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OBJECTIVE

In 1975 Bartos et al described a radio-inmunoassay for spermine

which lacked specificity. In subsequent years the same group has

reported the production of a specific antibody to spermidine (2) and

to spermine (3)

The availability of specific antibodies potentially transformed the

usefulness of radioimraunoassay from a system useful for semi-

guantitative screening to one with a much broader applicability in the

area of quantitative assay of polyamines. It was claimed that the assay

would quantify as little as 10 picogrammes of spermidine or spermine.

Up to 1982 when the present project commenced no other groups had

reported using the Bartos assay. The present study was therefore

indicated in order to determine whether specific antibodies could be

produced in laboratories other than those of the Bartos group and to

validate the assay by comparing it with the much more widely used and
(4)

well established HPLC methods currently available.

RESEARCH CARRIED OUT

Purification and Preparation of Antigen Conjugate

Before immunisation could be undertaken it was necessary to prepare

high purity polyamine-thyroglobulin conjugates for use as antibody. Further-

more, in order to achieve specificity a high hapfcen-carrier molar ratio

was necessary.

It was noted at the outset that the Bartos group had greatly improved

the molar ratio of their spermine conjugates. The spermine conjugate had a

reported molar ratio of 131:1 in 1975 ^1' and 740:1 in 1980 (3). However,

no changes in reaction conditions had been published. Preliminary experiments

soon established that a detailed study of these conditions would be necessary

if high mola;.- ratios were to be attained since these initial experiments

resulted in low levels of polyamine incorporation. In addition it was soon

established that commercially available spermine and spermidine contained

unacceptable levels of cross-contamination usually amounting to about 3%

but occasionally up to 8%. Since it was likely that such a level of



contamination would induce lack of specificity in the assay system

it was also necessary to investigate rcethods of purifying the

starting materials.

The effectiveness of the removal of free polyamine from the conjugate

by dialysis and the radiotracer dilution method of assessing hapten-

carrier ratio were checked by assaying conjugate samples by HPLC

for free polyamine, subjecting the conjugate to acid hydrolysis and

determining the amount of polyamine released.

Non-specific binding

The charcoal separation stage of radio-immunoassay is a frequent cause

of difficulty and considerable batch to batch variation in efficiency

of charcoal absorption can occur. Since Norit SG extra, the Charcoal

specified by the Bartos group was no longer commercially available,

Norit SX2 was used as the nearest alternative. Whereas the proportion

of unbound polyamine not removed by charcoal should not exceed 5%

our initial experience was that this non specific binding was of the

order of 25%. It was therefore necessary to overcome this problem.

Immunisation

The Bartos group had reported that antibody titres obtained by simple

multisite injection were slow to increase and did not reach acceptable

levels until 8 months after the start of imnanisation. However, it was

claimed that good titres could be developed in 2 months if macrophage

harvesting was used. This involved challenging peritoneal macrophages

with an intraperitoneal injection of antigen followed by peritoneal

lsyage. The veterinary officer in charge of the animal laboratories in

this College advised that this latter procedure was likely to introduce

complications in the form of exposure to infection and difficulties with

anaesthesia in the likely event that an anaesthetic would be required.

We therefore opted for the more simple multisite process first and

elected to use macrophage harvesting only if low antibody titre justified

this. In the event, it proved necessary to use macrophage harvesting and a



technique was developed which avoided the use of anaesthesia and minimised

the risk of infection. Even with macrophage harvesting antibody titre was

slow to increase and in the latter days of the period covered by this

report we have therefore resorted to a more drastic but potentially

hazardous method of increasing titre, that of intravenous administration

of antigen.

Comparison with USA produced antibody

Since our own antibody titre remained low it was impossible to determine

cross reactivity and sensitivity and to effect the desired comparison

with antibody produced in the USA by the Bartos group. However, this group

kindly made antibody available to us at the outset of our investigation and

we therefore titrated its activity.

