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APPARATUS FOR EXTRACTION 0F DRUGS AND TOXIC 
SUBSTANCES FROM BLOOD, SERUM AND OTHER 

LIQUID 

BRIEF SUMMARY OF THE INVENTION 

The invention was designed to carry out many of the manual 
operations involved in the extraction of drug or toxic sub 
stances from blood, serum or other aqueous solutions. In addi 
tion to making a more thorough extraction, it has the capacity 
to complete many extractions simultaneously and thereby 
save time. More speci?cally, it makes the extraction of the 
desired substance from the sample into a solvent of choice 
that is more dense than the sample. After extraction, a brief 
period is allowed for complete separation of the solvent and 
sample. Then the solvent is ?ltered and puri?ed in a separate 
chamber with an adsorbing-agent or suitable solution. Next, it 
is separated from the purifying agent and ?ltered again. 
Finally the desired substance is extracted from the solvent 
with acidic or basic solution, depending on its chemical na 
ture, and reserved for spectrophotometric or other analysis. 
All operations mentioned are done automatically in turn by a 
predetermined program. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS 

FIG. 1 is a view of the programmer unit from the rear. It 
shows the physical arrangement of the cam and the 
microswitches activated by it. The programmer motor, which 
drives the cam is not shown although it is attached underneath 
the programmer shelf. Also the electrical wiring is not shown 
in the view. 

FIG. 2 shows the side view of the extraction panel when 
viewed from the right side. In this view, the suspension of said 
panel is shown. Also the arrangement of the solenoids, for 
opening the upper and middle extraction chambers is shown. 
And the solenoid for opening the upper extraction chamber is 
not shown since it may clutter the view of the upper rocker 
arms. 

FIG. 3 shows the front of the apparatus. It presents a view of 
the control panel on the left, on which is mounted the pro 
grammer indicator lamp-part ‘11, the master switch—part 
15, the fuse—part l6, and the activator button-part 13. On 
the right side of the apparatus the extraction panel is obvious. 
It shows the three extraction chambers with funnels ?tted at 
the top of the lower and middle chambers. Also the suspension 
of the extraction panel is shown by the attachment of the 
rocker arms to the panel and to the frame. The rocker arms in 
this view are behind the extraction panel but in front of the 
frame. A section of the frame is cut away on the right side of 
the apparatus to enhance the view of the shaker motor-part 
10. The base of the shaker motor is also seen in this view. The 
pushrod—part 25, which is connected to the crank of the 
shaker motor and to the rear of the extraction panel is also 
shown. 

FIG. 4 merely shows the schematic diagram of the electrical 
circuit. 

DETAILED DESCRIPTION 

The detailed description of the invention is divided into two 
parts: 
PART 1 explains construction of the invention. 
PART II explains operation of the invention. 

PART I-CONSTRUCTION 

FRAME 

The above-mentioned apparatus is mounted on a frame 25 
inches tall, 12 inches wide and 8 inches deep. The material of 
construction of said frame is l><l><% inches angle iron. Two 
more pieces of said angle iron are attached to frame, cross 
wise, in front and back and 6 inches up from the bottom. The 
purposes of these are to hold a shelf on which the programmer 
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unit is mounted, and the front piece also serves as the base to 
which a moving part is attached. Said moving part will be ex 
plained later. A piece of channel iron, 1%X%><% inches is at 
tached to the frame on the left side, running depthwise, and 
the top side of the channel is 9% inches below the top of the 
frame. The purpose of this is to serve as a motor mount for a 
geared electric motor whose onesquarter inch shaft ends in a 
crank with a three-eighth inch displacement. See part No. 10, 
FIG. 3. The frame may be fastened together by bolts, rivets or 
welding, preferably welding. Also, a piece of 2$><4%Xl/l6 
inches stainless steel or aluminum is attached to the front right 
side of the frame in a lengthwise manner. This runs the entire 
length of the frame, and is referred toss the control panel. See 
part 26, FIG. 3. On this control panel is mounted the fuse 
holder (part 16, FIG. 3), the programmer motor indicator 
lamp (part 11, FIG. 3), the master switch (part 15, FIG. 3) 
and the activatorbutton (part 13, FIG. 3). 

