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Abstract-Two methods are commonly used to measure lipoxygenase activtty, a spectrophotometric assay in which 
the formation of hydroperoxide product is followed at 234 nm and a polarographtc assay m which oxygen consumption 
is determmed In previous studies, a number of anttoxidants and metal chelators have been identified as inhibitors of 
hpoxygenase based on data obtained using either the spectrophotometrtc assay or the polarographtc assay. However, 
there are large inconsistencies among these studtes in the degree of inhibition measured that appear to be related to 
the assay procedure used. In the present study, we report that these inconsistencies can be explained by the fact that the 
absorption characteristics of many of the inhibttors mcluding EDTA, aztde, SHAM, n-propylgallate, Tiron and 
nordihydroguataretic acid preclude accurate measurement of the efficacy of inhibition when the enzyme is measured 
spectrophotometncally. Spectfically, these compounds all absorb strongly at 234 nm and greatly reduce the sensitivity 
with which the hydroperoxtde product of the reactton can be detected. 

INTRODUCTION 

Lipoxygenase (EC 1.13 11.12) 1s an ubtqmtous enzyme in 
plants that utilizes molecular oxygen in the conversion of 
polyunsaturated fatty acids containing a cis,cis-1,4 penta- 
diene to conjugated hydroperoxydiene dertvattves. Tec- 
hmques for the quantitation of lipoxygenase have been 
recently revtewed [ 11. The two most commonly used 
methods involve spectrophotometrically monitoring the 
Increase m conjugated hydroperoxtde product at 234 nm, 
or following oxygen uptake polarographtcally with a 
Clarke electrode. However, the spectrophotometric assay 
is considered to be unsmtable for use with crude plant 
extracts because of interfering substances and secondary 
reactions that result in loss of the conjugated diene 
product [ 1,2]. 

A number of antioxtdants and metal chelators are 
potent inhtbitors of lipoxygenase, and these inhibitors 
have been used m studtes designed to elucidate bto- 
chemtcal features of the enzyme as well as its physio- 
logical role. For example, evidence indicating that iron is 
an essential component of lipoxygenase has been ob- 
tamed by determinmg the effects of metal chelators on its 
activtty [ 31. No spectfic phystologtcal function for hpox- 
ygenase has been uneqmvocally Identified, although it 
has been implicated m ethylene biosynthesrs [4] and in 
senescence [ 5,6]. In certain mstances, conclusions con- 
cerning the involvement of lipoxygenase in these physio- 
logical processes have been based in part on the effects of 
inhtbttors of the enzyme. For example, inhibttors of 
lipoxygenase block ethylene formation from l-ammo- 
cyclopropane-1-carboxyhc actd in model systems in 

*Present Address Department of Biology, Acadia Umversity, 
Wolfvdle, Nova Scotia, Canada, BOP 1X0. 

SAuthor to whom correspondance should he addressed. 

which the conversion appears to be mediated by lipoxyg- 
enase [4,7] 

Of particular concern 1s the finding that there 1s a wide 
disparity among different studies m the effectiveness of 
some of these inhibitors of hpoxygenase depending upon 
whether the enzyme was assayed by measuring hydroper- 
oxide formatton at 234 nm or from oxygen consumption. 
These discrepanctes are summarized in Table 1 and have 
been attributed to the fact that enzymes isolated from 
dtfferent plant sources were used [8]. Specifically, azide 
and EDTA conststently inhibit lipoxygenase activity 
when measurements were made usmg the spectrophoto- 
metrrc assay but not when measurements were made 
using the polarographic assay (Table 1). 

In the present study, we have examined the effects of 
putative hpoxygenase inhibitors using both the spectro- 
photometrtc and polarographic assays and have obtained 
evidence indicating that interfering absorption character- 
istics of the inhibitors, rather than different sources of the 
enzyme, account for most of these discrepancies. 

