CHEMISTRY 465

BIOPHYSICAL CHEMISTRY LABORATORY

POLYMERIC DRUG DELIVERY: RELEASE OF SALICYLIC ACID FROM POLY(LACTIC ACID-CO-GLYCOLIC ACID)

In this experiment you will encapsulate salicylic acid in a polymer matrix and measure its release. The experiment illustrates the use of polymers in biomedical applications and introduces some of the basics of drug release from polymeric materials.

Before the laboratory period you are scheduled to do this experiment, you have to visit the lab briefly to prepare a sample.

Also before doing the laboratory experiment you are required to view the slides in the Blackboard folder: Polymers and Plastics


Supplementary material. The following Blackboard folders and web sites provide more in-depth background information on various topics referred to in this experiment.

Polymer Structures (folder)

Biodegradable Plastics (folder): for more information on environmentally degradable polymers and plastics, illustrating the relationship between chemical structure and degradability.

Mechanical Properties of Polymers/Plastics ("Level 3" of the Macrogalleria  web site at http://www.psrc.usm.edu/macrog/index.htm)

Glossary (folder)

Aspirin and Salicylic Acid
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Aspirin [2-(acetyloxy)benzoic acid, or salicylic acid acetate] [MW 180.15]  is a widely used mild analgesic. The pharmacological effect of aspirin is caused by salicylic acid [SA] [2-hydroxybenzoic acid] [MW 138.12], which is produced in the body through the hydrolysis of aspirin.

  Aspirin














Salicylic acid

SA acts by blocking the synthesis of prostaglandins. Prostaglandins increase the permeability of water through capillaries, allowing water to pass into nearby tissue, which can cause pain and swelling. They also act on the heat-regulatory center of the central nervous system, which can result in fever. SA, by lowering the concentration of prostaglandins, can reduce pain, fever, and inflammation.

Salicylic acid, a white powder, could be taken orally but, being a relatively "strong" weak acid [pKa =3.0], it irritates the mouth, esophagus, and stomach.  F. Hoffman, a chemist at Bayer Chemical Company whose father suffered from arthritis, discovered that administering aspirin instead of SA relieved side effects. The commercial synthesis of aspirin uses a simple condensation reaction between SA and acetic anhydride. Hoffman's discovery was a huge success for Bayer at the time and continues to be so, although Bayer's patents have long since expired. The discovery and commercialization of aspirin was one of the first cases, if not the first case, of designed drug delivery.

Drug Delivery


Conventional drug delivery includes direct administration, orally or intravenously. But recent approaches to drug discovery have led to drugs that are more potent and have poorer solubility than previous drugs. Conventional routes are less and less effective in producing the optimal pharmaco-kinetic profile for new drugs. The optimal profile is one in which the drug concentration reaches the therapeutic level without exceeding the maximum tolerable dose then maintains this concentration until the therapeutic effect is reached.

Novel approaches have been developed to deliver drugs more efficiently and more effectively. The techniques include more complex delivery systems for oral and intravenous administration as well as for surgical implants.


A particular drug delivery method may aim to localize the drug at a specific target, thereby reducing systemic exposure, or it may aim to provide sustained drug delivery, eliminating the need for multiple administrations.


One means of achieving a localized and sustained drug delivery profile is to encapsulate the drug in a polymer matrix. The drug delivery system must be stable enough to reach the target, then release the agent over a controlled period of time. The mechanism of release can either be through diffusion out of the polymer matrix or through degradation of the polymer backbone, or a combination of both.

Even when drug release is mainly through diffusion, the polymer matrix should be degradable, non-toxic, and have non-toxic degradation products. For implants, degradability makes surgical removal unnecessary. The degradation profile of a polymer depends on its chemical structure. Polyesters, for example, are generally more rapidly degradable than polyamides. The degradation profile also depends on its crystallinity (the higher the crystallinity the slower the degradation) and hydrophilicity (hydrophilic polymers degrade more rapidly than hydrophobic polymers).

The morphology of the product also determines the release profile and many morphologies are in use, including films, gels, extruded shapes, capsules, microcapsules, microspheres, and nanoparticles. Microspheres are popular because they are manufactured more easily and dispersions of them can be injected.

Gelatin (denatured collagen) has long been used to encapsulate bioactive agents. More recently, a wide variety of polymers and morphologies has been used in drug delivery. A specific example is the use of polymeric microspheres to encapsulate heparin, and sequestering the microspheres in an alginate gel. Oral ingestion of the gel capsules results in adsorption onto blood vessel walls followed by the controlled release of heparin over a period of approximately twenty-five days.

Another example is the recent development of new medications for the treatment of attention deficit hyperactivity disorder (ADHD) in children. Immediate-release medications do not last past the school lunch hour, and some children are unable or unwilling to take a dose at school. Sustained-release (SR), also called long-acting (LA), controlled-delivery (CD), or extended-release (XR), medications have been developed that are designed for one-a-day doses.

