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ABSTRACT

Recent progress in immunological techniques has revealed the

possibility for more sensitive methods for assaying protein hormones.

A radioimmunoassay technique has been developed for the detection and

direct measurement of physiological levels of human pituitary luteiniz-

ing hormone in blood plasma. The radioimmunoassay is based on the

131competition between I-labeled hormone and unlabeled hormone for anti

bodies to the hormone. The separation of free hormone from antibody-bound

hormone is achieved by precipitation using antibody to /-globulin of an

animal in which the antihormonal serum was produced.

This study was initiated to develop the radioimmunoassay technique

which could be used to measure physiological levels of bovine LH directly

from blood without concentration or purification. The assay was used to

measure the variation of luteinizing hormone in the blood of four cows

during the estrual cycle. The average levels of the hormone was less

than 1.5 t^g. equivalents of the standard (NIH-LH-B5) per ml. of serum

during diestrus but increased 10 to 20 fold during estrus. The concentra

tion of the hormone in the blood increased sharply in the early stages

of estrus and decreased rapidly in the late stage of estrus. The results

indicated that the procedures can be used to measure the luteinizing

hormone activity in 1 ml. of blood.

LIL



TABLE OF CONTENTS

CHAPTER PAGE

I. INTRODUCTION 1

II. LITERATURE REVIEW 2

Historical background .2

Principles of radioimmunoassay 4

Methods of radioimmunoassay 5

Chromatoelectrophoresis 5

Double antibody system 6

Luteinizing Hormone Concentration in Human and Bovine

Blood 7

Human . 7

Bovine 8

III. MATERIAIS AND METHODS 9

Materials 9

Bovine luteinizing hormone (BLH). . . 9

Rabbit anti-BLH serum 9

Rabbit./-globulin 10

Sheep anti-rabbit /-globulin serum (second antibody). . . 10

Diluent 11

Bovine serum 11

Methods 11

Absorption of antiserum 11

iv



V

CHAPTER PAGE

III. (CONTINUED)

Gel filtration of BLR 11

Double gel-diffusion 12

Immunoelectrophoresis 14

Preparation of ^^^I-labeled BLR 17

Radioimmunoassay procedures 17

IV. RESULTS AND DISCUSSION 22

Titration of rabbit anti-BLR serum 22

Incubation periods 22

Standard dose-response curve 24

LH level in bovine serum 26

V. SUMMARY 39

LITERATURE CITED 40

VITA 45



LIST OF FIGURES

FIGURE PAGE

1. Diagram showing competition between labeled hormone and

unlabeled hormone for binding to a specific antibody . . . . 4

2. Gel filtration of BlH on Sephadex G-lOO column. The NIH-IH-B5

(10 mg.) was dissolved in 1.0 ml. of 0.05 M. ammonium bicarbon

ate, pH 8.0 and transferred to a Sephadex G-lOO (1.5 cm. x

55 cm.) which was previously equilibrated with the same buffer,

combined number 5 fraction was used as BIH for iodination. . 13

3. Double gel-diffusion precipitin test showing relationship

between absorbed, unabsorbed anti-BLH sera and BLH, purified

BIH fractions. A: Well 1 NIH-IH-B5 30 ;ag; Well 2 bovine

serum; Well 3 anti-BIH serum 30^; Well 4 absorbed anti-BIH

serum 30^; B: Well a anti-BIH serum 30^; Well 3 NIH-1H-B5

30 ̂ g; Well 1, 2, 4, 5 NIH-IH-B5 fractions 1, 2, 4, 5 from

Sephadex G-lOO column (Figure 2, page 13); Well 6 absorbed

anti-BIH serum 15

4. Immunoelectrophoresis of bovine IH. Trough a unabsorbed anti-

BIH serum; Trough b absorbed anti-BIH serum; Well 1, 4 NIH-IH-

B-5 fractions 1, 5 from Sephadex G-lOO column (Figure 2, page

13); Well 2, 3 NIH-IH-B5 4ug 16

5. Separation of ^^^I-labeled BIH from ^^^I-iodide on Sephadex

G-50. Separation was carried out by gel filtration of the

iodination reaction mixture from a 1^.0 cm. x 13.0 cm. column

of Sephadex G-50 18

vi



VIL

FIGURE PAGE

6. Diagram showing competition between unlabeled standard BLH or

131unknown serum and labeled BLH- 1 for binding anti-BLH serum.

Addition of 2nd Ab (sheep anti-rabbit /-globulin antibody)

shows visible precipitation 19

7. Double antibody system for BLH immunoassay. Flow chart showing

the steps of radioimmunoassay for bovine luteinizing hormone

(BLH) 21

8. Titration of rabbit anti-BLH serum. The effect of the concentra

tion of rabbit anti-BlH serum on the recovery of labeled BIH

in the precipitate, expressed as a percentage of the total

radioactivity added. Second antibody added at a dilution of

1:2 23

9. Duration of incubation. Effect of the duration of incubation

131on the recovery of labeled BLH in the precipitate is

expressed as a percentage of the total radioactivity added.

Anti-BLH serum at a dilution of 1:8000: second antibody at

1:2 dilution; o counted 24 hours after the addition of second

antibody; x counted 48 hours after the addition of second

antibody 25

10. Standard curve on semilogarithmic plot obtained by addition of

known amounts of unlabeled N1H-LH-B5 to a fixed amount of

131antibody and LH- 1. Separation of antibody bound BLH from

131free BIH- 1 was accomplished by a double antibody technique.

