
Pharmacology Biochemistry & Behavior, Vol. 17, pp. 183-185, 1982. Printed in the U.S.A. 

A New Subcutaneously-Implantable 
Reservoir for Sustained Release 

of Nicotine in the Rat' 

C A R L T O N  K .  E R I C K S O N ,  2 S A L O M O N  A.  S T A V C H A N S K Y ,  K A T H E  I. K O C H  
A N D  J A M E S  W .  M c G I N I T Y  

Drug Dynamics Institute, College of Pharmacy, The University of  Texas, Austin, TX 78712 

R e c e i v e d  19 D e c e m b e r  1981 

ERICKSON, C. K., S. A. STAVCHANSKY, K. I. KOCH AND J. W. McGINITY. A new subcutaneously-implantable 
reservoir for sustained release o f  nicotine in the rat. PHARMAC. BIOCHEM. BEHAV. 17(2) 183-185, 1982.--A 
subcutaneously-implantable reservoir for the sustained release of nicotine is described. The device, dubbed INR for 
Implantable Nicotine Reservoir, is a small glass cup sealed with Silastic ® polymer. It releases 3.4 mg of nicotine per 24 
hours. When implanted into moderately-sized female Sprague-Dawley rats it produces blood nicotine levels of 400-500 
ng/ml which remain relatively stable over at least 18 days. INRs are nontoxic, reproducible, inexpensive, and adaptable for 
pharmacological and toxicological studies in rats and other small animals. 
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NICOTINE,  the predominant alkaloid in tobacco, has be- 
come a widely studied drug for its pharmacological and toxi- 
cological effects. It may induce or exacerbate several car- 
diovascular,  respiratory,  and neoplastic states in both hu- 
mans and laboratory animals [7, 8, 10]. 

In humans, nicotine is normally administered by inhala- 
tion of  cigarette smoke or buccally, through the lining of  the 
mouth by absorption of  solubilized nicotine from chewing 
tobacco. Blood nicotine levels often remain high as the result 
of  chain-smoking or the continual chewing of tobacco. In 
animals, forced-administration methods for nicotine include 
parenteral  injection [13--16], administration by inhalation of  
cigarette smoke [3], solubilization in drinking water [14] and 
injection in single doses [2] or chronically via Alzet  
minipump [1] into the ventricles of  the brain. Nicotine has 
also been self-administered intravenously [17]. The most 
common route of  forced administration in animals is by par- 
enteral injection. Oftentimes, up to 6 daily doses are given, 
the duration of  each dose being 15-120 minutes, depending 
upon the size of  the dose [9,13]. 

Previous animal studies involving tolerance to nicotine or 
to the toxicological effects of  continual exposure to nicotine 
have been hampered by the inability of  investigators to ad- 
minister nicotine conveniently over long periods of  time. We 
felt that a sustained-release form of nicotine would be useful, 
in much the same manner as sustained release forms for 
morphine [11], ethanol [5,6], and amphetamine [4] have been 
useful for studying chronic toxicity and dependence in 
animals. This paper  reports the successful development of a 

glass implant with a Silastic ® cap through which nicotine is 
slowly released. 

METHOD 

Materials 
The drug and chemical sources were as follows: nicotine 

alkaloid, Sigma Chemical Co. (St. Louis, MO); Silastic ® 
elastomer, 382 Medical Grade Elastomer mixed with 
catalyst,  Catalyst M Stannous Octoate,  Dow Coming Co. 
(Midland, MI); N-ethylnornicotine, a gift from Dr. P. Jacobs, 
University of  California at San Francisco.  

Animals 

Sixteen female SD/ARC rats (derived from Sprague Daw- 
ley stock originally obtained from Charles River and bred at 
The University of  Texas) were used in the experiments.  
They were housed in groups of  3-4 in wire bottomed stain- 
less steel cages on a 12/12 light/dark cycle at 25 °. Food (Lab 
Blox, Purina) and water were available ad lib. The rats 
weighed 200-250 g at the start of  the experiment.  

