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APPARATUS FOR PERFORMING SATURATION 
ANALYSES 

The invention relates to an apparatus for use in per 
forming saturation analyses. According to the principle 
of a saturation analysis, a quantity of a chemical or bio 
logical substance to be determined is mixed in the pres 
ence of a binder with a known quantity of the same sub 
stance which, however, is radioactively labelled. 
An equilibrium reaction is produced between the 

binder, the substance to be determined and the radio~ 
active substance, in which reaction molecules of the 
substance to be determined and of the radioactive sub 
stance are bound to the binder and at the same time 
bound molecules both of the substance to be deter 
mined and of the radioactive substance are released. 
The degree in which each of the two substances is 
bound to the binder depends upon the concentration 
ratio of the two compounds. A binder used in such a re 
action is sometimes referred to as a competitive binder. 
After an equilibrium condition has been reached be 
tween the binder, the substance to be determined and 
the radioactive substance, the extent to which the radi 
oactive substance has been bound to the binder is as 
certained. For this purpose the bound radioactive sub 
stance is separated from the unbound form and subse 
quently the amount of the bound or of the free radioac 
tive compound is determined by measuring the radio 
activity. The percentage of the free or bound radioac 
tive substance is a measure of the quantity to be deter 
mined of the non-radioactive compound. The exact 
quantity of the non-radioactive compound may be de 
rived from the percentage found by means of standard 
data. 
The aforementioned separation between the bound 

and unbound radioactive compounds may be effected 
in various manners. Thus, for example, the desired sep 
aration may be performed by means of a molecular 
sieve or a selective adsorbent which binds or stops only 
one of the two structures of the radioactive compound, 
either the bound one or the free one, and consequently 
releases the other structure. 
On the basis of the principle of saturation analysis 

various hormonal and non-hormonal substances such, 
for example, as triiodothyronine, thyroxin, vitamin B12 
and insulin may be determined. A special type of satu 
ration analysis is the radio-immunodetermination. In 
this determination a specific antibody is used as a com 
petitive binder. In this manner, for example, insulin is 
determined by means of a radioimmuno-investigation. 
The invention relates in particular to an apparatus for 

performing a saturation analysis as described hereinbe 
fore which includes a tubular member which is open at 
both ends and in its lower part contains a separating 
agent and in its upper part has a reaction compartment. 
Such an apparatus is used, for example, in the thyroid 

function test known under the trade name TrilutefThe 
thyroid function test is based on the fact that the triio 
dothyronine produced by the thyroid is bound to spe 
ci?c serum albumins, the degree of occupation of the 
albumin by triiodothyronine being a measure of the 
thyroid activity. 

In a thyroid function test a controlled amount of ra 
dio~active triiodothyronine is added to the serum albu 
min, the free binding sites still present in the serum al_ 
bumin being occupied by molecules of the radioactive 
substance. Subsequently the free triiodothyronine is 
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2 
separated from the triiodothyronine bound to the 
serum albumin by means of a specific adsorbent, such 
as Sephadex, after which the quantity of radioactive tri 
iodothyronine which is not bound to the serum albumin 
and is retained by the Sephadex is determined, The re 
sult is a measure of the binding capacity of the serum 
albumin investigated and enables the degree of occupa 
tion of the serum albumin by the thyroid hormone to 
be derived, which gives an impression of the thyroid 
function, 
The Trilute test proceeds as follows: seven drops of 

radioactive triiodothyronine and 0.05 ml of serum are 
successively applied to a Sephadex column which is dis 
posed in the lower part of a tubular member which is 
open at both ends and the lower opening of which is 
closed by a protective cap. The protective cap is re 
moved, the liquid present under the Sephadex column 
is discharged and the radioactivity of the column is 
measured. Subsequently the column is washed with 3 
ml of water, so that the triiodothyronine bound to albu 
min is removed, whereupon the radio-activity is again 
determined. The amount of non-radioactive triiodo 
thyronine can be derived by means of standard data 
from the ratio between the two measurements. 
The instrument used in the known Trilute test has the 

