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SUMMARY 
A simple, accurate, and highly sensitive method is described for measurement of lipid 

hydroperoxides, utilizing standard iodimetric reactions and an amperometric endpoint. 
Measurement of 10-8 equivalents of hydroperoxides is feasible in samples of milligram size. 
Several parameters of the analysis have been defined. 

T h i s  report describes a procedure that permits 
accurate and specific measurement of lipid peroxides 
by iodimetry in the small samples available in many 
biological studies. Martin’s review (1) of methods for 
determination of organic peroxides indicates that 
most methods are based on reactions with various 
reducing substances. The most serious drawback 
of methods other than iodimetry can be ascribed to  
interfering substances in the reagents, in the solvents, 
and in the tissue extracts themselves. For specificity, 
therefore, we have chosen iodimetry, and for increased 
sensitivity, we have used an amperometrically deter- 
mined endpoint that permits analysis of as little as loms 
equivalents of lipid peroxides. A study of possibly 
troublesome side reactions has been made. These 
include oxidation of iodide by atmospheric oxygen 
and by contaminants in tissue extracts and in reagents, 
addition of iodine to plasmalogens and to  olefins, 
loss of iodine by evaporation, and oxidation of thio- 
sulfate by substances other than iodine. 

This micro-iodimetric method undoubtedly has 
applications in the lipid field other than in analysis of 
peroxides; e.g., in measurement of plasmalogens, 
in determination of iodine numbers, in phenol titrations, 
and in measurements of periodate reduction. The 
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many uses of iodimetry have been discussed by Kolthoff 
and Sandell (2). 

METHODS 

Principle. Hydroperoxides are reacted stoichiometri- 
cally with iodide as shown in equation I. 

ROOH + 21- + 2 H+ -+ ROH + HzO + I?. (I) 
Then thiosulfate is added in excess to  the reaction 
mixture to  reduce the iodine. 

I* + 2s203= + 21- + S4Oe=. 

Finally, the unreacted thiosulfate is determined by 
back-titration. Potassium iodate is added to  tfhe reac- 
tion mixture and reacts with iodide to  form iodine, 

(11) 

103- + 51- + 6H+ + 312 + 3Hz0, (111) 

which, in turn, oxidizes the excess thiosulfate (as in 
Reaction 11). After all the thiosulfate has been 
oxidized, iodine is no longer reduced. Persistence of 
free iodine permits current to  flow through the reaction 
mixture, by accepting electrons from the cathode, so 
that the completion of back-titration of thiosulfate 
can be detected amperometrically. 

Potassium iodate (analytical grade), dis- 
solved in distilled water to make a stock solution of 
0.1 N. Working solutions of 0.0001 N were made by 
successive dilutions of stock solution. 

Sodium thiosulfate (analytical grade), dissolved in 
oxygen-free distilled water to make a stock solution of 

Reagents. 
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0.1 N. Working solutions of 0.0001 N were made by 
successive dilution of stock solution. Since sodium 
thiosulfate solutions are not stable over long periods, 
fresh reagents were made monthly and stored at 4' in 
the dark. 

Potassium iodide (analytical grade), powdered. 
Glacial acetic acid (analytical grade) , glass-distilled. 
Chloroform and methanol, glass-distilled and tested 

to  assure absence of materials reacting with iodine. 
Nitrogen, pre-purified, bubbled through pyrogallol 

to  remove traces of oxygen. 
Reference Standards. Working standards of 0.0001 

N were prepared by successive dilutions from 0.1 N 

solutions of iodine, benzoyl peroxide, t-butylpermyrist- 
ate, arid dilauroylperoxide. The latter two substances 
were generously provided by Dr. Leonard Silbert, 
Eastern Utilization Research and Development Divi- 
sion, U.S. Department of Agriculture, Philadelphia, 
Pennsylvania. 

Equipment. The titration assembly is illustrated 
in Fig. 1. The platinum wire electrodes (30 mm of 
coiled 32-gauge wire, distance between electrodes 
1-2 mm) were held in the reaction mixture just beside 
the orifice of the nitrogen bubbler. The stream of 
nitrogen excluded atmospheric oxygen and mixed the 
reactants. A microburette (2 ml with 0.01 ml gradua- 
tions) was fitted with narrow Teflon tubing (0.015 in. 
i.d.) to  restrict the rate of outflow of reagent into the 
titration mixture. 

