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Abstract

An enzyme immunoassay (EIA) technique for plasma cortisol was
established by using cortisol-3 (carboxymethyl) oxime covalently linked to
the horseradish peroxidase as the label. An antibody raised in the rabbits
against cortisol-3- (carboxy-methyl) oxime-bovine serum albumin was
usedas the first anti-body. Sheep anti-rabbit gamma-globulin serum with 8
percent poly-ethyleneglycol were used to separate antibody-bound and free
c.ortisol. The enzyme activity of the bound fraction was measured with
ortho-phenylene diamine as substrate. The procedure performed at room
temperature was evaluated by sensitivity (50 pg/ tube). The correlation
coefficient between our enzyme immunoassay technique and
radioimmunoassay technique for determination of plasma cortisol was 97
percent.



Introduction

Determination of circulating blood cortisol concentrations is highly
useful in assessing adrenocortical function (1).

Radioimmunoassay (RIA) is widely used for determination of picogram
quantities of cortisol in blood, but this method involves radiation hazards,
and the isotopes used have shortshelf-lives and are expensive (2). Recently,
enzyme immunoassays (EIA) of cortisol have been developed and applied
to the measurment of plasma cortisol based on the procedure of comoglio et
a! (4).

We have developed an enzyme immunoassay for cortisol which is
slightly less sensitive than radioimmunoassay using horseradish peroxidase
as the enzyme to lable the cortisol since peroxidase was available
commercially in highly purified stable from and retains activity after
covalent coupling.

The purpose of this report is to produce cortisol assay that would to be
more sensitive, stable and accurate also to be precise assay for a suitable
determination of plasma cortisol

Materials and Methods

Cortisol, bovine serum albumin (BSA) iso butylchloroformate,
horseradish peroxidase (HRP) (MRP.EC, 1.11.17) were purchased from
sigma chemical Co Ltd.

Polyethylen glycol 6000 was purchased from (E. Merck. AG. Darmstadt
F.R.G). Tri-n-butyl-amine, dioxane. (BDH. Chemical Ltd., Poole Dorset
U.K.), Complete freund's Adjuvant. (Difco Laboratories, Detroit,
Michigan). Sephadex G-100 (Pharmacia fine chemicals, Sweden).
Orthophenylene diamine OPD (Aldrich Chemical Co Ltd, England).

Cortisol Standards :

Cortisol was stored as Img/ml stock solution in ethanol at-20 C. The
working standard solutions 1.17 to 61.7 ug/100 ml were prepared by
dilution with free serum of cortisol and storedat 4 C. The stability of
standards werestudies for six months.

Buffers
Phosphate buffered saline pH 7.4: Dissolve (0.2g) of sodium dihydrogen



phosphate (Nat^PCV 2H2O), 2.68g of disodium hydrogen phosphate
(Na2HPO4. 12H2O) and 7.72g of sodium chloride in 1 liter of distilled
water, containing 0.1% bovine serum albumin.

Substrate solution. Dissolve 30 mg of O-phenylenediamine in 100 ml of
substrate buffer, 30 w/v hydrogen peroxide (20 ul) was added after
dissolution of O-phenylenediamine was complete. Cortisol-3-
carboxymethyloxime (C-3- CMO) was synthesized according to
pourfarzaneh et al (5).

Conjugation of cortisol-3- carboxymethyloxime to horseradish
peroxidase.

A conjugate of horseradish peroxidase cortisol can preparedby the
mixed anhydride technique as modification (6,7). Cortisol-3-
carboxymethyl oxime (11.6 mg, 0.02 m mole) was dissolved in 0.8 ml dry
dioxane to which (0.014 ml, 0.5 m mole) tri-n- butylamine was added and
the solution was cooled with 0.007 ml (0.5ml mole) of iso-butyl
chloroformate. The reaction was allowed to proceed in the cold for 30 min.
The mixture was added in one portion to cold solution of 18.1 mg of HRP
(0.0004 m mole), 0.8 ml of water, (0.6 ml) of dioxane and (0.03 ml of 1
mol/L) NaOH. Stirring and cooling were continued4 hours with the pH at
8.5 throughout the reaction. The solution was dialyzed against deionized
water for 3 days and then it was applied to a sephadex G-25 M column and
eluted with 0.15 M saline containing 0.1% sodium azide.

The fractions containing enzyme activity were collected and pooled,
BSA was added to give lg/L solution. The cortisol-3-CMO- horseradish
conjugate (enzyme lable) was serially diluted from 1:200 and 100 ul of
each dilution reacted with 2 ml O-phenylene diamine (0.6 mg, 2.8 mM) and
hydrogen peroxide (0.06%) for 2hrs in the dark at room temperature.
Reaction was terminated by the addition of 4N sulphuric acid (0. 2ml).

The optical density of the supernatant was measured at 492 nm, and the
resultant graph Is, shown in Fig (1). An approximate dilution of the
enzyme label was selected on the linear portion of the graph.
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Figure (1) : Serial dilution of cortisol-3- (carboxymethl) oximehorseradish
peroxidase aqainst a standard concentration of substrate
[o-phenylenediamine (2.8 nM), hydrogen peroxide (0.06%)]
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Figure (2) : Effect of different concentration of anti-cortisol on final
absorbance in the presence ( • • ) and absence of
cortisol ( O O )



Anti Serum Preparation :

The Immunogen, Cortisol-3- (O-Caboxymethyl) oxime coupled to
bovine serum albumin was prepared by standard procedure (8). Six white
rabbits were immunized with a suspension of 0.6 mg of the immunogen in
an emulsion (2:1 by vol) of freund's complete adjuvant and isotonic saline.
One ml of the emulsion was injected subcutaneously into each rabbit at
mutliple sites. Immunization was repeated four times and then rabbits bled,
10 days after the last immunization. Four rabbits antisera with titres greater
than 1/6000 and found to be highly specific (9).