The number of counts precipitated in tubes containing only

131IH- 1 and antibody was defined as 100 percent 27



FIGURE PAGE

11. Bovine serum LH from cow 114 (Holstein) during estrous cycle

as measured by radioimmunoassay. Sample collections were

initiated during one estrous period and continued periodically

until 1 day after the next estrous period 30

12. Bovine serum IH from cow 720 (Hereford) during estrous cycle

as measured by radioimmunoassay. Sample collections were

initiated during one estrous period and continued periodically

until 1 day after the next estrous period 31

13. Bovine serum LH from cow 1490 (Hereford) during estrous cycle

as measured by radioimmunoassay. Sample collections were

initiated during one estrous period and continued periodically

until 1 day after the next period 32

14. Bovine serum LH from cow 1308 (Angus-Hereford cross) during

estrous cycle as measured by radioimmunoassay. Sample

collections were initiated during one estrous period and

continued periodically until 1 day after the next period . . 33



 

 

CHAPTER I

INTRODUCTION

Recent progress in immunological techniques has revealed the

possibility for more sensitive assay methods for hormones which are pro

tein in nature. Radioimmunochemical techniques have been well established

for the detection and direct measurement of physiological levels of human

pituitary luteinizing hormone (LH) and human chorionic gonadotropic

hormone (HCG) in unconcentrated blood plasma or urine (Wilde, Orr and

Bagshawe, 1965, 1967; Odell, Ross and Rayford, 1967a). The radioimmuno-

assay technique is based on the quantitative competition between the

radioisotope labeled hormone and unlabeled hormone for antibodies. This

method demonstrated that ^^^1-LH, bound in vitro by anti-LH serum, can

be quantitatively separated by chromatoelectrophoresis or precipitated

by an antibody to /-globulin of an animal in which the antihormonal serum

was produced.

It was the purpose of this study to develop a radioimmunoassay

technique which could be used to detect physiological levels of bovine

LH directly from serum without concentration or purification of the blood

sample. This technique was also used to measure the change in the LH

level of serum in the normal estrous cycle of cows.

- <• ; *
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CHAPTER II

LITERATURE REVIEW

Historical background. Immunological studies with protein hormones

were begun in the mid-1930's and were reviewed in detail (Collip, 1935;

Thompson, 1941; Leathem, 1949). They often dealt with the subject of

"antihormones". Collip and Anderson (1934) reported that, after continued

administration of thyrotropin (TSH) to rats, the animals became refractory

to further stimulation and their serum inhibited thyrotropin activity in

untreated rats. The inhibitory effect was said to be due to antihormones.

Thompson (1941), in a review, commented that the early literature seems

to be confused by the number of hormones, the variation of sources, the

wide variety of test animals and the number of different approaches used

in the study of the problem.

In most of the earlier studies, relatively crude hormone prepara

tions were employed and attention was usually focused upon the ability

of the antisera to neutralize the biological activity of the exogenously

administered or endogenously secreted hormone. Because of the relatively

crude nature of the hormone preparations employed in the majority of the

earlier investigations, the specificity of the observed effects has been

frequently questioned. The increasing availability of highly purified

hormones and the introduction of new immunological methods have resulted

in translating these earlier observations into modern concepts of antigen-

antibody reactions.
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Potent antisera were obtained by injection of highly purified

bovine growth hormone (BGB) and human growth hormone (HGH) in rabbits

with the addition of suitable adjuvants, and the specificity of the

reaction between growth hormone and its antiserum was demonstrated.

The possibility of utilizing immunological methods for the detection

and measurement of pituitary growth hormone was suggested (Hayashida and

Li, 1958a, b). The technique of hemagglutination-inhibition (Boyden,

1951) was first adopted by Read and Bryan (1960) to^measure the level

of growth hormone in human sera. But due to the relatively low sensi

tivity, growth hormone could not be detected in sera of normal adults

by this procedure.

The methods developed during the study of insulin metabolism by

Berson et £l., (1956) permitted quantitative evaluation of the rate of

1 O 1
I-insulin metabolism and stimulated interest in the feasibility of

assaying many other proteins. A direct measurement of HGH in plasma

was reported by Glick et a_l. , (1963). They modified the technique

developed in the same laboratory by Yalow and Berson (1960) for assaying

HGH in plasma. The isotopic method developed by Hunter and Greenwood

(1962) of labeling HGH for the radioimmunoassay of HGH is now in common

use and has been applied to the assay of many other pituitary hormones.

Subsequently, assays for adrenocorticotropin (Yalow et a_l. , 1964),

thyrotropin (Odell, Wilber and Paul, 1965), luteinizing hormone (Midgley

and Jaffe, 1966), follicle-stimulating hormone (Midgley, 1967), human

chorionic gonadotropic hormone (Bagshawe, Wilde and Orr, 1966) in the

human have been reported.
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Principles of. radiommunoassay. The fundamental principles of

the radioimmunoassay employing immunological methods are based on an

antigen-antibody reaction. The original assay for insulin (Berson et al,,

1956),formed the basis for subsequent radioimmunoassay methods. The

radioimmunoassay of insulin described by Yalow and Berson (1960) was

based on the reaction between ^^^I-labeled insulin and insulin antibody.

Antibodies to the hormone are detectable by their ability to bind

labeled hormone and this binding is competitively and quantitatively

inhibited by unlabeled hormone. The competitive nature (Berson and

Yalow, 1964) of the reaction is shown in Figure 1,

131I-Hormone + Hormone Antibody Antibody-Bound Hormone"

+

Hormone

K

\|
Antibody-Bound Hormone

Figure 1. Diagram showing competition between labeled hormone
and unlabeled hormone for binding to a specific antibody.

131Unlabeled hormone competes with I-labeled hormone for the anti

body, thereby decreasing the percentage of -hormone bound to the

antibody. The ratio of bound -hormone to unbound ^^^I-hormone

decreases progressively with increase in unlabeled hormone concentra

tion. A standard curve can be constructed in relation to reference

hormone concentrations. The hormone concentration in an unknown sample

is then determined by comparison with the standard curve for a reference

hormone preparation.
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The two techniques commonly used to separate antibody-bound

hormone-^^4 and free hormone-^^^1 from the reaction mixture are

chromatoelectrophoresis and double antibody system. These two

techniques will be described below.

