinryb. Arch. Biochem. Biophys., 1968, 124, 285-091 
20. W. Tischer, et al. US1986000930871, IPC Class: C12Q 001/28; C12N 011/02; 

C12N 011/06; C12N 009/96  
21. N.N. Ugarova, I.V. Berezin, B.M. Kershengolts, I.D. Artamonov. Biokhim., 1976, 41, 

1829 
22. T.M. Radhakrishnan, E. Raghupathy, P.S. Sarma. Indian J. Chem. Sect. B, 1963, 1, 

40-4 
23. D.G. Wilkinson. Curr. Opinion in Biotechnology, 1995, 6, 20-23 
24. B. Rihn, et al. J. Biochem. Biophys. Methods, 1995, 30, 91-102 
25. U. Spohn, D. Narasaiah, L. Gorton. J. Prakt. Chem. / Chem.-Ztg., 1997, 339, 607-614 
26. A. Katayama, T. Kamidate, H. Watanabe. Bull. Chem. Soc. Jpn., 1992, 65, 2501-2504 
27. S. Chao, R. Simon, T. Mallouk, M. Wrighton. J. Am. Chem. Soc., 1988, 110, 2270-

2276 
28. A. Krause, E. Nowakowski. Z. Naturforsch., 1965, 20b, 718-9 
29. C.J. Cairns, et al. J.Chem.Soc., Dalton Trans., 1987, 2505-2510 
30. R. Willstatter, A. Stoll. Ann., 1918, 416, 21-64 
31. J. Szamos, A. Hoeschke. Acta Alim., 1992, 21, 253-60 
32. Y. Tokita, H. Nakatsuji. J. Phys. Chem. B, 1997, 101, 3281-3289 
33. T. de Lumley-Woodyear, D.J. Caruana, C.N. Campbell, A. Heller. Anal. Chem., 1999, 

71, 394-398 



RADU SILAGHI-DUMITRESCU 
 
 

 218 

34. H. Drahovska. Biologia (Bratislava), 1994, 49, 333-7 
35. M. Shiga, et al. Anal. Sci., 1995, 11, 591-5 
36. B. Harvey, J. Durrant, M. Cunningham. Methods Mol. Biol. (Totova N.) 1996, 58 (Basic 

DNA and RNA protocols), 67-75,  
37. R.P.M. Vangijlswijk, et al. Cytogenetics And Cell Genetics, 1996, 75, 258-262 
38. H.C. Warren, F.T. Oakes. US1993000058723 IPC Class: C12N 009/96; C12N 009/04; 

C12N 009/06; C12N 009/08.  
39. M.P. van de Corput, R.W. Dirks, R.P. van Gijlswijk, F.M. van de Rijke, A.K. Raap. 

Histochem. Cell Biol., 1998, 110, 431-7 
40. H. Akhavani-Tafti, et al. PCT Int Appl WO 96 07,912 (Cl C01N33/535), 14 Mar 1996, 

US Appl 300,462, 2Sep1994 
41. H. Yamazaki, C.S. Boyd. U.S. US5,512,448 (Cl.435-7.9;GO1N33/53), 30Apr 1996, 

Appl 234,925, 28Apr1994  
42. S.A. Weston, B. Crossett, D.S. Tuckwell, M.J. Humphries. Anal. Biochem., 1995, 

225, 28-33 
43. J.P. Banga, P. Penfold, I.M. Roitt. Biochem. J., 1981, 198, 421-423 
44. M.M. Mesulam, et al. J. Histochem. Cytochem., 1980, 28, 1255-1259 
45. M.L. Schmidt, J.Q. Trojanowski. Anal. Biochem., 1986, 155, 371-5 
46. S. Avrameas, N. Gonatas, B. Guilbert. "Methodologie de la structure et du metabolisme 

des glycoconjuges (glycoproteines et glycolipides)", Vol 2. Paris, Centre National 
de la Recherche Scientifique, 1974, pp. 733-9 

47. M. Kressel. J. Histochem. Cytochem., 1998, 46, 527-34 
48. B.J. Appelmelk, et al. Anal. Biochem., 1992, 207, 311-316 
49. G. Degand, A. Bernes-Duyckaerts. Anal. Chim. Acta. 1993, 275(1-2), 241-247  
50. P. Skladal, T. Kalab. Anal. Chim. Acta., 1995, 316, 73-78 
51. B.C. Saunders. in Eichhorn G.L., "Inorganic Biochemistry", Elsevier, Amsterdam, 