RESULTS

Purification and Preparation of Conjugate

The highest purity cotmercially available spermidine or spermine was

specified as 98%. Analysis by HPLC indicated that actual samples contained

up to 8% contamination. Moreover, with spermine the major contaminant was

spermidine and vice versa. Published methods for purification of polyamines

included recrystallisation , silica gel chromatography and ion-

exchange chromatography . All these methods were tried and all found

wanting. Recrystallisation from hot ethanol was unsatisfactory in that

differential solubility between hot and cold ethanol was poor. The published

procedure using ethanol addition to an aqueous solution of polyamine was

really reprecipitation rather than recrystallisation and therefore resulted

in only a small improvement in purity for each precipitation. Silica gel

chromatography failed to elute polyamines in distinct peaks and whereas ion-

exchange chromatography gave good separation, the ion-exchange capacity of

the resin limited maximum column loading to 250 mg of polyamine.

The procedure eventually adopted involved up to 38 successive ethanol

precipitations. This process was carried out until HPLC assay indicated a

level of cross contamination <L 0.2%.



By systematically varying the ratios of reactants in the mixture used to

synthesise spermine conjugate it was possible to produce improved hapten-

carrier ratios. The most significant improvement was effected by increasing

the hapten content of the mixture {Table 1). Change in reaction tine or temp-

perature were without effect.

Assay of the conjugate for free polyamine after analysis indicated no detect-

able contamination and confirmed the efficiency of the analysis process.

Refluxing with cone HCI for 8 hours was necessary to release all the

polyamine from the conjugate. After such treatment it was confirmed by HPLC

assay that the molar ratio determined by isotope dilution was accurate within

experimental error.

Non-specific binding

In initial experiments an unacceptable level of non-specific binding amounting

to circa 25% was evident. The charcoaling stage was therefore submitted to

a thorough investigation in which the centrifugation conditions, the char-

coal used and its concentration were varied. Some improvement in non specific

binding was attained by centrifuging in straight walled tubes in a swing out

head. This reflected the less than adequate sedimentation of charcoal in

conical tubes in a fixed angle rotor. Any carryover of charcoal in the assay

mixture would obviously increase non-specific binding and the volume of

supernate aspirated for the assay was reduced from 0.8 ml to 0.5 ml to ensure

that such carryover was eliminated. Of the various types of charcoal used

which included Norit SX2, GSX and SXöltra, Norit SX2 (Table 2)

gave the best separation and absorption. However, the most significant

improvements of non-specific binding was affected by abandoning the liquid

scintillation spectrometer used in the early stages in favour of a more

modern instrument with an improved ability to discriminate between background and

low count activity and by monitoring the association of H radioactivity

associated with polyamine in the labelled polyamine used. In early samples of
3 3

H used there had been considerable dissociation of H from the polyamine

moeity amounting to 30%.

This free H was not amenable to removal by charcoal and therefore greatly

contributed to non-specific binding.



After amendment of all these factors non specific binding routinely encounted

amounted to 2.0%.

IMMUNISATION

Fortnightly multiple site injections of lmg conjugate emulsified in 1 ml

complete Freund's adjuvant produced only a very slow increase in antibody

titre. Bartos, Campbell, Bartos and Grettie (1975) had reported that after

eight months immunisation with spermidine conjugate using multisite injection

a titre giving 50% binding at a 1:900 dilution was achieved. In our animals

the level of binding in undiluted serum never exceeded 30% in any individual.

It was therefore decided that it would be necessary to use macrophage harvest-

ing. Accordingly a macrophage harvesting technique was developed where under

antiseptic conditions peritoneal lavage was carried out in conscious animals.

This involved injecting 75 ml saline into the peritoneal cavity massaging for

20 mins. then injecting a further 75 ml saline via an infusion set and

aspirating peritoneal fluid under gravity. A challenge of 300JJ g conjugate was

given intraperitoneally 2 hours before macrophage collection. The collected

macrophages were sedimented by centrifugation and one half injected

intravenously. The remainder were emulsified in Freunds Adjuvant and injected

into multiple sites. Fortnightly multiple site injections as before were con-

tinued thereafter.

Macrophage harvesting was no more effective in accelerating antibody titre than

multiple site injection. Table 3.

Whereas Bartos, Bartos, Dolney, Grettie and Campbell (1978) had reported a

usable titre of spemnidine antibody amounting to 45% binding at a 1:200

dilution after two months, our experience was that mean binding was 13% at

5 months and 16% at 8 months using undiluted serum.