Methods of Radioimmunoassay

The two methods in current use depend upon the same basic principle:

If unlabeled hormone or serum containing the endogenous hormone is added

to the specific antiserum to a hormone, it inhibits the ability of that

antiserum to bind a labeled hormone. The antibody-bound hormone can be

separated in the two following ways:

Chromatoelectrophoresis. In assaying insulin in human plasma as

described by Yalow and Berson (1960), a series of standard preparations

of the reference hormone (unlabeled) or of the sample under assay are

mixed with a constant amount of labeled hormone and antiserum to the

hormone. When the reaction has reached equilibrium, the mixture is sub

jected to chromatoelectrophoresis on filter paper. Any antibody-bound

hormone moves with ^-/-globulins while free hormone remains fixed at the

origin. A standard curve is constructed to relate the ratio of bound

hormone: free hormone (B/F) to the amount of unlabeled reference hormone

added. From this standard curve and the ratio found with the sample,

the hormone content of the sample can be estimated.

Since being described by Yalow and Berson (1960), this method

has been used to assay growth hormone (Click et al,,1963), thyrotropin

(Utiger 1964) and parathyroid hormone (Berson ̂  £l.j.l963) in human plasma.
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Double antibody system. Skom and Talmage (1958) first described

the double antibody technique for assaying insulin. Antiserum was obtained

by injecting human serum /-globulin into rabbits and was used for the

precipitation of ^^Ix-iabeled insulin and globulin in the serum of insulin-

treated i^tients (containing anti-insulin antibodies). The relative

proportions of labeled hormone in the precipitate (bound insulin) and in

the supernatant solution (free insulin) were used to evaluate the insulin-

binding capacity of serum. Their method,has been used to assay growth

hormone (Utiger et £l. 1962), insulin (Morgan and Lazarow, 1963), adreno-

corticotropin (Felber, 1963), human chorionic gonadotropin (Odell, Ross

and Rayford, 1966), luteinizing hormone (Odell, Ross and Rayford, 1967a),

and follicle-stimulating hormone (Midgley, 1967) in human plasma.

The procedure for the double antibody technique is as follows.

The specific antiserum is mixed with constant amounts of labeled hormone

and a series of reference preparations or unknown samples as described

above in chromatoelectrophoresis. After equilibration of the reaction

mixture, the antibody-bound hormone is precipitated by the addition of

a specific anti-globulin serum and free hormone remains in the super

natant solution. From the ratios of bound to free hormone found with

varying quantities of the unlabeled reference hormone, the hormone con

tent corresponding to that of the unknown sample can be determined.

The technique of the double antibody system was adopted for this

study i.e., assaying LH in bovine serum. It has advantages which render

it more suitable for routine assay and does not require the use of

special laboratory equipment.



Luteinizing Hormone Concentration in Human and Bovine Blood

Human. Paul and Odell (1964) developed a radioimmunological

technique for assaying HCG. In this system, the presence of the hormone

was detected by its competition with radioiodinated HCG for HCG anti

bodies produced in rabbits. The immune complex was then precipitated

with sheep anti-rabbit /-globulin serum. Later, Odell, Ross and Rayford

(1966, 1967) developed a radioimmunoassay for human LH based on cross-

reaction between human LH and HCG. Antiserum was developed against HCG

131and highly purified LH was labeled with I. The separation of anti

body-bound LH-^^^I from free LH-^^^I was accomplished by a double anti

body technique. In this system, they were able to measure the minimal

amount of 0.15 m^g. (1.2 t^. in terms of Second International Reference

Preparation of Human Menopausal Gonadotropin - 2nd IRP-HMG) of human LH

per ml. of plasma.

Radioimmunoassay for HCG and human LH based on a double antibody

technique was also described by Wilde, Grr and Bagshawe (1965; 1967).

Aggregated HCG antibody complex was separated from the free hormone by

filtration on an Oxoid cellulose acetate membrane instead of by centri-

fugation as described by Odell, Ross and Rayford (1967). A concentra

tion as low as 0.07 I.U.HCG per ml. of urine or serum was detected. By

reducing the concentration of the reactants (anti-HCG serum, labeled HCG

standard or unknown solution) and increasing the duration of incubation

time, 0 .OOll'I .H.per ml. could be measured.
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Bovine. Studies of LH in bovine blood employing the radio-

immunoassay have not been reported. However, there are two reports

(Anderson and McShan, 1966; Varian, Henricks and Melampy, 1967) on the

LH level in bovine plasma using the technique of ovarian ascorbic acid

depletion (OAAD) described by Parlow (1961).' In the study by Anderson

and McShan (1966), blood samples were collected from lactating cows

which had shown at least one previous estrus following parturition. The

LH was concentrated by acetone fractionation and the activity of LH was

measured by the OAAD assay. The level of LH ranged from 25 yg. equiva

lents of NIH-LH-Sl per ICQ ml. of plasma to less than l^g. Concentra

tion of LH in the blood plasma rose rapidly 6 to 17 hours prior to

ovulation but was low during diestrus. They indicated that this pro

cedure could be used to measure the LH activity in ICQ ml. of whole

blood.

The LH concentration in peripheral plasma of Angus heifers has

also been reported (Varian, Henricks and Melampy, 1967). The LH in the

blood was concentrated by ethanol-acetone precipitation procedures.

Six estrous cycles from four heifers were examined. An LH peak as high

as 35 ̂ g. equivalents of NIH-LH-B5 per 100 ml, of plasma was found about

4 hours after the onset of estrus. This peak was maintained for less

than 3 hours and then dropped to 2 to 5 ̂ g. per 100 ml. of plasma in

late estrus. By day 7 after the estrus, LH again increased about four

fold to 10 to 20^g. per 100 ml. of plasma and remained high until the

late lu.teal phase. Ovulation occurred 24 to 32 hours after the increase

in LH.