1973, pp 955-1024  
52. B.C. Saunders. "Peroxidase-Action and Use in Organic Synthesis", Butterworths, 

London 1957 
53. R. Song, A. Sorokin, J. Bernadou, B. Meunier. J. Org.Chem., 1997, 62, 673-678 
54. H. Sugimoto, D.T. Sawyer. J. Am. Chem. Soc., 1984, 106, 4283-4285 
55. P.M. Cooper, J.F. Largier. Process Biochem., 1968, 3, 22-5 
56. A.R. Pokora, et al. US1987000070594 IPC Class: C08G 065/38; C12P 007/32 
57. T.C. Hall, et al. Phytochemistry, 1969, 8, 385-91 
58. R.E. Bartovek. J. Biotechnol., 1994, 37, 133-42 
59. I.G. Gazarian, et al. FEBS Lett., 1994, 354, 248-50 
60. M. Lasagna, V. Vargas, D.M. Jameson, J.E. Brunet. Biochemistry, 1996, 35, 973-9 
61. L. Piras, M. Adami, S. Fenu, M. Dovis, C. Nicolini. Anal. Chim. Acta., 1996, 335, 127-

135 
62. G. Giraudi, C. Baggiani, C. Giovannoli. Anal. Chim. Acta., 1997, 337, 93-97 
63. H. Hosoda, et al. Chem. Pharm. Bull., 1985, 33, 249-255 



ASSAYS FOR PEROXIDASE ACTIVITY: THE HRP CASE 
 
 

 219 

64. G.W. Koszalka, H.E. Swaisgood, H.R. Horton. Biochim. Biophys. Acta, 1987, 915, 321-9 
65. V.N. Denisov, D.I. Metelitsa. Biokhim., 1987, 52, 1248-1257 
66. D.C. Gowda. Bioconjug. Chem., 1996, 7, 265-270 
67. E.I. Karaseva, A.N. Eremin, D. I. Metelitsa. Bioorg. Khim., 1992, 18, 498-508 
68. E.F. Panarin, V.E. Baikov, O.G. Paskhina. J. Appl. Chem. USSR, 1992, 65, 987-988 
69. M. Iwata, et. al. Jpn Kokai Tokkyo Koho JP0805, 560 [96 05, 560] (Cl. GO1N21/78), 

12ian1996, Appl 94/137, 058, 20iun1994  
70. H. Nygren, H.A. Hansson. J. Hisrochem. Cytochem., 1981, 29, 266-270 
71. A. Sakai, et al. Chem. Pharm. Bull., 1991, 39, 2984-2989 
72. W.C. Shen, H.J. Ryser. Proc. Natl. Acad. Sci. USA., 1978, 75, 1872-6 
73. A.N. Eremin. Prikl. Biokhim. Mikrobiol., 1990, 26, 764-70 
74. S. Birnbaum, L. Bulow, H. Kimber, B. Danielsson, K. Mosbach. Anal. Biochem., 1986, 

158, 12-19 
75. F. Dittrich, et al. Ger (East) DD 279, 586 (Cl C12N9/02), 13 Jun 1990, Appl 283, 126 
76. S.D. Mangru, D.J. Harrison. Electrophoresis, 1998, 19, 2301-7 
77. J. Everse. Free Radic, Biol. Med., 1998, 24, 1338-46 
78. G.E. Griesmann. J. Immunol Methods, 1991, 138, 25-9 
79. N.P. Danilova. Bioorg. Khim., 1995, 21, 632-635 
80. W.D. Ellis, H.B. Dunford. Can. J. Biochem., 1968, 46, 1231-5 
81. J. Everse, K. Everse, B.M. Grisham. "Peroxidases in Chemistry and Biology", CRC 

