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ABSTRACT 

Continuous delivery of local anesthetics might be useful for management of localized and chronic pain. Controlled re- 
lease injectable anesthetics have been developed but they can deliver the drug for only few days and the release is not 
zero-order. A drug delivery system (DDS) consisting of a perforated reservoir for drug containment and release and its 
potential for management of chronic pain is described. Proof of principle is detailed for long-term zero order delivery of 
butamben. In this study, the DDS was a polyimide tube with a 0.20 mm hole and butamben release was evaluated in 
vitro. It is envisioned that the DDS could be implanted in proximity to a nerve, enervating the pain source, for long-term 
control of chronic pain. 
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1. Introduction 

Long-term drug therapy for pain management is chal- 
lenging and often requires multiple dosing with incre- 
mental increases in the dose [1]. Frequent high-dose re- 
gimens may initiate complications such as drug abuse, 
drug dependence, addiction, hypotension, respiratory de- 
pression, and mental confusion [2,3]. Additionally, fre- 
quent systemic dosing may cause patients distress and 
interfere with their day-to-day activities. 

Although local anesthetics have been used to provide 
local analgesia, these formulations suffer from inade- 
quate duration of action [4]. Some of these concerns have 
been addressed by development of targeted delivery 
systems based on liposomes that result in lower dosing 
frequencies, higher efficacy and lower side effects. How- 
ever these systems can only produce the desired effect 
for few days and rely on other drugs such as glucocor- 
tocoids for extending the duration of nerve block [4,5]. 
Intrathecal pumps and controlled release injectable for- 
mulations are another pain management methods that can 
deliver constant amounts of drug to the targeted area 
producing therapeutic effects at a considerable lower 
dose [6,7]. For example, an intrathecal morphine pump 
can deliver the drug long-term directly to the spinal fluid 
at much lower quantities than would be required by an 
oral dose [8]. However, intrathecal pumps suffer from 
their own limitations because they are bulky, battery- 

operated, and not suitable for everyone [9]. Persistent 
cerebrospinal fluid leak during its insertion is also a 
known complication [10]. 

The present investigation reports on the application of 
a drug delivery system capable of delivering drugs at a 
constant rate [11,12]. This drug delivery system could be 
used for controlling localized pain for long periods of 
time. This delivery system is practical and offers a safer 
alternative to the systemic use of analgesics. It is an 
implantable system capable of zero order and long-term 
targeted delivery of a drug with appropriate solubility. 
Butamben (n-butyl-p-aminobenzoate) was selected as the 
drug of study because of its low water solubility. A poorly 
soluble drug will ensure slow and long-term release 
without use of any excipients. Butamben is a long-acting 
local anesthetic similar to benzocaine and is used for the 
treatment of chronic pain when given as an epidural 
suspension [13,14]. 

2. Methods 

2.1. Drug Loading 

Polyimide tubing (inside diameter = 1.8 mm, Microlu- 
men, FL, USA) was cut to 20 mm in length. A 0.2 mm 
hole made with a titanium wire was placed at the center 
of the tube. The perforated tubes (Figure 1) were packed 
aseptically with dry butamben powder (Sigma Aldrich, 
MO, USA) and the ends of the tube sealed with heat *Corresponding author. 
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Figure 1. The drug delivery system with microhole on the 
surface. Hole diameter = 200 mm; Tube diameter = 1.8 mm; 
Tube length = 20 mm. The size of the device and the 
perforations can be scaled to fit the need of the therapeutic 
application [12]. 
 
shrink polyolefin tubing. 

2.2. In Vitro Drug Release Studies 

Twelve tubes were loaded. Each tube was placed in a 
microvial containing 1.8 ml of phosphate-buffered saline 
(PBS). Non-perforated polyimide tubes loaded with 
butamben were used as control in the study. The micro- 
vials were placed on a rocker (46 - 48 oscillations/min) 
and maintained inside an incubator (37.0˚C ± 1.0˚C) for 
the entire duration of study. Aliquots were collected at 
regular intervals and replenished with fresh PBS. The 
collected samples were analyzed spectro-photometrically 
at 280 nm to estimate the amount of butamben released. 