In Ritalin SR, Ritalin LA, Metadate CD, and Concerta, the active ingredient is methyl phenidate. Ritalin SR is packaged in tablets containing cellulose and zein, a corn protein.  In Metadate CD, capsules are used, with 30% of the dose contained in immediate-release polymer beads and 70% in extended-release polymer beads.  Concerta is packaged in tablets containing cellulose acetate, hydroxypropyl methyl cellulose, and polyethylene glycol. The tablets consist of a core and a drug overcoat, separated by a semipermeable polymer membrane. After immediate release from the overcoat (~1 hr), water permeates through the membrane into the core. A polymer component in the core expands, forcing the drug through an orifice drilled in the tablet. The membrane controls the rate at which water enters the core, which in turn controls drug release. 


Adderall XR, another ADHD medication, contains an amphetamine mixture packaged in a tablet containing drug-containing beads. The composition of part of the beads is based on gelatin, the composition of the rest of the beads is based on a hydroxypropyl methyl cellulose-methacrylic acid copolymer. Strattera contains atomoxetine packaged in capsules containing gelatinized starch coated with a gelatin shell.

Degradation of Polymers

Most petroleum-based polymers have only carbon-carbon single bonds in their backbone, which makes them extremely stable.  Examples are the polyolefins—polyethylene, poly(vinyl chloride), polypropylene, and polystyrene. Poly(ethylene terephthalate) [PET] is a synthetic polyester containing a heteroatom in its backbone, which generally makes the polymer biodegradable, but PET is nondegradable because its high crystallinity inhibits hydrolysis.

Biodegradable polymers derived from petroleum include poly(vinyl alcohol) (PVA), poly(ethylene glycol), polycaprolactone, and poly(glycolic acid). PVA has no heteroatom in its backbone but degrades by hydrolysis because the hydroxyl group on alternate backbone carbon atoms facilitates hydrolysis. 

Biological polymers (biopolymers) are intrinsically biodegradable. Abundant biopolymers include plant polysaccharides such as starch (composed of amylose and amylopectin), cellulose, agarose, and carrageenan; and animal polysaccharides such as chitin and the glycosamino-glycans. Abundant proteins include gelatin (denatured/hydrolyzed collagen), casein, keratin, and fibroin.

It is less well known that microorganisms produce polyesters for storing energy and carbon. Some are produced commercially by fermentation. The particular polyester produced depends on the microbial strain being used and the growth substrate. Microbial polyesters are biodegradable.

Poly(lactic acid) (PLA) is a synthetic biodegradable commercial polymer in which the monomer, lactic acid, is produced in large amounts through fermentation. The polymer is then synthesized by conventional methods.

In this experiment you will encapsulate salicylic acid in a matrix of the copolymer poly(lactic acid–co-glycolic acid) (PLGA), a random copolymer of PLA and PGA.
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PLGA is available commercially in a wide range of LA/GA ratios and molecular weights, giving rise to a diverse family of polymers with a wide range of properties suitable for many applications.  It is widely used for biomedical applications. PLA, PGA, and PLGA are known to be biodegradable, biocompatible, and non-toxic and have been used for more than 20 years in drug delivery, wound treatment, and implant applications. PLA and PLGA are the polymers most commonly used for drug delivery. PLGA is more hydrophilic than PLA and degrades hydrolytically more rapidly than PLA.

In a completely different context, there is also growing use of biodegradable and compostable polymers and plastics for large-scale commodity applications, such as trash bags and food service items (forks, spoons, cups, and plates) for the fast-food industry and for home use. The development of biodegradable and compostable plastics is partially being driven by waste-management issues and concern for the environment. If the plastics are also derived from renewable biomass they conserve nonrenewable fossil resources. 

Experimental Procedure – Prior to the Scheduled Laboratory Period


Working in the hood with a magnetic stirrer, place a small stir bar in a small (~50 mL) beaker. Add 15.0 mL chloroform and 100.0 mg of PLGA. Stir until dissolved but do not heat. Examine the beaker carefully; be sure that all of the polymer has dissolved and none remains adhered to the stir bar or to the side of the beaker. Dissolving may take several minutes.

Add 50.0 mg of salicylic acid and stir until dissolved, but do not heat. Stir for five additional minutes. Pour the solution into an evaporation dish and set aside in the hood to dry.

Experimental Procedure – During the Scheduled Laboratory Period

Turn on the Hewlitt-Packard uv-vis diode array spectrometer if it is not already on; the power switch is on the back, right. It should warm up at least 15 minutes before using.