Press, Boca Raton, 1991,  
82. H. Hosoda, et. al. Chem. Pharm. Bull., 1986, 34, 4177-4182 
83. J.R. Lindsay-Smith, R.J. Lower. J. Chem. Soc., Perkin Trans., 1992, 2187 
84. V.F. Sukhikh. Problemy Endokrinologii, 1982, 28, 80-4 
85. R.H. Haschke, J.M. Ordronneau, A.H. Bunt. J. Neurochem., 1980, 35, 1431-5 
86. T. Porstmann, et al. Biomed. Biochim. Acta, 1987, 46, 867-75 
87. N. Colclough, J.R. Lindsay-Smith. J. Chem. Soc., Perkin Trans., 1994, 6, 1139 
88. H. Gallati. J. Clin Chem. Clin Biochem., 1979, 17, 1 
89. C. Somfay, et al. Hung Teljes HU 49, 151 (Cl C07K13/100), 28 Aug 1989, Appl 88/4, 

932, 07 Mar 1986  
90. C.B. Rasmussen, A.K. Abelskov, R.B. Jensen, K.G. Welinder. Phys. Plant., 1997, 100, 

102-110 
91. A. Szutowicz, R.D. Kobes, P. Orsulak. J., Anal. Biochem., 1984, 138, 86-94 
92. E. Lodemann, Z.H.M. El-Kirdassy, A. Wacker. Arzneim. Forsch., 1980, 30, 395-397 
93. N.P. Groome. J. Clin. Chem. Clin. Biochem., 1980, 18, 345-9 
94. G.A.W. Rook. Leprosy Review, 1981, 52, 281-283 
95. A.P. Bogoyavlensky, I.E. Digel, V.E. Berezin. Biochemistry (Mosc), 1997, 62, 870-1 
96. M. Miyamoto. MHC - Major Histopathol. Complex, 1994, 1, 130-132 
97. K.G. Paul. Acta Chem. Scand., 1958, 12, 1312-18 
98. V.G. Gorbunova. Radiobiologiya, 1967, 7, 167-70 



RADU SILAGHI-DUMITRESCU 
 
 

 220 

99. R. Kuhn, D.B. Hand, M. Florkin. Z. Physiol. Chem., 1931, 201, 255-66 
100. J. Eukama. Suomen Kemistieehti, 1946, 19b, 32-4 
101. J. Bielefeld. Z. Vitaminforsch., 1943, 13, 286-94 
102. A. Bach. Ber., 1904, 37, 3785 
103. J.B. Sumner, E.C. Gjessing. Arch. Biochem. Biophys., 1943, 2, 291-3 
104. A.V. Zherdev, N.A. Bizova. Proc. Intl. Symp. Plant Perox., 5th, Columbus Ohio, 5th, 

Columbus, Ohio 1999,  
105. L. Barta. Biochem. Z., 1937, 293 
106. L. Jin. Anal. Biochem., 1995, 229, 54-60 
107. B. Ghislaine. Arch. Intern. Physiol. Biochim., 1937, 44, 212-15 
108. H. Theorell. in Sumner B.J., "The Enzimes. Chemistry and Mechanism of Action" 

Academic Press New York, 1951 pp 397-426 
109. A. Bach. Ber., 1914, 47, 2125 
110. K. Wallenfels, A. Gauhe. Ber., 1942, 75, 413 
111. R. Willstatter, H. Weber. Ann., 1926, 449, 156-174 
112. G. Pineiro-Avila, A. Salvador, M. de la Guardia. Analyst, 1998, 123, 999-1003 
113. G. Ahnstrom, et al. Acta Chem. Scand., 1961, 15, 1417 
114. R. Nilsson. Acta Chem. Scand., 1964, 18, 389-401 
115. G. Ahnstrom, R. Nilsson. Acta Chem. Scand., 1965, 19, 313-16 
116. J. Ettori. Biochem. J., 1949, 44, 35-8 
117. L. Rozental. Roczniki Pnsh. Zakl. Hig., 1951, 2, 319-54 
118. R. Puchades. Analusis, 1994, 22, 76-81 
119. F.D. Snell, C.T. Snell. 'Spectrofotometric Methods of Analysis', Vol 4, D. Van 