RESULTS AND DISCUSSION 

The effects of putative inhibitors on the activities of 
hpoxygenase in tomato cytosol and purified soybean 
lipoxygenase I are illustrated in Table 2. The enzyme 
activities were measured both spectrophotometrically 
(A& and polarographtcally (0, consumptton). For two 
of the mhibitors tested, sodmm cyanide and U37184, 
comparable levels of mhtbition were obtained for each 
source of enzyme whether the assay was conducted 
spectrophotometrically or polarographically, although 
U37184 was clearly a much more effective inhibitor of 
purified soybean lipoxygenase I than of the impure 
cytosolic lipoxygenase from tomato (Table 2). By con- 
trast, for Ttron, EDTA and azide, the degree of inhibition 
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Table 1 Summary of mhlbltory effects of EDTA and azlde on hpoxygenase actlvlty from different 
sources 

% InhIbItron 

Sources of enzyme InhIbItor 
Spectrophotometrtc 
assay 

Polarographlc 
assay 

Carnation 
(ref C71) 

Apple 
(ref C91) 

Broad bean 
(ref ClOl) 

Soybean 

(ref C31) 
Sunflower 

(ref CSI) 

Potato 
(ref 1:lll) 

Eggplant 
(ref C121) 

Alfalfa 
(ref C131) 

EDTA 

EDTA 

EDTA 

Azide 

EDTA 

EDTA 

Azlde 
EDTA 

EDTA 

Avde 
EDTA 

Azlde 

(10uM) -80 

(1 mM) 66 

(1 mM) 47 

(10mM) 100 
(1mM) 26 
(1OmM) 100 
(1mM) - 

(lOOmM)- 

(1OOmM) - 
(1 mM) ~~- 

(1 mM) 

(1mM) - 
(I mM) --- 

(1mM) - 

0 

0 

0 

0 

0 

0 

0 

Table 2 Effects of putative mhlbitors on lipoxygenase actlvlty 

Inhlbltors 

% InhIbItIon 

Soybean lqmxygenase I Tomato lrpoxygenasr 

234 nm 250 nm 0, 234 nm 0, 

NaCN 
U37184 
Tlron 
EDTA 
Azlde 
SHAM 

n-Propyl 
gallate 
NDGA 

(10 mM) 12 
(0 1 mM) 100 
(10 mM) 100 
(10 mM) 100 
(1OmM) 100 

(1 mM) 100 

(5 mM) 100 
(1 mM) 100 
(1OmM) 100 
(1 mM) 100 
(5 mM) 100 

ND 24 49 29 
ND 100 0 15 
ND 6 100 0 
19.5 12 100 0 
24 25 100 0 
ND 33 100 36 
ND 75 100 71 
ND ND 100 60 
ND ND 100 100 
ND ND 100 27 
ND ND loo 72 

In each case, the results are from one of three separate experiments all showmg the same 
effect 

ND, not determmed 
n-Propylgallate and nordlhydrogualaretlc acid (NDGA) autooxldlze at pH. 9 0, and 

thus polarographlc assays of the effects of these mhlbltors on soybean hpoxygenase I 
could not be determmed 

detected in the spectrophotometrlc assay was consistently hpoxygenase acttvlty completely when measured spectro- 
much higher than that detected in the polarographic photometrlcaliy at 234 nm, yet the same compounds had 
assay for both the pure soybean hpoxygenase I and the httle or no effect on oxygen consumption (Table 2). This 
impure tomato enzyme For example, 10 mM Tlron, was also true for the lower ( 1 mM) of the two concentra- 
10mM EDTA and 10mM azlde all appear to mhlblt tlons of SHAM, n-propylgallate and nordlhydrogualare- 
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tic acid tested (Table 2) Nordlhydrogualaretlc acid and 
n-propylgallate underwent rapld autooxldatlon at pH 
9.0, and thus reliable measurements of oxygen con- 
sumption for soybean hpoxygenase 1 could not be ob- 
tamed in the presence of these mhibltors. 

In order to determine which of the two assays, polar- 
ographic or spectrophotometric, was more accurately 
detecting inhibition, the inhibiting effects of U37184, 
which inhibited to a comparable degree m both the 
spectrophotometrlc and polarographlc assays, and of 
EDTA and Tlron, which inhlbited much more strongly in 
the spectrophotometric than m the polarographic assay, 
were compared using a radiolosotope assay and purified 
soybean lipoxygenase 1. U37184 prevented the break- 
down of radiolabelled fatty acid, whereas EDTA and 
Tiron had httle or no effect (Fig. 1). These observations 
indicate that the inhibitory effects of Tiron and EDTA 
detected spectrophotometrlcally (Table 2) are artifactual. 