disadvantage that an equilibrium between serum albu 
min and added radioactive triiodothyronine is to be es 
tablished in the presence of the separating agent, in this 
case the Sephadex column. Establishment of an equi 
librium in a heterogeneous medium takes much time 
and gives rise to inaccuracy, for it is not unlikely at all 
that, before the said equilibrium has been established, 
the Sephadex should retain free triiodothyronine mole 
cules, thereby impeding correct establishment of the 
equilibrium. A further disadvantage of the known test 
is the comparatively large number of operations to be 
performed, which is to be avoided especially with radi 
oactive substances. Another disadvantage consists in 
that in each test at least two determinations of the radi~ 
oactivity have to be carried out. 
We have now developed an apparatus of the type de 

scribed at the beginning of this speci?cation which 
does not have the aforementioned disadvantages. The 
apparatus according to the invention is characterized in 
that the reaction compartment is a container which is 
closed with respect to the separating agent and a wall 
portion of which facing the separating agent may be 
brought into a liquid-pe rrneable form. The presence of 
the reaction compartment from which the separating 
agent is excluded in the apparatus according to the in 
vention has the advantage that the reactions which in 
the operation of the apparatus according to the inven 
tion take place in the compartment proceed in a homo 
geneous medium. Consequently the required equilib 
rium between the reagents in the reaction container, 
ie between the substance to be determined, the radio 
active susbstance and the competitive binder, is estab 
lished rapidly and accurately. The separating agent re 
mains entirely outside the reaction container and does 
not in?uence the reactions carried out in this con 
tainer. 
The closed reaction container provides the further 

advantage that the radioactive substance and, if de 
sired, the binder as well, which two substances are nec 
essary in the saturation analysis to be carried out in the 
apparatus according to the invention, may previously 
be introduced into the container during manufacture. 
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Thus the user of the instrument need only to add the 
sample to be investigated to the reagents already pres 
ent in the container. This ensures that manipulations of 
radioactive substances by the user are reduced to a 
minimum. Furthermore, during manufacture the 
amount of radioactivity introduced into the reaction 
container can accurately be determined and be equal 
for each reaction container, so that the user need only 
perform a single measurement of the initial radioac 
tivity, which may then be used as a standard for all de 
terminations. 
To enable the user to simply introduce a sample of 

the substance to be determined into the reaction con 
tainer, the upper end of the container may be provided 
with a detachable cover. As an alternative, the upper 
surface of the container may be provided with a mem~ 
brane made of a material which may readily be punc 
turcd with a sharp object. Suitable materials are, for ex 
ample, rubber or a synthetic material. A sample of the 
substance to be determined may be aspirated into, for 
example, a hypodermic syringe, after which the needle 
of the syringe may be made to pierce the said mem 
brane, enabling the syringe to be discharged into the 
reaction container. 
The reaction compartment may be provided asa sep 

arate object in the tubular member, the opening of the 
member being closed by the upper surface of the reac 
tion compartment. 

In a preferred embodiment of the apparatus accord 
ing to the invention the container forms part of the tu 
bular member. An upper part of the tubular member 
then also is a wall part of the reaction compartment. 
The bottom of the reaction compartment is constituted 
by a wall which extends within the tubular member in 
a direction at right angles to the axis of this member 
and throughout its circumference engages the inner 
wall of the tubular member with a tight fit. The upper 
surface of the reaction compartment is formed by a 
wall which closes the opening in the tubular member, 
for example, a cover detachably placed on the end of 
the tubular member. 
According to the invention a container wall facing 

the separating agent may be rendered permeable to liq 
uid. 
The feature of providing the container with a wall 

