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1571 ABSTRACT 
Method of determining the concentration of a sub-
stance in a solution which comprises the steps of incu-
bating the solution with a known amount of radioac-
tively labelled substance and a suspendable composite 
consisting of anti-substance antibody coupled chemi-
cally through an intermediate silane coupling agent to 
an inorganic carrier, the incubation period being for a 
time sufficient to form immunochemical complexes, 
separating the complexes from the solution, determin-
ing the radioactivity of either the separated complexes 
or the remaining solution, and relating that determina-
tion to a standard curve. Specific assays for digoxin, 
insulin, and cstriol are disclosed. 

9 Claims, 5 Drawing Figures 
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Antibodies, antigenic substances, and enzymes have 
SOLID PHASE RADIOIMMUNOASSAY . been attached by covalent bonds to various inorganic 
„ • . materials through intermediate silane coupling agents 
BACKGROUND OF THE INVENTION a s s h o w n b y y . | . P a t . 3 ,652,761 (antibodies and 

1. Field 5 antigens), issued to H. H. Weetall on Mar. 28, 1972, 
This invention relates generally to the field of radio- U.S. Pat. No. 3,519,538 (enzymes), issued to R. A. 

immunoassay and specifically to solid-phase radioim- Messing and H. H. Weetall on July 7, 1970, and U.S. 
munoassay. Pat. No. 3,669,841 (enzymes),issued to R. E. Miller on 

Radioimmunoassay (RIA) is a term used to describe June 11, 1972. In U.S. Pat. application Ser. No. 
any of several methods for determining very small con- ! 0 377,625, filed July 9, 1973 in the names of H. H. Wee-
centrations of substances (especially in biological flu- tall and S. Yaverbaum, and assigned to the present 
ids), which methods are based on the use of radioac- assignee, there is disclosed a method for extracting 
tively labelled substances which can form immuno- insulin from a solution which involves using a compos-
chemical complexes with antibodies to that substance. i t e consisting of antiTinsulin antibodies coupled to po-
Various RIA techniques are known for measuring con- 1 5 r ° u s 8 l a s s particles which, prior to coupling, had been 
centrations of both antibodies and substances for which surface activated with a cyanogen bromide solution, 
there exist antibodies. The RIA of a substance for Various inorganics have also been used as sorbants in 
which there exists antibodies (specific to that sub- t h e R I A of substances such as thyroid hormones as 
stance) is based on the observation that a known _ s h o w n by u s P a t - N o - 3,666,854 (separating corn-
amount of that substance which has been radioactively 2 0 P l e x e d hormone from free hormone by adsorbing the 
labelled will tend to compete equally with an unknown f r e e hormone on various colloidal inorganics), issued 
amount of that substance (unlabeled) for a limited on May 30, 1972 to A. M. Eisentraut, and U.S. Pat. No. 
number of complexing sites on antibodies specific to 3,776,698 (using various inorganics to adsorb thyroid 
the substance. Thus, a RIA of a given substance is hormones after separation from a hormone-antibody 
performed as follows: a known amount of labelled sub- 2 5 complex), issued Dec 4, 1973 to A. M. Eisentraut. A 
stance and the unknown amount of that substance yery recent article by W R L.ne et al m ChnjChem., 
(unlabelled) are incubated with antibodies specific to N o " 12'PP" <1973 ) describes a SPRIA for 
the substance. During incubation, immunochemical d.goxm substantially identical to one embodiment of 
complexes of both antibody-substance (labelled) and our invention See also an article by F. H. Bodley.et al. 
antibody-substance (unlabelled) are formed. The com- 3 ° m ' ' PP" 5 ( 9 ? 3 J W h e r 6 m * , 4-U AC .. • L , ^ similar SPRIA for progesterone is disclosed, plexes are then removed from the incubation solution. , ,, , ̂  b . , . , „ . • XT J1 ,. .. . .•• ^ . . ^ Although the above-cited U.S. Pat. No. 3,652,761 Radioactivity counts are then taken of either the re- . b. . j- u u . J , ,, . . , . shows that various antibodies can be successfully cou-moved complexes or the remaining solution. The , , , . ^ . . . .. .. r . 

, K . . . , 6 , pled through intermediate silane coupling agents to a 
counts can be used to determine the unknown concen- 3 5 w i d e v a r i e t y of inorganic materials, and that the result-
tration by relating the counts to standard curves pre- i n g C 0 m p 0 S l t e s c a n be used to isolate the corresponding 
pared beforehand using constant known amounts of a n t i f r o m a s o l u t i o i l ) t h a t a t e n t b r o a d l d i s c l o s e s 
labelled substance and known amounts of unlabelled t h e i s o l a t i o n o f a n t igens using such composites.. We 
substance. have found that by making certain critical modifica-