PROGRAMMER UNIT 

The programmer unit controls all the operations of the ap 
paratus. It consists of a double pole relay (part 14, FIG. 4), a 
timer motor with a speed of l revolution per 30 minutes, a 3% 
inch diameter cam driven by the timer motor. The timer cam 
has a raised portion which extends three-sixteenths inch out 
beyond the diameter and subtends an arc of 42°. This raised 
portion activates the microswitches arranged around it, for a 
duration of 3% minutes each, when the timer motor is in 
operation. There are six microswitches (parts I-6, FIG. 1) ar 
ranged radially around, and each activated in turn by‘the pro~ 
grammer cam (part 7, FIG. 1). All operations of the program 
are carried out in one 30 minute revolution of the cam. The 
timer motor is mounted underneath the programmer shelf and 
is not shown except in the schematic diagram (see part 12, 
FIG. 4). However, the shaft of said timer motor extends up 
ward through the shelf and turns the programmer cam in ‘a 
clockwise direction. The overall function of the programmer 
unit will be covered in the description of operation. 

EXTRACTION PANEL 

The extraction panel is a piece of stainless steel or alu 
minum 24X4%><% inches. (See part 24, FIGS. 2 and 3). Its 
purposes are twofold: 

A. it serves as a base to which'the three extraction chambers 
are attached, with clamps as shown, parts 18, 19, and 20, 
FIGS. 2 and 3. The upper and midextraction chambers are 
sealed at the bottom by a rubber policeman mounted at the 
end of a spring loaded lever. Both levers are referred to by the 
same part number (21 ), FIGS. 2 and 3. Also at the proper time 
in the program, each lever is activated by the solenoid (part 9, 
FIG. 2). The solenoid for the upper extraction chamber is not 
shown. When the upper extraction chamber (part 18, FIGS. 2 
and 3) or the middle extraction chamber (part 19, FIGS. 2 and 
3) is opened by the solenoid activated lever, the ?uids in the 
chamber are permitted to drain out and into the 8 cm. funnel 
which is ?tted with 10 cm. ?lter paper. The upper extraction 
chamber is sealed at the top by a Te?on stopper as shown. 
And the middle and lower extraction chambers are ?tted at 
the top with Te?on stoppers, each of which is bored through 
and ?tted with an 8 cm. funnel as shown. Each funnel shares 
the same part number (23), FIGS. 2 and 3. The lower extrac 
tion chamber (part 20, FIGS. 2 and 3) is sealed at the bottom 
by an appropriately attached stopcock as shown. 
B. The second purpose of the extraction panel is to oscillate 
from right to left or vis a vis. This oscillatory motion (240 
oscillations per minute) shakes the extraction chamber which 
effects the extraction or washing action as the case may be ac 
cording to the program. The extraction panel is suspended 
from the frame by three rocker arms, each being referred to 
by the same part number (22), FIGS. 2 and 3. The rocker 
arms are steel, 4X$éX§s inches, with holes drilled at each end 
with a distance of 2% inches between centers. 
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Also the rocker arms are ?tted with 54-inch rivets or other 
suitable bearings. The upper end of each arm is ?tted to the 
frame and the lower end is ?tted to the extraction panel. FIGS. 
2 and 3 show the connections of the rocker arms to the frame 
and extraction panel. Two of the arms are used near the top, 
and the third one is used near the bottom. The oscillation or 
shaking motion is provided by an electric motor with a gear 
reduction mounted at the le? of the frame. See part 10, FIG. 
3. This 240 r.p.m. motor has a one-quarter inch shaft that ends 
in a crank with a three-eighth inch displacement.‘ The crank is 
connected to the extraction panel, near its center of gravity, 
with a ZXBéXi? inches pushrod (part 25, FIG. 3). 