which is constructed so as to be capable of becoming 
permeable to liquid is essential for an understanding of 
the invention. This feature may be implemented in sev 
eral forms in practice. For example, the wall part of the 
reaction container which faces the separating agent 
may contain a porous hydrophobic or lipophobic ?lter. 
A porous hydrophobic ?lter is used when the media in 
the reaction compartment and in the separating col 
umns are hydrophilic. The porous hydrophobic filter 
prevents the hydrophilic liquid contained in the reac 
tion compartment from penetrating through the ?lter 
into the separating agent. Only when by violent shaking 
of the apparatus according to the invention the air re 
tained by the hydrophobic ?lter is expelled can liquid 
flow from the reaction compartment to the separating 
agent. The filter may be rendered permeable to liquid 
not only by shaking but also by producing an excess 
pressure either in the reaction compartment or in the 
separating column. 
Another highly advantageous embodiment of the re 

action compartment in the apparatus according to the 
invention consists in that the bottom of the reaction 
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4 
container is constituted, at least partly, by a pierceable 
membrane or partition. 
A suitable material for such a membrane or partition 

is a synthetic material, a metal foil or the like. 
In a further advantageous embodiment of the appara 

tus according to the invention the wall of the reaction 
container which faces the separating agent consists of 
a layer of a wax having a melting point between 40°C 
and 100°C. An example of a suitable wax is paraffin 
having a melting point of 60°C. Such a wax wall may 
simply be provided by dripping the wax, which is 
heated and hence is liquid, on the separating agent 
present in the tubular member, the wax being subse 
quently solidi?ed by cooling. 

In still another embodiment of the apparatus accord 
ing to the invention the upper and lower parts of the tu 
bular member are joined to one another by an interme 
diate part which is provided with a central bore in 
which a slide is mounted which is displaceable in a di 
rection at right angles to the axis of the bore so as to 
completely close the bore in one extreme position and 
to completely open the bore in the other extreme posi 
tion. 
The invention will now be described more fully with 

reference to the accompanying diagrammatic draw 
ings, without being restricted to the embodiments 
shown. 

FIGS. 1 to 5 show schematically various embodi 
ments of the apparatus according to the invention. 

FIG. 1 shows an embodiment in which the reaction 
compartment is in the form of a separate unit. 
FIGS. 2, 3, 4 and 5 shown embodiments in which the 

upper part of the tubular member also is a wall portion 
of the reaction compartment. 
FIG. 5 shows a construction in which the upper and 

lower parts of the tubular member are joined by an in 
termediate piece. 

FIG. 6 shows a modification of the hollow cylindrical 
downward projection shown in FIGS. 1 to 5. 

Referring now to FIGS. 1 to 5, reference numeral 1 
denotes a tubular member open at both ends. At the 
lower end the member I is provided with a hollow cy 
lindrical downward projection in which a porous plug 
6 has been inserted. The projection 2 is provided with 
a detachably secured closing cap 7. A separating agent 
8 is disposed in the lower part of the tubular member 
1. If the apparatus according to the invention is used to 
determine triiodothyronine, the separating agent 8 may 
consist of Sephadex taken up in a liquid 9. The upper 
part of the tubular member 1 contains a reaction com 
partment 10, various embodiments of which are shown 
in FIGS. 1 to 5. 
The reaction compartment 10 shown in FIG. 1 has a 

tubular part 13 which at the upper end is provided with 
a rim 14 to which a cover 11 is detachably secured.- The 
lower end of the tubular part 13 has a bottom 12 in 
which a central, preferably conical, aperture 15 has 
been formed. The bottom 12 is provided with a mem 
brane 16 which is made of a synthetic material, a metal 
foil or a similar readily pierceable material. The mem 
brane 16 may be cemented to the inner surface of the 
bottom l2 and entirely closed the opening IS in the 
bottom 12. The outer surface of the part 13 engages the 
inner wall of the member 1. A suitable choice of the 
materials from which the part 13 and the member 1 are 
made, for example the use of a synthetic material for 
the part 13 and glass for the member I, ensures a satis 
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factory seal between the part I3 and the member I. As 
an alternative, the outer diameter of the part 13 may be 
slightly smaller than the inner diameter of the member 
I, a sealing ring made, for example, of nylon being in 
terposed between them. 
When, for example, the binding capacity of serum al 

bumin for triidothyronine is to be determined, the ap 
paratus shown in FIG. 1 is used in the following man 
ner. 