An essential step in RIA methods m the separation of 4 0 tions of the broad teachings of U.S. Pat. No. 3,652,761, 
complexed products from the incubation solution. Ide- i t i s p o s s i b l e to prepare immunochemical composites 
ally, the separation should be relatively simple and which can be successfully used to provide an accurate 
quick. It has been recognized that separation is greatly a n d q u i c k SPIRA for a number of substances in clini-
facilitated by using antibodies which have been immo- c a n y significant concentration ranges. Our composites 
bilized by attachment to essentially water-insoluble 45 and the methods of using them in SPIRA are described 
carrier materials. When such carrier materials are used jn detail herein, 
in RIA, the technique is commonly referred to as solid 
phase RIA, or SPRIA. SUMMARY OF THE INVENTION 

2. Prior Art: Our method of determining the concentration of a 
Antibodies, antigenic substances, and other sub- 50 substance in a solution comprises the following steps; 

stances such as enzymes have been attached by cova- A. incubating a solution of the substance with a 
lent bonds to various organic substances as shown by known amount of radioactively labelled substance and 
U.S. Pat. No. 3,555,143 (proteins), issued to Axen et a composite which is suspendable in the solution and 
al. on Jan. 12, 1971, U.S. Pat. No. 3,645,852 (pro- consisting of antibodies to the substance which are 
teins), issued to Axen et al. on February 29, 1972, and 55 coupled chemically through an intermediate silane 
U.S. Pat. No. 3,278,392 (enzymes), issued to Patchor- coupling agent to an essentially water-insoluble, high 
nik on Oct. 11, 1966. Although the above disclosures surface area inorganic carrier, the incubation being for 
indicate the utility of the attached substances is not a time sufficient to form immunochemical complexes; 
substantially impaired in the immobilization process, it B. separating the complexes from the incubation 
has been found that, in many instances organic carrier 60 solution; 
materials have certain inherent disadvantages. For ex- C. determining the radioactivity of either the sepa-
ample, many organic carrier materials are subject to rated complexes or the remaining solution; and 
microbial attack, difficult to sterilize, difficult to com- D. relating the determination of step (C) to a stan-
minute, and may not permit proper diffusion of reac- dard to determine the concentration of the substance, 
tants in certain environments. These and other disad- 65 [ n preferred embodiments the inorganic carrier corn-
v a n t a g e s h v e been o v e r c o m e to a great extent by recent prises essentially siliceous porous particles having an 
d e v e l o p m e n t s s h o w i n g that inorganic materials can be average, particle size of between about 0.05 and 12 
used as carriers for the immobilized substances. microns (/x) and an average pore diameter of between 
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about 30A and 1200A, the optimum average pore di- very common method of using a count to determine the 
ameter within that range being sufficient to permit unknown concentration involves visually matching the 
bonding of the antibodies and diffusion of the sub- count number with a concentration designation on a 
stance within the porous particles. Specific methods for standard curve prepared with known amounts of la-
determining concentrations of digoxin, insulin, and 5 belled substance. Other methods of relating a deter-
estriol are described. mined count to unknown concentrations are possible 

BRIEF DESCRIPTION OF THE FIGURES ( W e t a t T o u n d that certain physical and chemical 
FIG. 1 compares the effects of varying carrier parti- characteristics are very critical for the inorganic carrier 

cle size on digoxin binding sensitivity in the clinically 1 0 for the antibodies. Since our SPRIA must be useful for 
significant concentration range for digoxin. clinically significant concentration ranges of as low as 

FIG. 2 is a typical standard curve for the SPRIA of sub-nanogram amounts per ml., the carrier must have a 
digoxin. high surface area per gram to permit high loading of 

FIG. 3 is a curve showing binding ability of an IMA at coupled antibodies through the silane coupling agents, 
various dilutions. 15 As used herein, high surface area refers to inorganic 

FIG. 4 shows typical standard curves for the SPRIA materials having a surface area of at least about 10 
of insulin. m2/g, preferably greater than about 25 m2/g. The inor-

FIG. 5 is a typical standard curve for the SPRIA of ganic material must also be essentially water insoluble 
estriol. and have surface oxide or hydroxy 1 groups reactive 

C B C r , I C , r r . m n n i M E M T c 2 0 w i t h s i I a n e coupling agents. Such materials include 
SPECIFIC EMBODIMENTS various metal oxides such as Al2Os, SiOz, Ti02 , Zr02, 