Implant Manufacture 
Preliminary (unpublished) results in our laboratory indi- 

cated that the solid nicotine bitartrate did not release easily 
from a silastic matrix such as the one used for morphine [ 11]. 
Therefore, we chose the liquid nicotine alkaloid for our re- 
lease studies. In further tests we found that the release of  
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nicotine from a Silastic ® tube like the one used for ethanol 
[5,6] was much too rapid. After preparing several 
prototypes, we settled on a glass reservoir in the form of a 
glass cup (Implantable Nicotine Reservoir, INR, Fig. 1). It is 
22 mm long x 5 mm i.d., contains 200/zl of nicotine alkaloid, 
and is sealed with a I0 mm thick plug of Silastic ® polymer. 
The reservoirs were made by carefully cutting glass tubing (7 
mm o.d., 5 mm i.d.) at 22 mm after one end was flamed- 
sealed. The other end was flame-polished. Nicotine alkaloid 
(200/xl) was placed by syringe into the cup, and the remain- 
ing space was filled with Silastic ® elastomer mixed with 
catalyst. The cups were inverted onto a glass plate and cured 
at room temperature for 2-3 hours. 

The reservoir is subcutaneously implantable in the back 
of a rat, and has been found to release nicotine through the 
Silastic ® plug at a rate proportional to the diameter of the 
plug. Several prototypes were made, all of which released 
nicotine at a rate which, when tested in vivo, produced 
marked hypothermia, tremors, rigidity and convulsions in 
the animals. The reservoir in Fig. I has been developed for 
female Sprague-Dawley rats weighing 200-250 g, and 
nicotine release into these animals produces a mild 
hypothermia and no significant effect on normal body weight 
increments. 

Preimplantation In Vitro Release Studies 

A study on the in vitro release of nicotine at different 
temperatures involved incubation of the reservoirs in 67-ml 
screw-cap sealed tubes which rotated at 25 RPM in a 
temperature-controlled water bath. The nicotine released 
from each INR was measured every 24 hours in samples of 
water from the large tube surrounding it. Analysis was by 
ultraviolet spectrophotometry at hmax 261 nm. At each sam- 
pling time, the water in the large tubes was replaced with 
fresh deionized water. 

Surgical Procedure 

Rats were given light ether anesthesia, and a cut was 
made in the skin 2 cm behind the ears. A glass probe was 
inserted to make a track down the side of the animal 's  
body, and the reservoir was placed into the track beneath the 
skin, with the Silastic plug facing ventrally toward the belly. 
The incision was closed with wound clips. 

Measurement o f  Blood Nicotine Levels 

The in vivo accumulation of nicotine was measured by 
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FIG. 2. Characteristics of in vitro and in vivo release of nicotine from 
INRs. Panel A illustrates the in vitro release of nicotine from INRs 
incubated in sealed glass tubes rotating in a constant temperature 
water bath. Analysis of released nicotine was by spec- 
trophotometry. Panel B illustrates blood nicotine levels produced by 
the devices similar to those in panel A, implanted in female 
Sprague-Dawley rats. Nicotine in blood was measured gas chromat- 
ographically. (Mean INR release rate indicated in Panel B is the in 
vitro release rate before implantation. The variable n in Panel B is 
due to the fact that blood samples were not taken from every rat at 
each time period.) 

collecting daily tail-tip blood samples and measuring nicotine 
by a gas chromatographic method. Blood samples were 100 
/xl, collected in heparinized Microcaps ®, and emptied into 
screwcap centrifuge tubes containing 0.5 ml internal stand- 
ard, N-ethylnornicotinebis-oxalate, in a concentration of 200 
ng/ml. The tubes were vortex-mixed for 20 seconds and then 
frozen until assay. Blank curves of nicotine in both water 
and blood were used as external standards. Nicotine was 
extracted from blood using ether extraction, and 5/xl of the 
final supernatant was injected into a Hewlett-Packard Model 
5710A gas chromatograph with nitrogen-phosphorus detec- 
tor. The column was 2-ft glass, filled with 2% Carbowax 20 
M and 2% KOH on Gaschrom P, 100/120 mesh. Helium car- 
rier gas flow was 30 ml/min, and the oven was 160°C. Reten- 
tion times were 80 sec for nicotine and 110 sec for internal 
standard. Blank samples of blood gave small interfering 
peaks at 80 sec which were subtracted for correction of the 
nicotine standard curve. 