Obtaining the Samples

Place 40 mL distilled water in a 125 mL Erlenmeyer flask and support it in the 25 °C water bath to reach thermal equilibrium. Place a second flask with water in the 37 °C water bath.

Weigh out 36.0±1.0 mg of the dried PLGA-SA film, recording the exact weight. Place the sample in an empty 100 mL beaker and support the beaker in the water bath so that when the pre-equilibrated 40 mL of water is added, the water level in the beaker is below the bath water level. Place a second film sample in the 37 °C water bath.


When you add the water to the film, SA will immediately start to be released. You will remove 1.00 mL aliquots with the pipetor periodically beginning with a (nominal) zero time sampling, then after 3 min, 5 min, 15 min, 30 min, 60 min, 90 min, and 120 min. You will stir the contents of the beaker periodically, and eject the pipetor contents into test tubes arranged in order in the test tube rack.


When you are ready to begin measurements, add the 25 °C pre-equilibrated water to the film sample, stir once and immediately remove your first aliquot. At the end of two hours you will have eight samples.


After the first few samples are taken at 25 °C, start the 37 °C sampling. Use two test tube racks to keep the sets of test tubes separated and in proper order. You can begin analyzing the samples before the end of the two hours. 

Analyzing the Samples
The SA in each of the samples will be complexed with the transition metal ion Fe3+. The SA-Fe3+ complex is purple-pink and has an absorption maximum near 535 nm. You will measure the absorbance of the complex formed at increasing times as the drug is released. 

Under the conditions of this experiment, iron ion is in excess so the concentration of the complex is proportional to the concentration of the salicylic acid in solution. Beer's Law applies (see Pre-Lab calculation 1), so the absorbance of the solution is proportional to the concentration of the salicylic acid in solution. 

Add 1.00 mL of the Fe3+ reagent [2.0%(w/v) Fe(NO3)3·7H2O in 0.10M HNO3] to each of your samples and mix.

Add 1.00 mL of the Fe3+ reagent to 1.00 mL distilled water in another test tube. This will be your reference solution for the absorption measurements.

The Hewlitt-Packard UV-Vis Diode Array Spectrometer

In a scanning absorption spectrometer, the wavelength of the light that passes through the sample is controlled by the motion of a grating or prism. A diode array spectrometer, on the other hand, operates by passing white light through the sample, then dispersing the light (with a grating or prism) and measuring the intensity of transmitted light at each wavelength by an array of photodiodes.  The major advantage of a diode array spectrometer is that an entire absorption spectrum can be obtained in as little as 10 msec.  The major disadvantage of the diode array spectrometer is that the spectral resolution is not as great as with a conventional spectrometer. The resolution of the HP spectrometer is approximately 2 nm.


The HP 8451A diode array spectrometer is a single beam instrument. To correct for absorption of the solvent, a reference spectrum is acquired, stored, and subtracted from all subsequent spectra.

1.
Examine the keyboard of the instrument.  Note there are some keys that are in white and some that are in yellow.  The yellow keys are accessed by pressing the yellow "shift" bar on the lower left of the keyboard.  For instance, to clear the screen, press the yellow bar, then press CLEAR (on the right hand side of the keyboard).

2.
Acquire the reference spectrum. Fill one of the acrylic cuvettes with the reference solution. Open the lid of the sample chamber and place the cuvette in the cuvette holder. Notice the operation of the lever that holds the cuvette in place.

Press REFERENCE; note how the word REFERENCE appears on the screen.  Press EXECUTE (green key, lower right) to execute the command.  



(If you make a mistake press the yellow bar, then CLEAR to clear the entire screen, or press the -LINE key to delete a line, or the BACKSPACE key to delete a character.)  



The reference spectrum is now acquired and stored. It will be subtracted from all subsequent spectra. 

 
  To measure the absorption spectrum of the reference against itself (it should be a flat line of zero absorbance), press MEASURE, then press EXECUTE.  The spectrum appears on the screen.  Initially, it fills the entire screen and is noisy in the UV wavelength range because of absorption by the cuvette.  To change the scale, press Y-SCALE, then press the numbers -.1, then press TO, then press the numbers 1.5, then press EXECUTE.  This changes the y- scale of the plot from –0.1 to 1.5.

3.
Change the wavelength range by pressing LAMDA, the numbers 350, the key TO, the numbers 820, and EXECUTE.  Again press MEASURE and EXECUTE to record the absorption spectrum.  

Copy the absorption spectrum to the printer by pressing COPY. Pressing PAPER ADVANCE advances the paper one line; holding it down advances it more rapidly. Don't tear off the paper at this time; let the spectra and other data accumulate until the end of the experiment, labeling each spectrum appropriately.

To observe how the absorbance at a single wavelength is obtained, press LAMDA then 820 then EXECUTE and print the absorbance at 820 nm on the printer with PLOTTER then EXECUTE. 