Our SPRIA is applicable to the measurement of con- Fe304, and various porous glasses. For examples of 
centrations of numerous substances for which specific various inorganic carriers to which silanes can be at-
antibodies exist. It should be pointed out that some of tached see U.S. Pat. No. 3,652,761. 
the substances need not even be per se antigenic since 2 3 To assure a high surface area and a suspendable 
various substance-conjugates can be readily prepared composite of immobilized antibody, we prefer to use 
which are antigenic and can induce the formation of carriers that are porous and have a substantially uni-
antibodies to the substance. For example, some sub- form pore size distribution (e.g. the majority or the 
stances of relatively low molecular weight (e.g. the pore volume consisting of interconnected channels 
cardiac glycoside digoxin) will not necessarily induce 3 0 within about ±30% of the average pore or channel 
formation of anti-digoxin antisera. However, when diameter). To assure a minimum surface area for anti-
such a substance is combined with a material of higher body loading, the maximum average pore diameter 
molecular weight (e.g. a protein), it is possible to use should be no larger than about 1200A. The minimum 
such substance-conjugates to induce anti-substance average pore diameter must be large enough to permit 
antibodies. Thus, our method contemplates the SPRIA 3 5 diffusion and coupling of the antibody within the pores 
of a wide variety of substances which, alone or through and to permit subsequent diffusion of substance within 
modification, can be used to form specific anti-sub- the pore. We have used porous carriers with average 
stance antibodies. Substance examples include digoxin, pore sizes as small as 30—40A. The optimum average 
digitoxin, angiotensin I, angiotensin II, thyroxine, triio- pore size for a given antibody-carrier composite de-
dothyronine, thyroid stimulating hormone, aldoster- 4 0 pends, however, on such factors as antibody and/or 
one, estriol, and other estrogens, insulin and like sub- substrate size and diffusion and complexation times, 
stances which commonly exist at very small concentra- We have found that carrier particle size is very criti-
tions. As used herein, the term substance refers to any cal for the antibody-carrier composite of our method 
compound or material for which there can exist spe- since to achieve a high degree of complexing sensitivity 
cific antibodies. 4 5 at a rapid rate, the composite must be suspendable in 

As is common in conventional RIA, our SPIRA in- the incubation medium. As used herein, the term sus-
volves four basic steps: incubation, separation, count- pendable or suspension, when applied to either the 
ing, and relating the count to a standard. As used inorganic carrier (porous or non-porous) or the result-
herein, the term incubating or its equivalent (e.g. incu- ing antibody-carrier composite formed therewith, re-
bation) refers to the step of providing a suitable envi- 5 0 fers to a carrier or composite having a particle size 
ronment which facilitates immunochemical complex- small enough to permit the composite to remain in 
ation of a substance and an antibody. Such an environ- suspension in the incubation medium without settling 
ment includes those reaction conditions (e.g. pH, time, prior to complexation. It is essential to facilitate rapid 
and temperature ranges, buffers, etc.) which are known assays that the composite remain in suspension during 
or can be experimentally determined by one skilled in 5 5 the incubation period so that maximum immunochemi-
the art..The term separating, or its equivalent, refers to cal complexation can occur in a given period of time 
the step of removing the complexed products of incu- (e.g. maximum diffusion of substance to immobilized 
bation from the incubation solution. In SPRIA, this antibody within the porous carrier particle). To assure 
includes the removal of substantially all solid particles maximum suspension of the composite during incuba-
(e.g. carrier-antibodies composite plus complexed sub- 6 0 tion (e.g. minimum of five minutes) we have found that 
stances). Separation can be accomplished by simple the composite particle size should be closely controlled 
centrifugation or other means. Counting refers to the and that the average should be between about 0.05 and 
step of determining the radioactivity of either the sepa- 12 microns, preferably less than about 4 microns. This 
rated product or the remaining solution, commonly composite particle size range is quite distinct from the 
recorded as counts per minute (cpm). Relating the 6 5 range of immunochemical composite sizes disclosed in 
count or counts to a standard refers to the step of com- U.S. Pat. No. 3,652,761 and our extremely small parti-
paring a given count with means which will indicate a cle size is essential for the rapid and sensitive SPRIA of 
substance concentration vis-a-vis the given count. A substances in clinically significant concentration ranges 
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as low as nanograms per milliliter. Particle sizes below ide and triethylamine in chloroform to form an arylni-
0.05 n become difficult to centrifuge our and, hence, trate which was then reduced in an aqueous sodium 
accuracy of assay results is affected. To assure suspend- dithionite solution at 100°C. to form p-aminobenzyl 
ability of the ultimate composite, carrier particle size propyl surface groups, As used herein, the terms alkyla-
should not exceed about 12 /x, 5 mine and arylamine refer to surface derivatives of silan-

In the examples below, we used representative inor- ized carriers having such respective groups. The choice 
ganic carriers of commercially available particulate of either group for a given silanized carrier vis-a-vis the 
Si02, porous Si02, and porous glass. The porous Si02 antibody: to be coupled will, depend on the coupling 
consisted of micron-sized synthetic silica of uncon- method used. In our illustrative examples, we used a 
trolled porosity and was obtained from Grace Davison 10 Schiff-Base reaction to couple antibody to alkylamine-
Chem. Co. of Baltimore, Maryland (Syloid 72—Lot No. carrier, an azo reaction to couple antibody to aryla-
76568). The silica had a particle size distribution of 0.8 mine-carrier, and a thiourea reaction to couple anti-
to 6 microns (diameter) with 50% of the particles body to both alkylamine and arylamine carriers. Spe-' 