R E S U L T S  

In Vitro Release Studies 

Figure 2A shows that the release of nicotine from the 
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INRs is temperature-dependent. Figure 2A also illustrates 
the sustained release of nicotine at body temperature (37°C) 
for 40 days. The variability of release during the first 8 days 
is consistent, yet unexplained. Therefore, we chose to im- 
plant INRs in rats 8 days after their production, when rela- 
tively stable release had been established. The rate of release 
at this point averaged 3.4 nag of nicotine per 24 hours. 

After implantation of these devices which were already 
releasing nicotine, the release rate was calculated to be 14 
mg of nicotine per kg of body weight per 24 hours, based 
upon data obtained in the in vitro release study. This com- 
pares favorably with an in vivo release rate of 12.9-20.6 
mg/kg/hr, calculated from data on the metabolism of nicotine 
reported by Miller et  al. [12], who studied the phar- 
macokinetics of intravenous Me-14C-nicotine. In  vivo release 
rates of nicotine were calculated using total body clearance 
of nicotine in male Fischer-344 rats. (We realize that there is 
probably a difference in metabolism of nicotine in male 
Fischer rats and the female Sprague-Dawley rats used in the 
present study.) 

S u s t a i n e d  B l o o d  N i c o t i n e  L e v e l s  

Figure 2B shows an initial peak blood nicotine value 3 
days after implantation, which occurred in every animal and 
may be due to a liver insult followed by reduced metabolism. 
The blood levels soon stabilized at 400-500 ng/ml, however, 
and the observed minor daily variability thereafter through 
18 days may be due to changes in body temperature or me- 
tabolism of the animal. When INRs were removed from the 
animals after 30 days, no tissue pathology was noted in the 
area of the implantation. Thus we believe that INRs them- 
selves are nontoxic in rats. 

DISCUSSION 

Comparing the present device with the other sustained- 
release form available for nicotine, the Alzet minipump, the 
INR is much less expensive, it releases nicotine con- 
tinuously for 4--5 times longer than the minipump, and it has 
been proven to be suitable for producing stable blood 
nicotine levels. The release rate of the Model 2001-2002 
minipump, 10/zg nicotine/hour, is suitable for intraventricular 
injection of nicotine into the brain [1], but is much too slow 
for sufficient parenteral release of the drug in toxicological 
studies. A new minipump (Model 2ML 1) offers a release rate 
of 10 times the Model 2001-2002, and should be more effec- 
tive for this purpose, however. 

Although the INRs reported in this' study were made ex- 
clusively for use in a certain size, sex (female), and strain of 
rat, we have made devices which release from 1.5 to 5.0 mg 
of nicotine in 24 hours, simply by changing the internal di- 
ameter of the glass cups. The thickness of the Silastic ® plug, 
in our preliminary studies, did not appear to affect the rate of 
release of nicotine, only the latency to constant release. 

It is clear that the blood nicotine levels produced by the 
INR in rats are much higher than those achieved after ciga- 
rette smoking in humans (400-500 ng/ml vs 9-38 ng/ml) [15]. 
While species differences may exist, the INR release rate is 
probably more suitable for toxicological studies than for 
pharmacological studies. However, the release rate can eas- 
ily be reduced for studies requiring lower doses. Also, the 
release rate can be adjusted, with some experimentation, for 
larger or smaller rats, or for strains of rats which metabolize 
nicotine more slowly or faster than Sprague-Dawley. The 
INR thus should be valuable for many studies of the phar- 
macologic, carcinogenic, teratogenic, and other toxicologic 
properties of the drug. 
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