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Method and improvement of implantable osmotic pump
for intraventricular drug administration in rats
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[ Abstract]  Objective To introduce and enhance an experimental technique for intraventricular drug delivery via
an implantable osmotic pump. Methods Eight-week-old male SD rats were selected and the requisite equipment and
reagents were prepared. The osmotic pump was assembled and brought to operational status before conducting the
implantation surgery. Following anesthesia, the rats underwent skin preparation and the upper surface of the skull was
surgically exposed. A point directly above the ventricle was located using a brain stereotaxic apparatus, and a small hole
was drilled at that location with a high-speed cranial drill. The pump body was then implanted subcutaneously in the neck
and the needle was inserted into the drilled hole, and secured with dental cement. Once solidified, the needle base was
removed, the subcutaneous soft tissue and scalp were sutured in layers, and the animal was returned to its cage for rearing

in isolation. Results The osmotic pump was successfully implanted subcutaneously in the rat’ s neck, the needle was
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securely fixed to the skull, and the catheter interface remained intact. The rats were sacrificed and the brain tissue was

removed. Examination of the extracted brain tissue revealed no significant hematoma around the puncture site or needle

tract, and the presence of blue dye in the ventricular and adjacent tissues indicated successful drug delivery to the

ventricle. Conclusions The introduction of a brain stereotaxic apparatus to aid localization, coupled with enhancements to

the operational procedure, may improve the accuracy and safety of the implantation process resulting in a high success rate

for intraventricular drug administration.
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Note. A, Materials required for the assembly process of the osmotic pump, of which the flow regulator 2 and the gasket are not used in this

experiment. 1 mL syringe needle connected to sterile filter. B, Assembly effect of the osmotic pump is completed, and the length of the catheter

should be 4 cm. C, 50 mL centrifuge tube should be used after high-pressure steam sterilization. The sterile saline should cover the pump body and

be lower than the needle. Incubate at 37 °C for 16 hours to put the osmotic pump into working condition.

Figure 1 Assembly and incubation process of the osmotic pump
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Note. A, Adjust the needle to locate it at the Bregma point of the rat skull. B, Set the Bregma point as the “origin” in the computer operating
program. C, Select a point on the brain surface just above the ventricle in the brain map, right-click the mouse to pop up a dialog box, and
select “Fixed Point Displacement”. D, Robotic arm of the brain stereotaxic apparatus automatically moves the positioning needle to this point.
E, On the actual object, the positioning needle is moved to a point on the surface of the skull above the ventricle. F, At this point, a small
hole is drilled with a high-speed skull drill, which will be the location where the needle of the osmotic pump will be implanted. G, First bury
the pump body under the skin of the neck, then insert the whole needle into the small holes, fix them with dental cement and cut off the
needle base after solidification. H, Suture the subcutaneous soft tissue and scalp layer by layer, and the protruding skin of the neck shows the
outline of the pump body.

Figure 2 Operation process of osmotic pump implantation
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Note. A, Three days after implantation, the surgical area was re-exposed. It can be seen that the needle is firmly fixed on the skull, the
catheter interface is not disconnected, and the pump body is located under the skin of the neck. B, Complete brain tissue was taken out.
The black arrow indicates the puncture point. It can be seen that there is no obvious hematoma around the puncture point. C, The drug
delivery system of the osmotic pump was removed completely, and the needle was firmly fixed on the skull. Blue dye can be seen in the
intraventricular and surrounding tissues. D, Black arrow indicates the needle path, and there is no obvious hematoma around it. Blue dye
can be seen in and around the ventricle, indicating the success of drug administration.

Figure 3 Implanted osmotic pump and successful intraventricular administration
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Table 1 Advantages and limitations of three kinds of craniocerebral drug administration
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Names Advantages Limitations
25 SR TE Y 5
Single injection of trace drugs;
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T Experimenter can independently control the —JE&J,
Microsyringe rate and dose of drug administration;; When the experiment requires multiple injections, repeated surgery is
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Follow-up imaging examination will not be infection.
affected after the completion of
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M AAEE SN GUR] F BRI G 2R A, £ infection;;
Micro drug UK 45 24 )82 R B ] LS AR ] SR E Y B BRI BOB IR RS

delivery cannula Experimenter can independently control the
rate and dose of drug administration, and the
rate or dose of multiple administration can be
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One type of implantable osmotic pump has unique storage capacity,
pumping rate and duration;
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Assembly process is relatively complex, requires high sterility, and must
not produce bubbles;
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Metal needles interfere with imaging examinations due to artifacts.
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