3.1 ix diameter. The porous glass was made by cific directions for preparing each composite of anti-
known methods. See, for example, the disclosure in 15 body-silanecarrier are given below with indicated char-
U.S. Pat. No. 3,549,524 issued to Haller. The particu- acteristics of each carrier material used, 
late Si02 was obtained from Cabot Corp. (Cab-O-Sil 
L-5) and had an average particle size of 0.05 /A. Con- EXAMPLE I 
trolled pore glasses (CPG) carriers having a range of (Preparation and Use of Anti-Digoxin-Silane-Carrier) 
average pore size from about 30A to about 1200A were 2 0 

used as indicated. Most of the porous glass samples T h e 8 o a t anti-digoxin serum was chemically coupled 
used are commercially available. Samples of each pore t o alkylamine and/or arylamine surface derivatized 
size of glass were comminuted to average particle sizes P o r o u s S l a s s Particles by three methods. In each case, 
between about 1 and 4 and 8-12 microns, as indicated. 1 0 0 m S o f antiserum protein was offered to 1 gram dry 

The porous glass, particulate Si02, and porous SiOa 25 weight of the silamzed glass particles, the physical char-
carriers were silanized by known techniques. See, for acteristics of the various glass samples being summa-
example, U.S. Pat. No. 3,652,761 (carrier-silane-anti- n z e d I n T a b l e 1 following the coupling descriptions: 
body) and U.S. Pat. No. 3,519,538 (carrier-silane- A. The procedure for diazotization of arylamine glass 
enzyme). The exact silanes and various modes of cou- w a s performed at 0°C. to about 10°C. by first adding 5 
pling antibody to the attached silanes are described in 30 ml. of 2N HC1 to the glass. A 0.25 g portion of solid 
detail below. NaN02 was added next. The reaction mixture was 

In the examples below representative SPRIA tech- placed in a desiccator and aspirated during diazotiza-
niques are described for determining clinically signifi- t i o n for 30-40 minuses. The diazotized glass was re-
cant concentrations of digoxin, insulin, and estriol. The moved from the desiccator and washed by centrifuga-
anti-digoxin antisera (goat) used to prepare the anti- 35 tion four times with ice cold water. The diazotized glass 
body-carrier composites was obtained from Bios- derivative was added to the antiserum (which had been 
pheres, Inc. of Miami, Fl. and it had a titer of at least previously placed in an ice bath and adjusted to pH 
1:50,000. The anti-insulin antisera was guinea pig anti- 8.0-8.5). The glass-antiserum mixture was continu-
porcine serum obtained from Pentex (Lot No. 15). The ously stirred with a magnetic flea or manually and the 
anti-estriol antisera (1:10,000 titer) (sheep anti-estriol- 40 pH maintained with 0,1N NaOH. The reaction was 
E3-serum) was obtained from a medical facility. monitored until no drop in pH was observed over a 

30-minute period (usually1-2 hours). At this point an 
PREPARATION OF THE optional 0.25ml. of 1M glycine solution in borate buff-

ANTIBODY-SILANE-CARRIER COMPOSITES: e r e d s a l i n e ( B B S , 0,01M, pH 8.5 ±0.1) can be added 
The general techniques for reacting silanes with inor- 4 5 with stirring, and the mixture placed in the refrigerator 

ganics having available surface oxide or hydroxyl overnight, or returned to the refrigerator for several 
groups is disclosed in U.S. Pat. No. 3,652,761, and U.S. hours, as required. The reaction mixture was washed by 
Pat. No. 3,519,538, both incorporated herein by refer- centrifugation four times with cold (e.g. about 
ence. Once reacted with a silane coupling agent, the 5°-10°C.) BBS and stored as a wet cake in the refriger-
carrier is referred to as silanized and the carrier surface 50 ator. , 
will then consist of organic groups which are indicative B. Schiff-Bass coupling with glutaraldehyde was initi-
of the starting material silane.. The organic surface ated at room temperature. Enough 2.5% glutaralde-
groups can be, and often are, further modified to form hyde solution (i.e., 25% glutaraldehyde diluted 1:10 in 
reactive groups desired for a given coupling technique 0.1M sodium phosphate buffer, pH 7.0) was added to 
with the antibody. It is important that the active or 55 cover 1 g of alkylamine glass particles. The reaction 
complexing site on a given antibody does not take part mixture was placed in a desiccator jar attached to an 
in the coupling procedure since that site must remain aspirator for 60 minutes. The product was removed and 
free for complexing after the antibody has been jmmo- washed four times by centrifugation with large volumes 
bilized through the silane. Thus, in silanizing an inor- (e.g., about 45 ml.) of distilled water. Increments (e.g. 
ganic carrier, care must be taken in choosing an appro- 6 0 about 50-100 mg) of the product were added to. antise-
priate reactive group for the silane residue on the silan- rum (previously adjusted to pH 7.0) in an ice bath, 
ized carrier. In our examples, the silanized carriers had using as little liquid as possible. The reaction was con-
alkylamine or arylamine surface groups, as indicated. tinued for at least 2 hours. The composite was washed 
The alkylamine surface was prepared by reacting the three times with cold distilled water and once with cold 
inorganic carrier with y-arninopropyltriethoxysilane 6 5 BBS and the wet cake stored in the refrigerator 
(Union Carbide A-1 100),'giving an aminopropyl sur- (4°-5°C.). 
face. The arylamine surface was prepared by first react- C. The thiourea derivative was prepared by adding 
ing the aminopropyl surface with p-nitrobenzoal chlorr 100 ml. of 1% (by weight) thiophosgene in CHC13 to 1 
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g of glass and refluxed for at least 2xh to 3 hours. The 
product was washed with CHC13, quickly air-dried and 
placed in a vacuum desiccator overnight. The isothio-
cyanate CPG derivative was added to antiserum previ-
ously adjusted to pH 9 at room temperature. The pH 5 
was maintained between pH 8.5-9.2 using 0. IN NaOH. 
The reaction was first agitated in an aspirator for 30 
minutes and then continued for an additional 2 hours, 
all at room temperature. The product was washed with 
distilled water and stored as a wet cake in the refrigera- 10 
tor (4°-5°C.). 