CHAPTER III

MATERIALS AND METHODS

I. MATERIALS

Bovine luteinizing hormone (BLR). Bovine LH was obtained from

the National Institutes of Health as NIH-LH-B5. The activity of the

NIH-LH-B5 has been determined by the ovarian ascorbic acid depletion

assay (Parlow, 1961), and the potency of this hormone obtained from

eight replicate assays was 0.87 NIH-LH-Sl units per mg. which corre

sponds to 1338 l.U. per mg. in terms of 2nd IRP-HMG.

Rabbit anti-BLH serum. Rabbit anti-BLH serum was raised to

N1H-LH-B5 in mature Dutch female rabbits. One and one-half mg. of LH

were dissolved in 2 ml. of physiological saline (0.85% NaCl) and this

solution was emulsified with an equal volume of complete Freund's

adjuvant (Difco Laboratories, Detroit, Mich.). A total of h ml. of this

mixture was given subcutaneously (1 ml. in each leg) to each rabbit;

four such injections were administered a week apart. For the fifth and

sixth injections, 2 mg. of BLH were dissolved in 2 ml. of saline and

administered intraperitoneally on subsequent weeks. The animals were

bled from a marginal ear vein 10 days after the last injection. If

more blood was required, a booster injection in saline was given 10 days

before collection. Anti-BLH serum was separated by centrifugation at

500 g. for 20 minutes and 0.1% (V/W) of sodium azide was added as a

9
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preservative. Purity of the anti-BLH serum was examined by the techniques

of double gel-diffusion and immunoelectrophoresis (Campbell et £l., 1964);

the serum was diluted 1:50, distributed into 1 ml. fractions in small

vials and stored at -25°C.

Rabbit /-globulin. Rabbit /-globulin was precipitated from rabbit

serum by the addition of one-third of a saturated ammonium sulfate solu

tion. The ammonium sulfate was then removed by desalting on a Sephadex

G-25 (Pharmacia Fine Chemicals, Inc., Piscataway, N. J.) column. Further

purification was made on a diethylaminoethyl cellulose (DEAE) column.

Both the Sephadex G-25 and DEAE columns were previously equilibrated with

0.02 M phosphate buffer, pH 6.6.

Sheep anti-rabbit /-globulin serum (second antibody). Sheep anti-

rabbit /-globulin serum was prepared by dissolving 30 mg. of rabbit

/-globulin (prepared as described above) in 3 ml. of saline and mixing

with an equal volume of complete Freund's adjuvant. A total of 6 ml. of

this mixture was injected subcutaneously (1 to 2 ml. in each leg) in a

sheep every other week for three weeks. The fourth injection was

administered intraperitoneally (50 mg. of rabbit /-globulin dissolved

in 5 ml. of saline). Ten days after the last injection, the animal was

bled from the jugular vein and the serum was obtained by centrifuging

at 500 g. for 20 minutesv The serum was then mixed with 0.1% (V/W) of

sodium azide, dispensed in 2 ml. portions in small vials and stored at

-25"C.
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Diluent. The diluent for antiserum, labeled BLH, and standard

solutions was a 0,04 M solution of NaCl in 0.04 M phosphate buffer, pH

7,7, containing 0.1% (V/^) of crystallized-lyophilized ovalbumin and

0.1% (.VAJ) of sodium azide.

Bovine serum. Blood was collected from four nonpregnant cows

(two Herefords, one Holstein and one Angus-Hereford cross). Blood was

obtained from the jugular vein at first detection of estrus and at

12-hour intervals during estrus, then at 2 to 3 day intervals during

diestrus. Collections were continued until 1 day after the next estrous

period. The blood was kept at room temperature until clotted, and then

the serum was separated by centrifugatioh and stored at -25°C. with 0.1%

(VA/) of sodium azide added as a preservative. The sera were stored for

4 to 7 months before assays were conducted.

II. METHODS

Absorption of antiserum. Rabbit anti-BLH serum was absorbed by

the addition of normal bovine serum. The mixture was incubated at 37®C.

for 20 minutes and kept at 4°C. overnight. Then the mixture was centri-

fuged at 500 g. for 15 minutes; the purity of antiserum in the super

natant was examined by the techniques of double gel-diffusion and immuno-

electrophoresis before use for assaying LH.

Gel filtration of BLH. The Sephadex G-lOO column (1.5 cm. x 55 cm.)

was prepared according to the instructions furnished by the company. The



12

filtration was conducted at with a flow rate of 30 ml. per hour

and fraction size of 2.6 ml. The column was previously equilibrated with

0.05 M ammonium bicarbonate (NH/J.HCO3) buffer, pH 8,0. Ten mg. of

NIH-M-BS-were dissolved in 1 ml. of the same solvent buffer and

transferred to the column. Elutes (Figure 2) under these two peaks

were combined into six fractions which then were evaluated by double

gel-diffusion and immunoelectrophoresis. Fraction 1 was verified as a

serum protein contaminant in the NIH-LH-B5 preparation and Fraction 5

was verified as a BLH fraction. This latter fraction was also further

confirmed as a BLH fraction by use of anti-BLH serum obtained from

Dr. W. D. Odell (Univ. of Calif., Los Angeles, Calif.). Fraction 5 was

used for the preparation of the ^^^I-labeled BLH.

Double gel-diffusion. The Ouchterlony double gel-diffusion method

(Campbell et al., 1964) was modified to evaluate the purity of the

antigen-antibody system of rabbit anti-BLH serum. Phosphate buffered

saline, 0.05 M, pH 7.2, containing 0.85% of lonagar No. 2 (Oxoid, London,

England) and 0.1% of sodium azide in the buffer solution was boiled

until the agar was completely dissolved. Then the solution was poured

into a 60 mm. Petri dish and allowed to harden. Wells with a diameter

of 5 mm. were cut and the agar removed by suction. The wells were sealed

with agar solution by using a dropper and were then filled with appropri

ate antiserum and antigen solutions. The dish was kept in a humid chamber

at room temperature for 48 hours and the lines of precipitate were stained

with 0.6% of aniline blue black (Allied Chemical and Dye Corporation,
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Figure 2. Gel filtration of BLH on Sephadex G-lOO column. The
NIH-LH-B5 (10 mg.) was dissolved in 1.0 ml. of 0.05 M ammonium bicarbon
ate, pH 8.0 and transferred to a Sephadex G-lOO (1.5 cm. x 55 cm.) which
was previously equilibrated with the same buffer, combined number 5 frac
tion was used as BLH for iodination.
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N. Y.) dissolved in methanol, acetic acid and distilled water (45:10:45).