Absorption spectra in the 200-300 nm waveband re- 
vealed that Tlron, EDTA, azlde, SHAM, nordlhydrog- 
uaiaretlc acid and n-propylgallate all absorb strongly at 
234 nm at concentrations that gave complete inhibltion 
of lipoxygenase activity in the spectrophotometric assay 
(Fig. 2). Indeed, with a path length of 1 cm, each of these 
compounds raised the absorbance of the test solution 
above the normal operating range of most spectro- 
photometers. Thus, even though the putative inhibitor 
was present m both the sample and blank cuvettes, any 
Increase m A234 attributable to the formation of hydro- 
peroxides by hpoxygenase was not detected (Fig. 3). After 
5 min of reaction time, a substantial peak at 234 nm was 
evident when soybean hpoxygenase I was allowed to 
react with linoleic acid in the absence of EDTA (Fig. 3A 
and B). When 10 mM EDTA was added to both the 
sample and blank cuvettes, there was no change in A,,, 
even after 10 min of reactlon time (Fig. 3E, F and G). 
Similar results were obtained upon the addition of azide, 
Tiron, SHAM n-propylgallate and nordihydroguaiaretlc 
acid when the reaction was scanned at various time 
intervals between 200 and 300 nm (data not shown). 
Thus, a major part of the inhibitory effects of these 
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Fig 1. Effects of putative mhlbltors of soybean hpoxygenase 1 
measured using a radlolsotoplc assay. (a), standard reactlon 
mixture plus 500 U of soybean hpoxygenase I; (0), standard 
reaction mixture plus 500 U of soybean lipoxygenase I plus 0.1 
mM U37184; (A), standard reaction mixture plus 500 U of 
soybean hpoxygenase I plus 10 mM EDTA, (0), standard 
reactlon mixture plus 500 U of soybean hpoxygenase I plus 10 

mM Tlron 

A hml 

24- 

06 

oo- 
200 220 240 260 260 I 
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Fig. 2. Absorption spectra for putative mhlbltors of hpoxygen- 
ase. k 1 mM Tuon (-_b 10mM EDTA (---) [an essentially 
ldentlcal spectrum (not shown) was obtained for 10 mM azlde]. 
B. 1 mM n-propyl gallate (-); 1 mM nordlhydrogualaretic acid 

(---); 1 mM SHAM (- - -.). 
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compounds detected spectrophotometrically is artifac- 
tual and due to interfermg absorbances of the inhibitory 
compounds. 

For two of the putative inhibitors, EDTA and azide, a 
sharp peak centred at ca 250 nm became increasingly 
apparent as the reactlon progressed (Fig. 3F and G). The 
possibility that this peak was attributable to a reaction 
between EDTA (or azlde) and a component of the 
enzyme reaction was tested by following the lipoxygenase 
reaction at 250 nm in the presence and absence of the 
putative mhibltors. The addition of 10 mM azide or 
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Fig 3 Absorption spectra dlustratmg the react1on of soybean 

l1poxygenase I m the presence and absence of EDTA. (A) Buffer 

and substrate 1n the sample and blank cuvettes, (B) same as A 

except spectrum recorded 5 mm after the ad&Ion of 500 U of 

soybean hpoxygenase I to the sample cuvette, (C) same as A 

except 10 mM EDTA added to the sample cuvette, (D) same as 

C except 10 mM EDTA added to the blank cuvette, (E) same as 

D except 500 U of soybean hpoxygenase I added to the sample 

cuvette and the spectrum recorded 1mme&ately, (F) same as E 

expect spectrum recorded 5 m1n after the add1tlon ofenzyme, (G) 

same as E except spectrum recorded 10 mm after the addition of 
enzyme 

10 mM EDTA actually reduced the absorbance at 

250 nm mdlcatmg that the reaction had been Inhibited to 

a degree comparable to that measured by oxygen con- 

sumptton (Table 2). Thus, the ghost peak at 250 nm 
appears to be a function of the relatively narrow absorp- 
tlon peaks of EDTA and azlde (Fig 2A) combmed with a 
broadening of the hydroperoxlde peak mto wavebands 
beyond those obscured by EDTA or azlde as the reaction 
proceeds. 