Enzyme immunoassay procedure

In labeled 12x75 mm glass tubes, place 100 ul of plasma or serum
samples and standards and 400 ul of assay buffer which were mixed briefly
and healed for 30 min in a water bath at 60 °C. The mixture was cooled and
mixed with 100 ul of enzyme labelled cortisol and 200 ul of anti-cortisol
serum.

The solution was then incubuted at 4 °C for overnight, one ml of sheep
anti-rabbit gamma-globulin solution containing 8% pdyethylene glycol was
added and centrifuged at 2()00g at 4 °C for 15 min. Decantation of the
supernatant and substrate buffer was added as described previously.

Results

Antibody Concentration :

The peroxidase-corlisol fraction was diluted to 1:1000. Labelled cortisol
(0. I ml) and incubated over night at 4 "C with anti-cortisol serum (0.2 ml)
at serial dilutions in phosphate buffer at pH 7.4. The dilution curve results
are shown in Figure (2) and indicate that Ihe cortisol labeled enzyme is
almost completely reacted wilh antibody.

Optimum ortho phenylcne dianiinc (OI'D) concentration:
Cortisol-3- CMO-HKP was assayed in 0.1 ml volume and 0.2 ml of
anti-cortisol serum with 2 ml substrate buffer containing 0.1 to 0.7 mg/ml
OPD. The absorbances (492 nm) of the reaction were read out after 2 hrs.
(Fig.3).



Figure (3): Effect of substrate concentration on the peroxidase reaction in
the presence ( • • ) and absence of cortisol ( O O )

Analytical Variables:
Sensitivity

Sensitivity of the standard curve is defined according to the criteria of
kaiser and Specker (10) as the least amount distinguishable from zero at the
95% confidence level, the minimal amount of cortisol detected was 0.05 ng
per assay .

Precision

Intra-and inter-assay variations were assessed by assays on the serum
samples with high, medium and low cortisol concentrations. The three
levels of cortisol are 30, 13.2, 6.8 ug/dL of cortisol respectively. The
intra-assay coefficient of variations (c.v.) of 10 samples were 10.6, 8.7 and
6.2% respectively. The values for inter-assay (c.v.) were 10.8% (mean 32.3
ug/dL, n=10) 8.4% (mean 12.8 ug/dL n=lQ) and 8.15 (mean 6.5 ug/dL
n=10 respectively.



Accuracy

Recovery experiments were performed by measuring the levels of
cortisol present in 1 ml of plasma to which were added increasing amounts
of cortisol (Table I.) the value of measured cortisol was closely
approximate the expected values.

Table I. Recovery test

Amount added to the
sample analysed ug
cortisol/dl

0

2.0

4.1

8.2

12.5

15.0

18.2

20.0

25.0

cortisol expected

ug/dl

--

12.2

14.3

18.4

22.7

25.2

28.4

30.2

35.2

cortisol
obtained

ug/dl

10.2

11.6

14.5

17.8

22.3

24.5

27.5

31.1

33.7

Recovery

%

-

95.0

101.3

96.7

98.2

97.2

96.8

102.8

95.7

Table (II) : Cross reaction of antiserum cortisol-3-CMO-BSA with some
steroids

Steroids

Cortisol

Prodnisolone

11 -Deoxy cortisol

21 -Deoxy cortisone

Pregestrone

Cortisone

Deoxy corticosterone

Dexamthasone

Corticosterone

Tetra-hydrocortisol

Cross reaction*

EIA

100

28

7

3.5

4.1

1.0

0.7

0.25

0.25

0.25

EIA

100

31.2

10

5

5.6

2.2

0.7

0,5

0.5

0.5



Disussion

The development of RIA of hormones and drugs has greatly contributed
to the basic and clinical studies in the field of endocrinology and
reproduction (3). RIA, however, has some disadvantages; the method is
generally and hazardous, and the radioactivity of the isotope can not be
maintained for along time.

EIA, one of the most widely applied non-isotopic immuno-assays
because of the absence of radiation hazards often encountered in RIA the
advantages of enzyme immunoassay were already stated by wisdom (12),
Comoglio et al (4) prepared cortisol 21-hemisuccinate B- glactosidase
conjugate as an enzyme- labelled material and cortisol-2I- hemi-succinate-
BSA, conjugate as an immunogen. The sensitivity of their method was
100-150 pg.

In the present study a cortisol enzyme immunoassay was carried out by
combination cortisoI-3 carboxymethyl oxime- horsradish peroxidase
conjugate and cortisol-3- CMO-BSA conjugate by mixed anhydride
method, the sensitivity of their present method was 50 pg.
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Figure (4) : Correlation between cortisol levels in plasma measured by
enzyme immunoassay and radioimmunoassay



The higher sensitivity achieved in this method may be due to high purity
of cortisol-enzyme complex and also due to high specifity of anti cortisol
serum. To examine the clinical reliability of the EIA, plasma cortisol levels
estimated by enzyme immunoassay and RIA method as showing in Fig.4

The results obtained upon application of EIA were highly correlated
(correlation cofficient, r= 0.97). with the values obtained by RIA.
he proposed method is sufficiently sensitive, reproducible, simple and

accurate for use in routine measurement of serum cortisol and is applicable
to automation.
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