Precipitation lines (Figure 3) developed when unabsorbed anti-BLH serum

was reacted with bovine serum, NIH-IH-B5 and various fractions of BLH

from the Sephadex G-lOO column (Figure 2). After the absorption of

anti-BLH serum with bovine serum, positive precipitin reactions occurred

only when absorbed anti-BLH serum reacted with NIH-LH-B5 and Fractions 4

and 5 from gel filtration of BLH (Figure 2), No precipitin reactions

occurred with bovine serum.

Immunoelectrophoresis. The immunoelectrophoresis technique (Camp

bell et £l., 1964) was used for examining the purity and identifying the

individual components of rabbit anti-BLH serum. The various BLH and

its Sephadex G-lOO column fractions (Figure 2) were separated by immuno

electrophoresis (LKB, Stockholm, Sweden) for 70 minutes at 250 volts

and 26 amperes on agar slides into a series of spots in the electrophoretic

chambers containing barbital buffer, pH 8.2, u = 0.05. Troughs were then

cut in the agar parallel with the line of migration of the BLH and its

fractions from the Sephadex column. The troughs were filled with

absorbed and unabsorbed anti-BLH sera and then kept in the humid chamber

at room temperature for 48 hours. Lines of precipitate (Figure 4) were

stained with 0. 67o of aniline blue black dye as described in the previous

section. Results shown in Figure 4 were similar to those obtained in the

double gel-diffusion. Absorbed anti-BLH serum reacted with NIH-LH-B5

and Fraction 5 of the gel filtration of BLH, unabsorbed antiserum reacted

with NIH-LH-B5 and Fraction 1 of the gel filtration of BLH (Figure 2),
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Figure 3. Double gel-diffusion precipitin test showing relation
ship between absorbed, unabsorbed anti-BLH sera and BLH, purified BIH
fractions. A: Well 1 NIH-LH-B5 30 ^g; Well 2 bovine serum; Well 3
anti-BLH serum 30 X; Well 4 absorbed anti-BIH serum 30 X; B: Well a
anti-BLH serum 30 X; Well 3 NIH-LH-B5 30 pg; Well 1, 2, 4, 5 NIH-LH-B5
fractions 1, 2, 4, 5 from Sephadex G-lOO column (Figure 2, page 13);
Well 6 absorbed anti-BLH serum.
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Figure 4. Immunoelectrophoresis of bovine LH, Trough a unabsorbed
anti-BLH serum; Trough b absorbed anti-BLH serum; Well 1, 4 NIH-LH-B5
fractions 1, 5 from Sephadex G-lOO column (Figure 2, page 13); Well 2, 3
NIH-LH-B5 i^^g.
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Preparation of ^^^I-labeled BIH. Purified BLH (Fraction 5 from

Sephadex G-lOO column, Figure 2, page 13) was dissolved in 0.05 M phos

phate buffer pH 7,5, at a concentration of 60 ̂ g. per ml, and stored

at -25®C, in 0,2 ml, aliquots for labeling with Three ̂ g, of the
131

BLH solution (0,05 ml,) was iodinated with 2 to 3 mc, of I (New

England Nuclear Corp., Boston, Mass,) by the method .described by Green

wood, Hunter and Glover (1963) using 100 ̂ g, of Chloramine-T as oxidiz

ing agent. Separation of ^^^1-labeled BLH from free iodide was accom

plished using a Sephadex G-50 column of 1,0 cm, x 13 cm. The column

was previously equilibrated with 0,07 M barbitone buffer, pH 8,6 and

saturated with 20 mg, of crystallized-lyophilized ovalbumin in 1 ml,

barbitone buffer. The ovalbumin was followed by an additional 20 ml,

of buffer. The separation was conducted at 4°C, with fraction size

of 5 drops which was equivalent to 0,4 ml, per minute. The result is

shown in Figure 5; specific activities of iodinated hormone was esti

mated to be from 140 to 200 ̂ c, per^g. Fractions from the front edge
131

of the first peak were used in the assays and the LH- I was always

utilized within 24 hours of preparation,

Radioimmunoassay procedures, The radioimmunoassay technique for

human LH described by Wilde, Orr.and Bagshawe (1967) and Odell, Ross

and Rayford (1967b) was modified. The nature of reactions between BLH

antibodies and ^^^I-labeled BLH, between BLH antibody and unlabeled BLH,

and between BLH-bound antibody and second antibody are depicted in

Figure 6, The protocol of procedures for the radioimmunoassay as used
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+ BLH-Ab

BLH (Standard)
or

Serum (Unknown)

BLH-AB-BLH

BLH-Ab-BLH-^^^I

+2nd Ab

1312nd Ab-BLH-Ab-BLH- Ij
and 4-

2nd Ab-BLH-Ab-BLH ^

Figure 6. Diagram showing competition between unlabeled standard
BLH or unknown serum and labeled BLH-^^li for binding anti-BLH serum.
Addition of 2nd Ab (sheep anti-rabbit )^-globulin antibody) shows visible-
precipitation.
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in this study are shown in Figure 7. Incubations were carried out in

15 mm. X 110 mm, glass tubes (Nuclear-Chicago, Des Plaines, Illinois),

and all reagents were added to the tubes in the following order: (1)