4.
Acquiring a sample spectrum: 



Place a cuvette containing your sample solution in the sample chamber.  

Change the wavelength range by pressing LAMDA, the numbers 350, the key TO, the numbers 820, and EXECUTE.

Press MEASURE then EXECUTE to record the absorption spectrum.  The absorption spectrum of the sample will appear on the screen.  

Copy the absorption spectrum to the printer by pressing COPY.  

5.
    Locating the absorption maximum
In order to locate the wavelengths at which the absorbance reaches maxima, press PEAK FIND then EXECUTE.  Press PLOTTER then EXECUTE to display and print out the wavelengths and absorbances.

6.
Absorbance correction
The sample spectrum baseline in regions of non-absorbance should read exactly zero. In practice, however, a shift along the y-axis may occur during the experiment, usually due to slightly different positions of the sample cuvette and reference cuvette. To correct for a shift in baseline, measure the apparent absorbance at 820 nm, a wavelength at which there is no absorption.  Press LAMDA then 820 then EXECUTE and print the absorbance on the printer with PLOTTER then EXECUTE. The absorbance at the wavelength of maximum absorbance can later be corrected by subtracting the apparent absorbance at 820 nm.

7.
For subsequent samples repeat steps 4 and 6 (step 5 will be carried out automatically).

Control Experiment

To show that encapsulating the salicylic acid in the polymer matrix slows down the release of salicylic acid, you will measure the release from pure salicylic acid.  Follow the same protocol as above except use 12.0 mg SA instead of the film sample, and filter the test samples after you remove them from the beaker. Use the following procedure:


Open the filter assembly and place a paper filter onto the wire grid. (Note that the filters are white and are separated in the box by printed paper dividers; do not try to use the dividers as filters.) Place the rubber o-ring on the filter paper and close the filter assembly using medium force.


Use the syringe to extract (approximately) 2 mL aliquots of liquid from the beaker. Then attach the syringe to the filter assembly and dispense the sample through the filter into a test tube.


After adding the water to the salicylic acid, take aliquots immediately (nominal zero time), and successively after 3, 5, 10, 15, and 30 minutes.


When all the samples are taken, transfer 1.00 mL of each into another test tube and add 1.00 mL of ferric ion reagent to each.  Obtain the spectra as before.


If there is time, do a control run at 37 °C.


When you are finished collecting data, turn off the spectrometer and clean your glassware.

Calculations and Report (The first two questions are best done before doing the experiment.)
1.
Assuming Beer's Law, A=(ℓc, and a path length ℓ= 1.00 cm, calculate (, the molar absorption coefficient of the salicylic acid-Fe3+ complex at pH 7, from the data below. Also calculate the estimated standard deviation.

	Concentration   (10-4 M)
	 Absorbance at (max 

	
	

	2.64
	0.377

	5.27 
	0.816

	7.91 
	1.216

	10.53
	1.623

	13.16
	2.017


2.
From the molar absorption coefficient just determined, calculate the expected absorbance of a solution containing 12 mg of salicylic acid in 40 mL water, if that solution is diluted 1:1 with the Fe3+ reagent.

3.
Prepare Excel graphs of absorbance versus time for each of the release and control experiments.


For each of your release and control experiments, how does the observed limiting absorbance at long times compare with the expected value calculated in 2 above.


Estimate the time it took for 50% of the salicylic acid to be released in each case and summarize your results in a table. 


What do the control experiments show? What does the temperature dependence show?

4.
On the time scale of this experiment, release by degradation of the polymer is not significant. (The polymer is biodegradable over a period of days to weeks, but not minutes.) The release kinetics are determined by water diffusion into the film, salicylic acid dissolution, and salicylic acid diffusion out of the film, resulting in a complex release profile.


An empirical equation sometimes used to describe drug release is







    Fraction released at time t = k tn
where k is a release constant and n is constant less than 2. Assume that the measured absorbance is proportional to the fraction released giving









A(t) = k' tn







   ln A(t) = ln k' + n ln t


Plot ln A(t) versus ln t for each of your experiments. The plots will not be linear, which merely demonstrates the complexity of the release kinetics. But evaluate the limiting value of n as t approaches zero; i.e., the initial slope of the ln-ln plot. How does that slope compare with Fickian diffusion, in which case the root-mean-square distance traveled depends on the square root of time?

5.
In a table, show the values of ln k' and of k' as a function of temperature for the control experiments and the release experiments. Is the release constant k' for salicylic acid smaller or larger when the salicylic acid is in a polymer matrix?


How does the temperature affect the value of the release constant? Assume Arrhenius behavior,
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and from the observed temperature dependence, calculate an apparent enthalpy of activation for the release from pure salicylic acid and for release from the polymer matrix.
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