The amperometric circuit of Potter and White (3) 
supplies about 175 mv to the electrodes. This voltage 
is obtained by using a 1.5 volt battery in a circuit 
containing three different resistors arranged in a 
T-patt<ern. The voltage is connected across the two 
top resistors ( 2  x lo5 ohms, 1 x lo6 ohms) and the 
electrodes are bridged across the smaller of these 
resistors. The circuit of the electrodes contains the 
third resistor (100 x IO6 ohms) across which the electro- 
meter is placed. Alternatively, a pH-meter may be used 
for the direct reading of emf, as described by Potter and 
White. 

Technique. Hydroperoxides were reliably measured 
by the present procedure over the range of 0.01-0.40 
pEq. Thus, the concentration of hydroperoxides in a 
lipid sample determined the amount of lipid taken for 
analysis (10 mg of a fat with peroxide number of up to  
40, and less with more completely peroxidized samples). 

The lipid sample was weighed in a 5-ml volumetric 
flask and taken to  volume with chloroform. One 
milliliter of this solution was placed in a 20-ml glass- 
stoppered tube and about 150 mg of K I  powder was 
added. Ten milliliters of 2% acetic acid in chloroform- 
methanol 1 : 3 was added, washing down the KI crystals 

i.D.= 0.015" 

/ to electrometer and battery 

Pt electrode 

FIG. 1. Titration assembly. The titration is performed in 
a 20-ml tube. Bubbling nitrogen excludes oxygen and stirs 
the reaction mixture. Fine Teflon tubing restricts the rate of io- 
date addition. The endpoint of the reaction is measured by plat- 
inum wire electrodes connected with an amperometric circuit. 

from the sides of the tube. After flushing the solution 
with nitrogen, the tube was closed and shaken, then 
placed in the dark at room temperature for 1 hr. 
Todine liberated (Reaction I) was completely reduced 
with an excess of O.OOO1 N NazSz03 (Reaction 11) added 
from a standard micropipette. It is advisable to  add 
the thiosulfate in 1-ml quantities in order to  limit the 
amount of iodate required for back-titration. Thus, 
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thiosulfate was added in 1-ml aliquots until visible 
iodine disappeared. Then, to check for complete 
reduction of iodine, the electrodes were immersed in the 
reaction mixture. If sufficient thiosulfate has been 
added, there will be no appreciable current flow. 

Excess thiosulfate was then back-titrated (Reaction 
111) with 0.0001 N KI03 from a microburette. As 
titration proceeded, the voltage across the circuit fell 
slightly as the concentration of thiosulfate dropped 
(Fig. 2). Kear the end-point, the emf fell almost to 
zero, and beyond it there was a rapid increase in current 
flow as the concentration of iodine rose. 

A “reagent blank” was treated in a similar manner. 
An aliquot of the lipid solvent was titrated as above in 
order to measure traces of oxidizing substances that 
cause iodine formation. The “reagent blank” re- 
mained remarkably constant for any batch of reagents, 
usually about 0.03 ml of 0.0001 N KIo3. 

Falsely high hydroperoxide values are characteristic 
of some tissue extracts because they contain sub- 
stances, as yet unidentified, that consume thiosulfate. 
This necessitated measurement of a “thiosulfate 
blank.” The usual procedure for measuring hydro- 
peroxides was followed, except that oxidation of iodide 
(Reaction I) was prevented by adding thiosulfate to the 
reaction mixture at  4’ directly after the addition of 
acetic acid in chloroform-methanol, then immediately 
back-titrating with iodate. When thiosulfate-con- 
suming substances are present, the “thiosulfate blank” 
may amount to as much as 0.3 ml of 0.0001 N KI03. 

The amount of hydroperoxide in the 
sample was calculated as follows: mEq of hydroperoxide 
per kg of lipid’ = pEq/g = 

Calculation. 

[Vi - Vz - (Bi + Bz)] X lo-’ + W ,  

where V1 and Vz are the volumes (milliliters) of 0.0001 
N Ka2Sz03 and 0.0001 N K103, respectively; B1 and Bz 
are the volumes (milliliters) of iodate required for the 
“reagent blank” and “thiosulfate blank,” respectively; 
and W is the weight (grams) of the lipid sample. 

- 

- 

RESULTS 

The accuracy of the method was determined with 
benzoyl peroxide, t-butylpermyristate, and dilauroyl- 
peroxide as reference compounds. The hydroperoxide 
values of these three compounds were found to be 98, 
98, and 88% of theoretical, respectively. Corn oil was 
partially oxidized in a stream of air under UV-light; 
peroxide values determined by our microtechnique 

1 This value is commonly referred to as the “peroxide number” 
of a fat. 

Emf (mv)  

I I - 
0.50 11.00 I 5 0  

I 

Endpoint ml of KIO,  ( I O - ~ N )  

FIG. 2. Titration curve. With the titration of excess thio- 
sulfate by iodate, the voltage across the circuit falls slightly. 
Beyond the endpoint, iodate reacts with iodide to produce iodine, 
which causes a rapid increase in current flow. 

were 101% of the results obtained by the macro- 
iodimetric method of Wheeler (4). 