20^ , 100 or 200 of each serum sample to be assayed (i.e.,-.40A

to 400^ of standard hormone preparations), (2) 100/L of 0.1 M

ethylenediaminetetracetic acid (EDTA), ph 7,6, (3) 100^^ containing

0.1 to 0,3 mpg. of ^^^1-BLH, (4) 100?- of anti-BLH serum diluted to

1:8000 (final dilution 1:80000), (5) diluent to make a total volume of

1.0 ml, and (6) this mixture was incubated at 4''C, for 5 days. On the

fifth day, 100^ of sheep anti-rabbit-X-globulin serum with a dilution

of 1:2 was added to each tube, the mixture was incubated further for

24 hours at 4°C., reaction tubes were then-centrifuged at 500 g, for

20 minutes and the supernatant was removed by suction. The radioactivity

in the precipitate was measured in an automatic gamma spectrometer

(Model 1085, Nuclear-Chicago, Des Plaines, Illinois),
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Standard or unknown sample 20-400 A
EDTA 100 A
BLH-131i 100 A
BLH-Ab, Rabbit (1:8000) 100 A
Diluent Add to 1000 A

T
Incubate at 4°C. for 5 days

jr
Anti-rabbit ^-globulin serum, Sheep

T
Incubate at 4°C. for 24 hours

i

IQOA (1;27~|

Centrifuge at 500 g. for 25 minutes

Dicard supernatant
by suction

I Precipitate

V

Count

Figure 7. Double antibody system for BLH immunoassay. Flow chart
showing the steps of radioimmunoassay for bovine luteinizing hormone
(BLH) .



CHAPTER IV

RESULTS AND DISCUSSION

Titration of rabbit anti-BLH serum. The potency of rabbit anti-

BLH serum was estimated by incubating 700^ of diluent, 1007^ of EDTA,

100 ̂  of labeled BLH with 1007^- of anti-BLH serum in dilution of 1:1000

to 1:16000 for 5 days at 4°C. On the fifth day, 1007^- of the second

antibody (sheep anti-rabbit /-globulin serum) diluted 1:2 was added to

the above mixture and incubated an additional 24 hours. The radioactivity

recovered from the precipitate decreased gradually from a 1:1000 dilution

to a 1:8000 dilution of anti-BLH serum; a relatively sharp reduction of

radioactivity in the precipitate was observed at the dilution between

1:8000 and 1:16000 (Figure 8). The highest dilution of anti-BLH serum

having the most efficiency for recovering the radioactivity in the

precipitate was estimated at 1:8000; consequently, this dilution of anti-

BLH serum was used for assaying standard preparations as well as unknown

serum samples.

Incubation periods. The effect of the length of incubation period

1 Ol

on the recovery of 1-labeled BLH in the precipitate was determined

131by mixing a constant amount of 1-labeled BLH and anti-BLH serum

(diluted 1:8000), EDTA solution and an adequate amount of diluent to make

a total reaction mixture of 1 ml. These samples were divided into two

groups, A and B. The duration of the incubation period for both groups

22
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varied from 0 to 6 days. Group A was incubated for 24 hours and Group B

for 48 hours after the addition of 100A of a second antibody and the

radioactivity of the precipitate was measured. Incubation was at 4®C.

The maximum radioactivity was recovered from Group A after 5 days incuba

tion and from Group B after 4 days incubation (Figure 9). Total incuba

tion time for both groups was 6 days. An additional 24-hour incubation

(Group B) did not increase the recovery of radioactivity in the precipitate,

This result suggests that the reaction betweeh BLH and its antibody is

continuous and the reaction between BIH-bound antibody and second anti

body is instantaneous. This result agrees with the findings of Wilde,

Orr and Bagshawe (1967).

According to the result obtained from this experiment, the following

procedure was adopted for assaying standard preparations and unknown

131samples. The reaction mixture of I-labeled BLH, anti-BLH serum, EDTA

and diluent was incubated at 4°C. for 5 days. On the fifth day, a

second antibody was added and incubation was continued for 24 hours.

Standard dose-response curve. Serial 1:10 dilutions of unlabeled

NIH-LH-B5 were prepared. Allquots ranging in volume from 40 to 400^

which contained from 0.005 to 150 mpg. of the hormone were mixed with a

constant amount of l^lj.iabeled BLH, EDTA, anti-BLH serum and diluent to

make a total volume of 1.0 ml. The mixture was incubated at 4''c. for 5

days. On the fifth day of incubation, a second antibody was added and

incubation was continued for 24 hours.
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A typical standard dose-response curve is shown in Figure 10,

The background count in the blank tubes containing all components of

the reaction mixture, except anti-BLH serum, was defined as 0 percent.

131
There was no I-labeled BLH bound to antibody in the blank tubes. All

background counts were subtracted from counts in all standard references

as well as unknown samples. The number of counts in the precipitate in

131
tubes containing only I-labeled BLH and its antibody but no unlabeled

hormone was defined as 100 percent.

A steep portion of curve was obtained over a range of 0.05 to 100

n^g. of standard NIH-LH-BS preparation, which represented 85 to 15 per

cent of radioactivity in the precipitate as compared to that in the tubes

131containing only I-labeled BLH and its antibody. Only values between

85 and 15 percent were used for the estimation of LH in serum samples.

LH level in bovine serum. Twelve to fourteen blood samples were

collected from each of the four cows. Cows were checked with a vasecto-

mized bull twice a day, usually at 8:00 a.m. and 3:00 p.m. The onset

of estrus was designated as day 1; blood was collected at the first

detection of estrous behavior and at 12-hour intervals during estrus.

All four cows were first found in estrus in the morning and through

the afternoon but out of estrus the next morning. A total of seven

estrous periods were identified; three cows came back into estrus within

24 days, one cow (720) did not return to estrus within 26 days and no

further collections of blood were made. The morning sample taken at the

first estrus of cow 114 was lost. The afternoon samples were obtained at
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about 3:30 p.m. Cow 1308 came back into estrus on Saturday and the

only sample was collected at 11:00 a.m. Cow 1490 returned to estrus

on Saturday and the blood was collected at 1:00 p.m. only.