Table I summarizes the average amount of anti-
digoxin anti-serum protein we were able to bind to one 
gram quantities of indicated porous glass particles by 
the coupling methods described above. 1 5 

TABLE I 
(nig protcin/g porous glass) 

8 
age error including the outlier was +3.55% and without 
the outlier, +0.86%. The simulated assay indicated the 
SPRIA using the defined CPG particles were rapid 
(e.g., about ten minutes), sensitive in the clinically 
significant range for digOxin (e.g., 0.2 to 10 ng/ml.), 
reproducible, and easy to perform. 

The importance of having a carrier particle size 
which is suspendable is illustrated in FIG. 1. There, the 
use of the composite having the 30 /x carrier particle 
size, as shown, did not result in a useful assay curve for 
clinically significant digoxin concentrations whereas 
suspendable particles of 10 and 1 fi average carrier size 
were useful. 

TABLE II 

Porous Glass Propert ies Coupling Method 
Pore Size (A) Particle Size (p.) Azo Schiffs-Base Thiourea 

35 1 - 4 11.5 _ 
8 - 1 2 — 

150 1 - 4 64 .9 45.9 58.9 
8 - 1 2 41 .2 — — 

390 1 - 4 86.3 55.8 61.9 
8 - 1 2 78 .6 55.4 67.7 

555 1 - 4 74 .6 58.4 82.8 
8 - 1 2 68.8 60.9 98.1 

685 1 - 4 41.5 55.9 59.7 
8 - 1 2 — _ _ 

1150 1 - 4 38 .3 36.8 51.2 
8 - 1 2 43 .8 45.3 53.5 

1200 1 - 4 41 .3 38.3 54.0 
8 - 1 2 — — — 

The highest loading of antiserum was on CPG parti-
cles having an average pore diameter within the range 
of 390A to about 685A, although the composite having 
a CPG carrier with an average pore diameter in the 
1000A to 1200A were shown to have useful biological 
activity. 

FIG. 1 illustrates comparative SPRIA displacement 
curves generated using immobilized anti-digoxin anti-
bodies on porous glass carriers having three different 
average particle sizes. In all cases, the porous glass 
particles had an average pore size of about 555A. 
Curve A was generated using an IMA (azo coupled) 
carrier of 30 fi average particle size and 200 fig (wet 
weight) IMA. Curve B was generated using a 10 fi 
porous glass carrier (26.7 fig, wet weight) and curve C 
was generated using a IMA having a carrier particle 
size of about 2 fi (26.7 fig, wet weight). As can be seen 
from FIG. 1, the 30 ji carrier did not produce a useful 
assay curve whereas the 2 fi and 10 fx carrier did. In all 
three samples, a 1% wet weight suspension was used, 
diluted 1:50 for curve A and 1:375 for curves B and C. 
The indicated dilutions were chosen to show digoxin 
binding curves within the significant concentration 
range. 

Standard curves for digoxin determinations were 
prepared with the composites. A typical standard curve 
using a composite consisting of the anti-digoxin antise-
rum coupled via the azo method to porous glass parti-
cles having an average pore size of about 555A and 
average particle size of about 1 fi is shown in FIG. 2. 
Tritiated (3H) digoxin obtained from New England 
Nuclear Corp. was used to assay known concentrations 
of digoxin using the standard curve of FIG. 2. The 
incubation time was for ten minutes in each assay. The 
results are summarized in Table II. With the exception 
of the outlier, the results show good agreement. Aver-

Rccovcry of Known Amounts of Digoxin From Scrum Samples 
ng Digoxin/ml. Scrum 

3 5 Added Found Expccted Percent Difference 

0 3.70 
3.60 

0.50 4.35 4 .20 +3 .50 
4.10 - 2 . 3 0 

1.00 5.50 4 .70 + 1 7 . 0 0 
5.00 +6 .30 

2.50 6 .00 6.20 - 3 . 2 0 
6 .20 0 .0 

45 ANTI-DIGOXIN ANTISERA COUPLED TO 
POROUS SILICA: 

The anti-digoxin antisera was also coupled success-
fully to porous silica particles having a particle size 
distribution of 0.8 to 8 /i (diameter) with 50% of the 