As a final experiment, one animal was given 100 pg conjugate intravenously

although this process risked an anaphylactic reaction. No such reaction

occurred and within 2 months titre in this animal with undiluted serum

had increased to 46% (Fig. 1). All animals have now been injected intrav-

enously. Titre will be monitored and if necessary intravenous injection

repeated at monthly intervals.



Comparison with USA produced antibody

In the first few months of the present investigation we were supplied with

antibody by the Bartos group. This antibody was received at the time when

problems with non specific binding were still being experienced. Nevertheless

we elected to determine antibody titre. V1Je were disappointed to find that this

antibody did not perform according to specification in that at the

reccmrended dilutions no binding beyond that attributable to non specific

binding was evident. Table 4.

We attributed this failure to our inexperience with the methodology or to

deterioration of antibody in transit from the USA. More recent requests to

the Bartos laboratory for leave to visit the USA and for more detailed

information on antibody production have gone unanswered.



CDNCLUSIONS

Although many teething troubles have been overcome and acceptable antigen

purity and hapten-carrier ratio has been attained attempts to produce

a satisfactory antibody titre have failed. It has not been possible to

confirm the development of a satisfactory titre within 9 months of

starting multisite injection and macrophage harvesting has not

accelerated titre development.

To date no other groups have reported using the radio-imraunoassay and

this fact and the lack of response to our request for a visit to the

laboratory of origin raises doubts as to its viability.

For this reason we have discontinued our request for support for this

project but for the time being we intend to continue with attempts to

increase titre using the intravenous route.
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TABLE 1 EFFECT OF INCREASING THE SPERMINE CONTENT OF THE REACTION MIXTURE

ON THE SPERMINE:THYROGLOBULIN RATIO.

Ratio Spermine : Thyroglobulin : Caxbodiiitd.de

5 : 1 : 5

7.5 : 1 : 5

7.5 : 1 : 7.5

7.5 : 1 : 10

Hapten/Carrier
Molar Ratio

218

316

343

360

TABLE 2 EFFECT OF CHARCOAL TYPE AND CENTRIFUGE VIAL ON NON SPECIFIC BINDING

Conical Vial

NSB

Straight
Walled Vial

NSB

Norit SG Extra (ex Bartos N.CA.)

Norit S X 2

Norit GS X

Norit SX Ultra

11%

17%

16%

25%

11%



TABLE 3 COMPARISON OF MEAN ANTIBODY TITRE JN UNDILDrTED SERIM BETWEBJ

MULTISITE INJECTION AND MACROPHAGE HARVESTING/MULTTSITE INJECTION

Spermidine

Weeks

8

20

36

46

Mean -,

Multisite

O

16.5

13

16

'? Brnding

Macrophage

O

11

16

_

Spermine

Vfeeks

8

20

26

36

48

Mean % Binding

Multisite Macropnacje

O

2.3

18

O

1.0

17



TABLE 4 TITRATICN OF USA PRODUCED SPERMINE ANTIBODY

Dilution

1:200

1:250

1:300

1:350

1:400

% Binding

20

17

16

16

15

Non specific binding 17
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BACKGROUND AND SCOPE

The objective of the present project was to verify that the radio-

immunoassay for polyamines developed in the USA. by Bartos et al could

be extended to other laboratories and offered a valid alternative to

the well established but more time consuming methods of assay based

on HPLC.

EXPERIMENTAL METHOD

The methodology described by the Bartos group was followed with the

objective of preparing antigen of suitable purity and hapten-carrier molar

ratio and using this antigen to immunise rabbits for antibody development.

RESULTS OBTAINED

Methods for procuding antigen of acceptable purity and hapten carrier

ratio were produced and problems arising from high non-specific binding

overcome. However, attempts to induce a high antibody titre either by

multisite injection or a combination of macrophage harvesting and multi-

site injection proved unsuccessful in that only low titres were obtained

although there was a late indication that intravenous administration of

antigen might be more effective in increasing titre.

Activity could not be detected in USA produced antibody.

CONCLUSIONS

Although teething problems were successfully overcome the fundamental

failure to produce a sufficiently high antibody titre for validation of

the method remains.

Failure to obtain a satisfactory response to a request for a visit to

the laboratory of origin and the finding that USA produced antibody was



te

inactive suggests that the system is not viable and the project not

WDrthy of further financial support.
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