The reaction compartment I0 contains a known 
quantity of radioactive triiodothyronine which has 
been introduced during manufacture. To perform a trii 
odothyronine determination the cover II is removed 
and serum is added to the contents of the compartment 
10. The serum containing the triiodothyronine may, if 
desired, be introduced into the compartment 10 with 
out the cover 11 being, removed in that, for example, 
the serum is drawn into a hypodermic syringe, the nee 
dle is inserted through the cover II and the contents of 
the syringe are injected into the compartment 10 
through the needle. In the reaction compartment an 
equilibrium between the reagents is rapidly established. 
Then the cap 7 is removed and the membrane I6 is 
pierced at the area of the opening IS in the bottom 12, 
for example, by means of a glass rod. Owing to the con 
ical shape of the opening 15 the tool used to pierce the 
membrane cannot penetrate into the space immedi 
ately below the bottom 12. Under the in?uence of grav 
ity the equilibrium mixture contained in the compart 
ment 10 moves into the separating agent 8, which com 
prises Sephadex taken up in a liquid 9. The triiodo 
thyronine which is not bound to serum albumin and 
hence is free will then become bound to the sephadex. 
Subsequently washing liquid is introduced into the re 
action compartment and ?ow through the Sephadex, 
carrying along the triiodothyronine bound to albumin 
and not retained by the Sephadex. The washing liquid 
is discharged from the apparatus according to the in 
vention through the projection 2. Subsequently the ra 
dioactivity of the radioactive triiodothyronine left in 
the Sephadex column is measured. From- the ratio be 
tween the measured radioactivity initially present in the 
reaction compartment 10 the binding capacity of the 
serum albumin for the triiodothyronine may be de 
duced by means of standard data. It should be pointed 
out that the movement of the equilibrium mixture from 
the reaction compartment 10 into the separating agent 
8 and the subsequent treatment with washing liquid 
may be accelerated by creating a partial vacuum in the 
lower part of the apparatus according to the invention. 
For example, several apparatuses according to the in 
vention may be connected in parallel to a vacuum pipe. 
This provides an interesting possibility of simulta 
neously performing several determinations. Moreover 
the washing liquid which contains the radioactive con 
stituents from several apparatuses may be safely con 
veyed away. ' 
FIG. 2 shows an embodiment of an instrument ac 

cording to the invention in which a lateral wall 18 of 
the reaction container 10 forms part of the tubular 
member 1. The bottom of the reaction container 10 is 
a membrane 16 which is made of a synthetic material, 
a metal foil or a similar readily pierceable material and 
is clamped between rings 19 which may be made of ny 
Ion. 

In FIGS. 3 and 4 the upper part 18 of the tubular 
member I also is a wall part of the reaction container 

6 
10. The bottom of the reaction container is constituted 
by a porous hydrophobic ?lter 17 which is clamped be 
tween rings 19 and may be made of, for example, a 
foamed synthetic material. The Sephadex 8 taken up in 

5 the liquid 9 extends up to the lower surface of the hy 
drophobic ?lter 17 (FIG. 3). 

In FIG. 4 the bottom of the reaction container 10 
consists of a layer of a wax 28 which has a melting point 
between 40°C and 100°C, for example a layer of paraf 
fin. Such a wax layer is provided by dripping wax 
heated to a temperature above its melting point on the 
Sephadex 8 and then solidifying the wax by cooling. 