5 0 particles 3.7 fi diameter. An arylamine surface was 
prepared (as described above for CPG on a one gram 
sample of the Si02 (Syloid 72). The arylamine silica 
was then diazotized (as above) and added in incre-
ments of about 50 to 100 mg to a 1.3 ml. quantity of the 

55 anti-digoxin antiserum containing 82 mg total protein. 
A pH of 7.5-8.5 was maintained with 0.1N NaOH and 
the mixture was reacted for 24 hours at about 5°C., and 
washed four times with filtered distilled water (FDW). 
A ten mg. (wet weight)/ml. suspension of the immobi-

6 0 Iized antiserum (IMA) in FDW was assayed for bound 
protein and biologic activity. 

A ninhydrin protein determination indicated 80.7 mg 
protein/gram of silica or 97% of the antiserum offered 
being bound. An initial assay of biological activity of 

65 the composite (curve D) and a subsequent assay (curve 
E) of the same composite prepared nine months later 
are compared in FIG. 3. A maximum of 15% of the 
IMA activity had been lost for equivalent dilutions 
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during that period, thus indicating excellent stability of 
the composite (stored as a wet cake at 5°C.). 

10 
percent of bound insulin. The results are summarized in 
Table III. 

TABLE III 
Immobil ized Compos i t e Biological Activi ty 

m g Pro tc in /g* % Prote in IMA Protein l 25I-Insulin 
Car r i e r a n d Par t ic lc Size Dry Weigh t o f Par t ic les C o u p l e d + M G X Bound , 

G u i n e a Pig Ant i -Porc inc Insulin S c r u m 0 .40 5 6 . 7 ' 
1 n C P G 24 .6 96 .5 0 .45 54.1 
12 f t C P G 22.8 90 .0 0 .71 50.5 
silica ( 4 f t ) 27 .6 , 108.2 .-r- — 

silica (0 .05 f t ) 26.4 103.5 0 .81 57.9 
Bovine S c r u m Albumin 0 .40 0' 
1 f t C P G 20 .4 80.0 0 .378 0 
12 f t C P G 21.7 85 .0 0 .65 0 
silica ( 4 f t ) 25 .6 100.5 4.02 0 
silica (0 .05 /A) 9.1 50 .6 0.222 0 

•Protein determined by ninhydrin method. 
+25.50 mg antiserum or BSA offered per gram glass. 
xProtein concentration of IMA at optimal dilution for SPRIA or D C C method. 
f0.2 ng -Insulin Tracer. 

EXAMPLE II 
(Preparation and Use of Anti-Insulin-Silane-Carrier) 
The guinea pig anti-porcine insulin serum was cou-

pled chemically through silane coupling agents to silica 
particles of 0.05 /n average particle size, porous glass 
particles of 1.0 and 12.0 /x average particle sizes, each 
having an average pore diameter of about 550A, and 
silica particles having an average particle size of 4.0 fx. 
Portions of each of the four carrier materials were 
silanized as above to form alkylamine and then aryl-
amine derivatives, as described above for the anti-
digoxin composite preparation. Both anti-insulin anti-
serum and bovine serum albumin (BSA) were sepa-
rately coupled to each of the carriers to compare the 
couplings of two different proteins. One gram samples 
of each of the arylamine carriers were diazotized and 
these were added to individual tubes containing 1 ml. 
of antiserum or 1 ml. of BSA and the coupling reaction 
was continued for (at a maintained pH of 8.5) two 
hours and periodically tested for diazonium sites with a 
0.1% beta-naphthol solution. When the pH had stead-
ied at 8.5, the reactants were refrigerated overnight. 

TABLE IV 

The immobilized anti-insulin preparations were ana-
lyzed at 4 week intervals for 24 weeks and found to be 
stable when stored as wet cakes and heavy slurries at 
5°C. Storage stability data indicated a minimum half 
life protein stability to be about 3.2 years. The half life 

2 5 for biological activity (complexing ability) was found 
to be about 2 years. 

STANDARD CURVE: 
Standard curves were prepared for each sample by 

3 0 diluting each suspension so that each test tube con-
tained 1 fxg (dry weight) of immobilized anti-insulin 
antiserum. A representative standard curve using anti-
insulin antiserum coupled to the porous glass particles 
(1 fx) is shown as FIG. 4. These curves were used to 
assay known amounts of insulin added to pooled nor-
mal rabbit serum. Known amounts of insulin from 0-25 
/xU were added to 0.1 ml. of rabbit serum (0-250 
jLiU/ml.). Two of these assays are summarized in Table 
IV. The rabbit serum had an average insulin concentra-

4 0 tion (without added insulin) of 4.67 /xU/ml. The final 
average estimate of insulin agreed to within 99% in the 
first experiment and 96% in the second experiment. 
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Solid Phase Rad io immunoas say of Insulin in Poo led N o r m a l Rabb i t Se ra 
Using 1 ft C P G Anti-Insulin I m m u n o a d s o r b c n t a t 25°C. f o r 2 hour s 