The double antibody technique was employed to measure the concen

tration of LH in 53 serum samples from the four cows. With the excep

tion of one sample from cow 1490 on the 16th day, all samples were assayed

at least two separate times. In the first assay 20, 100 and 200^ ali-

quots of serum were used and in subsequent assays 20 and 180 aliquots

of serum were used. The LH concentrations in the blood through the

cycle of four cows is shown in Table I. The averages of 0.70, 1.52,

1.07 and 0.98 m^g. per ml. of serum were obtained during diestrus from

cows 114, 720, 1490 and 1308, respectively; these values increased by

10 to 20 fold during the estrous period.

The changes in the LH level of these cows are shown individually

in Figures 11 through 14. The peak LH levels in the sera were found '

in the early stages of estrus and dropped sharply in the later stages

except for cow 1308 in which the LH peak occurred near the end of estrus.

The trends in LH levels were quite similar in all seven estrous cycles.

Cow 720 did not show any significant elevation of LH within the subse

quent 26 days after the initial estrous period.

The length of the estrous cycle in the cow is about 21 days and

the duration of estrus is 13 to 17 hours; ovulation occurs 12 to 15

hours after the end of estrus (Nalbandov, 1964). In this study the LH

was elevated during estrus and returned to the diestrus level within
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TABLE I

LUTEINIZING HORMONE IN BIOOD SERUM OF COWS DURING THE ESTROUS CYCLE

**LH mjig. per ml. serum, mean ± SE

Animal number
Day of cycle 114 1490 720 1308

1+
1^

*5.35 + 1,07 *6,25 + 1.65 *21,7 .: + 5.00 *1,92 + 1.29

*1.43 + 0.70 * 3.27 + 2.62 *8.30 + 0.75
2 0.48 + 0.07 0.90 + 0.54 3.6 + 2,88 15.40 + 4.65
3 0.87 + 0.14 0.54 + 0.02

4 0.64 0.12
5 0.55 4- 0.02 1.11 + 0.37 0.86 + 0.40
6 0.83 + 0.33
7 0.88 + 0.14 0.89 + 0.22
9 0.55 + 0.14 0.82 + 0.12 0.72 + 0.02 1.09 0.43
11 0.99 + 0.42
12 0.47 + 0,18 0.70 + 0.24 1.58 + 0.83

13 0.74 + 0.27
14 0.67 0.23 2.85 4 0.68 1.34 + 0,69

16 0.92 0.02 0.4 2.18 •f 1.52 0,84 + 0.38
18 *4.4 ,± 1.26 1.70 + 0.96

19 0.73 + 0.24 0.5 '+ 0.14 1.96 + 0.86

20 0.34 + 0.06
21 0.53 + 0.20 1.24 + 0,34 *6,00 2.00
22 1,16 0.42
23

25-^
0.51 + 0.24 1.97 + 0,94 0.42 + 0.16

*12.73 3,85

25+ * 8.37 3,85

26 1,46 + 0,56

o

MC

+ 1,32

-j- = Samples were collected twice daily.

** = NIH-LH-B5 equivalents.

* = At estrus

Number of determinations ranged from 1 to 4 per blood sample with
an average of 3.01.
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Figure 11, Bovine serum LH from cow 114 (Holstein) during estrous
cycle as measured by radioimmunoassay, Sample collections were initiated
during one estrous period and continued periodically until 1 day after
the next estrous period.
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Figure 12. Bovine serum LH from cow 720 (Hereford) during estrous
cycle as measured by radioimmunoassay. Sample collections were initiated
during one estrous period and continued periodically until 1 day after
the next estrous period.
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were initiated during one estrous period and continued periodically until
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24 hours. These data suggest that the LH returned to the diestrus level

prior to or by the time of ovulation and agree with the report of Varian,

Henricks and Melampy (1967). The time during which LH was elevated in

the vlood was estimated to be about 6 to 12 hours. This agrees with the

finding of Anderson and McShan (1966) that there was almost no LH in the

blood obtained 21 hours after the first sign of estrus. In order to esta

blish the detailed changes in blood levels of LH during the estrous period,

blood samples should be collected at frequent intervals prior to the on

set of estrus and through at least one day after the end of estrus.

The concentration of LH in the blood stream is low and transitory.

Only two reports of attempts to estimate blood levels were found (Anderson

and McShan, 1966; Varian, Henricks and Melampy, l967). Both groups used

the OAAD method which required concentration of the LH prior to assay.

Anderson and McShan indicated that a minimum of 100 ml. of whole blood

was required for a single test. Recently, the specificity of the OAAD

procedure for LH has been questioned. Bell, Mukerji and Loraine (1962)

indicated it gave reliable results with highly purified preparations derived

from pituitary tissue and urine but was less accurate when relatively crude

urinary extracts were tested. Anderson (1965 reported that under some

experimental conditions a humoral agent, not LH, can cause ovarian ascorbic

depletion in the test animals. Although the OAAD procedure is, currently,

the most widely used assay for LH in pituitary tissue and human pregnancy

urine, the necessity for concentration from blood and the question of

specificity for LH raises a major question as to the applicability of
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this technique for assay df LH in blood.