Replicate determinations of hydroperoxide content 
in the same oxidized corn oil sample averaged 95.7 
pEq of peroxide/g of fat over a series of sample sizes 
between 0.2 and 3 mg (0.02-0.3 pEq/sample). The 
standard deviation was +l.2 pEq/g, the range 94.2 - 
96.8 pEq/g. 

DISCUSSION 

Reaction conditions were variously modified in order 
to define optimum times, temperatures, and concentra- 
tions. For samples containing less than 0.4 pEq of 
hydroperoxide, the reaction was found to be complete 
after 60 min a t  room temperature (Fig. 3). Although 
the reaction time could be reduced to 5 min by refluxing 
a t  65”, results were always slightly higher than theoreti- 
cal, suggesting that side reactions were occurring. 
Analyses of dilauroylperoxide standards gave low 
yields. That this was due to the presence of impurities 
in the material available rather than to an incomplete 
reaction is indicated by the flatness of the plateau from 
60-120 min reaction time. 

When the concentration of acetic acid in the mixture 
was raised over 2%, values for the “reagent blank’’ 
were considerably increased. However, 2% acetic 
acid is more than adequate to provide the protons re- 
quired in Reaction I. The presence of crystals of KI 
in the reaction mixture assures sufficient iodide for 
Reactions I and 111. Use of a saturated aqueous 
solution of KI proved impracticable because of rapid 
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FIG. 3. Reaction time of standard peroxides. Under the con- 
ditions described, reduction of three standard peroxides was com- 
plete in 60 min. BP = beneoylperoxide, BPM = t-butyl- 
permyristate, DLP = dilauroylperoxide. 

formation of iodine in the reagent within minutes of 
preparing the solution. 

Chloroform is the most satisfactory solvent for 
peroxidized lipids; neither methanol nor petroleum 
ether has sufficient solvent power, while acetone is 
unsuitable because it cannot be washed with water in 
order to  remove nonlipid contaminants. These water- 
soluble contaminants lead to  peroxide values that are 
too low, probably because of a reaction with iodate. 
During the tit rat ion in c hloro form-me thanol- ace t ic 
acid, the addition of aqueous reagents sometimes 
caused formation of a two-phase system. This did not 
affect the measurements, provided mixing was vigorous 
and the titration speed was reduced. 

Autoxidative changes were minimized by continual 
flushing of extraction mixtures with nitrogen. When 
lipid extracts were dried over sodium sulfate, measure- 
ments of hydroperoxides were falsely high because of 
unidentified materials in the drying salt. For this 
reason, no drying agent was used after the chloroform 
solution had been washed. 

The possibility of addition of iodine to unsaturat,ed 
lipids has concerned previous workers using iodimetric 
methods in analysis of lipid peroxides. After addition 

of free iodine, however, we noted no iodination of 
double bonds in peroxide-free polyunsaturated fats 
under the analytical conditions described. This does 
not apply, however, to  fats containing conjugated 
double bonds; conjugated eicosatetraenoic acid showed 
a rapid uptake of iodine. This addition could be 
greatly reduced, but not eliminated, by saturating thc 
chloroform-methanol reaction mixture with KI. Ac- 
cordingly, tissue extracts containing carotenoids and 
other olefins yield falsely low results for hydroperoxides. 
For liver and muscle, the magnitude of error introduced 
by these substances is in the range of 2.5 pEq/g, a t  the 
most. Although it is known that iodination of plasmalo- 
gens occurs readily (5 ) ,  the acidity of our titration 
medium assures that only small amounts of plasmalogens 
are destroyed. Extracts of tissues rich in plasmalogens 
should be exposed to 20% acetic acid a t  room tempera- 
ture for an hour to  decompose the plasmalogens 
prior to analysis of peroxides in the usual manner. 

Application of this highly sensitive assay of peroxides 
in biological studies has shown that lipid hydroperoxides 
can be detected in very low concentrations in samples of 
milligram size. Studies of hydroperoxide formation in 
vitamin-E-deficient rats will be reported in detaiI 
elsewhere. 

The authms gratefully acknowledge the advice and 
help of Dr. E. H. Ahrens, Jr., in preparing this manu- 
script . 
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