ELECTRICAL CIRCUTI‘ 

The electrical circuit is shown schematically in FIG. 4. The 
power comes through a standard 110 volt plug with a ground 
(part 17, FIG. 4). Next, it passes through the double pole sin 
gle throw master switch (part 15, FIGS. 3 and 4). Also a 10 
ampere fuse is incorporated into the circuit (part 16, FIGS. 3 
and 4). All operations are completed in a 30 minute cycle 
which stops as soon as the raised portion of the programmer 
cam opens the cut o?‘ microswitch (part 6, FIGS. 1 and 4). 
This particular microswitch is a single pole double throw type. 
And one of its purposes is to cut off the programmer cam 
motor (part 12, FIG. 4). After the cam engages, it is in the 
position shown in FIG. 4. To begin the next cycle, the activa 
tor button is pushed. The activator is a push button, two point 
make switch, and an instantaneous touch is all that is needed 
to engage the double pole, double throw relay (part 14, FIG. 
4). As shown in FIG. 4, the relay is in the open position, but it 
is closed as soon as the activator is pushed and remains closed 
although the activator is released. In the closed position, cur 
rent passes through the cutoff microswitch and through the 
bottom pole of the relay to keep the relay coil energized. Also, 
in the closed position, current passes through the cutoff 
microswitch through the top pole of the relay and energizes 
the programmer motor (part 12, FIG. 4) and the programmer 
indicator lamp (part I 1, FIGS. 3 and 4). As soon as the raised 
portion of the programmer cam passes and disengages the eu 
toff microswitch, it goes to its normally closed position which 
disengages the relay and energizes the programmer motor and 
indicator lamp directly. Stated brie?y, the purpose of the relay 
and two point make pushbutton is to keep the programmer in 
operation until after the cam has passed the cutoff 
microswitch. At this point, the raised portion of cam is ap 
proaching the ?rst microswitch to begin all operations of the 
new cycle. 

Parts l,2,3,4 and 5, FIGS. I and 4 are all normally open 
microswitches. They are each activated by the cam in their 
'tum to accomplish the automatic operations of the program, 
which are: 

Microswitch (I) energizes shaker motor for 3% minutes. 
The microswitches are spaced to allow an 8 minute delay 
between microswitches I and 2. Microswitch (2) activates the 
solenoid that opens the bottom of the upper extraction 
chamber (part 18, FIGS. 2 and 3). Microswitch (3) energizes 
the shaker motor for another 31/5 minutes. Microswitch (4) ac 
tivates the solenoid that opens the bottom of the middle ex 
traction chamber (part 19, FIGS. 2 and 3). Microswitch (5) 
energizes the shaker motor for the third and ?nal 3% minute 
period. Microswitch (6) cuts off the programmer motor and 
ends the cycle. 

MANUFACTURING 

The apparatus shown in this specification is a single unit 
which handles a single sample at a time. It is desired that this 
apparatus be manufactured with multiple units combined on a 
single frame. This arrangement could be effected using the 
same electrical circuit and components except a motor of 
larger horsepower would be required for the shaker. If manu 
factured in multiple unit arrangement, this apparatus would be 
capable of making many simultaneous extractions in the same 
time required to complete a single extraction. 
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PART II-OPERATION 

A. For acidic or basic substances. 
The operation begins by placing an appropriate volume of 

sample (2-7 ml.) into the upper extraction chamber (part 18, 
FIGS. 2 and 3). Also add to the same chamber a volume of sol 
vent equal in size to 10 times the sample. The solvent must 
have a density greater than that of the sample. Both funnels 
(parts 23, FIGS. 2 and 3) are ?tted with I0 cm. filter paper. A 
match head size portion of activated carbon is added to the 
middle extraction chamber (part 19, FIGS. 2 and 3), and a 
?nal solution is added to the lower extraction chamber (part 
20, FIGS. 2 and 3). A convenient volume of ?nal solution is 5 
ml. If the drug or substance to be extracted from the sample is 
acidic in nature, then the ?nal solution should be basic. If said 
drug or substance is basic in nature, then the ?nal solution 
should be acidic. 
The apparatus is now ready to operate and the activator 

button is pushed. The ?rst operation is the extraction panel 
will be shaken, which will extract the desired substance from 
the sample into the solvent. 