E x p e r i m e n t 1 * E x p e r i m e n t 2* 
f iU f tU /AU Insulin X f iU (xU 

Insulin Insulin Ca lcu l a t ed Per 0 .1 Insulin Insulin 
Expec t ed Es t imated % Er ro r ml. Scrum Expec t cd Es t imated % Er ro r 

fiV Insulin 
A d d e d Per 0.1 

ml. Sample 

f tU Insulin No. 
Ca lcu la ted Per 0 . 1 

ml. Sc rum 

0 4 .67 4 . 6 7 4 .78 ' 4 .78 
5 9 . 6 7 7 .20 - 2 5 . 5 2 . 2 0 9 .78 10.00 + 2 . 2 5 .00 

10 14.67 16.00 + 9 . 0 6 . 0 0 14.78 _ 
15 19.67 21 .00 + 6 . 7 6 . 0 0 19.78 19.00 —4.0 4 .00 
25 29 .67 • — — _ 29 .78 31 .00 + 4 . 0 6 .00 

ave rage — — 13.7 4 . 7 3 , — — . 3.4 5 .00 

'Duplicate Samples. 
XExpected Value = 4.67. 
No. Expected Value = 4.78. 

The immobilized anti-insulin antiserum (IMA) was 
then washed with 0.01M borate buffered silane (BBS),. 
pH 8.5, and stored at 5°C. as a wet cake or heavy slurry 
(0.8 g wet weight/7 ml. buffer) in stoppered tubes. 

All samples were then analyzed for amount of protein 
coupled per gram of carrier, and the biological activity 
of the immobilized anti-insulin was determined by add-
ing 0.2 ng of 125I insulin tracer to each tube containing 
graduated concentrations of IMA and determining the 

EXAMPLE III 
(Preparation and Use of Anti-Estriol-Silane-Carrier) 
The immobilized antiserum was prepared as follows: 

The sheep anti-estriol (E3) serum was chemically cou-
pled to an arylamine derivative of 96% silica controlled 
pore glass (CPG). The original average porosity of the 
CPG was 550A before reduction of the particle size 
from an average 40/80 mesh to an average of 1 micron 
(fx). The 1 ix CPG was derivatized to arylamine as 
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Estriol S tandard C u r v e 
Estriol pg Average C P M * Pe rcen t F r ee 

1000 4,035 53.8 
1200 4,500 60.0 
1500 4,840 64.6 

3,975,51 1 
11 12 

described above. One gram dry weight of 1 M arylamine TABLE V-continued 
CPG was diazotized in an ice bath by acidification with 
10 ml. of 2N HC1 followed by 0.25 g of solid NaN02 . 
The iced mixture was stirred and transferred to a vac-
uum desiccator and aspirated for 20 to 40 minutes. The 
diazotized glass derivative was washed several times by 
centrifugation at 5°C. and 10,000 rpm for 30 minutes 
with cold distilled water. The cold washed diazonium ^ ^ o T u c i b . I i t y of the standard curve and the re-
pass was added m mcremente of 50-100 mg to 1 ml. of c t e s t

 y , e s w e r e d e m o n s t r a t e d i n t h e f o i I o w . 
sheep anti-E3 in a small beaker containing a magnetic 1 0 • „ T „„ „ „ t ! n m „ „ „ „ n; i, ^ . . . , ^ , & . ing manner. Two concentrations ot 5u00 pg per milli-
tlea seated in an ice bath. The antiserum was previous v „ ., , , . . . , , n _ . • „ . . u o n o c , ' . . . . liter of ethanol were prepared. Ahquots of 0.1 and 0.2 adjusted to pH 8.0-8.5 with buffer or 0.1 N NaOH be- , f i u • i J • «. • 7- » j 
r
 J , . * " ml. of the alcohol solution in triplicate were assayed tore addition of the diazotized glass derivative. The . , , m. i* u • 

. & ^ , , against a standard curve. The results are shown in 
reaction mixture was constantly stirred and the pH Table VI 

TABLE VI 
Recove ry of Estriol F r o m " U n k n o w n " S a m p l e 

Estriol Sample A v e r a g e Estriol R c c o v e r c d 
ml. c p m pg P e r c e n t R e c o v e r e d 

Sample No. 1 
0.1 3093 480 96.0 
0.2 4523 970 97.0 

Sample No. '2 
0.1 3280 555 111.0 
0.2 4540 990 99:0 

maintained during and after addition of the diazotized 
glass. The pH levelled off after 120 minutes and the The above illustrative examples indicate that quick, 
reaction vessel was covered and placed in a 4°C. refrig- accurate, and sensitive SPRIAs are possible when the 
erator overnight. The immobilized antiserum prepara- appropriate antibody is chemically coupled silane cou-
tion was thoroughly washed several times with cold 3 0 pling agents to high surface area, essentially water in-
phosphate buffer (0.01M, pH 7.4) containing 0.9% soluble inorganic carrier materials having a particle 
NaCl (PBS) and centrifuged at 4500 rpm and 5°C. for size between about 0.05 fi and about 12 /x. Since the 
30 minutes several times, then stored as a slurry in 3 ml. methods disclosed herein are subject to various modifi-
of PBS containing 0.02% NaN3 in a refrigerator at 4°C. cations, it is intended that the scope of the disclosed 
until used. 3 5 invention should be limited only by the appended 