2.3. Statistical Analysis 

Levene’s test was used to access the homogeneity of 
variance in various groups. One-way analysis of variance 
(ANOVA) with post hoc analysis using Tukey’s honestly 
significant difference (HSD) test (equal variance assum- 
ed) or Games-Howell test (equal variances not assumed) 
through SPSS statistical software was used to analyze 
differences among the subsets with respect to hole size 
and drug loading. Linear regression analysis of the cumu- 
lative release data and F-statistics was used to estimate 
the amount of butamben released as a function of time. 
The significance level of the study was set at P < 0.05. 

3. Results 

An average amount of 34.9 ± 1.6 mg of butamben was 
loaded into the device. Butamben delivery from the mi- 
crotubes was monitored in vitro for 124 days (~4 months) 
and is illustrated in Figure 2. The release rate was zero 
order with an R2 value of 0.9992. The linearity of the 
release was further confirmed by F test, F (1, 56), P < 
0.05. An average of 19.4 ± 3.7 micrograms of butamben 
was released per day. Assuming a constant rate of release 
of butamben, a period longer than 1 year is achievable 
based on the data. In comparison, a 5% - 10% suspen- 
sion of butamben in volumes between 15 and 25 ml for 
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Figure 2. A constant amount of butamben was released 
from the perforated tubes. The solid line represents the 
regression line. The slope of the line is the rate of drug re-
lease per day. The data is represented as mean with stan-
dard deviation, n = 12. 
 
epidural injections and 5 and 20 ml for peripheral nerve 
blocks is administered to treat chronic pain [14]. 

4. Discussion 

Pain is triggered in the nervous system by injury or di- 
sease and is often known as the fifth vital sign [15]. 
Although potent analgesics are administered to treat 
acute pain, management of chronic pain such as in a 
spinal injury or phantom limb pain requires long term 
pharmacological and non-pharmacological intervention 
ranging from several months to years [16-18]. In 2010, 
the Department of Health and Human Services enlisted 
Institute of Medicine (IOM) of the National Academies 
to examine pain as a public health problem. According to 
the report published by IOM, chronic pain affects more 
than 100 million American adults, which is more than the 
combined number of patients affected by heart diseases, 
cancer, and diabetes [19]. The medical treatment and lost 
productivity due to pain results in a loss of up to $635 
billion each year to the nation. 

The DDS investigated in this study is an implantable 
system capable of long term controlled release of drugs. 
As suggested by the in vitro study, a prolonged release of 
local anesthetic can be achieved for several months. 
Hence, it may be possible to decrease the health care cost 
associated with long term drug therapy as frequent 
dosing and visit to health care clinics can be avoided. 
Further in vivo studies are required to establish butam- 
bens’ and the DDSs’ efficacy in comparison to the 5% - 
10% suspension. However, the desired drug release rate 
can be obtained by varying different parameters of the 
DDS such as tube size, hole size, and number of holes on 
the tube. The underlying mechanism of drug release from 
the DDS is simple diffusion. Diffusion-controlled re- 
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servoir-type DDSs’ are known to yield zero order drug 
kinetics (i.e. delivery at a constant rate) as long as the 
concentration gradient is maintained constant [20]. A 
constant concentration gradient may be achieved by hav- 
ing a large volume of drug in the donor side (reservoir) 
and a sink condition in the receptor side (exterior). Solid 
drug presents the maximum amount of drug that can be 
contained within the donor compartment. In the present 
study, dry butamben powder was packed to achieve a 
high concentration gradient. Preliminary in vitro data 
suggests that the DDS is capable of producing long-term 
zero order kinetics. The novelty of the device is its small 
size and potential ability to deliver butamben for more 
than a year. Another advantage of the DDS may be that 
the drug is protected inside the device from the hostile 
physiological environment and do not require any other 
excipients or active ingredients to prolong the release 
rates. 

Additionally, unlike other pain management implants, 
the DDS is not battery-operated and can be placed at 
various anatomical sites. It should be possible to use such 
a device for local and controlled delivery of drugs for 
management of chronic pain. Although a nonbioabsorb- 
able material (polyimide) was used in this study, the 
technique could be extended to a bioabsorbable material 
as long as the degradation rate of the material is slower 
than the dissolution rate of the drug. The DDS can be 
implanted at sensitive sites such as intrathecal space or in 
the vicinity of a nerve. Further in vivo studies are re- 
quired to establish the efficacy of the DDS in combina- 
tion with butamben as an effective pain management 
tool. 
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