Does the "standard LHi" extracted from pituitary tissue by chemical

procedures, and the blood LH, not subjected to chemical manipulations

react in the same manner and to the same degree with antibodies? There

is evidence of differences between the immunological and biological

activity of protein hormones. Neuraminic acid is essential for the

biological activity of the follicle-stimulating hormone. If this

hormone is treated with neuraminidase it loses almost all biological

activity but is still immunologically active} also LH, which has been

biologically inactivated by periodate, remains immunologically reactive

(Wilde and Bagshawe, 1965). The labeled antigen has to be biologically

active and the antibody has to be capable of reacting with the biologi

cally active hormone in the radioimmunoassay system. If biologically

inactive antigens, which may be metabolic products or may result from

the chemical extraction, are present the bioassay-immunoassay ratio will

depend entirely on the ratio of concentration of such antigens in the

standard and unknown samples. The parallelism of the radioimmunoassay

and bioassay needs to be validated. However, due to (IJ^the lack, at

the present time, of chemically pure preparations of LH to be used both

as the standard for the bioassay and as the antigen for immunoassay;

(2) the very low levels of LH in the blood necessitating extraction and

concentration prior to bioassay and (3) the inherent errors in any bio

assay procedure, such a study would be difficult to evaluate.
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The specificity of the radioimmunoassay for human LH has been

evaluated by Odell, Ross and Rayford (1967a). Dose-response curves

similar to the curve for human LH was obtained when purified human TSH

or FSH was used instead of LH. However, 20 and 100 times as much TSH

or FSH, respectively, as LH were required to give the same response.

This phenomenon was attributed to contamination of the TSH and FSH

preparations with small amounts of LH. A similar result was reported

by Parlow e^ :(1965) employing the OAAD test to evaluate the purity

of LH preparations. Extracts of human pituitary glands, containing LH,

FSH and TSH were purified by CM-C, Sephadex G-lOO and DEAE column

chromatography. Even though the final preparation of LH was three times

as potent as the NIH standard (NIH-LH-Sl) it still contained small amounts

of TSH and FSH. Even though it appears to be almost impossible to

chemically separate all FSH and TSH from LH preparations, the very low

levels of these contaminants does not appear to invalidate the use of

this assay system for LH in the blood.

Cross-reactivity among various species has been reported. Rabbit

antiserum to ovine LH has been shown to give a positive precipitin reac

tion in agar-gel with the homologous LH as well as with bovine, rat and

pig pituitary LH but not with human LH (Moudgal and Li, 1961), Neutraliza

tion of endogenous LH in the normal rabbit with rabbit antiserum to ovine

LH blocked ovulation (Quadri, Harbers and Spies, 1966). Rabbit antiserum

to bovine pituitary LH neutralized the biological activity of the homologous

hormone as well as the LH from human, ovine, porcine and equine species.
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but the positive immunological reactions were observed only with bovine,

ovine and porcine LH (Reichert and Treadwell, 1967). Odell, Ross and

Rayford (1966) measured the LH in human plasma employing radioimmuno-

assay by taking advantage of the cross-reaction between human LH and

HCG. The importance of the degree of cross-reactivity will account for

the feasibility of the application of measuring hormones in one species

by utilization of hormones from other species; however, further character

ization of the species relationships in a quantitative study will be

required in order to resolve this point.

The effect of iodination on the hormone has been studied. When

Utiger, Parker and Daughaday (1962) used 30 to 80 mc. of to label

insulin and nitrous acid as the oxidizing agent, they observed denatura-

tion and degradation of the hormone. This was assumed to be due to the

oxidizing agent and the high amount of ■^*' 1 used. The electrophoretic

pattern of labeled growth hormone on starch-block electrophoresis showed

a slight broadening of the peak and a slight increase in mobility towards

the anode (Greenwood and Hunter, 1963). When they used Chloramine-T as

the oxidizing agent and 4 to 6 mc. or 2 mc. of I to label 5 yg. of

growth hormone they obtained specific activities of 533 to 748 mc. per

mg. as compared to 200 to 300 mc. per mg. , respectively. The former

preparation exhibited a decreased affinity for the antiserum, whereas

the latter preparation was indistinguishable from the unlabeled hormone.

Based on the finding of Greenwood and Hunter (1963) and the

131quantity of I (2 mc. per 3 of hormone) used in the current study.
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it was assumed that the reactivity of the labeled BLH was not

affected.

131
Although has been used for the majority of studies as a tracer

125for labeling antigens, I has also been used as a tracer in the radio-

125
immunoassay system. I has not yet achieved acceptance as the choice

125
for isotopic labeling probably because of lower specific activity. I

with its longer physical haIf-life and lower gamma energy emission has

led to its employment for isotopic labeling. Hormone preparations

125
labeled with I are as useful in radioimmunoassay for human LH as

131their I counterparts containing several fold greater specific

activities (Toshihiro et £l., 1967). Presumably, the same would be

true for other protein compounds.

The results obtained in the current study show that this procedure

can be used to measure the level of LH in the blood of the cow. The

small quantity of blood required makes possible serial analyses of

frequent intervals. Harris, Hilary and Bagshawe (1967) indicated that

they have assayed up to 30 samples per hour. Based on the experience

gained in the current study it is estimated that a technician can assay

as many as 150 samples per day. If refinements can be made, i.e., auto

mation in dispensing and mixing of reagents, the numbers of samples

assayed can be further increased.

Application of this technique to the study of other protein

hormones offers an excellent opportunity to better understand the

complex interrelationships involved in the growth and reproduction of

animals.



CHAPTER V

SUMMARY

A radioimmunoassay for the quantitative determination of bovine

luteinizing hormone is described. The assay is based on the competition

131
between I-labeled BLH and unlabeled BLR for anti-BLH antibodies.

The separation of free hormone from anti-BLH serum-bound hormone is

achieved by precipitation using anti-rabbit /-globulin serum of sheep.

The assay was used to measure variations of BLH in serum of four cows

throughout the estrous cycle. The average levels of LH were 0.70,

0.98, 1.07 and 1.51 t^g. equivalents of NIH-LH-B5 per ml. of serum dur

ing diestrus, but increased by 10 to 20 fold during estrus in all four

cows. The results obtained from blood samples collected at 12-hour

intervals at estrus and at 2 to 3 days intervals during diestrus suggest

that the concentration of LH in the blood increases sharply in the early

stages of estrus and drops rapidly in the late stage of estrus. The

time during which LH remains high in the blood was estimated to be about

6 to 12 hours. These results indicate that the procedure can be used

to measure the LH activity in 1 ml. of blood without concentration and

purification.
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