Nostrand Comp Inc, 3rd edn, New York 1954 
120. D.R. Doerge, R.L. Divi, M.I. Churchwell. Anal. Biochem., 1997, 250, 10-17 
121. N. Parij, J. Neve. Eur. J. Pharmacol., 1996, 311, 259-264 
122. W.M. Hunting, et al. Anal. Chem., 1959, 31, 143-144 
123. A. Pollinger. Z. Anal. Chem., 1941, 357 
124. B.B. Dey. J. Indian Chem. Soc., 1936, 13, 390-8 
125. M.V. Sithamaran, S. Rengachan. J. Indian Chem. Soc., 1937, 14, 278-90 
126. H. Theorell. Enzymologia, 1942, 10, 250-2 
127. D.M. Aronbaev, S.D. Varfolomeev, V.I. Krivoruchko, M.V. Simonova. Meditsinskaia 

Tekhnika, 1990, 39-40 
128. H.G. Deux. Proc. Nederlanden Akad. Wetensch., 1942, 45, 844-9 
129. F. Caillaud, P. du Pasquier. Annales de Virologie, 1983, 134, 267-276 
130. E. Kogme, et. al. Ger Offen DE 3, 641, 489 (Cl C12Q1/28), 11iun 1987, JP Appl 

851272, 426, 05 Dec 1985  
131. A. Krause, E. Nowakowski. Z. Naturforsch., 1965, 20b, 498-90 
132. H. Sugimoto, L. Spencer, D.T. Sawyer. Proc. Natl. Acad. Sci. USA, 1987, 84, 1731-

1733 



ASSAYS FOR PEROXIDASE ACTIVITY: THE HRP CASE 
 
 

 221 

133. B. Unterhalt, G. Baudner, C. Gerke. Pharmazie, 1994, 49, 829-33 
134. D.I. Metelitza, et al. Biokhim., 1995, 60, 1659-68 
135. X. Dou, T. Takama, Y. Yamaguchi, H. Yamamoto. Anal. Chem., 1997, 69, 1492-1495 
136. H. Akhavan-Tafti, et al. J. Org. Chem., 1998, 63, 930-937 
137. F. Cui. Bioorg. Med. Chem., 1995, 3, 471-7 
138. M. Ii, et al. Biochem. Biophys. Res. Commun., 1993, 193, 540-5 
139. H. Gallati, H. Brodbeck. J. Clin. Chem. Clin. Biochem., 1982, 20, 221-5 
140. S. Nakamura, T. Mashino, M. Hirobe. Tetrahedron. Lett., 1992, 33, 5409-5412 
141. T. Porstmann, et al. J. Clin. Chem. Clin. Biochem., 1985, 23, 41-44 
142. H.M. Salem. Pakistan J. Sci. Ind. Res., 1968, 11, 35-8 
143. B. Porstmann, U. Evers, E. Nugel, H. Schmechta. Z. Med. Lab. Diagn., 1991, 32, 38 
144. L. Klemens, et al. Anal. Biochem., 1997, 244, 96-102 
145. M. Jayle. Compt. Rend. Soc. Biol., 1938, 128, 1074-6 
146. S.M. Khonyutov, A.N. Resheltilov. J. Anal. Chem. (Transl of Zh Anal. Khim), 1995, 

50, 599-602 
147. K. Asano, et. al. Hiroshima Journal of Medical Sciences, 1992, 41, 1-5 
148. B.S. Karon, T.M. Daly, M.G. Scotta. Clin. Chem., 1998, 44, 155-160 
149. K. Myauchi, A. Muke. Jpn Kokai Tokkyo Koho JP 07, 39, 394 [95 39, 394] (Cl. 

C12Q1/28), 10feb1995, Appl 93/188, 329, 29iul1993  
150. H. Gallati. J. Clin. Chem. Clin. Biochem., 1977, 15, 699-703 
151. O. Mosato. Jpn Kokai Tokkyo Koho JP 06, 33, 33, 797 [94, 133, 797] (Cl C12Q, 152), 

17 mai 1994 Appl 92/292, 956, 30oct 1992  
152. H. Pauly, et al. Ger Offen D.E. DE 3, 541, 978 (Cl. C12Q1/28), 04 iun 1987, Appl 

28 Nov 1985  
153. T. Hiraoka. Acta Histochem. Cytochem., 1997, 30, 545-550 
154. G. Volpe, D. Compagnone, G. Palleschi. Analyst, 1998, 123, 1303-1307 
155. K. Kamakatsu, Y. Amano. Jpn Kokai Tokkyo Koho JP0889, 291 [96 89, 291] (Cl. 