After the ?rst extraction, an 8 minute waiting period is al 
lowed by the program to permit good separation of the aque 
ous and solvent phases. Next, the bottom of the upper extrac 
tion chamber is opened automatically and the solutions drain 
out. The solvent, being heavier, drains ?rst. It goes through 
the ?lter paper and into the middle extraction chamber, (part 
19, FIGS. 2 and 3). Ifthe sample is blood, it will either remain 
in the upper extraction chamber or be caught on the ?lter 
paper. If the sample is any other aqueous‘ solution, it will be 
absorbed by the ?lter paper. With this in mind, ample ?lter 
paper should be used in the funnel ?tted to the middle extrac 
tion chamber. 

After draining and ?ltration, the extraction panel will again 
be shaken. This is to permit the carbon black to adsorb certain 
impurities which may be present. This particular shaking 
operation, as well as the other two, lasts for a duration of 3% 
minutes. 

After shaking the bottom of the middle extraction chamber, 
it is automatically opened, permitting the solvent to drain out 
and through ?lter paper and funnel into the bottom extraction 
chamber, part 20, FIGS. 2 and 3. 

Next, the extraction panel is automatically shaken a third 
and ?nal time. This shaking effects the extraction from the sol 
vent and into the ?nal solution. After the last extraction, the 
apparatus cuts itself off. After this, the solvent may be 
manually drained from the lower extraction chamber (part 20, 
FIGS. 2 and 3) and discarded. Next, the ?nal solution, con 
taining the extracted substance, is drained out of the lower ex 
traction chamber for spectrophotometric analysis or other 
disposition. 
B. For Neutral Substances. , 

The procedure and operations for the extraction of neutral 
substances are the same as for acidic and basic substances, ex 
cept there is no ?nal solution into which the extracted sub 
stance goes. It stays in the solvent phase. Also in the case of 
neutrals, the middle and lower extraction chambers are used 
to effect puri?cation or washing of the solvent extract. One 
chamber may be used to hold acid solution and the other may 
be used to hold basic solution, or the middle and lower extrac 
tion chambers may be used to hold any other wash solutions or 
compounds, depending on the nature of the neutral com 
pound and the sample from which it is extracted. 
C. Metal Cones. 
Two metal cones are prepared to ?t into the funnels after 

they have been ?tted with the ?lter paper. Also the vertex of 
each cone is cut off to permit fluid passage through the cone. 
A cone is ?tted into either funnel when an aqueous solution, 
either wash or sample, is used in the extraction chamber above 
it. The purpose of the cone is to prevent the aqueous solution 
from touching the ?lter paper until all the solvent has gone 
through. 

It is claimed that this invention will do two things. They are: 
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l. Extraction apparatus comprising three vertically serially 
arranged extraction vessels, said vessels each having a top 
opening and a bottom opening, ?rst and second normally 
closed valves in the bottom opening of the top vessel and mid 
dle vessel respectively, a valve in the bottom opening of the 
bottom vessel, ?rst and second ?lters disposed between the 
top and middle vessels and the middle and bottom chambers 
respectively, each ?lter being adapted to receive material 
discharged through the bottom opening of the vessel directly 
above it and to discharge ?ltered material through the top 
opening of the vessel directly below it, a vertical panel, said 
vessels, ?lters, and valves being mounted on said panel, motor 
means connected to said panel to provide oscillating shaking 
motion of said panel, and timer-control means operatively 
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6 
connected with the motor means and valve means to provide 
in sequence the steps of actuating the motor means to shake 
the panel and mix material in the top vessel, deactuating the 
motor means to provide a settling period, opening the ?rst 
valve to allow material to drain out of the top vessel into the 
?rst ?lter and ?ltrate thence into the middle vessel, actuating 
the motor means, and opening the second valve to allow 
material to drain out of the middle vessel into the second ?lter 
and ?ltrate thence into the bottom vessel. . 

2. The apparatus of claim 1, wherein the timer-control 
means is arranged to provide the additional step of actuating 
the motor means to shake the panel and provide mixing of the 
?ltrate passed into the bottom vessel. 
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