In the embodiment shown in FIG. 5 the tubular mem 
ber 1 comprises two parts which are joined to one an 
other by an intermediate piece 20. The upper part I8 
of the tubular member 1 constituted the lateral wall of 
the reaction compartment 10 and is provided with a de 
tachable cover 11. The upper surface of the intermedi 
ate piece 20 also is the bottom of the reaction compart 
ment 10. The intermediate piece 20 comprises a ring 
22 provided with a central bore 21. The ring 22, which 
may be made of a synthetic material, has a slot 23 
formed in it which extends in a direction at right angles 
to the bore 21 and in which a slide 24 ?ts which is mov 
able in the said direction. The slide is provided at one 
end with a handle 25 which protrudes from the ring 22 
and at the other end with a stop 26. The stop 26 tits in 
a recess 27 in the ring 22. The slide 24 can be displaced 
in the slot 23 by means of the handle 25 in such a man 
ner that in an extreme inner position of the slide 24 the 
bore 21 is entirely closed. In this position the stop 26 
is located in the recess 27. In the other extreme posi 
tion of the slide the bore 21 is entirely uncovered and 
the stop 26 engages the inner wall of the ring 22. 
FIG. 6 shows a modi?ed embodiment of the hollow 

cylindrical downward projection 2 shown in FIGS. 1 to 
5. In FIG. 6 reference numeral 3 denotes a spout-like 
member provided with a ?ange 4. The ?ange 4 engages 
the inner surface of the re-entrant end 5 of the tubular 
member I. The ?ange 4 may be cemented to the end 
5. As an alternative, the ?ange 4 may be urged into en 
gagement with the end 5 by means of a ring. 
The operation of the apparatus shown in FIGS. 2 to 

5 corresponds to that of the embodiment shown in FIG. 
1. The manner in which the bottom of the reaction 
compartment 10 is made permeable to liquid is differ 
ent in the different embodiments. 

In the apparatuses shown in FIGS. 2 and 4 the bottom 
is made permeable in that the membrane 16 and the 
wax layer 28 respectively are pierced by a possibly 
sharp object. In the apparatus shown in FIG. 3 the ?lter 
is made permeable to liquid by shaking the apparatus, 
or by producing an excess pressure in the reaction com 
partment or a reduced pressure in the compartment 
containing the separating agent. In the apparatus 
shown in FIG. 5 the contents of the reaction compart 
ment are permitted to move towards the separating 
agent by the withdrawal of the slide. 
What is claimed is: 
l. A device suitable for performing a saturation anal 

ysis in which by the use of a separating agent a radioac 
tive-substance bound to a competitive binder is sepa 
rated from its unbound form which device comprises a 
tubular member open at both ends and containing in a 
lower part the separating agent and containing in an 
upper part a reaction compartment containing a radio 
active reagent, said reaction compartment being a con~ 
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tainer closed with respect to the separating agent and 
having a non-porous bottom portion facing the separat 
ing agent which may be rendered permeable to liquid 
and said non-porous bottom portion including a hydro 
phobic porous ?lter capable of being made permeable 
to liquid by shaking or by providing a pressure differen 
tial between the reaction compartment and the remain 
der of the tubular member. 

2. A device suitable for performing a saturation anal 
ysis in which by the use of a separating agent a radioac~ 
tive-substance bound to a competitive binder is sepa 
rated from its unbound form which device comprises a 
tubular member open at both ends and containing in a 
lower part the separating agent and containing in an 
upper part a reaction compartment, said reaction com 
partment being a container closed with respect to the 
separating agent and having a non-porous bottom por 
tion facing the separating agent which may be rendered 
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permeable to liquid and said non-porous bottom por 
tion being constituted by a layer of wax the melting 
point of which lies between 40°C and 100°C. 

3. A device suitable for performing a saturation anal 
ysis in which by use of a separating agent a radioactive 
substance bound to a competitive binder is separated 
from its unbound form which device comprises a tubu 
lar member open at both ends and containing in a lower 
part the separating agent and in an upper part is pro 
vided with a reaction compartment, the upper pan and 
the lower part of the tubular member being joined to 
one another by an intermediate member provided with 
a central bore and in which a slide is mounted displace 
able in a direction at right angles to the axis of the bore 
so as to entirely close the bore in one extreme position 
and to entirely open the bore in the other extreme posi 
tion. 

* * * * * 