Previous studies utlhzmg the spectrophotometrlc assay 
have indicated that EDTA and azlde m the range 
l-10mM strongly inhibit lipoxygenase actlvlty in ex- 
tracts of apple and broad bean [9, lo] By contrast, 
polarographic studies have indicated that 1 mM EDTA 
had no effect on soybean hpoxygenase I [ 31 and that even 
higher concentrations (100 mM) of azlde or EDTA had 
no effect on sunflower hpoxygenase [ 81. Such quantltat- 
ive differences m the efficacy of putative lipoxygenase 
inhibitors between different studies could be due to the 
use of different sources of enzyme, but they may also 
t&e& peL%haf ARXS~t~i;C~~ C!lCiGiCtCXT+tiC3 Of &Cl? if&&- 
tory compounds that confound the spectrophotometrlc 
assay Berkeley and Galliard (1976) have argued pre- 
v~ously that the spectrophotometrlc method for 
measuring hpoxygenase should not be used for crude 
extracts of the enzyme because of the posslbihty that 
contaminants in the crude extract might have interfering 
absorptron characterlstlcs In the present study we have 
shown using both a crude enzyme preparation and a 

purified enzyme that major errors can arlse from mter- 
fermg absorbances of a large number of documented 
mhlbltors of lipoxygenase when the spectrophotometric 
assay IS used. For example, although nordlhydrogualare- 
tic acid, SHAM and n-propylgallate are all well docu- 
mented inhibitors of hpoxygenase, quantitative errors m 
the effectiveness of these compounds as inhibitors can 
arise when the reaction IS assayed spectrophotometrlcally 
(Table 2). 

It is noteworthy that the metal chelators, NaCN, azlde, 
Tlron and EDTA, were all found to be comparatively 
poor mhlbltors of tomato and soybean hpoxygenase m 
the present study This may be related to the fact that the 
efficacy of metal chelators as mhlbltors of hpoxygenase 
depends upon the extent to which the enzyme IS m its 
native state Metal chelators mhlblt hpoxygenase by 
complexmg with the iron that IS associated with the 
enzyme, and the efficacy with which chelators complex 
the iron IS greatly increased If the enzyme IS partially 
denatured [3] 

EXPERIMENTAL 

Chemicals and enzymes U37184 was obta1ned from UpJohn 

Lmuted, T1ron from Fisher Sclentlfic Company, NaEDTA from 

J T Baker, NaAz1de from Aldrlch, n-propylgallate, saI1cylhy- 

droxamlc acid (SHAM), nordlhydrogua1aret1c acid (NDGA) 

and soybean IIpoxygenase I from Sigma 
Preparatzon of tomato cytowl A known wt of ripe red tomato 

(Lycopersmn esculentum cv Caruso) per1carp tissue was hom- 

ogenized 1n 100 mM MOPS-KOH. 0 5 mM sorb1to1, pH 7 8 

(1 1 w/v) The homogenate was filtered through 4 layers of 

cheesecloth and the filtrate centrifuged at 10000 y for 20 m1n 

The supernatant was centrifuged at 50000 q for 1 hr and the 
resulting supernatant used for 11poxygenase activity assays 

Spectrophotometrlc and poluroyroph~c aTsay-\ of lrpoyyqenase 
actmlt), Two sources of Ilpoxygenase were used, tomato cytosol 

and purified soybean hpoxygenase I L1poxygenase activity was 

determmed spectrophotometr1cally at 234 nm or polarograph1- 

tally with an 0, electrode For both methods, the reaction nuxt 

(3 ml final vol ) contaIned 0 5 mM 11nolelc dad solubd1zed with 

0 5% Tween 20 m 50 mM phosphate butler. pH 7 1 for tomato 

11poxygenase or SO mM Ches buffer, pH 9 0 for soybean hpoxyg- 

enase I The reactlon wds uuliated by the add1tlon of an ahquot 

of soybean lipoxygenase I suspension or tomato cytosol adjusted 

to give a final act1vlty of 150 umts,‘ml [ 1 unit of enzyme ox&zes 

0 I2 nmol substrate per m1n at 25 ‘J Inhibitors were added dt 

concns specified m the Tables and Fig legends 
Radrowotoplc assay of lrpoxvyenase actu fry Un1formIy label- 

led “‘C-11nole1c acid (068 &I) was added to the standard 

reactIon m1xt and the enzyme reaction 1n1tlated by the addition 

of 500 units of soybean 11poxygenase I At 0, 10 and 30 m1n 

intervals after the reactlon was nntlated, 1 ml ahquota were 

removed from the reactmn m1xt and the hp1ds extracted using 

the method of ref [I47 LIpId reaction products were sepd by 

TLC on s111ca gel using petrol-Et,O-HOAc (70 30 1) Sepd 
lipids were visualized-with 1, vapour, rdentitied-using authentic 

standards, scraped from the plates and counted by 11quld santil- 

Iat1on as described previously [I 51 
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