C12Q1/28), 9Apr1996, Appl 94/259, 326, 28sep1994  
156. M. Koyama. Jpn Kokai Tokkyo Koho JP07, 111, 899 [95 111, 899] (Cl. C12Q1/28), 

02May1995, Appl 93/259, 917, 18oct1993  
157. J.R. Crowther, L. Angarita, J. Anderson. Biologicals, 1990, 18, 331-6 
158. H. Gallati, I. Pracht. J. Clin. Chem. Clin. Biochem., 1985, 23, 453-60 
159. M. Takada, S. Yoshida. Jpn Kokai Tokkyo Koho JP0880, 199 [96 80, 199] (Cl. 

C12Q1/28), 26 Mar1996, Appl 94/217, 433, 12sep1994  
160. K.L. Moore, M.M. Moronne, R.J. Mehlhorn. Arch. Biochem. Biophys., 1992, 299, 

47-56 
161. P.E. Weller, C.M. Markey, L.J. Marnett. Arch. Biochem. Biophys., 1985, 243, 633-

643 
162. T. Segawa, A. Kakizaki, T. Kamidate, H. Watanabe. Anal. Sci., 1992, 8, 785-788 
163. A.V. Lomakin, G.A. Kan, P.A. Motavkin. Biull. Eksp. Biol. Med., 1990, 109, 583-4 
164. M.A. Matsenboeker, K. Kondo. J. Biolumin Chemilumin., 1994, 9, 15-20 



RADU SILAGHI-DUMITRESCU 
 
 

 222 

165. A. Hinkkanen, K. Decker. Hoppe-Seylers Z. Physiol. Chem., 1983, 364, 1549-53 
166. D.B. Wagner, et. al. US1988000272360 IPC Class: C12Q 001/00; C12Q 001/28; 

G01N 033/53  
167. B. Quinn, A.M. Graybiel. J. Histochem. Cytochem., 1996, 44, 71-74 
168. J.I. Morrell, L.M. Greenberger, D.W. Pfaff. J. Histochem. Cytochem., 1981, 29, 903-

916 
169. A.H. Hopman, S. Claessen, E.J. Speel. Histochem. Cell Biol., 1997, 108, 291-8 
170. D.M. Mikhlin, Z.S. Bronovitskaya. Biokhim., 1949, 14, 379-81 
171. J. Puetter, R. Struffe. Clin. Chim. Acta, 1967, 15, 189-63 
172. K.L. Jakobsen. Scand. J. Chim. & Lab. Invest., 1960, 12, 76-9 
173. S.K.J. Clark, J.M. Conroy, P.J. Harris. Mol. Immunol., 1983, 20, 1379-84 
174. H.V. Malmstadt, T.P. Hadjioannou. Anal. Chem., 1963, 35, 14-16 
175. C.E. Eriksson, S.G. Svensson. Biochim. Biophys. Acta, 1970, 198, 449-459 
176. I.D. Karalemos, D.S. Papastathoulos. Anal. Lett., 1996, 29, 1293-1308 
177. T. Sudhaharan, A. Ram Reddy. Anal. Biochem., 1999, 271, 159-167 
178. Q.G. Li, et al. Anal. Chim. Acta, 1994, 298, 279-84 
179. Q.G. Li, J.G. Xu, X.Z. Huang, G.Z. Chen. Talanta, 1994, 41, 2049-2054 
180. M. Shiga, K. Yakata, K. Sasamoto, M. Takagi, K. Ueno. Anal. Sci., 1995, 11, 195-201 
181. X. Peng, Q.G. Li, J. Xu, G. Chen. Xiamen Daxue Xuebao Ziran Kexueban, 1995, 

34, 405-9 
182. Q.G. Li, et al. Xuaxue Xuebao, 1995, 53, 248-53 
183. A.S. Brill. in Florkin M., Stotz H.E., "Comprehensive Biochemistry" , 1966, Vol 14, 

pp 447 
184. H. Iwai, F. Ishihara, S. Akihama. Chem. Pharm. Bull., 1983, 31, 3579-3582 
185. G. Guilbault, D.N. Kramer, E. Mackley. Anal. Chem., 1967, 39, 27 
186. G.M.K. Hughes, B.C. Saunders. Chem. & Ind., 1954, 47, 7 
 