Standard curves were obtained by first determining claims, 
the dilution or concentration of immobilized antiserum We claim: 
that would bind 50 to 80% of 14.4 pg of 3H-estriol 1. A method for determining the concentration of 
containing 10 nc of radioactivity [New England Nu- digoxin in a Solution which comprises the steps of: 
clear, Estriol-6.7, 3H (N) ] and a gradient of unlabelled 4 0 a. incubating the solution with a known amount of 
E3 from 0 up to 1500 pg. A duplicate series of glass radioactively labelled digoxin and a suspendable 
tubes (10 X 75 mm) were charged with 0.2 ml. of etha- composite consisting of anti-digoxin antiserum 
nol containing 15,000 cpm 3H3 (14 pg). Then these coupled chemically through an intermediate siiane 
tubes were charged with 0, 100, 200, 400, 600, 800, coupling agent to a high surface area essentially 
1000, 1200, or 1500 pg of E3 in 0.2 ml. ethanol. The 4 5 water-insoluble inorganic carrier having an average 
alcohol solvent was evaporated in a vacuum oven. The particle size between about 0.05 and 12 microns, 
immobilized antibody suspension (1 gram/4 ±1 ml. the incubation being for a period sufficient to form 
PBS) was diluted 1:500 in PBS, and constantly agitated immunochemical complexes; 
with a magnetic stirrer in an ice-water bath to achieve b. centrifuging the complexes from the solution; 
a homogeneous suspension. A volume of 0.4 ml. of the 5 0 c. counting the radioactivity of either the centrifuged 
suspension was added to each tube. The tubes were complexes or the remaining solution; and 
stirred thoroughly on a vortex mixer and incubated in d. relating the count of step (c) to a standard to 
icewater for 30 minutes. The stirring was repeated at determine the concentration of digoxin. 
10 minute intervals. The tubes were centrifuged after 2. The method of claim 1 wherein the incubation of 
30 minutes at 5°C. and 3500 rpm for 1 5 minutes. An 5 5 step (a) is for at least 10 minutes, 
aliquot of 0.2 ml. of the supernatant fluid was trans- 3. The method of claim 2 wherein the inorganic car-
ferred to a liquid scintillation counting vial containing rier is porous and selected from the group consisting of 
10 ml. of Insta-Gel for tritium assay. The results are porous glass particles and porous silica particles, 
shown in Table V and FIG. 5. 4. The method of claim 3 wherein the average pore 

TARI P v 6 0 diameter of the porous particles is between about 350A 
I A B L E v and about 1200A. 

Estriol s t a n d a r d C u r v e 5 . A method for determining the concentration of 
Estr iol pg A v e r a g e C P M * Pe rcen t Free 

insulin in a solution which comprises the steps of: 
3 M-Est r io i 15 .000 a . incubating the solution with a known amount of 

i'765 23!$ radioactively labelled insulin and a suspendable 
200 i .975 26.3 composite consisting of antiTinsulin antibodies cou-400 2,435 32.5 
600 3,110 41.4 
800 3,625 48.3 a high surface area, essentially water insoluble 

pled chemically through a silane coupling agent to 



3,975, 
13 

inorganic carrier having an average particle size 
between about 0.05 and about 12 microns, the 
incubation being for a period sufficient to form 
immunochemical complexes; 

b. separating the complexes from the solution; 5 

c. counting the radioactivity of either the separated 
complexes or the remaining solution; and 

d. relating the count of step (c) to a standard to 
determine the concentration of insulin. 

6. The method of claim 5 wherein the inorganic car- 1 0 

rier is porous and selected from the group consisting of 
porous glass particles and porous silica particles. 

7. A method for determining the concentration of 
estriol in a solution which comprises the steps of: 

a. incubating the solution with a known amount of 15 

radioactively labelled estriol and a suspendable 
composite consisting of anti-estriol antibodies cou-

20 

25 

511 
14 

pled chemically through an intermediate silane 
coupling agent to a high surface area, essentially 
water-insoluble inorganic carrier having an average 
particle size between about 0.05 and about 12 
microns, the incubation being for a period suffi-
cient to form immunochemical complexes; 

b. separating the complexes from the solution; 
c. counting the radioactivity of either the separated 

complexes or the remaining solution; and 
d. relating the count of step (c) to a standard to 

determine the concentration of estriol. 
8. The method of claim 7 wherein the particles are. 

porous. 
9. The method of claim 8 wherein the particles con-

sist of porous glass. 
* * * * * 

35 

40 

45 

50 

60 

65 


